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Chapter 1 Removing Hardness
from Water

The Application

The simplest ESP calculation is the adiabatic mixing of two streams. We will use this calculation to see ESP’s
general workings. Figure 1-1is a process diagram containingtwo inlet streams, a mixer, aseparatorand two
outletstreams. The Hard Water stream contains substantial amounts of dissolved calcium and magnesium.
Addingsodium carbonate will precipitate CaCO; and Mg(OH), by providing asource of carbonate and by
raisingthe pH. The goalis to reduce the total dissolved calcium and magnesium concentrationsin the hard
waterto lessthan 10 mg/l on a combined basis.

Soda et
Ash
Soft water
offener L
Slurry
Hard
Water Softener ]
Reactor Clarifier
Sludge

Figure 1-1 — Adiabatic mixing of Hard water with Soda Ash and separating the solids from the liquid

You will build this case intwo steps. The first stepisto create the chemistry model and the secondisto
build the streams and process blocks.

Creating a Chemistry Model

The Chemistry Model is one of two core modulesinany ESP calculation. The other core module isthe
Process Case. The Chemistry Model module contains all the inflows, dissolved species, solids, gases and oils
that are to be usedina case. The Model also contains the thermodynamic properties so that the reaction
equilibrium constants and species properties can be computed.

The procedure for creatinga chemistry model are explainedinthe following steps.
o Choose the database and thermodynamicframeworkto use.
e Entertheinflow components.
e Editthe solid phasesthatwill be included or excluded from the case.

e Addcustomized equations, kinetics and surface reactions.
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Once completed, the process can be designed. Achemistry model canalways be changed. Itisa matterof
returningtothe model generation steps (above)and making the necessary modifications.

Introduction to the Chemistry Model tabs
Creatinga Chemistry Model can be as complex as the case requires. The chemistryissimplein this
example. Itcontains a few components and no modifications to the default settings.

Selecting the thermodynamic method and databases to be used in the Model

v CIickontheChemistrytab— Flowsheet- Chemistry X | Report-1

The Chemistry section contains five sub-tabs: Inflows, Databanks, Phases, Redox, and Kinetics. New cases
defaulttothe Databankstab. Thistab containsthe thermodynamicframeworkand specialized any
databasestobe included.

k| Flowsheet Chemistry X Report-1

Inflows Phases Redox Kinetics
Thermodynamic Framework Aquenus (H+ Ion) w
Agueous |
MSE {H3C + Ion)
Databanks: o
Public {(Reguired)
Alloys
Ceramics
Corrosion
Exchange
Geochemical
LAB Databank
Low Ternperature

Figure 1-2 - The available framework and databases installed with the software

OLI usestwo thermodynamicframeworks, Aqueous (H+ion) and MSE (H30+). MSE stands for Mixed
Solvent Electrolyte. The available databases (note the Add button) includethe required Public database,
OLl-installed private databases and client-specific private databases.

v’ Use the default settings of Aqueous (H+) and no private databases.

Adding the chemical inflows to the model
The inflows tab contains the grid for adding molecularinflows, assays, pseudocomponents and other
optional inflows.

v" Clickon the Inflows tab to access the grid for addinginflows.

v" Type the following Inflows to the grid:

NaCl
CaCl2
MgCl2
Na2CO3
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4 Flowsheet~ Chemistry X | Report-1
Databanks Phases

Inflows
H20
MNaCl
CaCl2
MgCl2

[ Ma2C03

Figure 1-3 — entering the molecular inflows.

Editing the Solid Phases in the Model
v" Clickon the Phasestab.

Thisscreenisthe Phase Editor. Here the usercan exclude solid phasesif they feelthatthese solids will not
formwithinthe timeframe of the process. All solids are “on” by default, sowhen the caseisrun
precipitation of any phase is possible.

v' Clickon the “+” sign adjacent tothe All section | = E

This action exposesthe complete phaselistin the Chemistry Model. There are nearly thirty potential solid
phases. Thissolids listis based onany combination of Ca*?, Mg*, Na*!, CO52,and H,0. Whetherornot one
or more forms depends on the solution composition and conditions. Users can prevent any solid from
precipitating by unchecking the individual box.

Include Solid Phases:

= EE o~
Ca(0H)2 (Fortlandite)
CaCl2 (Hydrophilite)
CaCl2.2H20 (Sinjarite)
CaCl2.4H20
CaCl2.6H20 {Antarcticite)
CaCl2.Ca0.2H20
CaCl2.H20
CaCO3 (Aragonite)
CaC03 (Caldte)
Ca0 (Lime)
Ma(OH)2 (Brudite)
Macl2
MaCl2,2H20
MgCl2.4H20
MgCl2.6H20 (Bischofite)
MaCloH

[ PR T N

Figure 1-4 — Selecting the phases to be included-excluded in the case

All phases will be allowable in this case and so noaction is required.

Review the REDOX and Kinetics options
v" Click on the Redox tab.

The Redox screen contains toggle boxes to enable ordisable oxidation-reduction reactions. The default
settingisfor Redox reactions to be off. If Redox chemistryisincluded, thenthe userselects which elements
will be included, and also which oxidation states within the particularelementisincluded.
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Inflows Databanks Phases | Redox |

indude Redox Chemistry

Include Subsystems:

Oc

Oca

Oa

O«

Omg

Ona

=20s
Ose2)
Os@
Ost+2)
Os+3)
Os+9
Oss)
Os(+6)
Osi+n
Os(+8)

m Msr

Figure 1-5 — Include or exclude Oxidation-Reduction reactions and select which element and oxidation state will be allowed
v" Use the default settings forthe Redox tab.
v" Clickon the Kinetics tab.

The Kinetics tabis where users can construct rate-limiting equations forone or more reactions. Atemplate
of speciesisavailable to create the kineticmodel. Creating kineticreactions will be explainedinlater
chapters.

Inflows Databanks Phases Redox RO

Select kinetics reactions to be considered.

Use the 'Edit' button to create/modify reactions.

Select a reaction from the list below or add a new one:

[cacoa(eet) = Ca+2 +C03-2 Add...

Modify...

Edit Equation

Type an equation using OLI Tags in the field below.

You can double-dick on an item in the list of available components to add it to the equation.

Override Equilbrium Reaction | caco3(ppt) = c4 | BRAGGNITEPPT = CAIGN + CO3IGN

Rate Definition irirmis

Rate (KF=([R1]*ER1] Formula COLITag
CaCo3 {Aragonite){ppt ARAGONITEPPT

Rate is calculated using the above expres| ¢ ‘g )eet)

[Ril, [Pi] are activities (x-based) of react] | C2C03 (Caldite)(zq) CACO3AQ
CaCo3 (Calcite){ppt) CACO3PPT

Figure 1-6 — Selecting reactions that will be undergo rate-limiting kinetics
v" You will not create any reactions.

This completes the basicintroduction of the Chemistry Model Build step. There are additional options, but
they are not germane to the firstexample.

Building the Softening Process

Quick introductionto the Flowsheetscreen

The procedure building a process is straightforward. Each form/screen asks forthe required info rmation, as
do the Block screens.
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v" Clickon the Flowsheet tab.

The main flowsheet screen contains a center workspace, support panels, and atoolbar. The workspace is
blank, and becomes filled with streams and units. The support panelsinclude Navigator, Library, Properties,
and a general Output section (errors, trace, monitor, and output). The toolbar contains various actions that

are described below.

n ESP1 - OLI Flowsheet: ESP (Beta)

File Edit Flowsheet Chemistry Simulate Report Tools View Window Help

D | T

=4 Chemistry Models
Lo fh Chemistry
- [J Unit Operations
& Streams
=Bl Reports
.-l Report-1

4

] ]

Flowsheet

<R e e @ -

Chemistry = Report-1

2
3
H‘

Process

General
= Process Options
Optional Properti
Calculation Aids

<

Comp.
Splitter

Description

>0 0

Mixer  Separator Neutrali...

