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This manual will provide an introductory guide for new OLI Studio Software users. OLI Studio is a software suite
containing several modules including Stream Analyzer, think simulation | getting the chemistry right and
Corrosion Analyzer. A client’s license determines which modules are enabled within the OLI Studio Software.

This introductory manual consists of one chapter showcasing the OLI Studio User Interface, and four main
chapters showcasing the three main modules of OLI Studio: Stream Analyzer, Corrosion Analyzer, EVS
Analyzer, and think simulation | getting the chemistry right.

If you have not yet installed the software, please install it following the instructions given in the Installation and
Security page on our Wiki page at: http://wiki.olisystems.com/wiki/Installation_and_security.

Stream Analyzer

Stream Analyzer is standalone software, and it is the main interface of the OLI Studio. Stream Analyzer is a
comprehensive thermodynamic tool that calculates speciation, phase equilibria, enthalpies, heat capacities and
densities in mixed-solvent, multicomponent systems. Capabilities and features of Stream Analyzer are:

Three different thermodynamic frameworks:

Mixed Solvent Electrolyte (MSE) model (Default)

Aqueous (AQ) model

Mixed Solvent Electrolyte and Soave-Redlich-Kwong (MSE-SRK) model

Thermophysical properties: Stream Analyzer has thermophysical models to predict surface tension, interfacial
tension, viscosity, electrical conductivity, thermal conductivity, diffusivity, and osmotic pressure.

Molecular and ionic inflows: Stream Analyzer accepts molecular inflows, typical of a process stream, and ion
inflows, typical of a sample water analysis.

Corrosion Analyzer

Corrosion Analyzer is a module within the OLI Studio. A separate license enables this module. Corrosion
Analyzer is a first-principles corrosion prediction tool. It is used to predict the corrosion rates of general
corrosion, propensity of alloys to undergo localized corrosion, depletion profiles of heat-treated alloys, and
thermodynamic stability of metals and alloys. It enables users to address the causes of aqueous corrosion by
identifying its mechanistic reasons. As a result, users take informed action on how to mitigate or eliminate this
risk.

Corrosion Analyzer calculates corrosion by quantifying the bulk chemistry, transport phenomena, and surface
reactions through a thermophysical and electrochemical module.



The thermophysical module calculates the aqueous solution speciation and obtains concentrations, activities
and transport properties of the reacting species.
The electrochemical module simulates partial oxidation and reduction process on the metal surface.

The tool reproduces the active-to-passive transition and the effects of solution species on passivity.

Effects of temperatures, pressure, pH, concentration, and velocity on corrosion are also included. Capabilities
and features of Corrosion Analyzer are:

Generation of Pourbaix (E vs pH) diagrams
Calculation of general corrosion rates
Localized corrosion susceptibility

Heat treatment effect

Generation of polarization curves plots

EVS Analyzer

Extreme value statistics (EVS) is a powerful statistical techniques that is used extensively to extrapolate
damage (maximum pit depth) from small samples in the laboratory to larger area samples in the field.

think simulation | getting the chemistry right

think simulation | getting the chemistry right is a simulation software tool that predicts scaling problems during
oil and gas production. think simulation | getting the chemistry right simulates fluid production from the reservoir
to the sales point, and computes the phase mass balance, scale tendencies, scale mass, and nucleation
induction times in production fluid at each location in the production line. Capabilities and features of think
simulation | getting the chemistry right are:

Brine, gas and oil analysis

Scaling scenarios

Compeatibility testing of brines using the stream mixing function

Phase equilibrium calculation for four-phase reservoir saturation, from which as whole fluid reservoir
composition is determined

Contour plots to study produced brine properties across a broad temperature and pressure range



General View of the User Interface

The OLI Studio Desktop User Interface provides the environment to create, analyze and interpret the results of
your application chemistry. In this manual, an overview of the different windows and tools that you will use, as
well as how to navigate the OLI Studio User Interface, will be provided here.

& OLI Studio (Version 11.5.1 Beta) - [Document1] - O X
Menu Bar essss 57 Fie Edit Streams Calculations Chemistry Tools View Window Help - 8 x
Tool bar ee—) | M 2 @ i) 28 Re & |we o B 0w AEF: G RE
Navigator p oA x T
Document1 & b
8 Streams Description Object Map
Navigator Pane > Name: [Streams Date: | 8/15/2022 v
Description
~
A——
Actions 3 - X
Actions
T 7 A
I T T v
Actions Pane e > > ’ - < >
Add Stream  Add Mixer  Add Water  Add EVS
Analysis  Calculation
o Summary
an
» B &
AddBrine  Add Oil Add Gas Add Automatic Chemistry Model
Analysis  Analysis  Analysis  Saturator v (H30+ ion) Databanks
30+
Plot Template Manager goax geso:g)lrecl
—

Plot Template
Manager

>

Calculation
Status Output

Calculflio s ~ x

For Help, press F1

Description /
Definition Pane

S mmary Pane

2@

The screenshot shown above is what you will see when you first start OLI Studio. You can customize the
desktop to your own needs. The windows can be resized, moved, docked, and detached.

Menu Bar

The Menu Bar gives access to the following options: File, Edit, Streams, Calculations, Chemistry, Tools, View,
Window and Help.

File: Gives access to functionality such as New, Open, Close, and Save a file

Edit: Cut, Copy, Paste, Delete and Clear calculation results

Stream: The Streams menu contains actions that can also be performed using the Actions Pane

Calculations: The calculation menu contains all the calculations found in the Actions Pane

Chemistry: Advanced changes to the chemistry can be made here.



Tools: Gives access to tools such as component search, names manager, units manager and other

customizations.

View: Gives the option to customize the view of the interface.

Window: Allows to arrange the different OLI Studio. documents in the window.

Help: Here you can have access to Technical Support or any content that you may need related to OLI

Software.

Tool Bar

The Tool Bar gives quick access to different functions and sits below the Menu Bar. Tools within this bar can
be added, removed or repositioned. When a tool is selected (or turned ON) it is highlighted in light blue. When

deselected (or turned OFF) it comes back to gray.

D B 2K 11 VvasSol2 Re# |me 8ISt s

They are laid out in the following order:

Quick access to File: 0 = H
Quick access to Edit: % =2

Quick access to Help: 2 N2

Quick access to Chemistry: L1 Va So L2 Re & |mee & D5 & un ¥

Quick access to Tools: ik I ET: E N5

Icons in the Chemistry section

In the quick access to Chemistry, you find: Phases, Redox and Databanks.

Phases: Turns ON/OFF specific phases. Four different phases are available:

L1: Liquid 1 or water-rich phase

Va: Vapor phase
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So: Solid phase
L2: Usually organic rich phase and sometimes a critical fluid. It is also referred to as Liquid 2 phase.
Redox: Denoted as Re. Turns ON/OFF Reduction/Oxidation (REDOX) reactions.

Databanks: Turn ON/OFF a specific thermodynamic databank. There are three thermodynamic databanks
available:

MSE: Mixed Solvent Electrolyte databank (Default)
MSE-SRK: Mixed Solvent Electrolyte and Soave-Redlich-Kwong databank

AQ: Aqueous databank

Icons in the Tools section
A description of each icon in the Tools section is given below:

Component search: &4  This tool helps you to look for a component using Formula, CAS number,
chemical name or using the periodic table.

=
B
I
M~

Names manager: This tool shows you the name of components in different styles in tables

[Zait]
and reports. The style options are: Display name, Formula or OLI Name.
Units manager: EF;; This tool allows you to select or change to preferred units for all

calculations.

Customize toolbars: [B] This tool allows you to remove or add preferred tools to the Tool Bar. For
example, you can add or remove Chemistry from the Tool Bar.

General options: This tool allows you to adjust or change default software settings.

Calculation options:  x%  This tools allows you to include or exclude different types of properties into
the calculations.

1"



Navigator Pane

The Navigator Pane (or tree level) contains the list of streams and calculations that are active within a file. This
view contains the icons and names of each action in a hierarchical tree. The Description/Definition pane
changes depending on the level that is highlighted. A plus sign next to an object in the stream level indicates
that that stream or object has sub-streams or branches. There are four levels: Global Stream Level, Stream
Level, Calculation Level, and Calculation Sublevel.

Global Stream Level: Provides the broadest view of the navigator objects. At this level the user can define
default units, default components name, and general preferred calculation options for the working file.

Stream Level: Chemistry options such as phase selection, REDOX reactions, and the thermodynamic
databanks can be selected as this level.

Calculation Level: Calculation types such as Single point calculations, Survey calculations, etc., are
subordinate to streams, and appear in this level. A more detailed explanation of calculation types can be found
in Chapter Il of this manual.

Calculation Sublevel: Some calculations, such as Survey calculations, have their own calculation sublevels.
They can be expanded or maximized using the small icon ( " or =) next to the calculation type.

Navigator 2
" Document1:1*
File name 5 cmenti2r
=T Global Stream Level
&
- & Stream*——— Stream Level
{y SinglePoint .
5 & Survey Calculation Level

£y Temperature=25.0
&y Temperature=30.0
{y Temperature=35.0°
{y Temperature=40.0
&y Temperature=45.0 °
{y Temperature=50.0
{y Temperature=55.0°
{y Temperature=60.0 *
{y Temperature=65.0 °

Calculation Sublevel

OO0 0000

Note: A star (*) next to the file name indicates that the file has not been saved.
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Actions Pane

This view contains selectable action icons. Each icon represents either a new stream input or new calculation.
Additional actions will appear depending on what kind of stream we are working with. You can change the view

of the actions pane by right clicking in the white area

Icons. In this case the List option was selected.

. You can show the icons as a List, Small Icons or Large

When located at the Global Do a2 "l
Stream Level the following Selots
. 18] Add Stream . .
action icons appear on the 8) Add Mixer These actions come with Stream
Actions Pane. T Add Water Analysis [ and Corrosion Analyzers
Add Brine Analysis 7
# Add Oil Analysis
2 Add Gas Analysis . .
@ Add Saturator These actions come with
L~ Add Scale Scenario | ScaleChem
(@ Add Scale Contour
' Add Mixing Water
S Add Facilities
“3; Add HC Saturator
If you select an action item that Actions 2 - x
belongs to Corrosion Analyzer, RIS
this action item will be located at A% S
the Stream Level, and only the [] Add Single Point
following action icons appear on Add Survey
H B Add Chemical Diagram
the Actions Pane. |=] Add Stability Diagram
Add Caorrosion Rates
If you select an action item that Actions p -x
belongs to think simulation | Acions_ :
getting the chemistry right, this Ei:: g’i'l”::;;as'?f”
action item will be located at the > Add Gas Analysis
Stream Level, and only the 3 Add Saturator
following action icons appear on &= Add Scale Scenario
. @Add Scale Contour
the Actions pane. ¢ Add Mixing Water
" Add Facilities
la,AcIcI HC Saturator
Plot Template Manager
The default location for the Plot Template Manager Plot Template Manager B~ %
is in the lower left-hand corner of the main window. [Default Plat]
The Plot Template Manager is a tool that allows the target pH
user to create, save and use plot templates. This
tool allows a fast plotting and analysis of the user’s
results.
Precipitation | Save
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Description / Definition Pane

Users work most of the time on the Description / Definition area, which changes depending on which action
object is being used.

& 0Ll Studio (Version 11.5.1 Beta) - [Document1*] - o
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & x
D™ 2 2N Mvasol2 Red milfic:| @MEF: GEEN
Navigator s = x] gy
Document1* | |9
8 Streams & Description (&% Definition (& Report L3 File Viewer
=& Stream
A SinglePoint Neme: Date: | 8/15/2022 v
Descriplion
~
‘Actons b ax nt1"] - o X
Actions) mistry Tools View Window Help & x
vV llvasol2 Red mesfs s | ME: G EE N
< >
x
* A
Summary «J Description &¥ Definition (] Report L2 File Viewer
Uni Set: Wetric (moles) T S D . Type of calculation
Automatic Chemistry Model < Stream Parameters Isothemal  +| | Specs.
MSE (H30+ ion) Databanks: Stream Amount (mol) 55.5082
Plot Template Manager 2 ax WSE (H30+ ion) Temperature (‘C) 25.0000 Calcylate @
Using Helgeson Drect Pressure (aim) 100000 Summay
Isothermal Calculation Inflows (mol
25.0000 °C 1.00000 atm 2 mflows (mol)
Calculation not done: 20 55,5082 Unit Set: etric (moles)
Nal | |
- WSE (H30+ ion) Databans:
Save 2 MSE (H30+ ion)
Using Helgeson Direct
A Isothermal Calculation
M 25,0000 °C 1.00000 aim
H > | caicuiation not done
E}
3
For Help, press F1 @ NUM
"
| Plot Template Manager T
‘ Input
Iy
5 Advanced Search Add as Stream Export
ve
5
2
2
3
S
5]
For Help, press F1 B8 NUM

Summary Pane

The Summary Pane can be viewed in both the Description and Definition Tabs. The Summary Pane shows
inputs, calculation outputs, warnings, and has hyperlinks to the Units and Databank Managers. This window
varies with object.

Wwsot2 fes mrmsas MEL GRS

a
& Deacrption’ & Definiton @ Report & File Viewer

) - o «x

oy s Vew Windon e
lSot2 Re it B st MEL G REN
T
[ |6 verrton 2 otiton 8 ey 2 e i
[ —
o e
i Heloasan Desss
§ (Cokctotion Compltl
v, prs 1 °m  wm A
B
0
g okt Conptl
ot pres 1. am  wm
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Calculation Status Output

The Calculation Status Output window shows progress, errors, warnings, temporary file locations, and other
data.

*||Starting Calculation
Calculating SinglePoint
Unit Set: Metric [moles]

tic Chemistry Model
q [H+ ion) Databanks:
Aqueous [H+ ion]
Using K-fit Polynomials
T-zspan: 25.0 - 225.0
*P-gpan: 1.0 - 201.0
= = differs from default.

A -

Trace enabled: Level=1 Filename="C:\Users\DIANA~1 MIL\AppD ata\lLocal\Temp\OLIB72a0\0LI2c2a2_SinglePoint. oue'

Calculation Complete! v

Caleulation Output

Thermodynamic Frameworks and their Databases

You can access the databanks from the Menu Bar: Chemistry > Model Options... or via the quick access from
the Tool Bar.

There are three main thermodynamic frameworks in OLI Studio. The user can pick the thermodynamic
framework that is more suitable for their chemistry. These are the AQ (Aqueous), the MSE (Mixed Solvent
Electrolyte), and the MSE-SRK (Mixed Solvent Electrolyte — Soave Redlich-Kwong) Thermodynamic
Frameworks. A more detailed description of each framework is given below:

Aqueous (AQ) Thermodynamic Framework

The OLI Aqueous (AQ) thermodynamic framework is a mature electrolyte activity coefficient model that predicts
the properties of solutions up to 30 molal ionic strength. Its accompanying database contains 6,000 species for
80+ elements (metals and non-metals) across multiple oxidation states.

This AQ framework is suitable for applications involving electrolytes, gases and hydrocarbons dissolved in
water.

The AQ framework utilizes the Bromley-Zemaitis activity model:

AlZ,Z_|INT (0.06 + 0.6B)|Z,Z_|VT

lo = — +BI+CI>?+ DI
2 1+ VI (1+ 15 1)2

1Z,Z_]

The model can produce valid results in the following ranges:

Temperature -50-C to 300°C
Pressure 0 — 1500 bar
lonic Strength 0 — 30 molal

15



The AQ-framework selects the PUBLIC' database by default. Frequently there is more to the chemistry than
what is covered in the PUBLIC database. The following is a partial list of additional databases available in the
AQ framework:

Aqueous (H* ion) — Public Database and selected by default
Geochemical (AQ)

Ceramics (AQ)

Corrosion (AQ)

Low Temperature (AQ)

Alloys (AQ)

lon Exchange (AQ)

Surface Complexation Double Layer Model (AQ)

Mixed Solvent Electrolyte (MSE) Thermodynamic Framework

A system’s thermodynamic properties are calculated from two sources; the first is from the Temperature and
Pressure dependent standard-state Gibbs energies (i.e., CTLO(T, P) ) of each species present. The second is
from the temperature, pressure and composition dependent excess Gibbs energy (i.e.,y;(m,T)) for each
species present. In the combined relationship, the partial molal Gibbs energy of the it" species is, G, = G2 +
RT Inm;y;, where G2 is the standard-state partial Gibbs energy and y; is the activity coefficient. This activity
coefficient y;, is computed using the MSE theory. A comprehensive explanation of the MSE theory is given in
Wang et al. [7].

The MSE framework utilizes the MSE activity model which contains the extended Debye-Huckel term, that
accounts for long-range interactions, an UNIQUAC term that accounts for short-range interactions, and a
middle-range that includes the ionic interactions:

logy; = logy?® +logy"® + logy!*®

The model can produce results for the following ranges:

Temperature -50°C — t0 90% Terit
Pressure 0 — 1500 bar
lonic Strength no limit

The MSE framework contains the following databanks:

MSE (HsO" ion) — Selected by default

Corrosion (MSE)

Geochemical (MSE)

Urea (MSE)

Surface Complexation Double Layer Model (MSE)

" The PUBLIC database is the main OLI database, containing nearly 70 percent of the thermodynamic data available from OLI and 100
percent of the supporting information.
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Mixed Solvent Electrolyte with Soave-Redlich-Kwong Equation of State (MSE-
SRK) Thermodynamic Framework

The MSE-SRK model is based on the Mixed-Solvent Electrolyte (MSE) framework, which provides a very
accurate representation of electrolyte systems in both aqueous and mixed-solvent (e.g., glycol-containing)
environments. The MSE-SRK framework combines an equation of state for standard-state properties of
individual species, an excess Gibbs energy model to account for solution non-ideality in the aqueous electrolyte
phase, and the Soave-Redlich-Kwong equation of state (SRK EOS) to calculate the properties of the gas phase.
The MSE-SRK framework, however, provides a different treatment of the non-electrolyte-rich second liquid
phase for liquid-liquid equilibria. MSE-SRK assumes the second (usually organic-rich) liquid phase to be non-
ionic and reproduces its properties using the SRK EOS. This allows the MSE-SRK framework to reproduce the
critical behavior of nonelectrolyte systems more easily.

In the MSE-SRK model, the electrolyte-containing (usually aqueous) liquid phase is represented by a
combination of the Helgeson-Kirkham-Flowers (HKF) equation of state for standard-state properties and the
MSE activity coefficient model for solution nonideality. Accordingly, the chemical potential of a species iin a
liquid (electrolyte) phase is calculated as:

b = WEOX(T,P) + RT In " (T, P,x) A

where uiL'O'x(T, P) is the standard-state chemical potential from the HKF theory [9], [10], x; is the
mole fraction, andx;y;"" (T, P, x)is the activity coefficient from the MSE theory of Wang et al. [7], which accounts
for long-range electrostatic, specific ionic, and short-range intermolecular interactions.

The second liquid phase is assumed to be non-ionic and is modeled using the Soave-Redlich-Kwong equation
of state (SRK-EOS) [11]. The chemical potential in the non-ionic liquid phase is then calculated as:

uf = pfO(T) + RT In 2121002 2)
where uf‘O(T) is the chemical potential of pure component i in the ideal gas state, y; is the mole fraction,
¢;(T, P, y) is the fugacity coefficient from the SRK-EOS, P is the total pressure, and P° = 1 atm.

The properties of the gas phase are also obtained from the SRK equation according to Equation (2).
The MSE-SRK framework contains the following databanks:

MSE (HsO" ion) — Selected by default

MSE-SRK (H3O" ion) — Selected by default
Corrosion (MSE)

Geochemical (MSE)

Urea (MSE)

Surface Complexation Double Layer Model (MSE)
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Component Search

You can access the Component Search from the Menu Bar: Tools > Component Search... or via the quick

]

access from the Tool Bar .

Note: When using the Component Search tool, you should be aware that the tool will only show components
in the database that you have selected.

The Component Search option opens a new window where you can search for the component of interest by
typing the component name or look up components using the Periodic Table option. In the periodic table option,
you have 3 search options:

Any of selected: Will show elements that you have selected
All of selected
Only selected

Component Search - Databanks (MSE) ? X Component Search - Databanks (MSE) ? X
Look Up Component  Periodic Table Look Up Component  Periodic Table
BENZENE Molwt |78.114418 Li | Be H EHN O | F |Ne
Benzene —— o079 | Hydrogen -
Benzene, ethyl- CASNo |71-432 NaIMg = Al|Si|P]| S |CI|Ar
Benzene, nitro- .
Benzene 1 3dicaboylc acid Fomua [CHG k [ca] sc| 1i] v]cr[mn|re]co] nicu]zn]ca] ce| as|se| Br | kr
Phase Information Rb|Sr] Y | Zr NbIMo Tc|Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | |Xe
Aqueous Cs|Ba|La|Hf Talw Re|Os| Ir | Pt|Au|Hg| TI|Pb| Bi|Po| At |Rn
* = Match 0 or more characters Vapor
2 = match any single character Fr|Ra|Ac
Structure Synonyms Lanthanide Series |Ce | Pr |[Nd|Pm|Sm|Eu|Gd|Th | Dy|Ho| Er |[Tm|Yb | Lu
armlene A Actinide Series | Th| Pa| U [Np|Pu|Am|Cm|Bk | Cf| Es |Fm|Md|No| Lr
Benzene
BENZENE C2H2 ~ Search Options
Benzene C14H10 O Ay of selected
Benzene CEHE ~
Benzol CaHs O Al of selected
Benzole C10H22 ®
CEHE il (® Only selected
CEHE C12H26
CEHE C13H28 [
Coal naphtha C14H30
Cyclohexatiiene C15H32 v
Phene v mman
63 species Add to Stream
Close Cancel Help Cancel Help

In any of the two options for component search, you can click on the Add to Stream button to add the
component in your chemistry.
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Names Manager

You can access the Names Manager from the Menu Bar: Tools > Names Manager... or via the quick access

from the Tool Bar B |

The Names Manager option opens a new window where you can select the component name style. There are
three different styles:

Display name: This is the name that is commonly displayed when a species is entered. This is the default
display. For example, Benzene, Cyclohexane, Sodium Chloride

Formula: This is the chemical formula name. For example, C6H6, C6H12, NaCl

OLI Name (TAG): This is the traditional name for the species stored internally in the OLI software. For example:
BENZENE, CYCLOHEXAN, NACL (Note: These names are usually for OLI internal use).

Additionally, you can select if you prefer the mineral name to appear after the solids. For example, NaCl (halite),
KCI (sylvite), etc.

Names Manager ? X

Name Style  Search Criteria  Names Dictionary

Component Name Style
() Display name
Use Names Dictionary
(® Forrmula
(O 0Ll Name (TAG)

Show mineral name after solids

The selected style will be used for displaying component
names in tables and lists.

Cancel Apply Help
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Units Manager

You can access the Units Manager from the Menu Bar: Tools > Units Manager... or via the quick access from
G+
the Tool Bar *F .

If you are changing units at the Global Stream Level, the Units Manager tool will open a new window where
you can change the default units for the whole document. You can also select the default units of the different
calculation objects.

DzHE il V4 e w4 B s AEr S RE
|| Mavigator g x| [
| Document!* ]Defau\t Units for Document | ? x|
| Te.®
‘ ‘,‘ Srearms Default Units
& Stream
. SinglePoint I
Object Type all v
All 1
Default Units Brine
Contour
EVSStandard
Metric chsuhtles f/ Moles v 4
HCSaturator
Mixer
- - Mixing'W ater
Actions kS Qil
Actions Customize.,, | |3aturator
™ = . Scenario
|4] Add Stream =] Add EVS Calculatit Stream
& Add Mixer & Add Brine Analysi: WaterAnalysis
Tl Add Water Analysis 8 Add Oil Analysis Mote: Changes made to default units only apply to new objects. Existing
objects will not be modified.
<
Plot Template Manager 2 ot apply Help
i L | 1-SPan: £2.U - ££0.U

At the Stream Level, the Units Manager tool will open a slightly different window and will change the units only
at the Stream Level and Calculation Level.

‘Ded ¥ B X 11vasol2 Red me3i¥s s MEF:: GRE
Navigator P b
Document1™* |
&8 Strearns 48 Nacerintion &% NDefinitinn & Danor
| Units Manager - Stream | ? X
o S el Units Manager I
55
Metric ~  |Batch ~| |Moles ~ » =
14
5
Customize. ., L
Actions s 4
Actions
@ Add Stream @Add Survey
= _OK Cancel Apply Help
.E]Add Mixer @Add Chemical Diag
4] Add Single Point @Add Stability Diagrarr |

The default units are Metric, Batch and Moles, but you can change to any of the following default options:

20



You can customize specific units, by clicking on the Customize... button. This will open a new window where
you can customize composition units, parameters units, and corrosion units. You can also select units for a
Batch system or a flowing system.

7 % \

Edit Units - Stream
(@ Batch System (O Flowing System
Composition |parameters Corrosion
Variable | Basis Units A
Stream Amourt Moles mol
Inflowws Moles mol
Qutput variables
Aqueous Composition Moles mol
Vapor Composition Moles mol
Solid Composition Moles mol
2ndd Ligquid Composition Moles mol
Total Composition Moales mol
Basis options
Moles mol
Mass
Volume
Concentration kg
Molar Concentration o
r my
:alssFFra;mn (ai100)
lole Fraction metric ton v
oK Cancel Help

Edit Units - Stream

Composition Parameters

Edit Units - Stream

Composition Cnrrnsion

? X

(® Batch System () Flowing System

? X

(®) Batch System () Flowing System

Variable Units
Angular Yelocity cyclednin
Corrosion Rate mindyr
Corrosion Current Density Alst-m
Length/Diameter cm
Patertial W (SHE)
Shear Stress Pa
Volumetric Pipe Flow m3/s
Velocity mis

Cancel Help

Variable ‘ Units | A
Temperature "C
Pressure atm
Time hr |
Alkalinity mg HCO3/L |
Density gl
Electrical Conductivity, molar m2/ohm-mol
Specific Electrical Conductivity pmhajcm
Energy cal
Energy, Molar calinol
Entropy cali
Entropy, Molar calinol K
Fugacity atm
Heat Capacity calig K
lonic Strength (x-hased) malinol o
lamis Chransdh (m hasad) male

Cancel Help
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Another option to access the Units Manager tool is by clicking on the units highlighted in blue. This is a
hyperlink to the Units Manager tool, and there you can make changes to the units.

= Stream Parameters
Stream Amount (mol) 56.5082
Temperature ("C} 25.0000
Pressure (atm) 1.00000
= Inflows (mol)
H20 \ 35.5082
FeCl3 1.00000

Customize Toolbars

You can access the Customize Toolbars from the Menu Bar: Tools > Customize... or via the quick access

from the Tool Bar R . This will open a new window where you can disable or enable toolbars under Toolbars
tab.

Under the Commands tab, you can also add your preferred buttons in the tool bar. If you click on any of them,
it will give you a description of the actions the selected button will perform.

Customize =
Toolb C d |
Toolbars: Categories: Buttons
Standard Show Tooltips New... Standard 3] Gal TA
[ Full Screen Streams & Calcs T el
[*|Chemistry Model Options Cool Look Beset ScaleChem pr| [pp] [ep] s O3
TR ] Lse Bucors Cremisy
Tools
Select a category, then click a button to see its description. Drag the button
to any toolbar
Description
Add an lsothermal calculation to the cument stream.
Tools
Cancel oK Cancel
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Calculation Options

You can access the Calculation Options from the Menu Bar: Tools > Options... or via the quick access from
w0
the Tool Bar & . This will open a new window. Under the Calculation Options tab you can enable or disable

the following options:

General

Allows you to disable or enable the status dialog (a popup window that appears after pressing the calculate
button)

Diagnostics

Enable trace. This is a file containing the detailed solver output. It is generally used to diagnose why a
calculation may have failed.

Optional Properties

Diffusivities, electrical conductivity, heat capacity, activities, fugacities, and K-values, Gibbs free energy,
entropy, thermal conductivity, surface tension, interfacial tension, Total Dissolved Solids, Scaling Induction

Time, and pre-scaling tendencies.

Calculation Options - Survey ? X

Calculation Dptions | Corwvergence

General Diagnostics
Show status dialog [C]Enable trace

Verbose

’/'6|-:-1:ional Properties Y
{ Diffusivities and Mobilities [:3‘ A
[ Diffusivities Matrix
Viscosity
Electrical Conductivity
[Heat Capacity
Activities, Fugacities, and K-Values
[l Gibbs Free Energy
|:| Entropy
Thermal Conductivity
Surface Tension
Interfadial Tension
[ Total Dissolved Solids (TDS)- Rigorous method
[ 5ealing Induction Time(s) Advanced...
[Jpre-scaling Tendendes

Method
Estimated Rigorous

Cancel Apply Help
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Object Library

You can access the Object Library from the Menu Bar: View > Toolbars > Object Library.

This option will create a new window (to the right). You can find commonly used objects like standard sea water,
dry air, etc.

My Objects — save your own objects, such as a commonly used stream. You can drag an object and save it
here for your future use.

& oLl Studio - [Document1*] - m] X
W7 File Edit Streams Calculations Chemistry Tools indow Help - & %
DEelEd $ 28 - 28 L1 Va So Lz Print Layout AR S RN
Navigator 3 A X B View N Object Library g v X
Document1* | My Objects
Arrange Icons > 5 . -
8 Streams & Descr Plot [ Report L2 File Viewer Standard Objects
5. & Stream Line up Icons
A SinglePoint :I Full Screen Value e Suvey by @ @
(- & Survey 7 s Temoerature Y1 ¥ ||| Arabian Gulf Basic
S"L Toolbars > l v Standard jonal) SeaWater...  Produc...
Tem '  Status Bar ~  Chemistry Model Options |
e v|
[ Proasrermmy —H ... @ @
| itlows (ot . Dry Air Extended
H20 [ Calculation Status Independently Produc...
NaCl v Calculation Output Together
| l] v Actions @ @
~  Plot Template Manager Calculate @ | Moist Air Pseudo
B Navicator (50% hu... Components
: T e E @
Actions le O b Temperature survey:
Actions > Range  25.0 10 100.0 °C Sea Water  Seawater
Stepsize 5.0°C (Molecul...
No. steps 15 s s
No secondary survey selected
. , Standard Water
: Met les)
Unit Set: Metric (moles) Seawat.. Analysis
Automatic Chemistry Model
Agqueous (H+ ion) Databanks:
Plot Template Manager g A X Agueous (H+ ion)
Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
N7 Isothermal Calculation
25.0000 *C 1.00000 atm
il 2 3 4 6 7
Input g > [ & Calculation complete
Advanced Search Add as Stream Export Y T
Save
’: Calculation Complete! A
&l v
@@ NUM

Tip: If by accident we lose a tool bar, we can go to View > Toolbars >... and select the toolbar that is missing.
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For all calculations we will create one or more objects, referred to as a Streams, which are used to define a
particular chemistry, temperature, and pressure.

There are five different types of calculations that can be carried out in OLI Studio: Stream Analyzer: Single
point, Survey (multiple point), Water Analysis, Mixer, and Chemical Diagram calculations. A brief definition of
each type of calculation is given below.

Add Single
Point

Add
Chemical
Diagram

Add Stream is used to add a New Stream as a molecular input and define a specific
chemistry.

Single Point Calculations are used to find information (pH, volume, speciation, etc.)
at one specific equilibrium state.

Survey Calculations are useful for plotting changes in stream parameters against
temperature, pressure, or composition.

Water Analysis allows you to enter ionic inflows, i.e., allows you to enter anions and
cations.

Mixer Calculations are useful for mixing different streams. You will familiarize
yourselves with its four different mixing options, Single Point Mix, Multiplier, Ratio, and
Volume.

Chemical Diagram Calculation allows you to create a stability map for species
based on concentration and other parameters such as pH. A contour map is created
showing the user where some solids are stable and where others are not.

In this chapter several examples will be provided to cover all these calculation types.
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Section 1. Single Point Calculations

Single point calculations are the simplest set of calculations in the software. There are 13 different single-point
calculation types, and a brief explanation of each single point calculation is provided below.

& OU Studio (Version 11.5.1 Beta) - [Document2*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DS | 2N | L1vasol2 |Red |me it | ME: S EE N
Navigator - X
g 1+ A
Document2® |
6:“ Streams Description Definition [ Report
B‘Streami T f calculati
|ﬂ SinglePoint J Variable Value ~ S5 @ EElELIEWER
—_ e Stream Parameters
Stream Amount (mol) 55.5082 B sctherma )
Temperature (*C) 25.0000 :
Isenthalpic
Pressure (atm) 1.00000 S ]
& Inflows (mol) B EubblERaint -
HZ0 555082 Dew Point
Vapor Amount
i oo Vapor Fraction
Actions Isochoric
Set pH
Precipitation Point
> Composition Point
Reconcile Alkalinity
Autoclave
Custom
N, A
Flot Template Manager L o x
v
Input
Advanced Search Add as Stream Export
Save
x
L3
+
f&
For Help, press F1 @ NUM

Isothermal: The software computes solution properties based on a known chemical composition at a constant
temperature and pressure.

Isenthalpic: A constant enthalpychange (loss/gain) is specified, and temperature or pressure is adjusted to
meet the heat requirements.

Bubble Point: The temperature or pressure is adjusted to reach a condition where a small amount of vapor

(bubble) begins to appear (a.k.a. boiling point).

Dew Point: The temperature or pressure is adjusted to reach a condition where a small amount of aqueous
liquid (dew) begins to appear.

Vapor Amount: The temperature or pressure is adjusted to produce a user-specified amount (in moles) of

vapor in the system.
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Vapor Fraction: The temperature or pressure is adjusted to produce a user-specified amount of vapor as a
fraction of the total quantity of moles in the system.

Isochoric: The temperature or pressure is adjusted to produce the user-specified total volume (constant
volume calculation).

Set pH: The software adjusts the flowrate of an acid or base titrant to maintain an aqueous solution at a user-
specified pH.

Precipitation Point: The software adjusts the flowrate of a species until a small amount of solid precipitates.
This can also be interpreted as the solid’s solubility point.

Composition Point: The composition point calculation is used to fix a species value. The software adjusts the
flowrate of a species until it reaches the user - specified/fixed species value.

Reconcile Alkalinity: The software calculates or reconciles the alkalinity of a solution. There are several
reconciliation types within this option: Reconcile pH, Reconcile Alkalinity and pH, and Reconcile Alkalinity, pH
and TIC.

Autoclave: The software simulates a constant volume vessel (autoclave) in which mass, pressure and
temperature are allowed to vary in order to reach a user-specified mole fraction or partial pressure of key gases
in the vapor phase.

Custom: With the calculations stated so far, variables are predefined. For instance, we must select either
temperature or pressure as a variable in the dew point calculation. With Custom single point calculations, we
can manipulate a wider variety of variables; for example, you can set up a custom calculation to determine the

solubility of a gas in solution.

In this section, we will learn how to set up each one of these single point calculations, and will also introduce
how to use custom units, the names manager, modify the report, and other useful tips to get the most out of
your simulation results.
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Isothermal

The default and most basic single point calculation is the Isothermal calculation. The software computes
solution properties based on a known composition, pressure, and temperature.

Example 1: Speciation and its importance for pH calculations

After completing this example, you will learn how to set up an Isothermal calculation and will also get a better
understanding of the importance of full speciation on the calculation of pH. Let’s calculate the pH of a 1 m FeCls
solution at 25 °C and 1 atm.

Starting the Simulation

To start the software, double-click the OLI Studio icon on the desktop, which will take you to the OLI

OLI Studio -

Studio interface where you can start creating your calculations. Betafiils

Let's create a new stream. Click on the Add Stream located in the Action Pane. When a stream is created
only H20 is present in the grid. Its cell is yellow because it cannot be removed, it is a permanent inflow.

For this example, we are going to use the MSE-Databank (The default databank)

Type FeClI3 in the white cell below H20 inflows grid, and press <Tab> or <Enter>

Enter the value 1.0 mol in the next cell.

0 OLl Studic (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.cad*] - [m] x
B File Edit Streams Calculations Chemistry Tools View Window Help L“} - & %
=y =] RN L1VasSel2 Red | miffiws MEFE:: GEE
Navigator L o~ X
1.1 Single point calculation_Example_1.0ad* | 1 2
% Streams & Description ¥ Definition 5 Report
- Stream
J Variable Value ~ Add Calculation -
5t P 1
i ream Parameters Special Conditions
Stream Amount (moly 56.5082 X
Temperature (°C) 25.0000 (WSl @ty
Pressure (atm) 1.00000
Summary
= Inflows (mol)

H20 555082 Unit Set: Wetric (moles)
e FeCl3 o 1.00000
Automatic Chemistry Model
MSE (H30+ ion) Databanks:

MSE (H30+ ion)
Using Helgeson Direct

Actions gL o~ X
Actions

&)

&) Add Mixer
[2]) Add Single Point N
] Add Survey

Add Chemical Diagram
& Add Stability Diagram
Add Corrosion Rates

Flot Template Manager 3 o+ x

Input

Advanced Search Add as Stream Export
Save

Cal= -

For Help, press F1 @ NUM
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Note: By default, the software populates the stream parameters table with 25°C, 1 atm, and 55.5082 moles of water. This amount of water
is 1 kg of water. All of OLI's internal agueous concentrations are based on the molal concentration scale. You will see this value frequently
throughout this manual. This effectively makes any component concentration a molal concentration.

Also, notice that the stream amount will be automatically calculated from the sum of the component inflows. To indicate that the summation
has occurred, the grid will highlight the stream amount cell in green.

Click the Description tab to change the name of the Stream. You can also
change the name using the <F2> key or by right-mouse clicking on the object
and selecting rename.

Change the generic name Stream to pH of 1 m FeCI3

Add the following Description: Isothermal calculation - calculating the pH of
FeClI3 1 molal solution

Go back to the Definition Tab

0 OLl Studic (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.0ad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
b= HE TR | 11 vasol2 Red mesifd s | Jhgns S BEFE
Mavigator Lo~ X N
1.1 Single point calculation_Example_1.0ad*
3 Streams Description (¥ Definition [ Report
. pHof1mFeCl3
Name: [pH of Tm FeCl3 | Dae | 7z [o
Description
e Isothermal caluclation - calculating the pH of FeCl3 1 molal scluticon ~
Actions I
Actions
@Add Stream
&) Add Mixer v
(4] Add Single Point = 5
&) Add Survey
Add Chemical Diagram
=] Add Stability Diagram Summary

Add Corrosion Rates
Unit Set: Metric (moles)

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

Flot Template Manager L s x
Save
=
L3
IS
z
For Help, press F1 @ NUM
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Now, we are ready to perform a calculation

Go to the Add Calculation button
Select Single Point

Note: By default, the software selects the Isothermal type of calculation

7 File Edit Streams

Calculations

Chemistry  Tools

0 OLl Studio (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.cad*]

View Window Help

| Navigator

- 8 X

B+ %]
1.1 Single point calculation_Example_1.0ad* | ¢
6:“ Streams Description Definition [ Report
i pHof 1 mFeCl3
Variable | Value -
e Stream Parameters 5 Sl v
Stream Amount (mol) 56.5082 3
Temperature (C) 25.0000 ey
Pressure (atm) 1.00000 Chemical Diagram
Summary
i LT () - Stability Diagram
H20 585082 Unit Set Corrosion Rates
FeCl3 1.00000
Automatic Chemistry Model
| Actions L o x MSE (H30+ ion) Databanks:
S MSE (H30+ ion)
RS Using Helgeson Direct
@ Add Stream
Add Mixer
(4] Add Single Point
&) Add Survey
Add Chemical Diagram
=) Add Stability Diagram
Add Corrosion Rates
|Plot Template Manager g x|
Input
Advanced Search Add as Stream Export
Save

Cale ~ % |

For Help, press F1

@8

NUM |
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All the required variables have been entered, and the Calculate button has turned green. Click on the

Calculste @ | button. You can also press the <F9> key to run the calculation.

Note: The calculation button has three colors depending upon the specifications:
Red - Insufficient specifications for a calculation
— Incomplete specifications but calculation can continue

Green — Completed specifications, the calculation is ready

0 OLl Studio (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.cad*] — O e
W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DSH| & SR vasol2Red|mriexcs ME | GFE K
| Navigator g x| o
1.1 Single point calculation_Example_1.0ad* |
6:“ Streamns Description Definition [ Report
=& pHof 1 mFeCl3 T [ calculati
: . ; : e of calculation
L.y SinglePoint Variable | Value ) Ele
= Stream Parameters |zothermal - Specs...
Stream Amount (mol) 56.5082
Temperature (*C) 25.0000 Caloulate @@ |
Pressure (atm) 1.00000 Surnmary
= Inflows (mol)
H20 55.5082 Unl"Set Metric (moles)
FeCl3 1.00000 " ic Chemistry Model
= [ MSE (H30+ ion) Databanks:
[Actions Boex MSE (H30+ ion)
Actions Using Helgeson Direct
Isothermal Calculation
25.0000 *C 1.00000 atm
5 Calculation not done
|Plot Template Manager g x|
v
Input
Advanced Search Add as Stream Export
Save
x|
L3
IS
g
For Help, press F1 @ NUM |
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Please save the file (File >Save as...) and type an appropriate name, for example Single Point Calculations.

OLI Studio - [Document1*]

- X
File Edit Streams Calculations Chemistry Tools View Window Help - & X
| New Ctrl+N Cancel | |
D= @0 ko2 [Res malsias MEL GEEeD |
m Close
Do Save ces  |&
& Description &¥ Definition Report
iopott Variable Value
Print... Ctrl+P 54 Stream Parameters Special Conditions
Print Preview Stream Amount (mol) 56.5082 §
TG Temperature (°C) 25.0000 (] Solids Only
rint Setup...
Pressure (atm) 1.00000 Siminaty” e
Properties < Inflows (mol)
H20 55.5082 Unit Set: Metric (mole:
1 Barossa Scale Model-3.0ad Fecl 1.00000 " etrie (moles)
2 Barossa Scale Model-3.0ad Automatic Chemistry Model
P q (H+ion) D
3 Intertek Polarization.oad Aqueous (H+ ion)
- Using K-fit Polynomials
— 4 Intertek Polarization.oad T-span: 25.0 - 225.0
(ack Exit *P-span: 1.0 - 201.0
Acl N * = differs from default.
(8] Add Stream Add Stability Diagra
Add Mixer Add Corrosion Rate
Add Single Point
|£) Add Survey
@ Add Chemical Diagram
< >
| Plot Template Manager 2 A x|
Input
| Advanced I l Search Add as Stream Export
Save =
x|
»
“
Save the active document with a new name @@ NUM

think simulation | getting the chemistry right
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When the “Calculation is complete” a check mark appears on the calculation object & Now, let us analyze

the results of the simulation.

For Help, press F1

0 OLl Studio (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.cad*] — O e
W7 File Edit Streams Calculations Chemistry Tools View Window Help [:‘& - 8 X
DS | PR Uvasolz[Red|meriEecs MBS |G N AL
| Navigator g x| o
1.1 Single point calculation_Example_1.0ad* |
6:“ Streamns Description Definition [ Report
=& pHof 1 mFeCl3 .
o 0 SinglePaint Variable | Value - Type of calculation
= Stream Parameters |zothermal - Specs...
Stream Amount (mol) 56.5082
Temperature (-C) 250000 Calcylate & |
Pressure (atm) 1.00000 SR \
= Inflows (mol)
Hz0 55.5082 Unit Set: Metric (moles)
FeCl3 1.00000 " ic Chemistry Model
At MSE (H30+ ion) Databanks:
[Actions P MSE (H30+ ion)
Actions Using Helgeson Direct
Isothermal Calculation
25.0000 *C 1.00000 atm
Phase Amounts
Agueous 585583 mol
Vapor 0.0 mol
Solid 0.0110050 mol
Agueous Phase Properties
pH 1.48527
lonic Strength  0.0555967 molmol
Density  1.12834 g/ml
Calc. elapsed time: 1.751 sec
Calculation complete
|Plot Template Manager L - x
v
Input  Output
Advanced Search Add as Stream Expart _/
Save -
x| ~
L3
£||Calculation Complete!
3 v
@ NUM

Analyzing the Results

The summary box displays a partial set of results including pH, density, and volume, as well as the total

calculation time.

The pH is calculated to be approximately 1.49
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Let's analyze the simulation results in more detail

Click on the Report Tab
Scroll down and find Species Output (True Species). You will find a list of all the different species presentin

the aqueous phase.

0 OLl Studio (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.cad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
he G 2PN  11vasol2 Red milFi i | @EL S EE N
Mavigator L o~ X
1.1 Single point calculation_Exa| -
& Streams Description Definition B REP““@
E-#& pHof 1 mFeCl3
‘...4 SinglePoint Jumpto: | Species Output (True Species) \Q a & Customize Export
Species Qutput (True Species) ~
Row Filter Applied: Only Non Zero Values
column Filter Applied: Onhy Non Zero Values
Total Liquid-1 Solid
moal moal moal
Actions L - x H20 55.4183 55.4183 0.0
Actions Cl1 210599 210599
FeCl+2 0.89331 0.89331
Fe+3 0.0834103 0.0834103
H30+1 0.0449718 0.0449718
FeOH+2 0.0118615 0.0118615
Fe{OH)3 (Bernalite) 0.011005 0.011005
FeCl2+1 3.47658e-4 3.47658e-4 [:B‘
FeO+1 3.00349e-5 3.00349e-5
Fe2{OH)2+4 1.75659e-5 1.75659e-5
HCI 3.75364e-9 3.75364e-9
Pt Tommiate Mmoo — HFeO2 2.63362e-10 2.63362e-10
OH-1 5.3521e-13 5.3521e-13
Fe02-1 3.6281e-18 3.6281e-18
Total (by phase) 58.5693 58.5583 0.011005 v
Save
’: ~
g Calculation Complete!
f& v
For Help, press F1 @ NUM

Why is the pH so low?

The aqueous iron species complexes the hydroxide ions. The water dissociation reaction shifts in the direction
that replenishes the hydroxide ions?.

This equilibrium is always present:

2 Le Chatelier's principle. P.W.Atkins. Physical Chemistry. W.H. Freeman and Company, San Francisco (1982) p 269.
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H,0 = H* + OH™3

Speciation Reactions
First iron (Ill) chloride dissociates:

FeCly; —» Fe®* +3Cl”
Then the Fe®** interacts with water; hydrolysis reaction:

Fe** + H,0 —» FeOH** + 2H*
Then another water molecule enters into the reaction:
FeOH?** + H,0 & Fe(OH),* + H*

These last two reactions take up the OH- from solution, and release H* into the solution.

More speciation reactions occur, but the reactions above were shown as an illustration. The following is a list
of all the species that are formed in the aqueous phase:

Fe' FeCl,"" Fe(OH)s° Ho0°
FeCl*? Fe(OH)"! OH"! HCI0
FeOH*2 H*! FeCls™ Feo(OH)2*
cr FeCl® Fe(OH)s"

pH Calculation
The pH is calculated using the following formula:
pH = —log(my+yy+)

For the pH calculation the molality and the activity coefficient of the H* species is needed. To reveal the activity
coefficients calculated by software follow the steps below.

3 This hydrolysis reaction is the generic form found in most aquatic textbooks. OLI uses this reaction in the AQ
framework. In the MSE framework, a more advanced reaction is used: 2H20=H30+ + OH-
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Click on the Customize Button
Select Species Activity Coefficients
Click OK

I B File Edit Streams Calculations Chemistry Tools View Window Help
DS | G 2PN  11vasol2 Red milFi st | @E S EE N
Mavigat]
11 gif Report Contents ? *
Teg
b S: Category Report Contents
= [=- Report Contents Export
- Calculation Summary To add or remove a section, click the check box. A shaded box
" 1l meansz that only part of the component will be printed. To see what's
rea!'n .n s included in a component, click Details.
- Speciation Summary i
- Stream P. " Sjc:tlons
. Total/Phase Flaws H Calculation Summary -
- Scaling Tendencies = 5“95!“ !nflows
Scaling Induction Tir E Spesistion Summary
A Stream Parameters Liquid-1 Solid
- Species Output [] Tatal/Phase Flaws
- Molecular Output | Sealing Tendenciss mol maol
Py - Element Balance |_|Scaling Induction Time
Acti = ; B 55.4183 0.0
= ?”5 - Species Activity Cos | Species Dutput
Action - Species Fugacities [ Molecular Dutput ] 2.10599
- Partial Pressures é i 0.89331
~ Spedias KValues ] B 0.0834103
- Species Mabilties || Partial Pressures
- Gpecies Self Diffusiv] |7 5pecies K-Values B 0.0449718
- Wapor Phase Diffusiy || Species Mobilties 5 0.0118615
- Gibbs Free Energy o [|Species Self Diffusivities b
- Giibbs Free Enerqy o [_|%apor Phase Diffusivity Matriz 2 0.011005
. Entropy [ 1Gihhs Free Fremu of Fomatinns s W 3.47F58e-4
- Entropy - Standard 5 E 3.00349e-5
. Beacton Kinetics Up Down Select Al Clear All -
- Redox Equations T P 1.75659e-5
Esciption b 3.75364e-9
= Thiz section displays the true species activity coefficients. b 2 63362610
Plot Ten
| B 5.3521e-13
B of 23 Sections selected B 3.6281e-18
< > 17 B 58.5583 0.011005
Cancel Apply Help
x ~
L3
g Calculation Complete!
f& v
For Help, press F1 @ MNUM
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Go to the Report and scroll down or use the Jump to option and select Species Activities/Fugacity

Coefficients.

0 OLI Studio (Version 11.5.1 Beta) - [1.1 Single point calculation_Example_1.0ad*] — O e
gle p p
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
he G 2PN  11vasol2 Red milFi i | @EL S EE N
Mavigator L o~ X A
1.1 Single point calculation_Exa|
&% Streams Description Definition [ Report
E-#& pHof 1 mFeCl3 I .
. 4 SinglePaint | Jump ta: | Species Activity/Fugacity Cosfficients > a & Custarnize Expart
\ Stream Parameters 3
o Total and Phase Flows [Amounts)
Specil Scaling Tendencies A
Row Filts Species Output [True Species]
Ele
- Fugacity
¥ ¥ Coefficients
Species x-based m-based
Actions L oo Cl-1 218384 206674
Actions Fe2(0OH)2+4 2 69634e-4 2.55176e-4
FeCl2+1 7.70007 7.2957
FeCl+2 1.79095 1.69492
Fe+3 0.132933 0.125805
Fe02-1 0.706024 0.668167
FeOH+2 0.162852 0.15412
FeQ+1 0.706024 0.668167
H20 0.962773 0.911148
30+1 0.697601 0.660195
HCI - Lig1 0.825477 0.781214
HFe02 - Lig1 0.962773 0.911148
Plot Template M, -
2 eTpale Tonage ¢+ ¥ OH-1 0.556549 0.526706
v
Save
x ~
L3
£||Calculation Complete!
= v
For Help, press F1 @ NUM

Thus, the pH is:

pH = —log(my+yy+)

pH = —10g[(0.049012)(0.660195)]

pH = —10g[0.032357]

pH =1.49

It is time to save your file (File >Save as...) or using the save icon in the tool bar. We save this example initially

as Single Point Calculations.
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Example 2: Calculating the pH of an acetic acid solution

In this example, we will explore an isothermal calculation, and how to set up the right units before you start your
calculation. Let us calculate the pH of a 10 wt% acetic acid solution. The temperature and pressure will be 75°C
and 1 atm, respectively.

Starting the Simulation

Add a new Stream

Click on the new Stream and press <F2> to change the name to Isothermal — acetic acid
Select the MSE thermodynamic Framework (selected by default)

Click on the Units Manager Icon, and the Units Manger window opens

0 OLl Studio (Version 11.5.1 Beta) - [1.1b Single point calculation_Exa .o0ad*] — O e
B File Edit Streams Calculations Chemistry Tools View Help [:} - 8 X
D & B 2N 11VvaSol2 Red med i w3 @E: 5 RBF
Mavigator L o~ X N
1.1b Single point calculation_Exam||
&% Streams Description Definition [ Report
g-#& pHof 1 mFeCl3
_____ 0’ SinglePoint J Variable Value - Add Calculation -
Isothermal - acetic ECide = Stream Parameters Special Conditions
Stream Amount (mol) 55.5082 )
Temperature (°C) 25.0000 L] Solids Only
Pressure (atm) 1.00000
Summary
= Inflows (mol)
Hz0 555082 Unit Set: Metric (moles)
| ~
J Automatic Chemistry Model
Actions Lo~ X MSE (H30+ ion) Databanks:
S MSE (H30+ ion)
Bl Using Helgeson Direct
@Add Stream
&) Add Mixer
(4] Add Single Point N
&) Add Survey
Add Chemical Diagram
=) Add Stability Diagram
Add Corrosion Rates
Flot Template Manager L o x
v
Input
Advanced Search Add as Stream Export
Save
=
L3
e
f&
For Help, press F1 @ MNUM
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Click on the Customize Button

Units Manager - Isothermal - acetic acid ? et

Units Manager

|ME1:|'1':: V| |Batd'1 Vl |Moles Vl III

e

| Ok | | Cancel | Apply Help

Let’'s change only the Inflows units. Click on the white box, select the drop-down arrow next to the unit, and
select Mass Fraction. Click OK, to exit the Units Manager and go back to the Definition tab.

Edit Units - Isothermal - acetic acid ? X
(® Batch System (O Flowing System
Composition Parameters Corrosion
Variable ] Basis | Units A
Inflow variables
Stream Amount |Moles
Inflows Mass Fraction -
Output variMass
Aqueous Composition Moles mol
Vapor Composition Concentration . mol
Solid Composition Molar Concentration -
l A ) Mole Fraction mol
Total Composition mol
Basis options
Moles mol
Mass g
Volume L
Concentration mg/L
Molar Concentration molL
ass Fraction mass %]
Mala Frantinn mnla 0L e
@ ~ -
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Note: The default unit is mass%, however you can change it to other to ppm (mass) or g/g.

Mass Fraction
Mnla Framstinn

ppm (mass)

We are now ready to enter the information to set up the single point calculation.

Go to the Add Calculation button and select Single Point. Select the default calculation type — Isothermal
Change the name to pH using the <F2> key or by right-mouse click on the object and selecting rename
Change the temperature to 75°C and pressure to 1 atm

Type Acetic Acid in the white cell below H20 inflows grid, and press <Tab> or <Enter>

Note: If the name Acetic Acid changed to the formula type i.e., CH3COOH, or the OLI TAG name, i.e., ACETACID, you can change

the name style to Display Name by clicking on the Names Manager icon &

Enter the value 10 mass% in the next cell.

Note: When using mass-fraction units, it is assumed that the amount of water will be the difference of the components entered. In

this case, the value field is highlighted in yellow to inform you that the value will be determined from the values of the other components.

Click on the Calculate button
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0 OLl Studio (Version 11.5.1 Beta) - [1.1b Single point calculation_Example_2.0ad*] — O e
®7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DEE $BE |2 7P k‘" L1 Va So L2 |Re & |me 3 I & mi‘
| Navigator g x| "
1.1b Single point calculation_Exam||
&% Streams Description Definition [ Report
: Hof 1m FeCl3 i
sép . R - Tupe of calculation
0’ SinglePoint Variable Value
lsothen ic Acid = Stream Parameters | zathermal v| | Specs... |
A pH Stream Amount (mol) 55.5082
Temperature (C) 75.0000 Caloulate @@
Pressure (atm) 1.00000 Surnmary
= Inflows (mass %)
Water 50.0000 Unit Set: <Custom=
/] —
Acet id 10.0000
ceticad Automatic Chemistry Model
= > Agueous (H+ ion) Databanks:
LEEE E xl Agueous (H+ ion)
Actions Using K-fit Polynomials
T-zpan: 25.0 - 225.0
*P-gpan: 1.0-201.0
* = differs from default.
Isothermal Calculation
75.0000 *C 1.00000 atm
% Calculation not done
Flot Template Manager g - x|
Input
| Advanced || Search Add az Stream
Save —
x|
L3
p
g
For Help, press F1 @@ NUM |

41



Analyzing the Results

After the calculation is complete, another way of analyzing the results is using the Output mini-tab.

Click on the Output mini-tab at the bottom of the grid
Right-click on the gray area and select Sections

Select Additional Stream Parameters

0 OLl Studio (Version 11.5.1 Beta) - [1.1b Single point calculation_Example_2.0ad*]
- ~  Stream Parameters
B File Edit Streams Calculations Chemistry Tools View Window Help

DM | SRR uvasez[Ret malisas MBS
| Navigator g x|
1.1b Single point calculation_Exam|| -

&% Streams Description Definition [ Report additionalSticam l_,a'ame's @
=0 Y pH of 1 m FeCl3 Phase Flow Properties

-4 SinglePoint Variable | \ Thermedynamic Properties

& Isothermal- Acetic Acid = SLESICarRnCIErE Pre-scaling Tendencies

0, pH LI:_| Stream Amount (mol)

L moles (True) - Aguecus (mol)

~  Calculation Results
1

| ~  Inflows

Fs Related Inflows

Pre-scaling Index

Temperature ("C) Scaling Tendencies

Pressure (atm) Scaling Index

= Inflows (mass %) Agueous

Water Vapor
Acetic acid Solid

| Actions g - x
Actions Molecular Apparent - Aqueous

Totals

Molecular Totals

MBG Totals ¥
Activity Coefficients ¥
Fugacity Coefficients ¥
Fugacities - Vapor

K-Values >

Gibbs Free Energy

.e Ro=lMananercs Gibbs Free Energy Standard State (x-based)

Save default layout Entropy

|Plot Template Manager g x|

Entropy Standard State (x-based)

o Generate Model
Meohbilities
Input Output )
| eI TS Self Diffusivities >
A

Advanced Search

Sections > Partial Pressures
Save

g X

Specs...

ks:

& molimol

Calculation Complete!

Cale + ¥

v

For Help, press F1 @

NUM

The Sections section offer more results such as Thermodynamic Properties, Scaling Tendencies, Equilibrium constants (K-

values), etc., that you can further explore.
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So, the calculated pH of this acetic acid solution is approximately 2.3.

Description Definition [Z] Report

Variable | Value = Type of calculation
= Stream Parameters | |zotherrnal - | | Specs.. |
|_|:_| Stream Amount (mol) 555082
L Moles (True) - Liquid-1 (mel) 55,5082 Calculate & |
Temperature ("C}) 75.0000 Summary
Pressure (atm) 1.00000
= Inflows (mass %) Unit Set: =Custom=
Wat 20,9097
o Automatic Chemistry Model
Acetic acid 9.88897 MSE (H30+ ion) Databanks:
P EOGITOTET STTEaNT PATAEETs MSE (H30+ ion)
Density - Liquid-1 (a/ml) 0833266 Using Helgeson Direct
- lzothermal Calculation
Density - Total (g/mi) 0983268 75.0000 *C 1.00000 atm
Diglectric Constant - Liguid-1 56,7447 Fhase Amounts
lenic Strength (m-based) - Liguid-1 (molkg) 5.61843e-3 > Agueous 107527 g
lenic Strength (x-based) - Liguid-1 (molmel) 9.79429e-5
f g g aze Properties
pH 2.25485 oH 229495
Standard Liquid Volume - Liquid-1 (L) 1.07363 lonic Strength 9.7942%e-5 mol'mol
Total Dissolved Solids (ma/L) 934159 Density  0.983266 g/ml
Calc. elapsed time: 0.765 sec
Calculation complete
]
Input  Otput
| Advanced || Search || Add as Stream || E zport |

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created in Example 1 named as Single Point Calculations.
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Bubble Point

Liquid boils when its vapor pressure exceeds its confining pressure. Boiling occurs by adding heat (isobaric
boiling) or reducing confining pressure (isothermal boiling). Either way, the effect is the same: a vapor phase
forms. Stream Analyzer calculates this phenomenon using a calculation type called Bubble Point. Since the
OLI software does not assume an air phase, the confining pressure acts like a plunger on a liquid’s surface.
The pressure the plunger exerts is the pressure specified in the software.

With the software, the temperature or pressure is adjusted such that a very small amount of vapor will form (i.e.
1x1071° of the total stream amount in gmoles). This is another way of saying that the bubble point calculation is
a determination of the boiling point. Usually, we determine the temperature at which a solution will boil. If the
pressure is set to 1 atm, then we calculate the Normal Boiling Point. If we set a constant temperature, then
we determine the bubble point pressure.

Example 3: Calculating the Bubble Point of a 1 M Acetone Solution

In this example, we are going to compute the bubble point of a 1 M Acetone solution by changing the
temperature (isobaric) and then the pressure (isothermal). Additionally, you will learn how to change the Inflows
units from moles to moles/L (M).

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Bubble Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount 1L
Calculation Sub-type Bubble Point Temperature 25°C
Stream Name Acetone Bubble Point Pressure 1 atm
Name Style Display Name Water Calculated
Unit Set Custom Acetone 1 mol/L
Framework MSE

Calculating the Bubble Point Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Acefone Bubble Point
Select the MSE thermodynamic Framework

Click on the Names Manager Icon, and select the Display Name option, and click OK
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This will open the Units Manager.

Click on the hyperlink mol next to Stream Amount

Mames Manager ? >
Mame Style  Search Criteia  Names Dictionary
Component Mame Style
(®) Display name
Use Names Dictionary
Variable | Value
= Stream Parameters
Stream Amount {mel 55.5082
Temperature (*C) 25.0000
Pressure (atm} 1.00000
G Inflows (mol)
Water 55.5082

automatically set the Stream amount as Volume in Liters. Then click OK.

Edit Units - Acetone Bubble point

Composition  Parameters  Corrosion

? X

(@) Batch System () Flowing System

Variable | Basis | Units ~
Inflow variables
Stream Amount Volume L
Inflows - | molL
Output variMazs
Aquenus Composition Moles mol
Vapor Composition i mol
Solid Composition mol
— = ass Fra
2nd Liguid Composition WMole Fraction mol
Tetal Compoesition mol
Basis options
Moles mol
Mass g
Volume L
Concentration mg/L
Melar Cencentration molL
Mass Fraction mass % v
Mnla Fractinn mnla 0L
0K Cancel Help

Under Inflows, select the option of Molar Concentration. It will

Type Acetone in the white cell below H2O inflows grid, and press <Tab> or hit <Enter>, and then enter the

value 1.0 mol/L in the next cell.

Go to the Add Calculation button and select Single Point calculation
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Change the SinglePoint name to Bubble Point Temperature using the <F2> key
Select Bubble point as Type of Calculation.
A new section appears in the grid, called Calculation Parameters. By default, the Temperature Bubble Point

calculation is selected. For this calculation leave the default calculation: Temperature

Note: In the drop-down arrow you have the option to select Bubble Point Temperature or Bubble Point Pressure.

Variable Value
= Stream Parameters
Stream Amount (L) 1.00000
] Temperature (*C) 25.0000
] Pressure (atm) 1.00000
= Calculation Parameters
Calculate p hi
= Inflows p
. Pressure
Acetone 1.00000

Note: There are also two dots to the left of the Temperature and Pressure rows. The yellow dot represents the “dependent”
variable. The temperature value, 25.000 is colored green. This value is now an initial guess, since the final value will be
computed. The brown dot adjacent to the Pressure variable indicates that this potentially dependent variable is “fixed”.

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool

bar. You can save under the same file that we created before named as Single
Point Calculations.

46



Analyzing the Results

Review the Summary Box. The temperature at the bubble point is computed to be 87.48°C at 1 atm. Also notice
that the Vapor amount is 5.27e-9 moles out of the total Aqueous amount of 52.79 moles. This is by design;
the software sets the amount of vapor at 1/10™ the moles of the stream amount.

Unit Set: =Custom=

Automatic Chemistry Model
MZE (H30+ ien) Databanks:
MSE (H30+ ion)
Uzing Helgezon Direct

Bubble Point Calculation
1.00000 atm
87.4831°C

Phaze Amounts
Agueous 32.7856 mol
Vapor 5.27856e-9 mol
Solid 0.0 mol

Agueous Phaze Properties
pH 6.23325
lonic Strength  1.05633e-8 mol'mol
Density 0.954351 g/ml

Calc. elapsed time: 0.752 sec

Calculation complete

Calculating the Bubble Point Pressure (Isothermal)
This next calculation computes the bubble point pressure for the same stream.

Select the Stream named Acetone Bubble point

Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to Bubble Point Pressure using the <F2> key
Select Bubble point as Type of Calculation.

Change the Calculate-Temperature row to Calculate-Pressure

= Calculation Parameters

Calculate Pressure -
e Inflows (mol/L})

Water

Acetone 1.00000

Click on the Calculate button or press the <F9> key.
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar.

Analyzing the Results

Review the Summary Box. The bubble point pressure is computed to be 0.0700550 at 25 °C. Also notice that
the Vapor amount is 5.27e-9 moles out of the total Aqueous amount of 52.78 moles.

Unit Set: <Custom=

Automatic Chemistry Model
MZE (H30+ ion) Databanks:
MSE (H30+ ion}
U=ing Helgeson Direct
Bubble Point Calculation
25.0000 °C
0.0700537 atm

Phase Amounts
Agueous 527855 mol
Vapor 5. 278562-0 mol
Solid 0.0 mol

Agueous Phase Properties
pH 6.99771
lznic Strength 1.814563e-9 mol/'mol
Density  0.990977 g/ml

Calc. elapsed time: 0.048 zec

Calculation complete

Dew Point

The Dew Point is defined as the temperature at which a condensable component of a gas, for example water
vapor in the air, starts to condensate into a liquid. OLI Studio: Stream Analyzer calculates this phenomenon
using a calculation type called Dew Point. With the software, the temperature or pressure is adjusted such that
a very small amount of liquid will form.

It is frequently useful to determine the temperature or pressure at which a gas will condense. If the pressure is
set constant, we calculate the dew point temperature; if the temperature is constant, then we determine the
dew point pressure.

Example 4: Calculating the Dew Point of a Simple Sour Natural Gas

In this example, we are going to compute the dew point of a simple sour natural gas, by changing the
temperature (isobaric) and then the pressure (isothermal).
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Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Dew Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount | Default — 55.5082 moles
Calculation Sub-type Dew Point Temperature 120 °C
Stream Name Sour Natural Gas Dew Point | Pressure 100 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Mole Fraction CcO2 1 mole %
Framework MSE CHas 95 mole %
H2S 3 mole %

Calculating the Dew Point Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Sour Natural Gas Dew Point

Select the MSE thermodynamic Framework

Click on the Names Manager Icon, and select the Formula option, and click OK

Mames Manager ? X

Mame Style  Search Criteria  Mames Dictionary

Component Mame Style
() Display name
lUse Names Dictionary

(®) Formula

Click on the Units Manager Icon, and select Metric, Batch, Mole Frac. This will change all inflows to mole %.
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Units Manager - Laden Gas Dew Point ? >

Units Manager

Metric e Batch  w Moles o L4
Maoles

Maolar Conc.,
Mass
Conc,

Customize...
Mass Frac,

Cancel Apply Help

Enter the composition of the gas given in the table above

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Dew Point Temperature using the <F2> key
Select Dew point as Type of Calculation

Keep the Calculate-Temperature option

J Variable Value
e Stream Parameters
Stream Amount (mel) 55.5082
] Temperature (*C} 120.000
@ Preszure (atm} 100.000
e Calculation Parameters
Calculate Temperature
= Inflows (mole %)
H20 1.00000
coz 1.00000
CH4 55.0000
H25 3.00000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

Create a new SinglePoint and name it Dew Point Pressure. Repeat the steps above, and select the Calculate-

Pressure option

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.
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Analyzing the Results

Review the Summary Box. The calculated dew point temperature

pressure is 472.561

Dew Point
Temperature

Unit Set: Metric (mole fraction)

Automatic Chemistry Model
MSE (H30+ ion) Databanks
MSE (H30+ ion)
Using Helgeson Direct

Dew Point Calculation
100.000 atm
91.9154 °C

Phase Amounts
Aqueous 5.55082e-S mol
Vapor 55.5082 mol
Solid 0.0 mol

Aqueous Phase Properties
pH 3.77521
lonic Strength  3.1547Se-6 moVmol
Density 0.950536 g/ml

Calc. elapsed time: 0.437 sec

Calculation complete

is 94.9154 °C . The calculated dew point

Dew Point
Pressure

Unit Set: Metric (mole fraction)

Automatic Chemistry Model
MSE (H30+ ion) Databanks.
MSE (H30+ ion)
Using Helgeson Direct

Dew Point Calculation
120.000 °C
472.561 atm

Phase Amounts
Agqueous 1.00000e-6 mol
Vapor 55.5082 mol
Solid 0.0 mol

Aqueous Phase Properties
pH 3.58375
lonic Strength  5.08513e-6 moVmol
Density 0.953852 g/ml

Calc. elapsed time: 0.043 sec

Calculation complete

Note: The software sets the amount of liquid to 1/108 of the stream amount for the dew point calculation.

You can study the composition of the acid gases such as CO2 and H2S dissolved in the Aqueous phase.
After you have calculated the Dew Point Pressure, click on the Report Tab. Scroll down or use the Jump to
option to go to the Species Output (True Species).

Jump toe: | Species Dutput [True Species] ~ | @ 3 Customize Expart
Species Output (True Species) A
Row Filter Applied: Onfy Non Zero Values
column Filter Applied: Onby Non Zero Values

Total Liquid-1 Vapor
mole % mole % mole %
CH4 95.0 0.346846 95.0
H2S 30 0.305546 30
coz 1.0 0.0429733 1.0
H20 1.0 99.3036 0.999998
H30+1 9.16104e-12 5.08513e-4
HS-1 T.77131e-12 4.31372e-4
HCO3-1 1.38954e-12 T.71308e-5
0OHA1 1.91059e-16 1.06054e-8
C03-2 6.99104e-19 3.88061e-11
s-2 5.6492e-20 3.13577e-12
Total (by phase) 100.0 100.0 100.0

Note: This image is for the “Dew Point Pressure” calculation
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The aqueous phase, also known as Liquid-1 in the MSE framework, is shown in the center column. The
dissolved CHa, H2S, and COz are 0.347, 0.305, and 0.043 mole % respectively.

Isochoric (constant volume)

The Isochoric calculation fixes the total system volume and adjusts the temperature or pressure. This can
be understood in a gas-phase from the basis of the Ideal Gas Law:

PV =nRT

If temperature is the free variable, then the above equation becomes T = %, meaning that for a given volume,
pressure, and gas moles, temperature can be obtained.

You will run a calculation, in which the system moles, temperature and volume are defined.
Example 5: Calculating the Total Pressure of a 10 L Vessel Containing Water and Air

In this example, you will add 1 kg water to a 10 L vessel and then fill the void (head space) with Air. The
temperature is 25 °C.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Autoclave Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Isochoric Ambient Temperature 25°C
Stream Name Isochoric H20 Calculated
Name Style Display Formula N2 77 moles
Unit Set Metric, Moles 02 21 moles
Framework MSE cOo2 1 mol
Calculate Pressure Ar 0.04 moles
Vessel Volume 10L

Add a new Stream

Click on the new Stream and press <F2> to change the name to Isochoric
Select the MSE (default) thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the gas composition in the table above

Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to 10L Vessel using the <F2> key

Select Isochoric as Type of Calculation
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In the Calculation Parameters section set Total Volume to 10 L and Calculate Pressure. (To select

Pressure, click on the drop-down arrow).

N Variable Value
= Stream Parameters
Stream Amount (mol) 154.548
@ Temperature (*C) 25.0000
s Presszure (atm} 1.00000
= Calculation Parameters
Total Volume (L) 10.0000
Calculate | Pressure -
= Inflows (mol)
H20 55.5082
N2 77.0000
02 21.0000
coz 1.00000
Ar 0.0400000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results.
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Description Definition [5 Report

J Variable Value ~
= Stream Parameters
I_I:_| Stream Amount {mel) 154548
}— Moles (True) - Liquid-1 (mal) 55.6610
L Moles (True) - Vapor (mal) 98.8871
@| Temperature ("C) 25.0000
T CACTaian nesaiis (auiy T
It:r Pressure | 304.3&5|
T WS Tl T
H20 55.5082
N2 77.0000
0z 21.0000
coz 1.00000
Ar 0.0400000
W
Input  Output
Advanced Search Add ag Stream Export

Type of calculation

|zochoric -

Calculate 468

Surnmary

Specs...

Unit Set: Metric (moles)

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

lsochoric Calculation
25.0000 °C
304 866 atm

Phase Amountz
Agueous  55.6510 mol
Vapor 98.8871 mol
Solid 0.0 mel

Agueous Phase Properties
pH 3.54821
lenic Strength  2.11978e-5 mel/mel
Density 1.00310 gi/ml

Calc. elapsed time; 0.746 =ec

Calculation complete

About 304.9 atm of pressure are needed to compress the 154.55 moles of gas and liquid into a 10-L volume

vessel at 25 °C.

Go to the Report tab and view the Total and Phase Flows (Amount) table.

Total and Phase Flows (Amounts)

column Filter Applied: Only Non Zers Values

Total Liquid-1 Vapor
mal mol mal
Mole {True) 154 548 55.6610 98.8871
Mole {App) 154 548 55.6611 988871
q a g
Mass 387462 1005.058 2869 .56
L L L
Volume 10.0001 1.00194 8.99811

54



The system is 10 L as defined (within the 1/10° tolerance). The water phase makes up slightly more than 1 L
and the balance is vapor. At this pressure, about 0.1527 moles of water evaporates, and contributes to the total
moles of vapor.

Vapor Amount and Vapor Fraction

The vapor amount and vapor fraction calculations are identical in nature to the Bubble Point calculation,
except that instead of the software defining the vapor amount as 1x10'° of the total stream amount, the user
defines the vapor size in either mole fraction units (vapor fraction) or mole units (vapor amount). To create a
specified amount of vapor (or vapor fraction) the software can adjust the temperature (or pressure).

Example 6: Evaporating a Brine

In this example, you will concentrate a brine via evaporation adjusting the temperature, until reaching a vapor
fraction amount of 95 mole %.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Vapor Fraction / Vapor Amount Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default - 1 kg
Calculation Sub-type | Vapor Fraction Temperature 25°C
Stream Name Brine Evaporation — Vapor Fraction Pressure 1 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Mass Fraction NaCl 9 mass %
Framework MSE CaS0Oq4 1 mass %

Calculating the Vapor Fraction Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Brine Evaporation — Vapor Fraction
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac. This will change all inflows to mass
%.
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Units Manager - Brine Evaporation - Vapor Fraction ? >

Units Manager

Metric w Batch = Mass Frac, 4

Maoles

Male Frac.
Molar Conc.
Mass

Conc,

Customize...

Cancel Apply Help

Enter the gas composition given in the table above.

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Vapor Fraction Temperature using the <F2> key
Select Vapor Fraction as Type of Calculation

Enter 95 as the Vapor Fraction amount.
Note: The software will convert the 1 kg to mole units and will put 95% of this in the vapor phase.

Keep the Calculate-Temperature option

J Variable Value ~
= Stream Parameters
Stream Amount (kg) 1.00000
[} Temperature ("C) 25.0000
@ Pressure (atm) 1.00000
= Calculation Parameters
Vapor Fraction (Vapor/nflow [mell) (mele %) 55.0000
e Inflows [mass %)
H20 50.0000
NaCl 9.00000
Cas04 1.00000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box. The calculated temperature to put 95% (mole based) of the total stream amount in
the vapor phase is 109°C, however the results in the summary box are given in mass. Let’s go to the Report.
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Unit Set: Metric (mass fraction)

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

“apor Fraction Calculation
1.00000 atm
108.805 °C

Phaze Amounts
Agueous 0.0243143 kg
apor 0.882612 kg
Solid 0.0930728 kg

Agueous Phase Properties
pH 6.40682
lonic Strength  0.0990622 molmel
Density 1.16798 g/ml

Calc. elapsed time: 0.131 sec

Calculation complete

Select the Report tab and scroll down to Total and Phase Flow (Amounts)

Table.
Jump ta: | Tatal and Phaze Flows [Amounts) w~ @;
Total and Phase Flows (Amounts)
column Fitter Applied: Onhy Non Zero Valees
Total Liguid-1 Vapor Solid
mal mal mal mal
Mole (True) 51.6887 1.20091 45,9923 1.49547
Mole (App) 51.5708 1.08307 48,9923 1.49547
kg kg kg kg
Mass 0.999999 0.0243143 0.882612 0.0930728
L L L cm3
Volume 1518.82 0.0208174 1518.76 417748

The apparent moles (Mole (App)) are the molecular representation of the system. There is a total of 51.5708
moles in this system, and exactly 95% of this system is in the vapor phase with a total of 48.9923 moles.
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Set pH

The Set pH calculation is a useful tool in analyzing or designing a process. It allows you to create a solution
that conforms to a premeasured pH. Other applications include designing a system to meet an operational pH
or testing the impact of adding an acid or base to a system.

Example 7: Neutralizing Acetic Acid

In this example, you will compute the amount of base titrant required to neutralize a 1 molal acetic acid solution.
You will assume a neutral system at 7 pH and 25°C.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Set pH Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation | Stream Amount Default
Calculation Sub-type Set pH Temperature 25°C
Stream Name Neutralizing Acid Pressure 1 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Moles CH3COOH 1 mol
Framework MSE
Setting the pH

Add a new Stream

Click on the new Stream and press <F2> to change the name to Neutralizing Acid
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles (default units). Click OK.

Units Manager
Metric v Batch Moles w 4
Customize...
oK Cancel App Help
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Enter 1 mol of CH3COOH as an inflow

Go to the Add Calculation button and select Single Point calculation

Select Set pH as Type of Calculation

Change the SinglePoint name to Neutralizing acetic acid using the <F2> key

A new grid section named Calculation Parameters appears. In this grid the Target pH can be defined, as well
as the Acid and Basic titrants. The default titrants are HCl and NaOH (common) and so no additional
specifications are required except to set the pH.

] Variable _ Value
= Stream Parameters
Stream Amount (mol) ' 56.5082 |
Temperature (*C) 25.0000 |
Pressure (atm) 1.00000 |
< Calculation Parameters :
. i Target pH U_D_
Use Single Titrant No
| pH Acid Titrant HCL ]
pH Base Titrant NAOH
7 Inflows (mol)
H20 ' 55.5082 |
| CH3COOH s 1.00000 ||

Note: The default titrants can be changed by other acids or bases by adding the desired titrant as an inflow.
The titrants in the Set pH calculation can be also set using the Specs button.

Calculation Options

----- Calculation Options

Categary If\\spH

Select an acid and base to adjust to meet the spedified pH.

[Juse Single Titrant Hide Related Inflows
Acid Base

CH3COOH CH3COOH

H20 H20

The default acid and base are already set, so no additional work is required. If a different acid/base is desired, then the New
Inflow button can be used to find additional components.
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Enter 7 as the Target pH value
Use the default titrants: HCL and NAOH

H| Variable Value
< Stream Parameters
Stream Amount (mol) ' 56.5082
Temperature (*C) 25.0000
Pressure (atm) 1.00000
< Calculation Parameters
.I Target pH ' 7.00000 |
Use Single Titrant | No ]
pH Acid Titrant HCL
pH Base Titrant NAOH
Inﬂows' (mol)
H20 55.5082
CH3COOH 1.00000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results. About 0.996 moles of NaOH is
needed to neutralize 1 mole of acetic acid to 7 pH.

Description Definition [ Report

Type of calculation

J Variable Value -
w Stream Parameters Set pH - Specs...
ﬁ Stream Amount {mol)y 57.5044
L Moles (True) - Liquid-1 (mol} 53.3543 Calculate &8
Temperature (*C} 25.0000 Surnmary
Preszure (atm) 1.00000
= Calculation Results (mol) Unit Set: Metric (moles) ~
| i .
I : Ludid bt ity 1 0'996144" Automatic Chemistry Model
i Inflows (mol) MSE (H30+ ion) Databanks:
Hz20 555082 MSE (H30+ ion)
CH3COOH 1.00000 Using HEIQESIIJI'I Direct
NaOH 0.996144 Se;ﬂn%‘au'ﬁ'ga“””
1.00000 atm
B3 TargetpH 7.00000
Acid Titrant: HCI
Total 0.0 mol
Base Titrant: NaOH
Total. 0.996144 mol
Added: 0955144 mol
Phase Amounts
Agueous 58.3548 mol
Vapor 0.0 mol
Solid 0.0 mol
Agqueous Phase Properties
- pH 7.00000
lonic Strength  0.0147421 molmol
Imput Dutput Density 1.03528 g/ml
Calc. elapsed time: 1.301 =ec v
Advanced Search Add az Stream E xport
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Precipitation Point

The precipitation point calculation computes the amount of material held in solution at given conditions and
forces a very small amount of solid to exist. This calculation could be also called a solubility calculation.

Example 8: Determining the Solubility of Calcite (CaCO5)

Equilibrium based simulators suffer from a potential problem, that the most stable solid will tend to be included
over less stable (meta-stable) solids. Such is the case of calcium carbonate. Calcium Carbonate (CaCO:s3) is
found in nature in many forms. Two common forms are the more thermodynamically stable solids, Calcite and

the less stable form Aragonite.

In this example, we will compute the solubility of CaCOz as Calcite in a solution containing Ca*2, Mg*?, and CI-
as well as dissolved CO:a.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Precipitation Point Calculation

Calculation Settings Stream ComP .osmon and
Conditions

Calculation Type Single Point Calculation Stream Default - 1 kg
Amount

Calculation Sub-type | Precipitation Point Temperature 25°C

Stream Name Solubility of CaCO3 — Precipitation Point | Pressure 1 atm

Name Style Display Formula H20 Calculated

Unit Set Metric, Mass Fraction (ppm (mass)) CaCl2 10870 ppm (mass)

Framework MSE MgClI2 9325 ppm (mass)
CO2 431 ppm (mass)
CaCO3 0 ppm(mass)

Calculating the Precipitation of Calcite (CaCO3)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Solubility of CaCO3 — Precipitation Point
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac. This will change all inflows to mass%.

However, you need to change the units to ppm (mass), to do this Click on the Customize button.
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Units Manager

Metric - Batch

Customize...

K Cancel

Units Manager - Sclubility of CaCO3 - Precipitation ... ? .

Mass Frac, 4

iy

Male Frac.
Conc.
Mass

Apply Help

This will open the Edit Units window. Change the units from mass% to ppm (mass).

Edit Units - Selubility of Ca

Composition  Parameters  Corrosion

} - Precipitation Point

? x

(®) Batch System () Flowing System

Variable | Basis | Units -
Inflow variables
Stream Amount Mass kg
Inflows Mass Fraction mass %
QOutput variables
Agueous Composition Mass Fraction mass %
Vapor Composition Mass Fraction mass %
Solid Composition Mass Fraction mass %
2nd Liguid Composition Mass Fraction mass %
Total Composition Mass Fraction mass %

Basis options

Moles

Mass

Volume

Concentration

Malar Concentration

Mass Fraction

Mala Frartinn

OK

Enter the stream composition given in the table above.

Go to the Add Calculation button and select Single Point calculation

Select Precipitation Point as Type of Calculation

Change the SinglePoint name to Calcite Precipitation using the <F2> key
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At this point you may have noticed that the Calculate button is red, and that there is a red text in the Summary
Box with instruction that additional specs are needed. The specifications need to be defined in the Calculation
Parameters grid section.

Description Definition [ Report

Variable | Value = Type of calculation
= Stream Parameters {Precipitation Poink: vI Specs..
Stream Amount (kg) 1.00000
Temperature (*C) 250000 Calculate @ |
Pressure (atm) 1.00000 Summary
= Calculation Parameters
@®| Precipitant: =select= Unit Set: <Custom=
Adjusted Inflov: <select- Automatic Chemistry Model
hia Intlows (ppm (mass]} MSE (H30+ ion) Databanks:
H20 9.79374e5 WMSE (H30+ ion}
cace 10870.0 Using Helgeson Direct
Maciz 9325.00 Pr;gp[:t;[tllgrzlgmnt Calculation
coz 431.000 1.00000 atm
caco3s 0.0 > Precipitate: Mot specified.
Adj. Inflow: Not specified.
Calculation not done
Please select a target solid.
Pleaze select a variable to adjust.
W
It
Advanced Search Add as Stream Expart

Select the CaCO3 (Calcite) as the Precipitant

Select CaCO3 as the Adjusted Inflow

= Calculation Parameters
o Precipitant: CaCO3 (Calcite)
= Inflows (ppfH2Z0
coc?
CaCl2 coz
coz 431.000
CaCO3 0.0

The Precipitant refers to the independent variable — in this calculation, the solid phase selected will
precipitate at amount of 1.0x10'° times the stream amount.
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The Adjusted Variable is the variable to be changed by the software until the solid target amount is

achieved.
Note: The precipitation point parameters can be also set using the Specs button.
T v———
BY File Edit Streams Calculations Chemistry Tools View Window Help
== M | Ll1vasol2 Red | meildms | fMER: 5 BN
Navigator g~ x| [0

1.7 Precipitation Point cal

@ Dew Peint Tem
.-y Dew Point Pres|

Actions

Actions

1| Plot Template Manager :

Calculation Options

Categom

Precipitation Paint

MaCIZ.HCL7H20
tg[OH]2 [Brucite] - Sol
MgO [Periclasze] - Sol
CaC03 [Aragonite] - Sol

Select the precipitant to precipitate and the adjusted variable to adjust until

the solid forms.

Cancel Apply Help

=

Type of calculation

=-#& Isochoric . et
Ly 10 L Vessel - Calculation Options Hide Related Inflows Mew Inflow Precipitation Paint =
=] ﬁ Brine Evaporation
"4y Vapor Fraction Caloulate @
| & & Neutralizing Acid MgCl2. 2CaC12.6H20 A Had 3
b 9. MaCl2.12H20 Catlz urnmeary
-4y Neutralizing A MgCi2 2H20 MaCR
|| £~ & Solubility of CaCO MgCI2 4H20 oo Unit Set: <Customs=
4 Cakeite Brecil MaCl2 BH2D [Bischolit] cacoz ] Automatic Chemistry Model
- MolI2 8H20 MSE (H30+ ion) Databanks:

MSE (H30+ ion)
Using Helgeson Direct
Precipitation Point Calculation
25.0000 °C
1.00000 atm
Precipitate: CaCO3 (Calcite)
Adj. Inflow: CaC03
Total 313.020 ppm (mass)

Phase Amounts

Agueous  1.00032 kg
Solid 1.00087e-13 kg

Agueous Phase Properties
pH 6.06957
lonic Strength  0.0108517 molmol
Density  1.01473 g/ml

Calc. elapsed time: 1.577 sec

Calculation complete

—

For Help, press F1

[

@ B

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

NUM

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results
Review the Summary Box or Click on the Output-Minitab to see the Results.

The software calculated that the solubility of CaCOs as Calcite in the solution under study is around ~313.1
ppm (mass). The pH of this solution is ~6.07.
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Description Definition [ Report

Type of calculation

| Precipitation Point v| [Specs... i

Calculate &8 |

Surnmary

Variable | Value
= Stream Parameters
[=] Stream Amount (kg) 1.00032
— Mass - Liguid-1 (ko) 1.00032
L— Mass - Solid (kg) 1.00087e-13
Temperature ("C} 25.0000
Pressure (atm) 1.00000
< Calculation Results (ppm [mass))
Adjusted Inflow: CaC03 | 313.080
TATIOWS (PP (Mass )|
H20 5.79064e5
CaCiz 103666
MgCl2 9322.05
coz 430.864
CaCo3 313.080
Input | Output
| Advanced || Search || Add 5z Stream || Expart |

Unit Set: «Custom=

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgezon Direct

Precipitation Point Calculation
25.0000 °C
1.00000 atm
Precipitate: CaCO3 (Calcite)
Adj. Inflow: CaC0O3
Total 313.080 ppm (mass}

Phase Amounts
Aqueous  1.00032 kg
Solid 1.00087e-13 kg

iAgueous Phase Properties
pH 6.06957
lonic Strength  0.0108517 molmel
Density  1.01473 g/ml

Calc. elapsed time: 1.577 sec

Calculation complete

You can also check the results in the Report Tab. Click the Customize button and Select Stream Inflows.
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W' File Edit Streams Calculations Chemistry Tools

bheE

Navigator

& 7w

L1 Va So L2 |[Re & me 3 0 & w3

View Window Help

WEs G B E

g o+ x

LA

1.7 Precipitation Point calcul

4y Dew Point Tempel
£ Dew Point Pressur
& lsochoric
-y 10 L Vessel
Brine Evaporation - Vi
4 Vapor Fraction Ten
- & MNeutralizing Acid

£y Neutralizing Aceti
Solubility of CaC03 -
@ Calcite Precipitati

Actions
Actions

Report Contents

Category

[=- Report Contents

- Calculation Summary,
tieam Infloves
peciation Summary
tieam P 1

Feport Contents

To add or remove a section, click the check bow, & shaded box
means that only part of the component will be printed. To see what's

included in & component, click Details.

Sections

Export

otal/Phase Flows
caling Tendencies
caling Induction Tir
- Species Output

- Molecular Output
lernent Balance

- Species Activity Coe
- Species Fugacities
'sttial Pressures

- Species K- alues

- Species bobilities
pecies Self Diffusiv
'apor Phase Diffusiy
ibbs Free Energy o

(W] Stream Parameters
| Total/Phase Flows
| Scaling Tendencies
Sealing Induction Time
| Species Output
Malecular Output
~| Element Balance
Species Activity Coefficients
Species Fugacilies
Partial Pressures
Species K-\ alues
Species Mobilities
Species Self Diffusivities

| ibbs Free Eneray o V‘_apar Phasze Diffusivity Matn_k -
Gibhs Free Fremy of Fomatinns | _—
i ntropy
niropy - Standard § SR
. Reaction Kinstics Up Dawn Select Al Clear &l m
- Redox Equations .
Description
1| Plot Template Manager | This section displays the stream inflows. °Cc
6 of 23 Sections selected T
£ >
x Cancel Apply Help
v
£ Calculation Complete!
[}
For Help, press F1 @ NUM

Notice that the concentrations have changed slightly. This is to accommodate the additional 313.1 ppm CaCO3
needed to meet the calculation specifications.

Stream Inflows
Row Filter Applied: Onhy Mon Zzro Values

Input Qutput
Species ppm (mass)

H20 8.79374e5
caCl2 10870.0
MgCl2 89325.00
co2 431.000
CaC03 0.0

ppm (mass)
8.79064e5
10866.6
932205
430.864
313.080
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Example 9: Determining the Solubility of Aragonite (CaCO3)

Calcite is the thermodynamically stable phase of calcium carbonate. Aragonite, calcite's orthorhombic
polymorph, is about 1.5 times more soluble than calcite*. At surface conditions, aragonite spontaneously turns
into calcite over geologic time, but at higher pressures aragonite, the denser of the two, is the preferred
structure.

In this example, we wish to determine the solubility of the less thermodynamically stable solid, Aragonite,
independently of the more stable solid Calcite. To do this, we need to modify the solid phases in the chemistry
model.

Starting the Simulation

Calculating the Precipitation of Aragonite (CaCO3)

Under the Stream Solubility of CaCO3 — Precipitation Point, Add a Single Point calculation
Select Precipitation Point as Type of Calculation

Change the SinglePoint name to Aragonite Precipitation using the <F2> key

Select the CaCO3 (Calcite) as the Precipitant

Select CaCO3 as the Adjusted Inflow

= Calculation Parameters
@ Precipitant: CaCO3 (Aragonite)
Adjusted Inflow: CaCO3 |

4 https://www.sciencedirect.com/topics/earth-and-planetary-sciences/calcite

67



Click on Chemistry > Model Options

(_') OLI Studio - [Single point calculations.oad®]

i [dle Pre-built Models
ODE -l 7 A Templates

Mavigator
Single point calculations.oad*

Model Options...

Select the Phases tab

Click on the “+” next to the Ca(+2) box to display all the calcium containing solids

Scroll down to find CaCO3 (Calcite) and uncheck this solid
Click OK continue.

B File Edit Streams Calculations Tools  View Window Help

Aragonite Precipitation Chemistry Model Options

Databanks Redox FPhases  T/P Span

Include Phases Include Solid Phaszes
[v] Aqueous w-[2] Al Solids -
[+] Vapear -2 Ci4)
] Solids = ﬁ{*;f}
NEPE N I I ACaClZ H20
[1Second Liquid | & CalOH)2 Portlandte)
----- CaCO3 (Aragonite)
lon Exchange Model . | @ | [WCAC03 (Calote)
® Margules | | L. CaCl2 (Hydrophilite)
OWison | i = CaCl2 2ZH20 (Sinjarte)
----- CaClZ2 2MgCl2 12H20 (Tachyhydrite)
Kinetics | § i CaClZ 4H20
----- CaCl2 BHZO (Antarcticite)
[lEnable |0 CaCi2H20 "
. o .

Cancs

Apply

Calculate Scaling Tendencies for excluded solids

Help

Note: The Include Solid Phases box lists the solids in the chemistry model. Unchecking these solids will mathematically
eliminate the solid from consideration. The Scaling Tendency, however, will still be calculated.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results.

The software calculated that the solubility of CaCOs as Aragonite in the solution under study is around ~353.8
ppm (mass). The pH of this solution is ~6.15. You can see that the solubility of Aragonite is higher than the

solubility of Calcite (313.1 ppm (mass)).

Description Definition | Report

Variable | Value = Type of calculation
= Stream Parameters Frecipitation Point ~ « Specs...
[=] Stream Amount (kg 1.00036
| Mass - Liguid-1 (kg) 1.00035 Calculate &8 |
L Mass - Solid (kg) 1.00087e-13 Summary
Temperature (*C) 25.0000
Pressure (atm) 1.00000 Unit Set: =<Custom=
Calculation Result
EE— alculation Results (ppm (mass)) Automatic Chemistry Model
|| Adiusted Inflow: CaCO3 | 353.836 MSE (H30+ ion} Databanks:
= fflows [ppm (mass]] MSE (H30+ ion)
Excluding 1 solid phase
HEE e Uzing Helgeson Direct
frts - = Precipitation Point Calculation
MgC2 932167 25.0000 *C
coz 430 848 > 1.00000 atm
Precipitate: CaCO3 (Aragonite)
EEETY LT Ad], Inflow: Caco3
Total 353.835 ppm (mass)
Phase Amountz
Agueous  1.00035 kg
Solid 1.00087e-13 kg
Aqueous Phase Properties
pH 5.14502
lonic Strength  0.0103837 mol'mol
Density  1.01478 gé/ml
- — v Calc. elapsed time: 1.670 sec
Inpul
= Output Calculation complete
Advanced Search Add az Stream Ewport [
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Example 10: Determining the Solubility of Dolomite (CaMg(COs).)

The third carbonate mineral to mention is Dolomite, which is something like calcite with a very high
concentration of magnesium in it. Under some conditions there can be much more magnesium added in, and
when the amount of magnesium becomes roughly the same as the calcium, the resulting mineral is called

Dolomite with the following chemical formula: CaMg(COs)2. The formation of Dolomite is believed to occur in
geological time frames.

The species Dolomite is not present in the standard MSE database. However, it does exist in one of the specialty
databases. This database is called Geochemical (MSE).

Starting the Simulation
Calculating the Precipitation of Dolomite (CaMg(CO3)2)

Under the Stream Solubility of CaCO3 — Precipitation Point, Add a Single Point calculation
Change the SinglePoint name to Dolomite Precipitation using the <F2> key

Select Precipitation Point as Type of Calculation

Click on Chemistry > Model Options

0 OLI Studic (Mersion 11.5.1 Beta) - [1.7 Precipitation Point calculation_Example_10.0ad*]

B File Edit Streamns Calculations  Chemistry Toels View Window Help

e T N PrebuitModels > ke s U 4 s | GAERS

Navigator Templates > |

1.7 Precipitation Point calculation_Exarr Model Options... . | e

=6 Fochoric o~ » Definition [ Report
P Aa AN Vareel

In the Databanks Tab, select the Geochemical (MSE) #1Databank. You can double click or use the right arrow
#2 to add the databank. Then Click OK.

Dolomite Precipitation Chemistry Model Options ? X

&7

Databanks Redox Phases T/P Span

Databanks
Themodynamic Framework
MSE (H30+ ion) v

Available Selected

ALKHF Databank N MSE (H30+ion)

BATEST

CASRCL

Cormrosion (MSE) * f
Density Database

* (MSE) |

Honeywell Updated Der . 4= *

ISA Datahank
< > < >

Databank search order is from top to bottom.
Use the Up and Down amows to change the search order.

Cancel Apply Help
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You may have additional or fewer databases depending on previous installations and imported databases.
Some are from OLI and some may be private (user) databases.

Select the Phases tab

Click on the “+” next to the Ca(+2) box to display all the calcium containing solids

Scroll down to find CaCO3 (Calcite) and CaCO3 (Aragonite) and uncheck these solids. The MSE model also
has ordered and disordered dolomite. These also should be unchecked. See the figure below. Make sure to
keep the second dolomite species checked.

Click OK continue.

Delomite Precipitation Chemistry Medel Options ? X

Databanks Redox Phases T/P Span

Include Phases Include Solid Phases

MAqueous [ § i 3CaCl2 H20 ~
HVaper | 1 Cal0H)2 (Portlandite)

Seide | o [ CaCO3 (Aragonite)

----- [ caco3 (Calcite)

CalCl2 (Hydrophilite)

CalCl2 2H20 (Sinjarite)

CalCl2 2MgC12 12H20 (Tachyhydrite)

[ 5econd Liquid

lon Exchange Model

(®) Margules [¥] CaCl24H20
) Wilson CalC12. 6H20 (Artarcticite)
- CaCl2 H20
Kinetics | i [ caMg(C03)2 (Dis-dolomite) E‘}

----- CaMg(C03)2 (Dolomite)

O
[ Enable ﬁ -[v] CaMa(C0%2 (Dolomite) W
» >

Calculate Scaling Tendencies for excluded solids

Note: The Include Solid Phases box lists the solids in the chemistry model. Unchecking these solids will mathematically
eliminate the solid from consideration. The Scaling Tendency, however, will still be calculated.

Select the CaMg(C0O3)2 (Dolomite) as the Precipitant
Select CaCO3 as the Adjusted Inflow

e Calculation Parameters
@ Precipitant: CaMg(CO3)2 (Dolomite)
Adjusted Inflow: CaCo3

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.
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Analyzing the Results
Review the Summary Box or Click on the Output-Minitab to see the Results.

The software calculated that the solubility of Dolomite in the solution under study is around ~257.7 ppm (mass).
The pH of this solution is ~5.95.

So far, we know that the solubilities of Calcite, Aragonite, and Dolomite in a MgClz, CaClz and CO2 containing
solution were 413.15, 552.87 and, 246.84 ppm (mass) respectively.

Variable | Value - Type of calculation
= Stream Parameters Precipitation Point Specs...
[=] Stream Amount (kg) 1.00026
| Mass - Liguid-1 (kg) 1.00028 Calculate & |
L Mass - Solid (ki 1.84402e-13
(kg) Sumrmary P
Temperature (*C} 25.0000 a3
Pressure (atm) 1.00000 Unit Set: =Custom= ™
= Calculation Results m (mass
: Ll Automatic Chemistry Model
Adjusted Inflow: CaCO3 | 25?.?[]11 MSE (H30+ ion) Databanks:
- Inflows (ppm [(mass)) Geochemical (MSE)
MSE (H30+ ion)
2, S Excluding 4 solid phases
CaClZ 10887.2 lUsing Helgeson Direct
MgCl2 8322 57 Precipitation Point Calculation
coz 430.888 ’ 25.0000°C
1.00000 atm
e e Precipitate: Calg{CO3)2 (Dolomite)

Adj. Inflow: CaCO3
Total 257.706 ppm (mass)

Phase Amounts
Aqueous  1.00026 kg
Solid 1.84402e-13 kg

tqueous Phaze Properties
pH 5.95165
lonic Strength  0.0108318 mol'mol
Density 1.01455 g/ml

Input  § Output Calc. elapsed time: 1.886 sec

= Calculation complete v
Advanced Search Add as Stream E wpart
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Composition Point

The composition point calculation is used to fix a species value. This calculation is useful when, for example,
you want a target amount of a desired component or to fix an impurity or undesired component below a certain
value.

Example 11: Targeting dissolved H.S in water below 0.001 m

In this example, you will use the composition point calculation to target the amount of molecular H2S dissolved
in water below 0.001 m.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Composition Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Composition Point Temperature 25°C
Stream Name Composition Point Pressure 1 atm
Name Style Display Formula H20 55.5082 (default)
Unit Set Metric, Moles H2S 0 moles
Framework MSE Target H2S-Aq value | 0.001 moles

Calculating the Vapor Fraction Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Composition Point
Select the MSE thermodynamic Framework (this is the default)

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the gas given in the table above

Go to the Add Calculation button and select Single Point calculation

Select Composition Point as Type of Calculation

Change the SinglePoint name to H2S dissolved in water using the <F2> key

Set the Target Species to H2S-Liq1 (i.e. the molecular H2S dissolved in the Aqueous phase)
Set the Target H2S value to 0.001 moles

Set the Adjusted Inflow to H2S
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Variable Value
= Stream Parameters
Stream Amount (mol) 550.5082
Temperature (*C} 25.0000
Preszure (atm} 1.00000
b Calculation Parameters
Target Species: H2% - Lig1
Target H2S Value: (mol) 1.00000e-3
Adjusted Inflow: HZS e
—
Hz0 35,5082
H25 0.0

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

Description Definition [ Report

Type of calculation

Variable | Value ~
~ Stream Parameters | Composition Point | | Specs... |
|_|:_| Stream Amount (mol) 55.5093
L Moles (True) - Liquid-1 {mol) 55,5083 Calculate &8 |
Temperature (*C) 25.0000 Summary
Pressure (atm} 1.00000
e Calculation Results (mol) Unit Set: Metric (moles) ~
|| Adiusted inflow: H2S | 1.010492-3 Automatic Chemisry Model
- Tnflows (mol] MSE (H30+ ion) Databanks:
Hz0 555082 r_.15E (H3O+ iun].-
Hos 10104963 Using Helgeson Direct
Composition Point Calculation
25.0000 °C
1.00000 atm
> Target: H2S
Fixed at 1.00000e-3 mol
Adj. Inflow: HZS
Total 1.01045e-3 mol
Phase Amounts
Agueous  55.5093 mol
Wapor 0.0 mol
Solid 0.0 mol
Bgueous Phase Properties
pH 493095
lonic Strength  1.88327e-7 mol/mol
- Density  0.897085 g/ml
Input | Qutput Calc. elapsed time: 1.297 sec
Calculation complete v
| Advanced || Search || Add az Stream || Expaort
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According to the calculation, ~0.00101 moles of H2S were required to create a solution with 0.001 moles of

H2S-aq. The pH of this solution is ~5.0.

You can also go to the Report to see the distribution of species under the Species Output (True Species)

table.

Species Qutput {True Species)

Row Filter Applied: Onhy Mon Zero Valees
column Fitter Applied: Onhy Non Zero Values

Total Ligquid-1

mal mal
H20 55.5082 556082
H2S 1.0e-3 1.0e-3
H30+1 1.04872e-5 1.04872e-5
HS-1 1.04862e-5 1.04862e-5
OHA 89.71758e-10 8.71758e-10
5.2 1.01628e-14 1.01628e-14
Total (by phase) 55.5093 55.6003

You can see that the molecular H2S is the value that was specified as a target. Notice that the concentration of
HsO" and HS are nearly identical. This is because the following reactions:

H2S + H20 = H30*+ + HS

HsO* is slightly higher because a second reaction, the dissociation of water also contributes to the HsO*
formation.

2H>0 = H30* + OH-

Autoclave

An autoclave is a high pressure, high temperature hydrometallurgy unit with carefully controlled conditions.
From an OLI Software perspective, it is an isochoric (constant volume) calculation in which mass, pressure
and temperature are allowed to vary.

Autoclave calculations are widely used in the upstream oil and gas applications. When performing corrosion
testing, autoclave experiments are essential for simulating downstream conditions, i.e. conditions at high
temperatures and pressures. Additionally, it is important to evaluate the corrosivity of production fluids by
measuring solution properties, such as pH, and the concentration of aggressive species such as CO2, H2S, and
chlorides. An autoclave, however, has a constant volume, so it is imperative to know how much material (NaCl
solution, CO2 and H2S gases) is necessary to add at charging conditions (e.g. at room temperature) in order to
reach the desired final specifications, such as partial pressure of CO2 and H2S gases.

We will use the Autoclave calculation to calculate partial pressures, fugacities and the final composition of key
gases in the aqueous and vapor phases.
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For the autoclave calculation 2 examples will be shown:

Using an Inert Gas

Calculating results at ambient conditions

Increasing the volume of the vessel and its implications

Increasing the final temperature and its implications

Increasing the final pressure and its implications

Using a Reactive Gas

Calculating results at final conditions

Using a Reactive Gas and a NaOH solution

76



Example 12: Using an Inert Gas
Calculating Results at Ambient Conditions
In this example, you will add 1 kg water to a 2 L autoclave and then fill the void (head space) with N2. The

ambient temperature is 25 °C. The Nz is presumed to be the gas that remains in the autoclave headspace after
sparging (O2 removal) is completed.

The amount of N2 added is the combination of N2 vapor filling the headspace, and Nz that dissolves in the water
(N2 aqueous). Since N2 has a low water solubility, this second amount is negligible. H20 also evaporates, so
the headspace will be a mixed gas, N2 and H20.

We can use the Ideal Gas Law to estimate the amount of N2 needed to fill the headspace:
PV =nRT

—atm

L
latmx1L =nx0.082057— x 298.15 K
K — mol

n = 0.040874 moles

Although this estimate does not consider the H20 that is in the 1 L headspace or the amount of N2 dissolved in
water, it is still an easy approach to get a reasonable estimate.

You will review the results in greater detail here, because part of the goal of this first example it to show where
the important variables and properties are.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Autoclave Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Autoclave Ambient Temperature | 25 °C
Stream Name Autoclave Final Temperature 25°C
Name Style Display Formula Final Pressure 1 atm
Unit Set Metric, Moles Vessel Volume 2L
Framework MSE-SRK H20 Calculated
Results for Ambient conditions N2 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Autoclave
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the N2 as an inflow

Go to the Add Calculation button and select Single Point calculation



Change the SinglePoint name to Autoclave — Inert Gas using the <F2> key

Select Autoclave as Type of Calculation

Note: At this point you may have noticed that the Calculate button is red, and that there is a red text in the Summary Box with

instructions that additional specs are needed. The specifications need to be defined in the Calculation Parameters grid section.

Click on the Specs button.

& Description &% Definition [] Report L File Viewer

. Variabic | Wabiio . A Type of calculation p
5 Stream Parameters | Autoclave - Specs... ]
Stream Amount (mol) | 55.5082 I
Ambient: Temperature (*C) 25.0000 | Calculate @ I
Ambient Pressyre (atm) . — Summary
= Calculation Parameters
Final Temperature (°C) 0.0 Unit Set: Metric (moles)
Final Pressure (at
: s S | Automatic Chemistry Model
Vessel Volume (L) 0.0] MSE-SRK (H30+ ion) Databanks:
Compute results at which condition Ambient MSE-SRK (H30+ ion)
2 ] MSE (H30+ ion)
infiows (ot .
N 3 _ Second Liquid phase
H20 55.5082 Using Helgeson Direct
= 0.0 Autoclave Calculation
| ' > Specifications:
Ambient Temperature 25.0000 °C
Final Temperature 0.0 °C
Final Pressure
VesselVolume 00L
Calculation not done
Volume of vessel is invalid.
Use the specs button to selectup to 5
gases to consider.
(¥
Input
Advanced Search Add as Stream Export
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This will open the Calculation Options window to set up the target gas. Select N2-Vap and make sure to

select the specification type Partial Pressure (default). Click OK.

Calculation Options ? X

Category Autoclave

o Autoclave

‘... Calculation Ophions Target Gasles) (5 Max]

Selected

Specification Type
(®) Partial Pressure(s)
() Mole Fraction(s] in Aqueous Phase

Cancel Apply Help

Set the Final Temperature to 25°C, the Final Pressure to 1 atm and the Vessel Volume to 2 L

Set the Compute results at which Conditions to Ambient

Variable Value
S Stream Parameters
Stream Amount (mol) 55.5082
Ambient: Temperature (°C) 25.0000

Ambient: Pressure (atm)
7 Calculation Parameters

Final Temperature (°C) 25.0000
Final Pressure (atm) 1.00000
Vessel Volume (L) 2.00000

Partial Pressure: N2 (atm)

| Compute results at which condition | Ambient |

At this point the system is defined as 1 kg H20 (55.5082 moles) at an ambient temperature of 25 °C. The partial

pressure of N2 will be calculated at a final temperature, 25 °C and pressure, 1 atm in a 2 L vessel.
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Note: The Autoclave calculation pathway

When performing an autoclave calculation, the software will perform two computations: First, at the final
conditions, and the second one at ambient (initial) conditions. It will compute the amount (in moles) of N2 needed
to create a 1 atm pressure at final conditions. It will then use this N2 to compute the pressure at ambient
conditions. The calculation pathway is shown in the image below.

P ot = 2

Partial pressure (P;) is Tamsien
. . Tambient= 25 C

computed at ambient Ambient <— Ve 2 L

conditions Mass of Hz0 = 1 kg

M= moles are
computed

Prsna = 18tm
Tina=25C
Vi=2L
Mass of HzO0 =1 kg

Final -

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description [&¥ Definition [ Report T2 File Viewer

¥ Inflows (mol)
H20 55.5082
N2 0.0400808

Input | Output

Advanced Search Add a;}leam Export

J Variable Nikise Type of calculation
v Stream Parameters (mol) Autoclave v
[=] Stream Amount 55.5483
I Moles (True) - Liquid-1 (mol) 555076 Calculste @
L moles (True) - Vapor (mol) 0.0407607 Summary
Calculation Results
Ambient Temperature (°C) 25.0000 Unit Set: Metric (moles ~
A P J
RS IRRNE S - 999963. Automatic Chemistry Model
Final Temperature (C) 25.0000 MSE-SRK (H30+ ion) Databanks
Final Pressure (atm) 1.00000 -SRK (H30+ion
Vessel Volume (L) 199998 | MSE G0 o
E . Second Liguid phase
Partial Pressure: N2 (atm) 0.968624 Using Helgeson Direct
Condition that results were computed f Ambient Autoclave Calculation

Results for ambient conditions:
Ambient Temperature 25.0000 °C
Ambient Pressure  0.999983 atm
Final Temperature 25.0000 °C
Final Pressure  1.00000 atm
Vessel Volume 2.00000L

N2 0.968624 atm

Phase Amounts
Aqueous 555076 mol
Vapor 0.0407607 mol
Solid 0.0 mol
2nd Liquid 0.0 mol

Aqueous Phase Properties
pH 6.99756
lonic Strength  1.81224e-9 molimol
Density 0.997061 g/ml
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The calculated ambient pressure is 1 atm. It is identical to the final pressure, which is not surprising, since the
ambient and final temperatures are the same, and by design, the autoclave calculation uses the identical inflows
for ambient and final conditions.

The amount of N2 added is 0.0400808 moles, which produces a ~0.9686 atm partial pressure. The computed
Nz inflow compares to the Ideal Gas value of 0.040874 moles, a ~2% deviation.

Let’s review the distribution of N2 in the liquid and vapor phase in the Report tab. Scroll down to the last table
named Element Distribution.

The last row is N (N is molecular nitrogen). The distribution is 98.5% in the vapor phase and 1.5% in the liquid
phase. Also notice that around 0.0023% of the water has evaporated (see the H(+1) and O(-2) rows).

Element Distribution

Total Total Liquid-1 Vapor
mol mole % % of Total % of Total
H(+1) 111.016 66.6346 99.9977 2.30275e-3
_2) 55 5082 333173 99 9977 2 A02758-3
N(0) 0.0801515[. 0.0481148 1.49271 98.5073

These results infer two effects:

As the final pressure (Pr) increases, additional N2 will dissolve in the water, shifting the fraction of nitrogen to
the liquid.

As the total autoclave volume (V) increases relative to the input liquid (which stays constant), additional water
will evaporate, shifting the water to the vapor. This case will be shown next.
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Increasing the Vessel Volume to 5 L

You are going to use the same case that you built up in the example above, with the only difference that you
will change the Vessel Volume.

Right click on the Autoclave — Inert Gas single point calculation and select copy

Selecting the stream named Autoclave, right click on it and select paste

Rename the copied stream Autoclave — Inert Gas Vessel Vol 5L

2

=& Autoclave | I =-é W
& ——— oA Aunge
Arrange >
Cut
Cut Copy
Actons =i Shons | Paste
Actions Baste Actions Delete
Delete %J Add Strea Rename
S &) Add Mixe
A) Add Singl Add As Stream
Add As Stream &) Add Surve Clear Results
Clear Results < Clear Status
ot Tenplate Manager | Clear Status ot Template |

Calculation Options

=& Autoclave
4y Autoclave - Inert Gas
FsWl Autoclave - Inert Gas Vessel Vol 5|

Calculation Options

Change the Vessel Volume to 5 L and Calculate <F9>

!

Variable Value A
7 Stream Pai’ameters ‘
Stream Amount (mol) [ 55.5082 '
Ambient: Temperature (C) 25.0000 |
Ambient: Pressure (atm) ‘
< Calculation Parameters
Final Temperature (*C) ' 25.0000 ‘
Final Pressure (atm) 1.00000 |
| Vessel Volume (L) | 5.00000
| Partial Pressure: N2 (atm) | |
| Compute results at which condtion | Ambient |
S Inflows (mol)
H20 55.5082 |
N2 0.0 |

>

Type of calculation

Autoclave v | Specs...

Calculate @ |

Summary

Unit Set: Metric (moles)

Automatic Chemistry Model
MSE-SRK (H30+ ion) Databanks:
MSE-SRK (H30+ ion)
MSE (H30+ ion)
Second Liquid phase
Using Helgeson Direct

Autoclave Calculation
Specifications:
Ambient Temperature 25.0000 °C
Final Temperature 25.0000 °C
Final Pressure 1.00000 atm
Vessel Volume 5.00000 L
N2

Calculation not done

L

©

At this point the system is defined as 1 kg H20 (55.5082 moles) at an ambient temperature of 25 °C. The partial
pressure of N2 will be calculated at a final temperature, 25 °C and pressure, 1 atm in a 5 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

&J Description [&¥ Definition [Z] Report I File Viewer

J Variable Vol A Type of calculation
= Stream Parameters (mol) ' Autoclave - Specs...
Stream Amount [ 55 6671
Moles (True) - Liquid-1 (mol) 55.5037 Calculate @ |
] L Moles (True) - Vapor (mol) _ 0.163414 Summary
- Calculation Results
Ambient Temperature (°C) 25.0000 Unit Set: Metric (moles) ~
Ambient Pressure (at ' 1.00000 |
: —— Automatic Chemistry Model
Final Temperature (*C) 25.0000 MSE-SRK (H30+ ion) Databanks:
Final Pressure (atm) 1.00000 MSE-SRK (H30+ ion)
MSE (H30+ ion)
Ves_sel Volume (L) 5.00004 Second Liquid phase
Partial Pressure: N2 (atm) 09686424 Using Helgeson Direct
Condition that results were computed f Ambient ' Autoclave Calculation
= Inflows (mol) ' > Results for ambient conditions:

Ambient Temperature 25.0000 *C
H20 ‘ 55.5082 Ambient Pressure  1.00000 atm

” N2 0,15888q| Final Temperature  25.0000 *C

Final Pressure 1.00000 atm

Vessel Volume 5.00000L

N2 0.968642 atm

Phase Amounts

Agueous 55.5037 mol
E.} Vapor 0.163414 mol
Solid 0.0 mol
2nd Liquid 0.0 mol

Agqueous Phase Properties
pH 6.99756
lonic Strength  1.81224e-9 molmol
Density 0.997061 g/ml v

Input  Qutput

Advanced Search Add as Stream Export

The moles of liquid are now 55.5037. The reduction of 0.0039 moles (compared to the case of 2 L which was
55.5076 moles) is because this amount of H20 evaporated into the larger headspace. This phase distribution
is important to modeling the autoclave system properly, especially at elevated conditions as will be seen in the
next example.

The amount of N2 required to fill the 4-L headspace is 0.1589 moles; this amount is ~4-times greater than the
first case, which is expected for gas with a low water solubility.

83



Increasing the Final Temperature

In this example, you will add 1 kg water to a 5 L autoclave and then fill the void (head space) with N2. The

ambient temperature is 25 °C, and the final conditions will be 1 atm and 100 °C.

The purpose of this example is to raise the H20 partial pressure relative to Nz. In the 5 L case above, the N2
inflow is 0.1634 moles. As temperature increases, the H20 vapor pressure increases, and the amount of N2
required to fill the vapor void will decrease.

You are going to use the same case that you built up in the example above, with the only difference that you
will change the Final Temperature to 25 °C.

Copy the Autoclave — Inert Gas Vessel Vol 5L single point calculation and paste under the Autoclave Stream.

Name the new calculation object Autoclave — Inert Gas Tf=100C

Change the Final Temperature to 100°C and Calculate <F9>

|

—

—

—

Variable Value
Stream Parameters
Stream Amount (maol) 55.5082
Ambient: Temperature (*C) 25.0000
Ambient. Pressure (atm}
Calculation Parameters
Final Temperature (*C} 100.000
Final Pressure (atm}) 50.0000
Vezsel Volume (L) | 5.00000
Partial Pres=sure: N2 (atm)
Compute resultz at which condition Ambient
Inflows (miol)
Hz2O 35.5082
N2 0.0

At this point the system is defined as 1 kg H20 (55.5082 moles) at an ambient temperature of 25 °C. The partial
pressure of N2 will be calculated at a final temperature, 100 °C and pressure, 50 atm in a 5 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

&J Description [&¥ Definition [Z] Report I File Viewer

| Variable Value = Type of calculation
= Stream Parameters (mol) Autoclave - Specs...
Stream Amount 55 5087
Moles (True) - Liquid-1 (mol) 555031 Calculate @ |
Moles (True) - Vapor (mol) 5.54881e-3 Summary
7 Calculation Results
Ambient Temperature (°C) 25.0000 Unit Set: Metric (moles) ~
Ambient Pressure (at 0.0339414
E—— Automatic Chemistry Model
Final Temperature (*C) 100.000 MSE-SRK (H30+ ion) Databanks:
Final Pressure (atm) 1.00000 MSE-SRK (H30+ ion
Vessel Volume (L) < 00091 MSE (H30+ ion)
( § Second Liguid phase
Partial Pressure: N2 (atm) 2 687276e-3 Using Helgeson Direct
Condition that results were computed f Ambient Autoclave Calculation
< Inflows (mol) > Results for ambient conditions:

Ambient Temperature 25.0000 °C
H20 Ambient Pressure 0.0339414 atm
1 N2 Final Temperature 100.000 °C
SsSSSS Final Pressure 1.00000 atm
Vessel Volume 5.00000L
N2 267276e-3 atm

Phase Amounts
Agueous 55.5031 mol
Vapor 5.54881e-3 mol
Solid 0.0 mol
2nd Liquid 0.0 mol

Agqueous Phase Properties
pH 6.99772
lonic Strength  1.81169e-9 mol/mol
Density 0.997021 o/mi v

Input  Qutput

Advanced Search Add as Stream Export

The amount of N2 added is very small (~0.0004 moles). This is to be expected, because the vapor pressure of
pure water at 100 °C is 1 atm. Therefore, a negligible amount of N2 is needed to raise the pressure. Notice also
that the calculated ambient pressure is 0.0339 atm. The vapor pressure of pure water at 25° C is 0.0313.

The results above imply that the autoclave will have a vacuum pressure at the ambient temperature, and when
heated to 100 °C will reach atmospheric pressure.

In autoclave testing, it is also of utmost importance to study and understand the partial pressures and fugacities
of key gases at the final conditions. You need to enable these properties to be shown in the Report.

Go to the Customize button and enable both the Species Fugacities and the Partial Pressures options, and
then click OK.
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Notice that the Fugacity and Partial Pressure of N2 are nearly identical. This is expected since at low pressure

the fugacity approaches its partial pressure.

Species Fugacities

Row Filter Applied: Only Non Zero Values

Species atm
H20 0.0312529
N2 2.67376e-3

Partial Pressures

Row Filter Applied: Only Non Zero Values

Species atm
H20 0.0312686
N2 2.67276e-3
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Increasing the Final Pressure

In this example, you will add 1 kg water to a 5 L autoclave and then fill the void (head space) with N2. The
ambient temperature is 25 °C, and the final conditions will be 100 atm and 100 °C.

You are going to use the same case that you built up in the example above, with the only difference that you
will change the Final Pressure to 100 atm.

Copy the Autoclave — Inert Gas Tf=100C single point calculation and paste under the Autoclave Stream.
Name it Autoclave — Inert Gas Pf=100 atm

Change the Final Pressure to 100 atm and Calculate <F9>

J Variable Value

e Stream Parameters
Stream Amount (mol) 55.5082
Ambient: Temperature (*C} 25.0000
Ambient: Pressure (atm)

= Calculation Parameters
Final Temperature (*C} 100.000
Final Pressure (atm}) 100,000
Vessel Volume (L) 500000
Partial Pressure; M2 (atm})
Compute results at which condition Ambient

= Inflows (mol)
H20 35.5082
M2 0.0

At this point the system is defined as 1 kg H20 (55.5082 moles) at an initial temperature of 25 °C. The partial
pressure of N2 will be calculated at a final temperature of 100 °C and a final pressure of 100 atm in a 5 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description &¥ Definition [] Report L File Viewer

J Variable Vol A Type of calculation
& Stream Parameters (mol) Autoclave v Specs...
[=] Stream Amount 67.9053
l» Moles (True) - Liquid-1 (mol) 55,5441 Calculate @ |
L Moles (True) - Vapor (mol) 12.3611 Summary
7 Calculation Results
Ambient Temperature (°C) 25.0000 Unit Set: Metric (moles) ~
Ambient Pressure (atm) 75.7159 Automatic Chemistry Model
Final Temperature (*C) 100_DDD| MSE-SRK (H30+ ion) Databanks:
Final Pressure (atm) 100.000 MSE-SRK (H30+ ion]
Vessel Volume (L) 5,uunuu[‘} SeEEnE d' E; S'; ict’:a'se
Partial Pressure: N2 (atm) 75.6782[ 100.000000000000014 kSU:Direct
Condition that results were computed f Ambient Autoclave Calculation
— Inflows (mol) b Results for ambient conditions:

Ambient Temperature 25.0000 °C
H20 95.5082 Ambient Pressure 75.7159 atm
N2 12.3970 Final Temperature 100.000 °C
Final Pressure 100.000 atm
Vessel Volume 5.00000L

N2 756782 atm

Phase Amounts
Agueous 555441 mol
Vapor 12.3611 mol
Solid 0.0 mol
2nd Liguid 0.0 mol

Agqueous Phase Properties
pH 6.98515
lonic Strength  1.85714e-9 mol/mol
Density 1.00012 g/ml

Input  Qutput

Advanced Search Add as Stream Export

The computed ambient pressure Pt is 75.672 atm. Of this total, 75.68 atm is N2 (Pn2=75.68 atm) and 0.0377
atmis H20 (P120=0.0377 atm). Thus, to create a 100 atm final pressure, the autoclave would need to be charged
with N2 at a regulator pressure of 75.68 atm.

According to the calculation, the amount of Nz in the autoclave is 12.397 moles. This amount of Nz plus the
55.5082 moles of H20 produces a final pressure of 100 atm in a 5 L autoclave at 100 °C.

Let's study the partial pressure and fugacity of Nz at these final conditions. Remember, you need to enable
these properties to be shown in the Report.

Go to the Customize button and select both the Species Fugacities and the Partial Pressures tables, and
then click OK.

For comparison purposes, the Species Fugacities and the Partial Pressures for 100 °C and 1 atm, and 100
°C and 100 atm are shown.
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Species Fugacities Species Fugacities

Row Filter Applied: Onhy Mon fero Values Row Filter Applied: Only Non Zero Values

Species atm Species atm
H20 0.0312529 H20 0.0330213
M2 267376e-3 N2 76.0121

Partial Pressures

Partial Pressures

Row Filter Applied: Only Non Zero Values

Row Filter Applied: Onhy Mon Zero Values
Spec t Species atm
es atm
pec H20 0.0376589
H20 0.0312686 N2 75,6782
M2 267276e-3

Notice that at low pressures, the partial pressures and fugacities values of both H20 and Nz are nearly identical.
At the higher pressure, i.e., 100 atm, the partial pressures and fugacities of H20 and N2 start to differ.

The cause of this deviation is the non-ideal effects of high pressures on gas molecules as they are forced closer
together. At low pressures, gas molecules are too far apart to interact. As pressure increases, the average
distance between two molecules decreases until at short range, intermolecular forces begin to impact the
molecular properties. The impact of these forces is quantified in the fugacity term. Notice that fugacity and
partial pressure have the same units, atm.

Thus, when reviewing these two tables, the partial pressure can be seen as the idealized gas property at high
pressures (which does not take into account intermolecular forces). The fugacity is the real gas property at this

pressure. The non-ideal effect of pressure is therefore encapsulated in the following relationship:

Fugacity _f

¢= Partial Pressure E

Where,
¢ is the fugacity coefficient

At low pressures, a gas molecule fugacity (f) approaches its partial pressure (p;), i.e. f - p;or ¢ = 1.
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Example 13: Using Reactive Gases

Calculating Results at Final Conditions

In this example, you will add 1 kg water to a 2 L autoclave and then fill the void (head space) with CO2. The
ambient temperature is 25 °C.

You will then modify the case further by adding NaOH so that additional CO2 dissolves in water to form
bicarbonate.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Autoclave Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Autoclave Ambient Temperature | 25 °C
Stream Name Autoclave — Reactive Gas Final Temperature 25°C
Name Style Display Formula Final Pressure 1 atm
Unit Set Metric, Moles Vessel Volume 2L
Framework MSE-SRK H20 Calculated
Results for Final Conditions C02 0 moles
NaOH 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Autoclave Reactive Gas

Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the CO2 and NaOH as inflows

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Autoclave — CO2 using the <F2> key

Select Autoclave as Type of Calculation

Click on the Specs button. This will open the Calculation Options window to set up the target gas.

Select CO2 and make sure to select the specification type Partial Pressure (default). Click OK.
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Category Autoclave Value - [ Tupe of caloulation

55.5082

Autoclave - Specs... |
Calculation Options Vet sl (B (0] | |I I I

25.0000 Calculate @ |
ap
Summary
H 0.0 Unit Set: Metric (moles)
= A ic Chemistry Model
0.0 MSE-SRK (H30+ ion) Databanks:

3 MSE-SRK (H30+ ion}
- MSE (H30+ ion)
@ jumtienit Second Liguid phase
Selected Using Helgeson Direct
E 55.5082 * | Autoclave Calculation
Specification Type 0.0 Specifications:
00 Ambient Temperature  25.0000 °C

(®) Partial Pressurels) . Final Temperature 0.0 °C

. f Final Pressure

Mole Fract A Fh.

(O Mole Fraction(s] in Aqueous Phaze VesselVolume 0.0L
coz

Calculation not done

Volume of vessel is invalid.
“fou must specify the Final Pressure
or Gas 1

3
=]
+

ort

QK I | Cancel Apply

Calculation Complete!

Calo+ - %

v

For Help, press F1 @

NUM

Set the Final Temperature to 25°C, the Final Pressure to 1 atm and the Vessel Volume to 2 L

Set the Compute results at which Condition to Final.

Variable | Value

= Stream Parameters
Stream Amount {mol} 55.5082
Ambient: Temperature (*C) 25.0000
Ambient: Prezssure (atm)

= Calculation Parameters
Final Temperature (*C}) 25.0000
Final Pres=ure (atm} 1.00000
Vessel Volume (L) 200000
Partial Pressure: CO2Z (atm}
Compute resultz at which condition Ambient n

= inflows

HZ0 )
co2 0.0
NaOH 0.0
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At this point the system is defined as 1 kg H20 (55.508 moles) at an ambient temperature of 25 °C. The partial
pressure of CO2 will be calculated at a final temperature, 25 °C and pressure, 1 atmin a 2 L vessel.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description &¥ Definition (] Report LJ File Viewer

J Variable = = Type of calculation
= Stream Parameters (mol) Autoclave - Specs...
[ﬁ Stream Amount 55.5808
| Moles (True) - Liquid-1 (mol) 55.5397 Calculate @ |
L Moles (True) - Vapor (mol) 0.0409464 Summary
< Calculation Results
Final Temperature ("C) 25.0000 Unit Set: Metric (moles) N
Final Pressure (at 1.00000
: ure (atm) Automatic Chemistry Model
Vessel Volume (L) 2.00001 MSE-SRK (H30+ ion) Databanks:
Partial Pressure: CO2 (atm) 0.968445 MSE-SRK (H30+ ion
- - MSE (H30+ ion
Condition that results were computed f| Final | Second Liquid phase
7 Inflows (mol) Using Helgeson Direct
H20 55.5082 Autoclave Calculation
coz 0.0725227 > Results for final conditions:

Ambient Temperature 25.0000 °C
Final Temperature 25.0000 °C
Final Pressure 1.00000 atm
Vessel Volume 200000L

CO2Z 0.968445 atm

Phase Amounts
Agueous 55.5397 mol
Vapor 0.0409464 mol
Solid 0.0 mol

L} 2nd Liquid 0.0 mol

Agueous Phase Properties

v pH 3.91452
Input lonic Strength 2.21620e-6 molmol
pul | Output Density 0.997452 g/mi v
Advanced Search Add as Stieam Export Cale elansed time: § 376 ser

A total amount of 0.0725 moles of CO2 added was computed by the software to set the autoclave total pressure
to 1 atm. For comparison, the same scenario in Example 12-1_Analyzing_the Results required 0.04 moles of
N2. The difference is the amount of CO: that dissolved in the water. COz2 is more soluble than Nz in water.

To analyze the COz distribution in more detail, go to the Report Tab, and Scroll down until you find the Element
Distribution table.
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Element Distribution

Total Total Liquid-1 Vapor
mol mole % % of Total % of Total
H(+1) 111.016 66.5797 99.9977 2.32772e-3
0(-2) 55.6533 33.3768 09.8552 0.144827
C(+4) 0.0725227 0.0434939 453215 546785

The Element Distribution table contains three rows, H(+), O(-2), and C(+4). These are the elements of H20
and CO:a. If you compare the C(+4) in the liquid and vapor phases, you will see that about 45.3% of the COz

dissolved in the water phase. By comparison, 1.5% of the added N2 dissolved in water at the same condition
(see Example 12-1).
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Using Reactive Gas and NaOH solution

In this example, you will further modify the chemistry by adding NaOH so that additional CO: dissolves in water
to form bicarbonate. This will increase the gas requirement.

Starting the Simulation

You are going to use the same case that you built up in the example above, with the only difference that you
will add the 0.1 moles or NaOH.

Copy the Autoclave — COZ2 single point calculation and paste under the Autoclave Stream.

Name it Aufoclave — CO2 — NaOH

Change the composition of NaOH to 0.1 moles and Calculate <F9>

Variable Value

T Stream Parameters
Stream Amount (mol) 55 6082
Ambient: Temperature (*C) 25.0000
Ambient: Pressure (atm)

= Calculation Parameters
Final Temperature (*C) 25.0000
Final Pressure (atm}) 1.00000
Vessel Volume (L) 2.00000
Partial Pressure: CO2 (atm)
Compute results at which condition Final

= Inflows (mol)
H20 55.5082
coz 0.0
MaOH 0.100000

At this point the system is defined as 1 kg H20 (55.508 moles) and 0.1 moles of NaOH at an ambient
temperature of 25 °C. The partial pressure of CO2 will be calculated at a final temperature, 25 °C and final
pressure, 1 atmin a 2 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

- Inflows (mol)
H20 £5.5082
coz 0171600
MNaOH 0100000

The CO:z inflow is calculated to be 0.1716 moles. This is exactly 0.1 moles more than the calculation with only
CO2 (Example 13-1). The difference results from the acid-base reaction with the 0.1 moles of NaOH.
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To see the different species that have formed in solution go to the Report tab and select the Species Output
(True Species).

Species Qutput (True Species)
Row Filter Applied: Only Non Zero Values

column Filter Applied: Only Non Zero Values

Total Liquid-1 Vapor
mol mol mol
H20 55.5083 55.507 1.28481e-3
Na+1 01 01
HCO3-1 0.0998917 0.0998917
Cco2 0.0716555 0.0320887 0.0395668
C03-2 5.42505e-5 5.42505e-5
H30+1 2.3994e-7 2.3994e-7
OHA1 6.87229e-8 6.87229e-8
NaOHCO3-2 276574e-14 276574e-14
NaOH 3.90126e-15 3.90126e-15
Total (by phase) 55.7799 55.7391 0.0408516

You can see that ~0.1 moles of bicarbonate (HCO3) is formed. This reaction is
requirement to reach a total final pressure of 1 atm.

increasing the CO:2 gas
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Custom

In the calculations that we have seen so far, variables were predefined. For instance, we selected either
temperature or pressure as a fixed value in order to find the dew point pressure or dew point temperature. With
the Custom calculation, however, you have the option to choose which parameters to set at fixed values and
which parameters to keep as variables, to calculate the desired information, such as, for example, to investigate
the solubility of gases in solution.

Example 14: Solubility of Oxygen in Water

With a custom calculation, we are going to calculate the solubility of Oz in water at 25°C and 1 atm.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Custom Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount | Default — 1kg
Calculation Sub-type Custom Temperature 30 °C
Stream Name Custom Calculation Pressure 4 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Mass fraction — ppm (mass) 02 0 mol
Framework MSE

Setting the pH

Add a new Stream

Click on the new Stream and press <F2> to change the name to Custom Calculation
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac. This will change all inflows to mass
%.
Click on the Customize button. This opens the Edit Units window.

Under Basis Options change mass fraction from mass % to ppm (mass)
Enter O2 as an inflow and 0 moles

Change the T to 30 °C and P to 4 atm

Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to Oxygen Solubility using the <F2> key
Select Custom as Type of Calculation

Select the Specs button. This will open the Calculation Options window
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Note: In the Calculation Options window, you have the option to select the Variables to Fix and the Variables
to Free. In this example, the Variable to Fix is the number of Moles (True) of Vapor which will be given a small
value of 1 x 1077 moles. You can interpret this as the first bubble of vapor formed, indicating that the aqueous
phase is saturated. The Variable to Free is the inflow of oxygen, in order to achieve saturation.

Calculation Options ? >

Categaory Custam

o Yariables : _
. Calculation Options W ariables to Fix

Filter | &l d

Enthalpy - Total S Moles [True] - Wapor
Hz0 o
H20 - Sal
H20 - Wap L
H30+1

Moles [True] - Liquid-1
02 - Ligl

02 -Vap w1

Yariables ta Free

Hide Related |nflows M e [kl
Hz20 oz
Freszure 4
Temperature
T
1

Select an equal number of vaniables to be fised and freed. Freed variables will
be adjuzted to meet the zpecified value of the fised wanables.

(] % Cancel Apply Help

In the Variables to Fix section, select Moles (True) Vapor, by double clicking or using the >> button.
In the Variables to Free section, select 02 as the inflow. Then click OK.
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This will add a Calculation Parameters section, where the Target (Variable to Fix) and the Adjusted Inflow
(Variable to Free) are shown. The Target has a brown dot in front of it indicating that the Target: Moles (True)
- Vapor is fix value. The Adjusted Inflow value font is green indicating that the software will adjust this value.

J Variable Value
= Stream Parameters
Stream Amount (ko) 1.00000
Temperature (*C) 30.0000
Pressure (atm) 4.00000
= Calculation Parameters
1] Target: Moles (True) - Vapor (mol) 0.0
Adjusted: 02 (ppm (mass)) | 0.0
= Inflows (ppm (mass))
H20 1.00000e&
Adjusted: 02
Input
Advanced Search Add as Stream Enport

Fix the Moles (True) Vapor to 1e~7

Type of calculation

Cuztam - Specs.

Calculate @

Sumrnary

Unit Set: =Custom:

Automatic Chemistry Model
WMSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct
Custom Calculation
Fixed variable:
Moles (True) - Vapor, target:
0.0 mel
Free variable:
o2

Calculation not done
WMoles (True) - Vapor must be
greater than 0.0.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.
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Analyzing the Results
Review the Summary Box or Click on the Output-Minitab to see the results.

Description Definition Report L3 File Viewer

J Variable Value o Type of calculation
& Stream Parameters Custam - Specs..
I$| Stream Amount (kg) 1.00015
|— Mass - Liquid-1 (kg) 1.00015 Calculate &8
L Mass - Wapor (kg) 3.18493e-9 Summan
Temperature (°C) 30.0000
Pressure (atm) 4.00000 Unit Set: =Custom:=
Calculation R I:
= alculation Hesults Automatic Chemistry Model
@ Target: Moles (True) - Vapor (mol) 1.00000e-7 MSE (H20+ ion) Databanks:
- Inflows (ppm [mass)) MSE (H30+ ion)
H20 3 9985465 U=ing Helgezon Direct
= = Custom Calculation
| Adjusted: 02 | 146.935 | Fixed variable:
Muoles (True) - Vapor, target:
1.00000e-7 mol
Free variable:
\ 02, total:
145.938 ppm (mass)
Phase Amounts
Agueous  1.00015 kg
Wapor 3.18493e-9 kg
Solid 0.0 kg
Agueous Phase Properties
pH 6.91733
lonic Strength  2.18165e-8 molfmol
Density  0.9%5710 g/ml
Calc. elapsed time: 1.053 sec
Calculation complate
v
Input | Output
Advanced Search Add as Stream Export

At 30°C and 4 atm the solubility of Oz in water is 146.94 ppm (mass)
To get an estimate of the Henry’s constant, you can study the K-values reported by the software.

Right click on the gray area, go to Sections>K-values>m-based.



h +  Stream Parameters

Description Definition [ Ref Calculation Results
«  Inflows

- Type of calculation
Variable Related Inflows *

= Strea n Cust —
Additional Stream Parameters ] =~ pecs.
=l Stream Amount (kg)

}7 Mass - Liquid1 (kg) Phase Flow Properties Calculate |

L Mass - Vapor (ka} Thermodynamic Properties | ey
Temperature (°C) Pre-scaling Tendencies
Pressure (atm) Pre-scaling Index Unit Set: <Customs=
Calc 3
= i Scaling Tendencies Automatic Chemistry Model

@®| Target: Moles (True) - Vapor (mol) Sealing Index MSE (H30+ ion) Databanks:

= Inflow MSE (H30+ ion)
= Liquid-1 Using Helgeson Direct
Adjusted: 02 Vapor ‘Custom Calculation

Fixed variable:

Solid Moles (True) - Vapor, target:
Molecular Apparent > 1.00000e-7 mal
Free variable:

Totals 02, total
Molecular Totals 146.938 ppm (mass}

Phase Amounts
MBG Totals ? | Aqueous 100015 kg
Activity Coefficients ¥ Vapor  3.18403e-9 kg

Solid 0.0kg
Fugacity Coefficients - Vapor
Agqueous Phase Properties

Fugacities - Vapor

K-Values ¥ (x-based) mokmol
Gibbs Free Energy (m-based)

AT e e Gibbs Free Energy Standard State (x-based) Calc. elapsed time: 0.045 sec

Save default layout Entropy Calculation complete

Generate Model Entropy Standard State (x-based)

Input 0L Hide Zero Values MObII.ItIE. .
Self Diffusivities ¥
Advance Sections > Partial Pressures

@@ MUM

The reciprocal of KO2VAP: 02VAP=02AQ will give you an estimate of the Henry’s constant.

7 K-Values - (m-based)
KH20: 2H20=H30I0N+OHION [ 1.46564e-14
KH20PPT: H20PPT=H20 [ 1.32964
KH20VAP: H20VAP=H20 [ 23.8182
[ ko2var: 02vaP-0240 ‘ 1.15985e-3 |
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Reaction Kinetics

Most of the chemistry and calculations that we have presented so far assume equilibrium. However, chemical
reactions vary in speed as they occur. Some can occur instantaneously, while others can take years to reach
equilibrium. The speed of a chemical reaction is given by the Reaction Rate, which is a measure of the change
in concentration of the reactants or the change in concentration of the products per unit time.

For the stoichiometric reaction below:

aAd+bB+--—cC+dD + -
The reaction rate is defined as:
1 /d[A] 1/d[B] 1/d[C] 1/d[D]
rate= ——|——|=—+ =— ==—
a\ dt b\ dt C\ dt d\ dt
We can describe the kinetics of a chemical reaction by using a Rate Law, which is an expression that relates the

concentration of each reactant raised to an exponent that reflects the reaction order (which is determined
experimentally) and the rate constant, k, (a proportionality constate between reaction rate and concentration).

The general rate law is generally expressed as:
Rate = k [A]°[B]*

Where, s + t gives us the reaction order of the reaction. s and t are not the same as the stoichiometric coefficients
aand b.

The reaction rate constant units are specific for the overall reaction order, since we always want the units of the
rate to be concentration units per unit of time, e.g., M/s.

Reaction order Units
0 M/s
1 1/s
2 1/(Mes)

The rate constant, k, is dependent on the temperature at which the reaction takes place. Its temperature
dependence can be studied using the Arrhenius Equation, as shown below.

E,
k=Aexp (— ﬁ)

where: k= Reaction rate constant (units depend on reaction order)
A = Arrhenius frequency factor (has same units as k)

E, = Activation energy (éfn—lﬁ;)

R = Universal gas constant (8.314g::ZleeK)

T = Temperature (K)
There are two different ways to enter rate laws reaction kinetics in OLI Studio: Stream Analyzer
Standard Rate Law which uses the Arrhenius equation for the reaction rate constant k, referred to as STD

type within the software.
Non-Standard Rate Law, referred to as SPEC type within the software.
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In this section, we will show you how to set up both types of reaction kinetics.

The reaction kinetics is enabled Under the Chemistry menu > Model Options > Phases > Kinetics

Standard Rate Law

The Standard Rate Law (STD) considers both the forward and reverse reaction rates, the individual species
reaction orders, and the forward and reverse reaction constants (determined using the Arrhenius Equation).

For the reaction below:

aA+bB+ - cC+dD+ -

where: a, b, ... ¢,d are stoichiometric coefficients
A, B, ... are reactant species
C,D, ... are product species

The rate law is of the form:

Rate = (kraj'af? ... — kyal'ab?)
where:
. l
Rate = Reaction rate =
ke = Forward reaction rate constant (units depend on reaction order)
k., = Reverse reaction rate constant (units depend on reaction order)
_ s . mol
Qu, g, ... = Activities of reactant species (F)
Ty .. = Reaction order of individual reactant species
(normally from experimental data. Default is stoichiometric coef ficients: a,b,...)
s . l
ac, ap, .. = Activities of product species (";—Z)
P1, D2y e = Reaction order of individual product species

(normally from experimental data. Default is stoichiometric coef ficients: c,d,...)

Within the software the naming of the constants defined above is the following:

OLI Keyword Description

KF Forward reaction rate constant

KR Reverse reaction rate constant

AF Forward reaction Arrhenius factor

AR Reverse reaction Arrhenius factor

BF Forward reaction activation energy divided by the universal gas constant (K)
BR Reverse reaction activation energy divided by the universal gas constant (K)
ER; Reaction order of reactant species i

EP; Reaction order of product species i

Thus, when specifying a standard rate expression, the user must define one of the following: (1) The Arrhenius
frequency factors (AF and AR), and reaction activation energies divided by the universal gas constant (BF and
BR) or, (2) the reaction rate constants (KF and KR) directly. In addition, the user can specify the individual
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species order coefficients for the forward and reverse reactions if these differ from the stoichiometric coefficients
(which are the default).

When defining the reaction order for a species, the order in which the species appears in the reaction equation
must be defined (i.e., subscript i) with a sequential number, for either the reactant or product species. Hence,
the first reactant is identified with the number 1, the second, 2 and so on. Similarly, the product species are
identified with the integers 1, 2, 3, etc.

If any of the keywords are not defined, the software assumes a default value for that variable. These default
values are assumed to be zero for the reaction rate constants, For the species reaction order coefficients, the
reaction stoichiometric values are assumed. To complete the standard rate expression definition, the reaction
temperature and initial reactant molality are included in the process stream composition definition.

Example 15: Reaction of Ammonia and Carbon Dioxide

In this example, we are going to consider the reaction of ammonia and carbon dioxide to form urea and water,
according to the following reaction:

ZNHg(aq) + COZ(aq) Lad NHZCONHZ(aq) + H,0

This reaction will take place in a plug flow reactor at 200°C and 100 atm, with a total residence time of 100
hours.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Single Point Calculation with Reaction Kinetics Enabled

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Calculated
Calculation Sub-type Isothermal Temperature 200 °C
Stream Name Standard Rxn Kinetics Pressure 100 atm
Single Point Name Rxn Ammonia/CO2 Water 55.5082
Name Style Display OLI Name (TAG) CO2 2 moles
Unit Set Metric, Moles NH3 2 moles
Framework AQ UREA 0 moles
Kinetics Enabled
Kinetics Holdup Time 100 hours
Number of Kinetic Steps 10

Add a new Stream
Click on the new Stream and press <F2> to change the name to Standard Rxn Kinetics

Select the AQ thermodynamic Framework
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Click on the Names Manager Icon, and select the OLI Name (TAG) option, and click OK.

Name Style  Seanch Criteria  Names Dictionary

Component Mame Style

() Display name

Use Mames Dictionary

(O Formula

(@ OLI Name (TAG)

Show mineral name after solids

Click on the Units Manager Icon, and select Metric, Batch, Moles.

Enter the stream composition, temperature and pressure given in the table above.
Go to the Add Calculation button and select Single Point calculation

Select Isothermal (default) as Type of Calculation.

Change the SinglePoint name to Rxn Ammonia/C0O2 using the <F2> key

So far, we have created an Isothermal calculation. Now, we are going to enable the Reaction Kinetics option
at the Single Point Level.

To enable reaction kinetics, make sure that you are at the Single Point Level by clicking on the Single Point
Icon, and then go to Chemistry menu > Model Options. This will open the Chemistry Model window.

¢ oLl Studio - [Single point calculations.cad™] — O o
B File Edit Streams Calculations | Chemistry Tools View Winflow Help -8 X
W= = ? K PrebuitModels > b I 3wt | MERE % B
MNavigator Templates ¥
Documentt
- - - Meodel Options... P 5 .
Single point calculations oad* ; = D Bl Report CJ File Viewer
&} Streams A T f calculati
& 1.1.a pHof 1 mFeC3 J Variable Value ~ Ype of calculation
& 1.1.b lsothermal - acetic acid = Stream Parameters |zathermal - Specs..
& 1.10. Custom Calculation Stream Amount (mely 59.5082
- & 1.11.1. Arrhenius Rxn Kinetics Temperature (“C} 200.000 Calcult= @
A Rxn Ammonia/C02 Pressure (atm) 100.000 Summary
- & 1.2 Acetone Bubble Point = Inflows (mol)
- & 1.3.Sour Natural Gas Dew Point Hz20 55.5082 Unit Set: Metric (moles)
-& 14 |SE.I(|‘IDH( (a\(elatmn coz 2.00000 Automatic Chemistry Model
- & 1.5. Brine Evaporation - Vapor Fractior NH3 2.00000 Agueous (H+ ion) Databanks
& 1.6 Neutralizing Acid v UREA 0.0 Agueous (H+ ien)
4 am e i e ron R . | ﬂ Using K-fit Pofynomials
< > T-span: 25.0 - 225.0
- [ Aqueous *P-span: 1.0-201.0
Actions g o= * = differs from defautt.
Actions 5| | Isothermal Calculation
200.000 *C 100.000 atm
Calculation not done
A4
Input
Plot Template Manager L o+ X
5 Advanced Search Add as Stream Expaort
ave
* A
' |Calculation Complete!
: v
@ NUM
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Select the Phases tab and check the Kinetics box. Then click OK.

Databarks Redox Fhases

Include Phases

T/P Span

Include Solid Phases

Agqueous
Wapor

Solids

[J Second Liquid

lon Exchange Model
(@) Margules
() Wilson

Kinetics
Enablz

oK

Cancel

Calculate Scaling Tendencies for excluded solids

Apply Help

A new grid section named Calculation Parameters appears. In this grid the Kinetics Holdup Time, and the
Number of Kinetic Steps can be defined. The default values are 2 h and 2 steps respectively.

Change the Kinetics Holdup Time to 100 hours and the Number of Kinetic Steps to 10.

|

=

Variable
Stream Parameters

Value

= Tupe of calculation

v

Izothermal

Stream Amount {moly 59.5082
Temperature (*C) 200.000 Calculate &8
Pressure (atm) 100.000 Summary
= Calculation Parameters
Kinetics Holdup Time (hr) 100.000 Unit Set: Metric (moles)
Number of Kinetics Steps 10
z Automatic Chemistry Model
= Inflows (mol) Agueous (H+ ion) Databanks:
H20 555082 Agueous (H+ ion)
U=ing K-fit Pelynomials
Tz 2.0oooo T-zpan: 25.0 - 225.0
NH3 2.00000 *P_gpan: 1.0 -201.0
UREA 0.0 * = differs from default.

¥ lsothermal Calculation

Kinetics Holdup time is equivalent to Residence Time. The Number of Kinetic Steps is equivalent to At. Thus Kinetics

Holdup time = XAt.

Note: Kinetics Holdup Time vs Number of Kinetic Steps
For processes that have reaction kinetics, the software needs to know how the concentration of the reactants (or products) change over
time during the reaction, which is given by the rate law. It is necessary to divide the total residence time into small steps. Adding more
steps decreases the error; however, as you increase the number of stages, the computational time increases.
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Now, our next step is to define the reaction kinetics.

Click on the Specs button. This will open the Survey Options Window.

Select Kinetics under the Category window

Click the Add button to add a new reaction. This will open the Select a Reaction Window.

Calculation Options

Categary Rate Limited Reactions
+ Calculation Options

Reactions:

Edit Delete

Rate Specification:

Ok Cancel

Apply

Help

You will be given a list of reactions which are already in the chemistry model. For our example, we need to

create a new reaction.

Select the option Create a New Reaction, and then click OK.

Select a Reaction:

CO2AQ+HH20 =HION +HCO3I0ON

CO2VAP=CO2A0

HCO3I0ON =HION-+HCO3I0N
NH2COZIOMN+HH20=NH3AQ +HCO3I0N

MNH3AQ +H20 =NH4I0OM +0HION

MHIVAP=NH3AQ

MHA4H2CO33PPT="NHHON +2HCO3I0N HZO3I0N
NHAHCOIPPT=NH4IOMN+HCO3ION

UREAPFT=UREAAQ
|IBFAVAD | IRFAAM

OK

Cancel

This enables the option to enter a new reaction.
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Type the following reaction: 2NH3AQ+CO2AQ=UREAAQ+H20 and then hit Enter. The window will update.

Note: You must use the OLI Tag Name for this step, and additionally specify the phase of the reactants and products. Water is a

special case; it is written only as H20.

As a general rule:
For an aqueous phase: AQ
For a vapor/gas phase: VAP
For a solid phase: PPT

For a hydrated solid: SOLIDNAME.nH20O, where n is the hydration number

For anion: ION

You can find the OLI TAG Name of your specific species using the Component Search Tool.

Select the STD (Standard Rate Reaction Kinetics) as the Rate Specification

Calculation Options ? X
Categary Rate Limited Feactions
++ Caloulation Dptiohs
i Kinetics
Add Edit Delete

Reactions:

2NH3AQ+COZAQ=UREAAQ +H20

Rate Spedification: STD w

Rate Constants:

J Caonstant Value Add

Delete

Cancel Apply Help

Now, let’s start entering the rate constants.

Remember, the forward and reverse reactions have the same format. The rate is the following:
R = k;[NH3]?[CO,] — kr[NH,CONH,]

For this example, the forward rate constant (KF) is a constant value equal to 2000.

And, the reverse rate constant (KR) is defined as follows:
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-BR
KR=ARe T

-3480.78
KR=12x10"0e T

A summary of the Reaction Rate Parameters is given in the table below (These parameters where created for
illustration purposes, do not use them for any real design work).

Parameters Value Comment

KF 2000 Forward Rate Constant

KR Calculated | Reverse Rate Constant

AF Not needed

AR 1.2 x 10710

BF Not needed

BR 3480.78 | Determined from BR = =& = 22%3%2

RT 8.3142
ER1 2 This is the exponent of reactant 1 [NH3J?
ER2 1 This is the exponent of reactant 2 [CO2]
EP1 1 This is the exponent of product 1 in the
mechanism. In this case [NH2CONH2]

EP2 0 H20 does not participate in the reaction

Now that we have identified the parameters needed, we can add them.

Click on the Add button and select the parameters needed.

Calculation Options ? X

Category Fiate Limited Reactions
- Calculation Optians
- Kinetics

Add Edit Delete
Reactions:

INH3AQ +CO2AQ=UREAAQ+H20

Rate Spedification: STD ~

Rate Constants:
| constant Value
KF KF
AR
KR

BR
ER1 sk

ERZ AR
EP1 BF
BR
ER1

EP1
EP2

Cancel Apply Help
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Type the constant values, and then click OK.

Calculation Options ? >

Categary Fiate Limited Reactions

alculation Dptions

Add Edit Delete
Reactions:

2NH3AQ+C02AQ=UREAAQ+H20

Rate Specification: sTD ~

Rate Constants:

J Constant Value Add
KF 2000
AR 1.26-10 Delete
BR 348078
ER1 2
ERZ 1
EP1 1
EP2 o

Cancel Apply Help

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.
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Analyzing the Results

Click on the Output-Minitab to see the Results.

Right click on the gray area and select Sections> Molecular Apparent - Aqueous

~  Stream Parameters
+~  Calculation Results
- O X
v Inflows
Tools Vi Wind Hel - 8 %
[y ‘oos Miew indow - HEp Related Inflows
mse |
Va So L2 |Re ¥ [mse ¥ g ¥ e Additional Stream Parameters
A Kinetics Reactions
— y . Phase Flow Properties
Description Definition | . )
Thermodynamic Properties
B Variable Pre-scaling Tendencies Ealculation
= Strea Pre-scaling Index othermal - Specs...
LI:" s S mo)) Scaling Tendencies
l— Moles (True) - Agueous (mol) Sl i Calculate &
L Moles (True) - Vapor (mol) caling Index
Temperature (°C) Aqueous
Pressure (atm) Vapor Metric (moles)
S : Caley Said  Chemistry Model
Kinetics Holdup Time (hr} Molecular Apparent - Aqueous pus (H+ ion) Databanks:
Number of Kinetics Steps Total beous (H+ion)
= = HES K-fit Pelynomials
Molecular Totals pan: 25.0 - 225.0
H20 gpan: 1.0-201.0
coz MEG Totals * Wiffers from defautt.
NH3 Activity Coefficients > jal Calculation
. _ *C 100.000 at
Fugacity Coefficients b am
» imounts
Fugacities - Vapor bus 580473 mal
K-Values 3 1.02508 mol
0.0 mol
Gibbs Free Energy
Hoitshianagers Gibbs Free Energy Standard State (x-based) 1 Pha:isse;r;lgemes
Save default layout Entropy Strength  7.48750e-3 mol'mol
by 0.888732 o/ml
Generate Model Entropy Standard State (x-based)
Mohilities psed time: 1.130 sec
| _ | eI = Self Diffusivities > bon compiete
n
f Sections > Partial Pressures
Advanced Search Add az Stream Export

Hz0
NH3
coz
UREA

Molecular Apparent - Aqueous (mol)

You can make changes on the residence time, reaction conditions

production of urea.

About 0.002 moles of Urea had been formed with a total residence time of 100 hours.

55.2950
1.95686
1.22715
2.08657e-3

or the rate of reaction to maximize the
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Non-standard Rate Law

Non-Standard Rate Law, also referred to as SPEC type within the software. These reactions do not follow the
Arrhenius kinetics.

Example 16: Ammonia Hydrolysis
In this example we are using simpler chemistry. We are going to study the hydrolysis of ammonia.
NHjgq) + H,0 = NHy + OH™

For this reaction we know the forward rate constant (ks) but need to constrain the reverse reaction to the

thermodynamic equilibrium constant. This implies that we are going to replace an existing equation within the
software.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Single Point Calculation with Reaction Kinetics Enabled

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Calculated
Calculation Sub-type Isothermal Temperature 25°C
Stream Name Non-Standard Rxn Kinetics | Pressure 1 atm
Single Point Name Ammonia Hydrolysis Water 55.5082
Name Style Display OLI Name (TAG) NH3 0.1 moles
Unit Set Metric, Moles
Framework AQ
Kinetics Enabled

Add a new Stream

Click on the new Stream and press <F2> to change the name to Non-Standard Rxn Kinetics
Select the AQ thermodynamic Framework

Click on the Names Manager Icon, and select the OLI Name (TAG) option, and click OK.
Click on the Units Manager Icon, and select Metric, Batch, Moles.

Enter the stream composition, temperature and pressure given in the table above.

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Ammonia Hydrolysis using the <F2> key

Select Isothermal (default) as Type of Calculation.
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To enable reaction kinetics, make sure that you are at the Single Point Level by clicking on the Single Point
Icon, and then go to Chemistry menu > Model Options. This will open the Chemistry Model window.
Select the Phases tab and check the Kinetics box. Then click OK.

1.11.2. Non-5Standard Kinetics Chemistry Model Optiens ? X

Databanks Redox Phases T/P Span

Include Phases Include Sclid Phases

Agqueous
Wapor

Solids

[] Second Liquid

lon Exchange Model

(®) Margules
() Wilson

Kinetics
Enable

Calculate Scaling Tendencies for excluded solids

Cancel Apply Help

Now, our next step is to define the reaction kinetics.

Click on the Specs button. This will open the Survey Options Window.

Select Kinetics under the Category window

Click the Add button to add a new reaction. This will open the Select a Reaction Window.
Select the first reaction: NH3AQ+H20=NH4ION+OHION, and then click OK.

Select a Reaction: b

<Create Mew Reaction =
MH3AQ +H20=NH4ION HOHION
MNH3VAP=NH3AQ

oK Cancel
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Select the SPEC as the Rate Specification.

Calculation Options ? X
Category Rate Limited R eactions
Calculation Options
‘- Kinetics
Add Edit Delete

Reactions:

MNH3AQ +H20=NH4IOM-+OHION

Rate Spedification: SPEC ~
OLfASAP DEFINES:
J Variable Expression Add

Delete

Cancel Apply Help

For this example, the forward and reverse reaction rates are the following:

Rater =k * Yy, o [NHs 4] *Vip0 [H20] where ky =3

k
Rate, =k, vyt [NH}]-you-lOH™] where k, = K_f
eq

Thus, the total rate is given by:

Rate = Rate; — Rate,
Rate = kf "VNH; 0q [NH3,aq] 'VHZO[HZO] -k, "Ynm} [NH] - you-[OH"]
This is where things get difficult. You now need to speak “OLI". We have some rules for SPEC type equations.

We now need to turn these values into “OLI” terms®.

5 Commonly referred to as ASAP variables.
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We can define any variable we want. We have some variables that you will need to use. Any concentration
variable such as [NHsaq] is defined as the natural log and is designated with the letter “L”. So [NH3a] is used as
LNH3AQ.

Similarly, activity coefficients y are also taken as the natural log. So, y,y- is written as Loge yon- = AOHION.

KEQ is the thermodynamic equilibrium constant for the equation. AH20O is special in the Aqueous
thermodynamic framework in that it is the variable Ln(ay, o).

We now need to add these variables to the kinetics window®:

Variable Expression

FXRATE LNH3AQ+ANH3AQ+LH20+AH20

RXRATE LNH4ION+ANH4ION+LOHION+AOHION

KF1 3

KR1 KF1/KEQ

RATE1 (KF1*EXP(FXRATE)-KR1*EXP(RXRATE))*VOLLIQ/1000

Note: For a reaction rate to be considered in the program, your set of variables should include a RATEn
statement where the “n” is the reaction rate equation number.

Note: The variable VOLLIQ is the volume of the liquid phase in Liters. OLI requires the rate to be in mol/m® we
need to divide by 1000.

Change the Kinetics Holdup Time to 100 hours and the Number of Kinetic Steps to 10.

OLfASAP DEFIMES:

J Variable Expression Add

FXRATE 13A0+ANHIAQ+LH20+AH2D | ——mM8M
Delete

8 Copy and paste from this document can make this step easier
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You will notice in the image above that we have scrolled to the end. That is ok. Click the Add button to continue
with the equations. It is important that you keep the order correct. You see what we are using previously defined
variables in subsequent equations.

Complete the remainder of the variables.

Calculation Options ? =
Category Rate Limited Reactions
Calculation Options »
Kinetics
add | [ Edt ][ Delete
Reactions:

NH3AQ+H20=NH4ION+OHION

Rate Spedfication: | SPEC v
OL/ASAP DEFINES:
_] Variable Expression Add

FXRATE LNH3AQ+ANH3AQ+LH20+AH
RXRATE LNH4ION+ANH4ION+LOHION+ Delete
KF1 3
KR1 KF1/KEQ
RATE1 (KF1*EXP(FXRATE )-KR1*EXP(

[ 0K ][ Cancel ] Apply

The completed equations

Click the OK button.
Like the previous example, this is a plug-flow reactor with a holdup time of 100 hours and 10 steps.
Now Calculate

Once the calculation is complete you can click the Output mini tab and add the Aqueous section (not molecular
aqueous):
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Variable | Value o Type of calculation
= Stream Parameters [ |zothermal V] [ Specs... ]
ﬁ Stream Amount {mel) 55.6082
L Moles (True) - Aquesus (mol) 556082 Calculate @& |
Temperature (*C) 25.0000 Summary
Pressure (atm} 1.00000 %
= Calculation Results Unit Set: Metric (moles)
Kinetics Holdup Time (hr) 100.000 Automatic Chemistry Model
Number of Kingtics Steps 10 AQ (H+ ion) Databanks:
= Inflows (mol) Public
H20 55 5082 Isothermal Calculation
NS 0100000 25.0000 *C 1.00000 atm
= Aqueous (mol) Phase Amounts
a Aguecus  55.6082 mol
H20 355077 | = Vapor 0.0 mol
NH3 0.0994574 Solid 0.0 mol
>
OHION 5.42587e-4 Aq Phase Properties
NH&ION 5.42587e-4 pH 10,7171
HION 1.97028e-11 lonic Strength  9.75731e-5 molimol
Density 0.995159 g/ml
Calc. elapsed time: 0.387 sec
Calculation complete
[nput | Qutput | 5
[ Advanced ” Search ][ Add as Stream ” Export ] i

You can see that some ammonium ions have been created. Itis interesting to see what the equilibrium condition

would be.

Create another single point isothermal calculation and run it without any reaction kinetics. Here are the results

below:

The reaction kinetics have forced the back reaction to be dominant. In the equilibrium case, approximately

H Variable Value ~
N Stream Parameters
Stream Amount (mol) I 55.6082 |
Moles (True) - Aqueous (mol) 55.6082 |
Temperature (*C) 25.0000 |
Pressure (atm) 1.00000
[< Inflows (mol) ‘
| H20 [ 555082
NH3 0.100000 |
[< Aqueous (moli ‘
| H20 [ 55,5069
NH3 0.0986221 |
OHION 1.37789¢-3 |
NH4ION 1.37789¢-3
HION 7.99755¢-12

1.3x10"® moles of NH4* have been created. By limiting the forward reactions, we allow the back reaction to take
place and that only formed 5.4x10“ moles of NH4*.
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Section 2. Survey Calculations

Survey calculations are single point calculations strung together in series. They are also referred to as multiple

point calculations.

There are three different ways to set up surveys:

Single Survey: These calculations allow the user to designate one independent variable. The predefined single

surveys include surveys by Temperature, Pressure, Composition, pH, Vapor Fraction and Vapor Amount.

Dual Survey: These calculations allow the user to designate two independent variables.

Survey by changing the single point calculation type: By default, the isothermal calculation is selected for

survey calculations. If the user wants to study the solubility of a salt in solution, it is possible to change the

survey from Isothermal to another calculation type like Precipitation Point .

In this section, you will learn how to set up survey types and introduce some additional features to get the
most out of your simulation results.

¢ Ol Studio - [Document1*]

b= HE

Document1®

B File Edit Streams Calculations

Mavigator L o~ X

6:“ Streams

Actions

Actions Lo~ X

Flot Template Manager L o x

Save

For Help, press F1

— O *
Chemistry Tools  View Window Help - 8 X
N2 L1 Va So L2 |[Re & |mse & M52 3 40 3 Mg SRR
£
Description Definition i Plot [ Report LI File Viewer
J Variable Value Survey by
e Stream Parameters
Stream Amount (mol) 55.5082 e Temperature
Temperature (*C)
Pressure cs
Pressure (atm) 1.00000 - o
e Inflows (mol) Eompostion
H20 55.5082 pH
Vapor Fraction
Vapor Amount
= "
Summary
Temperature survey:
Range 25.0to0 100.0°C
Step size 50°C
No. steps 15
No secondary survey selected
Unit Set: Metric (moles)
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H+ ion)
Using K-fit Pelynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 *C 1.00000 atm
Calculation not done
Input
Advanced Search Add as Stream Export
@ NUM
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Single Surveys

An introduction to single surveys is given here. We will illustrate, in detail, the steps necessary to conduct this
type of calculation. The example below was designed to be used as a guide for future reference.

Example 17: Removal of Nickel from Wastewater

This case study is a typical wastewater treatment problem, the removal of a trace heavy metal ion (nickel) from
a water stream in which the presence of another chemical (cyanide) significantly alters the treatment strategy.
In this case, we are considering precipitation as an approach to removal of the nickel.

The wastewater in this case study contains nickel ions at a concentration of 0.002 m (or moles/ 1 kg H20). The
existing treatment strategy is to precipitate the nickel ions as Nickel Hydroxide (Ni(OH)z). The soluble nickel
remaining after precipitation needs to be less than 1 ppm, which is the maximum contaminant level allowed.

During the course of the plant operation, some cyanide ion is inadvertently added to the waste stream. The
soluble nickel is now more than 1ppm. Sulfide salts were then added to hopefully precipitate the nickel and
once again achieve the design specification.

This example will be divided into three different scenarios:

Scenario 1: Wastewater without Additives
Scenario 2: Wastewater with Cyanide Content
Scenario 3: Wastewater with Sulfide Salts

The power of the Stream Analyzer becomes apparent when we are seeking to study the chemistry of individual
streams. For this specific example a Survey by pH will be used. We will also be using the AQ thermodynamic
model instead of the default MSE model.
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Scenario 1: Wastewater without Additives

We begin by starting the Stream Analyzer Program. This may be accomplished by clicking on the OLI Studio
icon or by using the Start button and finding OLI Studio under Programs, which will take you to the New window

where you start creating your calculations.

Select the AQ-Databank (The default databank)

Click on Add Stream icon (in the actions panel). This will display the Definition window. We should add some

descriptive information about this stream, so we can later identify the stream
Click on the Description tab. This will display the description information

Replace the name Stream with the name Nickel Waste. It is advisable to change the name of the stream from

the default name. You may be entering many streams and will need to sort them out later

Add the following text to the Description box: “Nickel wastewater for the OLI Aqueous Modeling Course”

Note: The summary box will contain additional information as the calculations proceed. This information may be the name of additional
databases or chemistry models imported from other OLI software packages. The filled-out window should look like the figure below.

¢ OLIStudio - [Document1*]

- m} X
B File Edit Streams Calculations Chemistry Tools View Window Help - & %
= ﬁ Cancel
== 2K 11vasol2 Red meilffs s @MEm: GEED
Navigator L A X N
Document1*
&8 Streams & Description [&¥ Definition [ Report
& Nickel Waste
Name: [NickelWasle e Date: 4/8/2018 |«
Description
Nickel waste water for the OLI Aqueous Modeling CO\HSE'@ A
Actions 3 4 X v
il < >
e [&) Add Stream @Add Survey
& Add Mixer Lg] Add Chemical Diag Summary
\[4) Add Single Point &) Add Stability Diagra
Unit Set: Metric (moles) A
< >
Al ic Chemistry Model
Plot Template Manager L 4 X Agqueous (H+ ion) Databanks
Agueous (H+ ion
Using K-fit Polynomials
T-span: 25.0 - 225.0
*P-span: 1.0 - 201.0
* = differs from default. v
Save
x
>
I's
£
=
3
S
For Help, press F1 [ JE] NUM
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Click on the Definition tab to start defining the wastewater stream
Click in the white box in the grid below the Inflows line. Add the formula Ni(OH)2

Click in the white box next to the species you just entered and enter the value 0.002. Press <Enter> to update

the list

Note: Stream Analyzer will automatically change the name of the species to the selected display name. In this instance, the name
you entered was Ni(OH), but it may have changed to a different form. If it changed you can specify which display name to use in the

R

Names Manager icon Ef

For the output results, we want output units in ppm. To change the output
units, click on the Units Manager icon % . This will open a new window.

Change moles to Mass Frac. Using the drop-down arrow

Click on the Customize button. The Units Manager window will appear.

| B File Edit Streams Calculations Chemistry Tools View Window Help |
ﬁ == Idle Cancel ’
D TM | 1vasol2 Red ml¥ s s MEs BRED |
Mavigator L o~ X N 1
Remaoving Mickel from wastewater_2 oad* |
6:“ Streams Descrip Definition [&] Report
Lo Mickel Waste
J Variable Value - Add Calculation -
e Stream Parameters . -
Special Conditions
| Stream Amount (mol) 55.5102 )
| Temperature (-C) 25,0000 L] Solids Only
Pressure (atm) 1.00000
Summary
= Inflows (mol)
Hz0 55.5082 Unit Set: Metric (moles)
| Ni(OH)2 2.00000e-3
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
1| Actions L o+ x fguecus (H+ ion)
i Units Manager - Nickel Waste ? X Using K-fit Polynomials
Actions 9
T-zpan: 25.0 - 225.0
@Add Stream Add Stability Diagra Units Manager *P-gpan: 1.0 - 201.0
Add Mixer Add Corrosion Rate * = differs from default.
[4] Add Single Point
@ Add Survey Metric - Batch v Mass Frac, v [Btream amount overridden:
. c g
| Add Chemical Diagram 55.5102 mol
£ >
Plot Template Manager . x
e g = Customize... 0
Input
Gl | [ oty || reb
Advanced
Save p—
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Make sure you are on the Composition tab
Change the Mass Fraction Units to ppm (mass)

Click OK

(® Batch System () Flowing System |

Composition parameters Corrosion |

J Variable ' Basis [ Units | A |
Inflow variables » ‘
| Stream Amount [ Mass | kg
| Inflows Mass Fraction mass %
‘ Output variables
| Aqueous Composition | Mass Fraction [ mass %
[ Vapor Composition | Mass Fraction | mass % |
| Solid Composition | Mass Fraction | mass % ‘ |
| 2nd Liquid Composition | Mass Fraction | mass % '
: Total Composition Mass Fraction mass %
Basis options
[ Moles [ | mol
| Mass [ | kg
| Volume ' [L
: Concentration | mg/L
| Molar Concentration | molL

Mass Fraction
Mala Frantinn

mass %

mass %

Q- ==

Our primary interest in this application is finding the optimum pH for nickel removal. To create a plot of Ni*? as
function of pH, we will need to run a pH survey.
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Creating a pH Survey to find the optimum pH for nickel removal

Click on the Nickel Waste stream icon in the tree view on the left-hand side of the window. This will bring you

back to the top of the series of calculations by displaying just the stream information.