Absorber  Stripper

Recycles
Restart Options

VIV WV Vv

Molecular Conver

<

Splitter

100

Reactor v

vl € > Properties = Watch

Object

Qutput | Convergence Monitar | Errors | Trace

Figure 1-7 — Flowsheet tab showing the blank process screen and the five default support panels

The Navigator panel contains the complete list of objects that are part of the file. This
includes all chemistry models, streams, unit operations and reports.

The Library panel contains the available units and unitoperations. Objectsinthe library
panel are broughtinto the workspace usingdragand drop.

The Properties panel contains the settings for a unit, the molecular composition of astream,
or the properties of the flowsheet. The panel view will therefore change, depending on
what object or streamis infocus on the worksheet. There are tabs at the bottom and top of
the panel that display input and output composition and settings.

The general output panel at the bottom of the screen contains several sub panels. The
Convergence Monitor contains agraph that shows the progress of convergingrecycle
streams (Tear streams) and controllersettings. The Errors panel contains the list of
problemsthatneedtobe corrected eitherbefore running the case or problems found after
the case isrun. The Trace and Outputtabs contain detailed information onthe calculation.
These are intended for more advanced users.

The toolbar contains several action buttons:

o Start, Pause, and Stop 4 =

Q a m [ [,

o Zoomand centering
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N |

o Objectselectand move

@
o AddStreams, Signals and Energy buttons Jl'CJ]E'

o AnaddCalloutTable button E

[ =1
o Rotate objects buttons "':' ~ b

4 | Hacl

. E=E
o Namesand Units Manager buttons i

v’ Start by savingthe case file. Give ita name that you can recognize quickly because this
file will be used in the nextseveral chapters.

Adding the Softener Reactor and Inlet Streams
This example contains amixer, aseparator, twoinletstreams, and two outlet streams. You will start by
creatingthe Mixerblock with the two inlet streams.

Soda
Ash

Softener
Slurry

Water Softener
Reactor

Figure 1-8 Adiabatic mixing of two liquids

The mixerisan adiabatic (by default) block that can accept a single stream to overtwenty inlet streams. It
calculates all reactions to equilibrium, whichis the case for most Flowsheet ESP blocks. Itsoutputisa single
stream.

Each of these panelsandtoolbaractionitems will be used tovarying degrees in the first several chapters of
this manual.

v" Clickon the Mixer objectinthe Library (lowerleft of the screen) and dragit onto the

Worksheet.

v Double click on the new block to change its name to Softener Reactor.

You will notice that the right Properties paneldisplays the settings for this mixer.

-
Softener Reactor Mixer

General
= Inlets

Feed [~

Op 08
= Outlets

o L Qutput

Softener

4 Reagtor | = Equilibrium Calculation
Calculation Type Adiabatic |
Pressure Spec Min. Inlet Pressure |
Heat Duty (cal/hr) 00
= Advanced Options
Chemistry Model Chemistry (Default) ||

Figure 1-9 - The Mixer block and the Properties Panel (Definition tab)
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v' Clickon the Add Stream button in the Toolbar.

NPT

Figure 1-10 - The Add Stream button in the toolbar

v/ Create an inletstream to the mixerby clicking on the flowsheet to the left of the mixer
and dragging the mouse to the mixer. Unclick and click again when the + symbol
appearson the cursor.

Notice thata separate clickis needed toanchorthe streamto the unit.
v/ Create asecondinletstream the same way.
v’ Lastly, create an outlet stream.

v" Pressthe ESC key to deactivate the Add Stream button.

52 Tsofiener

Reactor
Figure 1-11- A mixer containing two inlet steams and one outlet stream

The Add stream mode stays active until the ESCkey is pressed, orthe arrow buttonis selected ', orif
@ L
the Add Stream buttonisclicked a secondtimet} @ e

v" Double click onthe first stream and label it Soda Ash.
v' Labelthe second stream Hard Water
v Labelthe outlet stream SoftenerSlurry.

Soda
Ash

Softener

Slur
Hard v

Water Softener
Reactor

Figure 1-12- Names added to the mixer block

Entering the Stream compositions
v Clickon the Hard Water to access the Properties panelforthe stream.

The Properties panel onthe right has the Definition tab active. Thistabisthe inflow composition grid
where you enterthe conditions (T,P), flow rate (called Stream Amount), Composition (called Inflows), and
Specialized settings for the stream.

v Enter the composition shown inthe table below forthe Hard Water.

Soda Ash Hard Water
Temperature (C) 25 25
Pressure (atm) 1 1
Stream Amount (mole/hr) 1 100
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H20

NacCl

CaCl2

MgCl2

Na2C03

0 55
0 1

0.1
0 0.1
1

Table 1-1 — Process Stream and Acid Waste stream compositions

v Clickon the SodaAsh stream and enterthe composition.

The row labeled Stream Amountis the Flow Rate. The unitsin this case are 100 moles/hr. Atthe bottom of
the grid isa Total value. Thisisthe sum of inflows entered, which in this case is 56.2 mol/hr. Each inflow
componenttherefore, is multiplied internally (by 100/56.2=1.779) to achieve the total flow rate.

Hard Water

Calculated General
= Parameters
Temperature (°C) 25.0
Pressure (atm) 1.0
Stream Amount (mel/hr) 100.0
e Inflows (mol/hr)
H20 55.0
MaCl 1.0
CaCl2 0.1
Mg(Cl2 0.1
Ma2C03 0.0
Total 56.2

Soda Ash

Calculated General
= Parameters
Temperature (*C) 25.0
Pressure (atm) 1.0
Stream Amount (mcl/hr) 1.0
& Inflows (mol/hr)
H20 0.0
MaCl 0.0
Calll2 0.0
MgCl2 0.0
Ma2C03 1.0
Total 1.0

Figure 1-13 - The mixer block with the completed Process Stream and Acid Waste

The Soda Ash streamis 100% Na2CO3. In this case, both are entered as 1 mol/hrandso it does notrequire

renormalization.

Viewing the Mixer properties

v" Clickon the SoftenerReactor objecttoview its Properties panel.

Softener Reactor Mixer

General
- Inlets
Feed Soda Ash -|
Feed Hard Waterﬂ
Feed ﬂ
- Outlets

Output Softener Slurry

= Equilibrium Calculation

Adiabatic ||
Min. Inlet Pressure ﬂ
Heat Duty (cal/hr) 0.0

Calculation Type

Pressure Spec.

- Advanced Options
Chemistry Model Chemistry (Default) ﬂ

Figure 1-14 - The Mixer block with the completed Acid Waste stream

The top of the panel containsthe inletand outlet streams names. The default calculation type is Adiabatic
(mix of inflows)and the default pressure settingis the lowest value pressure of any inlet stream. In this case
theinletstream pressuresare both 1atm, and so this will be the outlet pressure. There isan optionthat
allows the userto change the Chemistry Model. Thisisan advanced setting described laterinthe manual.
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There are no changes to make on this panel.

Calculate the case andview the results

v' Pressthe Calculate button.

4

The software will generatethe chemistry model, initialize the process, calculate the properties of the two
each inletstreams and, lastly, calculatethe mixerblock. This progressisdisplayedinthe Outputtab at the
bottom of the screen.

v

Click on the Outputtab at the bottom of the screen.

Generating chemistry model(s)...
Chemistry model generation complete.
-- Process Analysis - Initialization

Qutput | Conwve

-- Process Analysis - Inlet Stream Equilibrium Computation

- Stream: PROCESS STREAM

- Stream: ACID WASTE

-- Process Analysis - Block Computation

- Block MIX - ADIABATIC MIXER

Figure 1-15 - The Output tab displaying the simulation progress

When the simulationis complete, a popup window will appearinthe lowerright of the screen.

= Q Simulation Complete

Figure 1-16 - The Simulation Complete popup

v Clickon the SoftenerSlurry stream to access the Properties panel.

The resulting composition and properties of this outlet stream are displayedinthe Properties panel.

v

Click on the Propertiestab at the bottom of the panel if this tab is not yet highlighted.

W

Properties | Watch

Softener Slurry

General
- Stream Parameters —
Temperature (*C) 28.171 H20
Pressure (atm) 1.0 co2
pH 9.98285 | [ Na2CO3
Moles, True (mol/hr) 104,822
Meoles, Apparent (mel/hr) 101.364 Cald
Mass (g/hr) 2009.74 MaCl
Volume (L/hr) 1.83605 MgCQ3

Solid Frac. (mole %)

Vapor Frac. (mole %) 0.0

0.343517 | | MgO

CaCO3 (Calcite)

Mg(OH)2

Total, Apparent (Molecular) (mol/hr)

97.73838
0.0886359
0.644128
0.177908
2.820%4e-5
24911
0.0893083
7.64256e-3
0.0809851

Figure 1-17 - The Properties panel containing the Softener slurry stream
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The Calculated tab of the Properties panel contains two tables: Stream Parameters (pH, volume, mass, etc.)
and apparent molecularflow. Its purpose isto provide a brief summary of the stream. The slurry
temperature is 28C, whichis 3C higher than the feed streams due to heats of reaction. The pH is 10, which
isan indication that excess carbonate (CO;2) is present. The slurry flow rate is 1.8 L/hr and of this, 34% (ona
mole basis) are solids.

Properties | Watch

v" Click on the Watch tab at the bottom of the Properties panel -

Softener Slurry

- Commeon Parameters

Ti(*C) 28.0M
P (atm) 1.0
pH 9.93285
Moles, True {mol/hr) 104,822
Meoles, Apparent (mel/hr) 101.364
Mass (g/hr) 2009.74
Volume (L/hr) 1.83695
Solid Frac (mole %) 0.343517
Vap Frac (mole %) 0.0
Lig2 Frac, Apparent (mole %) 0.0

Custom Edit

Figure 1-18 - The Softener Slurry Watch tab containing the Common Parameters and Custom variables section

This panel displays the same grid as the Properties panel, butitalsoincludesalowerpanel called Custom.
This Custom panel enables usersto selectvariables to be viewed quickly, eliminating the need to look at the
complete report. The Edit buttonisthe access to thisvariable list. Ourinterestisthe dissolved calciumand
magnesium concentration remaininginthe water. So, you will add these two variables.

v" Click on the Edit button.

Select Variables x
SearchFiter | Selected Variables
Move Up Move Down
- Stream Parameters Cal+2) - Aqueous
- Phase Flows Ma(+2) - Aqueous

- Thermodynamic Properties

- Liguid-1, True (Speciated)

- Solids

-Vapor

- Total, True (Speciated)

- Liguid-1, Apparent (Molecular)
- Total, Apparent (Molecular)
MBG Totals, Liquid-1 —_

0 O O O e O O O Y e O

- MBG Totals, Solids

- MBG Totals, Vapor

- MBG Totals, Combined
- Scaling Tendencies

- F-- -

Figure 1-19 - The Select Variable window for adding variables to the Custom grid on the Properties panel.
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The Select Variables window that appears contains several categories. The category we are interestedinis
the MBG Totals, Liquid-1. The abbreviation MBGis Material Balance Group, and it represents the sum of all
that material inthe liquid phase. Therefore, total dissolved calcium and magnesium s capturedinthe
variable Ca(+2) and Mg(+2) MBG.

v" Expandthe MBG Totals Liquid 1 category.

v' Double-clickonthe Ca(+2) and Mg(+2) variables so they are moved to the right panel.

v" Close the window.

Custom Edit
Ca(+2) Ag (mel/hr) 2.8290de-3
Mg(+2) Ag (mal/hr) 7.64256e-3

Figure 1-20 - The moles of total dissolved calcium and magnesium in the Softener slurry

The grid now contains the total dissolved calcium and magnesium. However, the units are not convenient.
Theyare in molesand not concentration. Therefore, we need to change units before proceeding with the
data interpretation.

v Clickon the mol/hrhyperlink unit adjacentto eitherthe Ca(+2) or Mg(+2) variable.

This action activates the Units editor. You will change the Aqueous compaosition units from molesto
concentration.

v' Change the Basis for the Aqueous Composition from moles to Concentration.

Edit Units - Softener Slurry ? X

Compesition  Parameters

Variable Basis Units
Inflow variables
Stream Amount Moles mol/hr
Inflows Maoles mel/hr
Output variables
Aqueous Composition mg/L
Vapor Composition Moles mol/hr
Selid Compaosition Moles mel/hr

Aad Lianid Camnncitinn knlec mnl/hr

Figure 1-21 — The Edit Units window for the Softener Slurry stream. The Aqueous Composition is set to Concentration

v" Press OKto close the window

Custom Edit
Ca(+2) Ag (mg/L) 0.62117
Mg(+2) Ag (mag/L) 101.733

Figure 1-22 — The updated panel showing the dissolved calcium and magnesium in concentration units

Accordingto the calculations, calcium concentration is less than 1mg/|, but the dissolved magnesiumis
above 100 mg/Il. Consequently, the goal of 10 mg/l combined for both was not achieved. Changestothis
scenario or additional processing will be needed.
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Taking action to reduce total Ca+2 and Mg+2 to below 10 mgj/I
The simplesttaskto meetour target concentrationisto adjustan inflow ora condition. Forinstance, soda

ash can be increasedtoraise the pH, or temperature can be increased to reduce solubility. Youwill do the
latter.

The solubility of magnesium hydroxide decreases exponentially with temperature. Thisisshowninthe plot
below.

L e e e B B L e s B e B L B

90 . _
80_— \ —a— Mo(+2) Ag [my/L]

TU -_ -
[ ,
s [ \ ]
40 L i
30 -_ \ _-

20 . .
R N

10 -_ \.\O\
[ A . o == S W
o

L P | P T | |
P00 %% % 0P %%

Mai(+2) Agq [mgiL]

| P
T % oD % % % % % %

Temperature [°C]

Figure 1-23 — Plot of the calculated solubility of Mg(OH)2, brucite, in pure water between 20 and 56C. The plot was generated in OLI
Studio V9.3.2.

Therefore, asignificant performanceimprovement can be achieved by raising the feed temperature of the
hard water. To do this we will simply change the feed temperature from 25 to 50C. We will assume thata
heating processis present upstream of the softenerreactor.

v" Click on the Hard water stream to access the Properties panel.

The panel view will probably be the Watch tab. You needto be inthe Definition subtab of the Properties
tab.

v" You may needto Click the Properties tab at the bottom of the panel -
| Properties | Watch

Hard Water

, and then click on the Definition sub tab at the top of the panel -

Calculate: . .
. This places you on the Stream Input editor where you can

change the temperature.

v' Change the Temperature from 25 to 60C.
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Properties x

Hard Water

Calculated General
& Parameters
Temperature (°C) 60.0
Pressure (atm)
Stream Amount (mol/h 100.0
= Inflows (mol/hr)
H20 55.0
NaCl 1.0
CalCl2 0.1
MgCl2 0.1
Na2C03 0.0
Total 56.2

Figure 1-24 - The Hard Water composition with the updated temperature
v' Recalculate the case.

v" Click on the SoftenerSlurry stream and then click on the Watch tab (bottom of the
panel).