Click on the Add Calculation button

Select Survey

DS SRS 2N vasol2 Res mri st MEL| G B |
[Navigator re — ]
nickel waste.oad*
4,8 Streams & Description [&¥ Definition [ Report
@} & Nickel Waste
N Variable | Value IS
¥ Stream Pargmeters | s Single Point
Stream Amount (kg) 1.00019 =
Temperature (C) 25.0000 s
Pressure (atm) 1.00000 Chemical Diagram
< Inflows (ppm (mass)) - Stability Diagram
g0 2t Unit Set Corrosion Rates
Ni(OH)2 185.335
Automatic Chemistry Model
q (H+ ion) D:
Agqueous (H+ ion)
Using K-fit Polynomials
T-span: 25.0 - 225.0
— *P-span: 1.0 - 201.0
{Actions] i) * = differs from default.
Actions >
Add Stream Add Chemical Diagrz
Add Mixer @] Add Stability Diagrar
Add Single Point Add Corrosion Rates
[£) Add Survey
< >
| Plot Template Manager 3 o~ x|
N
Input
Advanced Search Add as Stream Export
Save
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You can now add descriptive information about this calculation.

Enter a new Survey name: Base Survey. You can also double click on
‘Survey’ to change the name

Enter a Description: Base pH survey without additives.

Since we do not want a temperature survey which is the default, we will need to change the survey type.

Click on the Definition tab to do the survey calculation.
Click on the Survey by button
Select pH

Note: The default acid titrant and the base titrant are already defined (HCl and NaOH). We are now ready to begin the calculations.

¢) oLl Studio (Version 11.5.1 Beta) - [2.1 - pH Survey - Example_17.0ad] — O X
B File Edit Streams Calculations Chemistry Tools View Window Help - & X
D K L1vasol2 Red medifs s ME: RSN
Navigator P i G
2.1 - pH Survey - Example_17.0ad |
& Streams e &/ Description ¥ Definition [l Plot [ Report i File Viewer
=& Nickel Waste
/E Base SUNEyo J Variable Value ~ Survey by
< Stream Parameters
Stream Amount (kg) 1.00000 Temperature
Temperature (°C) 25.0000
| Pressure k‘::
Pressure (atm) 1.00000

< Calculation Parameters Composition

Calculation Type Set pH | . pH l:} e

@® Target pH Vapor Fraction
Use Single Titrant No Vapor Amount
pH Acid Titrant HCI Custom
pH Base Titrant NaOH
Summary
7 Inflows (ppm (mass))
H20 9.99815e5 ~
Actions L oax Ni(OH)2 185.335 pH survey:
. Acid - HCLIN
Actions y Base - NAOHIN
Range 0.0to 14.0
Step size 1.0
No. steps 14

No secondary survey selected
Unit Set. <Custom=

Automatic Chemistry Mode!
Aqueous (H+ ion) Databanks
Agueous (H+ ion)
Plot Template Manager g o« x Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0

Set pH Calculation

v 25.0000 °C

1.00000 atm

Input TargetpH 0.0
Acid Titrant: v

- B Titrant:

Advanced Search Add as Stream E xport ase thran
Save
For Help, press F1 @@ NUM
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We should now save our work. It is very frustrating to work for a long period of time and forget to save our work.
So please save.

Select File
Select Save As from the menu. Give the name Removing nickel from

wastewater

Click on the Calculate button

OLI Studio - [Removing Nickel from wastewater_2.0ad] - m] X
File Edit Streams Calculations Chemistry Tools View Window Help - & %
| New Ctrl+N
C Open... Ctrl+0 + me s UL 0 MEE G R & D
[Nav Close
?e Save +S
o Save As... ftion [&¥ Definition {lj Plot (& Report LI File Viewer
B r
ampoit > Variable T Value ~ Survey by
Prnt.. Ctrl+P Stream Parameters Specs...
< : A t (k 1.00019 .
Print Preview p Amount (kg) | Thenby (optional)
rature (°C) 25.0000
Print Setup... i) 1.00000 None v Specs...
Properties Calculation Parameters Vary
pH Independently
1 Removing Nickel from wastewater_2.0ad h gle Tirant No 1 Together
2 Removing Nickel from wastewater.oad id Titrant HCL
Act 3 Removing Nickel from wastewater_1.0ad se Titrant NAOH | Calculate @ ‘I '
Ad 4 azeotrope_HCL-water_9.6.1.0ad | Inflows (ppm (mass)) | Summary
= 9.99815e5 >
B 2 185.335 A
| pH survey:
Acid - HCLIN
Base - NAOHIN
Range 0.0to 14.0
Step size 1.0
No. steps 14
|Plot Template Manager p x| No secondary survey selected
v Unit Set: <Custom>
Input Automatic Chemistry Model
Aqueous (H+ ion) Databanks: V)
5 Advanced Search Add as Stream Export . '.{'\quf(’,u,s,“:h '°“j’ .
ave
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The program will run for a short time. When the orbit disappears, check the summary box to see if the calculation
is complete. In the tree-view, you can expand the survey to see if all the points converged.

®7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
| CR=E - ==
DSEE| %8O | & 2R | lvasi2 [Res|m i elas | sEs % Weg a5 D |
| Navigator g s x| Z
Remaoving Mickel from wastewater_2 oad* |
= ~ | & Description Definition Plot Report File Viewer
P P
----- &y Target pH=0.0
4 Target pH=1.0 Variable | Value s Survey by
_____ Ly Target pH=2.0 = Stream Parameters pH - Specs...
— Sh A it (k 1.00019
""" £y Target pH=3.0 ream Amount (kg) Thenby  [optional]
..... 0, Target pH=4.0 Temperature (°C) 25.0000
----- 4y Target pH=5.0 Pressure (atm) 1.00000 Nane h Specs...
..... 0, Target pH=6.0 = Calculation Parameters Wary
..... 4y Target pH=7.0 @ TargetpH Independently
""" 0’ Target pH=8.0 Use Single Titrant Mo Together
----- £ Target pH=9.0 N pH Acid Titrant HEl
[Actions L owm pH Base Titrant NaOH Calculate @ |
Actions = Inflows (ppm (mass)) e
HZ0 9.99315e5 5
Ni(OH)2 185.335 ~
HCl 0.0 PH survey:
Acid - HCI
NaOH 0.0 Base - NaOH
Range 0.0tc14.0
Step size 1.0
No. steps 14
|Plot Template Manager L o % Mo secondary survey selected
W Unit Set: <Custom:=
Input 1 2 3 4 5 [ 7 ] g Dz‘ Automatic Chemistry Model
Agueous (H+ ion) Databanks: v
= Advanced Search Add as Stream Expart . ,.C\qufu—l.!snﬂjh lun.} .
ave
* =P-gpan: 1.0 - 201.0 ~
4 = = differs from default.
IS
5
ig Calculation Complete!
5 v
For Help, press F1 @ NUM |
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We can now obtain some graphical results.

Click on the Plot tab

Click on the Variables button

W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
| RS - cae] |
DSEE| @0 (S 2R | vasi2 Res|meiffslas | sEs % Feg D |
| Navigator g s x| Z
Remaoving Mickel from wastewater_2 oad* |
- 4 Base Survey " Description Def@ @l Plot 5 Report CZ File Viewer
----- &y Target pH=0.0
_ 4 iew Data anables ptions
..... £y Target pH=1.0 EN =l | ViewD Waniabl Opti
----- 4y Target pH=2.0
----- 4 Target pH=3.0 50000 ——— N
----- 4y Target pH=4.0 L 4 J
----- 4y Target pH=5.0 45000 ~ | B
----- 4y Target pH=6.0 b | 1
—a— HCl [ppm (mass]] i
..... 4 Target pH=7.0 40000 I'I
----- 4y Target pH=8.0 35000 —d— NaOH [ppm (mass)] | __
----- A Target pH=9.0 v I|I |
Actions 7 - x g 30000 II| i
. o | 4
Actions = |
-2 25000 | -
=} | J
T 20000 | -
| J
|
15000 | -
|
| J
10000 | .
| J
5000 A .
Flot Template Manager L e x e ]
[Default Plat] 0 FA FA ah ah P S S S U § .
Agqueous and Solids L s & - @ @ o Z o % 7 &
MGE Agueous Mi+2)
Target pH
Save
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This will open a new window. The NaOH and HCI variables in the Y-Axis box should be displayed.

Select them and then Click on the left double-arrow (<<) button which will
remove NaOH and HCI from the list. You can also select and double click to
remove them.

Scroll down the left-hand window to find MBG Totals - Aqueous and expand
the list by clicking the ® box.

Note: MGB is an abbreviation for Material Balance Groups. The MGB variable is a sum of all the species for that material in the phase

requested.
Select Data To Plot ? *
Curves
H- Stream Parameters ~ # Axis
- Calculation Results > Target pH

- Additional Stream Parameters
i Phase Flow Properties

- Thermodynamic Properties

i Pre-scaling Tendencies 53
i\- Pre-scaling Index
i- Scaling Tendencies <<
i) Scaling Index
+- Vapor

i- Solid

- Molecular Totals Y7 s [

(- MBG Totals - Tetals

>>

- MBG Totals - Solid
(- MBG Totals - Surf
1 Abiaeibee o cdfins Armeermner do b A h

[ Use short names
Hide zero species 7 Puis
Plot data which is only within temperature range. - Select -

Concel | [ ooy | [ He

The grid updates to show the MGB totals available to display. In this case we desire the Nickel(+2) species. in
this case all the Ni(+2) Aq variable is a sum of all nickel containing ions in the aqueous phase in solution. Any
solids are excluded from the summation.
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Double-Click the Ni(+2) item or select it and use the >> button.

Click on the OK button.

Select Data To Plot

Curves
~ X Az
+- Additional Stream Parameters 5 ITarget pH
Y1 Awis
L
Y2 Auis
- Dominant MBG Totals - Aqueous
Q-1 Ag
-Hi=1) Aq >3

-MNal+1) Ag
<

lT\ MDDV Toat-ala  VWanar v
[ Use short names
Hide zero species Z fuis
Plot data which is only within temperature range. - Select -

@[ oK Cancel Apply

Help
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You will see the new plot.

For many calculations, the values on the plot extend over a very large range of numbers. The default linear axis
may not capture all the details we require.

Above the plot window locate and select the Options button. This opens a new window.

57 File Edit Streams Calculations Chemistry Tools View Window Help - 5] %
| EOREE G|
DEME| 'R S2N8 LLvasol2 (R milis s AF: GEFSD
| Navigator s o x][og -
Removing Nickel from wastewater_2.0ad* |
- &% Base Survey ~ | & Description [&¥ Definition @l Plot [ Report 2 File Viewer
4y Target pH=0.0 ; y -
4y Target pH=1.0 I a 3 A (=) | ViewData Variables m 18
4y Target pH=2.0
-{y Target pH=3.0 T T T T T T T T T T T T T T
4y Target pH=4.0 120
4y Target pH=5.0 110 & ]
4y Target pH=6.0 3 Ni
- —a—Ni(+2) Aq [ppm (mass)] i
&y Target pH=7.0 100 i . g
{y Target pH=8.0 — 90 F 4
w -
-4y Target pH=9.0 v é 30 L ]
[Actions 2 x| < r
- g 70 -
Actions s L
2 60} -
< .1 ]
P 50 - .
+ L f
= 40 r —
30 =
20 - -
|Plot Template Manager poax 10 ]
[Default Plot] Ol - - - o
Aqueous and Solids o z © @ v s ¢ ] %> <] % ‘% %
MGB Aqueous Ni(+2)
Target pH
Save
x *P-span: 1.0 - 201.0 A
* * = differs from default.
g
'.’_‘g Calculation Complete!
5 v
For Help, press F1 @B® NUM
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Select Y-Axis from the Category List
Check the Logarithmic Scale Box
Click on the OK box

Customize Plot ? X
Category Scale  Format Title
General
Legend
@ X Ayis Auto
]
oo Minimum
& Masinum
[ Major Unit

Minor Unit

@ Logarithmic scale

21 Corcal | [ oo Hob

The modified plot is then displayed. The limit of 1 ppm for Ni*? is approximately 2 x 10® moles. Above pH=9,
we are several orders of magnitude below this limit. Additionally, you can see that a minimum amount of Ni?* in
the aqueous phase seems to occur in the pH=11 range. This is the result of nickel solids forming and leaving
the aqueous phase.

B3 777 7T 7T T 7T T T T T T T T

1e+02

—m— Ni(+2) Ag [ppm (mass)]

1e+01

1e+00

1e-01

Ni{+2) Aq [ppm (mass)]

1e-02

1e-03

le-Qg b 0 0L w1 L 1 L1
v

~

g

G

«

&

@

A

%

@
o
o
ol
e
K
oy

Target pH
Note: The red line was put as a reference. it was not plot with the software.

Let's make the plot shown above the default plot. To do that we are going to use the Plot Template Manager
Tool.
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Save the description in the left-hand corner panel named Plot Template
Manager. Type MBG Aqueous Ni(+2) as the name in this case.

Click Save

W7 File Edit Streams Calculations Chemistry Tools View Window Help - & x

D HE B S PN 1Wvasol2 Res malfs s MAE: GSESND

Navigator L A X £
Removing Nickel from wastewater_2.0ad* |
& 4% Base Survey ~ | & Description (& Definition @l Plot [ Report L2 File Viewer
Target pH=0.0
g Target pH=1.0 Q& 5] | ViewData Variables Options
&y Target pH=2.0
&y Target pH=3.0 1e+03 T T T T T T T T T T T T T T 3
&y Target pH=4.0 :
&y Target pH=5.0 1
4y Target pH=6.0 Te+02 3
&y Target pH=7.0 ]
&y Target pH=8.0 — 1e+01 e
&y Tarqget pH=9.0 v §
= £ 1
Actions $ 4 X ‘E’ 1e+00 E
Actions a 3
= ]
£ 1e01 4
g
Z 1002 2
1e-03 3
IT‘-'ﬁotTen‘w:clal:eManager L oA x| ]
[Default Plot) 1e-04
2 %
Target pH
@l [MGB Aquepis Nit+2] |[save @
x “P-span: 1.0 - 201.0 ~
Y = = differs from default.
§
% Calculation Complete!
3 v
For Help, press F1 @@ NUM

Now there will be two plots on that list now. The first is the default plot, and the second is MBG Aqueous Ni(+2).
You are now able to see these plot conditions for any other analyzer object in this case when you add survey
for that object.
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What else is important in this solution?
Click once more on the Variables button

Add the following Aqueous species to the plot. (You may need to scroll up or
down to find all the species):

Ni(OH)2
NiOH+1
Ni+2
Ni(OH)3-1
Add the following Solids species to the plot:
Ni(OH)2

Click on the OK button when done

W7 File Edit Streams Calculations Chemistry Tools View Window Help - & x
lor A ==
D&l | BN Hvasol2[Ret miffins MAE: GRNE D
| Navigator g s x| Z
Remaoving Mickel from wastewater_2 oad* |
- 4 Base Survey " Description Definition [l Plot [ Report 2 File Viewer
----- &y Target pH=0.0
_____ £ Target pH=1.0 7 =N [=] | WViewData Options
""" & Talselect Data To Plot ? *
..... & Ta -
----- £ Tal Curves 3
..... 0 i ) - .
_____ - Aqueous o X Auis 2} Ag [ppm (mass)] E
..... & - Dominant Aqueous >3 ITarget pH - .
O 1
..... 0 Ta el b
..... & Ta o Y1 Ais I 3
- HZO NOH=1
Actons - HOI- Aq Ni-2 ]
Actions - Na+1 > | [NioH)3 E
-~ NilOH)4-2 NiOH)2 - Ag ]
N!ZO H=3 S Ni{OH)2 (Theophrastite) - Sol 3
- Nid{OH)M+4 Nif=2) Aq 3
- NiCl+1
- OH-1 4
(- Vapor
=8 Solid | Y2 s [
i Dominant Solid E
|Plot Template Mana| [#]- Molecular Totals
[Default Plat] - MBG Totals - Totals >3 | | L
L [+- MBG Totals - Aqueous L7, 7 7 z Z
MGE Agueous Mi[ & MBG Totals - V- ce g e (] -4 o
- MBG Totals - Second Liquid
O RN Teod—la  Calid v
MGE Aquepis Mi[+2 [ Use short names
— Hide zero species Z Puis
x
» Plot data which is only within temperature range. - Select - ~
IS
5
ig Calculation C 27 Cancel Apply Help
5 v
For Help, press F1 @ NUM |
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You can see that the soluble nickel (Ni(+2) Aq) is a summation of the other species. The large drop in the value
is because most of the nickel leaves the aqueous solution as Ni(OH)2-Solid at pH values greater than 7.0 with
a maximum near pH=11.

Let's save this as a default plot as well in the Plot Template Manager as
Aqueous and Solids

B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
e d E TN | 1Lvasol2 Res mrl s MAER: GTRExD
Mavigator L o+ x i
Remaoving Mickel from wastewater_2 oad* |
(= 45 Base Survey A Description Definition ﬂ Plot [% Report Q File Viewer
----- &y Target pH=0.0
_____ & Target pH=1.0 @ =R ek = Wiew Data Wariables Options
----- 4y Target pH=2.0
----- 4y Target pH=3.0 1e+06 7 r+—F—"—F7—"—T—"—T"—T"—T"—T—T—F T T T —
----- 4y Target pH=4.0 r
_ 1e+03 g
----- 4y Target pH=5.0 |
..... & Target pH=6.0 16400 |
----- Target pH=7.0 r
& Targetp 1e-03 f
----- 4y Target pH=8.0 r
..... A Target pH=9.0 A o 1e-06 r
a -
Actions g o+ % $‘ 1e-09 §
Actions i_ 1612 E —— NiOH+1 [ppm (mass)]
% 1e-15 r —a— Ni+Z [ppm (mass)]
% te1s E @ Ni{OH}3-1 [ppm (mass)]
r B —4— Ni(OH)2 - Ag [ppm (mass)]
Te-21 r ’__,/" P —— Ni{OH)2 (Theophrastite) - Sol [ppm (mass)]
1e-24 f"' P —g—Ni(+2) Ag [ppm (mass)]
r
Flot Template Manager g x| Te-27 -~
-
[Default Plot] 1e-30 L1 L ! L L L L L L : : : . :
MBGE Aqueous Nil+2) e s @ @ ¥ & & 2 & O B L H H K B
Target pH
Agueous and Solids || Save @
=) *P-span: 1.0 - 201.0 -
4 = = differs from default.
IS
5
"_E Calculation Complete!
5 v
For Help, press F1 @ MNUM
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Scenario 2: Wastewater with Cyanide Content

The real importance of aqueous speciation modeling of this treatment is only really appreciated if we introduce
cyanides, which brings us to the real waste treatment problem.

For this scenario, you will repeat many of the same steps as in Scenario 1. We recommend that you create new
calculations below the Nickel Waste stream. This will keep the core composition the same without affecting the
results of other calculations.

Please follow these steps for this scenario. Please note that we will only show the screens that are substantially
different from those that you have already seen.

Creating a pH Survey to find the optimum pH for nickel removal

Click on the Nickel Waste stream in the tree view in the left-hand window
This will display the Actions pane in the bottom left corner of the Stream Analyzer window. Click on the Add

Survey icon in the Actions pane

=2 = | 2N 11vasol2 Red meifs s ME: 5 RHE
Navigator L - X N
nickel waste.oad* |
$ Streams & Description [&¥ Definition 3 Report
& Nickel Waste
- 45 Base Survey B Variable Value ~ Add Calculation v
< Stream Parameters 5 “h
Special Conditions
Stream Amount (kg) 1.00019 :
Temperature (:C) 25.0000 (] Solids Only
Pressure (atm) 1.00000
Summary
S Inflows (ppm (mass))
H20 9.99815e5 Unit Set: <Custom>
Ni(OH)2 185.335
Automatic Chemistry Model
Aqueous (H+ ion) Databanks:
Agqueous (H+ ion)
Using K-fit Polynomials
T-span: 25.0 - 225.0
- *P-span: 1.0 - 201.0
Actions Lh o * = differs from default.
Actions
|[&) Add Stream [8) Add Chemic
|8 Add Mixer (=) Add Stability
|[4) Add Single Point [B) Add Corrosic
' Add Survey|
| < >
Plot Template Manager 5 oA x
[
Input
Advanced Search Add as Stream Export
Save
x
>
'y
3]
For Help, press F1 @@




Click on the Description Tab, and change the Name and Description in the
Description tab.

Name: Waste Survey with CN
Description: pH survey with both Nickel and CN

Click on the Definition Tab
Add NaCN to the grid with a value of 490 ppm

Click on the Survey By button and select pH. Note that HCl and NaOH are
the default titrants and are automatically added

Click on the Calculate button.

W7 File Edit Streams Calculations Chemistry Tools View Window Help

- 8 X
D& PR vasol2[Red|m it MBS |G N AL
| Navigator g x|
i A
nickel waste oad®
&% Streams Description Definition i Plot [ Report UI File Viewer
=& Mickel Waste 5 y
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" % Waste Survey with CN = Stream Parameters | pH - Specs...
Stream Amount (k 1.0001% .
tka) Then by  [optional)
Temperature (*C) 25.0000
Pressure (atm) 1.00000 Mone v | | Specs..
e Calculation Parameters Yary
@ TargetpH Independently
Use Single Titrant No Together
pH Acid Titrant HCL
pH Base Titrant NaOH Caloulate
= Inflows (ppm (mass)) ST
Hz0 9.99325e5
| Actions g +x Ni(OH}2 185.335 ~
Actions NaCN 490.000 > | pHsurvey:
Acid - HCLIN
=z Base - NaOH
Range 0.0to 14.0
Step size 1.0
No. steps 14
No secondary survey selected
Unit Set: <Custom:=
|Plot Template Manager L - x
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H+ ion)
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* = differs from default. W
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ave
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&
For Help, press F1 @ NUM |
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Let’s review the results.

Click on the Plot tab
Go to the Plot Template Manager tool, and click on MGB Aqueous Ni(+2)

For Help, press F1

B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
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x
Z e+l | E
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The results have changed very dramatically. The new optimum pH for Ni removal is around 4.0, rather than 11.

However, the lowest total Ni remaining in solution is now around 4 ppm which is well over 1 ppm.
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Let’s analyze why this is happening. We can now modify the plot to display more variables. Select the Aqueous
and Solids plot saved in the Plot Template Manager.

Click on Variables
Add the following new Aqueous species: Ni(CN)4-2
Add the following new Solid species: NiNi(CN)4-Solid

Click OK
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Let's analyze the results.

The culprit is the Ni(CN)42 complex of nickel and cyanide. Basically, the plot of the total Ni in solution and the
Ni(CN)42 complex overlap over the interval pH=5 to 12. This means that virtually all nickel in solution is in the
form of this complex.

This complex thus holds the Ni in solution and does not allow the nickel hydroxide to even form. Instead, a
much weaker precipitate, the NiNi(CN)s salt forms over a narrow range of pH with 4.0 being the optimum.
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Scenario 3: Wastewater with Sulfide Salts

We can now try to influence nature by introducing a source of sulfide. We do this because many metal sulfide
salts are highly insoluble.

Create a new single point calculation and a survey as you did in the previous two scenarios.
Add 490 ppm of NaCN
Add 340 ppm of H2S

For the survey case, use the plot template manager to start off with the MBG— Aqueous (Ni+2) and then add
the following variables:

Aqueous Species: Ni(CN)4-2

Aqueous Species: Ni+2
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Solid Species: NiS-Solid
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The results reflect a "power struggle" between the Ni(CN)2 which is holding the nickel in solution and the NiS
solid which clearly has a greater tendency to form than the NiNi(CN)s solid. As a result, our optimum pH is still
around 4.0 and we are now around 10 ppm total nickel in solution which is a bit below 1 ppm.

This would be a good time to save your work. You may use the File/Save As... menu item or use the Save icon
on the toolbar.

Final Thoughts...

Aqueous speciation modeling can teach us a great deal about complex chemical systems and the interactions
of individual species.

The actual removal achieved with sulfide may not be quite enough to satisfy the regulations. This is useful
information to have. In addition, with the power of OLI Studio: Stream Analyzer, one could now explore alternative
treatment methods such as ion exchange.

Although such a simulation is beyond the scope of this demonstration, consider how vital it is to know that the
dominant species to be exchanged (removed from solution) is an anion Ni(CN)? and not the cation (Ni+2) as the
conventional wisdom might dictate.
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Temperature Survey

The default single survey calculation is the Survey by Temperature. The software computes solution properties
based on a known composition and pressure at different temperatures.

Example 18: Studying a Four-phase mixture and its Partitioning

The purpose of this first example is to present the basic Temperature survey. You will study how a four-phase
mixture partitions with temperature. The system composition will be basic, containing one primary phase
component, H20 (liquid), CH4 (gas), Decane (organic), and NaCl (solid). Each component will partition each of
the other three phases.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Temperature Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Temperature Survey Temperature Range 25-100 °C (Default)
Survey Name 4-Phase Partioning Step Size Increment by 5 °C (Default)
Name Style Display Formula Pressure 1 atm
Unit Set Metric, Moles H20 50 moles
Framework MSE-SRK CH4 10 moles
C10H22 10 moles
NaCl 10 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Temperature Survey
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to 4-Phase Partitioning using the <F2> key

Select Temperature as Type of Survey - Default
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Click on the Specs button. This will open the Survey Options Window

Variable Value ~ Survey by

& Stream Parameters Temperature b

Stream Amount {mol) 20.0000 )

{mol) Then by [optional)

Temperature (*C)

Pressure (atm) 1.00000 WerE Ml e
- Inflows (mol) Vam

HZ0 50,0000 Independently

CH4 10.0000 Together

C10H22 10.0000

HaCl 10.0000 Calculate &

The Temperature Range is entered in the End Points section. The default values for the Temperature Range
are 25°C (Start) to 100°C (End). Leave the default values.
The Step Size can be given as Increments or Number of Steps. By default, in the Temperature Survey the

Step Size by 5 increments is selected. Leave the default values. Then click OK.

Survey Options ? X

Cateqgary Survey Range

r. 1 - Temperature

i Calculation Type Temperature Range Lnit;

Calculation Options Selected Flange

25.0 o 100.0in 15

Mews

Delete

(®) Linear () Log () Paint List

End Points
Start | 25.0000
End |100.000
Step Size
Select one, the other iz

calculated

Increment | 5.00000 @ }

Mumber Steps 15 O

Cancel Apply Help

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.
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Analyzing the Results
Click on the Plot tab (il Plot ),

The default plot is the phase amounts in grams of Liquid-1 (Aqueous Phase), Liquid-2 (Organic Phase), Solid
and Vapor.

The plot below shows that as temperature increases, the mass of Liquid-1 and Liquid-2 (organic) decreases,
as they evaporate, and hence the Vapor phase increases. The solid phase mass remains constant up to 80°C,
and then increases at higher temperatures.

Description Definition [l Plot ] Report L2 File Viewer

[Mass - Liquid-2 [g] = (50.0, 1410.02) la & & B [ viewnats |[ vaiabes || options

1900_'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'_
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1400 | —a—8 8 § 8§ g

1300 _.fé L“-----..m__
1200__ 4 —— o |
1100 [ > “u
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900 L —i— Mass - Solid [g] . N,
800 [ —m— Mass - Liguid-2 [g]
700 F
600 [
500 [
400
300 F
200 |
100 |

—4— Mass - Liguid-1 [g]

Mass - Vapor, Mass - Solid, etc.
-

Temperature [°C]

Note: When the mouse-pointer is positioned over a point on one of the curves, the message box at the top of the plot indicates
the variable and the coordinates of that point.
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Pressure Survey

In the Survey by Pressure, the software computes solution properties based on a known composition and
temperature at different pressures.

Example 19: Dissolution of CO: in water as a Function of Pressure

Many thermodynamic properties are less dependent on pressure than they are on temperature. Vapor-Liquid-
Equilibrium (VLE) is affected by pressure.

In this example, the dissolution of CO2 in water (which is a direct reflection of VLE) will be studied as a function
of pressure.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Pressure Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Pressure Survey Pressure Range 5-100 atm
Survey Name CO2 dissolved in water Step Size Increment by 5 atm
Name Style Display Formula Temperature 25°C
Unit Set Metric, Moles H20 55.5082 moles
Framework MSE-SRK CcO2 10 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Pressure Survey
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to CO2 dissolved in water using the <F2> key

Select Pressure as Type of Survey

Click on the Specs button. This will open the Survey Options Window

J Variable Value ~ Survey by
= Stream Parameters Pressure - Specs...
Stream Amount (mol) 65.5082 .
- (mel) Thenby [optional]
Temperature (*C) 25.0000
Pressure (atm} Maone - Specs...
e Inflows (mol) Wary
H20 55 5082 Independently
coz 10.0000 Together
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The default pressure range is from 1-10 atm with an increment of 1 atm. Change the Pressure Range to 5-100

atm. Set the Step Size to 5 atm increments. Then click OK.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (Ml Plot ) The default plot is the phase amounts in grams of Liquid-1 (Aqueous Phase),
Liquid-2 (Organic Phase), Solid and Vapor.

You can see that the Liquid-1 phase increases up to around 60 atm, and then it follows a constant trend as the
pressure continues to increase. Regarding the Vapor phase, you can see that it shows a sudden decrease in
mass from around 400 g at 60 atm to 0 g at 65 atm. The pressure of the system has increased in such a way
that causes a phase change from vapor phase to Liquid-2 phase.

We are interested in the solubility of CO2 in water, i.e. in the Liquid-1 phase. We can change the default plot to
show the molecular CO2 dissolved in water (CO2-Liq1).

Click on the Variables button. This will open the Select Data to Plot window.
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Double click or use the << button to remove the Phase Amount variables.
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Look for Liquid-1 and click on the * box to show all the available variables.
Select CO2-Liq1 and put it in the Y1 Axis using the >> button.

Look for Additional Stream Parameters section and click on the # box to
show all the available variables. Select pH and put it in the Y2 Axis using the
>> putton. Then click OK.

Select Data To Plot ? x

Curves

- Calculation Resuits = Pressure
- Inflows
- Additional Stream Parameters Y1 Axis i
- Density - Liquid-1 C02-Lg1

- Density - Liquid-2
- Density - Total P
- Density - Wapor
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- lonic Strength (x-based) - Liquid-1
- pH - Liquid-2

- Standard Liquid Valume - Liquid-1 Y7 Puis [
- Standard Liquid Wolume - Liquid-2 pH

- Standard Liquid Valume - Vapaor
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#- Phase How Properties
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[+~ Pre-scaling Tendencies

1 D N leecdeen W
[ Use short names
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Plot data which is only within temperature range. ~Select -

Cancel Apply Help

The default plot now shows the selected variables: The dissolved COz: in the water (Liquid-1 Phase) in the Y1
Axis, and the pH in the Y2 Axis. Both variables are presented as a function of pressure.
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The dissolved CO: in solution increases as the pressure increases. When the pressure goes above 65 atm, the
dissolved COz remains nearly constant.

A similar behavior is seen in the pH. As the pressure increases, a decrease in pH is observed. This is attributed
to the following equilibria dissociation reactions:

COzpap S C0yqq
COz4q + 2H,0 S H30% + HCO3
HCO7 + H,0 S H0% + C03%”
Thus, as the amount of COz in the aqueous phase increases, the dissociation reactions create more hydrogen

ions (H™*) available in solution, subsequently decreasing the pH. As the pressure reaches values above 65 atm,
the pH value remains constant. Hence, the pH is a direct reflection of the dissolved CO: in solution.
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Composition Survey

In the Survey by Composition, the software computes solution properties based on a given composition of
species (or set of species) at a specific temperature and pressure.

Example 20: Dissolution of Calcite (CaCO3) as a function of CO:

Calcite is a scale that forms very easily in the production of oil and gas. It is known that adding CO2 to water
dissolves Calcite. Likewise, removing CO2 from water precipitates calcite. In this example, you are going to
evaluate the effect of different CO2 concentrations on the dissolution of Calcite.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Composition Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Composition Survey Temperature 25°C
Survey Name Calcite Dissolution Pressure 75 atm
Name Style Display Formula H20 55.5082 moles
Unit Set Metric, Moles CaCo03 0.05 moles
Framework MSE CO2 concentration range 0 - 1 moles

Step Size Increment by 0.05 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Composition Survey

Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to Calcite Dissolution using the <F2> key

Select Composition as Type of Survey.
Note: In the summary box a message in red appears: ‘Component not selected for composition survey
variable’. This means that we need to select the component that we want to vary. In this example CO2.

To specify the component, click on the Specs button. This will open the Survey Options Window.
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Under the Component tab, select CO2

Survey Qptions

Category

Calculation Dptions

Survey Range

Companent Inflows

~| Hide Related [nflowes et [nflow
[ Hide Related Infl Mew [nfl

CaC03

Hz0

Select a component inflow which will be varied over the specified range.

Cancel Apply Help

Now, click on the Survey Range tab. Enter the CO2 composition range from 0 to 1 mol, by increments of

0.05 moles. Then click OK.

Survey Options

Categorny

~War. 1 - Composition
- Calculation Type
i Calculation Options

Companent | Survey Range

Compogition Fange

Selected Range
0.0t 1.0in

Delete

(®) Linear (O Log () Paint List
End Paints

Step Size

Select one, the other is
calculated

Increment | 0.0500000 ® }

Mumber Steps 20 (@]

Cancel Apply Help
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot ) The default plot is the pH as a function of total CO2 in moles. As the
concentration of CO2 increases, the pH decreases (as it was explained in the example above).

We are interested in understanding the dissolution of Calcite as a function of CO2. To see these results, we
need to study how the moles of solid calcite change as the concentration of COz2 increases.

Click on the Variables button. This will open the Select Data to Plot window.
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Double click or use the << button to remove the pH variable

Look for Solid section and click on the * box to show all the available
variables. Select CaCO3 (Calcite) — Sol and put it in the Y1 Axis using the >>
button. Click OK.

The default plot now shows the selected variable: CaCO3 (Calcite) — Sol as a function of COs..
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As expected, the amount of CaCOs (Calcite) decreases with increasing COz. In an oil production setting, when
there is a significant pressure drop, CO2 will be lost. This will decrease the solubility of CaCOs and will increase
the likelihood of scale formation.
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pH Survey

In the Survey by pH, the software adjusts the flowrate of acid or basic titrants to at a predefined set of pH values
and computes the solution properties of a solution based on a given composition of species (or set of species)
at a specific temperature and pressure.

Example 21: A Speciation Diagram for the Carbonic Acid System as a Function of pH

In this survey calculation, a 0.001 molal CO: solution is titrated with HCI and NaOH. Instead of defining the
amount of acid/base to add, the pH will be specified, and the software will compute the amounts of HCI and
NaOH needed.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

pH Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name pH Survey Temperature 25°C
Survey Name Carbonic Acid System Pressure 1 atm
Name Style Display Formula H20 55.5082 moles
Unit Set Metric, Moles CO2 0.001 moles
Framework AQ pH range 4-12

Step Size Increment by 0.1

Add a new Stream

Click on the new Stream and press <F2> to change the name to pH Survey
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Select pH as Type of Survey

Change the Survey name to Carbonic Acid System using the <F2> key

The calculation can be run without modification. The default titrants are HCl and NaOH, and the default pH
range is set from 0 to 14 with a step size of 1 increment. However, this pH range is too broad for the carbonate
system, in which most of the speciation occurs between pH=4 and 12. Additionally, it is ideal to specify finer
increments to see a smoother curve.
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Click on the Specs button. This will open the Survey Options Window
In the pH Titrants tab, leave the default pH Titrants: HCI and NaOH

pH Titrants | Survey Range
Select an add and base to adjust to meet the specified pH.
[Juse Single Titrant Hide Related Inflows Mew Inflow
Acid Base
coz2 o2
H20 H20
T

Now, click on the Survey Range tab. Enter the pH range from 4 to 12, with increments of 0.1. Then click OK.

pH Titrants | Survey Range

Selected Range
4.0t012.0in Mew
Delete

(®) Linear () Log () Point List

End Poirts
Start
Step Size
terement ® } Select one, the other is
Number Steps 20 ®) calculated

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Survey Calculations.
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Analyzing the Results

Click on the Plot tab (ﬂ Plot ) The default plot is the moles of added HCI and NaOH vs Target pH. This is not
the target variable and you will change it to display the carbonate-containing species.

Click on the Variables button
Remove the NaOH and HCI from the Y1 axis (double click or use the << button)
Look for Aqueous section and click on the ' box to show all the available species. Select the following

species: CO2-Aqg, HCO3-1, CO3-2, and H+ and put them in the Y1 Axis using the >> button or by double

clicking. When you are done, click OK.
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You can also present this plot on a semi-log scale.

Click on the Options button. This will bring the Customize Plot window
Select Y Axis in the Category window

Check the Logarithmic scale box, and then click OK.

Customize Plat ? *

Category Scale  Fomat  Title

Auto

b axinmum 1.05e-3

I ajor Unit

Finar Uit

Logarithmic scale

Cancel Apply Help

Before analyzing the plot, let's add the OH- species.

Click on the Variables button, look for OH-1 in the Aqueous section, add it to the Y1 Axis, and then click

OK. Now we are ready to analyze the plot.
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At lower pH, CO2-Aq dominates the system, and notice how the HCO3-1 slope is 1 and the CO3-2 slope is 2.
Likewise, in the pH region where CO3-2 dominates (high pH), the HCO3-1 slope is -1 and the CO2-Aq slope is

-2. These ";%;eslopes are based on the number of H+ ions added or removed in the chemical reactions. See

reactions below.
COs4q + H,0 & H* + HCO3

HCO; o H* + C0%~

Note the pH where the CO2-Aq and HCO3-1 lines intersect (pH~6.3), and where the HCO3-1 and CO3-2 lines
intersect (pH~10.3). These pH values are the same as the pKa values (the equilibrium equations the specific
equilibrium reactions).

As NaOH is added to convert HCO3- to CO3-2, a portion of the NaOH remains as free base, OH-1. This fraction
increases at higher pH values, and its concentration is reflected in the calculated pH. A similar pattern is seen
at pH below ~3 for HCI and H+.
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Vapor Fraction / Vapor Amount Survey

The purpose of the Vapor Fraction/Vapor Amount Survey calculation is to set a specific fraction of the stream
to the vapor phase, and compute the temperature or pressure required to achieve the specified Vapor
Fraction/Vapor amount.

Example 22: Seawater Evaporation

Seawater contains a variety of salts, and when seawater evaporates, these solids are left behind. The most
abundant salt in seawater is sodium chloride (NaCl) which is commonly referred to by its mineral name halite.

You will evaporate seawater to dryness and look at the solids that form. What is interesting is the number of
phases that can be produced when seawater evaporates, giving you a sense of how certain natural systems
build up sediment of a particular nature.

In this example we will also introduce the Object Library tool.

Starting the Simulation

LHLH LH LK CHLH LK CHLH LK | L L L L
MiL-_=28deAeci EHoO 3 & 11 LX LS 26

Open the Object Library window — from the menu, View > Toolbar >
Object Library. The Object Library appears on the right-hand side of the window.

¢ OLl Studio - [Survey calculations.oad] - [m] X
57 File Edit Streams Calculations Chemistry Tools View Window Help - &] %
D & ﬂ % E ? k? L1 Va So Lz Print Layout &4 B ?,"F E pi
Navigator L A X 2 View N Object Library g v X
Document1 oo X My Objects
Survey calculations.oad” & Descrif L ? | eport Standard Objects
ine up lcons
&8 Streams @ @
() —— 5
5 & 2.1. Nickel Waste EollSereen Value ~ Add Calculation v
#-& 2.1.1. Temperature Survey e * “pnditions Arabian Gulf Basic
@& 2.1.2 Pressure Survey Toolbars > « Standard ok Orly SeaVWater..  Produc...
©-& 2.1.3. Composition Survey +  Status Bar ~  Chemistry Model Options
+-& 214, pH Survey Pressurertammy v Tools @ @
b Milows (o) e Dry &ir Extended
H20 alculation Status moles) Produc...
Cco2 ~  Calculation Output
. Jstry Model @ @
[ | ¥ Actions jon) Databanks
v Plot Template Manager :“ ion) i Moist Air Pseudo
nomial % hu...
B Navigator 5250 (50% hu... Components
Actions A m Object Library -1500.0 E @
I‘Ajtions — v Sea Water Seawater
(8] Add Stream |B) Add Chemic (Molecul...
&) Add Mixer =) Add Stability
[4) Add Single Point [B1) Add Corrosic @ @
&) Add S
@ HEvey Standard Water
Seawat... Analysis
< >
Plot Template Manager g - X
v
Input
= Advanced Search Add as Stream Export
Qave
x
>
I's
19
@@
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e B E e EUT e Drag the Seawater (Molecular inflows) stream to the navigation
panel (in the white space below the other streams and calculation objects) (Note: This object is in the AQ

thermodynamic framework)

¢ 0Ll Studio - [Survey calculations.oad®] — O e
B File Edit Strearns Calculations  Chemisty  Tools  Wiew Window Help - 8 X
D=EE ZA | 11vasSol2 Red medi¥ 3 s | ME:L O BE
Mavigator L o+ X N Object Library L oTx
Documentt My Ohjects
Survey calculations.oad® < Description Definition Report Standard Objects
P P
6“ Streams
‘ 2.1, Mickel Waste J Variable Value - Add Calculation -
& 211, Terperature Survey = Stcamiiarameters Special Conditions Arabian Gulf Basic
& 2.2 Pressure Survey Stream Amount (maol) 955092 [ Soiids Onl SeaWlater ... Praduc...
& 213 Composition Survey Temperature (°C) 25,0000 S Cil
& 214 pH Survey Pressure (atm) 1.00000 5 @ @
ummary
Ly Seawater (Malecular inflows)-1 7 Inflows (mol) Diry it Extended
S~ H20 55.5082 Unit Set: Metric (moles) Praduc...
-~ co2 1.00000&-3
S Automatic Chermistry Model @ @
b Agqueous (H+ ion) Databanks:
\\ Aqueous (H+ ion) Maist Sir Pseuda
“\ Using K-fit Polynomials (50% hu... Components
L. T-span: 25.0 - 225.0
- Pespan: 1.0 - 1500.0
i -~
Actions Lo~ X ~a
Actions --.____‘_ b
[4] dld Stream ) dd Chemic bl TP () —
&) 2dd Mixer =) 2dd Stability
(4] Add Single Point [B] Add Carrasic
Add
@ Hrey Standard Wiater
a 2 Seawvat.. Analysis
Flot Template Manager L o x
v
Input
Advanced Search Add as Stream Export
Save
=
L3
IS
g
or Help, press
For Help, p F1 @

The inputs and parameters are automatically populated when selecting the Seawater (molecular inflows) from
the Obiject Library.

A A A A Click on the new Stream and press <F2> to change the name to
Vapor Fraction Survey

CHCH G LG 'ﬂ HEd Go to the Add Calculation button and select Survey calculation
A AR R Change the Survey name to Seawater Evaporation using the <F2>
key

s B e E T e Select Vapor Fraction as Type of Survey

S A A Click on the Specs button. This will open the Survey Options
Window
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The default Vapor Fraction range is from 0-1 with an increment of 0.1.

Change the Vapor Fraction Range to Survey End to 0.95. Set the Step Size to 0.05 increments. Then click

OK.
LHLHLH LHLH LH L LH L L o L L L L
S AL

or press the <F9> key

LHLHLHLHLHLHLHLHLHL] LSRR,
S A R

We are ready to perform the calculation. Click on the Calculate button

It is time to save your file (File >Save as...) or using the save icon in

the tool bar. You can save under the same file that we created before named as Survey Calculations.

158



Analyzing the Results

Click on the Plot tab (ﬂ Plot ) The default plot is the Vapor Fraction plot (as the dependent variable) vs
Temperature. It shows that seawater boils initially at 100°C, and at near complete evaporation (95%) the
temperature is 109.4°C.
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|
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Vapor Fraction (Vapar/Inflow [mol]) [mol/mal]

We are also interested to know which solid phases precipitate as the water evaporates.

Click on the Variables button

Remove Temperature from the Y1 axis (double click or use the << button)

Look for Solid section and click on the * box to show all the available species. Select the option Dominant
Solids and put it in the Y1 Axis using the >> button or by double clicking. When you are done, click OK.
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The default plot is not very easy to read because halite dominates the solids and because the units are in mg/I
and the liquid volume decreases from left-to-right on the plot. To see the plot more clearly, right click on any

number in the Y axis, and select the Logarithmic Scale option.

340000
320000
300000
280000
260000
240000
220000
200000
180000

qrnanna

1 Format ¥ Axis...

1 Adjust Scale...

—ag— MaCl (Halite} - Sol [mg/L]
—&— Cas04 (Anhydrite) - Sol [mgyL]
—m— Mg1.5(S04){0H) - Sol [mg/L]
—4— Mg(OH)2 (Brucite) - Sol [mg/L]
5r504 (Celestine) - Sol [mgiL]

nant Salid

I Logarithmic Scale

Label Style »
Label Font...

Format ¥ Axis Title...
Title Font... Log
OuP

_— o
Hide Title L,

o
o, © 0.0, 0, 0, 0, 0
B R T S B R e S % %

e

Vapor Fraction (Vapor/Inflow [mol]} [mol/mol]

Plot in semilogarithmic scale

19+UE:'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|':
[ o ]
1e+05 k- —ag— NaCl (Halite) - Sol [mgiL] i
4 Cas04 (Anhydrite) - Sol [mgiL]
[ —m—Mg1.5(504)(0H) - Sol [mg/L] A ]
i —a— Mg({OH)2 (Brucite) - Sol [mg/L] ' 1
Z 1e+04 | - A .
o E Sr304 (Celestine) - Sol [mgiL] i = E
= N Al ]
£ [ — ]
E e
o 1e+03 E .-t"_---‘ E
F & = E
[ & B ]
L 5 ___*____4- ]
i e 1
1e+02 L S .
PSS At é
N ry ]
1E+U1 IR NNV NN NN NNV NN NN NN SN NNV NN ST SNV SN SR NN NN S N ST N N
o, 0, 0 9,9, 2, 00 9. 0, 0, 0, 0, 0, 0 O O 7

Wapor Fraction (Mapor/inflow [mol]) [mol/mol]

160



As the water evaporates CaSO4, Mg(OH)2 and SrSOs salts precipitate at all temperatures. NaCl and a
Mg/SO4/0OH double salt starts to precipitate at 95% vapor fraction.
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Dual Surveys

Dual Surveys allow you to study the effect of two independent variables on your system under study.

The option for the dual survey is highlighted in the red box in the image below. There are three options available
in the optional survey, Temperature, Pressure and Composition.

You also have the option of varying the selected variables independently or together. We will explore this in
more detail in upcoming examples.

Description Definition {li Plot [ Report 3 File Viewer

=
Stream Amount {mol)
Temperature (*C})
Pressure (atm)

=
Hz20

Input

Adwanced Search

N Variable

Stream Parameters

Inflows [mol)

Add as Stream

Ewpart

Value

55.5082

n
n
wn
=
R

Survey by

Thenby  [optional]

Temperature - Specs...

I Pressure! VI Specs...
Wary
(®) Independently
() Together
Calculate {8
Summary

Temperature survey:
Range 25.0to 100.0 °C
Stepsize 50°C
Mo. steps 15

Pressure survey
Range 1.0 te 10.0 atm
Step size 1.0 atm
Mo. steps 9

Primary and secondary survey
variables
move independently

Tetal points: 160

Unit Set: Metric (moles)

Automatic Chemistry Model

Agueous (H+ ion) Databanks:
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Temperature and Pressure Survey

In this type of survey two variables are adjusted simultaneously, temperature and pressure. This type of survey
creates a matrix of results, which can then be interpreted using the plot function in different ways.

Example 23: Dissolution of CO: in water as a Function of Temperature and Pressure

In Example 19, the dissolution of CO2 in water was studied only as a function of pressure. In this case, we are
going to study the effect of both temperature and pressure on the CO2 dissolution.

In this example the Contour Plot will be used to analyze the results.
Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Temperature and Pressure Survey Calculation

Calculation Settings Stream Composition and Conditions

Calculation Type Survey Stream Amount Calculated

Stream Name T/P Survey Pressure Range 5-100 atm

Survey Name CO2 dissolution — T/P Step Size Increment by 5 atm

Name Style Display Formula Temperature Range 5-100 °C

Unit Set Metric, Moles Step Size Increment by 5 °C

Framework MSE-SRK Vary Independently
H20 55.5082 moles
CO2 10 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to T/P Survey
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to CO2 dissolution T/P using the <F2> key
Select Temperature and then by Pressure

Click on the Temperature Specs button. This will open the Survey Options Window
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Change the Temperature Range to 5-100 °C. Set the Step Size to 5 °C increments.
Click on Var. 2 — Pressure, in the Category Window to define the Pressure Range.

Change the Pressure Range to 5-100 atm. Set the Step Size to 5 atm increments. Then click OK.

Survey Options ?

Category Survey Range

Selected Range

- Calculation Type
i Calculation Options

5.0t 100.0in 149

Delate

(@) Linear (O Log () Paint List

End Points
Start
Erd
Step Size
neremen ®© } Select one, the other is
Mumber Steps 19 O calculated

Cancel Apply Help

In the summary box, notice that a total of 400 points will be calculated. We are ready to perform the calculation.
Click on the Calculate button or press the <F9> key

Description Definition il Plot [ Report LJ File Viewer

J Variable Value -~ Survey by
= Stream Parameters Temperature ~
Stream Amount (mcl) 65.5082
(maly Thenby  [optional]
Temperature (°C)
Pressure (atm) Pressure - Specs...
= Inflows (mol) Wary
H20 55.5082 (®) Independently
coz 10.0000 O Together

Calculate &8

Summary

3

Temperature survey:
Range 5.0to0100.0 °C
Step sze 5.0°C
No. steps 19

Pressure survey
Range 5.0 to 100.0 atm
Step size 5.0 atm
No. steps 19

Primary and secondary survey
variables

move independently

w Total points: 400

Unit Set: Metric (moles)

Input

Automatic Chemistry Model (V]
Advanced Search Add a5 Stream Export MSE-SRK (H30+ ion) Databanks:
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It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot ) The default plot is the phase amounts in grams of Liquid-1 (Aqueous Phase),
Liquid-2 (Organic Phase), Solid and Vapor.

We are interested in the solubility of CO2 in water, i.e., in the Liquid-1 phase. We can change the default plot to
show the molecular CO2 dissolved in water (CO2-Lig1).

Click on the Variables button. This will open the Select Data to Plot window.
Double click or use the << button to remove the Phase Amount variables.

Look for Liquid-1 and click on the # box to show all the available variables.
Select CO2-Lig1 and putitin the Y1 Axis using the >> button. Then click OK.

Select Data To Plot ? *

Curves

- Stream Parameters ~ A fuds
+- Calculation Results -

Temperature

Y1 Ais

CO2-Ligl

Dominant Liquid-1
032
- H20
- H30+1
~HOO3
L OHA >
(- Vapor
(- Liquid-2
[+ Solid

o Rl Ao Tmd ol

[ Use short names

Y2 Axis |

Hide zero species Z Pz

Plot data which is only within temperature range. | Pressure

OK Cancel Apply Help
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The default plot now is showing the dissolved COz: in the water (Liquid-1 Phase) in the Y1 Axis as function of
pressure. Unfortunately, the legend is covering the plot.

To move the legend to the side without interfering with the results, right click on any white space within the plot

and Allow Layout Changes. This option allows you to select and reposition the plot.

& Description [&¥ Definition @l Plot [ Report 2 File Viewer

@ Q| & View Data Variables Options
s LR []
E 22 T T T T T T T T T T T T T T T T T T T E
: 20 [ Options > 7
: 18 Select Data... 7 ;
f CO2 - Lig1 [mol] - Pressure = 10.0 atm H
' 16 | u Allow Layout Changes 4 H
' 2 - Lig1 [mol] - Pressure = 15.0 atm - H
: I Hide Legend H
= 14 :
' o '
i E . + Zoom > 3 '
: :! ’ Load Default Plot : Allows you to
P10k - select and
PR Co| . A
h S 3 £ “reposition the plot
; 08 |- Export CSV... E :
06 | Copy Scaled Image... i
r Save Image As... :
! 04 B :
Poo02r %3 |
E 0.0 1 1 1 ezl GO2-Lict [mofl k750 atm | 1 -I Y i E
! b P Io 1
: 2 S % ;"y_Q_éQ:Og?Liq‘f’@mﬂG‘?bres??ure%\so.g\Qm6‘\5\ v B 0> 0B D % ‘e i
E —4—C02 - Lig1 [mof] - Pressure = 85.0 atm E
1 @ CO2- Lig? [mo] - Pressura ESPEAture [°q] :
_________________________________________________________ B ]

Resize the plot to make it smaller and create space for the legend. Drag the legend to the right.

Description Definition [l Plot ] Report L2 File Viewer

Yiew Data

Yariables

Options

o2 - Lig! [mol]

—#—CO2 - Lig1 [mel] - Pressure = 5.0 atm

—a— COZ - Lig1 [mol] - Pressure = 10.0 atm
—@— CO02 - Lig1 [mel] - Pressure = 15.0 atm
——COZ - Lig1 [mol] - Pressure = 20.0 atm
— CO2 - Lig1 [mel] - Pressure = 25.0 atm
—CO2 - Lig1 [mel] - Pressure = 30.0 atm
—— CO2 - Lig1 [mel] - Pressure = 35.0 atm
—%—COZ- Lig1 [mol] - Pressure = 40.0 atm
—A—CO0Z - Lig1 [mol] - Pressure = 45.0 atm
—g—C02 - Lig1 [mel] - Pressure = 50.0 atm
—&—CO02Z - Lig1 [mol] - Pressure = 55.0 atm
—az— CO2 - Lig1 [mol] - Pressure = 60.0 atm
—s»— CO2 - Lig1 [mel] - Pressure = §5.0 atm
—sz CO2 - Lig1 [mel] - Pressure = 70.0 atm
—7—CO0Z - Lig1 [mol] - Pressure = 75.0 atm
—#—CO2 - Lig1 [mel] - Pressure = 80.0 atm
—a— COZ - Lig1 [mol] - Pressure = 85.0 atm

—m—CO2 - Lig1 [mel] - Pressure = 80.0 atm
—4—CO2Z - Lig1 [mol] - Pressure = 85.0 atm
— 4 CO2 - Lig1 [mel] - Pressure = 100.0 atm
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As the temperature increases (at a fixed pressure) the solubility of CO2decreases. This is to be expected since
at higher temperatures it is easy to overcome the vapor pressure and CO: is released as gas. As the pressure
increases (at a fixed temperature) the solubility of COz in solution increases.

The plot above can be represented better using a Contour Plot. To convert the results into a contour plot view,
simply click on the contour plot icon (E).

The resulting plot is now a pixilated color plot showing the moles of molecular CO2 dissolved in the Liquid-1
(Aqueous) phase, at each T and P value.

The number of moles of CO: is characterized by a different color that is shown in the legend (maximum value
is given in red, and minimum value is given in blue). You can mouse over any location in the plot and the moles
of CO2 dissolved in the Liquid-1 phase at each T and P value will be shown in the left corner box.

|co2 - Liq1 (5.0, 95.0) = 2.03232 |a = | Vit

100
95
90
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85
50
45
40
35
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20
15
10

| Wariables

| Options |

Pressure [atm)]

T B % o DR DB DB DB 0 H DS

Temperature ["C]

Note: The legend scale can also be optimized by either right-mouse-clicking on the Legend and selecting Options>Plot
Options>Contour or clicking on the Options button in the upper right and selecting Contour. Both open to the Contour
options window, where the color and range can be modified.

In the contour plot, you can see the effect of both Temperature (x-axis) and Pressure (y-axis) on the solubility
of CO2 in water. Higher solubilities are obtained at high pressures and low temperatures, while lower solubilities
are obtained at high temperatures and low pressures.

think simulation | getting the chemistry right 167



Survey by changing the single point calculation type

The sections presented so far have presented single and dual surveys. In addition to adjusting these survey
variables, you can select one of several single point calculations embedded within the survey. The embedded
single point calculations include Isothermal (default), bubble point, dew point, vapor amount, vapor fraction, set

pH, precipitation point, composition point, and isochoric.

Survey Options

Categary

Caloulation Type

- Yar. 1 - Temperatue

5 ion
- Calculation Type i
= alculation Uphong

s

Type of Calculation

Temperature
Pressure

Isgthemal

Isothermal

o I
Bubble Paint e

Dew Point

Specs...

Hew Inflow

Vapor Amount
Vapor Fraction

Set pH
Precipitation Point
Compaosition Point

Isochoric

Corcel | [1500

Help

Temperature Survey with a Precipitation Point Calculation

In this Temperature Survey, the Calculation Type will be changed from Isothermal Calculation to Precipitation
Point. This will allow us to model the solid solubility vs temperature.

Example 24: Solubility of Halite as a Function of Temperature

In this example, we are going to study the solubility of NaCl (halite) as a function of temperature.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Temperature Survey with a Precipitation Point Calculation

Calculation Settings

Stream Composition and Conditions

Calculation Type Survey Stream Amount Calculated
Stream Name Solubility vs T Pressure 1 atm

Survey Name Halite Solubility vs T Temperature Range 5-100 °C
Calculation Type Precipitation Point Step Size Increment by 5 °C
Name Style Display Formula H20 55.5082 moles
Unit Set Metric, Moles NaCl 0 moles
Framework MSE

Add a new Stream
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Click on the new Stream and press <F2> to change the name to Halite Solubility vs T and P
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to Halite Solubility vs T using the <F2> key

Select Temperature as the type of survey

Click on the Temperature Specs button. This will open the Survey Options Window
Change the Temperature Range to 0-100 °C. Set the Step Size to 5 °C increments.
Click on Calculation Type, in the Category Window to define the Type of Calculation

Under Type of Calculation Change the Default Isothermal to Precipitation Point (use the drop-down arrow)

Select NaCl (Halite)-Sol as the Solid Precipitate and NaCl as the Adjusted Inflow. Then click OK.

Survey Options ? *

Category

Calculation Type

Calculation Type

Type of Calculation

Solid Precipitate

Adjuzsted Inflow

- Lalculation Uptions Precipitation Point - | VEm=rElE Specs...
Pressure
Use Single Titrant Hide Related Inflows MHew Inflow

Hz20 - Sal A
HCL.1H20
HCL.2H20
HCL_3H20

MaCl [Halite] - Sal

al. IFaronalite:
MalH - Sal
NaOH.1H20
NaOH.2H20
MNaOH.3.5H20
NaOH.4H20 v

Cancel Apply Help
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The Calculation Parameters section is now shown in the Definition Tab, highlighting the Precipitant (NaCl
(Halite)) and the Adjusted Inflow (NaCl).

= Stream Parameters
Stream Ameunt (moly 55.5082
Temperature (*C)
Pressure {atm} 1.00000

= Calculation Parameters

7] Precipitant: NaCl (Halite)

Adjusted Inflow: NaCl

~ Inflows (mol)
H20 55.5082
MaCl 0.0

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (M8 Plot ) The default plot is the amount of NaCl in moles added to 1 kg of water before
Halite precipitates as a function of Temperature.

I I e e L L D L L s L L

—— MNaCl [mel]

MNaCl [mal]

Temperature ["C]

Halite solubility increases slightly with temperature, from 6.16 moles/1kg H20 at 25°C to 6.68 moles/1kg H20
at 100°C.
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Example 25: Solubility of Halite as a Function of Temperature and Pressure

The effects of pressure on mineral solubility is generally less important than temperature. There is still an effect
that can be observed. The same stream created on Example 24 will be used.

Starting the Simulation

Under the Solubility vs T stream add a new Survey (see Stream information in Example 24)

Change the Survey name to Halite Solubility vs T and P using the <F2> key

Select Survey by Temperature and then by Pressure (This is a dual survey)

Click on the Temperature Specs button. This will open the Survey Options Window

Change the Temperature Range to 0-100 °C. Set the Step Size to 5 °C increments.

Click on Var. 2 — Pressure, in the Category Window to define the Pressure Range.

Change the Scale to Log, change the Pressure Range from 1 to 1000 atm, and set the Number of Steps to
3 (i.e. it will plot the following pressures: 1, 10, 100 and 1000 atm). Then click OK.

Survey Options ? x

Categary Survey Range

Pressure Range Unit: | atm

Selected Range

1.0t 1000.0

Mew

Delete

() Linear ® Log () Paint List
End Puaints

End

Step Size

Select one, the other is

Increment  333.000
} caloulated

Mumber Steps

Cancel Apply Help

Click on Calculation Type, in the Category Window to define the Type of Calculation

Under Type of Calculation Change the Default Isothermal to Precipitation Point (use the drop-down arrow)
Select NaCl (Halite)-Sol as the Solid Precipitate and NaCl as the Adjusted Inflow. Then click OK.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Survey Calculations.
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Analyzing the Results

Click on the Plot tab (ﬂ Plot ). The default plot is the amount of NaCl in moles added to 1 kg of water before
Halite precipitates as a function of Temperature.
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-

NaCl [mol]
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The effect of pressure is significant between 100 and 1000 atm relative to the effects between 1 and 100 atm.

We can also present the Halite Solubility using a Contour Diagram. It would be ideal to define a finer range of
temperature and pressure.

Return to the Definition Tab

Click on the Temperature Specs button.

Change the Temperature Range to 0-150 °C. Set the Step Size to 2 °C increments.
Click on Var. 2 — Pressure, in the Category Window to define the Pressure Range.

Change the survey to Linear scale, change the Pressure Range from 20 to 1000 atm, and set the Step Size

to 20 atm increments. Then click OK.

Note: In the Summary box we can see that survey creates a matrix of 75 steps x 49 steps for a total of 76
temperature and 50 pressure points, or 3800 points in total.

Click the Calculate button. This calculation will take a few minutes to compute.

Click on the Plot tab and change the Plot to contour (E]).
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The solubility is shown to increase as temperature and pressure increase. The increase is up to 50% from the
low values. A few of the points failed to converge at the low temperature and high-pressure conditions (shown
in gray).
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Composition Survey with a Bubble and Dew Point Calculation

In this Composition Survey, the Calculation Type will be changed from Isothermal Calculation to Bubble and
Dew Point calculations. This will allow us to model the vapor liquid equilibria (VLE) of mixtures.

Example 26: Ethanol-Water Azeotrope

In this example, you are going to calculate both the bubble point and dew points as a function of Ethanol-Water
composition.

The two data sets will then be transferred to a spreadsheet where the curves will be plotted together to locate
the azeotrope. You will need a spreadsheet/plotting software to complete this case.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Composition Survey with a Bubble and Dew Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Default — 1kg
Stream Name Composition survey - Azeotrope Pressure 1 atm
Survey Name Ethanol-Water Azeotrope Temperature It will be calculated
Calculation(s) Type | Bubble Point/ Dew Point H20 100 mass % - default
Name Style Display Name Ethanol 0 mass%
Unit Set Metric, Mass Frac. Composition Range | 0-100 mass%
Framework MSE Step Size Increment by 2 mass%

Calculating the Bubble Point

Add a new Stream

Click on the new Stream and press <F2> to change the name to Composition survey - Azeotrope
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Display Name option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac.

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Select Composition as the type of survey

Change the Survey name to Ethanol-Water Azeotrope using the <F2> key

Click on the Composition Specs button. This will open the Survey Options Window
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Under the Component tab, select Ethanol
Click on the Survey Range tab. Change the Composition Range to 0-100 mass%. Set the Step Size to 2

mass% increments.

Survey Fange Component | Survey Range
Component Inflows Composition Range Unit:

Hide Related Inflovs Mew Inflov SelectedRange
(0.0 to 100.0 in 50 steps of 2.0 New

Delete

@ Linear O Log O Point List
End Points

Step Size

Increment ® }

Number Steps 50 O

Select one, the other is

Select a component inflavs which will be varied over the specified range.
calculated

Click on Calculation Type, in the Category Window to define the Type of Calculation
Under Type of Calculation Change the Default Isothermal to Bubble Point (use the drop-down arrow). Then
click OK.

Survey Options 7 X

Categary Calculation Type

- ar 1 - Composition
: Type of Calculation

i Calculation Options Bubble Point - Specs...

o Galvert (_) Pressure

Uze Single Titrant Hide Felated Inflows Mew |l

Cancel Apply Help
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot) The default plot is the bubble point temperature vs the mass fraction ethanol.
As the mass% of ethanol increases the bubble point temperature decreases.

| @ 5 8 = |ViewData| Yariables Options

F o T L L e B B B B B B B B B B B

1 i 1
99 [\ Q Opticns > ]
97 —\ —a— Temperature [C] S 4

Allow Layout Changes

95

L b\ Hide Legend ]
93 =
L b\ Zoom > |
nr . Load Default Plot il

89_— Copy | —_
871 Export csv...l 0

85

Temperature [*C]

Copy Scaled Image...

83 L Save Image As... i

ar “““.“'-."““.. _
79 -
L see® |

i

Ethanal [mass %]

You have 3 different options to retrieve this data to use in your preferred plotting software.
Option 1: Right-click on the white region of the plot to open the drop-down menu and select Copy.
Option 2: Right-click on the white region of the plot to open the drop-down menu and select Export CSV.

Option 3: Click on the View Data button, select all data by clicking on the upper left corner of the table, and
copy the data using Ctri+C.

W Ethanol | Temperature
*C
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In this case let’s use Option 1. Right click and Copy the data, then open your preferred plotting tool and Paste
the data.

Calculating the Dew Point

Return to the Definition tab

Click on the Composition Specs button. This will open the Survey Options Window
Click on Calculation Type, in the Category Window to define the Type of Calculation
Change the calculation type to Dew Point (use the drop-down arrow). Then click OK.
Recalculate, and click on the Plot tab

Right click and Copy the data, then open your preferred plotting tool and Paste the data
Plot the two temperature curves vs mass% of ethanol and format as needed

Ethanol-Water VLE at 1 atm
100 <
98 -?‘q
% + &
94 & 1\

88 £
86 £ .
84 + ..

82 £ A

Temperature [°C]

78 U
0 10 20 30 40 50 60 70 80 90 100

Ethanol [mass %]

—s—Dew Point Temperature [°C] —s—Bubble Point Temperature [°C]

The azeotrope occurs at about 95% ethanol where the two curves intersect, at 78.15 °C.
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Section 3. Water Analysis (lonic Inputs)
OLI Studio: Stream Analyzer can accept two input types: molecular inflows and ionic inflows.
Sections 2 and 3 focused on molecular inflows. In this section, we will focus on ionic inflows, and we will learn

how to enter cations and anions using the object called Water Analysis. Additionally, we will show how the
reconciled sample can be converted into a molecular representation.

& Ol Studic - [Water Analysis.oad)] — O =
@7 File Edit Streams Calculations Chemistry Tools View Window Help = | =] e
DSE L0002 R | haseiz Res mallsme | MBS |G FE
| Navigator g x|
Water Analysis.oad | E
&} Streams Description Analysis [&| Report
Variable | Value -
= Analysis Parameters Template Manager
Stream Amount (L) 1.00000
Temperature (*C) 25.0000
Pressure (atm) 1.00000
= Recorded Properties
Total Dissolved Solids (mg/L) 0.0 Surnmary
Measured pH 0.0
Measured Alkalinty (mg HCO3/L) 00 Unit Set: Metric (mass concentration)
Density (g/ml) 0.0 Automatic Chemistry Model
Specific Electrical Conductivity (umho/cm) 0.0 Aqueous (H+ ion) Databanks:
Agueous (H+ ion)
= Neutrals (mg/L) Using K-fit Polynomials
H20 T-zpan: 25.0 - 225.0
coz 0.0 P-span: 1.0 - 1500.0
| Actions L - x H2s 00
Actions si02 00 >
B(OH)3 0.0
Adfi_ Add Wa_ter = Cations (mgiL)
Reconciliat..  Analysis
Na+1 0.0
K+1 0.0
Ca+2 0.0
Mg+2 0.0
|Plot Template Manager L - x a2 00
Ba+2 0.0
Fe+2 0.0
v
Measured
| Advanced |
Save —
For Help, press F1 @ NUM
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Basic Terminology

When reviewing laboratory analysis of water samples, it is quite common for the positive ions (cations) and the
negatively charged ions (anions) in solution to not balance. This may be due to the precision limits of the various
experimental procedures used to measure the ions - i.e., some ions may not have been analyzed. These
solutions must have a neutral charge. Stream Analyzer will adjust/modify inflows in order to balance the charges
and make the solution neutral. This adjusting procedure is referred to as Reconciliation.

The pH and the alkalinity of the solution are frequently measured. However, since the analysis is experimental
and subject to errors, the pH and alkalinity values that are calculated by the Water Analysis tool may be different
from what is measured experimentally. Stream Analyzer can also reconcile this difference.

Scaling

Scaling is the deposition of a mineral salt on processing equipment. Scaling is a result of supersaturation of
mineral ions in the process fluid. Through changes in temperature, or solvent evaporation or degasification, the
concentration of salts may exceed the saturation, leading to a precipitation of solids (usually crystals). The
saturation level of a salt in water is a good indicator of the potential for scaling.

The potential for scaling is calculated using the solubility product constant (K;,) and lon Activity Product (/AP)
definitions.

Solubility Product Constant, K g,

The solubility of ionic compounds of salts and minerals in water are governed by a solubility equilibrium
expression and a solubility product constant known as K,. It is important to note that the solubility product, K,
is a function of both temperature and pressure. Consider the general dissolution reaction below (in aqueous
solutions):

aA(S) = bB(aq) + dD(aq)

With equilibrium constant K, defined as:
Ksp = (aB)b ' (aD)d

Where, agz and a; are the activities of the aqueous species. The activity of any species i is defined as the
product of its concentration in molality by its corresponding activity coefficient:

a; = m;y;

lon Activity Product, IAP

A real solution may not be in the state of equilibrium. This non-equilibrium state is described by the ion activity
product (IAP). It has the same form as the equilibrium constant K, but involves the actual activities of the
species in solution.

IAP = (aB)thual' (aD)gctual
Scaling Tendency and Scale Index
The Scaling Tendency (ST) is defined as the ratio of the lon Activity Product (I1AP) divided by the equilibrium
constant (Ksp,).

ST = IAP
Ky,

Equation (1)
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Scaling tendencies are essentially saturation ratios. Thus, if

ST < 1 Indicates sub-saturation, and the solid is not expected to form
ST = 1 Indicates saturation, and the solid is in equilibrium with water
ST > 1 Indicates supersaturation, and solids will form

The Scale Index (Sl) (aka: Saturation Index in the literature), is given by the following relationship:

IAP
SI =logyg (—) Equation (2)
K

Thus, if
SI < 0 Indicates sub-saturation, and the solid is not expected to form
SI = 0 Indicates saturation, and the solid is in equilibrium with water
SI > 0 Indicates supersaturation, and solids will form

Pre-scaling Tendency and Scale Index

Pre-Scaling tendency is defined as the scaling tendency before any solids are formed (this can be seen as all
the species suspended in solution). The same equations (Equations 1 and 2) are used for calculating ST and
Sl

The Pre-Scaling tendency is reported in the software as Pre-Scale, with its respective Sl, index.

Difference between Post-scale and Pre-scale

Pre-Scale: The saturation ratio before solids precipitate.

Post-Scale: The saturation ratio after solids precipitate (if solids are selected).

Another way to interpret these two definitions is:

Pre-Scale represents the condition before any solids are allowed to form. This is a non-equilibrium condition
and can be viewed as the condition where time = 0.

Post-Scale Tendency is the saturation ratio after all potential solids come to equilibrium with water. This is the
true equilibrium condition (time = ).

Example 27: Calculation the Scaling Tendency and the Scale Index of CasS0, - 2H,0

Let’s calculate the Scaling Tendency and the Scale Index of 0.01 moles of gypsum (CaS0, - 2H,0) dissolved in
1 kg of water at 25°C and 1 atm.

The equilibrium expression for the dissolution reaction is:
CaS0,-2H,0 = Ca?** + SO0}~ + 2H,0

Where, K, = 3.2 x 1073
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The molal concentration and the activity coefficients for each one of the species are:
[Ca™?] = 0.0093 m Yca+z = 0.4663
[S0;2] = 0.0093 m Vsoz2 = 0.4663

aHZO = 0.9997

Calculating the IAP

With the information given above, we can calculate the IAP as follows:

2
IAP = a;4+2 - Asp;2 (aHZO)

2
IAP = (mg+2 Yog+2) (mso;z ]/50;2) : (aHZO)
IAP = (0.0093 X 0.4663) - (0.0093 x 0.4663) - (0.9997)2
IAP = 1.879 x 107°

Calculating the Scaling Tendency

_ 1.879x 1075
T 32x10°5

ST =~ 0.587
This result indicates that the solution is under-saturated with respect to calcium sulfate.
Calculating the Scaling Index

IAP
Sl = loglo_ = loglo ST
Ky

SI =~ —-0.231

Entering Data for Water Analysis

The grid for water analysis has 5 different grids where we need to enter information: Analysis Parameters,
Recorded Properties, and Neutrals, Total lons, Cations and Anions concentration in solution.

The Analysis Parameters grid is where you enter the conditions at which the sample properties were
measured. The default values are 1 L, 25°C and 1 atm.
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= Analysis Parameters

Stream Amount (L} 1.00000
Temperature (*C} 25.0000
Pressure (atm) 1.00000

The Recorded Properties grid is where you enter the laboratory measured properties of the solution. These
are: Total Dissolved Solids (TDS), Measured pH, Measured Alkalinity, Measured Total Inorganic Carbon (TIC),
Density, and Specific Electrical Conductivity. You can always change the units of these properties by clicking
on the units highlighted in blue. This action will open the Units Manager Window.

Recorded Properties

Total Dissolved Solids (mg/L) 0.0
Measured pH 0.0
Measured Alkalinity (mg HCO3/L) 0.0
Measured TIC (mol C/L) 0.0
Density (g/ml) 0.0
Specific Electrical Conductivity (pmho/cm) 0.0

The concentration of Neutrals, Total lons, Cations and Anions is entered in the section. The Water Analysis
grid comes already prepopulated with some of the most common cations, anions, and neutrals species found
in laboratory water analyses. If your species is not present in the prepopulated grid, simply click on the white
grid and type the ion or neutral of interest. If it is a cation, type the element followed by a plus (+) sign and the
corresponding oxidation state, e.g. Cu+2. If it is an anion, type the element followed by a minus (-) sign and
the corresponding oxidation state, e.g. Br-1. If it is a neutral, simple type the species either using the formula
name or its name, as has been shown in the previous sections.

Neutrals (mg/L)

H20

co2 0.0
H2S 0.0
Si02 0.0
B(OH)3 0.0

Total lons (mg/L)
Pas P04-3 0.0
Sias Si02 0.0
B as B(OH)3 0.0
Cations (mg/L)
Na+1 0.0
K+1 0.0
Ca+2 0.0
Mg+2 0.0
Sr+2 0.0
Ba+2 0.0
Fe+2 0.0
Anions (mg/L)

CH1 0.0
S04-2 0.0
HCO3-1 0.0
HS-1 0.0
C2H302-1 0.0

The Water Analysis grid also contains search aids to find a specific cation or anion. The first search aid is the
drop list located in each the cation, anion, and neutral grid sections. The list is alphabetic and is activated using
the drop-down arrow within the cell, after the first few letters of the ion is typed.

| 182



= Cations (mgiL)
MNa+1 0.0

K+1 0.0
Ca+2 0.0
Mg+2 0.0
Sr«2 0.0
Ba+2 0.0
Fe+2 0.0
Cu j

Display Name OLI Name

OLICSION CSION

Wi oy

SINCu(++) CUION

SHCu(+1) CUINON

$MCu(+2) CUION

If a name is misspelled or if the text is unrecognized, then a red ‘X’ appears to the left of the name. This name
needs to be corrected or the row deleted before proceeding. To delete the row, simply select the wrong entry
(which will turn black) and hit the key <Delete>.

e Neutrals (mgiL)
HzO
coz 0.0
HZS 0.0
Si0Z 0.0
B(OH)3 0.0

Water Analyses - Reported Elements as Total lons

Water analysis data obtained from ICP measurements will contain concentrations for B, P, S, and Si. These
elements do not exist in the water, rather they exist as dissolved ions. If they are part of your analysis, then you
should convert them to the following before entering them into the Water Analyses object. Some of these ions
are already entered into the Total lons section, and the software will do the conversion automatically.

Converting element concentration to species for Brine or Water Analysis

B, boron Boric Acid H3BO3 B (mg/l) x 5.72 = H3BO3 (mg/l)
Si, Silicon Silica Sio2 Si (mg/l) x 2.14 = SiO2 (mg/l)
P, Phosphorus Dihydrogen Phosphate H2P0O4-1 P (mg/l) x 3.13 = H2PO4 (mg/l)
S (mg/l) x 1.03 for HS-1 (mg/l
HS-1 or SO4-2 (mg/) (mg/)
S, Sulfur Sulfate or Sulfide or

(Cannot tell from total S only)
S (mg/l) x 3.0 for SO4-2 (mg/l)

A Basic Water Analysis

A brief introduction to the water analysis tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities, and reporting for the Water Analysis tool will be introduced.
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Example 28: Ground Water Analysis

Will calculate the pH and density of a Ground Water sample based upon its measured composition at 1 atm
and 25 °C. Then we will create a molecular stream based on the ionic inflows.

Starting the Simulation

Use the inputs and parameters from the table below to create the water analysis. Certain inputs, such as the
name style, units, etc. will require further adjustments, and will be described as necessary.

Ground Water Analysis
Analysis Parameters/Settings

Recorded Properties

Stream Amount

1 L (Default)

Total Dissolved Solids

Not recorded

Temperature 25°C Measured pH 6.7

Pressure 1 atm Measured Alkalinity Not recorded

Name Style Display Formula Density Not recorded

Unit Set Metric, Batch, Specific Electrical Not recorded
Concentration Conductivity

Framework MSE

Calculation Type Water Analysis

Analysis Name

Basic Water Analysis

Composition

Neutrals (mg/L) Cations (mg/L) Anions (mg/L)

CO2 150 Na+1 1060 Cl1 3896
H2S 15 K+1 50 S0O4-2 54
NH3 5 Ca+2 773

Mg+2 177

Sr+2 0.18

Ba+2 0.46

Fe+2 62.1

Mn+2 2.80

Al+3 0.74

Setting the Water Analysis

Add a Water Analysis

Click on the new Water Analysis and press <F2> to change the name to Basic Water Analysis

Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Concentration (it may be defined by default)
Under the Analysis Tab, enter the Analysis Parameters, Recorded properties, and composition of the water
given in the table above.

Go to the Add Reconciliation button of the top right corner or select Add Reconciliation from the Actions

Panel.
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| &

| B File Edit
[DEE
| Mavigator

| 3. Water Analysis - Example_28 oad

Streams

Calculations

7N

Chemistry Tools

L1 ¥a So L2 Re %

g - x

a“ Streams
-k Basic Water Analysis
| - g Reconcile

View Window Help
me ¥ B ¥ aa ¥ dhER e | S B

Actions
| Actions

Add Add Water
Reconciliat..]  Analysis

|| Plot Template Manager

For Help, press F1

Save

"
Description & Analysis Bl Report
J Variable Value -
= Analysis Parameters
Stream Amount (L) 1.00000
Temperature (*C) 25.0000
Pressure (atm} 1.00000
= Recorded Properties
Total Dissolved Solids (mg/L) 0.0
Measured pH §.70000
Measured Alkalinity (mgy HCO/L) 0.0
Measured TIC {mel C/L) 0.0
Density (g/ml} 0.0
Specific Electrical Conductivity (pmhoJ/cm) 0.0
= Neutrals (mg/L)
H2O
coz2 150.000
HZS 15.0000
502 0.0
B(OH)3 0.0
NH3 5.00000
= Total lons (mg/L)
P as PO4-3 0.0
Sias Si02 0.0
B a8 B(OH)3 0.0
= Cations (mgiL)
Na+1 1060.00
K+1 50.0000
Ca+Z 773.000
Mg+2 177.000
Sr+2 0.180000
Ba+2 0.450000
Fe+2 62.1000
Wn+2 2.80000
Al+3 0.740000
= Anions (mgiL)
CH1 3896.00
5042 54.0000
HCO3-1 0.0
H5-1 0.0
C2H302-1 0ol¥
Measured
Advanced

| Add Reconciliation

Template M anager

Standard ~

Save az...

Summary

Unit Set: Metric (mass concentration))

Automatic Chemistry Model |
MSE (H20+ ion) Databanks
MSE (H30+ ion})
Using Helgeson Direct

@ NUM

Note: You may notice that after selecting Add Reconciliation option, the navigator panel displays a sub-stream
called Reconcile, and this Reconcile sub-stream opens a new tab named Reconciliation. The Reconcile sub-
stream copies the original inputs entered in the Water Analysis. Any changes made in the sub-stream will not
change the original Water Analysis.

Additionally, four different types of reconciliation are enabled in the upper right corner of the window: (1) No
Reconcile, (2) Reconcile pH, (3) Reconcile pH/Alkalinity, and Reconcile pH/Alkalining/TIC . These types of
reconciliation will be described in more detail later in the next section.

The selected default calculation is No Reconcile. This option means that the software will compute the water
properties based on the current concentration of neutral, cations, and anions species. The calculation will not
use the measured pH, or the measured alkalinity entered (if any).
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The Calculate Alkalinity box ( [Caloulate 4kalinit ) allows you to compute the alkalinity, also based on the

concentration entered.

Select the No Reconcile option

¢y OLl Studio (Version 11.5.1 Beta) - [3. Water Analysis - Example_28.0ad*] — O x
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DSME|  ®RE|[0 2R sz ket mifisms ME:| GH
| Navigator g o~ x| g
3. Water Analysis - Example_28.0ad* |
&% Streams Descripliunw ¥ Molecular Basis [ Report
Basic Water Analysis P
Variable T Value Reconailiation
== Analysis Parameters Specs...
Stream Amount (L} 1.00000 Feconcile
Temperature (*C) 25.0000 (®) No Reconcils
Pressure (atm) 1.00000 O Reconcie pH
- Recorded Properties (O Reconcile pHAA Ik alirity
Total Dissolved Solids (ma/L) 00 O Reconcile pH./flk alinity/ TIC
Measured pH 670000 ] Caloulate Akdi
Measured Alkalinity (ma HCO3L) 0.0 ElerEn Ay
Measured TIC (mol C/L) 0.0
Calculat
Density (g/ml) 00 Aleulate |
Specific Electrical Conductivity (pmho/cm) 0.0 Summary
el Neutrals (mgiL)
Hz2O Unit Set: Metric (mass concentration)
coz 150.000 ) )
At tic Chemistry Model
H25 15.0000 MSE (H30+ ion) Databanks:
Sioz2 0.0 MSE (H30+ion)
B(OH)3 00 Using Helgeson Direct
Dominant lon Charge Balance (eg/L):
LB 500000 Cation Charge:  0.102945 egiL
Anion Charge:  -0.111018 eqll
= Total lons (mgiL) Imbalance: -8.07170e-3 e/l
| Actions L - x P as PO4-3 0.0 185.558 mgiL of Nas1
Actions Sias 5i02 0.0 is needed to balance.
B as B(OH)3 0o Isothermal Calculation
25.0000 *C 1.00000 atm
— Cations (mgiL) Calculation not done
Na+1 1060.00
K1 50.0000
Ca+2 773.000
Mg+Z 177.000
Sr+2 0.180000
Ba+2 0.460000
Fes2 £2.1000
Mn+2 2.20000
| Plot Template Manager L - x
Ak3 0.740000
el Anions (mg/L)
CH1 389600
S04-2 54.0000
HCO3-1 0.0
HS-1 0.0
C2H302-1 0.0
Measured
Advanced Search Add az Stream Erpart
Save
For Help, press F1 @ NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name

it: Water Analysis Calculations.
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Analyzing the Results

Viewing the Summary Box

Review the Summary Box. Let’s analyze it in detail since it contains several pieces of important information, as
shown in the image below.

O

N Neutrals (mg/L)

H20 Unit Set: Metric (mass concentration
co2 150.000 ) )

Automatic Chemistry Model
H2S 15.0000 MSE (H30+ ion) Databanks
Si02 0.0 MSE (H30+ ion
B(OH)3 0.0 Using Helgeson Direct

Dominant lon Charge Balance (eq/L):

H 5.
NH3 00000 Cation Charge:  0.102945S eq/L
Anion Charge: -0.111016 eq/L Charge Ba]ance
¥ Total lons (mg/L) Imbalance: -8.07170e-3 eg/L J N
information

B3RO 0.0 185.568 mg/L of Na+1
Sias Si02 0.0 > is needed to balance.
B as B(OH)3 0.0 Isothermal Calculation :

25.0000 °C 1.00000 atm CaICUIatlon Type

< Cations (mg/L) Phase Amounts
== 1060.00 Aqueous 1001.98 g Phase Amounts
. Solid 0.0116370 g

K+1 50.0000
Ca+2 773.000 Agueous Phase Properties
Mg+2 177.000 p" i
g+ . lonic Strength  2.49913e-3 AqueOUS
Sr+2 0.180000 molmol 2
a2 460000 Density 1.00198 g/mi Properties
Fe+2 62.1000 Calc. elapsed time: 18.727 sec
Mn+2 2.80000
A3 0.740000 Calculation complete

The top section contains the charge balance information showing the total equivalent charge (positive and
negative), and the charge imbalance. This example has a negative imbalance of -8.072x103 eq/L, indicating
that more cations are needed in solution in order to reach electroneutrality. The software calculates that 185.568
mg/L of Na+ are needed to balance the solution. The software adds this amount of Na+ to the solution. This
information can be further confirmed in the Report Tab in the Charge Balance table.

The calculation type information shows the calculation type the software used. In this example, the software
performed a default isothermal calculation at 25 °C and 1 atm. If we selected other calculation specifications,
they would appear here.

The phase amounts information shows the distribution of species in the different phases. This analysis
contains two phases: aqueous and solid.

The aqueous properties information shows the computed pH, ionic strength, and density of the solution. It is
important to note here that the measured pH is 6.70 and the computed pH is 4.47. The density of this solution
is 1.00198 g/ml. Remember, for this example the software used only the concentration of neutrals, cations, and
anions in solution to do a reconciliation.

187



Viewing the Molecular Basis Tab

Let’s review the Molecular Basis Tab. The Molecular Basis tab is one of several tabs of the Reconciliation
object. The information contained in this tab is the molecular composition of the solution after it has been
reconciliated. In other words, the software has converted the ionic inflows into a molecular stream.

& Description [£¥ Reconciliation | &¥ Molecular Basis Report 2 File Viewer

N Variable Value A
7 Analysis Parameters
=] Stream Amount (L) 1.00000
I— Volume - Liquid-1 (L) 1.00000
L Volume - Solid (cm3) 2.40298e-3
Temperature (°C) 25.0000
Pressure (atm) 1.00000
7 Molecular Totals (mg/L)
AICI3 3.61208
AI(OH)3 0.0262829
BaCR2 0.631654
BaS04 0.0738067
CaC 2092.78
Ca0 24.1565
Cco2 150.000
FeCR2 124.399
FeS 11.4757
H20 9.95556e5
H2S 10.5511
KCI 95.3381
MgC2 693.368
MnC2 6.41382
NaCl 3166.36
NH3 4.99999
S03 44,9809
SrC2 0.325663
v

Add as Stream Export

Note: The software generates molecular concentrations based on two priorities. The first priority is to create
the least number of molecular inflows. This example contains eighteen inflows (plus H20 not shown). The
second priority is to create the least number of total moles. Moles are not shown here, since the units are mg/l.
The moles are shown in the Report tab.

You can use this molecular form as a new Stream in OLI Studio, by using the Add as Stream button, or it can
be exported to a separate software like OLI Flowsheet: ESP , Aspen Plus, UniSim Design, or other simulators.
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Converting the lonic Inflows into a Molecular Stream

For practice, let's add this Molecular Basis as a Stream into the Navigator Panel.

Click on the Add as Stream button. This will open a new window

Save Selected Result Streams ? X
Export
\ElHIMolecular Export of Recondle
Incdude the following phases in the stream(s)
Agqueous Vapor
Second Liquid Solids
Optional
Phases that are not induded may be exported
separately.
Agueous
Vapar
Second Liquid
Solid
Cancel

Note: By default, the name of the stream is Molecular Export of Reconcile. You can change the name if you
prefer. Additionally, you can include or exclude the phases that you want to export into your stream by checking
or unchecking the corresponding boxes.

Leave the defaults and click OK. The program automatically adds a new stream in the navigation panel.

&) OLIStudio - [Water Analysis Calculations.oad] — [m] *
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
DEE| % B PR 11 vasSol2 Red w4+ ad | JERr S EH
Mavigator g e X b
Document1 \
Water Analysis Calculations.oad | Description Definition [Z] Report
Streams
5T Basic Water Analysis J Variable Value -~ Add Caleulation -
H — - Stream Parameters .
e» Reconcile = = T 1 00000 Special Conditions
Molecular Export of Reconcile ream Amount (1) .
Temperature (*C}) 25 0000 [ Solids Only
Pressure (atm) 1.00000 5
< Inflows (mgiL) Sl
Hz0 Unit Set: Metric (mass concentration)
coz 150.000
Automatic Chemistry Model
H2S 105511
WSE (H30+ ion) Databanks:
NH3 4.99999 WSE (H30+ ion}
AlC3 361208 Using Helgeson Direct
BaCl2 0531854
CaCl2 209278
Ca0 241585
ACHS Eof FeCl2 124,398
AEOTE Kel 95,3381
[#] Add Stream 5] Add Stabi Moc 593383
i:: 2‘_4'“" . {55) Add Com 1nci2 841382
= ingle Point Nacl 3166.36
&) Add Survey
Add Chemical Diagram sos 44.9808
Srci2 0.325663
< > Bas04 0.0738087
FeS 11.4757
Plot Template Manager p - X
AIIOH)3 0.0262829
Input
Advanced Search Add as Stream Export
Save
For Help, press F1 @ NUM
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Viewing the Report Tab

The Report tab is slightly different from the Single Point report described in Section 1. This Report contains
three additional tables, all of which are located at the top. These tables are the Reconciliation Summary, Stream
Inflows, and Charge Balance.

Description Reconciliation Molecular Basis | (@ Report |C3 File Viewer
@ eq, Custamize E xpart

Jump to: | Reconciliation Summary ~

Stream Inflows
Charge Balance | A
Reco trearn Farameters
Spe{ Total and Phase Flows [Amounts]
Scaling Tendencies
Charg Species Output [True Species]
pH ReqElement B alance

The Reconciliation Summary table confirms the specifications for the reconciliation such as the charge
balance method and the reconciliation type (these concepts will be discussed in more detail later in the manual).
Additionally, shows the conditions at which the calculation was run, in this case 25°C and 1 atm. And finally,
shows a comparison between the measured and calculated properties, in this case it shows the measured vs
calculated pH.

Reconciliation Summary

Specification
Charge Balance Method Dominant lon
pH Reconciliation Type Mo reconciliation

Measured Calculated
Temperature, °C 25.0000
Pressure, atm 1.00000
pH 6.70000 449376
Density, g/ml 1.00198
Water, mg/L 9.95555e5

Stream Inflows

Row Filter Applied: Onby Non Zero Values

The Stream Inflows table summarizes all the species that were entered in the water analysis grid.

Input Qutput
Species mg/L mg/L
H20 1.00000e6 9.95555e5
Na+1 1060.00
K+1 50.0000
Ca+2 773.000
Mg+2 177.000
Sr+2 0.180000
Ba+2 0.460000
Fe+2 §2.1000
Cl1 3896.00
504-2 54.0000
co2 150.000 150.000
H2S 15.0000 15.0000
NH3 5.00000 4.99999
Mn+2 2.80000
Al+3 0.740000
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The Charge Balance table contains the concentrations entered and the final balanced values. In this case only
the sodium (Na+1) concentration was changed.

Charge Balance

Cation Charge: 0.102845 eqgiL

Anion Charge: -0.111016 eqiL

Imbalance: -8.07170e-3 eqlL

Adjusted Species: Na+1

Charged Species Input Balanced Difference
maiL magiL %

Na+1 1060.00 124557 17.51

K+1 50.0000 50.0000

Ca+2 773.000 773.000

Mg+2 177.000 177.000

Sr+2 0.130000 0.180000

Ba+2 0.460000 0.460000

Fe+2 62.1000 62.1000

Mn+2 2.30000 2.80000

Al+3 0.740000 0.740000

Ci1 3896.00 3896.00

504-2 54.0000 54.0000

HCO3-1 0.0 0.0

HS-1 0.0 0.0

C2H30241 0.0 0.0
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Exploring Reconciliation Options
When reconciling a Water Analysis, there are three options for reconciliation:

No Reconcile: The software will run an electroneutrality reconciliation only, and then compute the water

properties such as pH, density, etc., based on the entered concentration of neutral, cations, and anions species.

In the No Reconcile option you may allow the program to pick the species to adjust for electroneutrality or

you may manually choose the species to perform the adjustment. (See electroneutrality options).

Reconcile pH: The software will run both an electroneutrality and pH reconciliation. This type of reconciliation

will match your recorded pH. Additionally, the software will compute the water properties such as, density,
electrical conductivity, etc. The pH of the solution is automatically adjusted by the software by adding either

HCI or NaOH, or you may select your preferred acids and bases to adjust the pH.

Reconcile pH/Alkalinity: The software will run an electroneutrality, pH and alkalinity reconciliation. This type
of reconciliation will match your recorded pH and alkalinity values. Additionally, the software will compute the
water properties such as density, electrical conductivity, etc. The pH of the solution is automatically adjusted
by the software by adding either HCI or NaOH or you may select your preferred acids and bases to adjust the
pH. The Alkalinity is automatically adjusted by the software, using COz2 as the alkalinity titrant, H2.SO4 as the
alkalinity pH titrant and 4.5 as the alkalinity end point pH.

Reconcile pH/Alkalinity/TIC: The software will run an electroneutrality, pH, alkalinity and Total Inorganic
Carbon (TIC) reconciliation. This type of reconciliation will match your recorded pH, alkalinity and TIC values.
Additionally, the software will compute the water properties such as density, electrical conductivity, etc. The TIC
is automatically calculated by the software, using CO: as the titrant, H2SO4 as the alkalinity pH titrant and 4.5
as the end point pH. The (total) Alkalinity is adjusted by the software by adjusting the acetate concentration
(organic acids) to match the target Alkalinity. The Alkalinity is adjusted by adding or removing acetic acid. In
this calculation, you cannot change the CO: or Acetic Acid for the alkalinity adjustment, these are fixed by the

software.

Additionally, there is the option to Calculate Alkalinity: [Calsuate4kalinity 1t js jmportant to note, that this is only
an alkalinity calculation based on the concentration entered, it is not an alkalinity reconciliation.

We will explore the different types of reconciliation and introduce the different specification options according
to the reconciliation type.

In this section we will create a new file. We will run a basic water analysis, from which the various reconciliation
options will be explored.
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Example 29: Water Analysis — No Reconcile Option

In this example we will calculate the pH and different properties of a Produced Water sample based upon its

measured composition at 1 atm and 25 °C.

Starting the Simulation

Use the inputs and parameters from the table below to create the water analysis. Certain inputs, such as the
name style, units, etc. will require further adjustments, and will be described as necessary.

Water Analysis — Reconcile Options

Analysis Parameters/Settings

Recorded Properties

Stream Amount 1 L (Default) Total Dissolved Solids 36500 mg/L

Temperature 25°C Measured pH 7.8

Pressure 1 atm Measured Alkalinity 160 mg HCO3/L

Name Style Display Formula Density 1.013

Unit Set Metric, Batch, Specific Electrical Not recorded
Concentration Conductivity

Framework MSE

Calculation Type Water Analysis

Stream Name

Water Analysis —
Reconcile Options

Composition

Neutrals (mg/L) Cations (mg/L) Anions (mg/L)
Sio2 16 Na+1 10000 Cl1 19000
Ca+2 500 S0O4-2 2700
Mg+2 1200 HCO3-1 142
Sr+2 200 AsO4-3 12
Ba+2 5 CHO2-1 20
Fe+2 5 C2H302-1 50

Calculating the pH
Setting the Water Analysis
Add a Water Analysis

Click on the new Water Analysis and press <F2> to change the name to Water Analysis — Reconcile Options

Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Concentration (it may be defined by default)

Under the Analysis Tab, enter the Analysis Parameters, Recorded properties, and Composition of the water

given in the table above.
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Go to the Add Reconciliation button of the top right corner or select Add Reconciliation from the Actions

Panel, and name it No Reconcile.

Select the No Reconcile option (selected by default)

Description Reconciliation Molecular Basis 5 Report

Variable | Value
= Analysis Parameters
Stream Amount (L) 1.00000
Temperature (*C) 25,0000
Pressure (atm) 1.00000
= Recorded Properties
Total Dissolved Solids (mo/L) 0.0
Meazured pH T7.20000
WMeasured Alkalinity (mg HCO3/L) 160.000
Measured TIC {meal C/L) 0.0
Density (g/ml) 1.01300
Specific Electrical Conductivity (pmh 0.0
e MNeutrals (mg/L)
H20
coz2 0.0
H25 0.0
Sio2 16.0000
B{OH)3 0.0
= Total lons (migil)
P as PO4-3 0.0
Siag Si02 0.0
B as B(OH)2 0.0
e Cations (mg/L)
Ma+1 10000.0
K+1 0.0
Ca+2 500.000
Mg+2 1200.00
Sr+2 200.000
Ba+2 5.00000
Fe+2 £.00000
= Anions (mgfL)
CH 18000.0
S04-2 2700.00
HCO3-1 142.000
HS-1 0.0
C2H302-1 50.0000
HCOO-1 20.0000
As04-3 12.0000
Measured
| Advanced || Search &dd az Stream Erport

-

Reconcililation

Reconcile

(®) Mo Reconcile

(_) Reconcile pH
() Reconcile pH /& lkalinity
() Reconcile pH A2k alinity/ TIC

[ Caleulate &k aliity

Calculate &8 |

Surnmary

Unit Set: Metric (maszs concentration)

Autematic Chemistry Model
MSE (H30+ ion) Databanks:
M3SE (H30+ ion)
Using Helgeson Direct

Dominant lon Charge Balance (eg/L):
Cation Charge: 0.553488 eg/L
Anion Charge:  -0.595011 egilL
Imbalance: -0.0325252 eg/L

T47.753 mg/L of Na+1
is needed to balance.

lzothermal Calculation
25.0000 °C 1.00000 atm

Calculation not done
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Note: In the No reconcile option, the software runs an electroneutrality reconciliation. The type of balance
for reconciling electroneutrality is the Dominant lon method. You can select different types of balance for
electroneutrality by clicking on the Specs button.

Types of Balance for Electroneutrality

Click on the Specs button. This will open a new window.

Reconciliation Data 7 x
Balance  Calculation Options Convergence
Type of balance MNew Inflow
Cations ~  Dominant lon

Naz1 Prorate

Ca+2 Prorate Cations

Mg=2 .

o Prorate Anions

ar+£

Ba+2 Ma/Cl

Fes2 Make-up lon !

User Choice
Needed to balance:
747753 mg/L of Na#1
Charges on the Cations and Anions is needed to balance.
must be evenly balanced
Cation charge: 0.563486 eq/L
Anion charge: 0.556011 eq/L
Imbalance: -0.0325252 eg/L
OK Cancel Apply Help

There are 7 different Types of Balance:

Dominant lon: This is the default method. The largest counter ion is used to adjust the electroneutrality. In our
example,747.753 mg/L of Na+1 are added since there is an excess of negative charge (see the above image).

Prorate: This option keeps the relative amount of the counter ions (for this example, the cations) the same and
are adjusted up or down equally until reaching electroneutrality.

Prorate Cations: All cations are adjusted up or down equally
Prorate Anions: All anions are adjusted up or down equally

Na+/Cl-: Sodium is added when there is an excess of negative charge. Chloride is added when there is an
excess of positive charge.

Make-up lon: This option allows for a single ion species to be adjusted. User selects an ion to increase or
decrease.

User Choice: The software determines if an anion or cation is needed to balance the solution and the user
choses the specific ion.
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Keep the default option, Dominant lon, as the balance type then press OK

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named Water Analysis Calculations.

Analyzing the Results
Once you run the simulation there are two options to analyze the results: The summary box and the Report

1. Go to the Report Tab and look at the Reconciliation Summary Table.

Description Reconciliation Molecular Basis

Jump b | Reconciliation Surmmary w @. 2, Customize Evnport

Reconciliation Summary

Specification
Charge Balance Method Dominant lon
pH Reconciliation Type Mo reconciliation

Measured Calculated
Temperature, °C 25.0000
Pressure, atm 1.00000
pH 7.80000 748301
Density, giml 1.01300 1.02258
Water, mg/L 9.88309e5

The calculated pH and density are different to the measured values. The software only used the concentration
data to calculate these properties.
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Example 30: Water Analysis — pH Reconcile Option

In this example we will reconcile the sample by pH and also calculate the alkalinity of the same Produced
Water sample used in the previous Example 29: Water Analysis — No Reconcile Option.

Starting the Simulation

Under the Water Analysis — Reconcile Options Stream go to the Add Reconciliation button

Click on the new Reconcile-1 icon and press <F2> to change the name to Reconcile pH

The default units, names and framework have been previously defined

Select the Reconcile pH option

Description Reconciliation Molecular Basis [ Report

J Variable Value - Recancililation
=~ Analysis Parameters Specs...
Stream Amount (L) 1.00000 Reconcile
Temperature (*C} 25.0000 () Mo Reconcile
Preszure (atm) 1.00000
= Recorded Properties () Reconcile pH/Alkalinity
Total Dissolved Solids (ma/L) 0.0 () Reconcile pH A&k alinity/ TIC
Measured pH 7.20000
.I Measured Alkalinity (ma HCOZIL) 1au.uuul [] Ealeulate Alkaiiniy
Measured TIC (mel C/L} 0.0
Density (g/ml) 1.01300 M
Specific Electrical Conductivity (umh 0.0 Summary
- Calculation Parameters
Use Single pH Titrant No Unit Set: Metric (mass concentration)
pH Acid Titrant HCL . .
Automatic Chemistry Model
pRlla=) Nt NAOH MSE (H30+ ion) Databanks:
o Neutrals (mgiL) MSE (H30+ i;:nj:
HZ0 Using Helgeson Direct
caoz 0.0 Dumin_ﬁnt lon Charge Balance (egq/L):
Cation Charge:  0.563435 eg/L
HZ5 0.0 Anion Charge:  -0.585011 eg/L
sinz2 18.0000 Imbalance: -0.0325252 eqilL
B(OH)3 0.0 747.753 mg/L of Na+1
b is needed to balance.
= Total lons (mgiL) Set pH Calculation
P as PO4-3 0.0 Measured pH: 7.80000
Sias Si02 0.0 DH;:E!HJE
B as B(OH)3 0.0 BHSE:‘I MaOH
Calculation not done

Note that by selecting the Reconcile pH option, now the measured pH is a fixed value (and brown dot appears
in front of this cell). To match the measured pH, the software added a Calculation Parameters section which
indicates the acid and basic pH titrants to adjust the pH. By default, HCl and NaOH are selected by the software.
This is similar to the set pH single point calculation.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named Water Analysis Calculations.
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Analyzing the Results
1. Go to the Report Tab and look at the Reconciliation Summary Table.

Description Reconciliation Molecular Basis

Jump ba: | Reconciliation Sumrmary o @ =N Customize Export

Reconciliation Summary ~
Specification

Charge Balance Method Dominantlon

pH Reconciliation Type Reconcile pH

Measured Calculated
Temperature, °C 25,0000
Pressure, atm 1.00000
pH 7.80000 7.80000
pH Titrant Acid: HCI, mag/L * 0.0
pH Titrant Base: NaOH, mgiL * 0.0 44 6585
Density, g/iml 1.01300 1.02248
Water, mg/L 9.88319e5

* Calculated value indicates added or removed amount.

The measured and calculated pH are the same. The software added 44.6585 mg/L of NaOH to match the
experimentally measured pH.
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Calculating Alkalinity
Now we will instruct the software to calculate Alkalinity.

Go back to the Reconciliation Tab and check the Calculate Alkalinity box.

& Description &¥ Reconciliation [&¥ Molecular Basis [ Report J File Viewer

J Variable . Value 2 Reconcililation
7 Analysis Parameters Specs...
Stream Amount (L) 1.00000 Reconcile
Temperature (*C) 25.0000 (O No Reconcile
Pressure (atm) 1.00000 | (® Reconcile pH |
[< Recorded Properties ' () Reconcile pH/&lkalinity
Total Dissolved Solids (ma/L) 0.0 (O Reconcile pH/alkalinity/TIC
@| Measured pH 7.80000 S Camiiate Alainit
Weasured Alkalinty (mg ACO2L) | 160,000 | aleulate Alkalnty |
Measured TIC (mel C/L) 0.0 Caledlate @
Density (g/mi) 1.01300 L]
Specific Electrical Conductivity (pmho/c 0.0 Summary
< Calculation Parameters .
Alkalinity pH Titrant [ H2504 ' Unit Set: Metric (mass concentration)
Alkalinity End Point pH 450000 . .
- { | 5 Automatic Chemistry Model
Use Single pH Titrant No MSE (H30+ ion) Databanks:
pH Acid Titrant HCL MSE (H30+ ion)
pH Base Titrant NAOH Using Helgeson Direct
- Meutrale (mgil) Dominant lon Charge Balance (eg/L):
! -t ! Cation Charge:  0.563486 eg/L
H20 Anion Charge: -0.596011 eg/L
coz2 0.0 Imbalance: -0.0325252 eg/L
= 00 747.753 mg/L of Na+1
Si02 16.0000 is needed to balance.
B(OH)3 0.0 Set pH Calculation
Measured pH: 7.80000
1 . H Titrants:
[= Total lons (mg/L) _ P e Hel
P as PO4-3 00w Base: NaOH
Calculation not done
Measured
Advanced Search Add as Stieam Export

N

Notice that by selecting the Calculate Alkalinity box two more rows were added to the Calculation Parameters
section: Alkalinity pH Titrant and Alkalinity End Point pH, besides the pH titrants rows. These two new rows
indicate that the software will add H2SO4 (selected by default) until the pH reduces to 4.5. The software then
converts the amount of additional H2SO4 into the alkalinity value.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results
1. Go to the Report Tab and look at the Reconciliation Summary Table.

Reconciliation Summary
Specification

Charge Balance Method Dominantlon

pH Reconciliation Type Reconcile pH

Alkalinity pH Titrant: H2S04

Measured Calculated

Temperature, °C 25.0000
Pressure, atm 1.00000
pH 7.80000 7.80000
pH Titrant Acid: HCI, mg/L * 0.0
pH Titrant Base: NaOH, mg/L * 0.0 446585

kalinity, mg HCO3/L 160.000 249.667
Density, g/ml 1.01300 1.02249
Water, ma/L 9.88319e5

* Calculated value indicates added or removed amount.

The calculated alkalinity value is different to the measured value. This is because the software is not doing an
alkalinity reconciliation, rather the software is using only the concentration data to calculate alkalinity. You can
see this as single point alkalinity calculation.

Note that in this example, the alkalinity being reported because we checked the Calculate Alkalinity box; if the
box wasn’t checked we would not see the calculated value in the Reconciliation Summary table.

200



Example 31: Water Analysis — Reconcile pH/Alkalinity Option

In this example we will reconcile the sample by pH and alkalinity and also calculate the pre-scaling
tendencies of the same Produced Water sample used in the previous Example 29: Water Analysis — No
Reconcile Option.

Starting the Simulation
Under the Water Analysis — Reconcile Options Stream go to the Add Reconciliation button
Click on the new Reconcile-1 icon and press <F2> to change the name to Reconcile pH/Alkalinity

The default units, names and framework have been previously defined

Select the Reconcile pH/Alkalinity option

& Description Reconciliation Molecular Basis (g Report I File Viewer

J Variable Value m Reconcililation
< Analysis Pa_'rameters Specs...
Stream Amount (L) 1.00000 Reconcile
Temperature (*C) 25.0000 () No Reconcile
Pressure (atm) 1.00000 (O Reconcile pH
[< Recorded Properties ' ' Reconcile pH/Alkalinity
| Total Dissolved Solids (mg/L) ' 0.0/ ' econcile p alniy7T1C
®| MWeasured pH i 7.80000 |

Calculate Alkalinit
| _tieasured Akalinity (mg HCOIA) | 160000 Calculate Alkaliniy
Measured TIC (mol C/L) 0.0 ST
Density (g/ml) 1.01200 alculate |

Specific Electrical Conductivity (pmho/c 0.0 Summary
= Calculation Parameters
Alkalintty Titrant 1 co2 i Unit Set: Metric (mass concentration)
Alkalinity pH Titrant H2S504 . .
— - 5 Automatic Chemistry Model
@ A"(Bhl'llty End Point DH 4.50000 MSE (H30+ ion) Databanks:
Use Single pH Titrant No MSE (H30+ ion)
pH Acid Titrant HCL Using Helgeson Direct
pH Base Titrant NACH Dominant lon Charge Balance (eg/L):
_ Reconcile pH Alkalinity Calculation
< {ma/L)
Neutrals (mg r Alkalinity: 160.000 mg HCO3L
H20 Titration End Pt: 4.50000
co2 0.0 Alkalinity Titrant: CO2
T 1 Alkalinity pH Titrant: H2504
H_25 | U,ﬂ. pH Reconciliation:
sioz | 16.0000 | Measured pH: 7.80000
B(OH)3 0.0 pH Titrants:
i 1 Acid: HCI
| | | Base: NaOH
- e b Calculation not done
Measured
Advanced Search Add as Strieam Export

N

Note that by selecting the Reconcile pH/Alkalinity option, now both the measured pH and alkalinity values are
fixed values (and brown dot appears in front of this cell).
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To match the measured alkalinity value, the software added a Calculation Parameters section which indicates
the alkalinity titrant and the pH titrant used to adjust the alkalinity. COZ2 is used by default as the alkalinity titrant.
This is similar to an alkalinity single point calculation.

To match the measured pH, the software also added a Calculation Parameters section which indicates the
acid and basic pH titrants to adjust the pH. By default, HCl and NaOH are selected by the software. This is
similar to the set pH single point calculation. Also notice that the alkalinity box is grayed out. This is because
we have asked the software to match the measured alkalinity value. This means that calculated alkalinity value
is no longer needed.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named Water Analysis Calculations.

Analyzing the Results

1. Go to the Report Tab and look at the Reconciliation Summary Table.

Jump to: | Reconciliation Surmary ~ @ &, Customize Export

Reconciliation Summanry ~
Specification

Charge Balance Method Dominantlon

pH Reconciliation Type Reconcile pH and Alkalinity

Alkalinity pH Titrant: H2504

Measured Calculated

Temperature, “C 25.0000
Pressure, atm 1.00000

H 7.80000 7.80000
pH Titrant Acid: HCI, mg/L * 0.0 14.9320
pH Titrant Base: NaOH, ma/L * 0.0
Alkalinity Titrant: CO2, mg/L * -35.0147
Alkalinity, mg HCO3IL 160.000 160.006
Density, g/ml 1.01300 1.02245
Water, mg/L 9.88327e5

The measured and calculated pH and alkalinity values are the same. The software added 14.9320 mg/L of HCI
to match the experimentally measured pH and removed 35.0147 mg/L of CO2 to match the experimentally
measured alkalinity value.
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Calculating Pre-scaling Tendencies

Now we will instruct the software to calculate Pre-scaling tendencies. In OLI Studio: Stream Analyzer, Pre-

scaling tendencies are turned OFF by default. We need to enable this option.

Setting the Water Analysis

Go back to the Reconciliation tab of the Reconcile pH/Alkalinity water analysis

.ﬁ‘/
Click on the Calculation Options icon | This will open the Calculation Options window.

Check the Pre-scaling Tendencies box and select the Rigorous method. Then click OK.

Calculation Options - Reconcile pH/Alkalinity ? X

Calculation Options  Convergence

General Diagnostics
Show status dialog [C]Enable trace
Verbose

Optional Properties
Diffusivities and Mobiities
[ biffusivities Matrix
Viscosity
Electrical Conductivity
[[JHeat Capacity
Activities, Fugadities, and K-Values
[[] Gibbs Free Energy
[]Entropy
Thermal Conductivity
Surface Tension
Interfacial Tension
[] Total Dissolved Solids (TDS)- Rigorous method

[[] Scaling Induction Time(s) Advanced...

| Pre-scaling Tendenciesl

Method
() Estimated (®) Rigorous

Cancel Apply Help

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

1. Go to the Report Tab and search for the Scaling Tendencies Table.

& Description [&¥ Reconciliation [£¥ Molecular Basis & Report =4 File Viewer

Jump to: | Scaling Tendencies v a S| & | Customize Export
Scaling Tendencies ~
Row Filter Applied: Values > 1.0=-4
Solids Post.Scale |Pre-Scale
SrS04 (Celestine (celesite)) 1.00000 454280
caco3 (Calcite) 1.00000 10.8568
FeCO3 (Siderite) 1.00000 43.4174
Bas04 (Barite) 1.00000 134339
120 0774208 0774173
CaCO3 (Aragonite) 0736014 7.99073
SrCO3 (Strontianite) 0330589 14,9453
Ca$04.2H20 (Gypsum) 0211114 0230285
Cas04 (Anhydrite) 0166722 0.181878
Si02 (I jeri 0.143303 0122612
Cas04.0.5H20 (Bassanite) 0.0500906 0.0546430
Iﬁg;ﬁjo"mm”"sw“e 0.0200948 114319
|na2504.10120 (irabilite) 30531483 [3.24993e-3
[Nac1.2H20 (nydronaiite) 29849763 [297781e-3
[nact aiite) 29386863 |293190e-3
|canaso4.1120 28612563 |295330e-3
[maco3 178918e-3  |0.0187455
[Fe(0H)2 (Amakinite) 569700s-4 0265148
[Mas04.7H20 (Epsomite) 50771564 |6.20050e-4
[naHco3 (ahcolite) 46417084 |5.10099e-4
|ua2504 (Thenardite) 4.46418e-4 475411e-4
[Mgso4.12H20 42063104  |442580e-4
[mgtom)2 Brucite) 276437e-4 00254191
[MaS04.6H20 (Hexanydrite) 2627434 27653004
[Na2504.Cas04 (Glauberite) 170179e4  |1.97708e-4
|MgS04.5H20 (Pentanydrite) 950880e-5  |1.00082e-4
|Baco3 (witnerite) 329741e5  [0.0440846
|Mg3si205(0H)4 (Antigorite amorphous)  [5.44918e-10  [3.10002¢-4

v

This table reports both the Post-Scale and Pre-scale Tendencies. See the section 3.1 Basic Terminology to see
a more detailed explanation.

The Scaling Tendencies (reported in the software as Post-Scale), are essentially saturation ratios. When the
scaling tendency for a given mineral is equal to 1.0 (saturation conditions) it indicates that the mineral is in
equilibrium with water, a solid phase has formed. A scaling tendency below 1.0 indicates sub-saturation and
that the solid phase will not form. A solid is at risk of forming when the scale tendency value is greater than 1.0
(supersaturation conditions).

The Pre-Scaling Tendencies (reported in the software as Pre-Scale), is defined as the scaling tendency before
any solids are formed (this can be seen as all the species suspended in solution).

Note: The Post-Scale and the Pre-Scale tendencies are equivalent if the solid phase is turned OFF.
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Section 4. Hydrocarbons and Pseudocomponents

So far, we have learned how to enter molecular and ionic inflows in Stream Analyzer. Stream Analyzer also
allows you to enter assays or pseudocomponents in order to enter crude oils as streams.

Crude oils are complex groups of organic molecules containing hundreds, perhaps thousands of pure
components in a single oil. Modeling crude oils using pure components is impractical, because analyzing for
each pure component is cost prohibitive and the number of species would make calculations overwhelming. A
convenient solution to this problem and to modeling the properties of a crude oil is to create pseudo
components.

Crude Oil properties may be defined through a distillation curve, where each boiling point range is a progression
of molecular weights, densities, solubilities, viscosities, and other properties associated with that section. It is
reasonable for low boiling point molecules to be low molecular weight, low density, low viscosity, and more
soluble in water. We can dice boiling point curves using well accepted methods standard to create
pseudocomponents that in combination reflect the property of the whole oil.

There are two ways to create a crude oil stream on Stream Analyzer:

The first is to start with a PVT curve and create pseudocomponents using one of the three thermodynamic
methods coded into the software.

The second is to enter the pseudocomponent data directly and using the same thermodynamic methods to
predict the component properties.

The three thermodynamic methods are: API, Lee Kesler, and Cavett. More details about this method can be
found in Section 11. .

A brief introduction of how to enter PVT curves and/or pseudocomponents will be shown in the examples below.

Entering a PVT Analysis

Example 32: Creating an Assay
In this example, we are going to learn how to enter a simple PVT analysis in order to create a Crude Oil Stream.

Starting the Simulation

Add a new Stream

Click on the new Stream and press <F2> to change the name to Crude Oil
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the conditions of the Stream T= 25 °C and 1 atm

Crude Oil Stream

Calculation Settings Conditions
Stream Name Crude Ol Stream Amount Default
Name Style Display Formula Temperature 25°C
Unit Set Metric, Moles Pressure 1 atm
Framework MSE-SRK
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In the inflows grid, in the white cell below H20O, type ASSAY and then press <Shift + Enter>. You can assign
other name to your Assay; however, you are limited to 5 characters for the name of the Assay.

Note: The <Shift + Enter> action instructs the software to create an Assay rather than look for a species

or pure component from the database.

Description Definition 5| Report

—

Pressure (atm)
=

H20

ASsAY|

J Variable

Stream Amount {mol}

Temperature (*C)

Shift

Value
Stream Parameters

Inflows (maol)

|

+ Enter

55.5082
25.0000
1.00000

55.5082

Add Caleulation -

Special Conditions

[ 5olids Only

Summary

Unit Set: Metric (meles)

Automatic Chemistry Model
MSE-SRK (H30+ ion) Databanks:

MSE-SRK (H30+ ion)

MSE (H30+ ion)

Second Liguid phase
Using Helgeson Direct

Note: After typing the name of your Assay, immediately press Shift + Enter command keys together.

Use the information provided in the table below to complete the grid.

Assay Information

Calculation Settings

Distillation Data

Assay amount 1000 moles Volume % Temperature, °C
Assay Data Type ASTM D86 1 20
Average Bulk Density Type | API Gravity 5 30
API Gravity 40 10 50
Distillation Curve Cuts 10 20 60
Distillation Data See next two columns 40 80
Thermo Method API-8 60 120
80 150
90 180
95 200
99 220
100 240

Your screen should look like the image below:
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Variable | Value
& Stream Parameters
Stream Amount (mol} 1055.51
Temperature (*C) 25.0000
Preszure (atm) 1.00000
& Inflows (mol)
H20 55.5082
| |B] ASSAY 1000.00
— Assay Data Type ASTM D86
— Awverage Bulk Density Type APl Gravity
— APl Gravity 40.0000
x| (— Distillation Curve Cuts 10
x| |— Distillation Data Edit...
'— Thermo Method APLS b

Note: You can change the Assay Data Type, the Average Bulk Density Type and the Thermo Method options by
clicking on the white cells. This will enable a drop-down arrow that will show you the different options.

W

Add Caleulation -

Special Conditions

[ 5olids Only

Summary

Unit Set: Metric (moleg)

Automatic Chemistry Model
MSE-SRK (H30+ ion) Databanks:
MSE-SRK (H30+ ion)
MSE (H30+ ion)
Second Liguid phase
Using Helgeson Direct

Species ASSAY is not valid.
Insufficient distillation data.

Click on the Edit button next to the Distillation Data. This will open a new window. Complete the Distillation

Data using the information given in the table above. Then click OK.

Note: Ctrl+C and then Ctrl+V can be used to copy and paste the data in the Distillation Data table.

Assay ASSAY b ? >
Distillation Data
Volume % Temperature *C
1.000 30.00
5.000 30.00
10.00 50.00
20.00 60.00
40.00 20.00
60.00 120.0
&0.00 150.0
90.00 120.0
95.00 200.0
95.00 200.0
99.00 220.0
100.0 240.0
Cancel Apply Help

The Distillation Curve Cuts will eventually become individual pseudocomponents, each with its own critical

parameters and thermodynamic reference data.

At this point we are ready to perform a calculation. Add a Single Point calculation, and then select an

Isothermal calculation.
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Change the SinglePoint name to Assay using the <F2> key

Click on the Calculate button or press the <F9> key to run the simulation

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save the calculations of this
section under the name Hydrocarbons and Pseudocomponents.

Analyzing the Results
We will review the results first in the Output Tab and the in the Report Tab.

Click on the Output Tab

The Output Tab shows a grid with 10 different pseudocomponents, identified with the letter P,
corresponding to each distillation cut of the crude. Notice that the name of each cut is the combination of

the oil name (ASSAY for this example) plus its boiling point in K.

The ‘+’ sign adjacent to each Assay expands a sub-table that contains the critical properties of each cut.

These properties are: Normal boiling point, density, and molecular weight.

J Variable Value = Type of calculation
- Stream Parameters |zothermal - Specs...
|_|:_| Stream Amount {mol} 1055.51
|— Moles (True) - Liguid-1 (mol) 55,0810 Calculate 4@
L Moles (True}) - Liguid-2 (mol) 1000.43 Summary
Temperature (*C) 25.0000
Pressure (atm) 1.00000 Unit Set: Metric (meles)
Infl |
= nflows (mol) Automatic Chemistry Model
H20 55.5082 MSE-SRK (H30+ ion) Databanks:
P[5 AS5AY_243K | 87.6615 MSE-SRK (H30+ ion)
MSE (H30+ ion)
[~ Thermo Method APLE Second Liquid phase
|— Mormal Beiling Paint (*C) -30.2796 Using Helgeson Direct
|— Specific Gravity 0717259 lsothermal Calculation
L Molecular Weight 47 1865 5 | 23.0000°C 1.00000 atm
P ASSAY 278K 822275 Phase Amounts
Agueous  55.0310 mol
P ASSAY_I0TK 200.249 Vapor 0.0 mal
P ASSAY_33TK 173.140 Solid 0.0 mol
P [ ASSAY_370K 109.658 2nd Liquid 100043 mol
P ASSAY_403K 131.728 Agueous Phase Properties
P ASSAY 43K 110.2846 pH 699753
P ASSAY 484K 570493 lonic _Strength 1.81246e-9 mol'mol
Density  0.997043 g/ml
P ASSAY_498K 35.2169
P ASSAY_524K 11.8247 Calz. elapzed time: 1.137 sec
W .
Calculation complete
Input | Output
Advanced Search Add az Stream Ewport

209



Click on the Report Tab and scroll down to the Species Output table.

This table shows how the pseudocomponents are distributed between the Liquid-1 and Liquid-2 phases.

Notice how the Liquid-1 (or aqueous) solubility decreases with each increasing boiling point.

Description Definition

Jump to: | Species Output [True Species) ~ a & Custarnize Export
Species Qutput (True Species) .
Row Filter Applied: Onhy MNon Zero Values
column Fitter Applied: Only Mon Zero Values

Total Liquid-1 Liquid-2

moal mal mal
ASSAY 307K 200.849 8.35967e-5 200.849
ASSAY_33TK 173.14 2.54502e-5 17314
ASSAY_403K 131.728 1.3826e-6 131.728
ASSAY 431K 110.846 3.8351e-7 110.846
ASSAY_3T0K 109.657 4.50941e-6 109.657
ASSAY 243K 87.6615 274791 e-4 87.6612
ASSAY_278K 822275 8.8662e-5 822274
ASSAY_464K 57.0493 4.39268e-3 57.0492
H20 55.5082 55.0806 0.427678
ASSAY_496K 35.2169 4.91447e-9 35.2169
ASSAY 524K 11.6246 2.99999e-10 11.6246
OHA 9.98321e-8 9.98321e-8
H30+1 9.98321e-8 9.98321e-8
Total (by phase) 1085.51 55.081 1000.43

W
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Entering Pseudocomponents to a Stream

There are times when the user does not have (or does not want to use) distillation data. Rather the user had
the individual properties for a single pseudocomponent. OLI allows the user to enter the individual
pseudocomponents. In the following example we will illustrate how.

Example 33: Creating Pseudocomponents

In this example, we will enter two properties - boiling point and density. The software will use one of four
thermodynamic models — API-8, API-5, Cavett, or Kessler-Lee — to calculate critical properties of
pseudocomponents.

Starting the Simulation

Add a new Stream

Click on the new Stream and press <F2> to change the name to Crude Oil - Pseudocomponents
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the conditions of the Stream T= 15 °C and 1 atm

Change H20 from the default value to 20 moles

Crude Oil Stream

Calculation Settings Conditions
Stream Name Crude Oil - Pseudocomponents | Stream Amount Calculated
Name Style Display Formula Temperature 15°C
Unit Set Metric, Moles Pressure 1 atm
Framework MSE-SRK H20 20 moles

In the inflows grid, in the white cell below H20O, type PC1 and then press <Crtl + Enter>

Note: The <Crtl + Enter> action instructs the software to create a pseudocomponent rather than look for a

species or pure component from the database.

J Variable Value A Add Calculation -
& Stream Parameters
Special Conditiong
Stream Amount (mol) 20.0000 )
Temperature (*C) 15.0000 L] Solids Oriy
Pressure (atm} 1.00000
Surmmary
el Inflows (mol)
H20 20.0000 Unit Set: Metric (moles)
pi| B
Automatic Chemistry Model
MSE-SRKE (H30+ ion) Databanks:
MSE-SRK (H30+ ion)
MSE (H30+ ion)
Ctl‘l + Enter Second Liguid phase
Using Helgeson Direct

Note: After typing the name of your pseudocomponent, immediately press Ctrl + Enter command keys together.
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Repeat step 8 four more time with the following names: PC2, PC3, PC4 and PC5. Use the information provided
in the table below to complete the grid. The molecular weight will be calculated by the software. In general, only

two of the three parameters need be entered.

Pseudocomponents Information

Pseudocomponent name PC1 PC2 PC3 PC4 PC5
Inflow (moles) 100 200 250 250 180
Thermo Method API-8 API-8 API-8 API-8 API-8
Boiling Point (°C) 33 60 100 140 190
Specific Gravity 0.72 0.76 0.8 0.85 0.9

Your screen should look like the image below:

J Variable Value -~ Add Calculation -
& Stream Parameters . -
Special Canditions
Stream Amount (mol) 1000.00 )
Temperature (*C} 15.0000 L] Solds Only
Pressure (atm) 1.00000
Summary
e Inflows (mol)
H20 20.0000 Unit Set: Metric (moles)
P PCI 100.000
Automatic Chemistry Model
Thermo Hethod ARLE MSE-SRK (H30+ ion) Databanks:
|— MNormal Boiling Point (*C) 33.0000 MSE-SRK (H30+ ion)
— Specific Gravity 0.720000 MSE (H30+ ion)

Second Liguid phase

— N Wei ) i
Wolecular Weight Using Helgeson Direct

Calculated Properties

PO PC2 200.000
— Thermo Method APLE
|— MNormal Boiling Point (*C) §0.0000
— Specific Gravity 0.760000

— Molecular Weight
Calculated Properties

P PC3 250.000
— Thermo Method APLE N
— Mormal Boiling Point (*C) 100.000
— Specific Gravity 0.200000

— Molecular Weight
Calculated Properties

P|C] PC4 250.000
— Thermo Method APLE
— Mormal Boiling Point (*C} 140,000
— Specific Gravity 0.850000

— Molecular Weight
Calculated Properties

P PCS 180.000
— Thermo Method APLE
— Mormal Boiling Point (*C} 190,000
— Specific Gravity 0.500000

— Molecular Weight
Calculated Properties

Input

Advanced Search Add az Stream E wport
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Notice that at the bottom of each pseudocomponent there is a “+” and a field called calculated properties.
Stream Analyzer immediately predicts all the calculated properties for each pseudocomponent. Click the “+”
sign next to PC1 to expand and see these properties.

Description Definition (3 Report

J Variable

Input

Advanced Search

Add az Stream

E xport

Value
& Stream Parameters
Stream Amount {mol) 1000.00
Temperature (*C) 15.0000
Pressure (atm) 1.00000
e Inflows (mol)
Hz20 20.0000
P CPCI 100.000
— Thermo Method APLE
— Mormal Boiling Point (*C}) 33.0000
— Specific Gravity 0.720000
— Kelecular Weight
=] Calculated Properties
— Calc:Melecular Weight 70.3287
|— Calc:Specific Gravity 0.720000
|— Calc:Boiling Point (*C} 33.0000
|— Calc:Critical Temperature ("C} 213.813
— Calc:Critical Pressure (atm) 42 1427
— Calc:Critical Volume: (L/mol} 0271028
— Calc:Acentric Factor 0.157144
— Calc:HREF Vapor -1.28412e5
— Calc:GREF Vapor 5686 264
— Calc:SREF Vapor 343.881
— Calc:CPREF Vapor 103,303
— Calc:VREF 24,4483
— Calc:HREF Agueous -1.39845e5
|— Calc:GREF Agueous 9148.86{
|— Calc:SREF Aqueous 242 360
— Calc:CPREF Agueous 244 4725
\— Calc:Rackett 0.277509
P L|:_| PC2 200.000
[~ Thermo lethod APLE
I— Normal Boiling Point (*C) 600000
[ Spexific Gravity 0.760000
I— Melecular Weight
Calculated Properties
P PC2 250.000
[~ Thermo Methed APLE
[ —

The values in the green boxes can be edited to match data from other programs.

At this point we are ready to perform a calculation. Add a Single Point calculation, and then select an
Isothermal calculation.

Change the SinglePoint name to Pseudocomponents using the <F2> key

Click on the Calculate button or press the <F9> key to run the simulation
It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save the calculations of this

section under the name Hydrocarbons and Pseudocomponents.
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Analyzing the Results

Click on the Report Tab and scroll down to the Species Output table.

This table shows how the pseudocomponents are distributed between the Liquid-1 and Liquid-2 phases.

Jump to: | Species Output [True Species)

b4

@ 9@, Cuztamize

Export

Species Qutput [True Species)

Row Filter Applied: Only Mon Zaro Values

column Filter Applied: Onby Non Zero Values

Total Liguid-1 Liguid-2
maol mol maol

PC3 250.0 1.97215e-6 250.0
PC4 250.0 4 54519e-7 2500
pPC2 200.0 8.03965e-6 200.0
PC5 180.0 5.40506e-8 180.0
PC1 100.0 1.1074e-5 100.0
H20 20.0 19.7405 0.259476
H30+1 2.40152e-8 2.40152e-8

OHA1 240152e-8 2.40152e-8

Total (by phase) 1000.0 19.7405 930,259
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Section 5. Mixers

Mixers are a useful tool to mix one or more streams. This tool allows you to mix Molecular Streams or
Reconciled Streams.

¢ 0Ll Studio - [Mixers.oad]

- O X
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & X
DESH| 52K vasor? Res[m B w | MBS |G FE A
| Navigator g o~ x| ﬂ
Wixers.oad |
2 Streams Description Definition [l Plot (3 Report LI File Viewer
& Stream —
H & Stream-1 Avwailable Streams Selected Mixing Method
Stream - [40] Single Point Mix - Specs...
Strear-1 - [A0] BN
#*  Single Point Mix
48 Volurne
Ratio
Multiplier
g
Variable | Value A
Mukiplier | MNeed at least 1 input stream.
Stream Parameters
Total Inflow
| Actions g o= Temperature (°C) 25.0000
Actions Pressure (atm) 1.00000 >
| Plot Template Manager L o+ x
v
Input
Advanced Search Add as Stream Export
Save
x
v
L
&
For Help, press F1 @ MUM

In this section, you will learn how to set up a Mixer and differentiate the different mixing options to get the most
out of your simulation results.
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Mixing Options (Definitions)

The Mixer Object has four different mixing options: Single point mix, Volume, Ratio, and Multiplier. A quick
summary of what each mixing options allows you to do is summarized here.

Single Point Mix
This option allows you to multiply up or down a stream inflow. When selecting the streams to mix, this option

will enable the multiplier option for both streams. You can leave the default values that are set by default to 1.0
or change the multiplier values to any other number.

Volume

In this option, one stream stays at a constant volume, while the other stream’s volume changes within a range
specified by the user, as is illustrated in the table below:

Stream 1 Stream 2

1L 1L
1L 2L
1L nlL

Ratio

In the ratio mixing type, both streams change at the same time. For example, stream will be 100% and Stream
will be 0%, then Stream 1 will be 90% and Stream 2 will be 10%, and so on, until it reaches Stream 1 0% and
Stream 2 100%.

Stream 1 Stream 2

100 % 0%
90 % 10%
0% 100 %

Multiplier

In this mixing option, one stream stays constant, while the other stream changes using a multiplier. The range
of the multiplier values is given by the user.

Stream 1 Stream 2

1 Stream 2 x 0
1 Stream 2 x 1
1 Stream 2 x n
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A Basic Mixer Calculation

A brief introduction to the Mixer tool will be shown in the example below. As we go through the example, basic
definitions, functionalities, and reporting for the Mixer tool will be introduced.

Example 34: Calculating the Heat of Mixing

You will mix 1 L of a 10 wt% Ca(OH)z solution with 1 L of a 10% HCI solution, and then you will ask the software
to calculate the heat of mixing and the final temperature of the mixture.

Starting the Simulation
In this example we need to create two different streams: a 10 wt% Ca(OH)2 solution and a 10% HCI solution.

Use the inputs and parameters from the table below to create each stream. Certain inputs, such as the name
style, units, etc. will require further adjustments, and will be described as necessary.

Basic Mixing Calculation

15t Stream 2"d Stream
Stream Name Ca(OH)2 Stream Name HCI
Name Style Display Formula Name Style Display Formula
Unit Set Metric, Batch, Mass Frac. Unit Set Metric, Batch, Mass Frac.
Framework MSE Framework MSE
Stream Amount 1 kg Stream Amount 1 kg
Temperature 25°C Temperature 25°C
Pressure 1 atm Pressure 1 atm
H20 Calculated H20 Calculated
Ca(OH)2 10 mass% HCI 10 mass%

After creating the streams, Add a Mixer. The Mixer object can be accessed from the Menu Bar by selecting
Calculations > Add Mixer or by selecting the Add Mixer in the Actions Pane.

Press <F2> to rename the mixer to Basic Mixing

Notice that the display layout for the Mixer tool is slightly different. There are two different windows (see image
below).

The first window displays all possible streams available for the mix calculation. There is no limit to the number
of streams to be mixed.

The second window allows you to change the mixing conditions, e.g., temperature, and pressure of the mixing.
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& 0L Studio - [Mixer calculations.oad®] — O e
W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DS | SRR L1lvalSe L2 [Re # [mels v ot | BMERE |G B E A¥
| Navigator g x| &
‘Water Analysis Calculations.oad
Hydrocarbons and Pseudocomponents.oad Description Definition il Plot [ Report
Mixer calculations.oad® — .
5 Available Streams Selected Mixing Method
&% Streams Ca0HZ - M3E] Single Paint kix Specs
a - A
CalOH2 HCI- [MSE) 5
HCI Type of calculation
A&l] Basic Mixing < |sothermal -
Window that display all the possible
streams available for mixing Caluate @ |
Summary
Variable Value -
ALITET Need at least 1 input stream.
Stream Parameters
Total Inflow
Temperature (*C) 25.0000
| Actions L o-x Pressure (atm) 1.00000
Actions >
Window that allows you to change
the mixing conditions
|Plot Template Manager L - x
v
Input
Advanced Search Add as Stream Export
Save
ﬂl[ﬁalculalion Complete! =
3
For Help, press F1 @ y:

Select the Ca(OH)2 stream from the available streams and use the >> button to put it under the Selected

window

Select the HCI stream from the available streams and use the >> button to put it under the Selected window

Description Definition i Plot [E Report

Available Strearms Selected Mixing Method
Cal0H)2 Single Point bis - Specs...
B HCl
Type of calculation
S |sothermal -
Calculate @ |
Summary
Variable Value | Ca(0OH)2 HCI -~ Unit Set: Metric (moles)
Multiplier 1.00000 1.00000 nit et Metne tmeles)
Stream Parameters Automatic Chemistry Model
Total Inflow 1000.00 g 1000.00 g MSE (H30+ ion) Databanks:
= MSE (H30+ ion)
Temperature (*C} | 25.0000 | 25.0000 25.0000 Using Helgeson Direct
Pressure (atm) | 1.00000 | 1.00000 1.00000 lsothermal Calculation

* 25.0000 °C 1.00000 atm
Single Point Mix

Calculation not done
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Also notice that the default calculation is the Single Point Mix Method at Isothermal conditions. In this
example, we want to calculate the heat of mixing and the final temperature of the mixture. Thus, an adiabatic
calculation is required to see this effect.

Click on the Type of Calculation button and select the Adiabatic calculation
option

Note: Once the streams for the mixing have been selected, notice that the multipliers of both streams:
Ca(OH)2 and HCI can be edited. This specific calculation will be carried out at a constant pressure of 1
atm, and the final temperature of the mixture will be calculated.

Description Definition {li Plot &l Report

Available Streams Selected Miring Method
Cal0H)2 Single Point Mix ~ » | | Specs..
o HCl
Type of calculation
“ Adiabatic -
Calculate 4
Summary
J Variable Value Ca(0OH)2 HCI ) Unit Set: Metric (moles)
T -
Multiplier 1.00000 1.00000 nit Set: Metric (moles)
Stream Parameters Automatic Chemistry Model
Total Inflow 1000.00 g 1000.00 g MSE (H30+ ion) Databanks:
" MSE (H20+ ion)
0|  Temperature ("C) 25.0000 25.0000 25.0000 Using Helgeson Direct
o Pressure (atm) 1.00000 1.00000 1.00000 Isenthalpic Calculation
> 0.0 cal
1.00000 atm
Single Point Mix
Calculation not done
w
Irput
Advanced Search Add az Stream Export

Now, we are ready to perform the calculation. Click on the Calculate button
or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it and name it as Mixer Calculations.

Analyzing the Results
Review the Summary Box. After mixing these two streams, the temperature increased from 25 °C to

approximately ~48.65 °C at a constant pressure of 1 atm. This indicates that that the enthalpy (or heat) of mixing
is exothermic.
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A Titration Experiment

In this example, you will explore the volume mixing option to recreate a titration experiment. As we go through
the example, different functionalities, reporting and plotting for the Mixer tool will be introduced.

Example 35: HF Titration with CaCl.

In this example, first, we will create two new streams, a 0.1 m HF solution, and a 0.1 m CaClz solution. What is
the pH of these individual streams?

Second, we will mix these two streams in equal amounts. What is the final pH of the mixture?

And finally, the 0.1 m HF solution will be titrated with a 0.1 m CaCl2 solution. What will the titration curve look
like?

Starting the Simulation
For this example, we need to create two different streams: a 0.1 m HF solution and a 0.1 m CaCl2 solution.
Note that we have switched thermodynamic frameworks to the AQ framework. Please make sure that this

framework is selected for both streams in this example.

Use the inputs and parameters from the table below to create each stream. Certain inputs, such as the name
style, units, etc. will require further adjustments, and will be described as necessary.

Titration Calculation

1st Stream 2"d Stream
Stream Name 0.1 m HF Stream Name 0.1 m CaCl2
Name Style Display Formula Name Style Display Formula
Unit Set Metric, Batch, Moles Unit Set Metric, Batch, Moles
Framework AQ Framework AQ
Stream Amount Calculated Stream Amount Calculated
Temperature 30°C Temperature 30°C
Pressure 1 atm Pressure 1 atm
H20 55.5082 moles H20 55.5082 moles
HF 0.1 moles CaCl2 0.1 moles

Calculating the pH of the individual streams

Add a Single Point — Isothermal calculation for each stream

Change the name to pH 0.1 m HF and pH 0.1 m CaCl2 respectively using the <F2> key
Calculate the isothermal calculation for each stream

Check the pH values of the individual streams in the Summary Box

Results — pH of the individual streams

pHO0.1m HF pHO0.1 m CaCl2
| 2.13 | 6.82 |
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Calculating the pH of the Mixture

After creating the streams, Add a Mixer. The Mixer object can be accessed from the Menu Bar by selecting
Calculations > Add Mixer or by selecting the Add Mixer in the Actions Pane.
Press <F2> to rename the mixer to Titration

Note: Notice that the Available Streams window is showing all the available streams for the mixing
calculation. Also notice that this window is showing both: Streams and Single Point calculations.
Additionally, in front of the name of the available streams, the thermodynamic framework appears within
brackets, e.g., AQ, MSE or MSE-SRK. This is important because in order to carry out mixing calculations,
the selected streams need to use the same thermodynamic framework.

Available Streams Selected

Cal0H)2 - [M5E]
HCI - [M5E] w3
0.1 HF - [40]
01 CaCl2 - [40] 76
Bazic Mixing - [MSE]
pH 0.1 HF - [40]

pH 0.1 CaCl2 - [40)]

Select the 0.1 HF — [AQ] stream. Use the >> button to move it to the Selected window

Select the 0.1 CaCl2 stream. Use the >> button to move it to the Selected window

Select Single Point Mix as the Mixing Method and Isothermal as the Type of Calculation

Leave the default values for the multipliers (1.0) and change the temperature at which the mixture takes place

to 30 °C.

Description Definition i Plot [ Report
Mixing Method

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

Auvailable Strearns Selected
pH 0.1 HF - [403] 0.1 HF Single Point Mix - Specs...
pH 0.1 CaCl2 - [40] ¥ 0.1 CaCl2
Type of calculation
o |zothermal -
Calculate 48
Summary
J Variable Value 0.1 HF 0.1 CaCl2 - Unit Set Metric (moles)
- I S)
| Huttpter 1.00000 1.00000 | i ek HEE (o)
Stream Parameters Automatic Chemistry Model
Total Inflaw 55,6082 mol 556082 mal Agqueous (H+ion) Databanks:
s Agueous (H+ ion)
| Temperature ("C) | 30.0000 30.0000 30.0000 Using K-fit Polynomials
Pressure (atm) 1.00000 1.00000 1.00000 T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
lzothermal Calculation
30.0000 *C 1.00000 atm
5| | Single Point Mix
Calculation not done

At this point is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save
under the same file that we created before named as Mixer Calculations.
Check the pH values of the individual streams in the Summary Box

221



Results — pH of the individual streams

The resultant pH is 1.44. How can this be? An acid stream (the HF stream had a pH of approximately 2.13) and
a nominally basic stream (the CaClz stream had a pH of 6.82) are mixed and the pH is outside the value of
either stream.

We will continue using Stream Analyzer to further examine the chemistry in more detail. We will titrate the HF
stream with CaClz.

Titrating HF with CaCl:
Change the Single Point Mix as the Mixing Method to the Volume option.
Note: You will receive a warning message: Need 1 stream selected as the variable stream (Specs...)

Click on the Specs button. This will open a new window indicating you to select the Stream to vary
In the Select Stream tab Select the 0.1m CaCl2 stream

Velume Survey Options ? X

Categary Select Stream Survey Range

- Wariable - Valums )
‘... Calculation Dptions Select inlet stream to vary

0.1 HF

Select the Survey Range tab. Change the Volume Range from O Lto 1 L.
Change the Number of Steps to 50. Then click OK.

Volume Survey Options ? x
Category Select Stream  Survey Range
i~ Wariable - Yolume
- Caleulation Optians Wolume Rangs |nit:

Selected Range

0.0ta1.0in 1 steps of 1.0

Mew

Delete

(@) Linear O Log () Paint List

End Puaints
End |1.00000
Step Size
Increment | 1.00000
C } Select one, the other is
Mumber Steps ® calculated
Cancel Apply Help
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Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before

Titration Results and Plotting

named as Mixer Calculations.

Click on the Plot tab. Note: You will see an empty plot, since we need to
define the variables that we want to report.

Click on the Variables button and expand the Aqueous section. Select and
put the following species in the Y1 axis using the >> button: HF-Aq, H+1, F-1,
Ca+2. Expand the Solid section and select CaF2(s).

Next, expand the Additional Parameters Section and Select pH. Put it in the
Y2 Axis using the >> button. Then click OK.
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As you can see, adding CaCl: to this solution lowers the pH to values as low as 1.33. The pH does begin to
slowly increase after 0.48 L of CaClz have been added.

Why the unusual pH behavior? You can see that a small amount of Ca*? in solution, causes the formation of
the solid CaF,. This effectively removes F~ from solution according to the following equation:

Ca*? +2F~ - CaF,

As we add more CaClz in solution, more CaF: is formed. As a result, the molecular HF decreases, because it
dissociates in order to maintain the equilibrium, by producing more F~ ions. This shifts the following equilibrium

to the right:

HF > H* + F~
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This causes an increase of H* in solution, and as a result a decrease in the pH. At some point, at around 0.48
L of 0.1 m CaCly, the solid reaches a steady value, indicating that the solid has reached its saturation (maximum
formation) value.
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Cascading Mixers

Example 36: Cascading Mixers

In this example, we will mix two streams, one basic and one acidic, and mix them together under adiabatic
conditions. The output of this mixer will then be used as the input to a second mixer where a new caustic
stream is added. The schematic in the figure below illustrates the layout.

Base Waste ———————)

SinglePoint1

Acid Waste ——————),
-

Caustic

For this example, we need to create three streams. You have already done this in other examples, so we will
only give you the input data (for all streams, we will use the AQ — default — thermodynamic framework)

Cascading Mixer Stream Data

Stream Name Base Waste

Temperature 25.0 °C

Pressure 1.0 Atmospheres
Stream Amount 55.5082 (Default) Mole

H20 55.5082 Mole

CO2 0.1 Mole

NH3 0.01 Mole

S0O2 0.01 Mole

Stream Name Acid Waste

Temperature 25.0 °C

Pressure 1.0 Atmospheres
H20 55.5082 Mole

HCI 0.1 Mole

H2S04 1.0 Mole

Stream Name Caustic

Temperature 25.0 °C

Pressure 1.0 Atmospheres
H20 55.5082 Mole

NaOH 1.0 Mole

To test that our streams are representing their respective names, perform a single point isothermal flash on
each stream. When you are done you should have a window that looks like the image below.
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{ OLIStudio - [Chapter 8 Tour.oad*]
I File Edit Streams Calculations Chemistry Tools View Window Help

Dl @ 2 W2 [AafvaSo)2e Re s 5 2[E]r  ME: | G BE
Navigator » oax
Chapter 8 Tour.oad* | =
- & Stream ~ || & Description | ¥ Definition E Report | 2 File Viewer‘
- 45 Surv - )
! L‘ geam_? I T — R Type of calculation
=-& Stream-2 SﬂenmAmoun‘l (mol) 56.5082 Bubbie/Dew Poit
- 4F Survey-2 Temperature (°C) 25.0000 © Temperature
& Citric Acid Pressure (atm) 1.00000 Pressure
& NaOH < Inflows (mol)
[-A% Mixer = H20 55.5082
& BaseWaste NaOR 100000 _ Ciiate @ |
2 SinglePoint G
S AcidWaste
4y SinglePoint-1 Unit Set: Metric (moles)
@4 Caustic Automatic Chemistry Model

4 SinglePoint-2 J

Actions T ax
Actions
Plot Template Manager b ~x

i

Input | Output|

Advanced | Seach |[AddasSteam [ Export

AQ (H+ ion) Databanks:
Public
Isothermal Calculation
25.0000 “C 1.00000 atm
Phase Amounts.
Aqueous  57.5082 mol
Vapor 0.0 mol
Solid 0.0 mol

Aqueous Phase Properties
pH 13.8891
lonic Strength ~ 0.0173888 moVmol
Densty 1.03546 g/ml

Calc. elapsed time: 0.250 sec

Calculation complete

‘For Help, press F1

@@ NUM

Now we are ready to begin. Click on the “Streams” at the top of the tree-view in the left-hand window and then

select Add Mixer from the actions panel.

| Mavigator 2 - x]
Chapter 8 Tour.oad* |
6“ Streams
G-d St
- & Strea
& Stream-
- Citric Acid
-~ NaOH
- Micer
- & Base Waste
b SinglePoint
- Acid Waste

L. f SinglePaint-1
=& Caustic

&y SinglePoint-2

-

| Actions y i L - x
Actions

(=]
[=]

Add Stream  Add Mixer

L&

Add Water Add
Analysis  Standard E...

Add Brine Add Gil
Analysis Analysis

& &

Add Gas Add
Anaheic Saburatnr

4

We can now add the “Base Waste” and “Acid Waste” stream as we have done in previous examples. The only
difference here is that we are selecting an Adiabatic calculation instead of the default isothermal calculation.
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&

& Description| &¥ Definition Ig Plot | (8 Report | (2 File Viewer

Available Streams

Stream

Stream-1

Stream-2

Citric Acid

NaOH

Caustic

Mixer - [40)]
SinglePoint - [4Q]
SinglePoint-1 - [40]

>

m

-

Selected

Base Waste
Acid Waste

Im} \lariahla

Vialua

Raca Wasta

Anid Waeta

Mixing Method

[ SsingePointMix v [ Specs.. |

Type of calculation
Adiabatic v

Bubble/Dew Point

@

Temperature

Pressure

Let’s calculate this mixer. Click the Calculate button. If everything is set up correctly the resultant mixed pH

should be approximately 0.3.

In the stream tree-view panel, locate your mixer and click the “+” sign.

ﬂ Basic Mixing
=& 0.1mHF

gy pH O m HF

S 0.1mCaCl2

-

Click the “+” sign to expand the tree.

Baze Waste

fody pH 0.1 m CaCl2

SinglePoint-2
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o & 0.1mCaCl2

- Ly pHO1 m CaCl2
ﬂ Titration

|_:_| & BaseWaste

o

-4y Flash of Base Waste

.. 4 Flash of Acid Waste

[:} W

You can see that the program has performed an equilibrium calculation on each of our input streams as well as
calculated the mixer. The results of the mixer are stored in the object “1 of 1”.

We will now add a second mixer from the actions panel.

E-& 0.1mCaCl2 A Description [&¥ Definition |l Plot & Report L File Viewer
.4y pH 0.1 m CaCl2
A Titration Lyailable Streams Selected
& Base Waste Laustic - [AU] -
,Q; SinglePoint BSSIIZIC'IMIHH%- [[ESI]E] ”
pH 0.1 mHF -
O-& Acid Waste pH 0.1 m Call2 - [AQ) 24
A SinalePoint-1 Titration - [A0]
’?’ ”_19 eroin SinglePaint - [A0]
|:_:|§ austic SinglePoint-1 - [al]
Lo e SinglePoint-2 SinglePoint-2 - A0
E-&f Mixer
i dy Flash of Base Waste B Variable Value s
: 4y Flash of Acid Waste Multiplier
,Q; 1of1 Stream Parameters
gl Mixer-1 Total Inflow
W

When we add a subsequent mixer, we will see all our previous objects still displayed. It is possible to reuse a
stream that we already used (this is not possible in OLI’s other simulators such as OLI Flowsheet: ESP.) We
want to connect the output from our first mixer (Mixer) to the inlet of the Caustic stream. Click the object
Mixer -(AQ).

Then add the Caustic stream. Select the type of calculation as Isothermal.
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&l
Description Definition (il Plot [ Report L2 File Viewer

Available Streamns Selected Mixing Method

0.1 mHF ~ b iwer Single Point Mix - Specs...
0.1 m CaCl2 Wy Caustic

Baze Wazte Type of calculation

Acid Waste o

pH 0.1 m HF - [A0] | zothermal -

pH |:|..'| m CaCl2 - [A0]
Titration - [40] Calculats &8

SinglePaint - [40]

SroPort1-(40] v Sunmay
J Variable Value Mixer Caustic n. R
1} 1} - M =
Multiplier 1.00000 1.00000 e e
Stream Parameters Automatic Chemistry Model
Total Inflow 113 236 mol 56 5082 mol Agueous (H+ ion) Databanks.
T ture (*C) |25.0000|  25.0000| 25.0000| ool i
emperature (°C) | 25. | o [ L Using K-fit Polynomials
Pressure (atm} |1.00000 1.00000 1.00000 T-span: 25.0 - 225.0
I I P-span: 1.0 - 1500.0
# | Izothermal Calculation

We are now ready to calculate the second mixer. Press the calculate button.

The resultant pH should be approximately 1.0. We want to increase this value. Change the Multiplier value
for Caustic Stream from 1.0 to 2.4

J ‘Variable Value Mixer-1 Caustic
Muttiplier 1.00000 2.40000
Stream Parameters ]
Total Inflow 113.238 mol " 25,5082 mol
Temperature (=C} 25.0000 r 25.0000
Preszure (atm) 1.00000 1.00000 - 1.00000

Click the calculate button again. The new pH should be approximately 12.1.

The real value of the cascading mixer is the quick ability to re-calculate the objects if we want to change
something. Let’'s add some diethanolamine to the series of calculations. Click the Acid Waste stream (not the
single point calculation below it) and add the component DEXH? to the grid with a value of 10.0 moles.

7 This is the OLI Tag name for diethanolamine, which is easier to type if you know the name.
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Stream

Stream-1
Stream-2

Citric Acid
MNaOH

ﬂ Mixer

& Base Waste

- &y SinglePoint
Acid Waste

-4 SinglePoint-1
& Caustic

- &y SinglePoint-2

&
¢
¢
¢
¢

Variable Value P
= Stream Parameters M
Stream Amount (mol) 666082
Temperature (*C) 25.0000
Pressure (atm) 1.00000
= Inflows (mol)
Water 55.5082
Hydrogen chloride 0.100000
Sulfuric{V1} acid 1.00000
DEXH| ~| 10.0000

Return to the last mixer you created (Mixer-1 in our example) and then reduce the Caustic Multiplier back to

1.0

To recalculate all the objects at once, press the control+F9 keys and all objects will be calculated. Now if you
look at the summary of Mixer2 you will see that the pH has changed to approximately 10.

_@ Description | &% Definition | i1 Plot l 3 Report

Available Streams Selected

Stream - Mixer-1

Stream-1 i > Caustic

Stream-2

Citric Acid - <«

NaOH T

Base Waste

Acid Waste

Mixer - [40]

SingePoint-[A0] =
Variable Value Mixer-1 Caustic =
Muttiplier 1.00000 1.00000 | |

Stream Parameters
Total inflow | 123.236 mol 56.5082 mol
Temperature | 25.0000 25.0000 25.0000
Pressure (at ‘ 1.00000 1.00000 1.00000
>
Input |
Search Add as Stream Export

Mixing Method

[ Single Point Mix

) (o)

Type of calculation
Isothermal

Calculate @ I

v

Summary

Unit Set: Metric (moles)

Automatic Chemistry Model
AQ (H+ ion) Databanks:
Public

Isothermal Calculation
25.0000 °C 1.00000 atm

Single Point Mix

Calculation Results:
Temperature 25.0000 °C
Heat Duty -11867.3 cal

Phase Amounts
Aqueous 179.430 mol
Vapor 0.0 mol
Solid 0.0 mol

Agueous Phase Properties
pH 10.0788
lonic Strength  0.0158132 moVmol
Density 1.05177 g/ml

Calc. elapsed time: 0.582 sec

Calculation complete

Calculation complete

>

m
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Section 6. Chemical Stability Diagrams

“Predicting the stability of chemical compounds as a function of solution chemistry is crucial towards
understanding the electrochemical characteristics of materials in real-world applications. There are several
commonly considered factors that affect the stability of a chemical compound, such as metal ion concentration,
mixtures of ion concentrations, pH, buffering agents, complexation agents, and temperature. Chemical stability
diagrams graphically describe the relative stabilities of chemical compounds, ions, and complexes of a single
element as a function of bulk solution chemistry (pH and metal ion concentration) and also describe how solution
chemistry changes upon the thermodynamically driven dissolution of a species into solution as the system
progresses towards equilibrium’.

Stream Analyzer has the capability of building chemical stability diagrams by using the Chemical Diagram tool
that allows to study the precipitation of species as function of ion concentration and other parameters such as
pH. In this section we will explore with different examples how to set up cases to use the Chemical Diagram
tool.

&) 0Ll Studio - [Chemical Diagrams.oad*] — [m] x
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 x
DzE %K Ll vasSol2 Red meslfs s BRSO EE A
Mavigator g =%
=
Chemical Diagrams.oad® | L
& Streams Description Definition il Chemical Diagram (& Report
o & Stream I i
~|@ Chemical Diagram N Variable Value Q y'DED e
= Stream Parameters Species vs, Species: v Specs...
Stream Ameount (mol) 55.5082 5
pecies vs. Species
Temperature (*C) 25.0000 .
Solids Yield
Pressure (atm) 1.00000
—l
= Inflows (mol)
H20 55.5082 Unit Set: Metric (moles}

Automatic Chemistry Mode!
Agueous (H+ion) Databanks:
Aquesus (H+ ion)
Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0

Stability diagram: vs
Specify an X variable component
for this diagram type.

Actions L Specify at least 1 Y variable
Actions > | companent for this diagram type
Calculation not done
Plot Template Manager g -~ X
v
Input
Advanced Search Add as Steam Export

Save

*||Calculation Completel
v

For Help, press F1 @ NUM

8 santucci, R.J., McMahon, M.E. and Scully, J.R., 2018. Utilization of chemical stability diagrams for improved understanding of
electrochemical systems: evolution of solution chemistry towards equilibrium. npj Materials Degradation, 2(1), p.1.
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Building a Chemical Diagram

In this section, first we will go through the steps of building a basic chemical diagram, and then we will explore
how the concentration of species and other variables such as temperature and pressure have a significant
influence on the stability of chemical species.

Example 37: La(C2H;0.); — KsPO4 Chemical Diagram
For this example, we are going to reproduce the work found in the following paper: Andelman, T., Tan, M. C.,

& Riman, R. (2010). Thermochemical engineering of hydrothermal crystallization processes. Materials
Research Innovations, 14(1), 9-15. https://doi.org/10.1179/143307510X12599329343123.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

La(C2Hs0:2)s — KsPO4 Chemical Diagram

Calculation Settings Stream Composition and Conditions

Stream Name Chemical Diagrams Stream Amount Calculated

Name Style Display Formula Temperature 25°C

Unit Set Metric, Batch, Moles Pressure 1 atm

Framework AQ H20 55.5082 moles

Type of Calculation Chemical Diagram La[C2H302]3Note 0.1 moles
K3PO4 0.1 moles
HNO3 0.0 moles
NaOH 0.0 moles

Note: Notice the use of square brackets instead of the traditional parenthesis

Add a new Stream

Click on the new Stream and press <F2> to change the name to Chemical Diagrams

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above. Notice that the concentrations of La(C2H302)3
and K3PO4 are held at a 1:1 molal ratio.

Go to the Add Calculation button and select Chemical Diagram calculation or by selecting the Chemical
Diagram icon in the Actions Pane

Select Species vs Species as Type of Diagram — Default

Change the Chemical Diagram name to Lanthanum/Phosphate using the <F2> key
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0 OLl Studio (Version 11.5.1 Beta) - [6.1 Chemical Diagrams - Example_37.0ad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
DS & B TN | L1vasol2 Red me2Uf3 s | g S EE
Mavigator R
F— [
6.1 Chemical Diagrams - Example_37.0ad* |
&b Streams &/ Description Definition Chemical Diagram Report File Viewer
() P 9 P
=& Chemical Diagrams T i
: e of diagram
/@ Lanthanum/Phosphate | Variable Value A o &
= Stream Parameters Species vs. Species  *
Stream Amount (mol) 55.7082
Temperature (*C) 25.0000 Calculate i@
Pressure (atm) 1.00000
Summary
= Inflows (mol)
H20 55.5082 Unit Set: Metric (moles)
La[C2H302]3 0.100000 ) )
K3P04 0.100000 Autumatlc Cljeml.str?r Model )
Aguecus (H+ ion) Databgks:
HNO3 0.0 Agueous (H+ ion)
MaOH 0.0 Using K-fit Polynomials
T-zpan: 25.0 - 225.0
ﬂ P-zpan: 1.0 - 1500.0
Actions g o~ % Stability diagram: vs
Actions Only one redox syste.m
5 can be selected for display
in Species vs Species diagrams.
Specify an X variable compenent
for this diagram type.
Specify at least 1 % variable
component for this diagram type.
Calculation not done
Flot Template Manager L o x
v
Input
Advanced Search Add as Stream Export
Save
For Help, press F1 @ NUM

Notice that the calculation is not ready

Click on the Specs button. This will open the Chemical Diagram Options window

In the Display Choices tab, select the No Aqueous lines button and check the box for Lanthanum as the

subsystems to display
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Chemical Diagram Options

? X
Categary Display Choices
----- Dizplay
..... Aues Agueous and Solid Lines Shading
(") Mo shading
(®) shade selected subsystem

[(5odium
[nitrogen
[JPhospharus

Corcsl | [ ooy

Help

Click on the Axes category. The dialog changes to display the X Axis tab.

In the Variable section select the pH option. Leave the default pH Range: 0-14. This also enables the Titrants
button.

Chemical Diagram Options ? >
Category Whris Y fuiz
Dizplay
A Variable Species
() Spedies Amount Hide Related Inflows
®pH Titrants H20
HMO3
K3PO4
R,
piRSS La[C2H302]3
o
Log scale
Cancel Apply Help

Click on the Titrants button. Select HNO3 as the acid titrant and NaOH as the base titrant. Then click OK.

Note: These titrants were added in the stream definition, and that's why they appear as possible titrants.
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Select Titrants 7 =

Titrants
Hide Related Inflows New Inflow

Acid Base
H20 H20
HNO3 HNO3
KIPO4 K3Po4
La[C2H302)3 La[C2H30213
NaOH NaOH

’Select the acid and the base which will be used to vary the pH.

Cancel Apply Help

Select the Y Axis tab. Select the Species Amount button as the variable to change
Select La[C2H302]3 and K3PO4 species

For the Inflow Range keep the default range: from 1E-14 to 1.0 moles on a log scale.

Note: This means we will have initially 1.0E-14 moles of La(C2H302); and 1.0E-14 moles of KsPOs
increasing equally until we have 1.0 moles of each.

Click OK
Chemical Diagram Options ? *
Categom W A T Auis |
----- Dizplay i
[ Variable Spedes (maximum of 4) _
Inflow(s) Hide Related Inflows |
|
(") Temperature [Hz0 |

Inflow Range

Start | 1e-014 mol LR

End

mol

II

Log scale

QK Cancel Apply Help
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it and name it

Chemical Diagrams.

Analyzing the Results

Click on the Chemical Diagram tab ( @l chemical Diagram ). This tab displays the Species vs pH diagram for
the Lanthanum species.

The X axis of the diagram is pH, varied by adding HCI or NaOH, and the Y axis variable is the concentrations
of La(C2H302)3 and K3P0O4, held at a 1:1 molar ratio. From this figure, we can see that at room temperature
there is a large pH range over which lanthanum phosphate will be the thermodynamically stable product. As pH
increases, and more OH- ions are present, La(OH)3 begins to form. The pH range in which La(OH)3 forms is
the right bounded region in the diagram. The area below the lines is where only aqueous species exist.

0.0
175 -
'_"O:r -3.5 i
o ——
¥’ 3,
g -525[ — ’
I LaPO,.2HO{3} T
3 7of O /La(OH) s}
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236



Example 38: Adding 50% Lanthanum Acetate

In this second example we will add 50% more to the lanthanum acetate species and see the effect of this

increase in concentration on the chemical diagram.

Starting the Simulation

Copy the Lanthanum/Phosphate chemical diagram calculated in the Example 37: La(C2H302); — K3P0O4
Chemical Diagram, and paste it under the Chemical Diagrams stream.

Change the name to Lanthanum 50% increase using the <F2> key

Change the Lanthanum Acetate amount to 0.15 moles

¢ 0Ll Studio - [Chemical Diagrams.oad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DeE| & 8 PN | 11vasol2 |Red medis s | MERs | S RE N
Mavigator L o~ X
i [
Chemical Diagrams.oad* |
&% Streams Description Definition i Chemical Diagram [E] Report
o #& Chemical Diagrams )
N J Variable Value Type of diagram
= Stream Parameters Species vs. Species Specs...
Stream Amount (mol) 55.7582
Temperature (*C) 25.0000 Calculate 48
Pressure (atm) 1.00000
Summary
e Calculation Parameters
Use Single Titrant Mo Unit Set: Metric (moles)
pH Acid Titrant HMO3 ) )
pH Base Titrant NaOH ALIFUI'HEUC Chemgtr}f Mode! -
Agueous (H+ ion) Databanks:
& Inflows (mol) Aguecus (H+ion)
H20 555082 Using K-fit Polynomials
T-span: 25.0 - 225.0
| tercerzozs 0.150000 | P-span: 1.0 - 1500.0
= K3P0D4 0.100000
Actions g o+ %
e HNO3 0.0 Stability dlagranj: La[C2H302]3 vs pH
NaOH 0.0 User-selected titrants.
Acid: HNO3
j Base: MaOH
Range on La[C2H302]3:
1.00000e-14 to 1.00000 mol
Range on pH:
0.0 to 14.0000
Subsystems
Flot Template Manager Lo+ x Lanthanum
Calculation complete
Input  Output
Advanced Search Add as Stream Export
Save
x ~ - ~
,||Calculation Complete!
v
o
For Help, press F1 @ MNUM

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Click on the Chemical Diagram tab ( Wll Chemical Diagram ). It is important to note that the Y axis label has
changed to reflect the increased amount of the lanthanum acetate.

From this figure, we can see that by increasing amount of Lanthanum acetate it favors the stability of La(OH)3
over a wider range of pH.
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Example 39: Changing temperature and pressure

In this thirds example we will use the original amount of the lanthanum acetate species and see the effect of
this increase in temperature and pressure on the chemical diagram.

Starting the Simulation

Copy the Lanthanum/Phosphate chemical diagram calculated in the Example 37: La(C2H302); — K3P0O4

Chemical Diagram, and paste it under the Chemical Diagrams stream.

Change the name to Lanthanum HTHP using the <F2> key

Change the temperature to 200 °C and the pressure to 25 atmospheres

0 OLl Studio - [Chemical Diagrams.oad®]

B File Edit Streams Calculations Chemistry Tools View Window Help

- 8 X

For Help, press F1
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= Stream Parameters Species ve. Species Specs...
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e Calculation Parameters
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pH Acid Titrant HNO3
- Automatic Chemistry Model
il FEER LT NaOH Agueous (H+ ion) Databanks:
o Inflows (mol) Agqueous (H+ ion)
H20 555082 Using K-fit Polynomials
T-zpan: 25.0 - 225.0
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* - ’ ~
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v
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@ NUM

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Click on the Chemical Diagram tab ( ill Chemical Diagram ). This figure shows the stability diagram for
La(C2H302)3 and K3PO4 over a range of pH values at 200°C and 25 atm. Under these conditions, there is a
decrease in the pH range over which LaPO4 is the stable product. This is because as temperature increases,
the insoluble rare earth hydroxides [RE(OH)3] become more stable. The aqueous area of the single-phase
increases at elevated temperatures due to the increased solubility of the different species. Again, at high pH
values, only La(OH)3 will form.
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Corrosion Analyzer is a module within the OLI Studio. A separate license enables this module. Corrosion
Analyzer is first-principles corrosion prediction tool. As in Stream Analyzer, for all calculations we will create
one or more objects, referred to as a Streams, which are used to define a particular chemistry, temperature,
and pressure.

There are two different types of calculations that can be carried out in Corrosion Analyzer: Corrosion Rates and
Stability Diagrams (Potential vs pH and Potential vs species diagrams). A brief definition of each type of
calculation is given below.

........... Stability Diagram is used to predict the stability of metals, metal ions, oxides, etc.

E as a function of T, P and solution composition. With this tool you can draw
conclusions about the ranges of immunity to corrosion, possible passivation and

dissolution of metals in the presence of species that promote or inhibit corrosion.

Corrosion Rates is used to predict the general corrosion rate, the propensity for

localized corrosion (pitting or crevice corrosion) to occur, polarization curves, and

heat treatment effects of metallic materials at one specific equilibrium state. The

Add Corrosion Rates  ©ffects of temperature, pressure, pH, concentration of species, and velocity on
corrosion are also included.

In this chapter several examples will be provided to cover these calculation types.
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Section 7. Stability Diagrams

In this section you are going to learn how to set up a Stability Diagram and how to interpret the results when
using this tool.

¢ 0Ll Studic - [Document1*] - O X
®7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DSE L =8 22 R | vasetz|[res [matisms MEs & FHE W
Mavigator L o~ X
| | B
Document1® |
&% Streams Description Definition il Stability Diagram [&| Report
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IE Stability Diagram I Variable | Value A e g
= Stream Parameters Specs...
Stream Amount (mol) 55.5082 Pourbaix Diagram
Temperature (*C) 25.0000 n n
Potential vs. Species
Pressure (atm) 1.00000 g
e Calculation Parameters
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pH Acid Titrant HCL
Autematic Chemistry Model
il SEEIET NAOH Aqueous (H+ ion) Databanks:
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Using K-fit Polynomials
|Acﬁon5 L o x = Contact Surface T-span: 25.0 - 225.0
Actions P-span: 1.0 - 1500.0
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User-selected titrants
Enter the contact surface for this
calculation in the contact surface
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Alloy Activity Module:
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Calculation not dene
|Plot Template Manager L - x
v
Input
Advanced Search Add az Stream Export
Save
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How to Interpret a Stability Diagram

A Stability Diagram also known as Pourbaix Diagram or simply Potential vs pH diagram, maps out the possible
stable species in an aqueous environment at different pH and potential combinations. This diagram, however,
does not provide information of reaction rates or kinetic effects.

A schematic representation of the Pourbaix diagram for copper in water at 25 °C and 1 atm is shown in the
image below.

The gray color represents the immune to
T T corrosion region. It is the stability field of the
elemental metal. Cu is the base metal in the
above plot.

20 T T
O2(g)

2 !
1'°_Oz+4ﬁ+i'é;},;;,“*~~»Y'fa."_"_9f‘"‘a_"_°_fl_l:ine The green color represents the range of
I possible passivation. It is the stability field
- ORP R "0”:“ of a sparingly soluble compound (usually an
oxide or hydroxide or salt). This compound
will form a layer on the surface of the metal,
which may protect the metal from corrosion.
Having determined that a layer is formed, it
is necessary to verify whether it is
protective or not because this depends on
the crystalline structure of the sparingly
2g soluble compound. In the above plot, the
. &0 8o 6o 00 20 green area contains CuO and Cu20 as the

H
Acidic g’ Basic solid phases produced by oxidation of Cu.