Watch X

Softener Slurry

< Common Parameters
T({"C) 62.2792
P (atm) 1.0
pH 9.43343
Moles, True (mol/hr) 104,877
Meoles, Apparent (mol/ 101.357
Mass (g/hr) 2009.74
Velume (L/hr) 1.87273
Solid Frac (mole %) 0.349518
Vap Frac (mole %) 0.0
Lig2 Frac, Apparent (m 0.0
Custom Edit
[Ca+2) Ag(mg/) | 0.696888
Mg(+2) Ag (mg/L) 20,5936

Figure 1-25 - The updated Softener Slurry composition and properties. The Mg+2 concentration decreased by 80%

Raisingthe inlettemperature decreased the dissolved magnesium by about 80%. It istemptingtoraise the
temperature further, and this can be done. However, inthe interest of this example, we willcombinethe
temperature increase with a higher dose of soda ash.

v Clickon the SodaAsh stream to access the Properties panel.
v" Change the panel view sothatthe Properties-Definitiontabisvisible.

v" Change the soda ash Stream Amountfrom 1 to 2 mol/hr.
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v

Properties =

Soda Ash

Calculated General
= Parameters
Temperature (*C) 25.0
Pressure (atm) 1.0
Stream Amount (mol/h 20

Figure 1-26 - The updated Soda Ash flow rate of 2 moles/hr.

Calculate.

v Clickon the Softenerslurry and view the total dissolve calcium and magnesiumin the

Watch panel.

Watch x

Softener Slurry

< Common Parameters

T(°Q) 66.3445
P (atrm) 1.0
pH 9.64402
Moles, True (mal/hr) 107.645
Moles, Apparent (mol/ 102.357
Mass (g/hr) 2115.73
Volume (L/hr) 1.89791
Solid Frac (mole %) 0.347036
Vap Frac (mole %) 0.0
Lig2 Frac, Apparent (m 0.0

Custom Edit

Cal(+2) Ag (mg/L) 0.867393
Mg(+2) Ag (mag/L) 7.94238

Figure 1-27 - The updated Softener Slurry stream. The Total dissolved calcium and magnesium is now less than 10 mg/I.

The combination of highertemperatures and soda ash flow rates results in a slurry with total dissolved
calcium and magnesium lessthan 10 mg/I. Thus, our target has been met. This may notbe the most
efficient/economical approach, butitdoes meet product limits.

v' Savethefile. If you have not saved the case file yet, then name it something that you
can find quickly because it will be used in the next several chapters.

Adding the Clarifier block

If the first part of the case converges properly, then the work onthe clarifier block can begin. Itis not
requiredthatthe firstsectionbe runto add the new block. However, fordiagnosticreasonsitis sometimes
easierto create and calculate incrementally sothatit’s easierto find any errors.

v

Click on the Separatorblockinthe Library and drag it to the right of the Softener

reactor.

.

Separator

Name this object Clarifier.

Click on the SoftenerSlurry streamto activate it. Linkit to the inlet of the Clarifier.
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v' Addtwo streamsto the outlet of the Clarifier. Add one tothe Liquid outlet (up perright)
and add anotherto the solids outlet (bottom).

v' Activate the Add Stream action

v Label the liquid stream Soft water and the solid stream Sludge.

Soft water

Clarifier

Sludge

Figure 1-28 - The schematic for the Separator/Clarifier unit

Calculateandreview the results
v" Pressthe Calculate button.

v' When complete, click on the Soft water stream to access the Properties panel.

v" Thenlook at the Sludge stream.

Watch x
Sludge
Soft water
e Common Parameters
General T(°C) 66.3445
= Stream Parameters P (atm) 1.0
Temperature (*C) 66,3445 pH
Pressure (atm) 1.0 Moles, True (mol/hr) 0.355214
pH 9,64402 Moles, Apparent (meol/hr) 0.355214
Males, True (mal/hr) 101,504 iezs 28.1463
Moles, Apparent (mol/hr) 06.5003 :D.'-TEE (L7 — D'[”%g;;
Mass (g/hr) 1974.99 olid Frac (mole %) !
: ] Vap Frac (mele %) 0.0
EulumeliEih L= Lig2 Frac, Apparent (mole 0.0

Figure 1-29 - The Properties panel for Soft Water and Sludge. The Soft water is 100% liquid and the Sludge is 100% solids.

The panel displays the calculated results. The final pHis about~10 and the software wateris 100% liquids;
allthe solids are inthe sludge stream. Note thatthe sludge streamis 100% solids and there is no water
present. Thusthe separatorblock “separates” phases completely. There isno entrainmentorsuspension
assumed. Thiscan be doneinthe nextsection.

Modifying the Separator so that the sludge and soft water streams aremorerealistic

There are Entrainment settingsinthe Separator object used to mix phase in exit streams. The default
separatorsettingis for 100% of the liquid and solids to separate into theirrespective outputs. This does not
allow forsuspendedsolidsinthe liquid or forentrained waterin the solids (i.e., sludge). You will use these
settings to make the Clarifier sludge 80% water and 20% solids. Thisisa liquid tosolid ratio of 4:1.
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v" Clickon the Clarifierblock to access the Properties panel.

There isan Entrainmentrow at the bottom of the Equilibrium Calculation section on the Properties tab.
This section contains the various phase entrainment options.

v" Setthe LiquidinSolid ratioto4 g/g. Thisisa 4:1 massratio or 80% liquid.

Clarifier Separator

General
w Inlets
Feed Softener Slurry ﬂ
Feed ﬂ
= Outlets
Ligquid Soft water
Solids Sludge
Vapor
Organic
e Equilibrium Calculation
Calculation Type Adiabatic ﬂ

Pressure Spec. Min. Inlet Pressure ﬂ
Heat Duty (cal/hr) 0.0

Entrainment )|

< Back Clarifier Separator
General
= Suspended Solids

Solids in Liquid (g/g)

= Entrained Liquid
Liquid in Vapor (g/g)

= Dissolved Phases

Liguid in Solid (g/g) 4.0
Vaporin Liquid (g/g)

Aqueous in Organic Liguid

Organic Liguid in Aqueous

Figure 1-30 — The Entrainment option in the Clarifier unit. The Liquid to solid ratio is 4:1, or an 80 wt% sludge

v' Calculate.

v Clickon the Sludge stream to view the calculated results.

Sludge
General

= Stream Parameters
Temperature (°C) 66,3445
Pressure (atm) 1.0
pH 9.64402
Males, True (mal/hr) 6.14147
Males, Apparent (mol/hr) 5.85624
Mass (g/hr) 140.731
Volume (L/hr) 0.112703
Solid Frac. {mole 32) 6.06557
Vapor Frac, (mole %) 0.0

= Total, Apparent (Molecular) (mol/hr)

H20 5.26837
coz 9.59845e-3
MNa2C03 0.0836693
CaCO3 (Calcite) 0.177895
Ca0 2.20248e-6
MaCl 0.134347
MgQ 3.32549¢-5
Mg(OH)2 0.177319

View detailed report

Figure 1-31 - The Sludge properties panel containing 80% water

The sludge stream now contains 6.1 mole% solids. This convertsto 20 wt% solids definedin the
Entrainment. The software does not have awt% solids variable, soto see this you needtoview the detailed

report.

v" Clickon the View Detailed Report link at the bottom of the Sludge panel -

View detailed report

Thislink activates a Stream Reporttab. The reportcontainsthe Sludge properties and compositions. View
the Phase flow section, specifically the Mass. Total massis 140.7 g/hr. The solid massis 28.1 g/hr, or 20% of

the total flow.
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Sludge
Stream Parameters
Temperature (*C) 66.3445
Pressure (atm) 1.0
pH 9.64402
Solid Frac. (mole %) 6.06557
Vapor Frac. (rmole %) 0.0
Phase Flows Liquid-1 Solids Vapor Total
Moles, True (mol/hr) 5.78626 0.353214 0.0 6.14147
Males, Apparent (mol/hr) 5.50102 0.353214 0.0 5.85624
Mass (g/hr) 112.583 28,1463 0.0 140,731
Valume (L/hr) 0.101766 0.010037 0.0 0.112703