E (SHE)

The light-yellow color represents the corrosion region. It is the stability field(s) of dissolved (ionic or neutral)
metal species in which neither the metal nor passivating solids are stable. In the plot above, Cu?* is the ionic
species that is the most stable.

The diagonal dashed lines, represented by the letters a and b are the water reduction and water oxidation lines,
respectively.

Below the water reduction line (a): Water decomposes to form Hz gas. Above the water oxidation line (b): Water
decomposes to form Oz gas. The region within these lines (a and b) is called the stability region of water.

The lines that divide different species in the Pourbaix diagram show the equilibrium conditions. These lines
represent the equilibrium for chemical and electrochemical reactions.

Finally, as a reference, the values of the Natural pH and the Oxidation Reduction Potential (ORP) are
superimposed on the diagram. The natural pH line of the water sample is the water's computed pH before it is
adjusted using with acid or base to create the diagram. The ORP is represented by the red circle and indicates
the initial electrochemical potential of the water phase. This is the value before the potential is adjusted using
a potentiostat, for example.
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How to determine if corrosion in the absence of oxygen is possible?

In the absence of oxygen, the most common reduction reaction is the reduction of the proton to elemental
hydrogen (as shown by line a in the plot below). Depending of the pH that reactions that can occur are the
following:

Acidic: H* + 2¢ ® H,
Basic: 2H,0 +2e ® H, + OH™

For a corrosion process to proceed, the line a must lie above a line that corresponds to an equilibrium between
the metal and metal-containing ions.

In oxygen-containing solutions, O, can be reduced to H,O (as shown by line b). Depending of the pH that
reactions that can occur are the following:

Acidic: 0, + 4H* + 4e® H,0
Basic: 0, + 2H,0 + 4e® 40H~

For a corrosion process to occur, the line b must lie above a line that corresponds to an equilibrium between
the metal and metal-containing ions.

Passivation is likely if b lies above a line that corresponds to an equilibrium between the metal and a sparingly
soluble compound.

20 T T

~~~~~~~~

051 ¢ORP 02.'.2”20.‘. “““““ B

E (SHE)

2% 4.0 6.0 80 10.0 12.0

- pH )
Acidic Basic

Stability diagram for Copper in Water at 25°C and 1 atm
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Building a Pourbaix Diagram
Example 40: Pourbaix Diagram of Fe-H20 System

After completing this example, you will learn how to set up a Pourbaix Diagram using the Stability Diagram
tool.

Starting the Simulation

4y

To start the software, double-click the OLI Studio icon on the desktop, which will take you to the OLI T T
Studio interface where you can start creating your calculations. T

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 2-12
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Add a new Stream

Click on the new Stream and press <F2> to change the name to Fe-H20 System

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Go to the Add Calculation button and select Stability Diagram calculation or by selecting the Chemical
Diagram icon in the Actions Pane.

& OLI Studio - [Stability Diagrams.oad*] - m] x
B File Edit Streams Calculstions Chemistry Tools View Window Help - 5 X
D=EE 20 | lvasolz Red [masimt| MES 5% B
Mavigator g~ X &
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Stability Diagrams oad* | Description &% Definition 5 Report
0“ Streams
i.d Fe-H20 System N Variable Value A iadd Calculation; =
= Stream Parameters
5 Single Point
Stream Amount (moly 55.5082
Temperature (-C) 25.0000 DY
Pressure (atm) 1.00000 . Chemical Diagram
ummary
= Inflows (mol) —l Stability Diagram
H0 ses082 Unit Set Corrosion Rates
Automatic Chemistry Mode!
Aqueous (H+ ion) Databanks
Aqueous (H+ ion)
Actions g o~ % Using K-fit Polynomials
: T-span: 25.0 - 225.0
Actions Pspan: 1.0 - 1500.0
Add Stream
i) Add Mixer
. b3
Add Single Point
) Add Survey
Bl Add Chemical Diagram
/&) Add Stability Diagram
\E] Add Corrosion Rates
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Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20O Pourbaix Diagram

Note: Notice that two new sections appear in the Definition tab: Calculation Parameters and Contact
Surface grids. Additionally, the Redox button is turned ON.

In the Calculation Parameters grid is where the pH titrants need to be defined. These default pH titrants

selected by default are HCl and NaOH. You have the option to change the default titrants to your preferred

titrants.

In the Contact Surface grid is where the metal or alloy of interest needs to be defined. E.g. Fe, Cu, carbon

steel, etc.

The Redox button (Re) is turned ON for this calculation since reduction and oxidation reactions are need it

to create the Pourbaix Diagram. This option will enable the different oxidation states of the selected metal.

¢ OLI Studio - [Stability Diagrams.cad*] - m] x
B File Edit Streams Calculstions Chemistry Tocols View Window Help - & X
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“‘ Streams Type of diagram
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Save
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Leave the default titrants for this calculation: HCI and NaOH

Under the Contact Surface grid type Fe

Note: You also have the option to use the drop-down arrow to search for the metal or alloy of interest.
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W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 %X
DS |4 B0 0 2R 1vase2 Rt melfsms | M |G NG|
| Navigator g~ x|
=
Documentt* =
Stability Diagrams oad* Description Definition | Stability Diagram [ Report
‘:“ streams Variable Val Type of diagriam
- & Fe-H20 System arial | alue ~ gar
{|A Fe-H20 Pourbaix Diagram - Stream Parameters Pourbaix Disgram Specs.
Stream Amount (moly 55.5082
Temperature (*C) 25.0000 Calculate @ |
Pressure (atm) 1.00000
- Surnmary
= Calculation Parameters
Use Single Titrant No Unit Set: Metric (moles)
pH Acid Titrant HCL ) .
pH Base Tirant NADH Ai‘;m'“m:’['f:'.ﬂg Dm”me'aham:
- Inflows {mol) Corrosion (AQ)
[Actions - x Hz0 | 55,5082 Aqueous (H+ion)
= Redox selected
etions | Using K-fit Polynomials
< Contact Surface T-span: 25.0 - 225.0
Fe j| P-span: 1.0 - 1500.0
Display Name 0Ll Name & Stabilty diagram Evs pH
OLIFz2 F2 User-selected titrants
,E2 E2 Enter the contact surface for this
calculation in the contact surface
5 FEEL | section of the grid
OLIFEEL FEEL
M Flowers of sulphur SULFUREL i .
i L, Alloy Activty Module:
| Plot Template Manager g & x S Flnrine F2 Activated
G ion not dene
v
Input
Advanced Search Add az Stream Export
Save
* A
v
L
i} v
For Help, press F1 @ NUM |

247



At this point all the basic inputs to create a Pourbaix Diagram have been defined. Notice that in the summary
box the following default plotting settings have been defined: Potential range: -2 to 2 V vs SHE and pH range:
0-14. You can modify these default values before running the calculation.
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Click on the Specs button. This will open the Stability Diagram Options Window

Under the Display Category you will see the Display Choices tab. Under this tab make sure to select the

following options:
No Aqueous lines
Show natural pH
Show ORP

Under Display Subsystems check the Iron and Water boxes

Under Shading select the option Shade Subsystem and select Iron.

Click OK to close the window

Help

+ o
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Click on the Axes Category. This will show you the Plot Variables tab.

Note: In the Axes Category you can modify the axes of the Pourbaix Diagram and change the default

titrants.
Stability Options ? X
Category Plot ariables
- Displ
i ¢ s ¥ fis
o e
o Metal Activity pH Range Patential Fange
Stat D G 4 (SHE]
e
Titrants
pH Titrants

Cancel Apply Help

Change the X Axis or pH range to 2-12

Leave the default values for the Y Axis of Potential Range (-2 to 2 V SHE)
Click OK to close the window

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool

bar. You can save it and name it as Stability Diagrams.
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Analyzing the Results
Click on the Chemical Diagram tab (ﬂ Stability Diagram ) Thijs tab displays the Pourbaix Diagram for the Fe-
H20 system at 25 °C and 1 atm.

20 T T T

E (SHE)

29, . ) 6.0

pH

The obtained diagram is useful for assessing the corrosion behavior of iron in pure water.

Elemental iron (gray section) is stable from -2 to -0.6 V SHE. At a potential greater than -0.6 V SHE, Fe oxidizes
to Fe*2. If the pH is above 10, the boundary is at a lower potential for example, -0.7 V SHE at 12 pH.

The software computes that FesO4 (magnetite) is stable between a pH range of ~8.3 and 12. This is also known
as the Passive Film that protects the iron surface from active corrosion. At higher potentials, the software
computes Fe203 (hematite). Hematite is the dehydrated form of Fe(OH)s and FesOs, two forms of rust. These
phases provide less corrosion protection the iron surface than the magnetite. These two phases are represented
in the plot by the green color.

The white sections of the plot represent the dominant iron-containing species dissolved in solution. The species
with the largest range is Fe*2. The software computes stability for this species from -0.6 V to 0.77 V SHE, at
low pH, and it is no longer stable at pH 10. Active corrosion of the iron surface is predicted if the pH is between
0 and 10. The actual corrosion rate cannot be predicted from this plot, nor can the pH of the water film (diffusion
layer) in contact with the iron surface. Therefore, the pH range of 0 to 10 is a guideline and not a direct prediction.

The natural pH and the oxidation reduction potential (ORP) of water, which is represented by the red circle, are

showing that when placing Fe in pure water at 25 °C and 1 atm. The point at which the natural pH and the ORP
intersects (7 pH, 0.4 V SHE) indicates that Fe203 (hematite) is the most stable species that forms.
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Additionally, notice that the oxidation of iron can be coupled with the reduction of water because water reduction
line (line a) lies above the lines that represent the oxidation of iron. Therefore, corrosion of iron can occur with
the evolution of hydrogen and formation of soluble iron-containing ions e.g., Fe?*.

Selective Oxidation and Reduction Chemistry

Occasionally you may want to remove a specific oxidation state for an element when building a Stability
Diagram. There are a variety of reasons to perform such an activity, one being that a specific oxidation state
may be kinetically unavailable for the reaction. Another case is that perhaps you need to compare and contrast
two systems. We will explore how to do this in the following example.

Example 41: Turning off the Fe*® oxidation state in the Stability Diagram

In this example you will create a Stability diagram for iron in water at ambient conditions (see previous example
for details on how to create this stream), learn how to change the default titrants and turn off/on different specific
oxidation states of the metal of interest.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe H2S04 0 moles

NaOH 0 moles

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane.
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above. Add H2S0O4 and
NaOH as inflows. Note: H2SO4 and NaOH will be used as titrants to adjust pH

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20 Selective Oxidation
Under the Contact Surface grid type Fe
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Changing the Default Titrant

In the Calculation Parameters grid, click on HCI (which is default titrant). A drop-down arrow appears, click
on it and select H2SO4. NaOH has been selected by default.

= Calculation Parameters
Use Single Titrant
pH Acid Titrant
pH Base Titrant
=
H20
H2504

Note: You can also change the default titrant using the Specs button

Click on the Specs button
Select the Axes option under the Category window
Click on pH Titrants. This will open a new window

& OU Studic - [Stability Diagra — O kS
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Actions pH
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Plot Template Manager L - ’i_
Cancel Apply Help
| - TT
| Input
Advanced Search Add as Stream Export
Save
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Select H2S04 as the Acid titrant, and NaOH as the Base titrant. Then click OK to exit both windows.
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Select Titrants ? x

Titrants
Hide Related Inflows New Inflow
Acid Base
Fe Fe
H20 H20

H2504

NaOH

’Select the acid and the base which will be used to vary the pH.

Cancel Apply Help

The screen should look like the image below after all the inputs and definitions have been entered:
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We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example

named Stability Diagrams.
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Analyzing the Results

Click on the Chemical Diagram tab (il Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-

H20 system at 25 °C and 1 atm.

E (SHE)

pH

8.0

Marcell Pourbaix did not consider the FeO42 ion in his work. This is iron in the +6 oxidation state for which there
was little thermodynamic data available in the1960s. To reproduce his work, we need to remove the redox

subsystem that pertains to Fe(+6).

Selective Redox, removing an undesired oxidation state

In the Menu bar go to Chemistry > Model Options. This will open a new

window
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Select the Redox tab, expand the Iron Subsystems by clicking on the ‘“+’ icon,
and uncheck the Fe(+6) oxidation state. Note that if you have an inflow
component with this oxidation state it will remain in the calculation. Click the
OK button to save your changes and close the window.

Fe-H20 Selective Oxidation Chemistry Model Options 7 X

Databanks Phases T/P Span

[ Include Redox Chemistry
Include Subsystems
ERENE

(38 odium
-] Sulfur
[
Lok |l Cancd [ ey || Hep |

We are ready to recalculate to consider the changes. Press the <F9> key or
go to the Definition tab and click on the Calculate button.

Analyzing the Results

Click on the Chemical Diagram tab (ﬂ Stability Diagram ) |n the figure below, you can see that the region
dominated by the FeO4? ion is not present.
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Modeling the Effects of Hydrogen Sulfide on Corrosion
Example 42: The Effect of Hydrogen Sulfide on the Corrosion of Iron

The H2S (S?) forms a relatively insoluble precipitate with Fe*2. This precipitate has the potential to cover the
metal surface and enhance the pH region where iron is protected from the water. We will model this using the
Stability Diagram tool.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe H2S 1e-4 moles

Under the Fe-H20 System add a new Stability Diagram
select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane.

Select the AQ thermodynamic Framework
Click on the Names Manager Icon and select the Formula option
Click on the Units Manager Icon, and select Metric, Batch, Moles
Enter the composition, temperature and pressure of the stream given in the table above. Add 1e-4 moles of

H2S as an inflow.

Select Pourbaix Diagram as Type of Survey — Default
Click on the new Stability Diagram and press <F2> to change the name to Fe-H20-H2S System
Under the Contact Surface grid type Fe

The screen should look like the image below after all the inputs and definitions have been entered:

OedE s+ 2@
Mavigator
Documentt

B File Edit Streams Calculations Chemistry Tools

0 OLI Studio - [Stability Diagrams.oad®*]

Stability Diagrams .oad*

6“ Streams
=& Fe-H20 System

B Fe-H20-H2S System

I_@ Fe-H20 Pourbaix Diagram
| Fe-H20 Selective Oxidation

- O x
View Window Help - & %
PN | 11vasSol2 Red me d0E 3 s | @ERE G B ¥
- x| =
| Description Definition i Stability Diagram Report i File Viewer
J Variable Value Type of diagram
& Stream Parameters Pourbaix Diagram = Specs...
Stream Ameunt (mel} 55.5083 I
Temperature (*C} 25.0000 Calculate &8

Pressure (atm)
=

Use Single Titrant

pH Acid Titrant

pH Base Titrant
=

H20

H2S

Fe

Actions
Actions

| Fe

1.00000
Calculation Parameters
No
HCL
NAQH
Inflows (mol)

55.5082
1.00000e-4
[ 0.0

Contact Surface (mol)

Summary

Unit Set: Metric (moles

Automatic Chemistry Model

Agueous (H+ ion) Databanks:
Corrosion (AQ
Aqueous (H+ ion)

Redox selected

Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0

Stability diagram: E vs pH
Auto-selected titrants.
Acid:

Bana

calculation. Go to the Add Calculation button and

258



Note: By default, only the transition metals are turned ON. The different oxidation states of elements that are
not transition metals are not turned on automatically. You need to turn them ON manually.

Go to the Redox button (Re), and click on the drop-down arrow
Select Sulfur. This will turn the oxidation states of sulfur ON

G OLI Studio - [Stability Diagrams.cad®]

DSl sB@a= 2w

W File Edit Streams Calculations Chemistry Tools View Window Help
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...|B Fe-H20 Pourbaix Diagram
- Fe-H20 Selective Oxidation
LB Fe-H20-H2S System

. Iren
- Sulfur
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Wariable

=

Stream Amount (moly

Temperature (*C)

- O X
- 8 X
a | WERL|GEE
Stability Diagram @ Report Q File ¥iewer
| Value = Type of diagram
Stream Parameters Poubaix Diagram  + Specs...
55.5083
250000 Calculate @

Pressure (atm)

1.00000
Summary

=]

Calculation Parameters

Use Single Titrant

Ho

Unit Set: Metric (moles)

pH Acid Titrant

HCL

pH Base Titrant

HAOH

Automatic Chemistry Model
Agueous (H+ ion) Databanks:

=

Inflows

(maol)

Corrosion (AQ)

H20

Agueous (H+ien)
Redox selected

55.5082

H2S

1.00000e-4 Using K-fit Palynomials

Fe

0.0 T-span: 25.0 - 225.0

P-span: 1.0 - 1500.0

Analyzing the Results

Click on the Chemical Diagram tab (ﬂ Stability Diagram ) Thijs tab displays the Pourbaix Diagram for the Fe-
H20-H2S system at 25 °C and 1 atm.

E (SHE)

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Stability Diagrams.

20 T — T T
8 o FeO2 i
C- et :
1o .
05r : .. Fe(OH)Jfaq)
L Ee0fs)
0o Tt~ !

24

pH
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Inspection of the diagram reveals a
profound effect of H2S on the corrosion of
iron. New stability fields of FeS and FeS:
are observed. Elemental iron is found to be
in equilibrium with FeS over for pH values
ranging from ca. 6.0 to 12.5.

Since the Fe/FeS equilibrium line lies
below the H* reduction line (a), a process
consisting of the reduction of H* to H® and
oxidation of Fe to FeS is likely to occur in
de-aerated environments. FeS forms a
passive film and offers some protection
against corrosion.

In fact, the protection due to the formation
of FeS is possible over a much wider pH
range than that due to the formation of
Fes304 (magnetite) in the absence of H2S.

This has important implications for corrosion in refinery installations, where H2S is frequently present.
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Modeling Corrosion at High Temperature

Example 43: High Temperature Iron in Water

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 300 °C
Unit Set Metric, Batch, Moles Pressure 150 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane.
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20 High T

Under the Contact Surface grid type Fe

The screen should look like the image below after all the inputs and definitions have been entered:

OLI Studio - [Stability Diagrams.oad™ - O x
g
B File Edit Streams Calculstions Chemistry Tools View Window Help - 8 %
DEE 2K | 11 vasol2 |[Red e tWE L ot | AFE G EENY
Mavigator L - x
=
Document1 | 3
Stability Diagrams.oad* | Description @ Definition i Stability Diagram (5] Report 3 File Viewer
i“ Streams T f di
5.4 Fe-H20 System J Variable Value A ype of diagram
B Fe-H20 Pourbaix Diagram =l Stream Parameters Pourbaix Diagram = Specs..
[ Fe-H20 Selective Oridation ) Eas08)
[ Fe-H20-H2S System Temperature ("C) 300.000 Calculate &
@ Fe-H20 High T Pressure (atm) 150.000 S
= Calculation Parameters
Use Single Titrant Unit Set: Metric (moles)
pH Acid Titrant HCI
Automatic Chemistry Model
gliEesolliant MaoH Agueous (H+ ion) Databanks:
< Inflows {mol) Corrosion (AQ
HZ0 555082 Agqueous (H+ ien)
Redox selected
Hel 00 Using K-fit Polynomials
NaOH 0.0 T-span: 25.0 - 225.0
Fe 0.0 P-span: 1.0 - 1500.0
Actions L o~ X
Actions e Stability diagram: E vs pH
| s Contact Surface {mol) User-selected fitrants
Fe Acid: HCI
Base: NaOH

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example

named Stability Diagrams.
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Analyzing the Results
Click on the Chemical Diagram tab (Ml Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Fe-

H20 system at 300 °C and 150 atm.

2.0 T T

E (SHE)

6.0 8.0
pH

We can see from the diagram above that passivation is only possible at moderate pH’s.
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Example 44: Neutralization of Refinery Streams with Alkanolamines

In this example you will create a stability diagram for alkaline neutralization in an oil refinery.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such

as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings

Stream Composition and Conditions

Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 50°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe HCI 0 moles (Acid Titrant)
DEA® 0 moles (Base Titrant)
C8H18 2E-07 moles
C7H16 8E-07 moles
C3H8 1.2E-04 moles
C4H10 2E-05 moles
C5H12 7E-6 moles
C6H14 2E-6 moles
H2S 0.01 moles

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and

select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20-Alkanoamines

Under the Contact Surface grid type Fe
Change the Base Titrant to DEA

Turn Redox ON for Sulfur. Click on the drop-down arrow next to the Re button and select Sulfur

Note: You can also enable Redox reactions via the menu bar: Chemistry > Model Options > Redox tab.

Make sure that Sulfur is checked.

9 The “ESP” name for this species is DEXH, which can be used as an input to make your life easier. The formula name is: HN(C2H40H)2
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The screen should look like the image below after all the inputs and definitions have been entered:
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We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool

bar. You can save it under the same file created in the previous example

named Stability Diagrams.
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Analyzing the Results
Click on the Chemical Diagram tab (Ml Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Fe-

H20 system at 50 °C and 1 atm.

E (SHE)
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Modeling the Effects of Complexation on Corrosion

In this section we will simulate the reaction of Copper with Ammonia and Gold metal with Cyanide. This section
attempts to answer the question of how strong complexing agents affect the passivation of these metals.

Example 45: Copper and Ammonia

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Cu-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Cu NH3 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Cu-H20 System

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Cu-H20 System Stream add a new Stability Diagram calculation. Go to the Add Calculation button
and select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Cu-H20-NH3

Under the Contact Surface grid type Cu

The screen should look like the image below after all the inputs and definitions have been entered:

* Red |me dUE 3 o | B St RE N

=

J Variable Value -
= Stream Parameters
Stream Amount (mol) 55.5082
Temperature (*C}) 25.0000
Pressure (atm) 1.00000
= Calculation Parameters
Use Single Titrant No
pH Acid Titrant HCL
pH Base Titrant NACH
= Inflows (mol)
H20 £L.5082
NH3 0.0
Cu [ 0.0

s Contact Surface (mol)
Cu
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We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Stability Diagrams.

Analyzing the Results
Click on the Chemical Diagram tab (Ml Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Cu-
20 —r H20 system at 25 °C and 1 atm.
1.5 i |
o 8
0 1 i PR
] < guO{s} Sk
_ 0 qu 6 E
: 1 Inthe absence of oxygen (looking at only the aline),
we can see that the copper equilibrium line lays
above the hydrogen a line. This means there is

insufficient oxidizing power in the water to corrode
copper metal in pure water.

What happens if Ammonia (NHz3) is added to the
solution? The next step is to understand the effect
of NH3 on the stability of copper.

Effect of NH3 on the Stability of Copper

Go to the Definition tab, and change the amount of NH3 from 0 to 0.1 moles
Click on the Calculate button or press the <F9> key

Analyzing the Results

20 T

5 Click on the Chemical Diagram tab (
g ; | Wl Stability Diagram ) This tab displays the

Yo | Pourbaix Diagram for the Cu-H20-NH3 system at
LolCHCr - _gu? CUNK? £ z | g gi 25°C and 1 atm in a 0.1 m of NH3 solution.
' T ]9 3| cug fEE XS

a9 ! g

I
by

Notice that a large area of corrosive liquid has
appeared in the stability field for the copper oxides.
This means that it is thermodynamically possible for
the ammonia to break down the passivation layer of
copper oxide in the presence of oxygen. Notice that
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in the absence of oxygen (the a line only), copper is still stable.
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Now repeat the exercise with 1.5 moles of NH3

Go to the Definition tab, and change the amount of NH3 from 0 to 1.5 moles
Click on the Calculate button or press the <F9> key

Analyzing the Results

Click on the Chemical Diagram tab (Ml Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Cu-
H20O-NH3 system at 25 °C and 1 atm in a 1.5 m of NH3 solution.
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F---.___ Atthis concentration of ammonia, most, if not all the
: passivating copper oxide has been reacted away.

Only at very high pH values are there any stable
oxides.

E (SHE)
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Example 46: Gold in the presence of Cyanides

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Au-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25 °C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Au NaCN 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Au-H20 System

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Au-H20 System Stream add a new Stability Diagram calculation. Go to the Add Calculation button
and select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Au-H20

Under the Contact Surface grid type Au

The screen should look like the image below after all the inputs and definitions have been entered:

2 Red meaUES e MEE S RE A

=
Description Definition i Stability Diagram 3 Re
J Variable Value ~
& Stream Parameters
Stream Amount (mely 55.5082
Temperature (*C) 25.0000
Pressure (atm) 1.00000
~ Calculation Parameters
Use Single Titrant No
pH Acid Titrant HCL
pH Base Titrant NaOH
= Inflows (mol)
H20 55.5082
NaCN 0.0
Al 0.0
=
= Contact Surface (mol)
Au

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Stability Diagrams.
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Analyzing the Results

Click on the Chemical Diagram tab (ﬂ Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Au-

H20 system at 25 °C and 1 atm.
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You can see that without oxygen, gold
metal is immune to corrosion. The
hydrogen line a is below the gold
equilibrium line. In the presence of oxygen,
gold is still immune to corrosion except at
very low pH.

One of the most commonly used leaching

@ processes for gold extraction is the
w 0.0 . . . .
o cyanidation process. This process is a
hydrometallurgical technique for extracting
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gold from low-grade ores by converting
the gold to a water-soluble coordination
complex. Basically, this approach adds
cyanide salts to water. We are going to
simulate this using the software.

Go to the Definition tab, and change the amount of NaCN from 0 to 1e-4 moles
Click on the Calculate button or press the <F9> key

Analyzing the Results

Click on the Chemical Diagram tab (Wl Stability Diagram ) This tab displays the Pourbaix Diagram for the Au-

H20O-NaCN system at 25 °C and 1 atm.
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In the presence of oxygen, gold completely
corrodes with cyanide. This is primarily due
to the formation of the gold complex:
Au(CN)3. This complex is stable over all
regions where water is also stable. This
means that now gold can be processed in
water in a variety of conditions.
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Modeling the Effect of Oxidizing Inhibitors on Corrosion

In this chapter we will look at the effect of modeling corrosion inhibitors. We will do this by superimposing two
stability diagrams over one another. If one solid field overlaps the corrosion range of the other system, then
passivation is likely.

Example 47: Iron in the presence of chromates

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Inhibitors Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe
Contact Surface Cr

Add a new Stream

Click on the new Stream and press <F2> to change the name to Inhibitors

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Inhibitors Stream add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-Cr-H20 Pourbaix Diagram

Under the Contact Surface grid type Fe and then Cr

Note: Make sure that both Fe and Cr are enabled for Redox reactions. Use the arrow next to the Re button
to expand the list.

You can also enable Redox reactions via the menu bar: Chemistry > Model Options > Redox tab. Make
sure that Fe and Cr boxes are checked.
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The screen should look like the image below after all the inputs and definitions have been entered:
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Click the Specs button and under the Display Choices tab check the following options:

No aqueous lines
Show ORP

Categaory

Anes

Stability Options

Metal Activity

Dizplay Choices

Aqueous and Solid Lines

() superimpose lines

(®) No Aqueous lines

() only Aqueous lines

Display Subsystems

Shading
() Na shading
(®) Shade subsystem:

[Cchlerine
[~chromium

[ water
[OPotassium
[Jsedium

Cancel Apply

Help
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Click OK to close the Stability Options window

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example

named Stability Diagrams.

Analyzing the Results

Click on the Chemical Diagram tab (Bl Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Fe-
Cr-H20 system at 25 °C and 1 atm.
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As you can see in this diagram, the shaded chrome passivating solid (Cr(OH)appt) overlays the corrosive region
of the iron system. This means that there is potential for passivating the metal in that region.

The Cr(OH)s field overlaps with the corrosion range of Fe in most of the pH range. This causes inhibition
because of the coupling of: Oxidation of Fe to Fe?*, reduction of chromates to Cr(OH)s, and the deposition of a
protective layer of Cr(OH)s.
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Example 48: Iron in the presence of arsenates

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings

Stream Composition and Conditions

Stream Name Inhibitors Stream Amount Calculated
Name Style Display Formula Temperature 25°C

Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Contact Surface As

Under the Inhibitors Stream add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-As-H20 Pourbaix Diagram
Under the Contact Surface grid type Fe and then As

Note: Make sure that both Fe and As are enabled for Redox reactions. Use the arrow next to the Re button
to expand the list.

You can also enable Redox reactions via the menu bar: Chemistry > Model Options > Redox tab. Make
sure that Fe and As boxes are checked.

The screen should look like the image below after all the inputs and definitions have been entered:

¢ OLI Studio - [Stability Diagrams.oad*] — O x

B File Edit Streams Calculations Chemistry Tools View Window Help - & %

DEH| % ® TR Lvasol2[Res m i 2hs MER: G EE N
Navigator o+ x| L Arsenic
Stability Diagrams.oad* | FI ron
5 m 5 = =
&“ Streams TGUSTIpOoTT S ﬂ Stability Diagram @ Report Q File Viewer
5 e stemn
& Fe-H20 Syst
|8 Fe-H20 Pourbaix Diagram J Variable Value L] [Cecioiionan
K ~ - A - ream Parameters owrbaix Diagram = pECs...
| Fe-H20 Selective Oxidation = = i Pourbai D s
L[ Fe-H20-H25 System Stream Amount (mel) 555082
u i emperature (°C) 5. alculate
B Fe-H20 High T T ture (°C 25.0000 Calculate &
“|B Fe-H20-Alkanoamines Fressure (atm) 1.00000 5
ummary
- & Cu-H20 System = Calculation Parameters
i-|B Cu-H2Z0-NH3 Use Single Titrant Mo Unit Set: Metric (moles)
; | Cu-H20-NH3 0.1 moles pH Acid Titrant HCL ) )
L[ Cu-H20-NH3 1.5 moles pH Base Titrant NAOH AU}E“T?;TJET:T??I?EUI::Lnl-i
- & Au-H20 System = Inflows (mol) Corrosion (40)
- Au-H20 Pourbaix Diagram H20 555082 Agqueous (H+ien)
o |E Au-H20-NaCN 1e-4 moles Redox selected
S b lﬁ'libitors Fe 0o Using K-fit Polynomials
v As o0 T-span: 25.0 - 225.0
I_@ Fe-Cr-H20 Pourbaix Diagram ﬂ P-span: 1.0 - 1500.0
Lo|B Fe-As-H20 Pourbaix Diagram = Contact Surface (mol) -
> Stability diagram: E vs pH
Fe User-selected tirants
As Acid:
Base:
Actions Lo~ X
Actions Range on E
-2.00000 to 2.00000 V (SHE)
Range on pH:
0.0 to 14.0000
Subsystems
Arsenic
Iren
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Click the Specs button and under the Display Choices tab check the following options:
No aqueous lines

Show ORP
Stability Options ? x
Category Display Choices
- Display
E---Axes Agueous and Solid Lines Shading
o Metal Activity () Superimpose lines (O Mo shading

(O only Aqueous lines

Shade subsystem:
(®) No Agqueous lines ® &
Arsenic

Show natural pH

Show CRP

Display Subsystems

[~ Arsenic
Htren
[Awater

Cancel Apply Help

Click OK to close the Stability Options window

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous example named Stability Diagrams.

Analyzing the Results

Click on the Chemical Diagram tab (il Stability Diagram ). This tab displays the Pourbaix Diagram for the Fe-
As-H20 system at 25 °C and 1 atm.

The elemental arsenic field overlaps with
the corrosion range of Fe in most of the pH
range provided that the conditions are
reducing (absence of oxygen). This
promotes inhibition because of the coupling
of: Oxidation of Fe to Fe* and the
reduction of arsenates to elemental As.
This promotes the deposition of a
protective layer of As. This can only work in
reducing environments; otherwise, the
protective layer of As will oxidize and
dissolve.

E (SHE)
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Implications of Stability Diagrams on Cathodic Protection

Cathodic protection works by shifting the potential of the metal into its immunity range. Stability diagrams can
help you to answer the following questions:

What is the potential range that ensures that the metal stays in the immunity range?

What is the effect of environmental variables on the immunity domain?

We will explore the Fe-H20 system at different temperatures and pressures to answer these questions.

Example 49: Effect of Temperature and Pressure on the Pourbaix Diagram of Fe-H20 System

Starting the Simulation
Iron at 30 °C and 1 atm

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Cathodic Protection Stream Amount Calculated
Name Style Display Formula Temperature 30°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Add a new Stream

Click on the new Stream and press <F2> to change the name to Cathodic Protection

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Cathodic Protection Stream add a new Stability Diagram calculation. Go to the Add Calculation
button and select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20 at 30C and 1 atm

Under the Contact Surface grid type Fe
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The screen should look like the image below after all the inputs and definitions have been entered:

& 0Ll Studio - [Stability Diagrams.oad™] — [m] X
W7 File Edit Streams Calculstions Chemistry Tools View Window Help - & x
DEM| 2B 2R sl retwilsie: | Mg |G EE S
Mavigator - X
[EatEEr 2 - x| B
Stability Diagrams.oad*
b Streams Description Definition ({lj Stability Diagram [ Report L File Viewer
- & Fe-H20 System
| Fe-H20 Pourbaix Diagram Variable [ Value ~ fLicclcigacsm
[ Fe-H20 Selective Oxidation =l Stream Parameters | Pourbaix Diagram V‘ | Specs... |
@ Fe-H20-H2S System Stream Amount (moly 55.5082
|B¥ Fe-H20 High T Temperature ("C}) 30.0000 Calculats i@
| Fe-H20-Alkanoamines Pressure (atm) 1.00000 BED
Cu-H20 System = Calculation Parameters
| Cu-H20-NH3 Use Single Titrant No Unit Set: Metric (moles)
| Cu-H20-NH3 0.1 moles pH Acid Titrant HCL
Cu-H20-NH3 1.5 | Automatic Chemistry Model
& Y meles pilices) nn NAOH Agueous (H+ ion) Databanks:
b Au-H20 System = Inflows {mol) Corrosion (AQ)
| Au-H20 Pourbaix Diagram H20 555082 Agueous (H+ ion)
Au-H20-NaCN 1e-4 moles Redox selected
lﬁ'ﬁbitors Fe 0o Using K-fit Pelynomials
— T-span: 25.0 - 225.0
| Fe-Cr-H20 Pourbaix Diagram = Contact Surface (mol) P-gpan: 1.0 - 1500.0
| Fe-As-H20 Pourbaix Diagram Fe |

Stability diagram: E vs pH
Auto-selected titrants.
Acid:

Base:

~

Cathodic Protection |
B Fe-H20 at 30C

Range on E:
| Actions L - x -2.00000 to 2.00000 V (SHE)
= Range on pH
GIETS 0.0 to 14.0000
Subsystems
Iron
Wiater

| Plot Template Manager g o+ X Alloy Activity Module:
Activated

" Calculation not done

Input

Advanced Search Add as Stream E xport

Save —

For Help, press F1 & NUM

Analyzing the Results

Click on the Chemical Diagram tab (il Stability Diagram ). This tab displays the Pourbaix Diagram for the Fe-
H20 system at 30 °C and 1 atm.

2.0 T T T T T

““"--“\‘I_-'V_e‘\(qu)a{aq]

";‘"E@z%{"} ] Inthe whole pH range, cathodic protection
will require shifting the potential to
moderately negative values.

E (SHE)

14.0

pH
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Iron at 300 °C and 100 atm

Go to the Definition tab, and change the Temperature and Pressure to 300°C and 100 atm
Click on the Calculate button or press the <F9> key

Analyzing the Results

Click on the Chemical Diagram tab (il Stability Diagram ) This tab displays the Pourbaix Diagram for the Cu-
H20O-NH3 system at 300 °C and 100 atm.

2.0 T — T T T
|

The immunity range in acidic and neutral
solutions is weakly affected by
temperature. However, the immunity
range in alkaline solutions is shifted to
much lower potentials which makes
cathodic protection much more difficult.

E (SHE)
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Section 8. Introduction to Rates of Corrosion

In this section you are going to learn how to set up a Corrosion Rate calculation, how to study the effect of
different variables on the corrosion rates of different alloys, such as temperature, pH, flow velocity, etc., and
how to interpret the results when using this tool.

We will also explore how to interpret the results for the propensity to localized corrosion, polarization curves
and heat treatment effects.

¢ OLl Studio - [Document1*] - | X

B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
D=Eld & B TR | 11vasol2 Red me 3L s | ME: | S BEE N

Mavigator L X =3

Document1® | A

&% Streams Description Definition [l General Corr. Rate [l Localized Corr. [l Polarization Curve B 1 * "

Stream
J Variable Value - Survey by

= Streamn Parameters Temperature 4 Specs...

Stream Amount (mol} 55.5082 .
(mol) Then by  [optional)

Temperature (*C)
Pressure (atm) 1.00000 Mone v| | Specs..

e Calculation Parameters Yary
Flow Type Static Independently
Effect of FeCO3 / FeS Scales Include Together

= Inflows (mol)
HZ0 555082 Calculate &8
Fe 0.0

Summary

= Contact Surface Unit Set: Metric (moles) ~

Carbon steel G10100 (generic) . .
Actions L o x Automatic Chemistry Model

Acti Agueous (H+ ion) Databanks:
ions 2 Corrosion (AQ)
Agueous (H+ ion)
Redox selected
Using K-fit Pelynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 *C 1.00000 atm

Calculation not done

Flot Template Manager L o x

Temperature survey:
Range 25.0to0 100.0°C
Step size 50°C
No. steps 15

No secondary survey selected
Input
Polarization Curve Range

Range -2.0to 2.0V (SHE)

Advanced Search Add az Stream Export

Save

For Help, press F1 @ MNUM
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A Basic General Corrosion Rate Calculation
A brief introduction to the corrosion rate tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities, and reporting for the Corrosion rate tool will be introduced. Note: As of

version 11.5 and earlier, only the AQ thermodynamic framework supports the corrosion rate calculation.

Example 50: Corrosion rate of an oxygenated 0.1 m NaCl solution

Starting the Simulation

To start the software, double-click the OLI Studio icon on the desktop, which will take you to the OLI Studio
interface where you can start creating your calculations.

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Corrosion Rate Calculation

Calculation Settings Stream Composition and Conditions
Stream Name CR of carbon steel Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ H20 55.5082 moles
Calculation Type Corrosion Rates 02 2.5e-4 moles
Contact Surface Carbon Steel G10100 (generic) | NaCl 0.1 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to CR of carbon steel

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Go to the Add Calculation button and select Corrosion Rates calculation or by selecting the Add Corrosion
Rates icon in the Actions Pane. Your screen should look like the image below.
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¢y OLIStudio - [Corrosion Rates.oad™] — O x
B File Edit Streams Calculations Chemistry Tools View  Window Help - &8 x
DEE| &8 PR 1ivasol2 Ret me ey | ME: G EEN
Mavigator L o+ x
Caorrosion Rates.oad |
&} Streams Description Definition [l General Corr. Rate [l Localized Corr. {lll Polarization Curve | *|*
=& CRof carbon steel
_____ Single CR J Variable Value ~ Survey by
E Stream Parameters Temperature ~ Specs...
Stream Amount (mol 55.5085
(mol) | Then by  [optional)
Temperature (°C)
Pressure (atm) 1.00000 None v| | Specs..
e Calculation Parameters Wary
Flow Type Static Independently
Effect of FeCO3 / FeS Scales Inclde Together
= Inflows (mol)
H20 s5.5082 | Calculate &8
0z 2.50011e-4 g
ummary
NaCl 0.100000
[ e | Unit Set: <Custom= ~
T Contact Surface Automatic Chemistry Model
Actions L o+ x .‘ utomatic Chemistry Model
: | Carbon steel G10100 (generic) Aguecus (H+ ion) Databanks:
Actions > - R

Note: By default, the software has selected Carbon steel G10100 (generic) as the default contact surface to
perform the corrosion rates on. You can click on the white space of the Carbon steel G10100 (generic) name,
and it will show a drop-down arrow. You can then click on the dropdown arrow, and you will be able to see and
select any alloy present in the Alloy database.

= Contact Surface
Carbon steel G10100 (generic) j
Display Mame OLl Name 2
b4 Carbon steel G10100 (generic) Carbon steel G1070...
* Carbon steel 1012 Carbon steel 1018
* Stainless steel 304 Stainless steel 304
* Stainless steel 316 Stainless steel 316
* Alloy 2345M0 Alloy 2545M0
F Nunley etainlees 2705 Munley etainlecs 2205 s

Additionally, the Calculation Parameters grid shows two options: (1) Flow Type and (2) Effect of FeCO3 /FeS
scales on corrosion rates.

By default, the software selects Static as Flow Type. There are 7 options for Flow Type, and a brief description
of the first five options will be given below.

e Calculation Parameters
Flow Type
Effect of FeCO3 / FeS Scales
Pipe Flow
Infl
= MHOWS | o otating Disk
H2O Rotating Cylinder
oz Complete Agitation
NaCl Defined Shear Stress
Approximate Multiphase Flow
Fe 0.0

Static

The solution is not flowing in this calculation.
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Pipe Flow

The fluid is flowing through a pipe. The pipe diameter and flow velocity must be defined. The default pipe
diameter is 0.1 meters and the default flow velocity is 2 m/s.

Rotating disk

This reproduces a type of experiment that is used quite frequently in the laboratory. A disk is rotated to bring
fluid to the surface of the electrode in a predictable manner. The diameter of the disk is specified as well as the
revolutions per minute (RPM). The default diameter is 0.01 meters and the default RPM is 5000 RPM.

Rotating Cylinder

This reproduces a type of experiment that is used quite frequently in the laboratory. A cylindrical rotor is rotated
to bring fluid to the surface of the electrode in a predictable manner. The diameter of the rotor is specified as
well as the revolutions per minute (RPM). The default diameter is 0.01 meters and the default RPM is 5000
RPM.

Complete Agitation
In this calculation, the liquid phase is completely agitated, and no mass transfer limitations apply.
Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Go to the Survey by option and select Single Point Rate. This option will allow you to calculate the corrosion
rate at the temperature and pressure specified.

Description Definition il General Corr. Rate @il Localized Corr. [l Polarization Curve | **
J Variable Value ~ Survey by
i Stream Parameters
\ 55 5085 : :
Stream Amount (moly 55.5085 | ®  Single Point Rate
Temperature (*C) 25.0000
Ternperature
Pressure (atm) 1.00000
= Calculation Parameters e
Flow Type Static Composition
Effect of FeCO3 / FeS Scales Include pH
= Inflows (maol) Pipe Flow
B 55.5082 Reotating Disk
0z 2.50011e-4 . .
5L Rotating Cylinder
HaCl 0100000 I
Thermal Aging Temp.
- Contact Surface Thermal Aging Time
Carbon steel G10100 (generic) Shear Stress
> 0 S
Liquid Flow in Pipe
e e ey —
Nedmss nnlastad

Note: You can also study the effect of other variables such as temperature, pressure, (chemical species)
composition, pH, pipe flow, etc. on the corrosion rate. The effect of these variables can be set up as a survey
calculation. In the upcoming corrosion rate examples, survey calculations to study corrosion rates will be shown
in more detail.

A brief description of the most common survey types for studying corrosion rates are given below.

pH Survey — This calculation is like the pH survey available in OLI Studio: Stream Analyzer. The specification
requires a titrant acid and base to change the pH.

283



Temperature Survey — The default range is from 25-100 °C. Any range may be used by changing the Range
option. The user should consider that some points in the survey may not converge due to phase changes (e.g.,
boiling off of aqueous liquids).

Composition Survey — The composition of a chemical compound, for example NaCl, can be varied to study its
effects on corrosion rates. The range of the chemical compound defaults from 0 to 1 mole with an increment of
0.1 moles. This range can be changed via the Range option.

Care should be taken when adding salts that can form hydrates (e.g., CaCl2.6H20). When these hydrated salts
begin to precipitate from solution, large amounts of water may be complexed with the crystal. The solution may
dehydrate, and non-convergence may be the result.

Pressure Survey — The pressure of the system can also be varied. The default range can be changed via the
Range option. Care should be taken when working at very low pressures since the solution may inadvertently
boil off the liquid and non-convergence may result.

Flow Velocity Survey — In systems that are flowing, the flowrate of the stream can be varied.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name
it: Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab ( il General Cor. Rate ). This tab displays a plot showing the results of
corrosion rate and pH.

Description [&¥ Definition ﬂ General Corr. Rate [jli Localized Corr. [illi Polarization Cur * | *
| @ 5 5 (5] | wiewDats Wariables Optians

T T T T T T T T T T T
0143 |
0.142 786
0141 - —g— Corrosion Rate [mmiyr] __ 761
0140 | ——PH (Y2} 788
- 751
0.139 + j

— - 746

£ 0138 | f

E 4741

o 0137 g

2 4736 o

© 0136 1 *

5 4731

2 0135 | ]

s 172
0134 | 1721
0133 1746
0132 | J7.11
0131 |- 1708
0130 | ]

t 1 701
0129 1 1 1 Il L 1 1 1 L 1 1 1 1 Il 1 1 1 1 1 1 L 1 1 1 1 695
S D O D O Sy S T S S O S O 2
v hy rig g 5y -y & 8 & =3 -~ - - -
(P‘i‘ '%‘ “?5‘ R 6‘\5‘ T w5 B 6:5‘ “?‘5‘ %‘ "3‘5‘ RS @5‘
Temperature [*C]
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Click on the View Data button to see the results in tabulated form.

Temperature | Corrosion Rate pH
“C mmiyr
1 25.0000 0.129801 | 6.99516

The predicted corrosion rate of carbon steel at 25 °C and 1 atm is ~0.13 mm/year when exposed to an

oxygenated 0.1 m NaCl solution. It is important to highlight that this predicted corrosion rate is the corrosion

rate once the system has reached a steady state.

Click on the Localized Corr. Rate tab (ll Localized Corr.) This tab displays a plot showing the results of

three different calculated data:
Corrosion Potential (red dot)
Repassivation Potential (yellow triangle)

Maximum Pit Current Density (blue square)

Description Definition ﬂ General Corr. Rate

il Polarization Curve | *|"

@ 5 9 = Wariables

| Optionz
20 LA AL L SO B B B — T —r—T— 001595
18 .
16 [ 4 0.01585
14 _ _ 4 0.01575
r —g— Corrosion Potential [V (SHE)]
= 12+ . ) - 0.01565
= 10 i —#&— Repassivation Potential [V (SHE)] -
% []-8 F —m— Maximum Pit Current Density [A/sg-m] (¥2) - 0.01585 %
o 08 =)
g 06 _ < 0.01545 g
= 04r - 0.01535 @
= 02f ~4 001525 £
) r 3
5 0or Jo0ot515 2
z 02f 2
= F - 0.015056 =
S 04 N £
= F =
5 o6l - 001435 =
S 08 4 0.01485 2
2 I 3
S 10¢r 001475 =
&) L
-1.2 i - 0.014865
A4
a6l - 0.01455
4L ® - 0.01445
_2_0 [ L | L 1 L | L | L 1 L 1 N | N 1 1 N | N | 1 N | N ] 0_01435
S oD a2 D e 2 Sh D e S 2 D 2
CO - T N N - - e e TH. T WA wa s
R R R A T N - N N N
Temperature [*C]

Click on the View Data button to see the results in tabulated form.

285



Temperature | Corrosion Potential | Repassivation Potential | Maximum Pit Current Density
“C W [SHE) V [SHE) Alsg-m
1 25.0000 -0.472418 -0.481502 0.0144535

Notice that in this case, the corrosion potential has a higher value than the repassivation potential. This
indicates that carbon steel at 25 °C and 1 atm when exposed to an oxygenated 0.1 m NaCl solution will
likely suffer localized corrosion (pitting or crevice corrosion). The maximum pit current density gives the
worst-case pitting rate for these conditions.

Now, click on the Polarization Curve tab ( il Polarization Curve ). This tab displays a plot showing the

calculated polarization curve of carbon steel.

& Description &¥ Definition {ll General Corr. Rate [l Localized Corr. | fl Polarization Curve | | « | »
@ = (& &= View Data Variables Options

25 ikl L o) LRl DLl AL L Ll R R L, L S| I E i Ll L Ll | P R LB LLLS
¥ Corrosion Potential
20 Net Current Density -//_:
I Peak Current Density 1
) H(+)=0.5H2-¢ / ]
[ | —_H20=05H2+0H(-)-¢ ]
10 Fe(3+) = Fe(2+)- e ]
| .
— +4H(+) = 2H20 - 4e
% 05 - Fe =Fe(2+) + 1
(25 L
~~ 2H20 = 02 + 4H(+) + 4e
.o —
IS - —
0
£ 05 —
10
15+ .
20 F -
26 T T BT | sl ml o sa sl wl ul ml s saaul aul
7 S - 7 Z 7 Z 7 Z Z 7 b - Z Z
B3 3 3 3 3 3 3 B3 & S SN S &
(23 O % O O 9> Qg 0, % o, % 0'_? 07

Current Density (A/sg-m)
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The net polarization curve is given by the red curve. This red curve is obtained by adding up all the currents
of the half reactions at a given potential. The corrosion potential is calculated by applying the mixed potential
theory, and it is represented by this red triangle. Once the corrosion potential is obtained, the corrosion

current density also is computed and subsequently the corrosion rate.

Exploring corrosion rate calculation options

Example 51: Corrosion in a Water-Filled Carbon Steel Tank

In the following example you are going to study the corrosion rate of a carbon steel tank with a volume of 10 m?
tank (3.2 cm high and 200 cm in diameter) that is filled to the top with water. The tank’s wall thickness is 1.27
cm.

These are the operation conditions:

Sometimes the water in the tank remains static (mixer off), closed to the atmosphere

Some other times the tank is fully mixed (complete agitation)

The tank when operating has a variable speed mixer with a rotation speed between 0 and 12,000 rpm

At other times, the tank is open to the atmosphere. The effects of O2, CO2 and flow will be studied.

We will evaluate each instance to compute the corrosion risk.

Gl_de'rs =6.25

e‘ﬁ}

Starting the Simulation

First operation condition: Static flow, tank closed to the atmosphere at ambient conditions

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Corrosion rate calculation of tank as a function of flow

Calculation Settings Stream Composition and Conditions
Stream Name CR vs flow Stream Amount 10000 L
Calculation Type Corrosion Rates Temperature 25°C
Name Style Display Name Pressure 1 atm
Unit Set Metric, Batch, Concentration Water Calculated
Framework AQ
Contact surface Carbon Steel G10100 (generic)
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Add a new Stream

Click on the new Stream and press <F2> to change the name to CR vs flow

Select the AQ thermodynamic Framework

Click on the Names Manager Icon, and select the Display Name option, and click OK
Click on the Units Manager Icon, and select the Metric, Batch, Conc. option, and click OK

Units Manager - CR vs flow ? *
Units Manager
Metric ~ Batch  w Conc. v 4

In the Definition tab, notice that the units of the Stream Amount changed from moles (mol) to liters (L).

Enter the composition, temperature and pressure of the stream given in the table above

Go to the Add Calculation button and select Corrosion Rates calculation or by selecting the Add
Corrosion Rates icon in the Actions Pane.

Change the Rates name to Static Flow, 25C using the <F2> key.

Leave the default Flow Type as Static

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Go to the Survey by option and select Single Point Rate. This option will allow you to calculate the corrosion
rate at the temperature and pressure specified.

Your screen should look like the image below.

¢ OLl Studio - [Corrosion Rates.oad] - O x
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
DeE # & TN 11vasol? Red |me il ME | S BRE A
Mavigator L« X
. 7
Corrosion Rates. oad |
reams ’ Description #F Definiti eneral Corr, Rate ocalized Corr. olarization Cur
o st & Description ¥ Definition {ij General Corr. Rat Localized C Polarization Cur| * | *
+ & CRof carbon steel
2. & CRvsflow J Variable Value ~ Survey by
_ Static Flow, 25C] = Stream Parameters Single Point Rate Specs...
Stream Amount (L) 10000.0 q
) Then by [optianal)
Temperature ("C) 25.0000
Pressure (atm) 1.00000 Specs
e Calculation Parameters Wary
Flow Type Static Independently
Effect of FeCO3 / FeS Scales Include Together
= Inflows (mg/L)
H20 Caloulate &
Actions g X Fe 0.0 Summary
Actions >
e Contact Surface Unit Set: Metric (mass concentration) ¥
Carbon steel G10100 (generic) . .
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Corrosion (AQ)
Agueous (H+ ion)
Redox selected
Flot Template Manager L - x Using K-fit Polynomials
T-span: 25.0 - 225.0
W P-span: 1.0 - 1500.0
Isothermal Calculation
Input 25.0000 °C 1.00000 atm
W
Calculation not done
5 Advanced Search Add as Stream Expart
e

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key.
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.
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Analyzing the Results

Click on the output tab labeled 1 (next to the input tab), and check the results located in the Corrosion Values

tab.

Description Definition [{lj General Corr. Rate [l Localized Corr. (il Polarization Cur * | *

~

J Variable Value
= Stream Parameters
E Stream Amount (L) 10000.0
L Wolume - Aqueous (L) 10000.0
Temperature (°C) 25.0000
Pressure (atm) 1.00000
3 Corrosion Values
Repassivation Potential (W (SHE)) 99.5000
Corrosion Rate (mmiyr) 7.12696e-3
Corrosion Potential (V' (SHE)) -0.552268
Corrosion Current Density (Afsg- 6.14631e-3
= Inflows (mg/L)
Hz0 9.96987e5
- Contact Surface
Carbon steel G10100 (generic)
Input
Advanced Search Add as Stream Export

Survey by

Single Point Rate  + Specs...

Then by [optional]

Specs..
Wary
Independentiy
Together
Calculate &8
Summary

Unit Set: Metric {(mass concentration)

Automatic Chemistry Model

Agqueous (H+ ion) Databanks:
Corrosion (AQ)
Agueous (H+ ion)

Redox selected

Using K-fit Polynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0

Isothermal Calculation
25.0000 °C 1.00000 atm

Calculation complete

~

The corrosion rate is 7.13e-3 mm/yr. This is a negligible rate, since the thickness of the tank is ~12.7 mm, then

corroding half the wall thickness would take about 900 years.

Second operation condition: Turbulent flow, tank closed to the atmosphere at ambient conditions

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and
select Corrosion Rates calculation or by selecting the Add Corrosion Rates icon in the Actions Pane

Change the Rates name to Turbulent Flow, 25C using the <F2> key.
Change the default Flow Type to Complete Agitation
Leave the default alloy Carbon steel G10100 (generic) as the contact surface
Go to the Survey by option and select Single Point Rate.

Your screen should look like the image below.
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8.7 Corrosion Kates - Example_b51.0ad” | -
b:“ Streams Description Definition ([} General Corr. Rate [illl Localized Corr. (il Polarization Curve [ *|°*
=& CR of carbon steel - N
@, Single CR J Variable Value ~ i
CR e flow = Stream Parameters Single Point Rate - Specs...
Static Flow, 25C LI:_| Stream Amount (L) 1.00000 {4 s
..... Turbulance Flow, 25C l— Density correlation Parent stream condition
I— Stream: Temperature ("C) 25.0000 Specs..
L stream: Pressure (atm} 1.00000 Wary
Temperature (*C) 25.0000 Independently
Pressure (atm) 1.00000 Together
e Calculation Parameters
Calculation Type Isothermal Calculate &8
Flow Type Complete Agitation
Actions L o~ x J.I— b 1 a g iﬂ Surmmary
. Effect of FeCO3 fFeS Scales | Include
Actions |
= Inflows (mg/L) b3 Unit Set: Metric (mass concentration) ~
Hz0
Automatic Chemistry Model
Fe 0.0 Agueous (H+ ion) Databanks:
Corrosion )
= Contact Surface Agqueous (H+ ion)

Analyzing the Results

Click on the output tab labeled 1 (next to the input tab), and check the results located in the Corrosion
Values tab.

Description Definition [{}l General Corr. Rate [lll Localized Corr. [l Polarization Cur| * | *

J Variable Value -~ Survey by
= Stream Parameters Single Point Rate  + Specs..
Stream Amount (L} 10000.0
= o) Then by [optional]
L wolume - Aqueous (L) 10000.0
Temperaturs (-C) 25,0000 REcc
Pressure (atm) 1.00000 Wary
— Corrosion Values Independently
Repassivation Potential ( (SHE}) 59.9000 Togsther
Corrosion Rate (mmiyr) 0.0196420
Corrosion Potential (V (SHE)) -0.535169 Calculate &8
Corrosion Current Density (Afsg- 0.0165394
Summary
2 Inflows (mg/L) b3
H20 9.896887eb Unit Set: Metric (mass concentration) A\
= Contact Surface
: Automatic Chemistry Model
Carbon steel G10100 (generic) Aqueous (H+ ion) Databanks:
Corrosion (AQ)
Agueous (H+ ien})
Redox selected
Using K-fit Polynomials
T-span: 25.0 - 225.0
L P-zpan: 1.0 - 1500.0
Isothermal Calculation
L 25.0000 °C 1.00000 atm
W
Calculation complete
Advanced Search Add as Stream Expart P

The corrosion rate increased 0.0196 mm/year, still a relatively low value.

Third operation condition: Varying flow, tank closed to the atmosphere at ambient conditions

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and
select Corrosion Rates calculation or by selecting the Add Corrosion Rates icon in the Actions Pane
Change the Rates name to Varying Flow, 25C using the <F2> key

Go to the Survey by button and select Rotating Disk

Under the Calculation Parameters grid. change the Disk Diameter to 200 cm

Note: At this point the vertical dimensions of the tank are unimportant. We will assume that the tank can be
modeled like a rotating cylinder. The propeller rotates at 1200 rpm, although it is not expected that the wall
velocity will approach this value, and so a lower value will be used (we still want it to be high enough to see the

effects of shear).
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The next step is to set the speed of the mixer. Go to the Specs button next to the Rotating Disk option

Change the Disk Rotation Speed Range from 0 to 300 cycles/min with an increment of 10 cycles/min. Then
click OK.

Categary

Survey Range

Folarization Curve Disk Rotation Speed Range Urit

Calculation Type Selected Range
Caleulation Options

Mew

Delete

(®) Linear (O Log (O Point List

End Paints
Start
Step Size
et @ } Select one, the other is
Mumber Steps 30 0 caleulated

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

0 OLI Studic (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_51.0ad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
== A LLvasSol2 Ret m:3ifs e ME: GREN
Mavigator L o~ X
8.1 Corrosion Rates - Example_51.0ad |
&% Streams Description Definition i General Corr. Rate [l Localized Corr. [l Polarization Curve [ *|*
E-#& CR of carbon steel
@ Single CR J Variable Value - Survey by
& CRvsflow = Stream Parameters Fiotating Disk -
i Stream Amount (L. 1.00000 .
fe Static Flow, 25C & ! (_) _ Thenby (i)
@ Turbulance Flow, 25C l— Density correlation Parent stream condition
Varying Flow, 25C l— Stream: Temperature (*C) 25.0000 Nane v| | Specs.
L stream: Pressure {atm}) 1.00000 Wary
Temperature (*C) 25.0000 Independently
Pressure (atm) 1.00000 Together
e Calculation Parameters
Isothermal Calculate &
T S—
Flow Type Reotating Disk SR
Disk Diameter (cm) 200.000
cycle/min} | Unit Set: Metric (mass concentration) M
Effect of FeCO3 / FeS Scales Include
; Automatic Chemistry Model
i Inflows (mgiL) Agueous (H+ ion) Databanks:
H20 Corrosion (AQ)
Actions L o+ x Fe 0.0 Agueous (H+ ion)
3 . Redox selected
Actions , Using K-fit Polynomials
= Contact Surface T-span: 25.0 - 225.0
Carbon steel G10100 {generic) P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 °C 1.00000 atm
Calculation not done
Rotating Disk survey:
Range 0.0 to 300.0 cycle/min
Step size  10.0 cycle/min
No. steps 30
Flot Template Manager L - x No secondary survey selected

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.
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Analyzing the Results

Click on the General Corr. Rate tab ( Ml General Corr. Rate ). This tab displays a plot showing the results of
corrosion rate and pH.

Description Definition Wl General Corr. Rate i Localized Corr. {il Polarization Cur * | *

‘ @ = % = Yariables Options

QOO7R0E T~ T T T T T T T T T T T T T T T T T T T T T T T T T T -
I . |
0.007555 | rr',,-" + 7.6
I —a—Corrosion Rate [mmiyr] o ] 7.61
0.007505 | o (r2) o 15
_ ol 1751
0.007455 | 17
= I 47486
E 0.007405 ’/0' T7a1
& _ 1736
= 0.007355 | R
5 473
a
£ 0.007305 170
L]
4721
0.007255
716
0.007205 1711
- 7.06
0.007155
| 4701
[]_[][]?1[]5 PR IR (T T ST (ST NN (I (T R S NI SR R T R ] 596

]

D By Gy By A S A Za a D O 2 e Do O
o o B %o B B, % B B G 9 T E W Y

Disk Rotation Speed [cycle/min]

The corrosion rate is computed to increase as the bulk liquid velocity increases from 0 to 300 rpm near the wall
surface. The reason is straightforward; the higher velocity reduces the static water film thickness on the metal
surface. This diffusion layer film limits the mass transfer of corrosion products and bulk chemicals to and from
the surface. As the liquid velocity (and therefore shear force) increases, the film thickness decreases, and the
concentration gradient increase. This increases the flux of materials to and from the surface, which increase
corrosion rates.

Fourth operation condition: Static flow, tank open to the atmosphere (aerated with Oz only) at ambient
conditions

Open steel tanks are in contact with oxygen in the air. To simulate this, follow the steps below.

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and
select Corrosion Rates calculation or by selecting the Add Corrosion Rates icon in the Actions Pane
Change the Rates name to Static Flow, O2 using the <F2> key

Add Oxygen (02) to the inflow grid

Leave the default Flow Type as Static

Go to the Survey by button and select Composition
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The next step is the concentration range of oxygen. Go to the Specs button next to the Composition option.
This will open a new window.

Under component select (click on) O2. Then select the Survey Range tab and enter the Survey Range as
follows: Log Scale, Start=1e-6, End=10, Steps=10. Then click OK.

Composition Rates Calculation

? x Composition Rates Calculation

Category Component  Survey Rangs Category

Companent Survey Flangs
- Var. 1 - Composition

~War. 1 - Compasition N
Falarization Curve Eomparent nflaws Falarization Curve Composition Alange Uit
Caleulation Type Hide Fielated Inflovs Mew Inflow Caleulation Type Selected Range
Calculation Options 1 O

Calculation Options

Mew

Delete

O Linear @ Log Q) Poit List

End Paints
Step Size
Increment 100000
Select a component inflaw which will be varied over the specified range. } SElleclt fn;, A
Nurnber Steps calculate

Cancel Lpply Help

Cancel Lpply Help

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

0 OLI Studio (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_51.0ad*] - O =
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
DEE T2 | 11VvasSol? Red m: ¥ s | MEmE S B
MNavigator L o« X
8.1 Corrosion Rates - Example_51.0ad ‘
& Streams Description Definition {jili General Corr. Rate [l Localized Corr. [i{ll Polarization Curve [ *|*
- CR of carbon steel
@ Single CR J Variable Value - shsss
& CRvsflow - Stream Parameters Composition
@ Static Flow, 25C I;! Stream Amount (L} 1.00000
ﬁ Turbulance Flow, 25C '— Density correlation Parent stream condition
figd Varying Flow, 25C I— Stream: Temperature (“C) 25 0000 Hone ~|  Specs..
Static Flow, 02 L stream: Pressure (atm) 1.00000 Wary
Temperature (°C) 25.0000 Independently
Pressure (atm) 1.00000 Together
w Calculation Parameters
Calculation Type Isothermal Calculate &
T
Flow Type Static J Summay
et 0 85 Scal T nciide I
w Inflows (mg/L) Unit Set: Metric (mass concentration)  #
H20
Automatic Chemistry Model
Fe 0.0 Agueous (H+ ion) Databanks:
oz Corrosion (&0}
Actions L - x Agqueous (H+ ion)
Acti Redox selected
ions - Contact Surface . Using K-fit Polynomials
Carbon steel 310100 (generic) T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Izothermal Calculation
25.0000 °C 1.00000 atm
Calculation not done
Composition survey:
Range 1.0e-5to 10.0 mg/L
Logarithmic Scale
No. steps 10
Plot Template Manager L oaX

295



We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab ( Ml General Corr. Rate ) Thijs tab displays a plot showing the results of
corrosion rate and pH.

Right-mouse click on the X-axis and change it to Logarithmic Scale

& Description &¥ Definition @l General Corr. Rate (il Localized Corr. [l Polarization Cur * | *

‘ al g B Wariables Options

017 T T T !
sk | 699645
ois | / | 6.996546
0.14 - —a— Corrosion Rate [mmiyr] / - 6.996546
013 - —a—PH(V2) / -
- 6996546
012 - /
conl yd - 6.996546
Ele e
£ gnol / 4 6.996546
2009 -
g s - 6996545 =
= 008 -
5 | 6996546
2 o007 -
£k y 4 6.996546
oos | / { 6.996545
0.04 - e { 6.996545
003 -
4 6.996545
002 -
o L2 . L 7 Gouses
000 Lot e AT e, b
7 d 9 > ) ’ ’ 2
o Q Format X fuis.. @ ? e e
Adjust Scale...
| Logarithmic Scale

Right-mouse click on the pH curve and select Remove
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Description [£¥ Definition Mll General Com. Rate il Localized Corr. |l Polarization Cur * | *

‘ a a4 4 (&5} Variables Oplions

017 : : .
e £.996546
! pH (¥2) Options...
olr £.996546
014l | Hide
ozl | Switch to ¥ Axis 6.996546
o2f | £.996546
o 6996546
Eonr £.996546
= Lo |
£l | " 6.996546 5
c ooaf |
2 ‘ £.996546
2 oot [ |
S ooel| 6.996546
005 [ £.996545
vl 6.996545
003 [
‘ 6.996545
002 [}
001 i 6.996545
o P P p B = . ! 6936545
@‘06‘ &%\ QO‘? Q% @.% @‘o) 5;00 q‘o}
02 [mglL]

Description [&¥ Definition @l General Corr. Rate {li Localized Corr. [l Polarization Cur * | *

| a s 9 (55] “ariables Options

017 T T T
016 -
015 -

014 | —#— Corrosion Rate [mm/yr]
0.13
012
0.1
0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

7

Corrosion Rate [mm/yr]

The resulting plot shows the impact of oxygen on the corrosion rate. Corrosion increases by a factor of 20 once
the concentration increases beyond 100 pg/l. Aerated water contains approximately 8 mg/l O2. Corrosion on
the tank wall is 0.16 mm/yr. At this rate, 50% of the 12.3 mm wall will be dissolved in 40 years.

Fifth operation condition: Static flow, tank open to the atmosphere (aerated with O2 and COz) at ambient
conditions

The atmosphere contains ~400 ppmV CO:x. At this concentration 0.6 mg/l COz is dissolved in water as molecular
COg, this COz2 hydrolyzes water to form the following reactants:

€O, + H,0 = H* + HCO;
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The resulting pH is about 5.6 at ambient conditions.

The impact of CO2 on corrosion is two-fold, as two separate reactions occur at the metal surface:
1
H+ + e_ d EHZ

1
HCO; +e™ = EHZ + €032
To test the CO2 impact, you will recalculate the corrosion rate using two CO2 concentrations: 0 and 0.6 ppm.

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and select
Corrosion Rates calculation or by selecting the Add Corrosion Rates icon in the Actions Pane

Change the Rates name to Static Flow, O2 and CO2 using the <F2> key

Add Oxygen (O2) and carbon dioxide (CO2) to the inflow grid

Leave the default Flow Type as Static
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Go to the Survey by button and select Survey by Composition and then by Composition (as shown below)

Survey by
Composition - Specs...
Thenby  [optional]

Composition - Specs...

Wary
(®) Independently

() Together

The next step is the concentration range of oxygen and carbon dioxide. Go to the Specs button next to the
Composition option. This will open a new window.

Under the Category section, make sure to select Var. 1 -Composition. Go to the Component tab, and select
02

Composition Rates Calculation

7 X
Survey Range
Component Inflows
Folarization Curve Hide Related Inflows: Mew Inflow

Calculation Type
- Calculation Options

coz

6]

Select a component inflovs which will be vared over the specified 1ange.

Cancel Apply Help

Then select the Survey Range tab and enter the Survey Range as follows: Log Scale, Start=1e-6, End=10,
Steps=10. Then click OK.

Compositien Rates Calculation

Category Companent Survey Fange

~Var. 1 - Composition

~Var 2-Conpostion | Complion ange Ui
- Polarization Curve
1]

Selected Range

- Calculation Type

- Calculation Options New

Dielete

O Linear @Log O Faint List
End Points
Start

Step Size

Select ane, the other is

Increment 100000
} calculated

Hurnber Steps

Cancel Apply Help
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Under the Category section, select Var. 2 -Composition. Go to the Component tab, and select CO2

Composition Rates Calculation

? X
Categary Component  Survey Range
Var 1 - Composition
= position Component Inflows
~ Polarization Curve Hide Fielated Inflovs New Inflow
- Caloulation Type

+ Calculation Dptians

Select 3 component inflows which wil be varied over the specified 1ange.

Cancel ooy

Help

Then select the Survey Range tab. Select the Point List option. Create two points with values of 0 and 0.6
mg/L. Then click OK.

Composition Rates Calculation ? x
Category Componsnt  Survey Range
~Viar. 1 - Composition N
~%ar, 2 - Compasition Composition Rangs Unit
- Polarization Curve Selected
- Calculation Type P N
Calculation Options i
Dielete
O Linear O Log @) Foint List
Value
1 0.0 Add Paint
2 0g
Remove Pt
Caneel Apply Help

Leave the default alloy Carbon steel G10100 (generic) as the contact surface
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Your screen should look like the image below.

0 OLl Studio (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_51.0ad*]

— O *
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
he TN | 11vasSol2 Red me2Uf s | dhEms S EE
Mavigator L o~ X
8.1 Corrosion Rates - Example_51.0ad |
&% Streams Description Definition [l General Corr. Rate [i{l] Localized Corr. [l Polarization Curve B ¢ °*
=& CR of carbon steel
@ Single CR J Variable Value ~ Survey by
& CRuvsflow = Stream Parameters Composition - Specs...
i Stream Amount (L) 1.00000 .
g Static Flow, 25C T—‘_ o I(t.r — — Tiznby ()
&% Turbulance Flow, 25C ensity correlation arent stream condition -
@ Varying Flow, 25C l— Stream: Temperature (*C} 25.0000 Camposition T
g2 Static Flow, 02 L stream: Pressure (atm) 1.00000 Wary
Static Flow, 02 and CO2 Temperature (*C) 25.0000 (®) Independently
Pressure (atm) 1.00000 O Together
= Calculation Parameters
Calculation Type Izothermal Calculate @
Flow Type Static S
Effect of FeCO3 / FeS Scales Include
= Inflows (mgiL) Unit Set: Metric (mass concentration) M
Hz0
Automatic Chemistry Model
Fe 0.0 Aguecus (H+ ion) Databanks:
o2 Corrosion (AQ)
Actions L o~ x coz Agueous (H+ ion)
R Redox selected
Actions Using K-fit Polynomials
= Contact Surface T-span: 25.0 - 225.0
Carbon steel G10100 {generic) P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 °C 1.00000 atm
Calculation not done
Composition survey:
oz
Range 1.0e-6 to 10.0 mg/L
Legarithmic Scale
No. steps 10
Flot Template Manager L o x -
Composition survey
coz
Range: List with 2 points.
(0.0, 0.5 ma/L)
Primary and secondary survey
W variables
move independently
Input Total points: 22
L v
Advanced Search Add as Stream E=port Pul_arlzatlun c”["’? .Ra_ng_e_ R
Save
For Help, press F1 @ NUM

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example

named Corrosion Rates.
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Analyzing the Results

Click on the General Corr. Rate tab ( Ml General Corr. Rate ). This tab displays a plot showing the results of
corrosion rate and pH.

Right-mouse click on the X-axis and change it to Logarithmic Scale
Right-mouse click on the Y-axis and change it to Logarithmic Scale
Right-mouse click on the pH curve and select Remove Series

Description @ Definition ﬂ General Corr. Rate ﬂ Localized Corr. ﬂ Polarization Cur * | *
| @ CEEN = “ariables COptions

1e+00 T T TP

—a— Corrosion Rate [mm/yr] - CO2 = 0.0 mg/L
—i— Corrosion Rate [mm/yr] - CO2 = 0.6 mg/L

le-01 | E

Corrosion Rate [mm/yr]

102 | - _‘,//’5‘/ ]
e 3 —h— =
1e-03 1 [ | 1 I FEREETTT R
z z. Fa z z z z. z
0% %, 20, %, %, %, %, S,
02 [mg/L]

The effects of CO2 are small, particularly in relation to the oxygen effects. The Corrosion rates at low Oz content
are about 0.0071 mm/yr with no CO2 and 0.0083 mm/yr with 0.6 mg/l CO2; a small difference between two small
rates. At 10 mg/I Oz the corrosion rate is 0.16 mm/y and it is the same with and without CO2. Thus, CO2 has no
effect on corrosion at high Oz concentrations meaning that the surface is corroded by oxygen and small
concentrations of CO2 does not change this rate.
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Sixth operation condition: 300 cycles/min flow, tank open to the atmosphere (aerated with O2 and CO:) at

ambient conditions

Lastly, you will look at the effects of shear rates on the tank in contact with CO2and Oz.

Copy (right-mouse click or Ctrl+C) ‘Static Flow, O2 and COZ2’ corrosion calculation, and paste (right-mouse
click or Ctrl+V)under the stream ‘CR vs Flow’

&% Streams

- CRof carbon steel

[ Single CR

-& CRvsflow

B Static Flow, 25C

B Turbulent Flow, 25C
[g# Varying Flow, 25C
[2 Static Flow, 02

o b

Arrange >

[T

&% Streams
& CRof carbon steel
i [-[gd Single CR

S )

=T Amange

& Cut

[ A

-

B 5t Paste
Delete
Rename

Add As Stream

Clear Results

Clear Status

Change the Static Flow, 02 and CO2-1 name to 300 rpm flow, O2 and CO2 using the <F2> key
Add Oxygen (O2) and carbon dioxide (CO2) to the inflow grid

Change the Flow Type from Static to Rotating Cylinder

Set the Rotor Diameter to 200 cm
Set the Rotor Rotation to 300 cycles/min

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

B File Edit Streams Calculations
D= ? N
Mavigator

8.1 Corrosion Rates - Example_51.0ad*

0 OLI Studic (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_51.0ad*]

Chemistry Tools  View Window Help

- 8 X

6“ Streams

: CR of carbon steel

-fg# Single CR

CR vs flow

@ Static Flow, 25C

@ Turbulance Flow, 25C
-fg# Varying Flow, 25C

@ Static Flow, 02

@ Static Flow, 02 and CO2
300 rpm flow, O2 and CO2

Actions
Actions

L1 VaSol2 Re® |m: 3 U¥ s 0t | dhgne | S BIE &
L o+ X
| [
Description Definition i General Corr. Rate [l Localized Corr. [l Polarization Curve [ *|*
J Variable Value - Survey by
= Stream Parameters Composition -
Stream Amount (L) 1.00000 .
L':" ) Then by [optional]
l— Density correlation Parent stream condition —
l— Stream: Temperature ("C} 25.0000 Composition v | | Specs.
L stream: Pressure {atm}) 1.00000 Wary
Temperature (*C) 25.0000 (®) Independently
Pressure (atm) 1.00000 O Together
e Calculation Parameters
Calculation Type Izothermal Calculate &
Flow Type Rotating Cylinder SR
Rotor Diameter (cm) 200.000
Rotor Rotation (cycle/min} 300.000 Unit Set: Metric (mass concentration) M
Effect of FeCO3 / FeS Scales Include
Automatic Chemistry Model
= Inflows (mgiL) Agueous (H+ ion) Databanks:
H20 Corrosion (AQ)
L o+ x oz Agueous (H+ ion)
Redox selected
coz Using K-fit Polynomials
T-zpan: 25.0 - 225.0
- Contact Surface P-span: 1.0 - 1500.0
- Isothermal Calculation
Carb teel G10100 )
arbon siee (generic) 25.0000 °C 1.00000 atm
Calculation not done
Composition survey:
oz
Range 1.0e-6 to 10.0 mg/L
Logarithmic Scale
No. steps 10
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab ( Ml General Corr. Rate ) Thijs tab displays a plot showing the results of
corrosion rate and pH.

Right-mouse click on the X-axis and change it to Logarithmic Scale

Right-mouse click on the Y-axis and change it to Logarithmic Scale

Right-mouse click on the pH curve and select Remove Series

Double click on the CO2=0.6 mg/L. This will open a new window. Change the color to blue.

Curve Properties ? x

Curves

Comosion Rate [mmAr] -CO2 = 0.0 mg/L

Comosion Rate [mm/yr] - CO2 = 0.6 mg/L

Auto Legend Text
|Curmsiun Rate [mm/yr] - COZ = 0.6 mg/L |

A Auto Line Style [+ Auto Line Weight [ Auto Color

[A Auto Symbol [+ Auto Sealing Factor [JHidden

Filed Triangle D:
e Bpply Help

e ‘

The plot should look like the image below.

Description [£¥ Definition il General Corr. Rate fill Localized Corr. [l Polarization Cur| * | *

| @ s 3 B | ViewData | Variables Options

1e+02 T T T T

—— Corrosion Rate [mm/yr] - CO2 = 0.0 mg/L

Corrosion Rate [mmfyr] - CO2 = 0.6 mg/L
1e+01 b —— (ot o 4

1e+00

Corrosion Rate [mm/yr]

Te-01

Te-02 1
Z

02 [mglL]
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The 0.6 mg/L COz2 curve shifted to higher values at low Oz concentrations compared to no COz presence. Now,
when comparing the corrosion rate for the 0.6 mg/L CO2 concentration at 300 rpm vs static conditions, the rates
are 0.067 mm/year and 0.008 mm/year respectively. The effect of shear at high Oz concentrations (right side of
the plot) is also pronounced. Corrosion is still dominated by Oz attack, but the rate is now over 10 mm/year,
about 100x greater than the static conditions.

Gas condensate corrosion

Example 52: Condensed overhead gas and mitigation strategies
An alkanolamine gas sweetening plant has corrosion problems in the condensed overhead gas.

Diethanolamine is used to neutralize an acid gas containing carbon dioxide (COz) and hydrogen sulfide (H2S).
The diethanolamine is regenerated and the acid gases are driven off in a stripper. The off gas from this stripper
is saturated with water vapor. As these gases cool, they will condense. This condensate can be very corrosive.
The plant’s service life can be shortened considerably due to these condensed acid gases.

In this example, you will calculate the gas dew point temperature, remove the condensed aqueous phase and
perform a Corrosion Rate calculation with the condensed water. Lastly, you will consider mitigation strategies
for the pipes.

You are introducing fluid velocity and liquid condensation into the calculation. The software uses a diffusion
layer model to compute mass transfer to and from corroding surfaces. Higher rates produce thinner layers,
resulting in faster mass transfer rates, and thus higher corrosion rates. The liquid condensation point is
straightforward; it calculates the temperature (or pressure) where the first liquid drop forms.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Corrosion Rate Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Gas condensate Stream Amount 1e5 moles
Name Style Display Formula Temperature 38°C

Unit Set Metric, Batch, Mole Fraction Pressure 1.2 atm
Framework AQ H20 Calculated (mole%)
Calculation Type Corrosion Rates CO2 77.4

Survey Single Point Rate N2 0.02

Flow Type Pipe Flow H2S 16.6

Pipe Diameter 10 cm CH4 0.5

Pipe Flow Velocity 2m/s C2H6 0.03

Contact Surface Carbon Steel G10100 (generic) | C3H8 0.03

Add a new Stream

Click on the new Stream and press <F2> to change the name to Gas Condensate

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mole Fraction




Enter the composition, temperature and pressure of the stream given in the table above

Go to the Add Calculation button and select Corrosion Rates calculation or by selecting the Add Corrosion
Rates icon in the Actions Pane.

Go to the Survey by option and select Single Point Rate. Change the name to Gas Cond. Dew Point.
Change the Flow Type from Static to Pipe Flow.

Specify the Pipe Diameter = 10 cm and the Pipe Flow Velocity = 2 m/s.

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

0 OLl Studio (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_52.0ad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
D=l K 11vasSol2 Ret m:tPf s MEr SREN
MNavigator o~ %
8.1 Corrosion Rates - Example_52.o0ad |
&% Streams Description Definition i General Corr. Rate [l Localized Corr. [l Polarization Curve B ¢ °*
=& CR of carbon steel
@, Single CR J Variable Value ~ Survey by
& CRuvsflow = Stream Parameters Single Point Rate - Specs...
i Stream Amount (mol) 55.5082 .
F@ Static Flow, 25C (] Tiznby (i)
@ Turbulance Flow, 25 Temperature (C) 38,0000 R
B Varying Flow, 25C Pressure (atm) 120000 Specs..
g2 Static Flow, 02 < Calculation Parameters Wary
@’ Static Flow, 02 and CO2 Calculation Type lzothermal ﬂ Independently
@’ 300 rpm flow, 02 and CO2 Flow Type Pipe Flow Tagether
=-#& Gas condensate Pipe Diameter (cm) 10.0000
o Gas Cond. Dew Pont. Pipe Flow Velocity (mis) 2.00000 Calculate @
Effect of FeCO3 / FeS Scales Include g
umnmary
= Inflows (mole %)
H20 5.42000 Unit Set: Metric (mele fraction)
coz 77.4000
Automatic Chemistry Model
= 0.0200000 Agueous (H+ ion) Databanks:
H25 16.5000 Corrosion )
Actions L o+ X CH4 0.500000 Agueous (H+ ion)
R Redox selected
Actions C2HE 0.0300000 R Using K-fit Polynomials
C3H& 0.0300000 T-span: 25.0 - 225.0
Fe 00 P-span: 1.0 - 1500.0
Isothermal Calculation
38.0000 °C 1.20000 atm
e Contact Surface .
Calculation not done
Carbon steel G10100 (generic)
Single Point
No secondary survey selected
Polarization Curve Range
Range -2.0to 2.0V (SHE)
Plot Template Manager L o« x Step size  0.01V (3HE}
No. steps 400
Metal: Iron/Mild steel
Carbon steel G10100 (generic)
Flow Type: Pipe Flow
W Diameter  10.0000 cm
Velocity 2.00000 m's
Input Scales included - passivating films
included.
Advanced Search Add as Stream E=port
Save
For Help, press F1 @ NUM

Now that the gas condensate stream is created, the next task is to isolate the condensed water at the dew point
temperature.

306



Click on the Specs button. This will open a new window

Under the Category section, select Calculation Type

Change the Type of Calculation from Isothermal to Dew Point. Make sure that radio button for temperature is
selected since we are going to calculate the Dew Point temperature for this example. Then click OK. Notice

that the input grid has been updated:

= Calculation Parameters
Calculation Type Dew Point ﬂ
Calculate Temperature
Flow Type Pipe Flow
Pipe Diameter (cm} 10,0000
Pipe Flow Velocity (miz) 2.00000
Effect of FeCO3 / FeS Scales Include

— b Floain femeoalo & 4

You could have also used the drop-down arrow next to the “Calculation Type” box to directly pick a dew point

(or any other required) calculation type.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the

same file created in the previous example named Corrosion Rates.

Analyzing the Results
Click on the General Corr. Rate tab ( il General Corr. Rate ),

Click on the View Data button to see the results in tabulated form.

Temperature | Corrosion Rate pH
“C mmilyr
1 37.5851 0.704502 | 3.92719

Notice that the calculated dew temperature is 37.6°C, corrosion rate is 0.7 mm/year, and the dew point pH

is 3.9. To further interpret the results of this calculation, we are going to study the polarization curve.

Click on the Polarization Curve tab (il Polarization Curve ) Before interpreting this plot, we will format it for easy
viewing.

Click on the Options button. This will open a new window.

bl Polarization Curve [ Report [ *|*

ﬂ = Yiew D ata Y ariables

Under the Category section select X axis. Change the Minimum to 1e-6 and Maximum to 1e6.

Now, select Y axis. Change the Minimum to -1.5 and Maximum to 1.5. Then click OK.
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Click on the Variables button. This will open a new window.

(i Polarization Curve [g] Report [ *|°*

QE] Wiew Data Optionz

Remove the following variables by unchecking them. See image below. Then Click OK.

Select Data To Plot ? *

Survey Points & Reactions

Half-Reactions

ity
02+ 4H(#) = 2H20 - de
Peak Curent Density

Clear all reactions Select all reactions

Concel | [ rony ||t

Your polarization curve should look like the image below.

&% Definition [§ll General Corr. Rate [{ll Localized Corr. (Ml Polarization Curve 3 Repont ff *|*

| a o [&l[8]@ | vewos Optons

15 T T T
1.3 B
— ZHZ0 =02+ 4H(+) + 4e
11 ¥ Corrosion Potential T
0.9 Fe=Fa(2+) +2¢ i
07 H(+)=0.5H2 - ¢ ]
H2CO3 = 0.5H2 + HCO3(-) - &
05 — _H20=05H2 + OH[-) - & T
g 0.3 —H25aq=0.5H2 + H5(-}-= B
@, 01  HS(-)=05HZ + S(2-)-& ]
s 0
T 01 E
£
5 -03 - ]
-0.5 4
07 i
039 \ ]
|
11 i
13 b
15 L L L L L L L L L L L
z 7 7 z 7 e z 7 z z 7z e z
Y £S5 By B £ EY 5
Q"o\ o, %7 g, QQ’ %o, % % T % % TG T

Current Density (A/sg-m)

You can click and drag the legend of the polarization curve to your desired position.

This is a measured potential vs. current density plot. The anodic portion (green curve) is the carbon steel. There
are cathodic reactions. The sum of the cathodic currents adds up to the anode curve at a single point: The
corrosion potential (represented by the inverted red triangle V) with a value of -0.43 V vs SHE. At the corrosion
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potential, the anodic and cathodic currents are equal, and this value is also known as the icorr. For this example,
icorr=0.61 A/m2.

Notice that the cathodic reaction that contributes the most to corrosion is H2CO3 ( ). The next

contributors are H2S ( ) and HS"'(blue line) equally. After that is H* (turquoise line). Water reduction
(light blue line), contributes the least to corrosion.

Mitigation Strategies
There are several mitigating solutions to this corrosion problem.

One is adding insulation to prevent temperature drops. The dew point is very close to the overhead gas
temperature so this may not be a suitable option. Adding heat to keep the temperature above the dew point is
usually considered along with insulation.

Changing the chemistry to change the partial oxidation and reduction processes is also an option.
Changing alloys could mitigate the corrosion problems as well.

We will explore the change of chemistry and change of alloys for this example.

Adjusting the solution chemistry

The condensate pH is approximately 3.9. We can try to add a base to increase the pH. In this section, we will
add Diethanolamine to raise the pH to 7.5.

Single Point— Set pH Calculation

Click on the ‘Gas Condensate’ stream and go to the Add Calculation button and select Single Point
calculation or by selecting the Add Single Point icon in the Actions Pane.

Change the name to DEA using the <F2> key.

Add DEA in the inflows grid. (It should have changed to the formula name: HN(C2H40OH)2

Go to the Type of Calculation option and select Set pH

Change the Target pH to 7.5

Click on the drop-down arrow for the pH Base Titrant and select DEA (or HN(C2H40OH)2)

We have set up the calculation to adjust the amount of DEA to match the target value of pH=7.5.

Your screen should look like the image below.
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& 0Ll Studio - [Corrosion Rates.oad*] — O X
@7 File Edit Streams Calculations Chemistry Tools View Window Help o N e
DSHE| ¢ =20 & 2K ase res msliin: | HE|GEE |
MNavigator - x
|Navig 1 I Toi
Documentt
Corrosion Rates.oad* Description Definition 5] Report L3 File Viewer
6“ Streams T f calculati
e & CR of carbon steel Variable ‘ Value A ype of eaedlation
& CRuvsflow = Stream Parameters SetpH - Specs...
. ‘ Gas Condensate Stream Amount {moly 1.00000e5
B Gas Cond. Dew Point Temperature (°C) 38.0000 Calculate @ |
A DEA Pressure (atm) 1.20000 Summary
e Calculation Parameters
@ Target pH 7.50000 Unit Set: Metric (mole fraction)
= 5'_”gle L Ne Automatic Chemistry Mode!
pH Acid Titrant HCL Agueous (H+ ion) Databanks:
pH Base Titrant HN{C2H40H)2 Agqueous (H+ ion)
Using K-fit Polynomials
= o legel T-span: 25.0 - 225.0
Hz0O 5.42000 P-span: 1.0 - 1500.0
coz T7.4000 Set pH Calculation
: N2 0.0200000 ?Bzgggg ?
Actions L X . atm
e s 16.6000 X TargetpH  7.50000
CH4 0.500000 Acid Titrant:
C2HE 0.0300000 Base Titrant: HN(C2H40H)2
C3HE 0.0300000 Calculation not done
HN{C2H40H)2 0.0
|Plot Template Manager L - x
v
Input
3 Advanced Search Add az Stream Expoirt
ave
For Help, press F1 @ NUM
P. P ]

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.
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Analyzing the Results

Check the summary box to analyze the results.

Summary

Unit Set: Metric (mole fraction)

Automatic Chemistry Model

Agueous (H+ ion) Databanks
Aguecus (H+ ion)

Using K-fit Polynomials.
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0

Set pH Calculation

32.0000°C

1.20000 atm
cid Trrant: H
Total 0.0 mole %

Base Titrant: HN(C2ZH40H)2
Total _5.96844e-4 mole %

Phase Amounts
Agueous  31.6062 mol
Wapor 99958.5 mol
Solid 0.0 mol

Aqueous Phase Properties
pH 7.50001
lonic Strength  0.0160370 molmol
Density 1.026438 g/ml

The pH is set to 7.5 and the inflow of DEA to the total gas is approximately 5.97e-4 mole%.

The DEA concentration in the condensing water and the amount remaining in the vapor phase can both be
viewed in the Report tab.

Click on the Report Tab and go to the Total and Phase Flows and Species Output tables

Species Qutput (True Species)
Row Filter Appiied: Only Non Zaro Values

column Filter Appiied: Only Non Zero Values

Total Aqueous Vapor
mole % mole % mole %
Ccoz 77.3994 0.0416672 77.4239
H2§ 16.5999 0.0271211 16.6052
H20 5.41962 96.6827 5.39076
CH4 0.499999 1.37153e-5 0.500157
C2HE 0.03 9.08534e-7 0.0300094
C3HE 0.03 7.06434e-7 0.0300094
Total and Phase Flows {Amounts) N2 0.02 2.56549e-7 0.0200063
column Filter Applied: Only Non Zers Valuss NH2{CZHAOH)2(+1) 502996e-4 159145
HCO3-1 3.689e-4 1.16718
Total Aqueous Vapor C5H10NO4-1 5.87352e5 0.217474
mal mal mal HS-1 5761285 0.182281
Mole (True) 1.00000e5 31.6062 99968.5 HN{C2HA0H)2 2.51153e-5 0.0778779 5.01249e-7
Mole (App) 1.00001e5 32.0477 99968.5 C03-2 3.86038e-6 0.0122441
g ] g 52 3.03025e-9 1.24636e-5
Mass 4 08064ef 642 188 4.08000eB OH-1 B 55471e-10 2 07387e-6
L L L H+1 2 47871e-11 7847508
Volume 21145686 0.625619 2.1145686 Total (by phase) 100.0 100.0 100.0

311



Recalculating the corrosion rate with DEA

We first need to capture the condensate from the DEA pH calculation. We want only the liquid portion to perform
our corrosion rate calculation. This would represent the first drop of condensate from the gas stream.

0 OLl Studio (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_52.0ad*] — O e
W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DEE @B 2R | sz |res|metisims ME: G HE W
| Navigator g - x| o
8.1 Corrosion Rates - Example_52.0ad* |
& Streams &/ Description Definition Report File Viewer
) P P
=& CR of carbon steel .
@ Single CR Variable | Value - Type of calculation
& CRuvsflow = Stream Parameters SetpH - Specs...
@ Static Flow, 25C Stream Amount (mol) 1.00000e5
@ Turbulance Flow, 25C Temperature (*C) 38.0000 Calculate & |
g Varying Flow, 25C Pressure (atm) 1.20000 Surnmary
@ Static Flow, 02 = Calculation Parameters
@ Static Flow, 02 and CO2 @ | Target pH 7.50000 Unit Set: Metric (mole fraction) ~
gz 300 rpm flow, O2 and CO2 i
@ p 3 Use Single Titrant No A ic Chemistry Model
¢ Gas condensate pH Acid Titrant HCI Agueous (H+ ion) Databanks:
@ Gas Cond. Dew Pont. pH Base Titrant HN(C2ZH40H)2 Agueous (H+ion)
. Using K-fit Polynomials
4 DEA = T TR E ) T-ipan: 253 _225.0
H20 5.42000 P-span: 1.0 - 1500.0
. coz 774000 Set pH Calculation
[Actions 1ex Nz 0.0200000 38.0000 °C
Actions 1.20000 atm
H2s 16.6000 5 TargetpH 7.50000
CH4 0.500000 Acid Titrant: HCI
C2H6 0.0300000 Total: 0.0 mole %
Base Titrant: HN{C2H40H)2
i 0.0300000 Total  5.97097e-4 mole %
HN{C2H40H)2 0.0 Added: 5.97097e-4 mole %
HCI 0.0 Phase Amounts
= Aguecus  31.61597 mol
Vapor 59968.5 mol
Solid 0.0 mol
|Plot Template Manager g o« x
Aguecus Phase Properties
pH 7.50001
lpnic Strength  0.01680371 molmel
v Density 1.02648 g/ml
Input Dutput Calc. elapsed time: 0.111 sec
Calculation complete v
Advanced Search | Add as Stream | Export
Save
* P-span: 1.0 - 1500.0 ~
L3
b4
-_% Calculating Rates for 1 of 1
E Calculation Complete!
5 v
For Help, press F1 @ NUM

Click the Add as Stream button
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Save Selected Result Streams ? >

Export
Name: | DEA-Liql |

Indude the following phases in the stream(s)
Agueous |:| Vapor
[ ]5econd Liguid [ solids

Optional

Phases that are not included may be exported
separately,

Agueous

|:| Vapor
[ ]second Liquid

[ ]5olid
Cance

Uncheck the following boxes: Second Liquid, Vapor, and Solids. This removes these phases from the

saved stream. Click the OK button

We now can recalculate the corrosion rate with DEA in the stream. This represents some DEA entrained in the

vapor phase as the gas leaves the regenerator.

e Copy ‘Gas Cond. Dew Point’ corrosion calculation from the Gas condensate stream, and paste it under

the stream ‘DEA-Lig1

i Iz 300 rpm flow, 02 and CO2
S-#& Gas condensate
[ Gas Cond. Dew Pont.

=1~ Gas condensate
L4 DEA
& DEA-Ligl
Stons O
tions -

ot Template Manager

Amrange

Cut

Copy

Paste

Delete
Rename

Add As Stream
Clear Results

Clear Status

Calculation Options

‘ ‘ Arrange >

Cut

Copy

Paste [}
Delete

Rename

Add As Stream
Clear Results

Clear Status

Calculation Options

Z |

T

Change the name to Gas Cond. Dew Point DEA using the <F2> key

The added DEA is already in the inflows gird.

Leave the default alloy Carbon steel G10100 (generic) as the contact surface
Change the calculation type to Isothermal

Your screen should look like the image below.
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0 OLl Studio (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_52.0ad*]

W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
w=2=] 2R vasol2|Ret m it MES G RIS
| Navigator L - x|
" [
8.1 Corrosion Rates - Example_52.0ad* |
- CR of carbon steel ~ Description Definition i General Corr. Rate [l Localized Corr. [l Polarization Curve B ¢ °*
fe# Single CR
CR vs flow Variable | Value - Survey by
fe@ Static Flow, 25C = Stream Parameters Single Point Rate  « | | Specs..
Stream Amount (mol 32.0813 .
@ Turbulance Flow, 25C (mol} Then by  (optional)
@ Varying Flow, 25C Temperature (°C) 38.0000
@ Static Flow, 02 Pressure (atm) 1.20000 Mone - Specs..
@ Static Flow, 02 and CO2 e C B & Wary
@ 300 rpm flow, 02 and CO2 Calculation Type lzothermal - 1 Independently
(Gas condensate Flow Type PIFE FIowW = Tagether
fg Gas Cond. Dew Pont. Pipe Diameter {cm) 10.0000
4y DEA Pipe Flow Velocity (m/s) 2.00000 Caloulate () |
DEA-Ligl Effect of FeCO3/ FeS Scales Include Summary
@ Gas Cond. Dew Pont.-DEA v - Inflows (mole %)
- H20 56.5139 Unit Set: Metric (mole fraction) ~
[ftions B s x coz 141875 A stomatic Chermisiny Hode
Actions utomatic Chemistry Mode
Nz 2.53014e-7 Aguecus (H+ ion) Databanks:
H25 0.206530 Corrosion (AQ)
CHa 13526385 Agueous (H+ ion)
Redox selected
CaHe 8.98017e-7 Using K-fit Polynomials
C3H& 5.95702e-7 T-span: 25.0 - 225.0
HN(CZH40H)2 186081 P-span: 1.0 - 1500.0
Isothermal Calculation
Fe oo 38.0000 °C 1.20000 atm
Calculation complete
|Plot Template Manager - x = Contact Surface
Carbon steel G10100 (generic) Single Point
No secondary survey selected
b Polarization Curve Range
Range -2.0to 2.0V (SHE)
Input 1 Step size  0.01 V (SHE)
No. steps 400 W
5 Advanced Search Add as Stream Export
ave
* P-span: 1.0 - 1500.0 ~
L3
b4
-_% Calculating Rates for 1 of 1
E Calculation Complete!
3 v
@ NUM |

For Help, press F1

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab ( @l General Corr. Rate ).

Click on the View Data button to see the results in tabulated form.

Temperature | Corrosion Rate| pH
C mimiyr
i 33.0000 0.480801 |7.50001
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Notice that the corrosion rate has decreased from 0.7 mm/year to 0.48 mm year. The pH is 7.6, and it
remained like the target value of 7.5. Based on these results neutralizing the pH had a partial effect on

corrosion reduction.

Changing the Alloy

Since treating the acid gas with a base is probably not a good idea for metal hydroxides, perhaps we can
change the alloy. We will add a new corrosion rates calculation and test different alloys.

13%Cr Stainless Steel

Copy ‘Gas Cond. Dew Point’ corrosion calculation, and paste it under the stream ‘Gas Condensate’

Change the name to Gas Cond. 13%Cr using the <F2> key.
Notice that in the inflows, copying and pasting does not bring the DEA and its composition to this corrosion
calculation. The reason why is because the DEA was added at the corrosion rate calculation level, and not
at the stream level.

Change the contact surface to Super13%Cr stainless steel

Your screen should look like the image below.
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O OLI Studio (Version 11.3.1 Beta) - [8.1 Corrosien Rates - Example_52.0ad™] — [m] X
B File Edit Streams Calculations Chemistry Tools View Window Help - & x
LEelE +B28 TR | 11 vasolz Red |me ¥4t | MERmE G [BE A7
Mavigator L X
8.1 Corrosion Rates - Example_52.0ad |
i @@ Single CR A Description [&¥ Definition (i}l General Corr. Rate (il Localized Corr. [{ll Polarization Curve & *|*
CRvs flow
B static Flow, 25C i Variable Value A sl
[ Turbulance Flow, 25C = Stream Parameters Single Point Rate  +| | Specs...
i Stream Amount (mol} 1.00000e5
g Varying Flow, 25C (mol} Thenby  [optional)
g Static Flow, 02 0| Temperature ("C) 330000
@’ Static Flow, 02 and CO2 @| Pressure (atm) 1.20000 Specs...
@ 300 rpm flow, 02 and CO2 - Calculation Parameters Wary
- & Gas condensate Calculation Type Dew Point Independentiy
--fgg Gas Cond. Dew Pont. Calculate Temperature Together
@ DEA Flow Type Pipe Flow
-JA Gas Cond. 13%Cr v Fipe Diameter (cm) 10.0000 Calculate &
Actions g ~x Pipe Flow Velocity (m/s) 2.00000 SR
Actions = Inflows (mole %)
H20 5.42000 Unit Set: Metric (mole fraction) ~
coz2 77.4000
Automatic Chemistry Model
N2 0.0200000 Agueous (H+ ion) Databanks:
H2s 16.6000 Corrosion (AQ)
CH4 0.500000 Agueous (H+ ion)
Redox selected
C2He 0.0300000 Using K-fit Polynomials
C3H8 0.0300000 T-span: 25.0 - 225.0
Fe 00 P-span: 1.0 - 1500.0
Dew Point Calculation
1.20000 atm
= Contact Surface Calculation not done
Plot Template Manager oL ~x Super13Cr stainless steel ﬂ
Single Point
No secondary survey selected
v Polarization Curve Range
Range -2.0to 2.0 V (SHE)
Irpit Step size 0.0 V (SHE)
No. steps 400 (v
Advanced Search Add a2 Stream E=port
Save
x P-gpan: 1.0 - 1500.0 A
v
. I
% Calculating Rates for 1 of 1
3 |Calculation Complete!
= v
For Help, press F1 @ NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the Report tab to see the results. (You may need to use the €« » buttons to move the tabs and find

the Report tab).

Go to the Calculated Rates table
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(¥ Definition [l General Corr. Rate [l Localized Corr. [illl Polarization Curve 1} D

Jumpto: | Calculation Summary v @ S| % || Customize Export

|c3Hs | 0.0300000]  0.0300000]

Calculated Rates

Corrosion Rate 1.20223e-3 mmiyr|
Corrosion Potential -0.263434 V (SHE)
Repassivation Potential >2.0 V(SHE)
|Corrosion Current Density 1.10783e-3 Alsq-m

The corrosion rate of Super 13%Cr is several orders of magnitude lower when compared to the corrosion
rate for Carbon Steel, i.e. at 0.0012 mm/year for 13%Cr vs 0.7 mm/year for Carbon Steel. This is consistent
with the use of Super 13% Cr to protect against CO2 corrosion.

Click on the Polarization Curve tab (il Polarization Curve ),

Click on the Variables button. This will open a new window.

il Polarization Curve [B Report | *|°*

QE] Wiew Data Options

Remove the following variables by unchecking them. See image below. Then Click OK.

Select Data To Plot

Survey Foints & Reactions

Half-Reactions

Clear all reactions Select all reactions

The polarization curve (after some layout modifications) should look like the image below.
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Potential (v (SHE))

25 L L L L
7 2 7 2 7 2 Z 2 Z 7 Z Z
2 S 2 ) 2 ) 2 e, S % S LY
% f2 %% e fe o e o gy o, e g g
Current Density (Afsg-m)
—13Cr88={Felrj(x+) +xe — 2HID =02+ 4H(+} + e ¥ Corrosion Potential
H2C03 = 0.5H2 + HCO3(-} - & H20 = 0.5H2 + OH(-) - & H2Saq = 0.5H2 + HS(-) - &
——HSION = 0.5H2 + 5(2-} - & — 02+ 4H(+) = 2H20 - 4¢

The layout of the plot was changed for easy reading. To change layout, you can right click on any part of the plot and select
the option Alloy Layout Changes to modify the appearance of your plot.

The corrosion potential of Super 13%Cr is -0.25 V vs SHE and the corresponding corrosion current
icor=0.001A/m2. The icorr for Carbon Steel was 0.61 A/m2, this means that 13%Cr is 10x more resistant to

corrosion under the same conditions.

Stainless Steel 304

Copy ‘Gas Cond. Dew Point’ corrosion calculation, and paste it under the stream ‘Gas Condensate’

Change the name to Gas Cond. SS304 using the <F2> key
Change the contact surface to Stainless Steel 304

Your screen should look like the image below.

For Help, press F1

& OLI Studio (Version 11.5.1 Beta) - [2.1 Corrosion Rates - Example_52.0ad"] - O X
57 File Edit Streams Caleulations Chemistry Tools View Window Help _ax
Dl ¢@a@ 2K | Llwvasol2 Red me it | MEE S EE A
Navigator 2 ax
. A
8.1 Corrosion Rates - Example_52.0ad |
E-# CRuvsflow ~ | & Description &¥ Definition [l General Corr. Rate |l Localized Corr. {ll Polarization Curve [B *|*
G- Static Flow, 25C P
: urve)
% Turbulance Flow, 25C H Variable Value ~ i
F Varying Flow, 25¢ = Stream Parameters Single Point Rate = | | Specs
B Static Flow, 02 SR () 1.00000e5 Thenby foptonc]
[ Static Flow, 02 and COZ | Temperature (C) 28.0000 g
[&& 300 rpm flow, 02 and CO2 ® Pressure (atm) 1.20000 pecs.
£-& Gas condensate = Calculation Parameters Vay
i@ Gas Cond. Dew Pont. Calculation Type Dew Point Ind=pendently
i~ 4y DEA Calculate Temperature. Tagsther
[ Gas Cond, 13%Cr Flow Type Fipe Flow
: Gas Cond. ss304 v Pipe Diameter (cm) 10.0000 Calculate &
Actons Eeo Fipe Flow Veloctty (mis) 2.00000 Summay
Actions Thermal Aging Temperature (-C) 399.000
Thermal Aging Time (hr) 00 Unit Set: Hetric (mole fraction A
= Inflows (mole %)
- Automatic Chemistry Model
LED DL queous (He ion) Databanks
coz 77.4000 Corrosion (AQ
B 00200000 Aqueous (H+ ion)
Redox selected
= 18.5000 Using K-fit Polynomials
cHa 0.500000 T-span: 25.0 - 225.0
&5 30300000 P-span: 1.0- 1500.0
Dew Point Calculation
C3H8 0.0300000 1.20000 atm
Fe 00 Calculation nct done
Plot Template Manager P -x
= Contact Surface Single Point
Fe(71.830/Cr(18.000)HI(.000)C(0. | No secondary survey selected
v Thermal Aging Temperature: 388,000
Input Thermal Aging Time: 0.0 hr
v
Advanced Search Add as Stream Export Polarization Curve Range
Save
= P-span: 1.0 - 1500.0 ~
y
4
£||calculating Rates for 1 of 1
3 |Calculation Complete!
z v
@ NUM
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Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the Report tab to see the results. (You may need to use the €« » buttons to move the tabs and find

the Report tab).
Go to the Calculated Rates table

Calculated Rates

Corrosion Rate 240183e-3 mmiyr
Corrosion Potential 0.293505 V {SHE)
Repassivation Potential =2.0 V{SHE)
Corrosion Current Density 2.21614e-3 Alsg-m

The corrosion rate of 304 SS is now 0.0024 mm/year. This is a negligible value.

Click on the Polarization Curve tab (il Polarization Curve ),
Click on the Variables button. This will open a new window.
Remove the following variables by unchecking them. See image below. Then Click OK.

Select Data To Plot ? X
Survey Points & Reactions

Half-Reactions

2H20 =02 + 4H(+) + 42
Corosion Potential

Clear all reactions | | Select all reactions

x
z
=

The polarization curve (after some layout modifications) should look like the image below.
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Potential (V (SHE))

Current Density (A/sg-m)

——13Cr 55 = {Fe,Crix+) + xe
H2C03 = 0.5H2 = HCO3(-} - &

2H20 = 02 + 4H(+) + de ¥ Corrosion Potential
H20 = 0.5H2 = OH(-) - & H2Saq = 0.5H2 + HS(-) - &
02 + 4H() = 2H20 - 4

—HSION = 0.5H2 + 5i2-) - ¢

The layout of the plot was changed for easy reading. To change layout, you can right click on any part of the plot and select
the option Alloy Layout Changes to modify the appearance of your plot.

The corrosion potential of SS304 is -0.17 V vs SHE and the corresponding corrosion current icor=3.3e-3 A/m?.

With this low corrosion current density, sour gas regeneration can be remedied using a higher-grade alloy such
as SS304.
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Section 9. Thermal Aging and Variations in Alloy Composition

Overview and Basic Terminology

Localized corrosion of engineering alloys is a complex function of metallurgical factors and environmental
conditions. Among metallurgical factors, effects of thermal instabilities are of interest for assessing the
performance and expected service life of industrial components fabricated from nominally corrosion-resistant
stainless steels and nickel-base alloys.

Fabrication processes such as heat treatment and welding are known to introduce microstructural changes that
may affect both the mechanical and corrosion performance of an alloy. In particular, thermal instability of
stainless steels and nickel-base alloys may lead to the formation of complex metal carbides of the type MsCz,
M7Cs, MeC, or M23Cs in which the metallic component M represents Cr, Mo, W, and Fe. The carbide is
chromium- or molybdenum-rich depending on the carbide type, which in turn depends on the alloy composition
and temperature. Also, various chromium-rich intermetallic phases can form in many alloys. Precipitation of
such phases may occur at temperatures ranging from 500 to 900 °C depending on alloy composition. Formation
of grain boundary carbides often results in the depletion of chromium and, possibly, molybdenum in the vicinity
of the grain boundary because of the slow diffusion of substitutional elements such as chromium relative to the
interstitial carbon.

Similarly, the corrosion resistance of welded components may be affected by the segregation of alloying
elements and precipitation of intermetallic phases, carbides or nitrides in the solidified weld and unmixed zones
as well as the precipitation of carbides and other phases in the heat-affected zone adjacent to the weld.

Sensitization of Fe-Ni-Cr-Mo alloys and its effects on intergranular attack and intergranular stress corrosion
cracking is the most directly observed effect of Cr depletion. It may result in intergranular attack and
intergranular stress corrosion cracking. Localized corrosion can be also affected by Cr and Mo depletion.

Corrosion Analyzer contains the following technology that can help address these issues:

A grain boundary microchemistry model for predicting the chromium and molybdenum depletion in the vicinity
of grain boundaries as a result of carbide formation.

An electrochemical model for calculating the repassivation potential of Fe-Ni-Cr-Mo-W alloys as a function of
alloy composition and environmental conditions including temperature and concentrations of aqueous solution
species.

A procedure for calculating the observable repassivation potential that corresponds to macroscopic localized
corrosion by applying the electrochemical model to the depletion profiles and performing suitable integration.

More details about this technology are described by Anderko et al. (2008), Tormoen et al. (2009), Anderko et
al. (2009), and Sridhar et al. (2009).

Alloy Chemistry

Simulations can be performed, in general, for alloys that belong to the Fe-Ni-Cr-Mo-W-N-C family (i.e., for
stainless steels and nickel-base alloys).

Depletion profiles in the vicinity of grain boundaries and depletion parameters can be obtained for austenitic
alloys (including stainless steels and Ni-base alloys). Also, the effect of Cr and Mo depletion on localized
corrosion can be calculated. This effect can be examined using the repassivation potential, which provides a
threshold potential for the stabilization of localized corrosion (Anderko et al., 2009).
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For other alloys from the Fe-Ni-Cr-Mo-W-N-C family, the repassivation potential can be calculated if the alloy
composition is known. This also includes experimental alloys and separate phases that may be formed as a
result of various forms of heat treatment (Sridhar et al., 2009).

Calculation types

Thermal aging is an additional phenomenon that can be simulated within the framework of corrosion kinetics.
All calculation types and, in particular, survey types, that are supported for corrosion kinetics are also supported
in conjunction with the study of thermal aging.

If it is desired to make calculations on a thermally aged sample, the thermal aging temperature and time need
to be specified in the Calc Parameters section in the Definition tab. The default values are 399 °C for the
thermal aging temperature and 0.0 hours for the thermal aging time. If either of these default values is used, no
thermal aging effects will be predicted. Thus, by default, Corrosion Analyzer performs calculations on samples
that have not been thermally aged.

Thermal Aging Temperature Survey

This calculation makes it possible to vary the thermal aging temperature within a certain range. A fixed value of
thermal aging time is assumed as specified by the user. Typically, the temperatures for which thermal aging
effects can be observed range from ~500 °C to ~900 °C, with the effects being most pronounced in the middle
of this range.

Thermal Aging Time Survey

This calculation can be used to examine the effect of aging time at a fixed thermal aging temperature.
Output Specific to Thermal Aging

The following output can be generated:

Chromium and molybdenum depletion profiles, i.e., the variation of Cr and Mo concentration within the grain
as a function of grain boundary.

The depletion parameter, which provides compact information on the extent to which the depletion process
reduces the grain boundary concentration below a certain critical value of, which can be defined by well-
known criteria for maintaining passivity (e.g. x¢, = 0.11 or 0.12). This parameter can be calculated as the area
of the depletion profile below the threshold concentration xZ,., divided by bulk Cr concentration, x2,.:

1 (7
66 = | (v = er(D)dz
Cr Y0

where z* is the distance from the grain boundary that corresponds to the threshold concentration x¢,.

The repassivation potential, which is a key parameter for determining whether localized corrosion can occur,
may be affected by thermal aging in a rather complex way.
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Thermal Aging and Variations in Alloy Composition

We will show examples of simulating the effects of thermal aging on Fe-Ni-Cr-Mo-W-C-N alloys (i.e., stainless
steels and nickel-base alloys). Specifically, we will show how to predict:

Chromium and molybdenum depletion profiles in the vicinity of grain
boundaries, which result from heat treatment of austenitic alloys.

Depletion parameters for sensitized austenitic alloys, which provide an
indicator of whether the alloy is susceptible to intergranular corrosion.

Effect of thermal aging on the repassivation potential of austenitic alloys,
which provides a threshold condition for localized corrosion (pitting or crevice
corrosion).

The repassivation potential of alloys with compositional variations that may or
may not result from thermal aging. This facility can also be used for bulk
alloys that are not in the database or to hypothetical or experimental alloys
as long as they belong to the Fe-Ni-Cr-Mo-W-C-N family. An example will be
given for a duplex alloy, either annealed or thermally treated.

Example 53: Thermal aging of alloy 600

We will be studying the behavior of thermally aged alloy 600 in a dilute aqueous solution of sodium chloride,