Figure 1-32 - The Stream report generated by the View detailed report button. The phase flow section contains the phase distribution
of the stream

Summary

We have completed the first case. Itpresentsthe basicmechanics of buildingand converging a steady-
state simulation. Inthe next chapter, you will expand this case toinclude additional blocks and chemistry.
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Chapter 2 A simple Absorption
Column

The Application

There are several types of multi-stage, or column, blocks in Flowsheet ESP. The simplestisthe Absorber
column. This column consists of a minimum two equilibrium stages, and two inletand two outlet streams.
Figure 2-1is an example column. Itisafour-stage flue gas scrubber. Combustion gas contains various
pollutants (SO2,S03, HCI, H2S, and Hg), which are absorbed into a high pH washing solution.

Clean
Gas

Caustic

Gas
Scrubber

Combustion Bottoms
gas

Figure 2-1 — Absorption column for removing pollutants from combustion gases

You will build this case in the same two steps as the previous chapter. Step 1isto create the chemistry
model and the step 2 isto build the process.

v"  Start the Software.
v" Confirmthata blankcaseison the screen.

v" Savethisblank case as Section1—Chapter2 - Absorption Tower.

Creating a Chemistry Model

As explainedinthe previous chapter, the chemistry modelis one of two modules required for the case.
Selecting the thermodynamic method and databases to be used in the Model
v Click on the Chemistrytab _ Flowsheet” Chemistry | Repaort-1

The start tab for all new casesis the Databanks. This tab containsthe thermodynamicframeworkand
specialized database.
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b Flowsheet~ Chemistry X | Report-1

Inflows Phases Redox Kinetics
Thermodynamic Framework Aqueous (H+ Ion) w
AgQueous )
MSE (H30 + Ion)
Databanks:

Figure 2-2 - The available framework and databases installed with the software
You will use the Aqueous (H+ion) framework and willnot add any specialized databases to this case.
v' Keepthe existing framework and add no private databases.

Adding the chemical inflows to the model
v Clickon the Inflows tab to access the grid for addinginflows.

Thisinflows tab contains the grid for adding the chemical components usedinthe case. The software will
automatically generatethe aqueous species, gases and solids from this list.

v' Type the following Inflows to the grid.

N2 SO2
CO2 SO3
02 HCI
Ar NaOH

The grid should look like the following screen

Inflows
H20
M2
Co2

02

Ar

502
503
HCl
MNaOH

Figure 2-3 — Entering the molecular inflows.

v Click on the Chemistryiconinthe Navigator panel and press F2 to change its name.
Name it Combustion Gas.

|- {4 Chemistry Models
. .4 Combustion Gas
= [J Unit Operations

Figure 2-4 — Renaming the Chemistry model

This completes the Chemistry Model Build step. There are additional options, butthey are notgermane to
thisexample.

Building the Scrubber Process

Adding the Absorber block
Thefirststepis to create the block. Itis a simple procedure.
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v" Clickon the Flowsheet tab.

v" Clickon the Absorberobjectinthe Library (lowerleft of the screen) and dragit onto the

Worksheet.

Abszorber

v" Double click on the new block to change its name to Gas Scrubber.

You should notice thatthe right Properties panel displays the settings for this column.

Gas
& Scrubber

3

Gas Scrubber Absorber

General

= Configuration

Calculation Method =Select> ﬂ
Mumber of Stages 10
Include Condenser MNo ﬂ
Include Rebailer Mo ﬂ
Inlets >
Outlets >
Pump-arounds Edit

= Parameters
Spec./Controls Edit

Heat Exch. Duties
Pressure Profile
Estimates
Convergence

Tray Efficiencies
Liquid Holdup Times

v viviviv|v|v

Vapor Holdup Times

Figure 2-5 - The Absorber block and its Properties Panel (Definition tab)

v' Change the Calculation Method to Equilibrium.

Thisinstructsthe software that each column stage will calculate to equilibrium; that there willbe no mass-

transferlimitations.

v' Change the Number of Stages from 10 to 3.

This action instructs the software that there are three theoretical stagesin the column.

v" Clickon the Pressure Profile and enter 1 atm in the stage 3 and stage 1 row.

Gas Scrubber Absorber

[ De 3 General

= Configuration

Calculation Method Equilibrium ﬂ
MNumber of Stages 3
Include Condenser Noﬂ
Include Reboiler Nnﬂ
Inlets >
Outlets >
Pump-arounds Edit

= Parameters
Spec./Contrals Edit

Heat Exch. Duties >
Pressure Profile >
Estimates >

< Back Gas Scrubber Absor..
- D LU General
= Pressure Profile (atm)
Stage 3 1.0
Stage 2
Stage 1 1.0
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Adding the Inlet and Outlet streams
v" Clickon the Add Stream buttonin the Toolbar.

NPT

Figure 2-6 - The Add Stream button in the toolbar

v' Createaninletstreamtothe Absorber. Additto the upperleftside.

Notice thata separate clickis needed toanchorthe streamto the unit.

v" Create asecondinletstream tothe bottom of the column.

Feed, Stage 3

v’ Lastly, create two outlet streams, on at the top and one at the bottom of the column.

53

-1

Gas
Scrubber

F

*— 54
8-2
Figure 2-7- the column with the two inlet steams and two outlet streams

v Pressthe ESC key to deactivate the Add Stream button.

The Add stream mode stays active until the ESCkey is pressed, orthe arrow buttonis selectec ' ,orif
@ L]
the Add Stream buttonisclicked a secondtime[‘\“e @ 2

v Name the streams as follows

Topinlet Caustic
Lowerinlet Combustion gas
Top outlet Clean Gas
Bottomoutlet | Bottoms
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Clean
Gas

Caustic

Combustion Bottorms
gas

Figure 2-8- Names added to the absorber block

Entering the Stream compositions

The table below contains the compositions forthe two inlet streams. The combustion gas contains the
standard air and combustion components. There are several other combustion components missing, like
NOx and Hg. These componentsare notincluded sothatthe simulation calculates easily. You will change
thisvalue laterinthe chapter.

Combustion Caustic
Gas
Temperature (C) 100 25
Pressure (atm) 1 1
Stream Amount 100 m3/hr 100 L/hr
H20 8 mole% 90 mass%
N2 73
CO2 11
02 6
Ar 0.8
SO2 0.2
SO3 0.01
HCI 0.005
NaOH 10

v Clickon the Combustion Gas stream to accessits Properties panel
Review the composition showninthe table below. Note that the Flow rate is m3/hr and the compositionis
mole%. You will need to modify units before adding the information
Table 1-1 — Process Stream and Acid Waste stream compositions

v Clickon the unitslinkinthe Inflows section head - [iiic =l e . Thisopensthe

Units Editor

v' Make the following changes. Note thatthe bottom section (Basis Options) is where you
change the specificunits set.

| Stream Amount | Volume | m3/hr |
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v" Click OK

Inflows Mole Fraction

Mole%

Vapor Composition [ Mole Fraction

Mol e%

Volume

m3/hr

Mole Fraction

Mole%

Edit Units - Combustion gas

Composition  Parameters

Variable Basis
Inflow variables
Strearm Amount Volume
Inflows Maole Fraction
Output variables
Agueous Compaosition Maoles
Vapor Composition Maole Fraction
Solid Composition Maoles
2nd Liquid Composition Moles
Total Compaosition Maoles
Basis options
Moles
Mass
Volume

Concentration
Maolar Concentration
Mass Fraction
Maole Fraction

to close the Edit Units window.

Units

m3/hr

mole %

rnal/hr
mole %
rnal/hr
rnol/hr
mal/hr

rnol/hr
g/hr
m3/hr
mg/L
mal/L

mass %

mole % v

v" Enter the composition and conditions forthe Combustion Gas.

The composition will not sumto 100%. Therefore, you willuse the Normalization option labeled Makeup

with Water to setitto 100%.

v’ Change the Normalization Type to Makeup with water - ™¥P¢

H20
N2
coz
02

Ar
502
S03
HCI
MNaOH
Total

Type

-
sg3s H20
730 N2
1.0 CO2
60 02
0.8 | Ar
0.2 502
0.01 503
5083 g
“Y | NaOH
Total

Inflows (mole %)

Normalization

Prorateﬂ -
Mormalize | Type

=~ Normalization
Makeup wit... ﬂ

Inflows (mole %)
8985
730
11.0
6.0
0.8
0.2
0.01
5.0e-3

100.0

Normalization
Makeup with Water ﬂ Q

The software adjusts the water content to create the 100% composition.

v Clickon the Causticstream to access the Properties panel.

v" Editits unitsinthe same way, click on one of the linked unitsinthe panel to openthe
Units Editor window.

v" Make the following changes:

| Stream Amount | Volume

| uhr |
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The Units Editorshould look like this when complete

Inflows Mass Fraction [ Mass%
Aqueous Composition [ Mass Fraction | Mass%
Volume L/hr
Mass Fraction Mass%
Compasition  Parameters
Variable Basis Units
Inflow variables
Stream Amount Volume L¢hr
Inflows Iass Fraction mass %
Qutput variables
Agqueous Composition Mass Fraction mass %
Vapor Composition Males mel/hr
Solid Composition Maoles mal/hr
2nd Liquid Composition Maoles meol/hr
Total Compaosition Moles maolhr
Basis options
Maoles mal/hr
Mass g/hr
Volume Lihr
Concentration mg/L
Malar Concentration maol/L
Mass Fraction mass %
Mole Fraction mole %

v" Close the Edit Units window and enterthe composition.

v'  Pressthe Calculate buttonto calculate the case*

Caustic

Calculated General
- Parameters
Temperature (°C) 25.0
Pressure (atr) 1.0

A
100.0

Stream Amount (L/hr)

e Inflows (mass %)

H20
M2

2

')
=3
o

(=R =R =N =R =N = =1
=R =A< A= =T~

=]
o

100.0

v" When complete, aSimulation Complete pup-up window appearsinthe lowerright of
the window.

Reviewing the resuls

Q Simulation Complete

v" Clickon the Clean Gas stream to access the Properties panel.

The Properties panel contains a Calculated tab, which is the default view afterthe simulation converges. It

contains two sections - Stream Parameters and Total Apparent flow.
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Clean Gas

General

= Stream Parameters = Total, Apparent (Molecular) (mol/hr)

Temperature (*C) 74744 H20 370359
Pressure (atm) 1.0 coz2 152.82
pH Ar 26,1286
Moles, True (mol/hr) 3329.37 | | H2504 5.37357e-44
Males, Apparent (rmol/hr 3329.37 | | HCI 1.70344e-29
Mass (g/hr) 970883 || N2 2384.26
Valume (m3/hr) 90,2732 || 02 195.965
Solid Frac. (mole %) 0.0 || 502 2.48863e-22
Vapor Frac. (mole 52) 100.0 | | 503 1.27582e-50

The venttemperature has decreased to 57C and the measured volume decreased to 90 m3/hr.

The Total Apparent units will probably show mol/hr. These are the default softwareunits. They, however,
do nothelpinterpretation, and so you will change them.

v" Clickon the Unitslinkinthe Total Apparentheader'\_ D L

to open the Units Editor.

v" Make the following changestothis panel.

Stream Amount Volume m3/hr
Inflows Mole Fraction | Mole%
Vapor Composition | Mole Fraction | Mole%
Total Composition | Mole Fraction | Mole%

Volume M3/hr
Mole Fraction Mole%
Edit Units - Clean Gas ? X

Composition  Parameters

Variable Basis Units
Inflow variables
Stream Amount Volume m3/hr
Inflows Muoles mal/hr
Qutput variables
Agueous Composition Males mal/hr
Vapor Composition Male Fraction maole %
Solid Composition Males mal/hr
2nd Liguid Composition Males mal/hr
Total Composition maole %
Basis options
Males malhr
Mass g/hr
Volume m3/hr
Concentration mg/L
Malar Concentration mal/L
Mass Fraction mass %o
Male Fraction maole %

v' Close the Unitswindow and view the Clean Gas compositionin the panel again.
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= Total, Apparent (Molecular) (mole %)

H20 17.1324
co2 4.58405
Ar 0.784791
H2504 1.61399¢-45
HCI 5.11639¢-31
M2 71.6129
02 5.88594
502 TATATGe-24
503 3.83203e-52

The SO, and SO; acids are virtually all removed from the gas. Thisisdue in part because we added excess
NaOH. You can confirm this by reviewing the bottoms stream pH.

v" Click on the Bottoms stream and view the calculated pH.

Bottoms
General

= Stream Parameters
Temperature (*C) 51.6827
Pressure (atm) 1.0
pH 8.72109
Moles, True (mol/hr) 5704.12
Males, Apparent (mol/hr 5676.74
Mass (g/hr) 1.13978e5
Volume (L/hr) 101.926
Solid Frac. (mole %&) 0.0
Vapor Frac. (mole %) 0.0

The pH isnearly nine, significantly abovethe pHneeded toremove SO2gas. A more reasonable pHwould
be 7.2. Anotherpotential problem with this high pHisthe formation of NaHCO3 solids. Causticsolutions
absorb CO2, convertingitto NaHCO3. To see whether NaHCO3 may form, you needtoview the reporttable
for thisstream. Itisaccessible by selectingthe Viewdetailed reportlink.

v Clickon the View detailed report link at the bottom of the Bottoms panel.

View detailed report

This action creates a Report (Report-2) that contains the detailed information about the Bottoms stream.
The table contains four results columns, forthe separate phasesand the total. The report contains the
sections: Parameters, Flowrates, Thermodynamic properties, Composition, Material Balance groups
(element concentration) and lastly Scaling Tendencies.

The Scalingtendenciesisthe table of interest. It contains the driving force to precipitation caused by
increasing concentrations. Anyvalue above one means thatsolids willform. Two solids, Na,SO, and
NaHCO; have values greaterthan 1. Both may potentially form.
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Scaling Tendencies

Row filter applied: only show rows with value greater than 1.0=-4

MNa2504 6.37945
MaHCO3 (Mahcolite) 1.18545
MNa2C03.MaHCO3.2H20 0.175452
Ma2C03.3MaHC 03 (Wegscheiderite) 0.0925419
Ma2C03.1H20 (Thermanatrite) 0.0348179
Ma2C03 (Matrite) 0.0136027
MNa2C03.7TH20 0.0106414

Optimizing the Causticinflow rate

The goal isto add sufficient causticto removed SO2to the target limitsand minimize excess flow. Todo
thiswe need todefine atarget SO2 limitsthen control the causticflow accordingly. Accordingtoan excerpt
fromthe documentbelow, the SO2 limits are 180 ng/J energy output, or a flat 95% reduction.