and will simulate how the time of thermal aging affects alloy 600 at a fixed thermal aging temperature of 700°C.

Starting the Simulation

Thermal Aging Calculation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Thermal Aging Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Thermal Aging Stream Amount | Calculated
Calculation Type Corrosion Rates Temperature 60 °C
Survey by Thermal Aging Time Pressure 1 atm
Name Style Display Name H20 Default — 55.5082 moles
Unit Set Metric, Batch, Moles NaCl 0.04 moles
Framework AQ

Add a new Stream

Click on the new Stream and press <F2> to change the name to Thermal Aging
Select the AQ thermodynamic Framework (selected by default)

Click on the Units Manager Icon and select Metric, Batch, Moles

Click on the Names Manager Icon and select Display Name

Enter the stream composition and conditions specified in the table above
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Go to the Add Calculation button and select Corrosion Rates

Note: Even though the thermal aging simulation facilities do not predict corrosion rates per se, they belong

to the category of corrosion kinetics and, therefore, they are included in the Corrosion Rates section of the
Corrosion Analyzer.

Select the Survey by Thermal Aging Time

Change the name from Rates to Alloy 600 using the <F2> key or by right-mouse click on the object and
select rename

Select Alloy 600 from the Contact Surface grid

In the Calculation Parameters grid, change the default value for the Thermal Aging Temperature to 700°C.

Note that the default value for the Thermal Aging Temperature is 399 °C, which is a low value so that, in
the default case, no effects of thermal aging are being calculated.

Your screen should look like the image below.

& OU Studio - [Corrosion Rates.cad®] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
D=l A 11vasSol2 Ret m:3lif 3wt | ME: GPEEHE &
Mavigator L o~ X
Corrosion Rates.oad |
&b Streams &/ Description Definition General Corr. Rate Localized Corr. Polarization Curve Report * | *
b P P
& CRof carbon steel
‘ CR vs flow J Variable Value - Survey by
& Gas Condensate = Stream Parameters Thermal Aging Time Specs...
‘ Localized Corrosion Stream Amount (mol) 55.5482 Then by (optional]
E|‘ Thermal Aging Temperature (*C) 60.0000
. Alloy 600 Pressure (atm) 1.00000 Specs..
& Calculation Parameters Wary
Flow Type Static Independently
| Thermal Aging Temperature (*C) 700.000 | Together
Thermal Aging Time (hr}
- Inflows (mol) Calculate &8
Water [ 55.5082 | Summary
Sodium chloride 0.0400000
Actions L - x Hickel 0.0 Unit Set: Metric (moles) ~
I 1 A i Chemistry Model
= Contact Surface Agueous (H+ ion) Databanks:
Alloy 600 Corrosion (AQ)
Agueous (H+ ion)
Redox selected
Using K-fit Pelynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
Plot Template Manager L - x 50.0000 *C 1.00000 atm
Calculation not done
A Thermal Aging Time survey:
Range 0.0to 10.0 hr
Input Step size 2.0 hr
Mo. steps S W
Advanced Search Add as Stream Expart
Save
For Help, press F1 @ MNUM

Now we need to specify the Thermal Aging Time range. Click on the Specs button. This will open a new
window.
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Under the Survey Range tab, change the range for Thermal Aging Time from 0 to 22 hours with an increment

of 4.4 hours (of 5 steps).

Under the Category section, select the Thermal Aging option.

Rates Calculation T X
Category Survey Fange
- War. 1 - Thermal Aging Time X
Folocston urve Therel ging Tine Rarge e
- Thermal Aging
- Calculation Type
Caloulation Opfions e
Delete
@) Linear OLog (O Paint List
End Paints
End |22.0000
Step Siee
Increment | 4.40000
® } Select one, the other is
Numbes Sleps 5 @ 4 eI
< >
Cancel Apply Help
Rates Calculation T X
Category Thermal Aging
wVar 1 - Thermal dging T
[l e Eip Directly from Correlation: @ No (O Yes
Allay Campositian w:
" Calculation Dptions Fe [a534 | o[ | nif75032 |
Mosw/ [0 | c[ooz | nfo |
Carbide Stoichiometry:
Fe [0 | ol | nifo |
Moww [0 | cls | nlo |
Catbide Thermochemisty & [ 405190 | &[2s7es |
Ci Diffusion Cosfficient DO (440162008 | @ [-243000 |
Mo, 4 Diffusion Cosfficient. 00 [0 | af |
Cr Sensitzation Threshold witz: [11 | Grain Size: [123 |
Revert to D efault
< >
Cancel tpply Help

In this Thermal Aging Category, you can change all parameters that are necessary for calculating chromium
and (if applicable) molybdenum depletion profiles. You can change:

The alloy composition (for example, to analyze the effect of a different carbon content);

The stoichiometry of the carbide phase that may form at the grain boundary; the typical carbide stoichiometry
is M7Cs or M23Cs (where M = Cr, Mo) but can be adjusted
The parameters that define the equilibrium constant for the formation of the carbide
The diffusion coefficient of Cr and, if applicable, Mo
The threshold concentration of Cr for sensitization. This threshold concentration is used for calculating the

depletion parameter.

The average grain size, which affects the process of healing of chromium depletion as a function of time
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Also, you can indicate whether the repassivation potential (Erp) should be calculated directly from the correlation
developed by Anderko et al. (2008), which expresses Erp as a function of alloy composition or not. If it is not
calculated directly, then the repassivation potential is calculated first using the alloy-specific parameters for the
alloy of interest and only the decrement of Erp (i.€., Erp, thermally aged — Erp, bulk alloy) iS Obtained from the correlation.
This decrement is then added to the alloy-specific Erp value. This option is set by default to “No” because this
maximizes the accuracy of calculations for alloys that are already in the database.

For now, we will accept the default settings. Click OK.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.

Analyzing the Results

Click on the Depletion Profile tab (i Depletion Profile,

to move the tabs.

. If you don’t see it in your screen, use the €4 » buttons

[&¥ Definition (il General Corr. Rate [l Localized Corr. [l Polarization Curve (3] Report |l Depletion Profile E
! @ |2 [/ [B] D] | vewoas || Vst

- Thermal Aging Time=0.0hr

T Weight % - Thermal Aging Time=4.40000hr
Cr Weight % - Thermal Aging Time=8.80000hr
Cr Weight % - Thermal Aging Time=13.2000hr
Cr Weight % - Thermal Aging Time=17.6000hr “
——Cr Weight % - Thermal Aging Time=22.0000hr A
Mo+W Weight % - Thermal Aging Time=0.0hr :

Weight %

Mo+W Weight % - Thermal Aging Time=4.40000hr

Mo+W Weight % - Thermal Aging Time=8.80000hr
Mo+W Weight % - Thermal Aging Time=13.2000hr
Mo+W Weight % - Thermal Aging Time=17.6000hr
Mo+W Weight % - Thermal Aging Time=22.0000hr

Corrected Cr Weight % - Thermal Aging Time=0.0hr
r Corrected Cr Weight % - Thermal Aging Time=4.40000hr 7
Corrected Cr Weight % - Thermal Aging Time=8.80000hr -

L Corrected Cr Weight % - Thermal Aging Time=13.2000hr
g + 1|1 +—+—Corrected Cr Waight % - The! Aging Time=1760Q0h¢ , 4 |y , 4 4 o011
O D g | by-aporegectyty Wopneity dng 280y, 0, |, % % B % %, %,
Corrected Mo+W Weight % - Thermal Aging Time=0.0hr
Corrected Mo+W \;»/e.gncmmmmu'manoom
Corrected Mo+W Weight % - Thermal Aging Time=8.80000hr

O 4N W A OO N O O
T

Note: Since alloy 600 does not contain any molybdenum, the molybdenum curves will always be equal to zero.

This plot will show the concentrations of chromium and molybdenum within a grain as a function of the distance
from the grain boundary (in um). You will see that, for each condition, there are four lines:
Cr weight %: concentration of Cr in weight %

Mo+W weight %: sum of the concentrations of molybdenum and tungsten in weight %

Corrected Cr weight %: concentration of Cr corrected for beam scattering and related effects so that it can
be directly compared with experimental results. The procedure for calculating the correction is described by
Anderko et al. (2009).

Corrected Mo+W weight %: sum of the concentrations of Mo and W corrected in the same way as those for
Cr.
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Let’s customize the plot

Click on the Options button. This will open a new window.

Since alloy 600 does not contain Mo or W, eliminate the Mo+W curves. To do this, go to the Category section

and select the Curves option

Highlight the Mo+W weight % curves by pressing the Shift key and the down key (Shift + {). After highlighting

these curves, check the Hidden button.

Customize Plot

Categary

- General

Curves

Crwieight % - Thermal ging Time=17.6000hr
Crwieight % - Thermal Aging Time=22.0000hr

Auto Legend Text
Auta Line Style Auta Line Weight Ao Colar

[——— | [1m [ |
[ Ao Symbal Auta Scaling Factar

Mane ~ =

Cancel Apply Help

After hiding the Mo+W weight % curves, do the same for the Corrected Mo+W weight % curves. Then click

OK.

The plot should look like the image below.

70 Corrected Cr Weight % - Thermal Aging Time=22.0000hr

6.5 b

5 U 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1

TO 8y 7 A S e B R 5 B A B, P & Z
0 g, B B, 0 %, 0 8, Y B % 9 3 % % %Y B,

17.0 X T T T T T T T T T 1 T T T T T T T T ]
16.5 | q
16.0 | 3
155 F ]
15.0 ]
145 F ]
10 ]
135 F .
13.0 Cr\Weight % - Thermal Aging Time=0.0hr ]
125 Cr Weight % - Thermal Aging Time=4.40000hr -
=120 ¢ CrWeight % - Thermal Aging Time=3.80000hr 1
-‘% 1.5 F Cr Weight % - Thermal Aging Time=13.2000hr ]
? 1.0 F Cr Weight % - Thermal Aging Time=17.6000hr ]
133 r Cr Weight % - Thermal Aging Time=22.0000hr E
9.5 [ Corrected Cr Weight % - Thermal Aging Time=0.0hr N
9.0 Corrected Cr Weight % - Thermal Aging Time=4.40000hr ]
8.5 Corrected Cr Weight % - Thermal Aging Time=8.80000hr ]
8.0 Corrected Cr Weight % - Thermal Aging Time=13.2000nr —:

7.5

Corrected Cr Weight % - Thermal Aging Time=17 6000hr

Grain Boundary Distance

The legend of this plot was modified for clarity. The border style of the legend was modified by double clicking on the legend,

and selecting None as the Border Style
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Differences between Uncorrected and Corrected Depletion Profiles

Now, let's focus on the differences between the uncorrected and corrected depletion profiles. To have a clear
picture of the difference between them, we will analyze the depletion profiles results obtained at 4.4 hours of
thermal aging.

Click on the Options button, and select the Curves category
Highlight all curves except the ones labeled as:

Cr Weight % - Thermal Aging Time = 4.40000 hr, and
Corrected Cr Weight % - Thermal Aging Time = 4.40000 hr

Check the Hidden box, then click OK.

Your plot should look that the image below.

17.0 [~r~r  ~r -7 7T T T 7 "7 T 1 " ©7 T * T 1 "~ T "~ T 1 T T "]
16.5 - B
16.0 [ ]
166 [ ]
15.0 [ ]
1456 [ ]
140 [ ]
136 [ ]
13.0 L Cr Weight % - Thermal Aging Time=4.40000hr 4

125 - Corrected Cr Weight % - Thermal Aging Time=4.40000hr 7]
12.0 - a

1156 | J
110 | J
105 [ ]
10.0 F ]
95 [ ]
a.0 | 3
2
8.0 b ]
75 ]
oL .
55 F .
60 L PR | PR | PR | Pl PR I | PR | PR | | PR I | L Pl PR
D gy By Y N % R % W B B B D

Weight %

1 L]
G &, 7 7
S o B % B 4, %,

Grain Boundary Distance

In the obtained plot, you can see the difference between the two curves for small distances from the grain
boundary (roughly below 30 um). The corrected concentration is much more rounded in the vicinity of the
minimum because instrumental measurement effects. At larger distances from the grain boundary, there is no
difference between the two curves.
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Effect of Cr depletion on corrosion

After analyzing the depletion profiles, let’s focus on the effects of Cr depletion on corrosion. We will do it by
analyzing two parameters — the depletion parameter and the repassivation potential.

To have more meaningful results, let's expand the range of thermal aging time and reduce the interval for

calculations.

Copy the Alloy 600 corrosion calculation, and then paste it under the Thermal Aging Stream
Rename the new calculation as Alloy 600 — Cr depletion
Go back to the Definition tab and click the Specs button

In the Var.1 Thermal Aging Time category, change the Survey Range as follows: Start=0 hours, End= 60
hours with an Increment= 1 hour. Then click OK.

Your screen should look like the image below

=2 = 3
Mavigator L o~ x
Corrosion Rates.oad™

!“ Streams

+ & CRof carbon steel
& CRusflow

& Gas Condensate

& Localized Corrosion
& Thermal Aging

[ Allay 600

: Alloy 600-Cr depletion
< >
Actions g%
Actions

Plot Template Manager

Save

For Help, press F1

0 0Ll Studio - [Corrosion Rates.oad*]

B File Edit Streams Calculstions Chemistry Tools View Window Help

7N

L1 VaSol2 Red me 30 8 o | Shigh?
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YF
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- & x

%

Description &% Definition il General Cor. Rate (il Localized Corr. |l Polarization Curve [ Report [l D/ *|*

J Variable

Value ~
= Stream Parameters
Stream Amount {mol) 55.5482
Temperature (*C) 60.0000
Pressure (atm) 1.00000
= Calculation Parameters
Flow Type Static
Thermal Aging Temperature (*C) 700.000
Thermal Aging Time (hr)
= Inflows (maol)
Water 55.5082
Sodium chloride 0.0400000
e Contact Surface
Alloy 60D
v
Input
Advanced Search Add az Stream Export

Survey by
Themmal Aging Time = Specs..
Then by [optional]
Specs..
Wary

Independently
Together

Calculate &

Summary

Unit Set: Metric (moles)

Automatic Chemistry Model
Agqueous (H+ ion) Databanks:
Corrosion (AQ)
Agqueous (H+ ion)
Redox selected
Using K-fit Polynomials.
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
§0.0000 *C 1.00000 atm

Calculation not done

Thermal Aging Time survey:
Range 0.0t0 60.0 hr
Step size 1.0hr
No. steps 80

No secondary survey selected

Thermal Aging Temperature: 700.000
°C

@@

V]

NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.
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Analyzing the Results

Click on the Localized Corr. tab ( #l Localized Corr.y By default, this tab will show a plot of the corrosion potential

and repassivation potential.

& Description [£¥ Definition (|l General Corr. Rate @l Localized Corr. {{§ Polarization Curve [ Report i D *|*

2 S 9 [=) | ViewData | ariables

20
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0o0F

s Corrosion Potential [V (SHE)]
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Thermal Aging Time [hr]

Let's add a new parameter to the plot: The Depletion Parameter.

Click on the Variables button. This will open a new window.

Look for the Corrosion Values section, click on the ‘+’ icon, and select the Depletion Parameter option.
Click on the >> button that belongs the Y2 Axis. This action will place the new variable under the Y2 Axis.

Then click OK.
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The plot should look like the image below.
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Itis clear that the depletion parameter reaches a maximum for aging time of about 10 hours. Since the depletion
parameter is a measure of the susceptibility of an alloy to intergranular corrosion, we can expect that the alloy
will be most susceptible to intergranular corrosion at intermediate aging times. When the depletion parameter
is zero, intergranular corrosion or intergranular stress corrosion cracking are unlikely. The decrease of the
depletion parameter as a function of time is a manifestation of the phenomenon of healing of Cr depletion.

The repassivation potential shows a minimum as a function of aging time (see the option View Data). This
indicates that the tendency of the alloy to undergo localized corrosion is enhanced as a result of thermal aging.
However, the effect of thermal aging on the repassivation potential of alloy 600 is small (cf. Tormoen et al.,
2009, Anderko et al., 2009). The repassivation potential shows a minimum at low aging times (ca. 1-2 hours).
Therefore, the susceptibility to localized corrosion is enhanced the most for these aging times. It is noteworthy
that the maximum in the depletion parameter does not coincide with the minimum in the repassivation potential.
This is due to the fact that intergranular corrosion (which is related to the depletion parameter) and localized
corrosion (which is controlled by the repassivation potential) are subject to different mechanisms. A general
discussion of these differences is given by Tormoen et al. (2008).

In general, the alloy will be susceptible to localized corrosion if the corrosion potential exceeds the repassivation
potential. In the above example, the corrosion potential is low because we have no oxidizing agents in the
system. Therefore, the alloy will not undergo localized corrosion at the conditions of this example. However, a
rise in the corrosion potential due to the presence of oxidizing agents may cause localized corrosion.
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Example 54: Thermal aging of alloy 825

Alloy 825 is appreciably different from alloy 600 because it contains molybdenum and, also, substantially more
chromium in addition to other alloying elements.

In this example, we will simulate how the temperature of thermal aging affects alloy 825 at a fixed thermal aging
time of 15 hours.

Starting the Simulation
Thermal Aging Calculation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Thermal Aging Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Thermal Aging Stream Amount | Calculated
Calculation Type Corrosion Rates Temperature 95 °C
Survey by Thermal Aging Temperature | Pressure 1 atm
Name Style Display Name H20 Default — 55.5082 moles
Unit Set Metric, Batch, Moles NaCl 2.846e-3 moles
Framework AQ

Under the Thermal Aging stream add a new calculation rate. Go to the Add Calculation button and select

Corrosion Rates or select the Add Corrosion Rates icon in the Actions panel

Change the name from Rates to Alloy 825 using the <F2> key or by right-mouse click on the object and

select rename

Select the Survey by Thermal Aging Temperature option
Change the stream composition and conditions to the specified values in the table above
Select Alloy 825 from the Contact Surface grid
In the Calculation Parameters grid, change the default value for the Thermal Aging Time to 15 hours

Note that the default value for the Thermal Aging Temperature is 0 hours, which means that no thermal
aging is considered by default.

Your screen should look like the image below

MNavigator gL X
Corrosion Rates.oad |
& Streams Description Definition {jli General Corr. Rate [illl Localized Corr. [l Polarization Curve 53 Report [l D * | *
w-& CRof carbon steel
& CRuvsflow J Variable Value A Survey by
& Gas Condensate - Stream Parameters Thermal &ging Temp. - Specs...
6 Localized Corrosion Stream Amount (moly 55.5111 Tty o]
=& Thermal Aging Temperature (*C}) §5.0000
=% Alloy 600 Pressure (atm) 1.00000 Specs...
[-fgd Alloy 600-Cr depletion i Calculation Parameters Wary
7] Alloy 825 Flow Type Static Independently
Y
Thermal Aging Temperature ("C} Together
|  Thermal Aging Time (hr) 15.0000 |
a & = Inflows (mol) Calculate &
Water [ 55.5082 | Summary
LR X Sodium chioride 25460023 |
Actions | Nickel 0.0 Unit Set: Metric (moles) ~
Automatic Chemistry Mode!
= Contact Surface 5 Aqueous (H+ ion) Databanks:
Alloy 825 Corrosion (AQ)
Agueous (H+ ion)
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Now we need to specify the Thermal Aging Temperature range. Click on the Specs button. This will open a
new window.

Under the Survey Range tab, change the range for Thermal Aging Temperature from 550 to 900 °C with
increments of 50 °C. We will keep the other parameters at their default values. Click OK.

Rates Calculation ? x

Categary Survey Range
“ar. 1 - Thermal Aging Tempe

Eolarization Curve Thermal Aging Temperature Range Urit

Thermal Aging Selected Range
Calculation Type
Calculation Options

Delste

(®) Linsar O log () Paint List

End Foints
Start
Step Size

Select one, the other is
calculated

Increment ® }

Mumber Steps 7 O

Cancel pply Help

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.

Analyzing the results

Click on the Depletion Profile tab (I Depletion Profile,

to move the tabs.

. If you don’t see it in your screen, use the €4 » buttons

Since alloy 825 contains Mo in addition to Cr, you will see the depletion profiles for both Cr and Mo.

@i General Corr. Rate (il Localized Corr. [l Polarization Curve (3 Report |8l Depletion Profile |2 File Viewelm
| Q A Q (5] Variables Options

T T T T T T T T T T T T T T T T T T T T

I 7
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Mo+W Weight % - Thermal Aging Temperature=750.000°C
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1 L 1 1 _——+— Corrected,Cr Waight % - Thegma) Aging T §50,000°C, |
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For clarity, let's customize the plot by removing the corrected depletion profiles and leaving only the uncorrected

(or directly calculated) ones.

Click on the Options button, and select the Curves category, highlight the Corrected curves and check the

hidden box. Then click OK.

Customize Plot

Cateqgory

General
Legend
X Axis

&

Curves

Curves

Auto Legend Text
Auto Line Style Auto Line ‘Weight Auto Color
—— [e——x] -]
[ &uto Symbal Auto Scaling Factor
None v =

Cancel Apply Help

Your plot should look like the image below

23

13F

Weight %

1 E

Grain Boundary Distance

Cr Weight % - Thermal Aging Temperature=550.000°C
—— Cr'Weight % - Thermal Aging Temperature=500.000°C
Cr Weight % - Thermal Aging Temperature=550.000°C
Cr Weight % - Thermal Aging Temperature=700.000°C

Cr Weight % - Thermal Aging Temperature=750.000°C

—— Cr'Weight % - Thermal Aging Temperature=300.000°C
Cr Weight % - Thermal Aging Temperature=850.000°C

Cr Weight % - Thermal Aging Temperature=300.000°C

Mo+W Weight % - Thermal Aging Temperature=550.000°C
Mo+W Weight % - Thermal Aging Temperature=600.000°C

Mo+W Weight % - Thermal Aging Temperature=650.000°C
Mo+W Weight % - Thermal Aging Temperature=700.000°C

Mo+W Weight % - Thermal Aging Temperature=750.000°C

Mo+W Weight % - Thermal Aging Temperature=800.000°C
Mo+W Weight % - Thermal Aging Temperature=850.000°C

Mo+W Weight % - Thermal Aging Temperature=5300.000°C

The plot was modified by right clicking on it and selecting the option Allow Layout Changes. This option allows to move and
rearrange the plot and legend. Additionally, the color of the lines was changed for each temperature in order to distinguish the

temperature effect.
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As shown in the plot above, the depletion profile is very narrow at the lowest temperature, i.e., 550 °C. On the
other hand, it becomes flat at high temperatures, and it has a high minimum. The high minimum value is
particularly important because it indicates that the local depletion of Cr and Mo is much less severe at high
temperatures (due to much faster diffusion of substitutional elements and subsequent healing).

It should be noted that the Mo profile qualitatively parallels the Cr profile but has somewhat different slopes
because of differences in diffusion coefficients of Cr and Mo.

Effect of Cr and Mo depletion on corrosion

To look at the effect of Cr and Mo depletion on corrosion

Click on the Localized Corr. tab ( @l Localized Corr. ) By default, this tab will show a plot of the corrosion potential
and repassivation potential.
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Let's add a new parameter to the plot: The Depletion Parameter.

Click on the Variables button. This will open a new window.

Look for the Corrosion Values section, click on the ‘+’ icon, and select the Depletion Parameter option. Click
on the >> button that belongs the Y2 Axis. This action will place the new variable under the Y2 Axis. Then click
OK.
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It is evident that both the depletion parameter and repassivation potential show their extreme values at
intermediate temperatures of thermal aging. In the case of the depletion parameter, it is a maximum and, in the
case of the repassivation potential, it is a minimum. This is in agreement with experimental data (Anderko et
al., 2009). Non-zero values of the depletion parameter indicate the possibility of intergranular corrosion. A
depression in the repassivation potential indicates an increased tendency for localized corrosion.
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Thermal Aging and Localized Corrosion of Annealed and Thermally Aged
Duplex Alloy 2324

In the previous examples, we used the Corrosion Analyzer’s capabilities to predict the Cr and Mo depletion
profiles for austenitic stainless steels and nickel-base alloys. However, we are not limited to such calculations.

We can also use the Corrosion Analyzer to predict the localized corrosion behavior of other alloys and other
phases, including those that are not stored in the database. This facility is based on a generalized correlation
for predicting the repassivation potential of Fe-Ni-Cr-Mo-W-N alloys as a function of alloy composition (Anderko
et al., 2008). This correlation can be applied to both bulk alloys that are not in the database and to phases that
may result from thermal aging.

In this section, we will go through two simulations:

First, we will predict the tendency for localized corrosion for the duplex alloy 2324 in an aerated chloride
solution. Alloy 2324 (a.k.a. AlSI 329) is not in the database, so the repassivation potential will be calculated
from the generalized correlation (Anderko et al., 2008). The corrosion potential will be calculated for a
similar alloy because the corrosion potential does not differ much for many Fe-Cr-Ni-Mo alloys in the
passive state in neutral solutions.

Second, we will predict the localized corrosion tendency for alloy 2324 after thermal aging. Thermal aging
of duplex steels in the temperature range of 900°C to 600°C leads to the formation of various phases - y,
o, M23Ce-type carbide, and secondary austenite (y2). The secondary austenite phase is primarily responsible
for the increased tendency of the alloy for localized corrosion. This is due to a very significant depletion of
chromium in the secondary austenite over relatively wide spatial areas (Sridhar et al., 2009). Since the
composition of the secondary austenite cannot be predicted at present, we will use experimental
microstructural data (Sridhar et al., 2009) in conjunction with the generalized correlation for the
repassivation potential.

Example 55: Prediction of Localized Corrosion for Alloy 2324 Before Thermal Aging in an
Aerated NaCl Solution

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Thermal Aging Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Thermal Aging — Alloy 2324 | Stream Amount | Calculated
Calculation Type Corrosion Rates Temperature 60 °C
Survey by Composition Pressure 1 atm
Name Style Display Name H20 Default — 55.5082 moles
Unit Set Metric, Batch, Moles NaCl 0 moles
Framework AQ 02 0.02 moles
N2 0.08 moles

Note: The oxygen and nitrogen have been added to simulate the presence of air
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Add a new Stream

Click on the new Stream and press <F2> to change the name to Thermal Aging — Alloy 2324

Select the AQ thermodynamic Framework (selected by default)

Click on the Units Manager Icon and select Metric, Batch, Moles

Click on the Names Manager Icon and select Display Name

Enter the stream composition and conditions specified in the table above

Go to the Add Calculation button and select Corrosion Rates

Select the Survey by Composition

Change the name from Rates to Alloy 2324 — before aging using the <F2> key or by right-mouse click on
the object and select rename

Since alloy 2324 is not available in the database, we will select stainless steel 316 as the contact surface. This
will ensure that the predicted corrosion potential is very similar to that for alloy 2324.

Select Stainless Steel 316 from the Contact Surface grid

Unlike in the previous examples, do not make any changes in the Calc Parameters section. We will not make
Cr depletion calculations; rather, we will be specifying the compositions of the phases.

Your screen should look like the image below.

¢ OLI Studic - [Corrosion Rates.oad*] — O *
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
Dl +B@ A | 11vasol2 Red mealEd s MBS G REEN
Navigator L o~ X
Corrosion Rates.oad |
42 Streams <7 Description Definition General Corr. Rate Localized Corr. Polarization Curve Report M 4
]
@& CR of carbon steel
& CRvsflow o Variable Value ~ Survey by
B & Gas Condensate - Stream Parameters Campasitian ~ | | Specs
+ & Localized Corrosion StraamAmuun_t {mol) 55.6082 Tiznly (gt
ml-& Thermal Aging Temperature ("C) 60.0000
Z-# Thermal Aging -Alloy 2324 Pressure (atm) 1.00000 None + | Specs.
E Alloy 2324 -before aging b Calculation Parameters ary
Flow Type Static Indzpendently
Thermal Aging Temperature ("C) 399.000 Together
Thermal Aging Time (hrj 0.0
= Inflows (mol) Calculate @
Water 55.5082 g
ummary
Sodium chloride oo
Oxygen 0.0200000 Unit Set: Metric (moles ~
Nitrogen 0.0800000
Actions L o~ x Automatic Chemistry Model
Acti ren oo Aguecus (H+ ion) Databanks:
Actions P Corrosion (AQ)
= Contact Surface Agqueous (H+ ion)
Redox selected
Stainless steel 316 j Using K-fit Polynomials.
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
§0.0000 *C 1.00000 atm
Calculation not done
Plot Template Manager L o+ x
Composition survey:
No Inflow selected
No secondary survey selected
W
Thermal Aging Temperature: 399.000
Input C
Thermal Aging Time: 0.0 hr [¥]
Advanced Search Add a3 Stream Export
Save
For Help, press Fl & NUM

We will be running a composition survey to see how the concentration of NaCl affects the propensity for
localized corrosion.
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We need to specify the NaCl concentration range. Click on the Specs button. This will open a new window.

Under the Component tab select Sodium Chloride

Composition Rates Calculation ? x
Categary Component  Survey Range
- War. 1 - Composition
- Polarization Curve e s
i Themal Aging Hide Related Inflows Hew Inflaw
i Calculation Type
i Calculation Dptions lran
Mitrogen

Oxpgen

Select a component inflow which will be vaned over the specified range.

Cancel pply Help

Click on the Survey Range tab and change the concentration range as follows: Start=0.001 moles, End=6
moles, and number of steps=20. Then, click on the Log radio button.

Composition Rates Calculation ? X
Category Component Survey Range
+-War. 1 - Composition X
i Polarization Curve Composition Riange Urit: mol
+ Themal Aging Selected Range

i Calculation Type
‘.. Calculation Options

1.0e-4

Delete:

O Linear ® Log () Paint List
End Paints
Start

Step Size

Select one, the ather is

Inciement 0233335
} calculated

Nurmber Steps

Cancel Apply Help

Under the Category section, select the Thermal Aging option. The screen will be populated with default
parameters for type 316 stainless steel.

In the following steps we are going to enter the alloy 2324 composition and use the repassivation potential (Erp)
correlation (embedded in the software) to calculate the Erp of the alloy. This is necessary because no

parameters for alloy 2324 are stored in the databank and we have to rely exclusively on the correlation to predict
the repassivation potential.
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First, click on the Yes button next to “Erp directly from correlation:”

Then, enter the composition of alloy 2324 by replacing the default values for alloy 316.

Enter the following composition of alloy 2324:

Fe 67.245*

Cr 254

Ni 5.75
Mo+W 1.5

C 0.025

N 0.08

*which is the balance that includes many minor elements

The remaining parameters in the Thermal Aging screen can remain the same because we will not be using
them in this example (i.e., we will not be calculating any depletion profiles). After entering the values, the screen
should look as follows:

Composition Rates Calculation ? X

Category Thermal Aging
~ar. 1 - Composition
- Polarization Curve

Erp Directly from Correlation: (O MNo @) es

y E:E:I‘:llljr?:ﬁpe Alloy Composition W%
« Calculation Options Fe |57 45 | Cr |25'4 | N\|5 I ‘
Mosui [15 | c [ooes | [ooe |
Carbide Staichiometry:
Fe [0 | erfrare | nifo |
Mosw [328 [ | wlo |
Carbide Thermachemisti: A |4‘\221 | B |-BEE ‘
Ci Diffusion Coefficient. DO |[I 00016818 | Q |'ZBBUU[| ‘
Mo, W Diffusion Cosfficient. D0 [7.93e-005 | @ [-274000 |
Cr Sensitization Threshold wit: ‘12 | Girain Size: |1UU |

Revert to Default

Cancel Apply Help

Click OK to accept the changes

We are now ready to perform the calculation. Click on the Calculate button
or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.

340



Analyzing the results

Click on the Localized Corr. tab ( il Localized Corr.) By default, this tab will show a plot of the corrosion and
repassivation potentials as a function of NaCl concentration. In the Y2 axis the Maximum Pit Current Density is
also plotted.
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To visualize the results better, change the horizontal axis to a logarithmic scale.
Right-mouse click on the X Axis and select Logarithmic Scale

The plot should look like the image below.
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These results indicate that alloy 2324 is susceptible to localized corrosion in aerated solutions when the chloride
concentration exceeds ~0.3 molal. Above this concentration, the repassivation potential drops below the
corrosion potential and, therefore, localized corrosion can be stabilized at these conditions.
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Example 56: Prediction of Localized Corrosion for Alloy 2324 After Thermal Aging

Now, we will perform the same prediction of localized corrosion calculations for thermally aged alloy 2324. We
will run the same concentration survey as in the previous case so that we can compare the results for bulk alloy
2324 with those for a heat-treated sample.

Sridhar et al. (2009) found that after aging alloy 2205 at 700 °C for 24 hours, the formation of a chromium-
depleted secondary austenite phase is responsible for a much-increased tendency for localized corrosion. We
will use this experimental data to approximate the localized corrosion tendency of alloy 2324.

Starting the Simulation

Copy the Alloy 2324-before aging calculation and paste it under the Thermal Aging — Alloy 2324 stream

&b Streams &b Streams
+¢ CR of carbon steel +¢ CR of carbon steel
i CRvsflow i CRvsflow
+¢ Gas Condensate +¢ Gas Condensate
+¢ Localized Corrosion +¢ Localized Corrosion
i Thermal Aging & Thermal Aging
5.-& Thermal Aging -Alloy 2324 =N fle 22
+@, +@, Allay 232 Arrange
Arranc
Cut
Cut Copy
Copy Paste
Paste
Delete
Delete Rename
Renarr

Rename the calculation as Alloy 2324 — after aging by using the <F2> key or by right-mouse click on the
object and select rename

Click on the Specs button. This will open a new window.

Under the Category section, select the Thermal Aging option. The screen will be populated with default
parameters for type 316 stainless steel.

Click on the Yes button next to “Erp directly from correlation:” — because we will be running calculations for a
completely new phase

Then, enter the composition of the secondary austenite phase by replacing the default values for alloy 316.

Note: we are using experimental data obtained for alloy 2205 for illustration purposes). For more details
how these compositions were determined, see the paper of Sridhar et al. (2009).

Enter the following composition:

Fe 80.774*
Cr 12.512
Ni 5.134
Mo+W 1.399
C 0.017
N 0.164

*which is the balance that includes many minor elements
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The remaining parameters in the Thermal Aging screen can remain the same because we will not be using
them in this example (i.e., we will not be calculating any depletion profiles). After entering the values, the screen
should look like the image below.

Composition Rates Calculation ? x

Catsgory Theimal Aging
- War. 1 - Composition
- Polarization Curve
Themmal Aging
i Calculation Type

Erp Directly from Canelation: (O Na (@) Yes
Allay Conmposition wt:

' Calculation Optors Fe [80.774 | ofizmz | nils31e |
Mot/ [1.39 | cfomz | w0164 |
Carbide Staichiometry:
Fe [0 | erf1are | nifo |
Mov 326 | cfs | nfo |
Catbide Theimochemistry: 4 [41221 | &% |
Ci Diffusion Cosfficient: ~ DO[0.0001EE1E | 0 283000 |
Mo, W Diffusion Cosfficient: DU [7.93e005 | 0 [-274000 |
Cr Sensitization Threshold wt?; |‘\2 ‘ Grain Size: |1EIEI |

Fevert to Default

Cancel pply Help

Click OK to accept the changes

We are now ready to perform the calculation. Click on the Calculate button
or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under
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Analyzing the results

Click on the Localized Corr. tab ( il Localized Corr.) By default, this tab will show a plot of the corrosion and
repassivation potentials as a function of NaCl concentration. In the Y2 axis the Maximum Pit Current Density is
also plotted.

To visualize the results better, change the horizontal axis to a logarithmic scale.
Right-mouse click on the X Axis and select Logarithmic Scale

The plot should look like the image below.

2.0 ———rry ————rry ————rry ————rrry ———r) 90
18 [ TS
16 |

T T T T
1
=)
=

14
—#— Corrosion Potential [V (SHE)] {

1.2
10 & Repassivation Potential [V (SHE)] [ 470

0.8
0.6
0.4

02 86 o o o o o o o o 6 o o o o o o o ole |50

0.0 I
* k""&flr—‘_,‘_

—m— Maximum Pit Current Density [A/sg-m] (Y2} /

Corrosion Potential & Repassivation Potential
| 4
Il
IS
n
[w-bs ] Ausuaq walng g WNWIXeR

02+ A——‘r_‘_‘__‘r_‘__‘}_A 1 a0
04 | 43
o o
71-0 NEEE
e 4 20
12 - .
14 F i.-‘ -4 15
16 F =410
18 - l/ =45
20 2 moom mom o oomooml o om o omomoomelm W L 0
x 7 7 x 7 7
£ 3 3 L3 8 s
% % = % @ o

Sodium chloride [mol]

The obtained plot shows that the repassivation potential is much lower than that for bulk alloy 2324. Because
of the strong depression of the repassivation potential, the corrosion potential exceeds the repassivation
potential at chloride concentrations of ~0.0007 m. Thus, localized corrosion is predicted to be possible at
concentrations above 0.0007 m. This indicates a very strong increase in the propensity for localized corrosion
compared with bulk alloy 2324, for which the predicted threshold is ~0.3 m.

In general, you can use this facility to predict the repassivation potential for any alloys, including unknown and
experimental ones, as long as they belong to the Fe-Ni-Cr-Mo-W-N-C family.
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Section 10. EVS Overview

Overview and Theoretical Foundation

Engineering systems may have many pits and corroded areas of varying degree of severity. The first
perforation, whose time and location will be a matter of probability, may cause the failure of the construction.
Accordingly, the probability of such failure must be known as accurately as possible.

Extreme value statistics (EVS) is one of the most powerful statistical techniques that have been used
extensively to extrapolate damage (maximum pit depth) from small samples in the laboratory to larger area
samples in the field (see, for example, Eldridge G. 1957, Shibata T. et al. 1988, Kowaka et al. 1994). Thus, it
was shown (Shibata T. et al. 1988) that probability of failure of a construction, P, i.e. the probability that at least
one pit reaches the critical dimension, d, (for example wall thickness) in the system with area S is described by
the equation:

= 1 - 22l o

where location parameter, u, and scale parameter, a, are measured by using small samples with constant area,
s. Equation (1) is to extrapolate corrosion damage from a small reference area, such as a coupon to a larger
operation area, S. This is the classical use of Extreme Value Statistics.

Experimental studies demonstrate that both the shape and location parameters are time dependent. However,
those dependencies must be established empirically and since no theory contained within classical EVS is
available for the functional forms of u(t) and a(t), it is necessary to know answer (prediction) in advance for
predicting the damage at long times. This has proven to be a severe constrains of the applicability of classical
EVS.

This problem can be overcome by applying damage function analysis (DFA) method that considers propagation
of corrosion damage by drawing an analogy between the growth of a pit and the movement of a particle
(Engelhardt and Macdonald, 2004). In many cases DFA yields an analytical expression for u and a in terms of
time of the hyperbolic form:

ast

U= ot and @ = ast (2)

where a1, az, and as are readily determined by calibration from short term data in order to predict damage over
the longer time. Namely, equations (2) are used now by OLI software for predicting damage in corroding
systems. It must be noted that a different (power) form of such dependencies has been used by Laycock et al.
1990.

Input and Output Specific to EVS

For applying this technique the user has to provide a set of experimental data (x;, t, si), i = 1,2,...,N, where X is
the depth of the deepest pit over area s;, of a metal exposed to corrosion attack. The separate area, si, could
be distinct coupons from a designed experiment or random samples at various times from different locations in
the system. Experiments must be performed for at least two different times.

The output of the code yields the probability of failure as a function of time for a large system with area S. The
code also allows the user to answer on several engineering questions, for example, what service life, t, will
have the pipe with the width, d, and length L in order to ensure acceptable performance (probability of failure,
Ps).
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Advantages and Disadvantages of EVS

The advantage of this approach is self-evident. The prediction of corrosion damage for long times will be done
by using experimental data for short times without requiring the explicit determination of any information about
the kinetic parameters of the system. However, such approach has evident disadvantages, as follows:

The results of the analysis cannot be transferred for predicting corrosion damage to other systems (for
example pipelines) due to the different technological and environmental conditions that generally exist. The
results cannot be used for predicting damage in the same system if technological and environmental
conditions change.

We can expect that when the depth of the pit increases some critical value, the nucleation of cracks can
occur. A purely statistical method cannot predict such a transition. This method also cannot predict any
catastrophic event.

This method cannot be used for design of new constriction, because it relies upon calibration upon a pre-
existing system.

Extreme Value Statistics for Predicting Pitting Damage

We will show examples of applications of Extreme Value Statistics for predicting pitting damage. Specifically,
we will show how to predict:

The depth of the deepest pit in the engineering structure or laboratory systems as a function of time and the
surface area of the system

Probability of failure for a given penetration depth and the area of the system as a function of observation time
Probability of failure for a given observation time and the area of the system as a function of penetration depth
Probability of failure for a given penetration depth and observation time as a function of the area of the system
Foundations of Extreme Value Statistics can be found in the following references: (Aziz, 1956, Kowaka et al.
1994, Laycock et al. 1990, Engelhardt and Macdonald, 2004).

Example 57: Corrosion of Aluminum Alloy in Tap Water

In this example, we will consider the classical data for pitting corrosion (Aziz, 1956). In this paper, we can find

particularly the experimental data for the maximum pit depths developed on Alcan 2S-O coupons with area
s=129 cm? immersed in Kingston tape water at 25 °C . The experimental data is summarized in the table below.

Maximum pit depth (in ym) developed on Alcan 2S-O coupons with immersed in Kingston tape water for different observation
times. Area of all coupons is =129 cm?

Coupon# One Week One Month Three Months Six Month One Year

7 days 30 days 90 days 180 days | 365 days
1 180 460 480 620 640
2 266 500 578 620 680
3 290 510 610 620 700
4 306 580 610 680 760
5 334 580 610 680 800
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6 340 640 660 720 810
7 340 654 690 740 820
8 410 680 718 740 840
9 410 692 760 760 840
10 545 692 798 760 900

Calculating the Depth of the Deepest Pit
Starting the Simulation

Add a new EVS calculation. Select the Add EVS Calculation icon in the Actions Pane

Actions |
Add Strearmn

&) Add Mixer

Add Water Analysis
=] Add EVS Calculation |
Add Brine Analysis

Click on the new EVS calculation and press <F2> to change the name to EVS-Aluminum samples. Notice that
the default calculation is the Pit Depth Prediction.

All samples have a constant area s = 129 cm?. Under the Calculation Parameters grid, enter 129 cm?for the
Surface Area and Default Value cells.

& oL Studio - [EVS.0ad] - O X
B File Edit Streams Calculations Chemistry Tools View Window Help - & X
== 7N R b owe b B0 A S EE
Navigator L X 5
y
Documentt [ 17
EVS.0ad | Description &¥ Definition | Plot & Report
&b
+ streams : Description Pit Depth (pm) Area (sg-cm)
-y EVS-Aluminum samples Calculation P: T
e Pit Depth Prediction = Specs...
Surface Area 129.000
= Experiment Start (day) 0 =] Cakuate @
Default Value 125.000

T|7 Sample Group 01 (day) 717214 Summary

EV'S Calculation Type: Pit Depth
Prediction

Calculation Parameteris}:
Surface Area 129.000 sg-cm

Experiment Start: 01/01/2000

< > Range 0.0 to 365.0 day
Step size 5.0 day

Actions g o+ x Mo. steps 73

Adions ? | Default Area Value:  129.000

Plot Template Manager L o+ x

Add Group (® Elapsed () Actual Time
Save

For Help, press F1 & NUM
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There are experimental data sets for 5 different periods of time. This means that we need to enter 5 different
sample groups.

By default, Sample group 01 is created. Click on the = button to edit this field. This will open a new window.

Change the title to One Week, enter the number 7 for the number of elapsed days, and check the box ‘Include
for Calculation’. Then click OK.

EVS Sample Group Info Editor ? X

Title:
| One Week

Elapsed: {(day)

Induded for Calculation

Concel

Enter the Pit Depth data (second column) obtained for 1 week

Description Pit Depth (pm) Area (sg-cm)
Calculation Parameters
Surface Area 129.000
= Experiment Start (day) 0 .
Default Value 125.000
= One Week (day) 7.0 .
1 180.000 129.000
2 265.000 129.000
3 2580.000 128.000
4 306.000 129.000
5 334.000 129.000
(] 340.000 125.000
7 340.000 129.000
8 410.000 129.000
9 410.000 129.000
10 545.000 129.000

Now we need to add 4 more groups.
Click on the Add Group button (located at the bottom of the window). This will open a new window.

Change the title to One Month, enter the number 30 for the number of elapsed days, and check the box
‘Include for Calculation’. Then click OK.

Enter the Pit Depth data (second column) obtained for 1 month.

Click on the Add Group button, and repeat the same procedure for one month, three months, six months and
one year.
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& Description [&¥ Definition (i Plot Report

Description Pit Depth (um) Area (sg-cm) | A

<[v One Month (day) 30.0

1 460.000 129.000
2 500.000 129.000
3 510.000 129.000
4 580.000 129.000
S $80.000 129.000
6 640.000 129.000
7 654.000 129.000
8 680.000 129.000
9 692.000 129.000
10 692.000 129.000

== s Three Months (day) 89.9999

1 480.000 129.000
2 578.000 129.000
3 610.000 129.000
4 610.000 129.000
S 610.000 129.000
6 660.000 129.000
7 690.000 129.000
8 718.000 129.000
9 760.000 129.000
10 798.000 129.000
sl | Six Months (day) 180.0

1 620.000 129.000
2 620.000 129.000
3 620.000 129.000
4 680.000 129.000
S 680.000 129.000
6 720.000 129.000
7 740.000 129.000
8 740.000 129.000
9 760.000 129.000
10 760.000 129.000
S| | One Year (day) 365.0 :
1 640.000 129.000
2 680.000 129.000
3 700.000 129.000
4 760.000 129.000
S 800.000 129.000 | ,

AddGroup | @ Elapsed O Actual Time

Note the following:

Here, for the description of different experiments we simply used the number of the corresponding row in
Table 1. However, this description can be done in an arbitrary form.

For each group, the order of samples relative depth can be arbitrary (not necessary in ascending order as in
Table 1)

If coupons have different areas each area must be specified in the column Area

Radio button Elapsed means the time after corrosion attack is used in calculations and namely this time is
used usually in scientific publication. However, it is possible to use also Actual Time of the experiments.

At this point, the experimental data has been entered. Now we need define the period of time for which we want

to do the prediction of failure due to pitting.

Click on the Specs button. This will open a new window.

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 days, End=365
days, and number of steps=50. Then click OK
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EVS Calculation Options ? X
Survey Range

Pit Depth Prediction Range Unit:  |day
Selected Range

0.0to 365.00in 50 steps of 7.3

New

Delete

(® Linear O Log () Paint List
End Foints

Step Size

Increment | 7. 30000 [ }
Mumber Stepz ®

Select one, the other iz
calculated

Cancel Aply Help

Before running the calculation, we are going to study two different cases:
The first case will include the experimental data for 1 week and 1 month — short term experiments

The second case will include all the experimental data — long term experiments
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Predicting the Worst Pit Depth for 1 year of service life using short term experiments (Experimental Data for 1

week and 1 month)

Check the boxes for 1 week and 1 month only to include them into the calculations

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

Description [&¥ Definition [ Plot (& Report

Description | PitDepth (um) | Area(sgcm)
Calculation Parameters
Surface Area | 129.000
e Experiment Start (day) 1]
Default Value | 129.000
3 One Week (day) 7.0
1 180.000 129.000
2 266.000 129.000
3 280.000 129.000
4 306.000 129.000
5 334.000 129.000
§ 340.000 129.000
7 340.000 129.000
8 410.000 128.000
9 410.000 129.000
10 545.000 129.000
~[v One Month (day) 30.0
1 460.000 129.000
H 500.000 128.000
3 510.000 129.000
4 580.000 129.000
5 580.000 128.000
§ £40.000 129.000
7 £54.000 129.000
8 £80.000 128.000
9 £92.000 129.000
10 £92.000 129.000
= Three Months (day) 89.9999
1 430.000 129.000
2 578.000 129.000
3 £10.000 129.000
4 £10.000 129.000
3 £10.000 129.000
§ 660.000 129.000
7 £90.000 129.000
H 718.000 129.000
9 760.000 129.000
10 793.000 129.000
= Six Months (day) 180.0
1 £20.000 129.000

Add Group (® Elapsed (O &ctual Time

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save this new file as EVS

calculations.
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Analyzing the results

Click on the Plot tab (il Flot). You will see a plot of the predicted mean value of the depth of the deepest pit,
xm and the plots of values xm — 0 and xm + 0, where o is the standard deviation of xm.

It is important to note that only data for short term experiments (for 1 week and 1 month) are shown as
black circles in the plot. The additional data are shown as red diamonds, only for demonstrating the
accuracy of prediction.
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Click on the Report tab, and to the Calculation Results table.

The predicted depth of the deepest pit at 365 days is 610.43um < 825.373um < 1040.31um (based on the
short-term experimental data).

Predicting the Worst Pit Depth for 2 years of service life using long term experiments (all data sets)

The accuracy of prediction increases when additional group of experiments are included into consideration. For
this case we are going to add the experimental data for 3 months, 6 months and 1 year.

Go back to the Definition tab
Include (check) the experimental data for 3 months, 6 months and 1 year
Click on the Specs button. This will open a new window

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 days, End=730
days, and number of steps=50. Then click OK

Then Click on the Calculate button or press the <F9> key
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Analyzing the results

Click on the Plot tab (lil Plot),
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Click on the Report tab, and to the Calculation Results table.

The predicted depth of the deepest pit at 730 days (1 year) is 617.57 um < 780.873 um < 944.18 um.

Calculating Fail Probabilities

When doing engineering design, information regarding the probability of failure is of importance to consider.

The next set of calculations will involve calculating the Probability of Failure for a given:

Penetration depth
Observation time (life)

Area of the system

Fit Depth Prediction; | | Specs..

" Pit Depth Prediction
Fail Probability: Depth
g Fail Probability: Life

| Fail Probability: Area

Flrm Ao e

353



Fail Probability: Depth

Let’s start with the calculation of Probability of Failure for a given penetration depth and the area of the system
as a function of observation time.

We are going to answer the following question:

Which thickness, d, does an aluminum pipe with the area of S= 1 m? have to have in order to ensure acceptable
performance (probability of failure Ps< 5% at design service life, ts =5 years?

Starting the Simulation
Use the data enter in the example above. Change the Calculation Type to Fail Probability: Depth

Under the Calculation Parameters grid, enter 1 m? for the Surface Area and 5 years for the Service Life.
Change units by clicking on the blue hyperlinks.

Make sure all data sets are selected (checked)

Your screen should look like the image below.

B File Edit Streams Calculations Chemistry Tools View Window Help
O=HE 7N [ T b i M ?.} E " |
|
Mavigator L o~ X .
g’
| Documentt s
i EVS.oad Description Definition i Plot [ Report
St I ]
e reams . Description Pit Depth (pm) IAreatsq-ml I ~
g EVS-Aluminum samples e n 3
..Ey EVS-Fail Probability alculation Farameters Fail Probability: Depth - Specs...
s Surface Area 1.00000
Service Life (yr) 5.00000 Calculate @
= periment Start (yr) 1]
Default Value 0.0129000 SummEp ‘
= |7 2 TECEEEETL R EV'S Calculation Type: Failure
1 180.000 0.0125000 Probability - Critical Depth Based
2 266.000 0.0125000 |
Calculation Parameter(s): |
3 290.000 00125000 Surface Area  1.00000 sg-m
4 305.000 0.0125000 Service Life 5.00000 yr
5 334.000 0.0125000
Experiment Start: 01/01/2000
= 5 [ 340.000 0.0125000
7 340.000 0.0125000 Range 0.0 to 2000.0 pm
Actions B oex 8 410.000 0.0129000 Stepsize 10.0ym
n No. steps 200
Actions 9 410.000 0.0125000 >
10 545.000 0.0125000 Default Area Value: 125.000
¢|7 One Month (yr) 0.0821918 J
1 450.000 0.0125000
2 500.000 0.0125000
3 510.000 0.0125000
4 580.000 0.0125000
Plot Template Manager L - x 5 530,000 0.0129000
[ 540.000 0.0125000
7 §54.000 0.0125000
8 §80.000 0.0125000
9 §52.000 0.0125000
v
Add Group ® Elapzed (O Actual Time |
Save |
For Help, press F1 @ NUM
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We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar.

Analyzing the results

Click on the Plot tab (il Plot). You will see a plot of predicted probability of failure
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Click on the Report tab, and to the Calculation Results table.

We can conclude that the acceptable pipe wall width is reached at d > 1950 uym.

Fail Probability: Life

Let’'s continue with the calculation of Probability of failure for a given service time (life) and the area of the
system as a function of penetration depth.

We are going to answer the following question:

What service life, t, will have the aluminum pipe with the width, d=1850 um with area S=10 m? in order to ensure
acceptable performance i.e. probability of failure, Pi< 5 %?
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Starting the Simulation

Change the Calculation Type to Fail Probability: Life
Under the Calculation Parameters grid, enter 10 m? for the Surface Area and 1850 um for the Critical Pit
Depth. Change units by clicking on the blue hyperlinks (If needed).

For this calculation we need to specify the period of time at which we want to bound the calculation.
Click on the Specs button. This will open a new window.

Change the Service Life range as follows: Start=0 years, End=3 years and Increments=0.2 years. Then click
OK.

EVS Calculation Options ? *

Survey Range

Failure Probability - Service Life Based Unit: DI

Selected Range

(@) Linear O Log () Paint List
End Paints

Step Size
| t _D.2DDDDD
e ® } Select one, the other is
Mumber Steps 15 e calculated

Cancel Aoply Help

Your screen should look like the image below.

Description [&¥ Definition fili P10t & Report

Description Pit Depth (pm) Area (sqg-m) ~
Calculation Parameters

Surface Area 10.0000
Critical Pit Depth 1850.00
[= Experiment Start (yr) 0 K
Default Value 0.0128000
T|7 One Week (yr) 0.01917841
1 180.000 0.0128000
Z 266.000 0.0128000
3 280.000 0.0125000
4 306.000 0.0129000
s 334.000 0.0128000
] 340.000 0.0128000
7 340.000 0.0125000
8 410.000 0.0128000
g 410.000 0.0128000
10 545000 0.0125000
v|7 ‘One Month (yr) 0.0821918 .
1 460.000 0.0128000
2 500.000 0.0125000
3 510.000 0.0129000
4 580.000 0.0128000
5 580.000 0.0125000
6 540.000 0.0125000
T 654.000 0.0128000
8 6E0.000 0.0128000
9 892 000 0.0125000 -

AddGroup | @) Elapsed () Actual Time
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We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar.

Analyzing the results

Click on the Plot tab (il Plot). You will see a plot of predicted probability of failure. We need to modify the plot
to see the results in more detail.
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Double click on the Y axis. This will open a nhew window.

Check the boxes Minimum and Maximum. Then click OK.
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The plot should look like the image below
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The maximum probability of failure seems to be at around 10%.

Click on the Report tab, and to the Calculation Results table.

We can conclude that the lifetime of this pipe before failing is <0.6 years.

Fail Probability: Area

Finally, let’s do the the calculation of Probability of failure for a given penetration depth and service time as a

function of the area of the system.

We are going to answer the following question:

What area, S, can have the aluminum pipe with the width, d=2000 pm and service life t=5 years in order to

ensure acceptable performance i.e. probability of failure, Pr< 5 %?

Starting the Simulation

Change the Calculation Type to Fail Probability: Area

Under the Calculation Parameters grid, enter 2000 um for Critical Pit Depth and 5 years for the Service Life.

Change units by clicking on the blue hyperlinks (If needed).



For this calculation we need to specify the surface area range that we want to survey.

Click on the Specs button. This will open a new window.

Change the Surface Area range as follows: Start=0 sg-m, End=100 sg-m and Number of steps=50. Then click

OK.

EVS Calculation Options

Survey Range

Failure Probability - Suface Area Based Unit:

Selected Range
0.0to 100.0in 50 steps of 2.0 New
Delete
(® Linear O Log () Point List
End Points

Step Size

Increment | 200000 O }

Hurnber Steps ® calculated
Cancel Aoply

Select one, the other is

Help

Your screen should look like the image below.

Description &F Definition il Plot (&l Report

Description | PitDepth (ym) |  Area(sgq-m) |a
Calculation Parameters

Critical Pit Depth [ 2000.00 |
Service Life (yr) | 5.00000
= Experiment Start (yr) o .
Default Value [ \ 0.0129000
v|7 One Week (yr) 0.0191781
1 180.000 0.0128000
z 266.000 0.0128000
3 290.000 0.0128000
4 306.000 0.0128000
5 334.000 0.0128000
6 340.000 0.0128000
7 340.000 0.0128000
8 410.000 0.0128000
9 410.000 0.0128000
10 545.000 0.0128000
=[v One Month (yr) 0.0821918
1 450.000 0.0128000
2 500.000 0.0128000
3 510.000 0.0128000
4 580.000 0.0128000
5 580.000 0.0128000
6 540.000 0.0128000
7 £54.000 0.0128000
8 £80.000 0.0128000
9 692.000 0.0126000 |

AddGroup | @) Elapsed (O Actual Time
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We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar.

Analyzing the results

Click on the Plot tab (il Plot). You will see a plot of predicted probability of failure. We need to modify the plot
to see the results in more detail.
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The maximum probability of failure seems to be at around 30%.
Click on the Report tab, and to the Calculation Results table.

We can conclude that acceptable performance is reached at <14 m?.
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Example 58: Failure Analysis due to Corrosion in Pipelines

In this example, we will show how in some cases reliable prediction of corrosion damage can be done by using
a very limited number of experimental points.

In the table below, you can see the results of direct measurements of the depth of the deepest pits in the pipeline
between Samara and Moscow [Zikerman, 1972].

Pit depths (mm) for pipeline between Samara and Moscow

Group1 Group2 Group3 Group4 Group5 Group 6 Group 7 Group 8

Sample | 1440 h 5040 h 5760 h 8959 h 12624 h 17688 h 28032 h 28272 h

1 0.1 14 1.7 1.9 2.1

2 0.49 1.95 2.1 2.08 2.25

3 0.3 1.6 1.8

4 0.4 1.6 1.65 1.88

5 0.9 1.57 2.1 2.21 2.4 2.4

6 0.3 1.2 14 1.4 1.55 1.71

Calculation the Depth of the Deepest Pit

Starting the Simulation

Add a new EVS calculation. Select the Add EVS Calculation icon in the Actions Pane

Actions |

=] Add EVS Caleulation

Add Brine Analysis

Click on the new EVS calculation and press <F2> to change the name to EVS-Pipeline samples. Notice that
the default calculation is the Pit Depth Prediction.

Under the Calculation Parameters grid, enter 1 cm?for the Surface Area and Default Value cells.

Note: Because the area of the pipelines metal was not changed with time the information about this area
is not needed for extrapolation of corrosion damage in time.

Since the data is in hours, click on the blue hyperlink day and change it to hours (hr) (for both: The Experiment
Start and the Sample Group.

361



Your screen should look like the image below:

& 0Ll Studio - [EVS.0ad*]

B File Edit Streams Calculstions Chemistry Tools View Window Help

- & X

=2 = 3 LY Bee & (mr & {4 e wgm: G RE
Navigator L +x ”

Document1

EVS oad® Description Definition il Plot [El Report

‘A‘ Streams
B EVS-Aluminum samples
i fup EVS-Fail Probability

Description Pit Depth (pm)
Calculation Parameters

Area (sg-cm)

Fit Depth Prediction Specs...

. R Surface Area 1.00000
i fug EVS-Pipeline samples — STl F
|v perimen (hr} Calculate 4@
Default Value 1.00000
~[v Sample Group 01 {hr) 1.72174e5 Summary
EW'S Calculation Type: Pit Depth
Prediction

There are experimental data sets for 8 different periods of time. This means that we need to enter 8 different

sample groups.

By default, Sample group 01 is created. Click on the = button to edit this field. This will open a new window.

Leave the default name as Sample Group 01, enter the number 1440 for the number of elapsed hours, and

check the box ‘Include for Calculation’

Title:

EVS Sample Group Info Editor ?

Elapsed: (hr)

Induded for Calculation

Concel

Enter the Pit Depth data (second column) obtained for 1440 hours.

Description Pit Depth (mm)
Calculation Parameters

Surface Area
e Experiment Start (hr) 1]
Default Value
< [v Sample Group 01 (hr) 1440.0
1 0.100000
3 0.300000
4 0.400000
5 0.500000
& 0.300000

Now we need to add 7 more groups.

Click on the Add Group button (located at the bottom of the window. This will open a new window.

Area (sg-cm) | A

1.00000

=

1.0000
1.000#
1.00000
1.00000
1.00000
1.00000

Leave the default name as Sample Group 02, enter the number 5040 for the number of elapsed hours, and

check the box ‘Include for Calculation’. Then click OK.

362



Enter the Pit Depth data (second column) obtained for 5040 hours.
Click on the Add Group button, and repeat the same procedure for 5760, 8959, 12624, 17688, 28032 and
28272 hours.

Once you have entered all the experimental data, your screen should look like the image below.

- O x
Toels View Window Help - & X
e s fm s M ow s BAERS S DO CE A
fy,
Description & Definition {ij Plot Report
Description Pit Depth (mm)| Area(sg-cm) | A
‘v|7 Sample Group 01 (hr) 14400 = Pit Depth Prediction = | | Specs...
1 0.100000 1.00000
3 0.300000 1.00000 Calculate @
4 0.400000 1.00000
5 0.900000 1.00000 Sl
8 0.300000 1.00000 EWS Calculation Type: Pit Depth
Prediction
<[V Sample Group 02 (hr) 5040.0 .
Calculation Parameter(s):
0.490000 1.00000 Surface Area  1.00000 =g-cm
1.60000 1.00000
Experiment Start: 01/01/2000
SE  EEEEEEET §760.0 = Range  0.0to 87600.0 hr
5 1.57000 1.00000 Stepsize 1752.0 hr
3 1.20000 1.00000 No. steps 50
Default Area Value:  1.00000
= [w Sample Group 04 (hr) 8959.0 .
1 1.40000 1.00000
2 1.95000 1.00000
3 1.20000 1.00000
4 1.60000 1.00000
5 2.10000 1.00000
6 1.40000 1.00000 .
v|7 Sample Group 05 (hr) 12624.0 .
1 1.70000 1.00000
2 210000 1.00000
4 1.65000 1.00000
5 221000 1.00000
3 1.40000 1.00000
v Sample Group 06 (hr) 17688.0
1 1.50000 1.00000
2 2.08000 1.00000
4 1.88000 1.00000
5 2.40000 1.00000
3 1.55000 1.00000
v|7 Sample Group 07 (hr) 28032.0 -
5 2.40000 1.00000
& 1.71000 1.00000
v|7 Sample Group 08 (hr) 282720 J v
AddGroup | @ Elapsed (O Actual Time
@ NUM

Make sure that all the groups are selected (checked) to be considered for the calculation.

At this point, the experimental data has been entered. Now we need define the period of time for which we want
to do the prediction of failure due to pitting.

Click on the Specs button. This will open a new window.
Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 hours, End=30000

hours, and Increment=2000 hours. Then click OK

363



EVS Calculation Options ? pd

Survey Range

Pit Depth Prediction Range Unit:

Selected Range

0.0to 30000.0in 15 steps of 2000.0

@ Linear Olog O Poirt List
End Faints
Start
end
Step Size
neremert ® } Select one. the ather is
Murnber Steps | 15 @) calculated

Concel || posy || b

Before running the calculation, we are going to study two different cases:
The first case will include the experimental data from groups 01 to 05

The second case will include all the experimental data from groups 01 to 08

Calculation including Groups 01 to 05

Check the boxes for Group 01 to 05

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.

Analyzing the results

Click on the Plot tab (il Plot). You will see a plot of the predicted mean value of the depth of the deepest pit,
xm and the plots of values xm — 0 and xm + 0, where o is the standard deviation of xm.

T T T T T T T
Maximum Pit Depth
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_____ Pit Depth - StdDev
4.0
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As previously noted, only the points in black mean that were used for predicting propagation of corrosion
damage. The red diamonds mean that were not taken into account for the calculation and are shown only for
demonstrating the accuracy of prediction.

Calculation including Groups 01 to 08

Check the boxes for Group 01 to 08

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.

Analyzing the results

Click on the Plot tab (il Plot),

36
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The plot above show how the predicted results improved with increasing number of subsequent inspections.

Note: The predictions can be substantially improved if they were obtained on the same part of the pipe where
conditions are approximately the same.

Click on the Report tab, and to the Calculation Results table.

You can see here that at 30,000 hours the maximum pit depth predicted is 1.55 um <2.54 um <3.53 um.
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Example 59: Predicting the Pit Depth with Insufficient Data

In some cases, the data that provided by the user may be insufficient for reliable prediction of corrosion damage.
The table below, shows experimental data (obtained from Laycock et al. 1990) for depths of the deepest pits
that were measured on 316L coupons (2 x 2 x 1/2 in) in a 10% ferric chloride solution at 50 °C.

Pit Depth Data for an area of s= 25.8 cm?, depth in um

Sample Grp 1 Grp 2 Grp3 Grp 4 Grp 5 Grp 6 Grp 7 Grp 8 Grp 9
40.5h | 14417 h | 21533 h | 2925h | 331.0h | 378.5h | 453.25h | 477.0h | 528.0 h

1 775 1326 1036 912 1361 1613 2101 1722 1714

2 1176 1199 1173 1534 1641 2024 1798 1767

3 1496 1775

Calculation the Depth of the Deepest Pit
Starting the Simulation

Add a new EVS calculation. Select the Add EVS Calculation icon in the Actions Pane

Actions |

@Add Stream
[ Add Mixer
Add Water Analysis
=] Add EVS Calculation |
Add Brine Analysis

Click on the new EVS calculation and press <F2> to change the name to EVS-Insufficient Data. Notice that

the default calculation is the Pit Depth Prediction.

Under the Calculation Parameters grid, enter 25.8 cm? for the Surface Area and Default Value cells.

Since the data is in hours, click on the blue hyperlink day and change it to hours (hr) (for both: The Experiment

Start and the Sample Group.

Your screen should look like the image below:

-“g¢ EVS-Fail Probability
-“g¢ EVS-Pipeline samples
s EVS-Insufficient data

Surface Area
-
Default Value

25.8000

¢ 0Ll Studio - [EVS.0ad*] - O X
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DEHE | ¥ 2K he s weo e w o | MBS |G R E S
Mavigator L o~ X .
g

Documentt s

EVS.oad"* Description Definition i Plot [ Report

ab

‘ Streams X Description Pit Depth (pm) Area (sg-cm)

ot EVS-Aluminum samples e 3

e e Fit Depth Prediction - Specs...

Experiment Start (hr)

J Calculate &8

25.8000

Summary

[~

Sample Group 01 (hr)

972.0

EV'S Calculation Type: Pit Depth
Prediction
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There are experimental data sets for 9 different periods of time. This means that we need to enter 9 different
sample groups.

By default, Sample group 01 is created. Click on the = button to edit this field. This will open a new window.
Leave the default name as Sample Group 01, enter the number 40.5 for the number of elapsed hours, and
check the box ‘Include for Calculation’

EVS Sample Group Info Editor ? X

Title:
| Sample Group 01

Elapsed: (hr)

Included for Calculation

Cancel

Enter the Pit Depth data (second column) obtained for 40.5 hours.
Now we need to add 8 more groups.

Click on the Add Group button (located at the bottom of the window. This will open a new window.

Leave the default name as Sample Group 02, enter the number 144.17 for the number of elapsed hours, and
check the box ‘Include for Calculation’. Then click OK.

Enter the Pit Depth data (second column) obtained for 144.17 hours.

Click on the Add Group button, and repeat the same procedure for the rest of the experimental data (groups)

Once you have entered all the experimental data, your screen should look like the image below.

& 0Ll Studio - [EVS.0ad] - o X
7 File Edit Steams Calculations Chemistry Tools View Window Help -elx
DedE| % T w2 (ORI AFFs %G RIS
Navigator P
Document1 E
EVS.oad & Description &% Definition @l Plot [ Report
&8 Streams
e oy | reeimree]
e pluminm semples EErimRTIEEe Pi Depth Prediction + | Spe
3 EVS-Fail Probabilty Surface Area 253000
4 EVS-Pipeline samples = —_— 5 H
Eu EVS-Insufficient data = el ) Cdoyale @
Defaut Value 253000
B Sample Group 01 (hr] w05 suwnay
! 775000 258000 EVS Calculation Type: Pit Depth
Prediction
v ‘Sample Group 02 (1) 144107 Catnton Pramtet
- alculation Parameter(s):
! 132600 258000 Surface Area 268000 sg-cm
z 1176.00 258000
Experiment Start 01/01/2000
< ‘Sample Group 03 (nr) 21533 [=| Range  0.0t0 87800 hr
1 912000 253000 Stepsize 1200 hr
2 172,00 255000 No.steps 73
Defauk Area Value: 25,3000
< Sample Group 04 (hr) 205
1 912000 258000
2 17300 253000
G Sample Group 05 (hr) B0
e x| 1 1361.00 25,8000
Adtions 2 183400 253000 | |,
v ‘Sample Group 06 (1) B
1 813,00 253000
z 1641.00 258000
v ‘Sample Group 07 (r) 15325
1 210100 253000
z 202400 25,8000
< Sample Group 08 (hr) a0
1 72200 258000
Plot Template Manager 4 - = 3 79800 22000
3 1496.00 258000
v ‘Sample Group 09 (r) 528.0
1 00 253000
AddGroup | @ Elapsed O Actual Time:
Save
For Help, press F1 @ NUM

At this point, the experimental data has been entered. Now we need define the period of time for which we want
to do the prediction of failure due to pitting.
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Click on the Specs button. This will open a new window.

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 hours, End=580
hours, and number of steps=50 hours. Then click OK

EVS Calculation Options ? X

Survey Range

Pit Depth Prediction Range Urit:

Selected Range

0.0to 580.0in 50 steps of 11.6 New

(®) Linear (O Log () Point List
End Paints

Start

End |580.000

Step Size

Increment  |11.6000 @] }
Mumber Steps ®

Select one, the ather is
calculated

Corcel | [ rooy | |t

Before running the calculation, we are going to study two different cases:

The first case will include the experimental data from groups 01 to 03
The second case will include all the experimental data from groups 01 to 09

Calculation including Groups 01 to 03
Check the boxes for Group 01 to 03
We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.
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Analyzing the results

Click on the Plot tab (il Plot).
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We see that in this case the prediction cannot be considered satisfactory. The reason is that for the first, second,
and third observation times the observed mean value of deepest pit decreases. Obviously, such behavior of
maximum pit depth has no physical foundation. Generally speaking, such situation is the result of an insufficient
numbers of experiments (used coupons) for given observation times. Accordingly, we can expect that after
increasing the number of used coupons the situation can improve.

Calculation including Groups 01 to 09

Check the boxes for Group 01 to 09

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.
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Analyzing the results

Click on the Plot tab (lill Plot).
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The plot above show how the predicted results improved with increasing number of subsequent inspections.

The plot above also shows that the results of approximation of the full set of available experimental data from
Laycock et al. 1990) can be reasonably approximated by using EVS approach.

Additionally, these results show that insufficient number of coupons (measurements at given observation times)
can be compensated by increasing numbers of observation at different times.

Click on the Report tab, and to the Calculation Results table.

You can see here that at 580 hours the maximum pit depth predicted is 1309.93 um < 1724.09 um <1724.09
pum.
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think simulation | getting the chemistry right is a module within the OLI Studio. A separate license enables this
module.

Why Use OLI Studio: ScaleChem?

Scale problems arise when fluid, initially in equilibrium with its environment, is disturbed and becomes unstable.
The unstable fluid results in H20, CO2, and H2S partitioning across the water, oil, and gas phases, corrosion of
metal surfaces, and precipitation/dissolution of solids. think simulation | getting the chemistry right recognizes
all three effects, which are all important to the oil and gas production professional.

Precipitates form when mineral-forming elements increase the concentration of produced waters beyond
supersaturation, or the saturation point. The primary causes of supersaturation are pressure, temperature,
phase partitioning, and fluid mixing. think simulation | getting the chemistry right quantifies the effects on mineral
scale potential while calculating the physical and chemical properties of fluid and gas phases. Industry
professionals can use the software’s calculations to help determine the best methods to deal with scaling
situations.

think simulation | getting the chemistry right can be used to calculate scaling at one or more user specified
temperatures and pressures. Other calculation options include the ability to mix waters at user specified ratios
to find compatible waters, and the ability to saturate a water with respect to one or more solids to simulate
reservoir conditions.

There are different types of inputs and calculation objects that can be used in think simulation | getting the
chemistry right. A brief definition of each type of calculation is given below.

Input Objects

There are three different types of input objects, also referred to as analysis types, in the think simulation | getting
the chemistry right software: Brine Analysis, Oil Analysis and Gas Analysis.

think simulation | getting the chemistry right refers to all waters and aqueous samples as
brines. This option is added by double clicking on the Add Brine Analysis. A brine can be a
surface water, an injection water, a formation water, a production water or any other type of

Add Bri
Anal}rrgl,irle aqueous fluid you can create. Brine compositions are entered in terms of ionic concentrations.
In addition, the brine pH, total inorganic carbon and alkalinity can also be specified.
h Add Oil Analysis allows you to enter an oil (non-aqueous phase). The oil sample may consist
Add Oil of pure component hydrocarbons (e.g., alkanes), distillation data, pseudocomponents or all
' three.
Analysis
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'ﬂg’.:“;.‘ Add Gas Analysis allows you to enter any hydrocarbon mixture which may or may not contain
water, carbon dioxide or hydrogen sulfide. The default hydrocarbon is methane (CH4) but the

Add Gas hydrocarbon list may be expanded to include higher carbon numbers.

Analysis
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Calculation Objects

There are five different types of calculations that can be carried out in think simulation | getting the chemistry
right: Saturator, Facilities, Scale Scenario, Scale Contour, and Mixing Water. A brief definition of each type of
calculation is given below.

ﬂ_

Add
Saturator

+;

Add Facilities

L

Add Scale
Scenario

Add Scale
Contour

2T 4
4

Add Mixing
Water

Add Saturator object combines fluids at the specified temperature and pressure and
saturates the combined phases with the selected minerals.

Add Facilities mixes and separates fluids. It is used to simulate production operations.

Add Scale Scenario object calculates the scaling of minerals from a fluid as temperature
and pressure changes, e.g. at different production locations..

Add Scale Contour object calculates the scaling of minerals from a fluid over a matrix of
temperature and pressure. It creates a 2D contour plot visual.

Add Mixing Water object mixes two potentially incompatible brines together to identify at
what ratios the scale will form.

In this chapter we will model a hypothetical field and learn how to use and set up each one of the objects
presented above.
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Section 11. Entering a Brine Analysis in think simulation | getting the
chemistry right

Entering Data for a Brine Analysis

To add a Brine Analysis, go to the toolbar menu and click on Streams > ScaleChem > Add Brine, or by
selecting the Add Brine Analysis icon in the Actions Pane.

Actions

@ Add Stream

] Add Mixer
e Add Water Analysis

Add Stream \ e = | Add EVS Calculation
Add MNew Analysis | 1t Add Br.lneAnaI.ysm
Add il Analysis

%2 Add Gas Analysis

Streams Calculations  Chemistry Tools  View Windo)

ScaleChem 3 Add Oil
Add Gas @ Add Saturator
. EAdd Scale Scenario
Analysis Add Brine ({3 Add 5cale Contour
-ancile Mame: |Stre ¢ Add Mixing W
¥ pang Water

M Add Facilities

You will see three different tabs for this analysis. The Description, Design and Report tab.

The Brine Analysis open in the Design, which has 2 different sub-tabs: Data Entry and Reconcile, where we
need to enter the laboratory analysis information.
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Descriptiun@ Report

= N Variable Value | Balanced Entry Options
= Cations (mgiL) Uniits
L
Na+1 0.0 0.0
% Kﬁ‘1+ 0.0 0.0 v -
+ ! !
a Display
Ca+2 0.0 0.0
Mg+2 0.0 po| [|Formua -
s
= Sr+2 0.0 0.0 [ Show Men-zero Only
=
g Ba+2 0.0 0.0 Show Balanced Column
o Fes2 0.0 0.0

Template Manager

Standard ~
CH 0.0 0.0
s042 0.0 0.0 Save as..
HCO3-1 0.0 0.0
H5-1 0.0 0.0 Balance Options
C2H302-1 0.0 0.0|  Type

Dominant Ion w

Neutrals (mg/L)
coz2 0.0 0.0
HZS 0.0 0.0
Si0z 0.0 0.0
B(OH)2 0.0 0.0

We will start in the Data Entry (red) sub-tab. Here you enter the concentration of Cations, Anions, and Neutrals.
This sub-tab comes already prepopulated with some of the most common cations, anions, and neutrals species
found in laboratory water/brine analyses (by default the units are in mg/L). If your species is not present in the
prepopulated grid, simply click on the white grid and type the ion or neutral of interest. If it is a cation, type the
element followed by a plus (+) sign and the corresponding oxidation state, e.g., Cu+2. If it is an anion, type the
element followed by a minus (-) sign and the corresponding oxidation state, e.g., Br-1. [f it is a neutral, simply
type the species either using the formula name or its chemical name, as has been shown in the previous
sections.

The Brine Analysis grid also contains search aids to find a specific cation, anion, or neutral species. The first

search aid is the drop list located in each the cation, anion, and neutral grid sections. The list is alphabetic and
is activated using the drop-down arrow within the cell, after the first few letters of the ion is typed.
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f = L Variable Value | Balanced | Entry Options
E Cations {mgiL) Units
2l o] ua | B -
[=] y . Display
Ca+2 0.0 0.0
\ Mg+2 0.0 0p| (Formia e
O
= Sr+2 0.0 0.0 [ 5how Mon-zero Only
§ Ba+2 0.0 0.0 [ show Balanced Column
v Fe+2 0.0 0.0
Template Manager
Cu [~
Display Name OLI Name | | Standard ~
#Cs+1 CSION Zave as...
OLLCSION CSION
oo v
SN Cu(++) CUION \|Balance Options
M Cu(+1) CUIION Type
SO0 CHION I | Dominant Ton ~
coz 0.0 0.0
HZ5 0.0 0.0
si0z2 0.0 0.0
B(OH)3 0.0 0.0

If a name is misspelled or if the text is unrecognized, then a red ‘X’ appears to the left of the name. This name
needs to be corrected or the row deleted before proceeding. To delete the row, simply select the wrong entry
(which will turn black) and hit the key <Delete>.

Neutrals (mgiL)

coz 0.0 0.0
H2s 0.0 0.0
sinz 0.0 0.0
B(OH)3 0.0 0.0

The Reconcile sub-tab is used to define the measured properties of the brine. In this Reconcile sub-tab, we
will tell the software how to reconcile the brine.
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Description Design [ Report

- Calculate Brine Properties Using:
E (®) Concentration Data Only Epeci.. Calculate @
= () Gas-Fhase CO2 Content (mole®s)
s (") Measured pH and Alkalinity [ allow solids to form
(") Measured pH Only
@ (") Measured pH, Alkalinity, TIC
E Calculate Alkalinity
:% J Properties Measured Calculated
Temperature (*C} 25.0000
Pressure (atm) 1.00000
pH 0.0
Alkalinity (mg HCOZ/L) 0.0
Density (g/ml) 0.0
Elec Cond, specific {(umhoi/cm) 0.0
Total Dis=olved Solids (mag/L) 0.0

Composition Adjustments
Charge Balance Unknown.

The first step, however, is to enter the brine measured properties and conditions. To do this we need to start in
the Properties | Measured | Calculated table.

J Properties Measured Calculated

Temperature (*C}) 25.0000
Pressure (atm) 1.00000
pH 0.0
Alkalinity (mg HCO3/L) 0.0
Density (g/ml} 0.0
Elec Cond, specific (pmho/cm) 0.0
Total Diszolved Solids (mao/l) 0.0
Composition Adjustments
Charge Balance Unknown.

By default, the values of temperature, and pressure are 25°C and 1 atm. The cells indicate the
values that you need to enter if they were measured at the temperature and pressure specified, these are:
Measured pH, Measured Alkalinity'®, Density, Specific Electrical Conductivity and Total Dissolved Solids (TDS).

You can always change the units of these properties by clicking on the units highlighted in blue. This action will
open the Units Manager Window.

If you don’t have a measured property value, for example, the Specific Electrical Conductivity, just leave it blank.

0 This is generally a reliable value, unless solids have precipitated in the sample. Alkalinity is often but not always the same value as the
bicarbonate ion (HCO5). ScaleChem Analyzer can reconcile on a measured alkalinity by adjusting the solution composition.
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The yellow cells, under the Calculated column, will contain calculated values by the software and will be shown
once the simulation is run.

When reviewing laboratory analysis of brine samples, it is quite common for the positive ions (cations) and the
negatively charged ions (anions) in solution to not balance. This may be due to the precision limits of the various
experimental procedures used to measure the ions - i.e. some ions may not have been analyzed. These
solutions must have a neutral charge. think simulation | getting the chemistry right will adjust/modify inflows in
order to balance the charges and make the solution neutral. This adjusting procedure is referred to as
Reconciliation.

There are 5 different types of Reconciliation Options:

Concentration Data Only
Gas-phase CO2 content (mole%)
Measured pH and Alkalinity
Measured pH Only

Measured pH, Alkalinity, TIC

Additionally, there is the option to calculate the alkalinity value by checking the Calculate Alkalinity box.

Calculate Brine Properties Using:
(®) Concentration Data Only

- Specs... Calculate &8
(_) Gas-Phase COZ Content {mole%:)

(C) Measured pH and Alkalinity [ Allow solids to form
() Measured pH Only

() Measured pH, Alkalinity, TIC

Calculate Alkalinity

When the Reconciliation Option is selected, the software will calculate the properties of the brine

A more detailed description of each reconciliation option is given in Section 11.3. Reconciliation Options in the
Brine Analysis below.

Brine Analyses - Reporting Elements

Brine analysis data obtained from ICP measurements will contain concentrations for B, P, S, and Si. These
elements do not exist in the water, rather they exist as dissolved ions. If they are part of your analysis, then you
should convert them to the following before entering them into the Brine Analyses object.

Converting element concentration to species for Brine Analysis

Aqueous Species Formula to enter Formula weight multiplier
B, boron Boric Acid H3BO3 B (mg/l) x 5.72 = H3BO3 (mg/l)
Si, Silicon Silica Sio2 Si (mg/l) x 2.14 = SiO2 (mg/l)
P, Phosphorus | Dihydrogen Phosphate | H2PO4-1 P (mg/l) x 3.13 = H2PO4 (mgl/l)
S (mg/l) x 1.03 for HS-1 (mg/l
S, Sulfur Sulfate or Sulfide [8-1 or 504-2 or( o e

(cannot tell from total S only)

S (mg/l) x 3.0 for SO4-2 (mg/l)

378




Reconciliation Options in the Brine Analysis - Definitions
When reconciling a Brine Analysis, there are five options for reconciliation:

Concentration Data Only: The software will run an electroneutrality reconciliation only, and then compute the
water properties such as pH, density, etc., based on the entered concentration of neutral, cations, and anions
species. In the Concentration Data Only option you may allow the program to pick the species to adjust for
electroneutrality or you may manually choose the species to perform the adjustment. (See electroneutrality

options).

Gas-phase CO2 content (mole%): Frequently it is simpler and more stable to measure the gas-phase COz
that is separated from the brine at the sampling point. When matched with another measured variable, usually
alkalinity, the concentration of the carbonate species and the pH can be calculated. think simulation | getting
the chemistry right performs a CO:z gas fraction calculation by taking the Pcoz2 and the calculated alkalinity
(based on the water analysis data) to reconcile the system for pH and carbonate properties. The CO:2 is adjusted
to match a saturated gas composition.

Measured pH Only: Many brines analyses report a measured pH. This pH may or may not match the pH
calculated by the software. The cause may be an incomplete and/or inaccurate brine description. The software
will run both an electroneutrality and pH reconciliation. This type of reconciliation will match your recorded pH.
Additionally, the software will compute the water properties such as, density, electrical conductivity, etc. The
pH of the solution is automatically adjusted by the software by adding either HCI or NaOH, or you may select
your preferred acids and bases to adjust the pH.

Measured pH and Alkalinity: The purpose of the Measured pH and Alkalinity reconciliations is to match the
computed pH and alkalinity values with those you measured. The software will run an electroneutrality, pH and
alkalinity reconciliation. Additionally, the software will compute the water properties such as density, electrical
conductivity, etc. The pH of the solution is automatically adjusted by the software by adding either HCI or NaOH
or you may select your preferred acids and bases to adjust the pH. The Alkalinity is automatically calculated by
the software, using COz as the alkalinity titrant, H2.SO4 as the alkalinity pH titrant and 4.5 as the alkalinity end
point pH. You can also change to a different alkalinity titrant if you prefer.

Measured pH, Alkalinity, TIC: The purpose of this reconciliation is to match the measured pH, total alkalinity,
and the total inorganic carbon (TIC). The Total Inorganic Carbon (TIC) is adjusted using COz2 as the alkalinity
titrant, H2SO4 as the alkalinity pH titrant and 4.5 as the alkalinity end point pH. The software adjusts the acetate
concentration (organic acids) to match the total Alkalinity value by adding or removing acetic acid. You cannot
however change the CO: or acetic acid for the alkalinity adjustment. These are fixed by the software. The
target pH is obtained simultaneously by HCI or NaOH. You may select your preferred acids and bases to adjust
the pH instead of the default HCI and NaOH.

Additionally, there is the option to Calculate Alkalinity: []Calculate &kalinity 1t is important to note, that this is only
an alkalinity calculation based on the concentration entered, it is not an alkalinity reconciliation.

379



A Basic Brine Analysis

A brief introduction to the brine analysis tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities and reporting for the Brine Analysis object will be shown.

Example 60: Basic Brine Analysis

In this example, we will input dissolved species concentrations and other measured properties into a Brine
Analysis object to model a hypothetical water sample. We will calculate the pH and scaling tendency of a
brine sample based upon its measured composition at 1 atm and 25 °C.

Starting the Simulation

Use the inputs and parameters from the table below to create the brine analysis. Certain inputs, such as the
name style, units, etc. will require further adjustments, and will be described as necessary.

Brine Analysis Composition

Cations (mgl/L) Anions (mg/L) Neutrals (mg/L) Measured Properties

Na+1 20400 Cl1 37000 CO2 150 pH 71
K+1 400 S04-2 2200 H2S 15 Alkalinity as HCO3-, mg/L 715
Ca+2 3800 HCO3-1 0

Mg+2 830 HS-1 0

Sr+2 15 C2H302-1 715

Ba+2 0.7

Fe+2 10

Setting the Water Analysis

Add a Brine Analysis. Go to the toolbar menu and click on Streams > ScaleChem > Add Brine, or by selecting
the Add Brine Analysis icon in the Actions Pane

Actions

Add Stream
8 Add Mixer
Streams Calculations Chemistry Tools  View Windo Td Add Water Analysis

Add Stream l [ Ik | Add EVS Calculation
'
Add New Analysis ! = Add Brine Analysis
I Add Oil Analysis

ScaleChem > Add Ol | 42 Add Gas Analysis
T Add Gas L & Add Saturator
Mame: |Stre _...

Add Brine I—;’Add Scale Scenario
(@ Add Scale Contour
* Add Miing Water
e Add Facilities

nalysis

~oncile

Click on the new Brine and press <F2> to change the name to Brine Analysis

Select the AQ thermodynamic Framework (remember that MSE is the default so please switch it)
Click on the Names Manager Icon and select the Formula option (default)

Click on the Units Manager Icon, and select Metric, Concentration (default)

Under the Design Tab, enter the Cation, Anion, and Neutrals composition given in the table above.
Your screen should look like the image below:
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Description Design [5 Report L2 File Viewer

s Surnmary
= J Variable Value Balanced Entry Options
E Cations (mgiL) Units Unit Set: Metric (mass concentration)
= Ma+1 20400.0 20400.0 Tl -
- . )
= Ko 400,000 400,000 Automatic Chemistry Model
= hl Display Agueous (H+ ion) Databanks:
Ca+2 3800.00 380000 Aguecus (H+ ion)
Mg=2 830.000 g30000, | ormua - No Solid phase(s)
- — )
= Sre2 15.0000 15.0000|  []Show Mon-zero Only Using it Polynomials
= T-span: 25.0 - 225.0
= Ba+2 0.700000 0.700000 [+] Show Balanced Column P-zpan: 1.0 - 1500.0
; Fes2 10.0000 10.0000 Template M Stream Parameters:
Eu BB Temperature (*C) |25.0000
Anions (mgiL) Standard - Pressure (atm)  [1.00000
CH1 37000.0 389381 Stream amount (L} 1.00000
Save as... > -
S04-2 2200.00 2200.00 Dominant lon Charge Balance
HCO3-1 0.0 0.0 (eaiL):
T c
HS-1 0.0 0.0 Balance Options Cation Charge| 113621
; ~ ce
C2Ha02-1 715000 715000 | Type Anion Charge| 1 10155
Imbalance 0.0548881
Daminant I
Neutrals (mgiL) L= LR > lonis) needed to balance (mgiL)
coz 150.000 150.000 CH1]1938.077
H2S 15.0000 15.0000 CoTeeT “EEl Dt Oy
302 0.0 0.0
B(OH)3 0.0 0.0

Note: It is highly unusual for the data to be electrically neutral. Therefore, the software reconciles the sample
for electroneutrality. After entering each species concentrations, you will notice that the software shows a
yellow column named Balanced. The software balances charges according to the selected option and displays
this in the yellow column.

There are 4 different Balance Options:

1) Dominant lon: This is the default method. The largest concentration ion is used to adjust the
electroneutrality. In our example,1938.077 mg/L of CI-1 are added since there is an excess of positive
charge (see the above image).

2) Prorate Cations: All cations are adjusted up or down equally

3) Prorate Anions: All anions are adjusted up or down equally

4) Make-up lon: This option allows for a single ion species to be adjusted. User selects an ion to
increase or decrease.

Select Dominant lon as balance option
Click on the Reconcile (vertical blue tab)
Notice that the five different types of reconciliations are available in in the upper left corner of the window (see

image below). Also, you can see the Calculate Alkalinity box ( ceet=4kanity ) ontion which allows you to
compute the alkalinity, based on the concentration entered.

Select the Concentration Data Only option. This option means that the software will compute the water
properties based on the current concentration of neutral, cation, and anion species. The calculation will not use
the measured pH, or the measured alkalinity entered (if any).

Enter the measured properties: pH = 7.1 and Alkalinity = 715 as mg HCO3/L
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Description Design [5 Report L2 File Viewer

-

Surnmary

= Calculate Brine Properties Using:
LIE_I I (®) Concentration Data Only I T Calculate @ | Unit Set: Metric (mass concentration)
m
2 (_) Gas-Phase CO2 Content (mole%:) Automatic Chemistry Model
Ia] (C)Measured pH and Alkalinity [ ] Allow salids to form Agueous (H+ ion) Databanks:
! (C)Measured pH Only Aguenus (H+ ion)
. Ne Solid phaseis)
Measured Alkalinity, TIC
O P, i Using K-fit Polynomials
Calculate Nkﬂ“l"lity T—S-DE.I'IZ 250-2250
P-zpan: 1.0 - 1500.0
Properties Measured Calculated st P "
ream Parameters:
Temperature (*C) 25.0000 -
Temperature (*C) |25.0000
Pressure (atm) 1.00000 Pressure (atm) 1 00000
pH i Stream amount (L} 1.00000
IAlkalinity (mg HCO3/L) 715.000 >
- Dominant lon Charge Balance
Density (g/ml} 0.0 {eqiL):
Elec Cond, specific (umho/cm) oo Cation Charge| 1.15621
Total Dissolved Solids (mgi/L) 0.0 Anion Charge | -1.10155
Composition Adjustments Imbalance 0.0548881
Add Charge Balance (mg/L C-1) | lon(s) needed to balance (magiL):

Ck1/1938.077
Concentration Data Only.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name
it: ScaleChem Analysis Calculations.
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Analyzing the Results

Once the calculation is done, the Calculated column displays the results obtained based on the concentrations
entered in the Data Entry tab. Notice that the calculated results are pH=5.31 and Alkalinity=263.0 mg HCO3-
1/L vs the measured values of pH=7.1 and Alkalinity=715 mg HCO3-1/L.

Description Design [ Report L2 File Viewer

Summary

o Calculate Brine Properties Using:
LIC_I (®) Concentration Data Only T Calculate @ Unit Set: Metric (mass concentration)  #
m
Z (C) Gas-Phase CO2 Content (mole®s) Automatic Chemistry Model
o (O Measured pH and Alkalinity [ ] Allow salids to form Agueous (H+ ion) Databanks:
" (") Measured pH Only Aqueous (H+ ion)
© : (") Measured pH, Alkalinity, TIC NU_SUM phase(s) .
=] - Using K-fit Pelynomials
2 Calculate Alkalinity T-span: 25.0 - 225.0
§ P-span: 1.0 - 1500.0
(@i Properties Measured Calculated R v Tore
Emj Temperature (C) 35 0000 ream ararr|e Ers:
N - = 1 00000 Temperature (*C) | 25.0000
ressure (atm) : Pressure (atm)  |1.00000
i oA DA Stream amount (L) 1.00000
Alkalinity (mg HCO3/L) 715.000 263.001 )
: Dominant lon Charge Balance
Density (g/ml) 0.0 1.04487 eqiL):
Elec Cond, specific (ymho/cm) 0.0 91637.7 Catien Charge,  1.15621
Total Dissolved Solids (mgi/L) 0.0 67370.0 5 Anion Charge | -1.10155
Composition Adjustments Imbalance 0.0548851
#Add Charge Balance (mgil CH1) 1938.08

onis) needed to balance (mgiL):
Ck1/1938.077

Concentration Data Only.
Phase Amounts:
Agueous (g) 104487

Aqueous Phase Properties:

pH £.31413
lpnic Strength (molmal) 0.0226408
Density (g/ml) 1.04487

alc. elapsed time: Y.44f sec.

Calculation complete [V

The brine i= supersaturated with 2

To the right you can see the results summarized in the Summary Box.

The top section contains the Stream Parameters information. In this example, the software performed the
calculation at 25 °C, 1 atm, and a total Stream amount of 1 L.

The Dominant lon Charge Balance section shows the type of balance that was used to reach electroneutrality,
which cation/anion was deficient, and how much of it was added.

The Phase amounts section shows the distribution of species in the different phases. This analysis contains
two phases: aqueous and vapor.

The Aqueous Phase Properties information shows the computed pH, ionic strength, and density of the
solution. It is important to note here that the measured pH is 7.1 and the computed pH is 5.31. The density of
this solution is 1.04487 g/ml. Remember, for this example the software used only the concentration of neutrals,
cations, and anions in solution to do a reconciliation.
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Click on the Report tab and scroll down to the Pre and Post Scaling Tendencies table.

Pre and Post Scaling Tendencies

Scale Mineral Pre-scaling Pre-index Post-scaling Post-index
Bas04 (Barite) 9 41306 0973731 9 41306 0973731

Caco3 (Calcite) 0.0252328 -1.59803 0.0252328 -1.59803

Cas0d 2H20

(Gypsum) 0.936931 -0.0282826 0.936931 -0.0282826
Casod (Anhydrite) 0.738602 -0.131580 0.738602 -0.131580
FeZ03 (Siderite) 271223e-3 -2 BGBAT 271223e-3 -2 BABAT

Fe3 (Pyrrhotite) 16.3375 1.21319 16.3375 1.21319

KC1 [Sylvite) 6.72353e-4 -3.17240 6.72353e-4 -3.17240

Fes (Mackinawite) 0275931 -0.554504 0275931 -0.554504
MaCl (Halite) 0.0122286 -1.81262 0.0122286 -1.91262

SrC03 (Strontianite) 2 96599e-4 -3.52783 2 96599e-4 -3.52783

Sr304 (Celestine) 0.200644 -0.697574 0.200644 -0.697574

From this table, you can see that Barite and Pyrrhotite solids have been predicted to be supersaturated.

For more detailed information about scaling tendencies, you can go to Scaling section on page 179.

Scroll down to the Brine Composition table

Brine Composition

Cations Value (mg/L) Anions Value (mgiL) Heutrals Value (ma/L)
Ki+1) 400.000 Cli-1) 389381 Coz 107.419
Ma(+1) 204000 HCO3- () 59.0364 H23 15.0000
Ba(+2) 0.700000 S04-2 2200.00

Ca(+2) 3800.00 Acetate- 545141

Fe(+2) 10.0000

Mg(+2) 230.000

Sr(+2) 15.0000

This table shows the composition of the brine after the reconciliation (calculation) has taken place.
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Section 12. Entering a Gas Analysis in think simulation | getting the

chemistry right

Entering Data for a Gas Analysis

To add a Gas Analysis, go to the toolbar menu and click on Streams > ScaleChem > Add Gas, or by selecting
the Add Gas Analysis icon in the Actions Pane.

Streams  Calculations  Chemistry Tools  View  Windo
Add Stream l T o
Add New Analysis |
ScaleChem 1] Add Oil
Add Gas
Analysis Add Brine

anrile Mame: |Stre

Actions
Actions

@Add Stream

&) Add Mixer

T Add Water Analysis
=] Add EVS Calculation
& Add Brine Analysis

& Add Qil Analysis
’gAdd GasAnaIysisI
Add Saturator

I—i Add Scale Scenario
@Add Scale Contour
" Add Mixing Water
M Add Facilities

You will see four different tabs for this analysis. The Description, Design, Definition and Report tab.

The gas analysis opens in the Design tab, which has 2 different sub-tabs: Inflows and Reconcile, where we
need to enter the laboratory gas analysis information.

Description w Definition [ Report

w || Component Value Normalized Entry Options

E Subtotal: 0.0/100.000 (mole %) | Subtotal: 100.000/100.000 (mole %) Units

E |  H20 0.0 0.0 mole % ~
[ n2 0.0 00| pigplay
| coz 0.0 0.0

o Formula w

I | Hzs 0.0 0.0

= ] -

gl v cne 0.0 100000 L1Shew Nen-zere Only

o [ coHs 0.0 0.0 Show Normalized Column
,_ caHe u.0 e Template Manager
[ icant0 0.0 0.0
[ n-caH10 0.0 0.0 Standard v
[ icsHi2 0.0 0.0 Save as...
[ csH12 0.0 0.0
[ ceH14 0.0 0.0

<]

Normalize Options

Makeup -

Group Manager

D Use Groups Add

We will start in the Inflows (red) sub-tab. Here you enter the concentration of a pure-component hydrocarbon
gas, in mole % units. The standard list of component extents to C6 alkanes.
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If there is a component that is not present in the prepopulated grid, simply click on the white grid and type the
species of interest, using the formula name or its chemical name, as has been shown in the previous sections.
Let's say for example, you want to add Isooctane. Type isooctane or i-C8H18 in the white cell to add it to the
list.

There is also the option of using the drop-down arrow, that allows you to search for the specific components
you want to add.

-

o || Component Value Normalized Entry Options
E: Subtotal: 0.0/100.000 (mole %)| Subtotal: 100.000/100.000 (mole %) Units
E | Ho 0.0 0.0 mole % ~
[ cH4 0.0 100000 picryay
[ N2 0.0 0.0
L4 Formula w
S| | coz 0.0 0.0
=
s [ Hz=s 00 oo| [IShow Non-zero Only
e [ 216 00 0.0 [#] Show Mormalized Column
| cas 0.0 HE Template Manager
[ ceHt0 0.0 0.0
[ n-caH10 0.0 0.0 Standard v
[ icsHI2 0.0 0.0 Save as...
[ csH12 0.0 0.0
[ ceH14 0.0 0.0
=) =l 00 00| [Mormalize Options
Display Name OLl Name | | Makeup w
#i-CAH10 IS0BUTANE Group Manager
#i-C5H12 IPENTAN [Juse Groups Add
B i-CaH13 MEPNTANZ24
- 12 I0D2EL
SINIBA IBUTYLAMN
OLIIRFMZFNF IRFNZFNF h

If a name is misspelled or if the text is unrecognized, then a red X’ appears to the left of the name. This name
needs to be corrected or the row deleted before proceeding. To delete the row, simply select the wrong entry
(which will turn black) and hit the key <Delete>.

Description Design Definition 53 Report

o | | Component Value Normalized Entry Options
E: Subtotal: 0.0/100.000 (mole %)| Subtotal: 100.000/100.000 (mole %) Units
E | Ho 0.0 0.0 male % -
[ cH4 0.0 100000 o
| w2 0.0 0.0
S Formula e
i | coz 0.0 0.0
§ | Hzs 0.0 00| []Show Nan-zera Only
|| [ cere 00 00 Show Narmalized Column
r caa oo e Template Manager
| FcaH10 0.0 0.0
| ncant0 0.0 0.0 Standard v
r FesHi2 0o o Save as...
[ csHiz 0.0 0.0
| osHi4 0.0 0.0
| icsHis 0.0 00| MNormalize Options
Makeup W
=
Group Manager
|:| Use Groups Add
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The Reconcile sub-tab is used to calculate the properties of the gas at the temperature and pressure conditions
specified. By default, the values of temperature, and pressure are 60 °F (15.56°C) and 14.7 psia (1.002 atm).

J Component Normalized Calculate {88
Subtotal: 100.000/100.000 (mole %) =
550 0 Condition
CH4 100.000 J Conditions Value
Temperature (*C) 15.5556
Pressure (atm) 1.00231

Reconcile

Show Mon-zero Only

A Basic Gas Analysis

A brief introduction to the gas analysis tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities, and reporting for the Gas Analysis object will be shown.

Example 61: Basic Gas Analysis

The Gas Analysis object provides a quick way to enter a pure-component hydrocarbon gas.

Setting the Gas Analysis

Add a Gas Analysis. Go to the toolbar menu and click on Streams > ScaleChem > Add Gas, or by selecting
the Add Gas Analysis icon in the Actions Pane

Actions

@ Add Stream
Add Mixer

Streams  Calculations  Chemistry Tools  View  Windo

Add Stream l e [0

Add New Analysis |

ScaleChem ¥ Add Oil
Add Gas
Analysis Add Brine
Mame: | Stre

—oncile

W Add Water Analysis
] Add EVS Calculation
E Add Brine Analysis

e Add Oil Analysis
EAEIEI Gas Analysis I

b Add Saturator
I—;’ Add Scale Scenario
Add Scale Contour
¢ Add Mixing Water
e Add Facilities

Click on the new Gas Analysis and press <F2> to change the name to Gas Analysis
Select the AQ thermodynamic Framework (Remember that MSE is the default so you need to change it)

Click on the Names Manager Icon and select the Formula option (default)
Click on the Units Manager Icon, and select Metric, Mole Frac. (default)

Under the Inflows Tab, enter the gas composition given in the table below



Gas Analysis Composition

Formula | Component Name | Mole %
H20 Water 1.80
N2 Nitrogen 3.00
cOo2 Carbon Dioxide 1.50
H2S Hydrogen Sulfide 0.50
CH4 Methane 65.5
C2H6 Ethane 14.0
C3H8 Propane 8.00
i-C4H10 | Isobutane 1.00
n-C4H10 | n-Butane 3.00
i-C5H12 | Isopentane 0.50
C5H12 n-Pentane 0.70
C6H14 n-Hexane 0.50

Your screen should look like the image below:

Description Design Definition 53 Report

o || Component Value Normalized Entry Options
E) Subtotal: 100.000/100.000 (mole %) Subtotal: 100.000/100.000 {mole %) Units
E | no 1.80000 1.80000)  |mole % v
|— N2 3.00000 3.00000 Display
|— coz 1.50000 1.50000
o Formula ~
o |— H25 0.500000 0.500000
=
el v cne 55000 655000, L] Show Non-zero Only
v [ cane 14.0000 14.0000 Show Mormalized Column
|— C3H3 &.00000 8.00000 Template Manager
r FC4H10 1.00000 1.00000
[ n-canto 3.00000 3.00000 Standard i
|— FCEH12 0.s00000 0.500000 Forooe
|— CEH12 0.700000 0.700000
r CBH14 0.500000 0.500000
Mormalize Options
Makeup ~
Group Manager
|:| Use Groups

Note: There are several options to the right of the data entered.

Entry options: Here you can select the preferred units, and display name. You also have the option to show
the non-zero values only — sometimes the composition of species is zero — and also show the normalized
(yellow) column — this option is useful when the values don’t add up to 100 mole%.

Template manager: Here you can select the standard (default) template or the extended template — which
includes hydrocarbons with longer chains. You can also create and save your own template for future use.

Normalize options: When your analysis does not add up 100 mole% you can select between two options:
Make-up and Prorate. For the Make-up option, the default gas used is CH4.

Click on Reconcile (vertical blue tab). The reconciliation calculation will be calculated at 15.556 C and 1.00231
atm (standard conditions).
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Description [&¥ Design Definition 53 Report

Component Normalized Reconciled Gas Calculate 8

Subtotal: 100.000/100.000 (mole %) Subtotal: 100.000/100.000 {mole %)

HzO 1.80000 175645 Condition
Nz 3.00000 300133 || Conditions Value
=) £ 5o
coz2 1.50000 150088 Temperature ("C} | 15.555
Pressure (atm) 1.00231

H25 0.500000 0.500221
CH4 655000 65.5290
C2HE 14.0000 14.00682
C3Hs 2.00000 8.00355
FC4H10 1.00000 1.00044
n-C4H10 3.00000 3.00133
FCSH12 0.500000 0.500222
C5H12 0.700000 0.700310
CEH14 0.500000 0.500222

f
:
g
3

[ Shaw Mon-zera Only

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name
it: ScaleChem Analysis Calculations.

Analyzing the Results

Once the calculation is done, the Reconciled Gas column displays the results at equilibrium conditions.

Description [&¥ Design [&¥ Definition Report

Summary
= H| Component Normalized Reconciled Gas Cdoulate @
B Subtotal: 100.000/100.000 (mole %)|  Subtotal: 100.000/100.000 {mole %) Unit Set: Metric (mole fraction
E H20 1.80000 175645 | |_Conditon
@ T e r———
o | |co2 1.50000 150066 | |Temperature ('C) 15,5556 Aqueous (H+ ion)
3 = T T Fressurs (atm) 1.00231 i::w‘;npil;f;.‘f;nmgls
§ CH4 65.5000 65.5290 T-span: 250 -225.0
= Cc2Hs. 14.0000 14.0062 P-span: 1.0 - 1500.0
C3H8. 8.00000 8.00355 Stream Parameters:
iCar10 100000 100084 Temperature (C)|15.5556
n-cara 3.00000 300133 [ Shew Non-zero Only Pressure (atm) | 1.00231
CEH1Z 0500000 0.500222 Wakeup Normalization: CH4.
CcsH1Z 0.700000 0.700310 5| | Equilibrium Calculation.
CBH14 0.500000 0.500222 Phase Amounts:
Aqueous (mol) [0.0443282
apor (mol} 99.9557,
Solid (mal) 0.0
2nd Liquid (mol) 0.0

Aqueous Phase Properties:

pH 475177
lonic: Strength (molimol) 3 20592e-7)
Density (g/mi} 0.839257

Calc. elapsed time: 0.940 sec.

Calculation complete

To the right you can see the results summarized in the Summary Box.

The top section contains the Stream Parameters information. In this example, the software performed an
equilibrium calculation at 15.556°C and 1.00231 atm.

The Phase amounts section shows the distribution of species in the different phases. This analysis contains
two phases: aqueous and vapor.

The Aqueous Phase Properties information shows the computed pH, ionic strength, and density of the
solution.

Click on the Report tab. Here you will see a more complete representation of the results at equilibrium.
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Section 13. Entering an Oil Analysis in think simulation | getting the
chemistry right

Entering Data for an Oil Analysis

To add an Oil Analysis, go to the toolbar menu and click on Streams > ScaleChem > Add QOil, or by selecting
the Add Oil Analysis icon in the Actions Pane.

Actions

;Q Add Stream
&) Add Mixer
Streams | Calculations Chemistry Tools  View Windol 1 Add Water Analysis
Add Stream l e - F=] Add EVS Calculation

1]
Add New Analysis | [ Add Oil Analysis |

ScaleChem > Add Oil |7 Add Gas Analysis
Add Gas @ Add Saturator
Analysis ‘ Add Brine E Add Scale Scenario
“oncile Name: | Ste (@ Add Scale Contour
N Add Mixing Water
*H Add Facilities

You will see three different tabs for this analysis. The Description, Design, and Report tab.

The oil analysis opens in the Design tab, which has 4 different sub-tabs: Combined, Pseudocomponents,
Assay and Reconcile.

In the Combined (red) sub-tab, pure components (organic and inorganic) are entered. If there is a component