" The SO emission limit for new
electric utility steam generating units is
180 ng/] (1.4 pound per megawatt hour
(Ib/BIWh]) gross energy output or 95
percent reduction regardless of the type
of fuel burned with one exception. The
50; emission limit for new electric
utility steam generating units that burn
over 75 percent coal refuse (by heat
input) is 180 ng/] (1.4 Ib/MWh) gross
energy output or 94 percent reduction.

9868 Federal Register/Vol. 71, No. 38 /Monday, February 27, 2006/Rules and Regulations

Since this example does not consider energy generated, the target will be the 95% reduction. TheSO2in
this combustion gasis 2000 ppmV. Therefore, the 95% reduction converts to 100 ppmV SO2 inthe clean
gas. You will enterthis 100 ppmV valuesintothe column’s Spec/Control window, and instruct the column to
adjustthe causticinflow to meetthese specifications.

v" Returnto the Flowsheettab and click on the Gas Scrubberto access the Properties
Panel.

v" Clickon the Spec./Controls Edit button in the Parameters section.

= Parameters

Spec./Controls Edlit

e e e =« |

The Specification/Control Information windowthat opens contains the instruction settings for optimizing a
towerfunction.

Specification
Spec. Varizble Select Components
Stage Number

Select a Spec./Control pair or create a new one:

Value

e Contral

Remove Control Variable

Stage Number

You can setseveral types of target specifications, and control severalforms of dependent variables. Inthis
case, you will setthe SO2vapor concentration (Specification), and adjust the Causticflow into the column
(Control). They are always setin pairs (i.e., one fixed and one free variable).
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v" Clickon the Add buttonin the upperright.

. ... Spec. Variable Y C iti
v" Change the Spec. Variable to Vapor Composition P =per -ampesan

v" Change the Stage numberto 3 Stage Number 3 e

Stage 3 isthe tope stage and isthe location of the Clean Gas stream outlet.
v' Change the Value unitsto mole% and setthe value to 0.01 mole% (equals 100ppmV)

Whenyou press Enter, the Select Components window will open. Ifitdoes not, then openit.
v Clickon the Select Components button if the window does not open automatically.

Select Components

v" Checkthe SO2 box and close the window

Select Components *

[Hz20 Select All
[mz
Co:
[Joz

[Jar

&2 |
[s03

[Hd

[Ma0H

Caontrol

v' Change the Control Variable option to Feed Stream Flow ol Varisble  [Feed Stream Flow

v/ Setthe Stage Numberto 3 (the stage where the Causticenters)

When finished yourscreen should look like the following:

Spedification

Spec, Variable Vapor Composition o
Stage Mumber 3 w
Value 0.01 mole % v
Control
Control Variable Feed Stream Flow ~
Stage Mumber 3 -

v" Close the window and calculate.
—————————————— THE SIMULATION WILL FAIL------—=-——---

When complete, you will receive an ERROR stating that the simulation failed.

Simulation Failed *

The simulation failed to converge. Please consult the output window
for details,
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Thisis a common occurrence, and it occurs for several reasons. In this case, it occurred because the 10%
Causticfeedistoo concentrated. The software cannot find a flow rate that sets the SO2 vapor to 100ppmV.
As the Causticflow decreases (to allow more SO2to remaininthe vapor), it reachesa value where all the
liguid added evaporates. A column cannotbe all vapor, or it fails to converge.

Thisis an easily remedied problem; use aless concentrated causticsolution.

v Click on the Causticstream to access the Properties panel.

v Change the Normalization type from Prorate to Makeup with water

—

Type

Mormalization
Makeup with ﬂ

v' Change the NaOH contentto 0.5%.

v' Recalculate.

Now the simulation converges quickly.

v" Clickon the Clean Gas stream to access the Properties panel.

v' Viewthe Total Apparent section, specifically the SO2 value.

= Total, Apparent (Molecular) (mole %)

H20
co2
Ar
H2504
HCI
N2

02
s02
503

The target SO2is 0.01 mole%, perdesign.

9.36304
10.9735
0.798455
1.5564e-39
1.53032e-26
72.8596
5.98342

0.01

1.69474e-46

v Click on the Causticstreamto access the Properties panel.

v" Clickon the Calculated tab and view the Volume row.

Caustic

Definition

| bEEr |
= Stream Parameters

Temperature (°C)
Pressure (atm)

pH

Moles, True (mol/hr)
Meoles, Apparent (mel/hr)
Mass (g/hr)

Volume (L/hr)

General

25.0
1.0
12,9879
3085.8
3078.84
55619.2
354816

The calculated volume is 55 L/hr of a 0.5% caustic solution. Had the 10% been kept, approximately 3 L/hr
would be required, but the software was unable to converge the tower with this small of a caustic flow rate.
Thisis because the liquid evaporated completely in at least one of the three stages, and the tower will not

converge unless water exists at every stage of the tower.

v Clickon the Bottom stream to review the pH.
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The computed pHis4.0. If thisislowerthanexpected, itis because the target SO2vapor composition was
setto 100 ppmV. Were the target specification setlower, then the bottoms pHwould have increased.

v Ifyou want, change the target Specification SO2value to 10ppmV and review the results
again.

Summary

We have completed the first case. Itpresentsthe basic mechanics of buildingand converging asteady-
state simulation. Inthe next chapter, you will expand this case toinclude additional blocks and chemistry.
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Chapter 3 A simple absorption
column

The Application

There are several types of multi-stage, or column, blocks in Flowsheet: ESP. The simplest is the
Absorber column. This column consists of a minimum two equilibrium stages, and two inlet and
two outlet streams. The figure below is an example of this type of column. It is a 3-stage flue gas
scrubber. Combustion gas contains various pollutants (SO, SOs, HCI, H.S, and Hg), which are
absorbed into a high pH washing solution.

Clean
Gas

Caustic

Gas
Scrubber

Combustion Bottoms
gas

You will build this case in the same two steps as the previous chapter. Step 1 is to create the
chemistry model and the step 2 is to build the process.

v’ Start the Software.
v" Confirm that a blank case is on the screen.

v/ Save this blank case as Chapter02 — A simple absorption column.

Creating a Chemistry Model

As explained in the previous chapter, the chemistry model is one of two modules required for the
case.

v Click on the Chemistry tab - Flowsheet Chemistry X | Report-1
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Selecting the thermodynamic framework and additional databases to be used in the model

The start tab for all new cases is the Databanks. This tab contains the thermodynamic framework
and specialized database.

4 Flowsheet Chemistry X | Report-1

Inflows  Datal 5 Phases Redox Kinetics

Thermodynamic Framework Agueous (H+ ion)

MSE (H30+ ion)
Databanks: MSE-SRK (H30+ ion)

Agueous (H+ ion) (Required) | Add -

v Select the Aqueous (H+ ion) thermodynamic framework

v Keep the existing framework and add no private databases.

Adding the chemical inflows to the model
v" Click on the Inflows tab to access the grid for adding inflows.

This inflows tab contains the grid for adding the chemical components used in the case. The software
will automatically generate the aqueous species, gases and solids from this list.

v Type the following Inflows to the grid:

kil Flowsheet- Chemistry x| Report-1

L Databanks Phases Redox Kinetics

Inflows
H20
N2
coz2
a2
Ar
s02
S03
HCI
NaOH

v" Click on the Chemistry icon in the Navigator panel and press F2 to change its name.

v Name it Combustion Gas
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Mavigator
= /4 Chemistry Models

"N Combustion Gas

----- [J Unit Operations

il

. & Streams
. I:ihl Repgrt-'l

This completes the Chemistry Model Build step. There are additional options, but they are not

germane to this example.

Building the Scrubber Process

Adding the Absorber block

The first step is to create the block.

v" Click on the Flowsheet tab.

v" Click on the Absorber object in the Library (lower left of the screen) and drag it onto the

I

Absarber

Worksheet.

v" Double click on the new block to change its name to Gas Scrubber.