that is not present in the prepopulated grid, simply click on the white grid and type the species of interest, using
the formula name or its chemical name, as has been shown in the previous sections. Let's say for example,
you want to add Isooctane. Type isooctane or i-C8H18 in the white cell to add it to the list.

Also, you can use the show non-zero only option to hide all the zero values — since they are not needed.
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@ Des:riptinn[@ Report

T C Value Normalized '~ Entry Options
! n-Car10 00 00 Units
i Fcshiz 0.0 0.0 mole % v
S cstiz o0 5 o
oaH14 0.0 0.0
Formula -
CTH1E 00 5
2 CEH1E 0.0 00 [[Jshow Non-zero Only
g ncaria 00 oo [ Show Normaiized Column
= cenzo o0 oo Template Manager
C10H22 00 00
= Ciihze 0.0 00 Standard v
3
afl | crewes 0o gD Save as..
ci3nze 0.0 0.0
C14H30 00 00
= .
@ BEE 00 00 Nermalize Options
2
€ C16H34 00 00 Prorate ~
C17H8 00 00
5 C18H38 00 o
= C19He0 00 00
§ C20H42 00 00
© c21hes 00 00
C22he6 00 ol
cz3nee 00 00
C24HE0 00 ol
cashsz 00 00
Caome2 00 ol
cashT2 00 00
Caonez 00 ol

In the Pseudocomponents (blue) sub-tab, you can enter pseudocomponents. Here you need to provide the
molecular weight, NBP, SG, Thermodynamic Method, and the mole% information.

Component Molecular Weight Momal Boiling Point (°C) Specific Gravity Thermo Method Value (mole %)

Combined

<Enter a name=

Pseudocomponents

In the Assay (red) sub-tab, distillation curves can be entered. The Assay screen contains three data entry grids:
Component, Entry Options and Distillation Data.

Component Grid

= EEICEELEN ILE2 Distillation Data Grid
= <Enter a name=
i Volume¥a | Temperature (*C)
5
o Entry Options
\ Type ASTM D86 v
@mll Thermo Method — |APISS ~
=
E Density | 0.00 | |Spedfic Gravity
o
EMl na of cuts 0
(&)
L=}
=
- Display Assay Cuts
D“; -
Entry Options
ssay Properties
Name | Mole % Mol Wt. NBP (*C) Sp Gr Cr Temp (*C) Cr Pres (atm) Cr Vol (Limol) | Acentric Factor
@

Component Grid: In the component grid you can name your assay. No more than 5 letters are allowed for the
name. The mole% instructs the software that the mole% entered represents the total hydrocarbon mass.
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Entry Options Grid: In this grid there are four pieces of information that the user needs to fill out: The Assay
Type, the Thermo Method, Density and No. of Cuts.

There are four Assay types. These are experimental methods used to create distillation curves.

Entry Options

Type

ASTM D35
Thermo Method  [peTM D1160

Density | 34.00

ASTM D86 runs at atmospheric pressures and is used for all oil types

ASTM D1160 runs at vacuum pressure and is used for heavy oils

ASTM D2887 runs on a gas chromatograph and is used for light oils

TBP is the true boiling point curve

There are also four methods for calculating thermodynamic properties, referred to as Thermo Method in the
software, and these are: API-8, API-5, Cavett and Lee-Kessler.

Thermao Method

Density | 34.00

Mo, of Cuts

The API-8 and API-5 are methods that use specific gravity to determine critical parameters.
Cavett is a method to determine critical parameters using the API gravity
Lee-Kessler is a method to determine critical parameters by using the Watson K

There are three, average bulk density options: Specific Gravity, API gravity and Watson K.

Spedfic Gravity

Mo, of Cuts

API Gravity
Watson K

Specific Gravity (SG) is the ratio of the material density to water. think simulation | getting the chemistry right
requires specific gravity to be between 0.228 and 1.6.

API Gravity is defined as API Gravity = (141.5/SG) — 131.5

Watson K is a method that relates density to boiling point

A more detailed description of the different assay types, thermodynamic methods and density calculation
methods is found in the Basic Definitions for the Oil Analysis Tool section on pages 393-396.

Distillation Data Grid: In this section the distillation data is entered.
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The Reconcile tab is where the equilibrium calculations are performed and is used to calculate the properties
of the gas at the temperature and pressure conditions specified. By default, the values of temperature, and
pressure are 60 °F (15.556°C) and 14.7 psia (1.002 atm).

J Component Normalized Calculate &8

Subtotal: 100.000/100.000 (mole %)
Hz0 0.0
CH4 100.000

Condition

J Conditions Value
Temperature (*C) 15.5556
Pressure (atm) 1.00231

Reconcile

Show Mon-zero Only

Basic Definitions for the Oil Analysis Tool

Hydrocarbon Petroleum Fractions

Frequently a hydrocarbon analysis is the only data available for entry into the software. This analysis is usually
a distillation curve where the volume distilled as a function of temperature of a petroleum fraction has been
analyzed. This information must be turned into a vapor, organic and aqueous component for use in the
simulator.

ASTM D86

Used for light and medium petroleum products and is carried out at atmospheric pressure. The results are
converted internally in the OLI model generator to a TBP (True Boiling Point Curve). This curve is then fit to a
spline to smooth the curve. The cuts are taken from the spline.

ASTM D1160

Used for heavier petroleum products and is often carried out under vacuum. Sometimes as low as 1 mm Hg.
The results are converted internally in the OLI model generator to a TBP (True Boiling Point Curve). This curve
is then fit to a spline to smooth the curve. The cuts are taken from the spline.

ASTM D2887

Uses gas chromatography to produce the distillation curve and is applicable to a wide range of petroleum
products. The results are always reported on a volume percent basis. The results are converted internally in
the OLI model generator to a TBP (True Boiling Point Curve). This curve is then fit to a spline to smooth the
curve. The cuts are taken from the spline

True Boiling Point (TBP)

These curves, in practice, are difficult to obtain. The other methods are usually used instead.
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Thermodynamic Methods (pseudo-components and petroleum fractions)
The methods used within OLI to calculate the critical temperature and pressure are the API, Cavett and Lee-
Kesler methods.

API Method

Uses the specific gravity to estimate the critical parameters. The specific gravity, if not entered, can be estimated
from the API gravity or the Watson K. The boiling points are taken from the assay data. API version 5 (API-5)
and API version 8 (API-8) are currently supported.

The API method is selected by the user. Tc, Pc, and Vc are calculated as follows:
T, = 24.2787 X TL-%5848 x §G0-35%

3.12281p +9
InP. =

= s ggasaor U T < 1000°F

Otherwise
InP. = 8.3634 0-566 (0 24244 + 22898) <0'11857> x 0.001 x T,
Mfe=¢ SG ‘ SG SG? ' b
3.648 0.47127 5 1.6977 s
+<1.4685+T+ <SG )x |p—7><Tb —(0.42019+ Scz )|p—10><Tb
Z, X T, x10.73
Vo=——"—F—"—
F
Where,

Tc = Critical temperature in Rankine
Pc = Critical pressure in psia
Zc = Critical compressibility factor

1
T 343+ 6.7p — 9 x A?

Ze

And

A 875 +1978(0gT;) X T,

5 if T. < 536.67 R

If 536.67<Tc<593 R, the above result for A is multiplied by f:

_(T 536.67)0'38
f=\Te~r—7,

If Tc>593 R,
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Ae (0.98907 x SG)(A — 592.4439)\°°
B MW

Cavett

This method uses the API gravity method to determine the critical properties. The API gravity, if not entered
can be estimated from the actual specific gravity or the Watson K. The boiling points for the pseudo-components
are taken from the assay.

If the Cavett method is chosen by the user, Tc, Pc and Vc are calculated as follows:

T, = 768.0712 + 1.7133693 X T, — 0.0010834 x T2 — 0.008921258 X T, X API + (3.8890584p — 7)
+ T2 X 5.309492p — 6 X T2 x API + 3.27116p — 8 X (T}, X API)?

logP, = 2.829046 + 0.0009412 X T, — 3.047475p — 5 X T2 — 2.087611p — 5 X API X T), + 1.5184103p — 9 X T}

+1.1047809p — 8 X API X T2 — 4.82716p — 8 X API? X T, + 1.3949619p — 10 X (API X T,)?
_ Z, X T, x10.73

[ PC
Where,
Tc = Critical temperature in Rankine
Pc = Critical pressure in psia
Zc = Critical compressibility factor
1

7. =
€T 343+6.7p -9 x A?

And

j 875 +1.978(logTy) X T,

5 if T. < 536.67 R

If 536.67<Tc<593 R, the above result for A is multiplied by f:

= (T 3 536.67)

0.38

Tc - Tb
If Tc>593 R,
A (0.98907 x SG)(A — 592.4439)\*°
- MW
Lee-Kesler

This method uses the Watson K and the specific gravity (which can be estimated via the Watson K) to determine
the critical parameters.

If the Lee-Kesler method is selected by the user, Tc, Pc, and Vc are calculated as follows:
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811
T, = 341.7 + <C + (0.4244 4+ 0.1174 SG) X T, + (0.4669 — 3.2623 SG) +

InP, = 8.3634 0.566 (0 24244 + 2.2898 + 0'11857) x 0.001 X T
N = ¢ SG ' SG SG? ' b
+ <1 4685 + 3648 + 0'47127) X ‘ 7 X T2 (0 42019 +
' SG SG? P b —\%

y _ ZeXTex 1073

c PC
Where,
Tc = Critical temperature in Rankine
Pc = Critical pressure in psia
Zc = Critical compressibility factor
1

o
¢ 343 +6.7p —9 X A?

And

Ae 8.75 + 1.978(log T,) X T

5 if T. < 536.67 R

If 536.67<Tc<593 R, the above result for A is multiplied by f:

B (T 536.67)0'38
f - c Tc _ Tb

If Tc>593 R,

A (0.98907 x SG)(A — 592.4439)\°°
- MW

Average Bulk Density

Specific Gravity

Unitless, relative to pure water (H20) at 15 °C which has a density of 1.0 g/mL

API Gravity
Degrees API (°API). This is calculated via the following equation:

141.5

API(60F) = <s.g. (60F)

)— 131.5

where, SG is the specific gravity at 60 °F.

1.6977

100,000

b

SG? )‘p—mng
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Watson K

The Watson K has no units but is calculated via:

NBP'/3
k= SG

where NBP is the normal Boiling point.

Putting together a complete calculation in think simulation | getting the
chemistry right

Now that we have defined some terms, we are now ready to begin entering the information required to run a
calculation. In this calculation we will be entering the concentrations of a single brine.

Task 1 — Create a Brine Analysis

In this task we will show the main interface of a Brine Analysis, followed by an example of a brine (water
analysis) and calculate its scaling tendency. Steps for the simulation will be given with bullet points.

Add Brine
Analysis

Add Brine Analysis from Actions Panel.

Click on the description Tab. If the Description tab is not currently displayed, click on the tab.

Wl
Description Design [ Report

M ame: |Brine |

The chemistry of the brine needs to be entered. This information includes concentrations, alkalinity, pH and
density. The table below describes the hypothetical water that we will create:

Brine Analysis

Na+1 36000 CI- 57000 Temperature 25C
K+1 300 S04-2 250 Pressure 1 atm
Ca2+ 600 H3CO3-1 600 pH 7.67
Mg2+ 150 Alkalinity 600
Sr+2 80 Density (mg/L) 1.064
Bat+2 5 Total Dissolved Solids (mg/L) 96280

The screen should look like the image below
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= [l Variable Value | Balanced | Eniry Options
E Cations (mgiL) Units
i il —
Q . Display
Casz 600.000 | 600.000
T Mg+2 150.000 | 150.000 Pl -
= Sre2 80.0000 | B80.0000| []Show Non-zero Only
s Bas2 500000 500000 []Show Balanced Column
= Fe-2 0.0 0.0
Template Manager
Anions (mg/L) Standard v
o] 57000.0 | 57000.0
5042 250000 | 250.000 Saveas...
[ HCO3-1 600.000 | 600.000
HS-1 0.0 0.0|  Balance Options
C2H302-1 0.0 00| Type
Dominant fon -
Neutrals (ma/L)
coz 0.0 00
H2s 0.0 0.0
si02 0.0 0.0
B(OH)3 0.0 0.0
Select Formula
0.0 Display
0.0
0.0 OLI Tag v

00 Display Name
: Formula
0.0

You can display an easier-to-read table by showing only the species that have actual concentrations.

Select the Show non-zero only box

= I Variable Value | Balanced | Entry Options
UE-I' Cations [mg/L) Units
e el e
=] - : Display

Ca+2 §00.000 §00.000

Mg+2 150.000 | 150.000 Frmes >
% Sr+2 20.0000 80.0000
§ Ba+2 5.00000 5.00000 | Show Balanced Column
a
il

Template M,
Anions (mg/L) = g

CH 57000.0 | 57000.0 Standard v
504-2 250.000 250.000
5
HCO31 600.000 | 600.000 ave as
Neutrals (mg/L) Balance Options
Type
Dominant Ion ~

Another thing to consider is which Balance Option to select.
Itis highly unusual for the data to be electrically neutral. Therefore, samples are reconciled for Electroneutrality.

After entering each species concentrations, you will notice that Balanced values show up in the column next to
values. The Column header says Balanced.
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pa—
> _] Variable Value | Balanced
= Cations (mg/L)
= Na+1 36000.0) 36116.0
= T8 | 300.000] 300.000
Ca+2 600.000]| 600.000
\ Mg+2 | "150.000] 150.000
= Sre2 80.0000 80.0000
S Ba+2 | "s.00000] 5.00000
2

Anions (mg/L)

CH1 57000.0| 57000.0
S04-2 250.000) 250.000
HCO3-1 600.000) 600.000

Neutrals (thL)

When adding or removing ions to balance charge, the solute mass is altered. We must decide as to whether
we keep the mass of the solution constant (thereby adjusting the amount of water) or keeping the amount of
water constant and adjusting the solution mass.

Balance Options

Type
Dominant Ion N7
Dominant Ion
Prorate Cation

Prorate Anion
Makeup Ion

Select Dominant lon balance option type.

You can review the Dominant lon Charge and lons needed to balance in the tables presented in the Summary
Box.

Summary

Unit Set. Metric (mass concentration}

Automatic Chemistry Model
Agqueous (H+ ion) Databanks:
Agueous (H+ ion)
No Solid phase(s)
Custom K-fit P-span
Stream Parameters:
Temperature (*C) [25.0000
Pressure (atm) 1.00000
Stream amount (L} 1.00000

Dominant lon Charge Balance
[eqiL):
Cation Charge 1.61776

Anion Charge -1.62280
Imbalance -5.04367e-3

Na+1 115.954
Concentration Data Only.

399



The summary box shows additional detail about the brine’s chemistry and balance option. The stream
parameters table shows default values. The Dominant lon Charge Balance shows the total cations or anions,

and the total imbalance.

Now is time to enter the measured property data in the Reconcile Tab.

Select Concentration Data Only Option
Check the Calculate Alkalinity box

Enter the measured pH (7.67), density (1.064 g/mL) and TDS (96280 mg/L)

Leave the Allow solids to form unchecked.

We will leave the Allow solids to form unchecked because generally the industry uses acid to preserve water
samples, which prevent solids to form. Acidified samples contain the unprecipitated ion concentration, which is
what we entered into the brine. In this step, we will eliminate solids because allowing solids to form would

change the brine’s composition significantly.

Calculate Brine Properties Using:
(®) Concentration Data Only

() Gas-Phase CO2 Content {mole¥s)
(O Measured pH and Alkalinity

(C) Measured pH Only

Calculate Alkalinity

Data Entry

Specs...

[] Allow solids to form

Calculate &

Properties
Temperature (*C}

Pressure (atm)

pH

Alkalinity {mg HCO3/L)
Density (g/ml}

Elec Cond, specific (umho/cm)
Total Dizsolved Solids (mo/L)

Add Charge Balance (mg/L Na+1)

Select the Calculate button or press the <F9> key

Measured

25.0000
1.00000
T.ET000
600000
1.06400

0o
56260.0

Composition Adjustments

Calculated

Calculate Brine Properties Using:
(®) Concentration Data Only
(O) Gas-Phase CO2 Content (mole%s)
(O Measured pH and Alkalinity
(C) Measured pH Only
Calculate Alkalinity

Data Entry

Specs...

[ Allow solids to form

Calculate &

Properties
Temperature (*C)
Pressure (atm)
pH
Alkalinity (mg HCO3/L)
Density (g/ml}
Elec Cond, specific (umho/cm)
Total Dissolved Solids (mo/L)

Add Charge Balance (mg/L Na+1)

Measured

25.0000
1.00000

T.67I
600.
1.

0.0
96280.0

Calculated

742804
564 260
1.06134
1.26085e5
95080.6

Composition Adjustments

115.954

Once the calculation is done, the calculated column displays results based on the concentration that were
entered in the Data Entry Tab. The calculated results of note are pH=7.43 and 564.26 mg/L as HCO3 in total

alkalinity.
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Experimental inaccuracies in sample measurement may, on occasion, result in a calculation that indicates that
solid is supersaturated. This can normally be ignored providing that the super saturation is not excessive.

Aqueous Phase Properties:

:‘?pH 7.42904
lonic Strength (mel'mol) 0.0283607
Density (g/ml} 1.06134

Calc. elapsed time: 7.905 sec.

Calculation complete

The brine is supersaturated with 3
solids:

BaS04 (Barite), CaCO3 (Calcite),
SrC03 (Strontianite)

Alkalinity: 584.260mg HCO3/L

More details of the Brine composition can be found in the Report Tab.

In the Report tab, scroll down to the Pre and Post Scaling Tendencies, where you will find the results of Scaling
Tendencies with Solids off.

Wl
Description [&¥ Design & Report L2 File Viewer
Jump b | Brine Analysis Data ~ @ 2y Customize Expart

Pre and Post Scaling Tendencies A
Scale Mineral Pre-scaling " Pre-index Post-scaling Post-index
BaC0O3 (Witherite) 7.09380e-4 -3.14912 7.09380e-4 -3.14912
BaS04 (Barite) §.22755 0.794317 §.22755 0.794317
CaC03 (Calcite) 6.35375 0.803030 6.35375 0.803030
CaS04.2H20
(Gypsum) 0.0174237 -1.75886 0.0174237 -1.75886
CaS04 (Anhydrite) 0.0142718 -1.84552 0.0142718 -1.84552
KCI (Sylvite) 7.36476e-4 -3.13284 7.36476e-4 -3.13284
MNaCl (Halite) 0.0324630 -1.48861 0.0324630 -1.48861
BrC0O3 (Strontianite) 238156 0.376861 238156 0.376861
3r304 (Celestineg) 0123629 -0.907879 0.123629 -0.907879
Brine Composition
Cations Value {mgiL} Anions Value {(mg/L}) Neutrals Value (mg/L)
K(+1) 300000 Cl-1) 57000.0
Na(+1) 36116.0 HCO3- () 500.000
Ba(+2) 5.00000 504-2 250.350
Ca(+2) 600000
Mg(+2) 150.000
Sr(+2) 80.0000
(*) This is total system carbonate including disolved COZ. THIS IS NOT ALKALINTY? 4

If we would have allowed solids to form, these concentrations would not be as close to the initial values.
Note: If scaling tendencies did not show up in the Report Tab, follow these steps:

Right click on the brine analysis icon
Select Calculation Options
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MNavigator L o+ X
. Tl
16_Brine Analys
ams Description

-1t EI™

Arrange »

Cut

Copy
Paste i
Delete 1

Rename

Add As Stream -

Clear Results -

Clear Status -

Ere
Calculation Options rt
@ Ag'—!——v—r—wplmm%rr

Enable Pre-scaling Tendencies

Calculation Options - Brine-2 ?

ScaleChem Calculation Options 5 caleChem Convergence

General Diagniostics
show status dialog [JEnable trace
Verbose

Optional Properties
Diffusivities and Mobilities

[ riffusivities Matrix
Viscosity
Electrical Conductivity
[1Heat Capacity
Activities, Fugadities, and K-Values
[ Gibbs Free Ebrgy
[CJEentropy
Thermal Conductivity
Surface Tension
Interfadial Tension

Pre-scaling Tendencies 9
Method

() Estimated (®) Rigorous
Cancel Apply

Help

Task 2 — Create a Scaling Scenario

The next task is to calculate the brine scaling tendencies. Once the Brine Analysis data is entered and
the sample reconciled, we can begin the Scaling Scenario calculation.
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1. Select Add Scale Scenario from Actions panel.

Actions

Actions
Add Brine Add Oil
Analysis Analysis

Add Scale
Scenario

¢

ﬂ_

Add HC
Saturator

Add Scale
Contour

o~
o
({1 T
Add Gas Add
Analysis Saturator
AT 4
() i

Add Mixing Add Facilities
Water

Once we add a Scale Scenario object, the software opens to a new Design screen containing three
vertical tabs: Inlets, Conditions, and Solid. We will work in each of these sections to set up the

scaling calculation.

Description Design i Plot [l Report U2 File Viewer

J Type

=select=

Inlets

Canditions

Detail Info of Selected Inlet Name

Name Flow

Solid

J Component

Value (maollhr)

Click in the Name field. As you position the cursor in the field, a Down Arrow will appear. You

can then select from a list of brines, gases or oils already entered into this think simulation |

Inlet Tab
Type You can select the brine, gas or hydrocarbon of interest
Name
getting the chemistry right document.
Flow Enter the flow rate for the gas, hydrocarbon or brine.

2. Click on the Description tab and rename the Scale Scenario as “Brine Scale Scenario”.

3. Then click the Design tab.

Your screen should now look like image below.
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B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %

OwiE By @ T K Ay va So2 Re |5 oo omE o s MEr O REE
Mavigator L o x E
Chapter 16_Brine Analysis*
4} Streams Description [£¥ Design il Plot [l Report L3 File Yiewer
m‘ Brine-2
-} Brine Scale Scemario
% ‘E J Type Name Flow Calculste @
: .-
= [ calculate Alkalinity
Summary
o
c
= Unit Set: Scale Metric
2
o Automatic Chemistry Model
= Agueous (H+ ion) Databanks:
Agueous (H+ ion)
Custom K-fit P-span
Z | Detail Info of Selected Inlet Name Atleast one inlet should be selected.
- @ J Component Value (mol'hr) Selected Solids:
':c;_ans 2 ob N Soiid Selected
’_IOHS—‘ Calculation not dene

4. Select the Inlets tab
5. Select the right corner of the first cell in the Type column then select Brine (bbl/day). You may need to

change units by clicking the blue hyperlink.

Name Flow

Detail Info of Selected Inlet Name
J Component Value (mol/hr})

Solid/ Conditions/lnlets

6. Select Brine from the drop-down menu in the Name column.

Description Design [jll Plot [ Report L3 File Viewer

J Type Name Flow
Brine

Inlets

=selects

7. Enter 1400 (bbl/day) in the Flow Column. Please change units if necessary.

Conditions Tab

8. Select the Conditions Tab (vertical blue tab on the left-hand side of the Design screen)
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Description Design il Plot [ Report L3 File Viewer

I J Laocation Temperature (| Pressure (bar) | Drop Solid
= || [<Enter Location Name= |
w
=
]
=
5 3
=]
(%]
=
& Auto Step Sort Zoom
Steps: - | G0 TP =Nl |

The Conditions section is where we enter points along the production scheme. The first column is Location.
We can use the dropdown menu in each row to select a location or type in our own location name.

9. Type in the following conditions or use the dropdown menu within the Location cells.

Scale Scenario Locations

Reservoir 125 275
Bottomhole 125 280
Downhole 115 190
Midwell 105 130
Wellhead 100 100
Choke 90 80
Separator 60 30

The diagram within the Conditions screen and the list of locations in the Summary window both show the
locations in the order that we entered. This screen has options for zooming, auto steps, sorting by temperature
or pressure, and dropping solids at specified conditions.
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@ J Location Temperature (°C) Pressure (bar) Drop Solids
@ N
= Reservoir 125.000 275.000 O
Bottom hole 125.000 280.000 O
" Downhole 115.000 180.000 O
g Widwell 105.000 130.000 O
% Wellhead 100.000 100.000 D
= Choke 90.0000 £0.0000 O
o Separator 50.0000 30.0000 O
<Enter Location Name=
-
& Auto Step Sort Zoom
Steps: | 7 ||Go T P =N |

Reservoir E:“Tm Downhole Midwell

T:125.0 - T-ﬁfn » T:115.0 » T:105.0

P:275.0 Pj,;;'n P:190.0 P:130.0

:280.

Wellhead Choke Separator

T:100.0 o T:20.0 o T:60.0

P:100.0 P:20.0 P:30.0

£ >

Calculate @

[ calculate Alkalinity

Summary

Unit Set: <Customs=
Automatic Chemistry Model

Agueous (H+ ion)
Excluding 74 =olid phases
U=ing K-fit Polynomials

T-span: 25.0 - 225.0

P-span: 1.0 - 1500.0

Inlets:
Brine (bbliday) Brine| 1400.00

Locations Temr.:lerattl.;(r:eJ Pr
Reservoir 125.000
s;'g”m 125.000
Downhole 115.000
Widwel 105.000
Wellhead 100.000
Choke 90.0000
Separator 50.0000

Selected Solids:
No Solid Selected.
Calculation not done

The graphical view clearly shows the five locations and their Temperature and Pressure conditions.

Agquecus (H+ ion) Databanks:

essure
(bar)
275.000

280.000

150.000
130.000
100.000
80.0000
30.0000

The Drop Solids checkbox column is designed to help the users decide if they want to carry forward solids from

certain locations or not.

Solid Tab

10. Select the Solid Tab

11. Make sure that the solid button in the menu bar is selected.

Ad va So b |Re & ' o

12. Select the Standard checkbox
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Solids Selection
g (Barite)

CaCo3 (Caldte)
Cas04 (Anhydrite)
Cas04.2H20 (Gypsum)
MaCl (Halite)

[w] srs04 (Celesting)
=[] Expanded

B[] Al

Solid I*onditions/lnlets

13. Press the Calculate button of select the <F9> key
14. Select the Plot Tab

You can customize which curves are visible by selecting the Variables button.

Description &3 Design il Plot 5l Report L2 File Viewer

| a & & [&][§] [ vwow e

26 T T T
24 '\o\k §
22 - n
—&— CaC03 (Calcite) - Sol Pre-scaling tef cy [Pre-ST]
20 |- — 4 CaCO3 (Aragonits) - Sol Pre-scaling tendency 4
2 18 —m— SrCO3 (Strontianite) - Sol Pre-scaling tendency [Pre-ST)]
g —4— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST]
@
= 16 | —— MgCO3 (Magnesite) - Sol Pre-scaling tendency [Pre-ST)] .
K
@
c 14 _ 7
E A T A——
@
s 121 i
o
T 0 E
=
E
DD 8 L\\) .
6 L e S — S o
—
4k i
2 + e % n
0 e —— - = ; — —r —
%, % K %, %, % %
e 5, ) By % %, 5,
L % &l W %, @ 3,
Op %, g o G

15. Select the View Data button

@ ::'-a. ﬁm = [E] | Wiew Data Wariables Options

The View Data button shows the pre-scaling tendency at each location. We can copy the results of this table to
a program like Excel by selecting the top left cell then selecting <CtrI>+<C> on the keyboard.
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Task 3 — Create a Gas Analysis

Double click on the Add Gas Analysis object in the Actions Panel

A by W oe =
Adions |
I —
0 T R
Add Serearm  Add Mosr  AddWaster | Add EVS Add Brang
Arabysis  Caltulstion  Analyn
,'4";1. i s
| | F Lk €
Audd Ol Add Gas Ausd Al Szale Al Scale
Anakyn Anahyen Saturstoe Sceraria Contour

\‘I :l_t &i_
Add Mzong  Add Facdied Add HT
Wi yber Seturptce

This adds a Gas object to the Navigator panel.

Select the Description tab, then rename the object Gas Analysis.

Navigator Lo % &

Chapter 16_Brine Analysis® |

o8 Streams Description Design Defin
(- Tgb Brine

: Jg# Brine Scale Scenario
L5 Gas Analysis

Mame: |Eas Analysiz

Enter the following composition and values in the Inflows grid:

Gas Analysis

H20 Water 1.80 C3H8 Propane 8.00
N2 Nitrogen 3.00 i-C4H10 Isobutane 1.00
CO2 Carbon dioxide 1.50 n-C4H10 n-Butane 3.00
H2S Hydrogen sulfide 0.50 i-C5H12 Isopentane 0.50
CH4 Methane 65.5 n-C5H12 n-Pentane 0.70
C2H6 Ethane 14.0 n-C6H14 n-Hexane 0.50

The Inflows grid will look like one below..

& Description [E¥ Design [&¥ Definition [ Report F File Viewer

w || Component Value Normalized Entry Options
E Subtotal: 100.0] Subtotal: 100.000/  Units
E [ ho 1.80000 1.80000 mole % v
BE 3.00000 300000 | gy
[ coz2 1.50000 1.50000
- Formula v
= 0500000 0500000
Sl [ cne 85,5000 Gssoop | IShowNon-zero Only
- [ cae 14.0000 140000 [¥1Show Nermalized Column
[ caus 8.00000 BODOOD | rorte Manager
[ icant0 1.00000 1.00000
[ ncanio 3.00000 3.00000 Standard e
[ icsh2 0500000 0.500000 E—
[ csiiz 0.700000 0.700000
[ ceH14 0500000 0.500000
Makeup ~
Group Manager
[Juse Groups Add
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This is the extent of the gas entry step. There are modifications that can be part of the gas analysis entry step
(in the Reconcile Tab), but in this case, they are not considered. Now that the gas is entered, the scale scenario
considered in Task-2 will be recomputed.

Description @ Design [£¥ Definition [g] Report L3 File Viewer

Summary
o] Component Normalized | Reconciled Ga Caloulate &
E Subtotal: 10 Subtotal: 100.0 Unit Set: Metric (mole fraction)
£ H20 180000 175845 | Concition
- Saturate With N Automatic Chemistry Model
Nz 3.00000 3.00133 e ' one T Agueous (H+ ion) Databanks:
2 coz 1.50000 1.50066 vy Agueous (H+ion)
z = — — | conditions Value Second Liquid phase
= 7 = Temperature (*C) 5.555 Custom K-fit P-span
5 5 55
5 it o5 500 S Pressure (atm}p 1.00231 Stream Parameters:
C2he 14.0000 14.0062 Temperature (*C}|15.5556.
caHs 8.00000 8.00355 Pressure (atm) | 1.00231
i-C4H10 1.00000 1.00044 -~
Show Non-zero Only Makeup Mormalization: CH4.
CHIN ER0000 ITTED Equilibrium Calculation.
CSH12 0.500000 0.500222 Phase Amounts:
csH12 0.700000 0.700310 Aqueous (mol) |0.0843276
c6H14 0.500000 0.500222 s | Vaper (meh 99.9557
k Solid (mol) 0.0
2nd Liguid (mol) 0.0
Aqueous Phase Properties:
pH 475178
lonic Strength (melmel) 3.20591e-7
Density (g/ml} 0999257
Calc. elapsed time: 0.846 sec.
Calculation complete

Task 4 — Recalculate Scale Scenario with Gas
The gas analysis will be added to the Scale Scenario so that it is considered during the scale evaluation.

Select the Brine Scale Scenario icon in the navigator panel

b“‘ Streams
&gy Brine
i d:\\grle Scale Scenario

&2 Gas Analysis

Select the Design Tab (horizontal tab) if not automatically sent there
Select the Inlets tab (vertical) if not automatically sent there
In the Type Column Add Gas

Type Name Flow
Brine (bbl'day) Brine 1400.00

In the Name column select Gas Analysis

J Type Name Flow
Brine (bbliday) Brine 1400.00
Gas (=td E3m3/day)

=select=

L

Enter a flowrate of 250 std E3m3/day in the flow cell
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H Type Name Flow
Brine (bbl'day) Brine 1400.00
Gas (=td E3m3/day) Gas Analysis 250.000

=select= hd

Calculate (Press <F9>)
Select Plot Tab

& Description [£¥ Design 0 Plot [ Report 3 File Viewer

\ aala ViewDats .

—#—BaSO4 (Barte) - Sol Pre-scaling tendency [Pre-ST]
— 4 CaCO3 (Calcte) - Sol Pre-scaling tendency [Pre-ST]

—m— CaCO3 (Aragonite) - Sol Pre-scaling tendency [Pre-ST]
28r — & SrCO3 (Strontianite) - Sol Pre-scaling tendency [Pre-ST] [ ]

SrS04 (Celestine) - Sol Pre-scaling tendency [Pre-ST]

Dominant Pre-scaling Tendencies

Select Variables button
Remove all the variables from the Y1 Axis and the Y2 axis by double-clicking on the variables (this removes
them from the list). Alternatively, highlight each variable and click on the double-arrow.

You will replace the existing variables with the calcite pre-scaling tendency.

Expand the Pre-scaling Tendencies button by clicking the + sign
Double-click on the CaCO3 (Calcite) variable to move it to the Y1 Axis
Expand the Additional Stream Parameters and add pH to the Y2 axis
Click OK

Select Data To Plot ? *

Curves

Thermodynamic Properties ~ X Ais

- Pre-scaling Tendencies 5> | |Locations

i.- Dominant Pre-scaling Tendencies

i BaS04 (Barite) - Sol Pre-scaling tendency Y1 s |
FC4C03 Calete)- Sl e scaingencenc

-CaS504 (Anhydrite) - Sol Pre-scaling tendency

-Ca504 2H20 (Gypsum) Pre-scaling tendency

- NaCl (Halite) - Sol Pre-scaling tendency i

.. 5504 (Celesting) - Sol Pre-scaling tendency ce

- Vapor 2 Axis |

>

Solids
Standard ~

[ Use short names
Hide zero species Z Mais
Plot data which is only within temperature range e

0K Cancel Apply Help
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If you are in the View Data view, then the table should be similar to the one below.

CaC0O3
(Calcite)
Pre-scal

ng
tendenc
y Scaling
Tendeng

¥
Pre-5T

Reservoir |0.705312 (561211
Bottom hole | 0.6948%1 |5.60661
Downhole |0.655192 | 5.67654
Midwell | 0.604697 | 5. 74006
Wellhead |0.616784 |5. 79763
Choke | 0.500689 |5.81369
Separator | 0.365394 | 5.96305

Locations pH

=dfcnon | e fea ) pa)|—=

Calcite is sub-saturated (S<1) at all locations.
Select the View plot button

The decreasing calcite saturation trend and the increasing pH is easier to see from the plot view.

Description &3 Design il Plot 5l Report L2 File Viewer

052 1 7 \ 576
050 F 1

vis & \ 157
- : 1572

‘ @ 3 9 =] | ViewData ariables Optians
oo 5.96
ek B A 5-55
068 [ "~ N b

g 0.66 - +CEC03(Ca\cﬂe)E‘ﬂa&e‘-scalingtendenw[Pre—ST] J 592
£0r A e ™~ 1590
. 062 - e _{_4\ ; 1588

£ /

s 060 - - \ 1ess
B AN

& 058 N\, - 584
2os6l NS \‘ 1582

g — 4

G 054 A N 580 _
. ] A {578 T
o

=

w

T
5 046 - \ 70
= 0.44 - \ lees
G 042 e \ 4 566
© g4 ‘ AN Jses
038 - . e \ 4562
0.36 B 4 580
034 = L L '47 Iﬁp 'c 558
%@4, (%"’0 > %,“% '6% % %, % %
% %, % i B &,

Task 5 — Creating a Saturator Object

You will use the Saturator object to set the reservoir minerals at equilibrium with the produced fluid. It is
reasonable, in some cases, to saturate the produced fluid with common evaporite and secondary minerals like
CaCO03, CaS04.H20, FeCO3, and NaCl. This assumes that as the reservoir fluid flows through the rock pores,
there is sufficient time to interact with the surface minerals. This is based on a second assumption that the
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vertical column of liquid and gas are in complete equilibrium and that the saturating minerals are distributed
throughout the reservoir matrix, such that complete water-mineral contact is possible.

In this case we are going to simulate a particular oil & gas well: ABC. This well produces from calcite-cemented
sandstone. Barite is also present in minor quantities in the rock matrix. You will, therefore, create a reservoir
called ABC Reservoir and saturate the Brine (previously calculated) with calcite and barite. You will then
recalculate the Brine Scale Scenario.

1) Add a Saturator Object

Actions L
Actions

2
== = = = HE

Add Stream  Add Mixer  Add Water  Add EVS Add Brine
Analysis Calculation  Analysis

w D F | @

Add Qil Add Gas Add Add Scale  Add Scale
Analysis Analysis Saturator Scenario Contour
AT 4 &
v
Add Mixing  Add Facilities  Add HC
Water Saturator

2) Select the Description Tab to rename the Object Reservoir

Mavigator L X

=
Chapter 16_Scale Scenq\rio with £
& Streams b Description Design [ Report U F
- @ Brine
N R iled-Brine-1

X Reconciled-Brine Mame: |Hesewoir | D

1L Brine Scale Scenario
+-%g7 Gas Analysis
.33 Reservoir

3) Select the Design Tab

Description (¥ Design [B] Report 3 File Viewer

n
3 J Type Name Flow Calcylate @
=
= [ caleulate Aksirity
Summary
=
=}
w Unit Set: Scale Metric
Automatic Chemistry Model
Agueous (H+ ion) Databanks
Aqueous (H+ ion)
Custem K-fit P-span
| BRI LETE Atlsast one inlet should be selscted
Temperature (*C} for Reservoir.
Pressure (bar) Selected Solids:
Calculation not done
Detail Info of Selected Inlet Name
J Component Value (mol/hr)

The Saturator has two vertical tabs: Inlets and Solid.

In the Inlets Tab the Fluids are entered in the top grid and the Conditions are entered in the bottom grid.
Solids are selected and saturated in the Solid Tab.
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4) Enter the Brine calculated in Task 1 (see the image below for the flows)
5) Enter the Gas calculated in Task 3 (see the image below for the flows)
6) Enter the Reservoir conditions: 125 C and 275 bar in the conditions section.

Description & Design [ Report 2 File Viewer

s
g J Type Name Flow Calculate
g aday)
= Brine (m3/day) Brine 200.000 [ Calculate Akalinity
Gas (std E3m3/day) Gas Analysis 250.000
Surnmar
4 <select> i
=
2] Unit Set: Scale Metric
Automatic Chemistry Model
Aqueous (H+ ion) Databanks:
Aqueous (H+ion
Second Liguid phase
Conditions Value Excluding 83 solid phases
Temperature (*C) 125.000 Custom K-fit P-span
Pressure (bar) 275.000 Inlets:
Brine (m3iday) Brine 200.000.
Gas (std Gas.
Detail Info of Selected Inlet N 5
etai : of Selec nlet Name E3maiday) Analysis| 250.000
J Component Value (mole %)
Warning: no solid selected for
Reservoir.
Selected Solids:
? | Calculation not done

The Saturator’s calculate button is yellow. This is because solids have not been selected yet. A warning also
appears in the summary box. A yellow button is allowable, and a calculation may continue; it is merely a warning
that the case is incomplete.

7) Select the Solid Tab (vertical tab)
8) Select the Standard checkbox

This last step instructs the software to allow the selected solids to precipitate — to include solid-liquid equilibrium
equation in the calculation. It does not instruct the software to saturate these solids. Rather, if the phase is
supersaturated, then it will precipitate. It is in the lower section that saturated solids are chosen.

This section contains two columns. The first (Solid) is the mineral to be saturated, and the second (inflow) is
the cation and anion to be adjusted. If, for example, Barite is subsaturated in the existing fluid, then Ba+2 and
S04-2 are added. The amount of each added is stoichiometrically equivalent; one Ba+2 with one SO4-2, which
maintains charge balance. If, for example, (again) Calcite is supersaturated, then equal mole amounts of Ca+2
and CO3-2 will be removed from the fluid. This inflow will be positive if the solid is subsaturated in the existing
fluid, or it will be negative if the solid is supersaturated.

9) Use the Solid drop-down menus to select BaSO4 (Barite) and CaCO3 (Calcite) as solids to saturate
10) Use the Inflow drop-down menu to select BaSO4 and CaCO3 as solids to saturate (it should have been
selected automatically).

Reservair Mineral Saturation Section

J Mineral to saturate Inflow to vary
BaS04 (Barite) BaS04
CaC03 (Calcite) CaCo3 -
<Select Solid= 4[&

At this point, the Calculate button is green indicating that the specifications are complete.

11) Calculate (or press the <F9> key)
12) Click the Report tab
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The Saturator Report tab contains several tables: Saturation Details, Inlet Summary, Stream/Phase Properties,

Pre and Post Scaling Tendencies, Brine Composition, Gas Composition, and if selected an inlet summary.

Scroll down to the Pre and Post Scaling Tendencies Table

Pre and Post Scaling Tendencies

Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale Post-Scale Post-Scale
ma/L 1b/1000bbl 5, 8T Sl, Index 5, 8T Sl, Index
Ma(OH)2 Brucite 4.98480e-4 -3.30235 4.9847%e-4 -3.30235
MaCl Halite 0.0 0.0 0.0245553 -1.60985 0.0245553 -1.60985
Baso4 Barite 2 64658e-5 9.27644e-6 1.00000 1.82516e-6 1.00000 0.0
Srs04 Celestine 0.0 0.0 0148191 -0.829178 0.148191 -0.829178
Srco3 Strontianite 0.209852 -0.678087 0.209852 -0.678087
CaCo3 Calcite 1.13495e-5 3.97806e-6 1.00000 -4.82687e-8 1.00000 0.0
KCl Sylvite 2.14382e-4 -3.66881 21438204 -3.66881
CaS04.2H20 Gypsum 0.0 0.0 0.0179366 -1.74626 0.0179365 -1.74626
Cas04 Anhydrite 0.0 0.0 0.0934633 -1.02936 0.0934633 -1.02936

Excess solute or Max Scale: The =olids amount forming at equilibrium,

Pre-Scale: The saturation ratio before solids precipitate.

Post-Scale: The saturation ratic AFTER solids precipitate (if solids are selected).

S, ST — Saturation, Scale Tendency: The ratio of the concentration (activity) to its solubility (S=1).
51— Scale Index: Log(S).

The Excess Solute column shows that trace amounts of BaS0O4 and CaCO3 are present in the water. These
exceedingly small values (in the parts-per-trillion range) are the specifications or targets for the calculation. The
software sets these target solid concentrations and then adjusts up or down, the BaS04 and CaCOg3 inflows
until it reaches these targets. These part-per-trillion values may look arbitrary, but in fact the values are
equivalent to 1e-10 moles of solid/kg water.

Notice also, that the pre-scale tendency for BaSO4 and CaCQO3 are set to 1.0, by saturation definition. That is,
these are not calculated, they are defined. The remaining scale tendencies are computed.

Task 6 — Recalculate the Scale Scenario with the Saturated Reservoir

Considerable time is spent creating what is hoped to be a more representative brine. The Brine is reconciled
for charge balance, and where needed, alkalinity and pH; the gas is saturated with water as needed (though
not done in this case), and lastly the fluids are set to equilibrium with important reservoir minerals. It is only after
these steps are complete, and that there is confidence that the assumptions and calculations are representative
of the process, that a final scaling calculation is run.

The Reservoir calculation contains the representative fluid. It is, therefore, the output of this calculation that
will be used in all subsequent calculations. To access this output, a new Type of fluid, Whole Fluid is defined.
The Whole Fluid type represents 100% of the contents of a previous calculation, regardless of phase.

You will use the Whole Fluid from the Reservoir to rerun the scaling calculations.

Select Brine Scale Scenario in the Navigator Pane and rename it Reservoir Scale Scenario

Select the Design tab

In the Inlets tab in the Type column delete the Brine and Gas from the Type column (click the small gray box
to the left of the name which will highlight the entire row, then press the delete key)

Add Whole Fluid

In the Name column select Reservoir

In the Flow column select <Automatic>
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Description Design il Plot [ Report L File Viewer

] J Type Name Flow
% Whole Fluid (m3/day) | Reservoir
= <gelect=

Note: The Whole Fluid type refers to all the phases within the fluid. The Automatic option takes the final flow
rate phase of the separator and automatically enters this as the flow rate in the Scale Scenario calculation.

Go to the Solid tab and make sure that the Standard box is checked

Solids Selection

Bas04 (Barite)

CaCo3 (Caldte)
Cas04 (Anhydrite)
Ca504.2H20 (Gypsum)
MaCl (Halite)

5r504 (Celesting)
+1-[7] Expanded

[ A

Inlets

Conditions

Calculate (Press <F9>)
Select Plot tab and select View Plot (note: you may have to delete the existing entry and then reselect the
dominant pre-scaling tendencies from the variables list)

Description &3 Design il Plot 5l Report L2 File Viewer
‘ a a & = | WiewData ariables Options

24 T T T

22 1

20+ —&— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST] B
4 CaCO3 (Calcite) - Sol Pre-scaling tendency [Pre-ST] [}

186 1

—m— CaCO03 (Aragonite) - Sol Pre-scaling tendency [Pre-ST]
—4— SrCO3 (Strontianite} - Sol Pre-scaling tendency [Pre-ST]

SrS04 (Celestine) - Sol Pre-scaling tendency [Pre-ST]

Dominant Pre-scaling Tendencies
]
T

1.0 ~
0.8 ~
0r S ]
—— —a
04 b — T
02f e ———————__, .
0.0 L L L . L
N & 3 % f'f» % .
3 % K ", 6% ) kS
2 4, g - = LN

The Saturator is a tool for normalizing the thermodynamics of a reservoir system. The purpose of this calculation
is to apply the constraint of solid-liquid equilibrium on a system to create a specific compositional starting point.
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The basis of this calculation is that water in the pores of a rock matrix is at equilibrium with the mineral surface.
Some questions to consider are whether it is reasonable to assume that a reservoir gas, oil, water, and rock
are in equilibrium. Furthermore, we should also consider over what vertical and radial distance we can make
this claim.

Regardless of the inconsistencies, the industry widely accepts this approach. It is up to the analyst to decide if
the Saturator produces a more representative fluid than the original data.

Task 7 — Add a Contour Diagram

An alternative to the Scale Scenario calculation is the Contour Diagram. The conditions defined in the Scale
Scenario are specific to production locations, and generally no more than ten are entered. By comparison, the
conditions defined in the Contour Diagram are a range of temperatures and pressures. The object then
computes a matrix of temperature and pressure conditions and creates a presentation-quality contour diagram.

Add Scale Contour
Rename the Object Contour Reservoir

Navigator L el
Chapter 16_Scale Scenario with E|
6_‘5 Streams Description Design (il Plot 03
= E’ Brine
@ Reconciled-Brine
+@ Reservoir Scale Scenario
+@ Gas Analysis
+"§? Reservoir
Contour Reservair

Mame: “:nntnur Reservoir |

Description

Select the Design Tab

Select the Inlets (vertical) tab

Select the bottom right corner of the 1st cell in the Inlet grid and choose Whole Fluid
Select Reservoir in the 2nd column

Keep the <Automatic> flow rate option in the 3rd column

Description &% Design [l Plot (3 File Viewer

Type A Name Flow
‘Whole Fluid {m3/day} Reservoir <Automatic> j
=selects

Inlets

Click Conditions (vertical) tab

The minimum and maximum conditions are at the Separator 60C, 30 bar and Reservoir 125C, 275 bar. These
are the start and end range of the study. To create a reasonable number of calculations (~300) and to keep the
matrix somewhat symmetric, we will use increments of 2 C and 10 bar.

Change the Start to 60
Change the End to 125
Select the Increment radio button
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Enter 5 as the increment

Uncheck the Log box (if it is checked)

In the Pressure Range box, change the Start to 30

Change the End to 275

Select the Increment radio button (uncheck the Log box first)
Change the Increment to 10

Description Design [ili Plot CJ File Viewer

Temperature Range

[teg L ~
o Start (® Increment
= -m
S
= End 125.0 (O Number Steps 13
2 [ w2s0]
S
© Pressure Range
= Llteg bar ~
& Start (®) Increment
End 275.0 (O Number Steps 25

This produces a matrix of 13 temperature and 15 pressure steps. This produces a 14x16 matrix, or 224
calculations.

Temperature Pressure

Units: *C bar
Start 60.0/ 1.01325
Stop 125.0) 10.1325
Step Size 5.00 080795
No. Steps 13.0 15.0
Calculations. )

Select the Solid Tab

Check the Standard box

Calculate. The calculation should take less than 5 min to complete
When calculation is done, go to the Plot tab
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& Description ¥ Design @l Plot (3 File Viewer

‘ a s ® ViewData || Variables || Options

Total Solid Concentration [mgsL]

Pressure [bar]

Temperature [°C]

The default plot is the total solids forming. The color scale represents a different numerical range. The red cells
indicate heavier solid precipitation, and the faint purple-white in the center and left of the screen indicate that
little to no scale forms. The upper right corner is the Reservoir conditions (125C and 275 bar). The lower left
represents Separator conditions (60C and 30 bar). At both points, minimal solids are computed to form. The
fluid traveling through the piping traverses this plot as temperature and pressure decreases. Layering
production conditions (e.g., early to late life) over this plot provides an indication as to whether production will
be at risk now or in the future. For example, if the pressure decline is significant (e.g., 60 bar), then the fluid will
be unstable at the higher temperatures (bottom of well).

Overview of Brine, Gas and Oils and Introducing Mixer, and Saturator Objects

Other calculation options include the ability to mix waters at user specified ratios to find compatible waters, and
the ability to saturate a water with respect to one or more solids to simulate reservoir conditions.

This chapter will cover the same calculation objects using fewer instructions and will introduce Mixing, Saturator
and Facility Calculations. Its purpose is to reinforce what was learned in the previous chapter and to promote
anticipation of next steps when using the interface.

Task 1 — Add a Brine

Add a Brine Analysis from the Action Panel
Rename the Brine in the Description Tab, and name it WTXWTR
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Mavigator PR

Documentt* | b
6: Streams Description Design [
...... T WTXWTR

Name: [WTXWTR

Description

West Texas Water Supply

Go to the Design Tab and enter the following composition in the Data Entry (vertical) tab:

Name: WTXWTR
Type of water: Aquifer Water
Comment: West Texas Water Supply
Species Concentration
Na* 3074 mg/L
Ca* 910 mg/L
Mg*? 249  mg/L
Fe*2 0.77 mg/L
cr 4474 mg/L
S042 2960 mg/L
HCOs 439 mg/L
HS 146.2 mg/L

Check the Show non-zero Only box (under Entry Options)
Go to the Reconcile (vertical) tab
Select the measured pH and alkalinity Option
Enter the following conditions (change units if necessary)
e To change units just click on the hyperlink next to the variable that you want to change.

Temperature (2F)
Pressure (ps

=

Temperature 77TF

Pressure 14.7 psia

pH 7.98

Alkalinity end Point pH 439 mg/L as HCO3-
Titration pH 4.5

Density (will be estimated)
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7

Calculate Brine Properties Using:
(O Concentration Data Only

(O Gas-Phase CO2 Content (mole3t)
(®) Measured pH and Alkalinity
(O Measured pH Only

Calculate Alkalinity

Data Entry

Specs... Calculate &8

[ Allow solids to form

Summary

Unit Set: <Custom:

Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H )
No Solid phase(s)
Custom K-fit P-span

Stream Parameters:

Reconcile
a

P rti M d Calculated
Ioperhies EasuIE I alculate Temperature (°F) |77.0000
Temperature (°F} 77.0000 "
.P == A0 - Pressure (psia) | 14.7000
Essire esa) : Stream amount (L)|1.00000
pH 7.98000 3
T Domi tlon Ch Bal
Alkalinity (mg HCO3/L) 439.000 Ieoqrjl::_l;‘!an e
| Alkalinty End Point pH 450000 | Cation Charge| 0199638
| Density (gimi) 0.0 Anion Charge | -0.199435
Elec Cond, specific (pmho/cm) 0.0 Imbalance 2.02957e-4.
| Total Dissolved Solids (ma/L) 0.0 | lon{s) needed to balance {mgiL):
Composition Adjustments Cl-1/7.185
Added titrant (mo/L) Measured pH and Alkalinity.
| Add Charge Balance (mg/L C-1)
Click the Calculate Button
Task 2 — Add a Second Brine
Add a Brine Analysis, name it SSC-Brine
Enter the composition given below in the Data Entry (vertical) Tab
&7 Description &¥ Design [ Report LF File Viewer
= B Variable Value |Balance |~ Entry Options
i Cations (mg/L) Lnite
= Na+1 20400.0 | 20400.0 mall »
E K1 402.000 | 402.000
(= Display
cas2 3800.00 | 3800.00
Mg+2 829.000 | 329.000 Pz ¥
= Sre2 152000 | 152000 [ 8how Non-zero Grly
E Ba+2 0.70000 | 0.70000 (7] Show Balanced Column
® Fes2 9.50000 | 8.50000
Template Manager
Anions (mgiL) Standard v
[ 370000 | 389347
5042 2200.00 | 2200.00 Save as.
HCO3-1 0.0 0.0
B(OH)4-1 4.00000 | 4.00000 Balance Options
HE-1 00 00 T
C2H302-1 715.000 | 715.000 ommanton »
Neutrals (mgiL)
coz 0.0 00
H2s 00 00|y

Go to Reconcile tab

Select pH and Alkalinity calculation type, and enter the information provided in the figure below.
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Description Design [ Report 2 File Viewer

% Calculate Brine Properties Using:
= (O Concentration Data Only Specs... Calculate &
Z () Gas-Phase CO2 Content (mole %)
(=] (®) Measured pH and Alkalinity [ Allow solids to form
(C) Measured pH Only

= Calculate Alkalinity
2
§ J Properties Measured Calculated
o Temperature (*C) 25.0000

Pressure (atm) 1.00000

pH 7.10000

Alkalinity (mg HCO/L) 715.000

Alkalinity End Point pH 4.50000

Densty (9

Elec Cond, specific (pmho/cm) 0.0

Total Diszolved Solids (mg/L) 0.0

Composition Adjustments
Added titrant (mg/L)
Add Charge Balance (mg/L CH1)

Click the Calculate button

Task 3 — Add a Gas

From the Actions Panel click on Add Gas Analysis
Input the name in the Description tab. Name it LightHC

MNavigator L o+ X

i
Document1* | &
4 Streams Description &% Design
- Tgh WTXWTR
-2 LightHC Mame: |LightHC
I} Description
|

Go to the Design Tab and enter the following composition in the Inflows (vertical) tab
Enter the following composition:

Component Composition

Carbon dioxide (CO2) 10 mole %
Water (H20) 15 mole %
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Description Design Definition (5] Report LI File Viewer

-
w Component Value | Normalized| Entry Options
E Subtotal: | Subtotal: 10 Units
E H20 15.0000 15.0000 miole % o
P\ Nz 0.0 0.0 Display
coz 10.0000 10.0000
- Farmula w
O HZ3 0.0 0.0
s [C]Show Mon-zero Only
= v CH4 0.0 75.0000
& CoHE 0o 00 Show Normalized Column
C3He 0.0 uy Template Manager
FC4H10 0.0 0.0
n-C4H10 0.0 0.0 Standard e
FCSH12 0.0 0.0 FmaE
C5H12 0.0 0.0
C5H14 0.0 0.0
Mermalize Options
Makeup w
Group Manager
h [ use Groups Add

think simulation | getting the chemistry right will assume that all of the hydrocarbon gas is methane (CH4). So,
in this case the software normalizes the gas adding 75 mole% of CH4.

Go to the Reconcile (vertical) Tab

,@-’

a
Component Normali| Reconcile Calculate o |
Subtota| Subtotal:
Hz0 150000 175784 Conditon
coz 10.0000| 11.5567 | Saturate With
CH4 75.0000 | 866854 Condibons Value
Temperature (*C) 15.5556
Pressure (atm) 1.00231

Show Mon-zero Only

Leave the default conditions for Temperature and Pressure
Calculate
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Task 4 — Add an Oil

From the Actions Panel click Add Oil Analysis.
Enter the name in the Description Tab. Name it O/L-1

Mavigator
Document1*

3
X

&
|

6: Streams

Go to the Design tab
This tab is divided into:

Description Design [ Report |

Name: [DIL-1

Diescription

Combined Tab: Here pure components (organic and inorganic) are entered.

Pseudocomponent Tab

Assay Tab: Here distillation curves are entered.

Reconcile Tab

For this example, we will enter pure component and pseudocomponent data.

Go to the Combined tab
Enter the following composition:

Methane (CH4)
Hexane (C6H14)
Cco2

20.53mole %
8.595mole %

6.09mole %

Note: You will have to scroll down to find the CO2 entry.

Entry Options
Units

Display

Formula ~

ow Non-zero Only

Show Normalized Column

Template Manager

Standard ™
SaEve &s...

Normalize Options

|

Prorate

[ ]
‘ Description | & Design |[§ Report I i File Viewer|

Co_mponent | Value | Normalized |

e Inflows Subtota Subtotal: 100.0

= |

= H20 | 0.0 | 0.0 |

E CH4 | 20.5300 | 58.2990

© CEH14 58500 24,4072

coz EBEI!?I]EII]_ 17.2938

E

a

o

o

-

3

-

o

o

=

o)

@

n

<

2.

o

c

g

o

@

o

Summary

Automatic Chemistry Model
AQ (H+ ion) Databanks:
Public
Second Liguid phase
Custom K-fit P-span
Stream Parameters:
Temperature (*C)| 15.0000
Pressure (atm) | 1.00000

Prorate Mormalization.

Inflowes: 100.000
Pseudecomponents: 0.0
Assay; 0.0

Equilibrium Calculation.

Unit Set: Metric (mole fraction)

Normalized Summary (mole %):
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Go to the Pseudocomponent tab

Description Design [ Report L3 File Viewer

=
b
2
£
£
5
(&)

o,

=]

Assay

Reconcile

Component Molecular
P Weight

<Enter a na

Nomal
Boiling Specific Thermo

Value
Point (*C) Gravity Method {mole %)

Add the following pseudocomponents:

PC1 98.43 100.21 API 27.57
PC2 170.34 216.32 API 29.35
PC3 282.55 343.78 API 719
PC4 506.0 645.00 API 0.68
The completed input looks like this:
Description Design [Z Report I File Viewer
= Molecular "°."T‘a' Specific Thermo Value
E Component| =, ight P?»?:t”:?r] Gravity | Method | (mole %)
§ PCA 92.4300 100.210 APLS 27,5700
pcz 170.340 216.320 APHE 29.3500
PC3 282.550 343.780 APHB 7.18000
PC4 506.000 645.000 API8 0.680000
<Enter a na

Go to the Reconcile (vertical) tab

Here you will see how well the pseudocomponent will predict the phase behavior of the hydrocarbon sample.

In the Condition option (below calculate button) enter T=204 F and P=1 atm.
Click on the Add boiling point curve (red square shown)
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Description Design [ Report L3 File Viewer

J Component
Inflows

H20
CH4
CEH14
coz

Combined

PC1
PC2
PC3
PC4

Pseudocom:

Assay

Reconcile

Pseudocompo | Subtotal: 64.7868/

Normalized Calculate {6

Subtotal: 35.2132/

= Condition
op52gp | Saturate With None -
5945
£S3157) J Conditions Value
BRI Temperature (-F) 204.000

Pressure (psia) 14,6960

27.5686
28.3485
7.18564

0679966 BoilingrPeirrt

Show Mon-zero Only

Add bailing point curve

Summary

Unit Set: <Custom=

Agueous (H+ion)
Second Liguid phase
Custom K-fit P-span

Stream Parameters:
Temperature (°F) 204.000
Pressure (psia) | 14.6960

Prorate Normalization.

Azsay:

Equilibrium Calculation.

A new calculation appears in the navigation panel below OIL1 Object.

b“ Streams

- Tgh WTXWTR
1% LightHC
£-48 OIL-1

%O

Automatic Chemistry Model
Agueous (H+ ion) Databanks:

Normalized Summary (mole %):
Inflows: 35.2132|
Pseudocomponents:|64.7368)

0.0

This is a survey by Pressure. Click on the specs button and specify the conditions below. Change pressure

units if necessary.

Survey by

Pressure -

Thenby [optional)

None - Specs...

Enter a pressure range:

Start 200 psia
End 2000 psia
Decrement 100 psia

Click the Calculate button.

Click on the plot tab, you will see the following graph: You could adjust the parameters by clicking on curves.
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If the curve does not meet expectations, you will have to adjust the mole percentages or the pseudocomponent
properties. This is a manual iterative approach. You can see the actual data by clicking the View data button.

Vapor Fraction
Pressure | (Vapor/inflow
[mol]}
psia mole %

1 200.000 27871

2 300.000 231977

3 400.000 18.4660

4 500.000 16.0216

5 £00.000 12,6532

6 700.000 9.26672

I 200.000 5.8091%

8 900.000 224433
9 1000.00
10 1100.00
11 1200.00
12 1300.00
13 1400.00
14 1500.00
5 1600.00
16 1700.00
17 1800.00
18 1900.00
19 2000.00

Frequently the hydrocarbon is saturated with water. We will simulate this part.

Go back to OIL-1 in the Action panel

6“ Streamns

. T WTXWTR
2142 LightHC
= 'Y

+1- 4 Boiling

Click on the Design tab
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In the Conditions option use T= 77 F and 14.7 psia.
Click on the Calculate button.
When done, the software will create a Reconciled OIL-1 in the Navigator pane.

The Brine, Gas and Qil that we already calculated will be used for the upcoming Mixer, Saturator and Facilities
Calculations.

Task 5 — Adding a Mixer Calculation

The Mixer calculation determines if two waters (brines) can be mixed. Frequently the mixing of two waters will
cause precipitates to form which were not present in original brines. This can lead to the plugging of a formation
when an injection water is mixed with the natural fluids in the formation.
From the Actions Panel, click on the Add Mixing Water logo.

7/

4
Add Mixing
Water

After double clicking the logo, you will the object in the Navigation Panel.

Navigator L o+ X v

Document U
Chapter 18-Calculations overview® Description Design
6“’ Streams

+E; WTXWTR Name: |Mixingtsater-1

+~‘@ LightHC

+® olL-1 Description

+l:¢ Scenario

¢ MixingWater-1

+@ 55C-Brine L\\)

Click on the Design tab to enter more information.

Select your Brines, Gas and Qil s as shown in the figure below. Enter the indicated brine flow rate of 1000
bbl/day, gas flow of 230 stdMft3/day and oil flow of 7 bbl/day.

Note: To change units on brine, oil and gas, click on the hyperlinked (blue) units inside of the bracket
next to Inlets First Brine, Second Brine etc. This is under the column heading Type.
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& Description ¥ Design b8 Plot | 3 Report | L3 File Vi

—
5 e
= First Bm@bvaay) WTXWTR
Second Brine 'day) SSC_Brine
Gas (std E3m3/day) Light-HC
"g’ Oil (bbVday) olL-1
= <select>

This should pop the following window up. Click on Inlets tab and change the units.

Inlets tab looks like below. Changing units on Brine:

Edit Units - Mixing Water-1 (2 [
Batch System (@) Flowing System
| composition | Parameters | Corrosion\ Inlets
Variable Units
Brine Quantity bblday
Oil Quantity bblday
Gas Quantity std Mft3/day
Whole Fluid Quantity m3/day
ok J[ concel [ heb |

The final Mixer with inflows entered should look like the image below:
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-

| Type Name Flow Calculate @

First Brine (bbl'day) WTXONTR 1000.00

: - [ calculate Alkalinity
Second Brine (bblday) SSC-Brine
Gas (std Mft3/day) LightHC 230,000 Surnman
Oil (bbl'day) olL-1 7.00000

<select>

Unit Set: <Custom= ~

Automatic Chemistry Model
Agueocus (H+ ion) Databanks:
Agueous (H+ion)
Second Liguid phaze
J Conditions Value Excluding 115 solid phases
Temperature (*F) 100.000 Custom K-fit P-span
Pressure (psia) 200.000 Inlets:
Brine (bbliday) | WTXWTR
55C- 1000.00
Brine:

Solid/ Conditions/lnle{%

Detail Info of Selected Inlet Mame Brine (bbl'day}

J Component Value (mg/L) Gas (std
Wt3/day)
Oil (bbl'day) OIL-1/7.00000
Brine Ratio:

WTXWTR SSC-Brine

1.00000 0.0

0.800000 | 0.200000

% 0.600000 | 0.400000

0.400000 | 0.600000

0.200000 | 0.800000

LightHC 230.000

Go to the Conditions tab.
In this example, we are mixing the brines at 100 F and 200 psia. The first brine specified (WTXWTR) is
the one we compare to when evaluating the ratios. In this case we start out with all brine WTXWTR and
none of the SSC_Brine and end up with none of brine WTXWTR and all of the SSC_Brine.

Leave the default values

L]

& Descriptionj &¥ Design ﬂ Plot ] Report ]Q File Viewet:

Select Type Enter Values
Ratio . N WTXWTR SSC_Brine
1.00000 0.0
Total flow: 1000.00 bbl/day 0.800000 0.200000
0.600000 0.400000
Steps: 5 Auto Step

- 0.400000 0.600000
0.200000 0.800000
0.0 1.00000

Go to the Solid tab

For this calculation we are only selecting a few of the possible solids. Mark a check box next to desired solids
(BaS0O4, CaCO3, CaS04.2H20, NaCl).
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]
o

N
=)

Dominant Pre-scaling Tendencies

o

&/ Description ¥ Design

Solids Selection

=-[Z] standard
BaSO4 (Barite)
CaCO3 (Caldite)
[[] caso4 (Anhydrite)
CaS04.2H20 (Gypsum)
[[] FeCO3 (Siderite)
[7] Fes
[[] Fes (Pyrrhotite)
NaCl (Halite)
[[] srs04 (Celestine)

#-[7] Expanded

=[] Al

> = 3
7/ Solid |Conditions/|nlets

Click on the Calculate button.

Click on the Plot tab.

w
=

w
1=

—u— FeS (Pyrrhotite) Pre-scaling tendency Scaling Tendency [Pre-ST]
—a— BaS04 (Barite) Pre-scaling tendency Scaling Tendency [Pre-ST]

—m— CaS04.2H20 (Gypsum) Pre-scaling tendency Scaling Tenden
—4— CaS04 (Anhydrite) Pre-scaling tendency Scaling Tend:

—#— FeS (Mackinawite) Pre-scaling tendency Scali endency [Pre-ST]

-
>

-
o

o

— —h— — e,
A
= = - & =
3 1 L S— 1 — 1 L = 1 I 1 x i 1 1 — 1 ' o I—X
o o o, o, o o ) ) 0 o, o 7 7
S o s o B 0 B B B S o S D S D

To study the effects better go to the variables button and eliminate other solids precipitated by the << arrow.
Keep only one solid (in this case BaSO4). The ratio is relative to the first brine specified. This means at a ratio
of 0.0 (all the first brine and none of the second) we have no BaSO4 scaling. As we add the second brine, the
amount of BaSO4 increases. These waters are perhaps incompatible.
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0.84 | N
082 / E
0.80 |- o ]
0.78 | - y
0.76 - / L —#—BaS04 (Barite) Pre-scaling index [Pre-Si] : 4

074 | / ——— ; i

072 | / ]
070 [ / ]
068 / ]
066 |-/ ]
0 54 [ 1 1 1 1 1 1 1 1 1 1 1 1 ]
e ) : Q , ) ’ ,

BaS04 (Barite) Pre-scaling index [Pre-Sl]

o

SSC-brine Ratio

Task 5 — Adding a Saturator Calculation

Water and gas samples at the surface are not necessarily representative of conditions in the reservoir. The
processing of the samples may involve significant changes in the chemistry.

The Saturate option (often referred to as "Saturate at reservoir conditions") allows the user to "Back-calculate”
the conditions downhole.

Select Add Saturator from the Actions Panel.

ﬂ_

Add
Saturator

Rename the object in the descriptions tab. Name it Saturator-1

Mavigator L o~ X
=
Document1
Chapter 18-Calculations overview® Description Des
6“ Streams
+E’ WTKWTR Mame: | Saturatar-1
2145 LightHC
+1-dgp OIL-1
+|:¢ Scenario Description
+"¢? MixingWater-1 T
+E’ SSC-Brine
.. Saturator-1

Go to Design tab
And go to Inlets (vertical) tab

We will select objects that we have already defined.
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Enter a Brine flow of 1000 bbl/day (SSC-brine)
Enter a Gas flow of 230 std Mft3/day (LightHC)
Enter T=77 F and P=14.7 psia

Set these units as custom units for all new objects in Units manager.

Units Manager - Saturator-1 7 >

Units Manager

<Custom > ~

(G|
>

OK Cancel Apply Help

The window should look like the image below.

-

E ] Type Name Flow
= Brine (bbliday) SSC-Brine 1000.00
Gas (Mft3/iday) LightHC 230.000
=
=l
w
J Conditions Value

T7.0000
14.7000

Temperature (*F)

Pressure (psia)

Detail Info of Selected Inlet Name
J Component Value (mole %)

Go to Solid (vertical) tab
Check the Standard box

We need to select solids inflow to vary for Saturator1. Under the table Select Mineral to saturrate, choose the
solid to vary from the dropdown list.

Select BaS0O4 (solid) and hit enter. Automatically the inflow to vary BaSO4 will appear.

432



& Description

Design (& Report CJ File Viewer

Inlets

Solid

Solid Selection (check solids allowed to form)

Standard

BaS04 (Barite)

CaCO3 {Caldite)
Cas04 (Anhydrite)
CaS04, 2H20 (Gypsum)
FeCO3 (Siderite)

MaCl (Halite)

Sr504 (Celesting)
=-[Z] Expanded

&~ Al

Reservoir Mineral Saturation Section

J Mineral to saturate Inflow to vary
BaS04 (Barite) Bas04
<Select Solid=

To study the Saturator-1 (Brine and Gas mix) at various locations we need to add a Scaling Scenario object.

& OLi StudioTest - [Chapter 18-Calculations overview®]

=

B
[y = | &
Navigatar
Documentt

W

B -

Ag va So 2 Re & W & W 4

Chapter 18-Calculations overview”

&} Streams.

Teh WTXWTR

% LightHC

4 olL-1

L2 Scenarie

% MixingWater-1
T SSC-Brine

- Saturator-1

B0 File Edit Streams Calculations Chemistry Tools View Window Help

Cancel

LED

S Bl B

-8 x

=
& Description &% Design [{ll Piot (5 Report 3 File Viewer

Type Name Flow

7

Inlets

Conditions

Actions Eoox

Actions
# &
Add Gas Add

AddBrine  Add Ol
Analysis  Saturator

Anclysis  Analysis
@ ¥ m

AddScale| AddScale  AddMiing Add Facilities
Scenario | Contour Water

Plot Template Manager o=

Detail Infi of Selected Inlet Name

Solid

Component Value (molhr)

Calulate @
[ calcuiate Allalinity

Summary

Automatic Chemistry Hodel
Aqueous (H+ion) Databanks:
Aqueous (H+ion)
Custom K-fit P-span
Atleast one inlet should be selected
Selected Solids:
No Solid Selected

Calculation not done.

Unit Set: Scale Metric

Callation Out s~ x

For Help, press F1

Name the new Scale Scenario as Saturator-1 Scale Scenario under the Description tab.

Mavigator
Documentt

=

Chapter 18-Calculations overview*

Description Design

6“ Streams

- T WTXWTR
% LightHC

4 OIL-1

I:é Scenario

E S5C-Brine
& Saturator-1

% MixingWater-1

|~ Saturator-1 Scale Scenario

Mame: |Saturator1 Scale Scenarid

Deszcription
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Go to the Design Tab
Under the Inlets (vertical) tab, select Brine under the Type column
Make sure to select Saturator-1, as is shown in the picture below:

Description Design [jli Plot B Report & File Viewer

J Type Name Flow
Brine

<select>

Saturator-1 [AQ]

v
el

Flow will be automatically controlled. Locations can be input under the Conditions tab.

Go to Conditions (vertical) tab, and enter the information provided in the
figure below:

@ J Location Temperat {*F) P (psia) Drop Solids
g Surface 77.0000 147000 O
T Choke 101.000 71.7600 I:‘
Midwell 128.200 128.820 D
E Wellhead 150.800 185.880 I:‘
= Downhole 175.400 242540 I:‘
-E Stock tank 200.000 300.000 D
o <Enter Location Name=
=
& Auto Step Sort Zoom
Steps:  ° GO T(|P 8, @
~
Surface Choke Midwell Wellhead
T77.0 e T:101.0 e T:1282 = T:150.2
P47 P71.8 P128.8 P:185.8
Downhole St:::(
175 -
;';:;'; 1 12000
: . P:200.0
v
£ >

Go to Solid tab and check the Standard box
Click the Calculate Button
Go to Plot tab
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T T T T
70 /,- ]
6.5 B
6.0 —#— CaC03 (Calcite) - Sol Pre-scaling tendency [Pre-5T] _
’ —4&—CaCO3 (Aragonite) - Sol Pre-scaling tendency [Pre-5T] E
.g 5.5 —m— CaS04 (Anhydrite) - Sol Pre-scaling tendency [Pre-5T] __
o
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=
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o= ]
£ 410 B
m 4
2
& 35 . -
o
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2
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After the calculation is complete, the plot for scale scenario shows that other solids are appearing.
Go to the Report tab, and look for Pre and Post Scaling Tendencies
Pre and Post Scaling Tendencies
Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale Post-Scale Post-Scale
maiL 1b/1000bbl s, ST sl Index s, ST sI, Index
Ca304.2H20 Gypsum 0.0 0.0 09258262 -0.0323294 0.925262 -0.0323294
FeCO3 Siderite 0.0 0.0 0.114350 -0.941783 0.114350 -0.941763
31304 Celesting 0.0 0.0 0203747 -0.690908 0.203747 -0.690908
3rC0O3 Strontianite 0.0120451 -1.91908 0.0120481 -1.91908
Bas04 Barite 0.0 0.0 1.00000 -2.23307e-11 1.00000 0.0
Caso4 Annydrite 0.0 0.0 0731753 -0.135635 0.731753 -0.135635
Caco3 Calcite 0.0 0.0 1.00000 -1.46285e-11 1.00000 0.0
NacCl Halite 0.0 0.0 0.0121174 -1.91658 0.0121174 -1.91659
KCI Sylvite 6.71059e-4 -3.17324 6.7105%e-4 -3.17324

Excess solute or Max Scale: The solids amount forming at equilibrium.

Pre-Scale: The saturation ratio before solids precipitate.

Post-Scale: The saturation ratio AFTER solids precipitate (if solids are selected).

5, 5T - Saturation, Scale Tendency: The ratio of the concentration (activity) to its solubility (S=1).

Sl - Scale Index: Log(S).

435



Introducing the Facilities Object

This section presents a new calculation object: Facilities. The Facilities is a simplified process simulator; it mixes
and separates. think simulation | getting the chemistry right has the ability to link together several individual
calculations to create a flow sheet facility. An example of a facility calculation is shown in the figure below.

Water Supply
3,000 bwpd ——
Field 1 77F, 30 psia
11,000 bwpd ~ ——
100 F, 100 psia
| 5,000 bbl
"| Skim Tank
Field 2
6,000 bwpd  —— Skim Tank
125F, 125 psia 110 F, 100 psia

5,000 bbl
Suction
Tank

Discharge

90 F, 30 psia

It is a simple process in which two field brines mix in a skim tank. The discharge from this tank then mixes with
a water supply in a discharge tank. Below are the compositions and conditions of the inlet fluids.

Na+
Ca+2
Mg+2
Fe+2

Cl-1

S0O4-2
HCO3-
HS-1

Temperature

Pressure

pH

Alkalinity (As HCO3 mg/L)
Alkalinity End Point pH

Follow the steps below:

Open a new Window for Simulation

Create the above brines: Field 1, Field 2 and Water Supply

38209
6600
1531

120

73150

2453
421
244

100 F

100
psia
6.97

421
4.5

27078 3074
4480 910
1191 249

6.6 0.77

51134 4474

1840 2960
677 439

146.2 0

125 F 77TF
12_5 30 psia
psia

7.53 7.98
677 439
4.5 4.5

Use the Add Brine Analysis object as you have done before to create them.

The Data Entry Windows should look like this:
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17

Description (¥ Design [ Report L File Viewer

17

Description ¥ Design [ Report d File Viewer

17

Description [£¥ Design Report 3 File Viewer

= Variable | value | Balanced | = ‘Variable Value Balanced | ~
E Cations (mg/L) = K1 0.0 0.0
w
= Na+1 382000 383704 = Cas2 448000 | 448000
E K+1 0.0 0.0 5 Mg+2 1191.00 1191.00
Cas2 660000  6600.00 Sz N 00 00
Mg=2 153100 1531.00 3 Bas2 0.0 0.0
= sz 00 00 3 Fe2 550000 660000
g Bas2 0.0 0.0 s
5 :
= Fe=2 120.000 120.000 4 Anions (mg/L)
cH 511340 | 512579
Anions (mg/L) 5042 1840.00 1840.00
[oE] 731500 731500 feoz1 677.000 | R0
5042 245300 2453.00 As1 146200 146200
C2H302-1 0.0 0.0
HCO3-1 421000 421000
He-1 244000 244000
Neutrals (mg/L)
C2H202-1 0 0.0
coz 0.0 0.0
H2s 00 0.0
Neutrals (mg/L) o7 0 =
coz 00 oo BOH 00 0.0
H2s 0.0 0.0
v
si02 0.0 0.0

Reconcile these three brines for measured pH and alkalinity.

Make sure that the Allow solids to form box is uncheck at the bottom of the reconciliation options for all the

brines.

W

I,

= Variable Value Balanced
E K1 0.0 0.0
= Ccas2 910.000 |  910.000
] Mgs2 243000 |  249.000
Sre2 00 0.0
Bas2 [X) 0.0
Tg Fes2 0.770000 | 0.770000
S [
o= Anions (mg/L)
cH 447400 | 463791
5042 296000 |  2960.00
HCO3-1 433.000 | 439.000
Hs-1 0.0 0.0
C2H302-1 0.0 0.0
Neutrals {mgiL)
coz 00 0.0
H2s. [X) 0.0
sioz 0.0 0.0
B(OH)3 0.0 0.0

-

fu
=
i
m
=
O

Calculate Brine Properties Using:
(O) Concentration Data Only

Gas+Fhase CO2 Content (mole®s)
(®) Measured pH and Alkalinity

Specs...

[ Allow solids to form I

" () Measured pH Only
Calculate Alkalinity

Calculate &8 |

Properties Measured Calculated
Temperature (°F) 100.000
Pressure (peia) 100.000
pH 6.97000 6.97000
Adkalinity (mg HCO3/L) 421.000 420.990
Alkalinity End Point pH 4.50000
Density (g/ml) A 1.07666
Elec Cond, specific {(umho/cm) 0.0 1.84894e5
Total Dissolved Solids (mg/L) 0.0 1.22617e5
Composition Adjustments
Added titrant (mgi/L} HCI 227307
Add carbonate (mo/l CO2) -238.440
Add Charge Balance (mg/L Na+1) 161.374

Select Add Facilities from the Action Panel.

W,

Add Facilities

Go to the Description Tab and rename the object as Facilities-1
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g
& Description Q Design [ﬂ Plotl (@ Report I 2 File Viewer:

Name: Facilities-1| Date:  6/21/2016 E

Description

The facilities calculation is based upon transferring information between calculations through nodes. These
nodes can be thought of as pseudo brines and gases. These pseudo brines are not stored as individual brine
rather they are used internally in the calculation. The concentration and flow rates for these nodes can be
viewed in the output.

Go to the Design tab
Go to the Inflow Specs (vertical tab)

Within Inflow Specs, we can add Nodes via Node input options. There will be one default node added.

Double click on the node name (where it says: Node 1) and type "Skim Tank".

Ei
& Description| ¥ Design | il Plot l Report [ 2 File Viewer
. =
4 2 Calculate @
2 - [
g [ - Calculate Akalinity
: =
= : Summary
=
Unit Set: Scale Metric
=2 Automatic Chemistry Model
(g AQ (H+ ion) Databanks:
A Public
\J Custom K-fit P-span
Some node(s) do not have inlet
G Node(s):
« [ L Skim Tank: No inlet
Node Input Yoo
Current Node: Skim Tank Drop Solids > s
EX Selected Solids:
Add Delete No Solid Selected
Conditions Value Calculation not done
Temperature (°C) 15.0
Pressure (bar) 1.01325
i Type Name Flow
<select>

Enter the name, description, conditions, and streams for the Skim Tank shown in the table below:

Field 1 11000 bbl/day 100 100
Field 2 6000 bbl/day 125 125
Water Supply 3000 bbl/day 77 30
Skim Tank 5000 bbl/day 110 100
Suction Tank 5000 bbl/day 90 30
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Make sure to select drop solids checkbox at the Skim Tank node.

When complete, your screen should look like this.

Inflow Specs

£ >
w
2 | Node Input
Z
= Current Mode: Skim Tank oom
S fE Alkalinity (=
5 Add | | Delete @
Q
J Conditions Value
Temperature (*F) 110.0
% Pressure (psia) 100.0
w
Type Name Flow
Brine (bbliday) Field 1 11000.0
Brine (bbliday) Field 2 5000.00
<selects

The output of this calculation will go to the next node.

Next, enter the information for the second node, Suction Tank. We will select the output brine of the Skim tank,
which is a brine from node. The temperature and pressure as well as the flow of the brine are calculated.

Click on the Add button to add a second Node
Change the name of the node to Suction Tank
Change the conditions of this node to 90 F and 30 psia.

When complete your screen should look like the image below:

Description Design i Plot [El Report L3 File Viewer

—
—.
—

¥ Skim
Tank

Solidaonditions Inflow Specs

£ >
Node Input
i Z
Current Node: Suction Tank E Drop Solids com
Calculate Alkalinity Q
Add Delete @
J Conditions Value
Temperature (*F) 50.0
Pressure (psia) lﬂ\’ 30.0
J Type Name Flow
«select=

When a brine is calculated in a facilities calculation, we have the option of allowing any produced solids to be
considered (that is they traveled along with the brine) or to eliminate them as they precipitate out. We will
eliminate the solids in this case. The orange downward arrow from Skim Tank indicate dropped solids.

We are also adding the Water Supply to this tank.
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In the Type column and first row select Brine from. In the Name column select Skim Tank. The Flow is

calculated (since it comes from the Skim Tank).

In the Type column and second row select Brine. In the Name column select Water Supply. Enter 3000

bbl/day in the Flow column.

When complete the screen should look like the image below.

] -
]
@
-3 —
v —-
g Skim Suction
= Tank Tank
£
w
w
5|« % >
S| Node Input
i Z
S | Name: Suction Tank [Jorop Solids oom
o [ caleulate Alkalinity g a
Add Delete
- J Conditions Value
g Temperature (°F}) 50.0
Pressure (psia) 30.0
J Type Name Flow
Brine from (bbl'day) Skim Tank Calculated
Brine (bblday) Water Supply 3000.00

<select=

Click on the Calculate button, or press <Ctrl+F9>

Go to the Report tab, and check for the Pre-scaling Tendencies and Scaling Tendencies

See the Results

Pre-5caling Tendencies

Column Filter Applied: Values * 1.0=-4
Temperature Filter Applied: Active TRangs Only.

CaCo3 . CaS04.2H20 Caso4 o Fe{OH)2
WILEE (Aragonite) | CBCO3(Calcitel | o pcum) (Anhydrite)  |FECO3 (Siderite)) o kinite)
Temp Range °C Invalid Invalid Invalid Invalid Invalid Invalid
Skim Tank 520710 3.91186 1.24207 1.39847 0.165109 34877504
Suction Tank 4 83533 9 86145 1.18226 1.09089 0.147451 1.58132e-4
Fes MgC03.3H20 MgCO3 Mg({OH)2 Mg504.TH20
Nodes Fe$ (Pyrrhotite) (Mackinawite) | (Nesguehonite) (Magnesite) {Brucite) ({Epsomite)
Temp Range °C Invalid Invalid Invalid Invalid Invalid Invalid
Skim Tank 41958 2 906.834 4 472089e-3 9.157089e-3 1.05810e-3 1.11420e-3
Suction Tank 41552 1 781107 3.37396e-3 474809e-3 315204e-4 1.21290e-3

Based on these results, it is clear to see that the software predicts the formation of several solids in this process.

Solids with a Pre-Scaling Tendency > 1 are predicted to form.
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Introduction

OLI has developed a rigorous Nucleation and Inhibition tool for mineral scaling formation. The two tools help
users predict the onset of precipitation in a process environment and also how to delay it. Both tools are built
on OLI's fundamental thermodynamic framework and extends these predictions into kinetics using the Classical
Nucleation Theory [ref]. This theory use the energetics of the solution and the solid to predict the time needed
for a supersaturated solution to start precipitating. This is the transition time between when a metastable
solution finally starts to precipitate. The background and details of nucleation is offered by Wikipedia:
https://en.wikipedia.org/wiki/Classical _nucleation theory

What is a mineral scale?

Mineral scaling occurs when there are changes in process conditions, such as pressure and temperature
changes, dissolved gases, or when mixing incompatible waters. When scales accumulate in fixed diameter
volumes, like membrane pores, production tubing, or process piping, flow is restricted. Action is then needed
to remove the scale and restore flow.

A scale deposit may occur as single mineral phases, but more commonly, it is a combination of different
elements. Common scales include CaCOs (calcite) and BaSOs (barite) in oil and gas production, CaCOs,
struvite, Cas(PQOa4)2, Mg-Silicates, and silica in water treatment, Jarosite, CaSQO4, and CaCOs (calcite) in mineral
processing, and additional scale types in other chemical processes.

Scale deposition involves two distinct steps. The first is the nucleation step, this is the time between when a
supersaturated water goes from no solids to forming the stable, microscopic crystals. The second is the crystal
growth step. In this step, the microscopic crystals grow until the concentration in the water reduces to the point
where the solution is no longer supersaturated.

The duration of this nucleation step is known as the “induction time”. It is the time that passes from the creation

of supersaturated solution to the detection of first solids. This time is critical, because the longer this time can
be delayed the greater chance that the solids do not form in an area that affects operations.

Scale formation - how OLI predicts this induction time?

OLI has developed a state-of-the-art tool that predicts this induction time. This enables users to assess the risk
of mineral scale forming more accurately in their process. This is a major advancement compared to existing
technology, in which the scaling tendency value plus empirical rules of thumb are used to assess scale risk in
a process.

Figure 2 is a plot showing the output of the new model. The x-axis is the inverse square of the Scale Index.
The scale index is a base-10, logarithm of the scale tendency.

1
SI72 = (log10(ST))?
A lower Sl value (left side of the plot) means a higher supersaturation.

The Y-axis is the time it takes before stable crystals begin to form (in seconds). As the liquid supersaturation
increases (increasing the driving force for precipitation), the time it takes for the solids to form shrinks.

| 441



7 7 -
e CaS0,2H,0
s regipn -7
7 A =
% é_ﬁ,ﬁr’ —— 025 °C, 0.1 -6 m NaCl
& == o 2 A25°C, 3 m NaCl
AR A -B----------me A50 °C, 3 m NaCl
A70 °C, 3 m NaCl
Heterogeneous region | A90 °C, 3 m NaCl
gz 20 30

Figure 0-1 - Calculated and experimental gypsum (CaS0,.2H,0) induction times in the CaSO,-NaCl solution at 25, 50,
70, and 90 °C. Symbols are experimental data, whereas lines represent MSE+CNT model calculations

There are two distinct slopes to the plot, the far-left slope is the Homogeneous nucleation region, while the right
slope is the heterogeneous region. The homogeneous nucleation region represents a liquid that is highly
supersaturated, and where little time elapses before solids start precipitating. The heterogeneous region is
where the liquid is only slightly saturated, and solids only start to form if there is dust or other types of particles
in the water that makes it easier for the solids to form. Both time regions are important to modeling induction
time properly, and the OLI database contains the required parameters for these calculations.

V11.5 Nucleation Induction Time model

OLI Studio V11.5 is the first delivery of this new technology. We have created a database that will predict the
induction time for four of the most common scales, calcite (CaCOs3), barite (BaSOa4), gypsum (CaS0O4.2H20),
and Celestine (SrSQOas). In future releases, the predictions will be extended to other solids.

Scale Inhibition - how OLlI is used to predict treatment?

Scale inhibitors are a type of chemical that interacts with the nascent crystallites and prevents them from
becoming stable. They effectively delay the formation of a stable crystal by poisoning its surface. Scale inhibitors
are an essential part of engineering, because when added to the process water, they delay the formation of
these crystals, allowing a process to remain free of solids. Scale inhibitors are used in many applications,
including cooling tower water, as a pre-treatment to RO membranes, and oil and gas production wells.

Because scale inhibitors represent the key solution to unwanted mineral scaling, OLI created a database that

predicts this time delay. Thus, an OLI Studio user can now predict a more accurate scale risk analysis for their
process and simultaneously develop a chemical treatment plan. Six of the most common scale inhibitors are
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included in the V11.5 software; NTMP/ATMP, DTPMP, HEDP, EDTPMP, PPCSA, and PMA (see footnote for
chemical names)'".

Using the Nucleation Model in OLI Studio

The nucleation model is a post-process to all OLI calculations. Therefore, the only impact on any calculation is
that a new table will be available in the Report tab, or a new set of categories will be available in the Plots tab.
When scale inhibitors are added, then its speciation is included in the calculation. Usually the inhibitor
concentrations are low (in the parts per million) so there will be minimal performance difference. There will be
the same changes to the report and plot, since the inhibitor speciation will be added to the output, and its effects
on nucleation will also be shown.

Performing induction time calculations in V11.5

The V11.5 release contains nucleation induction times (tind) for four mineral phases; CaCOs (calcite), BaSOa4
(barite), SrSO4 (celestine), and CaS04.2H20 (Gypsum). The release also contains inhibition tina for six scale
inhibitors, HEDP, NTMP/ATMP, DTPMP, EDTMP, PMA, and PBTC. The nucleation model is developed in the
MSE framework (database) and its prediction range extends across the range of this framework.

DTPMP C9H28N3015P5 Diethylenetriamine penta(methylene phosphonic acid)
HEDP C2H80O7P2 1-hydroxyethane 1,1-diphosphonic acid

NTMP/ATMP C3H12NO9P3 Nitrilotris(methylenephosphoric acid)

PMLA C40H40040 Poly maleic acid

PBTC C7H1109P 2-phosphono-butane-1,2,4-tricarboxylic acid

EDTMP C6H20N2012P4 Ethylenediamine tetra(methylene phosphonic acid)

" 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP), amino tris (methylenephosphonic acid) (NTMP), diethylenetriamine penta
(methylene phosphonic acid) DTPMP, ethylenediamine tetra (methylene phosphonic acid) (EDTPMP), and polymaleic acid (PMA)
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Setting up the automatic calculation

Induction time calculations are activated within the Calculation Options popup window (Figure 0-2). When
checked, the model sub-routine is included as a post process to the calculation being run. The induction time
calculation is available for the Single Point and Survey calculation of a Stream, in a Mixer calculation, and in
the five ScaleChem calculations (Saturator, Scale Scenario, Facilities, Contour, Mixing Waters).

Start the software. There should be no streams or calculations in the Navigator panel
Select Tools>Options>Calculation Options
Check the Scaling Induction Time(s) box at the bottom of the popup window. Then press OK to close the

window.

Calculation Options - SinglePoint ? X

Calculation Options ~ Convergence

General Diagnostics
‘ Show status dialog [Jenable trace

Optional Properties
\: [A piffusivities and Mobilities
[ piffusivities Matrix

[ viscosity
| [ Blectrical Conductivity
[(JHeat Capacity
[ Activities, Fugacities, and K-Values
[] Gibbs Free Energy

[CJentropy

[ Thermal Conductivity

[A surface Tension

[ interfacial Tension

[] Total Dissolved Solids (TDS)- Rigorous method
Scaling Induction Time(s) Advanced...
[ Pre-scaling Tendencies

Figure 0-2 - Calculation Options window showing the Scaling Induction Time(s) check box

Example #1 — Induction times for CaCO3, BaSO4, and SrSO4 in a Stream

The following stream contains low concentrations of CaCOs, BaSO4, and SrSO4 in a NaCl brine at 25°C. We
will use a few single point, isothermal calculations to show how the model works.

Step #1 — Create a basic induction time calculation

Add a stream and label it Basic Calculation (MSE model)
Add the four inflows and mole amounts: CaCOs — 0.001; BaSO4 — 0.00005; SrSO4 — 0.008; and NaCl - 0.1.
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& Description [&¥ Definition [ Report

Figure 0-3 - New Stream containing low concentrations of CaC0O3, BaS04, and SrSO4 in a 0.1 NaCl electrolyte

| Variable ‘ Value

< Stream Parameters
Stream Amount (mol) [ 55.6173‘
Temperature (C) 25.0000
Pressure (atm) 1.00000|

< InﬂowsA(mol) |
H20 [ 55.5082
CcaC03 1.00000e-3 |
BaS04 5.00000e-5
Srs04 8.00000e-3 |
NaCl 0.100000

solution.

Add a single point calculation and label it No Inhibitor

When the calculation is complete, click on the Report tab. Then click on the Customize button in the upper

right of the screen.

Deselect all boxes and then check the Scaling Induction Time box only

Category

=~ Report Contents l
‘ [ Calculation Summary h
Stream Inflows
Speciation Summary
Stream Parameters
Total/Phase Flows
- Scaling Tendencies
- Sealing Induction Tir
: - Species Dutput
- Molecular Output
Element Balance

Report Contents

To add or remove a section, click the check box. & shaded box
means that only part of the component will be printed. To see what's
included in a component, click Details.

Sections

(| Calculation Summary
" | Stream Inflows

|| Speciation Summary
" |Stream Parameters

" | Total/Phase Flows
__|Scaling Tendencies

S caling Induction Time

Species Activity Coe

Figure 0-4 - The Report's Customize popup

Species Output

window showing where the Scaling Induction Time category is located

Review the column data in the Scale Induction Time(s) table




Scaling Induction Time(s)

Induction Time Scaling Scaling
Solids min Tendency Index
CaS04.2H20 (Gypsum) n/a 0.0256792 -1.59042
CaCo3 (Calcite) 8.66935 12.8217 1.10795
SrSO4 (Celestine (celestite)) 7.02197 20.9219 1.32060
BaS04 (Barite) 0.397590 275421 2.44000

The three solid phases are supersaturated as shown in the Scaling Tendency column, and their induction times
vary from 0.4 to 8.7 minutes. This means that barite will form in about 25 seconds while the other solids will
take several minutes longer before they start to precipitate.

Step #2 — Adding scale inhibitors

Add a new single point calculation and label it With Inhibitor

You may have noticed already that there are + boxes to the left of CaCOs, BaSO4 and SrSOa4. These boxes
expose a sub grid containing the available scale inhibitors for that specific mineral

Click on the + sign adjacent to BaSOa to expose the sub grid.
Click on the <select to add> box and select the NTMP — C3H12NO9P3 inhibitor. It will now appear at the bottom

of the grid

= BaS04
L Available Inhibitors
@ SrS04
NaCl
1| C3H12NO9P3

5.00000e-5

<select to add>

Give it an amount of 2e-4 moles (this is about 60 mg/l) and calculate

8.00000e-3
0.100000
2.00000e-4

Click on the Report tab and once again, turn on only the Induction Time table using the Customize window

Scaling Induction Time(s)

Induction Time Scaling Scaling

Solids min Tendency Index
CaS04.2H20 (Gypsum) n/a 0.0256380 -1.59112
CaCoO3 (Caicite) nia 0.159813 -0.796387
BaSO4 (Barite) 1692.73 279.068 244571
SrS04 (Celestine (celestite)) 7.28424 20.7554 1.31713

The induction time for BaSOs increased to 1692 minutes, a time that would likely prevent the solid from
precipitating in the process. The calcite induction time now shows n/a, which means that the compute time
exceeds the maximum limit of 10,000 hours. Only the SrSO4 induction time remained the same.
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Return to the Definition tab and select the + adjacent to SrSO4. Select the HEDP — C2H807P2 inhibitor and
give it a value of 2e-4 (~41 mg/l).

(-] BaS04 5.00000e-5
Available Inhibitors <select to add>

[+ SrS04 8.00000e-3

NaCl 0.100000

I C3H12NOSP3 2.00000e-4

I C2HB807P2 2.00000e-4

Re-calculate and view the Report table

Scaling Induction Time(s)

Induction Time Scaling Scaling
Solids min Tendency Index
CaS04.2H20 (Gypsum) nia 0.0266380 1.57450
CaCo3 (Calcite) nia 5.11185¢-3 -2.29142
BaS04 (Barite) nia 278.957 2.44554
Srs04 (Celestine (celestite)) 140.909 20.7065 131611

The SrSO4induction time has increased to 141 minutes and both barite and calcite no longer have values (n/a).
The HEDP inhibited both SrSO4 and BaSOa4. At these concentrations, the water would now be considered
inhibited (and possibly overdosed!).

Step #3 — Using a concentration survey to compute the best inhibitor concentration

In the previous steps you created a supersaturated solution and then reduced its propensity to precipitate by
adding a scale inhibitor. The inhibitor concentrations used were not optimized. You will use the survey
calculation to vary the inhibitor concentration and find a reasonable value.

Add a Survey calculation and label it Inhibitor survey
Expand the BaSO4 box and select NTMP - C3H12NO9P3 again
Change the Survey by from Temperature to Composition

Open the Specs window, select NTMP as the component

Set the concentration range to star start at 0, end at 2.5e-4, and have 25 steps
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@) Linear O Log (O Point List
End Points

Component Inflows - [00—]
Hide Related Inflows
End |2.50000e-4

Component  Survey Range

'BaS04

C3H12NOSP3 Step Size

CaC03 Increment  1.00000e5 () } SO
elect one, the other 1$

Hep calculated

NaCl Nurber Steps ®

Si504

Calculate and select the Plot tab

The scale inhibitor has a significant impact on the pH because NTMP is a hexavalent acid. This will affect scale
tendencies for carbonate solids if added in this way. Right now, we are looking at BaSO4, and so we will ignore
the impact on calcite

935 T T T T T T T T T
915
8.95
8.75
8.55
8.35
8.15
7.95
775
7585
7.35
715
6.95
6.75 I I I I I I I I

Q*q,%%«%‘%%%%%%% %YQ%S% Ty Ty TRy Ty

pH

C3H12NO9P3 [maol]

Click the Variables button to open the Curves window

Remove the pH from the Y1 axis and add the BaSO4 induction time from the Scaling Induction Times category

+- Scaling Index

-I- Scaling Induction Times
Dominant Scaling Induction Times
=
CaS04.2H20 (Gypsum) Induction Time
Minimum Induction Time
SrS04 (Celestine (celestite)) Induction Time

+- Scaling Tendencies for Induction Time
.. Cralienn ndavas far bk wdine Tima

Y1 Axis |
BaSO4 (Barite) Induction Time

Set the y-axis to log scale

The plot now shows the barite induction times as the inhibitor is added. The induction times increase from 1
minute to 1692 minutes when the concentration increases from 1.3e-4 to 2.0e-4 moles (52 to 80 mg/L).
Somewhere in this rage would be the optimal inhibitor concentration.
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You will notice that the plot does not extend to the final concentration of 2.5e-4 NTMP. It is because at this point
the induction time exceeded the 10,000 hr maximum value.

Add the Minimum Induction Time variable (located under the Scaling Induction Times category) to the plot
Y1 Axis |

Minimum Induction Time
BaSO4 (Barite) Induction Time

>>

This new plot offers a different perspective to the user’s interpretation. You can now see that the two curves
diverge at 1.8e-4 moles. Because this inhibitor concentration barite is the solid phase that is the fastest to
precipitate. As more inhibitor is added, barites induction time increases and eventually becomes greater than
the next solid that forms, which in this case is SrSO4. So, the software is computing that below 1.8e-4 moles
inhibitor, barite will be the first solid to form. Above this concentration SrSO; is the first solid to form. This would
also mean that a second scale inhibitor should be added to keep SrSO4from nucleating.

1e+04 T T T T T T T T

1e+03 | —#— Minimum Induction Time [min] ! 4
—4—BasS04 (Barite) Induction Time [min] f

1e+02 | Fe 4
le+01 |

1e+00 E

Minimum [nduction Time & BaS04 (Barite) Induc..

1e-01 L L L

%%%%%Dﬂ% %%9&% %, T Ry TRy Ty

C3H12NO9P3 [mol]
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Step #4 - Using a temperature survey to test induction times

Induction times depend on both the scaling tendency of the solid (driving force for precipitation) and the
temperature (reaction rates). Therefore, changes to either will result in different induction times for the solid.

Add a new Survey calculation and label it indvs T
Set the temperature range from 10 to 100 °C by 5 °C increments, click OK and then and calculate
Select the Plot tab and plot the induction times for the three solids, CaCOs, BaSO4, and SrSO4

The plot shows how temperature affects induction times. At 10 °C, CaCOs and SrCOs induction times are at
18 and 31 minutes, respectively. At 100 °C, the induction times for the 3 of them are less than 1 minute.

B
30 F
28
26 [
24 [
22 [
20 [
18 [
16 |
14
12 [
10|

—g— 5rS04 (Celestine (celestite)) Induction Time [min]
—a&— CaC03 (Calcite) Induction Time [min]
—m— BaS04 (Barite) Induction Time [min]

SrS04 (Celestine (celestite)) Induction Time....

LIS LA SO L LN B L BN B L B B L
-
T RN SR U U TP S IR SO P PO B B O |

6 b

4 . TA—, .

ﬁ I -Ik -

T e DR DBDE DS DD D

Temperature [°C]

Example #2 — Using induction times in a Mixer calculation

A common cause of scaling is when two incompatible streams are mixed together. For example, one stream
containing a high calcium concentration and the other containing high concentrations of carbonate. The
software will compute the induction times during the time of mixing using the Mixer block. This next example
shows this.

1) Add a stream and label it Cations
2) Add CaClz2 and NaCl to the grid. Set the values to 0.005 and 0.1 moles, respectively

Inflows (mol)
H20 55.5082
CcaCR 5.00000e-3
NaCl 0.100000

3) Add a second stream and label it Anions
4) Add Na2COs and NaCl to the grid. Set the values at 0.005 and 0.1 moles, respectively

Inflows (mol)
H20 55.5082
Na2C03 5.00000e-3
NaCl 0.100000
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5)
6)
7)
8)
9)

Add a Mixer calculation and label it Incompatibility

Move the Cations and Anions streams to the Selected Section
Set the Mixing Method to Ratio
Open the Specs window and select Cations as the Ratio stream.

Under the Survey Range tab set the steps to 20

Mixing Method

&

& Description & Definition (i Plot Report L File Viewer
Available Streams Selected
Basic Calculation - [MSE] Cations
No Inhibitor - [MSE] Anions

With Inhibitor - [MSE]
SinglePoint - [MSE]

Type of calculation

Isothermal o

Calculate @

Summary

[

Variable Value  Cations Anions
Muttiplier <Varied>
Stream Parameters
Total Inflow 0.0 mol
Temperature (*C) |25.0000 | 25.0000
Pressure (atm) |1.00000| 1.00000

10) Calculate and go to the Plot tab
11) Plot the CaCOs induction times

P

1.00000 Unit Set: Metric (moles

Automatic Chemistry Model

55.6132 mol '-’ D
25.0000 2 2 Helo
1.00000

Using Helgeson Direct

Isothermal Calculation
25.0000 °C 1.00000 atm
Ratio
survey
Range 0.0to 1.0
Step size 0.05
No. steps 20

The plot shows that induction times are lowest (fastest to form) at a 50:50 mixture and highest at the far ends
of the plot. In fact, at the 0 and 100% points, no induction times are shown because there is no calcium in the
0% calculation and no carbonate in the 100% calculation.

CaC0O3 (Calcite) Induction Time [min]

— o

—#— CaCO3 (Calcte) Induction Time [min]

|

2

L PR IR T
o0 0. o o o. 0. 0
Db % o T Yo % Yo % TR R

o s} [}
Sy oy

|
. \I\\.—\Y_,_.’_..—.—.—.._’._’_.ﬁ”._ﬁ, L]
o, o o 0. 0 o 0 0
& G R B R 9 %

Ratio - Cations

x

%

Scale inhibitors can also work in the mixer calculation but to do this, the user must create a separate stream
and add it to the mixer like it would occur in a process.

12) Create a new stream and label it 0.1 molal NTMP
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Again, we are disregarding practical units in this example so that we can focus on the procedure of studying

induction times.

13) Add NTMP to the grid and give it a value of 0.1 mole

14) Return to the Incompatibility mixer and add the 0.1 molal NTMP stream to the Selected window

15) Change the mixing type from Ratio to Volume

16) Open the Specs window and select the 0.1 molal NTMP as the adjustable stream
17) Set the start and end to 0 L and 1e-4 L, respectively. Set the steps to 20.

Al
& Description [&¥ Definition (i Plot [ Report LI File Viewer
Available Streams Selected
Basic Calculation - [MSE] Cations
No Inhibitor - [MSE] Anions
With Inhibitor - [MSE] 0.1 molal NTMP

SinglePoint - [MSE]

J Variable Value = Cations Anions 0.1 molal NTMP ~
Muttiplier 1.00000 1.00000 <Varied>
Stream Parameters
Total Inflow §5.6132 mol | 55.6132 mol 0.0 mol
Temperature (*C) | 25.0000 25.0000 25.0000 25.0000
Pressure (atm) |1.00000 1.00000 1.00000 1.00000

18) Run the calculation and click on the Plot tab when done
19) Add the CaCO3 induction time to the plot and click OK

Mixing Method

Volume v Specs...

Type of calculation

Isothermal v

Calculate @

Summary

Unit Set: Metric (moles

Aulumanc Cnemxstry Model
SE (H30+ ion) Databanks
SE (H30
Uslng He}geson Direct
Isothermal Calculation
25.0000 *C 1.00000 atm

Volume

survey.
Range 0.0to1.0e-4L
Step size S5.0e-6L
No. steps 20

Cale elansed time® 4 355 sec

As NTMP is added to the mixture, the calcite induction time increases from less than one minute to over 1600
minutes. Somewhere in this addition would be the optimal treatment value, and that would depend on how long
the solid needs to remain in solution. For example, 200 minutes is over three hours, a time that would probably
be enough for a fluid to exit any process unit, like an RO or mixing tank. This would correlate with a 6e-5 L or
0.060 mL dosage per the two liters of mixed material.

CaCO3 (Calcite) Induction Time [min]
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An alternative way to plot this would be to use the MBG-Liquid 1 variables. Instead of plotting the volume of the
NTMP added, you can plot the concentration of NTMP in solution. This concentration would be the minimum
inhibitor concentration desired, or perhaps the residual concentration that you want to keep in solution.

20) Open the Variables button and expand the MBG Totals - Liquid 1 category
21) Move NTMP(-6) to the X-axis

o~ X Axis

[>> | INTMPICS) Lia1

22) Close the Variables window and open the Units Manager (| % )

23) Click on the Customize button and change the Aqueous Composition from moles to Concentration

Edit Units - Incompatibilty ? X
(® Batch System () Flowing System

Composition Parameters Corrosion

_] Variable Basis Units A
Inflow variables
Stream Amount Moles mol
Inflows Moles mol
Output variables

Aqueous Composition Concentration + | mg/L

e a 8 e 8

24) Close the units manager and review the plot

According to the calculation, a residual NTMP concentration of about 0.6 mg/l will keep CaCOs from
precipitating for 60 minutes. A concentration of 1 mg/L will inhibit precipitation for about 6 hours (348 minutes).

1800

1600 - —#— CaCO03 (Calctte) Induction Time [min] ]
1400 | 4

1200 |- / R
1000 - / R
800 | E
600 | / E
400 |- ]
200 | / ]

NTMPI(-6) Liq? [mgiL]

CaCoO3 (Calcite) Induction Time [min]

More Induction time options

The induction time calculation is a post-process calculation, meaning that it calculates the scale tendencies and
tina after the system converges to equilibrium. This means that the software will keep the target solids in solution
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so that it can calculate its supersaturation. Competing solids that remove precipitating ions from the water can
impact the induction times. For example, BaSO4 is supersaturated, but CaSO4 also precipitates, and in doing
so, removes sulfate from solution. This sulfate removal affects the final BaSOs induction time. The software
must be able to accommodate conditions where such mass actions impact the calculation. It does this in the
Calculation Options window.

Click on any of the calculations you created using this chapter
Select the Specs button and then the Calculation Options tab (or category)

Click on the Advanced button adjacent to the Scaling Induction Times(s) check box

[J Total Dissolved Solids (TDS)- Rigorous method
Scaling Induction Time(s) Advanced...
Pre-scaling Tendencies

Expand the S(+6) category in the window

The text in the upper section of the window explains how the induction times work. It explains that the induction
times are based on the supersaturation level of the specific solid and that for this solid to be supersaturated, it
must not precipitate during the induction time calculation. In addition to the target solid, any competing solids
that might change the concentration in the supersaturation equation (Ba and SOs if the calculation is for BaSOa)
also needs to be turned off. Otherwise, the supersaturation of the target solid will be lowered and a less accurate
induction time value will be computed.

So, in this case, potential competing solids for BaSO4 include three CaSO4 phases and BaCOs. These are
turned off by default. There are many other Ba- and SO4-containing solids that can form, and if you see them
forming in your induction time calculation, you can go to this window and turn them all off.

Induction Time - Advanced Options

*  Induction time is esti based on the super ion level of the scaling
solid . . | i . 5. = = By default, system turns off the precipitati
The precipitation of the scaling solids must remain turned off while estimating selected solids with a much longer precipit
the induction time accuracy in the calculation
e  User may need to turn off any competing solids that are likely to form in the e For a more detailed explanation visit
absence of the scaling solid in order to obtain a realistic estimate of the https://wiki.olisystems.com/wiki/Scale Ir
induction time
e By default, system turns off the precipitation of all scaling solid(s) and some #-[] Scaling Solids
selected solids with a much longer precipitation timeframe to achieve greater #-[2] Al Solids
accuracy in the calculation 5-[7] Ba(+2)
e Fora more f!el'ailed explanatiop yisit L Ba(OH)2. 1H20
https://wiki.olisystems.com/wiki/Scale Inhibition Ba(OH)2.3H20
Ba(OH)2.8H20
2[4 s(+6) 2 [[] BacO3 (Witherite)
2Na2504.CaS04.2H20 (Eugsterite) BaCl2
2Na2504.Na2C03 BaCl2.0.5H20
2NaOH.3Na2504 BaCl2. 1H20
[[] BasO4 (Barite) BaCl2.2H20
Ca(HS04)2 BaOHCI.2H20
Ca(HS04)2.2H2504 [ BaSO4 (Barite)
[ caso4 (Anhydrite) #-[ c(+4)
[] cas04.0.5H20 (Bassanite) #-[] Ca(+2)
[] caso4.2H20 (Gypsum) =M a(-)
Na2504 [ H(+1)
Na2504 (Thenardite) 2 Na(+1)

You may also decide that these competing solid should affect the induction time of your target solid. In that
case, you turn those solids on. When that happens, reduced concentration of the target solid’s ions will be used
to compute the induction time.
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OLI naming conventions are important to understand as they become critical in performing advanced features
in OLI Studio. The following chapter explains OLI naming conventions, when they’re important, and provides
key definitions for understanding these conventions.

Naming the Phases of Species
Let's say for example you want to type the following reaction in the OLI reaction kinetics tool:
2NH3(aq)+CO2(a0)=CH4N20aq)+H20

Note: You must use the OLI Tag Name for this step, and additionally specify the phase of the reactants and
products. Water is a special case; it is written only as H20.

As a general rule:

For an aqueous phase: AQ

For a vapor/gas phase: VAP

For a solid phase: PPT

For a hydrated solid: SOLIDNAME.nH20, where n is the hydration number
For an ion: ION

You can find the OLI TAG Name of your specific species using the Component Search Tool.

In OLI terminology the above reaction will look like:

2NH3AQ+CO2AQ=UREAAQ+H20
lonic Strength

lonic Strength (molal based or m-based)

The ionic strength is a quantity representing the strength of the electric field in a solution, and it is equal to the
sum of the molalities of each type of ion present multiplied by the square of their charges, as represented by
the following equation:

n
1 2
1=3 ) @m)
=1

Where n is the number of charged species

For example, a 1.0 molar solution of NaCl has 1.0 moles of Nations and 1.0 moles of €I~ ions in 1 kg of H20.
Therefore, the ionic strength is 1.0 molal.

I = %((ZNa+)2(mNa+) + (ZCI_)Z(mCl_))
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1
I=5(W*@+D*MW) =1

Now, consider a 1.0 molal solution of CaClz. This solution has 1.0 mole of Ca™? ions and 2.0 moles of Cl~ ions
in 1 kg of H20. Therefore, the ionic strength is 3.0 molar, or it can be said that a 1.0 molal solution of CaCl:
behaves similar to a 3.0 molar solution of NaCl.

1
I'= E((ZCa"')Z(mCa"') + (ze1-)*(mer-))

1= 2 (P + (1) =3

lonic Strength (mole fraction based or x-based)

In this case the ionic strength is calculated using the mole fraction rather than the molality:

n
1 2
1=3) (@)
=1

Where n is the number of charged species.

Material Balance Group (MBG)

MGB is an abbreviation for Material Balance Groups. The MGB variable is a sum of all the species with the
same oxidation state. OLI gives this information as Total or for the specific phase requested (Aqueous, Vapor,
Solid, and Organic) or as absorbed to the surface.

For example, if we have the following system:

55.5082 moles of H20

1 mol of NaCl

1 mol of CaCl2

1 mol of CaCO3

The distribution of the elements with their respective oxidation states are given as MBG for the total system,
and for the phases that are predicted to form, as shown in the image below.
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Description Definition [ Report

Variable [ Value
= Stream Parameters
Stream Amount {mol) 53 5082
Temperature (*C) 25.0000
Preszure (atm) 1.00000
= Inflows (mol)
H20 55.5082
NaCl 1.00000
CaClz 1.00000
CaCOo3 1.00000
T MBG Totals - Totals (maol)
H{+1} 111.016
Na(+1) 1.00000
Cal+2) 2.00000
0(-2} 58.5082
Cli-1} 3.00000
C(+4) 1.00000
= MBG Totals - Aqueous (mol)
H{+1} 111.016
0(-2) 55.5083
Ci{-1) 3.00000
Cal+2) 1.00002
Ma(+1) 1.00000
C(+4) 1.97427e-5
= MBG Totals - Solid [mol)
0(-2) 299994
C(+4) 0.999930
Ca(+2) 0.999930
Input  Output
Advanced Search Add az Stream Eport

~

Type of caloulation

lzothermal - Specs...

Calculate &8 |

Surnmary

Unit Set; Metric (moles)

Automatic Chemistry Model

Agueous (H+ ion) Databanks:
Agueous (H+ ion)

Using K-fit Polynomials
T-zpan: 25.0 - 225.0
P-gpan: 1.0 - 1500.0

lzothermal Calculation
25.0000 *C 1.00000 atm
Phase Amounts

Agueous  80.5023 mol

apor 0.0 mal
Solid 0.9%99330 mol

Agueous Phase Properties
pH 8.02574
lenic Strength  0.0881064 mol'mol
Density 1.11554 g/ml

Calc. elapsed time: 1.291 zec

Calculation complete

Volume vs. Volume at Standard Conditions vs. Standard Liquid Volume

Volume

This is the volume of the system at a specified temperature, pressure, and composition.

Volume at Standard Conditions

It is also known as the Standard Volume. This is the calculated volume of each phase (using the composition
of each phase) at standard conditions. The standard conditions for each phase: vapor, liquid-1, and liquid-2 are
predefined in the software, and can be changed.

The standards conditions are:

Vapor: Temperature: 15°C and Pressure: 1.0023 atm
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Liquid-1: Temperature: 25°C and Pressure: 1 atm

Liquid-2: Temperature: 15°C and Pressure: 1 atm

Standard Liquid Volume

This is a transport unit. Standard liquid volume is the calculated standard liquid volume based on true species.

You can see it as the contribution of volume of each true species to the total liquid volume.

An example

Standard liquid volume calculation of Liquid-1 phase (MSE), H20: 55.5082 mole, NaCl: 1 mole, 25°C, 1 atm

(using OLI Studio 9.5.4).

Standard liquid volume of material balance group (MBG) (accessible through Databank > literature >Material

codes > VOLU ).

MBG name | Standard liquid volume of MBG, VOLU (m?)
H(+1) 1.41E-05
Na(+1) 1.82E-05
0O(-2) -1.02E-05
Cl(-1) 1.72E-05

True species composition after speciation:

True species (Name) | Composition (COMP), mole
H20 55.5082

CI-1 1

Na+1 1

H30+1 1.33E-07

OH-1 1.33E-07

NaOH 5.30E-14

HCI 2.07E-15

Standard liquid volume of the phase calculation, considering MBG group contribution in each true species:

MBG Contribution Contribution
Name Value
H(+1) [ 1.41E-05x%(55.5082x2 + 1.33E-07%3 + 1.33E-07x1 + 5.30E-14%1 + 2.07E-15%1) 1.57E-03
Na(+1) [ 1.82E-05x% (1x1 + 5.30E-14x1) 1.82E-05
0(-2) -1.02E-05x (55.5082x1 + 1.33E-07x1 + 1.33E-07%1 + 5.30E-14x1) -5.65E-04
Cl(-1) | 1.72E-05x (1x1 + 2.07E-15x%1) 1.72E-05
Volume (m?) 0.00103827
Volume (L) 1.03827

459



Adiabatic, 219, 226
Alloy Chemistry, 321
API Gravity, 396
Aragonite, 61
Assay, 394, 395
ASTM, 393
ASTM D1160, 393
ASTM D2887, 393
Brines, 403, 427, 429, 436, 437, 438
Calcium Carbonate, 61
Calculation Types, 322
Cascading Mixers, 225
Cavett, 206, 395
Composition Survey, 222, 338
Contour Plot, 163, 167
Corrosion, 260, 266, 272, 330, 346, 361
density, 206, 396, 397, 419
Depletion Parameters, 321
Depletion Profile, 322, 335
Dew Point, 48
Dolomite, 70
Electroneutrality, 195, 381, 419
Equation of State, 17
Equilibrium Constant, 111, 114
Extreme Value Statistics

EVS, 345, 346

Gases, 403, 427, 438

hydrocarbon, 424

Isothermal, 38, 228

Lee-Kesler, 395

Mixed Solvent Electrolyte
MSE, 16, 17

Mixer, 225, 226, 228, 230, 427

Oxidation, 252, 256, 257, 259

Passivation, 262, 266, 267, 272

pH, 34, 38, 58, 121, 122, 123, 130, 133, 134, 135, 138,
139, 222, 223, 224, 227, 229, 230, 236, 259, 262, 269,

271, 274, 276, 278, 397, 419, 436, 437

Pit Depth, 345, 346, 369
Pressure Survey, 143, 163
Pseudo-components, 395
Reaction Kinetics, 101
Redox, 256
Reduction, 244, 252, 259, 274, 276
Scaling Tendency, 180
Selective Redox, 256
Soave Redlich Kwong
SRK, 17
Speciation, 134, 220
Stability Diagram, 263
Temperature Survey, 123
Thermal Aging Temperature Survey, 322
Thermal Aging Time Survey, 322
Thermodynamic Framework, 114, 225

Tree View, 122, 134
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True Boiling Point Watson K, 394, 395, 397

TBP, 393
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