You should notice that the right Properties panel displays the settings for this column.

v" Change the Calculation Method to Equilibrium.

o o o

o o
Gas

- Scrubber, 8

3

~

Gas Scrubber Absorber

| Definition [ENeCTC]
= Configuration

Calculation Method <Select> ||
Mumber of Stages 10
Include Condenser No ﬂ
Include Reboiler No j
Inlets >
Outlets >
Pump-arounds Edit

4 Farameters
Spec./Controls Edit

Heat Exch. Duties >
Pressure Profile >
Estimates >
Convergence >
Tray Efficiencies >
Liquid Holdup Times >
Vapor Holdup Times >

This instructs the software that each column stage will calculate to equilibrium; that there will be no

mass-transfer limitations.
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v" Change the Number of Stages from 10 to 3.

This action instructs the software that there are three theoretical stages in the column.

v Click on the Pressure Profile and enter 1 atm in the stage 3 and stage 1 row.

Properties

v 0 X Properties

Scrubber Absorber

Scrubber Absorber

General

< Back

Configuration
Calculation Method
MNumber of Stages

Equilibrium ﬂ Stage 3 (Top)
3 Stage 2

Include Condenser

Mo |« Stage 1 (Bottom)

Include Reboiler
Inlets

Qutlets

Pump-arounds

Parameters

Spec./Controls

Heat Exch. Duties

Pressure Profile

Estimates

Liquid Holdup Times

Vapor Holdup Times

WW W W W

Tray Efficiencies

Adding the Inlet and Outlet streams

v" Click on the Add Stream button in the Toolbar.

NEW AL

Pressure Profile (atm)

m 1.0

1.0

v' Create an inlet stream to the Absorber. Add it to the upper left side.

Notice that a separate click is needed to anchor the stream to the unit.

Feed, Stage 3 (Top)

v' Create a second inlet stream to the bottom of the column.

v’ Lastly, create two outlet streams, on at the top and one at the bottom of the column.
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v' Press the ESC key to deactivate the Add Stream button.

The Add stream mode stays active until the ESC key is pressed, or the arrow button is selected '
B % Y, *

, or if the Add Stream button is clicked a second time

v" Name the streams as shown on the image below

Caustic

Combustion
Gas

Bottoms

Entering the Stream compositions

The table below contains the compositions for the two inlet streams. The combustion gas contains
the standard air and combustion components. There are several other combustion components
missing, like NOx and Hg. These components are not included so that the simulation calculates

easily. You will change this value later in the chapter.
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Combustion Gas | Caustic
Temperature (C) 100 25
Pressure (atm) 1 1
Total Flow 100 m3/hr 100 L/hr
H20 8 mole% 90 mass%
N2 73 mole%
CO2 11 mole%
02 6 mole%
Ar 0.8 mole%
SO2 0.2 mole%
SO3 0.01 mole%
HCI 0.005 mole%
NaOH 10 mass%

v" Click on the Combustion Gas stream to access its Properties panel

Review the composition shown in the table above. Note that the flow rate is given in m3/hr and the
composition is mole%. You will need to modify units before adding the information

v" Click on the units link in the Inflows section head - Inflows (mol/hr) . This opens the Units

Manager

v' Make the following changes. Note that the bottom section (Basis Options) is where you change
the specific units set.

Inflow and Output Variables
Total Flow Volume
Inflows Mole Fraction
Vapor Composition | Mole Fraction
Basis Options
Volume m3/hr
Mole Fraction mole%

| Compasition  Parameters
Variable Basis Units 2
Inflow variables

Total Flow ['Volume m3/hr
Inflows Mele Fraction mole %
" Output variables '
Aqueous Compesition Moles mel/hr
|Vap0rComposition | Male Fraction maole %
Selid Composition ['Moles [ maol/hr
| | 2nd Liquid Compaosition Muoles maol/hr
|| Tetal Composition Maoles maol/hr
Basis options
Moles mal/hr
Pass g/hr
Veolume [ [ m3/hr
| Concentration [ |'mg/L [
Melar Concentration mel/L
Mass Fraction mass %
Mele Fraction | ]
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v" Click OK to close the Edit Units window.

v' Enter the composition and conditions for the Combustion Gas.

Combustion Gas

Calculated

Show lonic Input Options ™

Parameters
Temperature (*C)
Pressure (atm)
Total Flow (m3/hr)

Inflows (mole %)

H20
N2
Co2
02

502
503
HCl
MNaOH
Total

General

100.0
1.0
100.0

8.0

730
1.0
6.0

0.8

0.2

0.01
5.0e-3
0.0
99.013

The composition will not sum to 100%. Therefore, you will use the Normalization option labeled
Makeup with Water to set it to 100%.

v' Change the Normalization Type to Makeup with water

The software adjusts the water content to create the 100% composition.

Mormalization

Neormalize Fractions Using |

Makeup with Water ﬂ

Inflows (mole %)

H20
N2
coz2
02

Ar
s02
S03
HCI
NaOH
Total

Mormalization

Normalize Fractions Using

0.01
5.0e-3
0.0
100.0

Makeup with Water ﬂ
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v" Click on the Caustic stream to access the Properties panel.

Inflows (mol/hr)

v' Edit its units in the same way, click on one of the linked units in the panel to

open the Units Editor window.

v' Make the following changes:

Inflow and Output Variables
Stream Amount Volume
Inflows Mass Fraction
Aqueous Compaosition | Mass Fraction
Basis Options
Volume L/hr
Mass Fraction mass%

The Units Editor should look like this when complete

Edit Units - Caustic ? b4
Compesition  Parameters
Variable Basis Units 2
Inflow variables

Total Flow [Valume | Lrbr

Inflows Mass Fraction mass %
N Output variables |
Agueous Compasition [ Mass Fraction |'mass %
| Vapor Composition | Moles ' maolfhr 1
Solid Compaosition Maoles mal/hr

2nd Liquid Compaesition Moles mel/hr

Total Composition Moles maol/hr

Basis options

Moles mal/hr

Mass g/hr

Velume [ 1 L/ hr |
| Concentration I 'mg/L |
Mnlar Concentration I ! manl/l !
Mass Fractien mass % I

| Mole Fraction | 1mc||e% 'vrv
[Nuse these units for all new objects created in this document

Cancel Help

v" Click OK to close the Edit Units window

v Enter the following conditions and composition:
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v" Press the Run button to calculate the case -+

Properties
Caustic
| Definition | Calculated General

Show lonic Input Options ™

Parameters
Temperature (“C)
Pressure (atm)
Total Flow (L/hr)

Inflows (mass %)

H20
N2
coz2
02

Ar
S02
503
HCI
MNaOH
Total

v

25.0
1.0
100.0

%0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

10.0

v" When complete, a Simulation Complete pop-up window appears in the lower right of the window.

Reviewing the results

Q Simulation Complete

v" Click on the Clean Gas stream to access the Properties panel.

The Properties panel contains a Calculated tab, which is the default view after the simulation
converges. It contains two sections - Stream Parameters and Total Apparent flow.
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Clean Gas

Definition General

Stream Parameters
Temperature (*C)
Pressure (atm)
pH
Moles, True (mol/hr)
Meles, Apparent (mol/hr)
Mass (g/hr)
Yolume (L/hr)
Meole Fraction, Apparent - Aqueous (mole %)
Meole Fraction, Apparent - Solid (mele %)

Meole Fraction, Apparent - Vapor (mole %)

Total, Apparent (Molecular) (mol/hr)

H20
coz
Ar
H2504
HCI
M2

02
s02
503

57.4487
1.0

3328.48
3328.48
91080.9
90242.2
0.0

0.0
100.0

569.568
152.565
26,1286

4.30734e-45
1.99021e-29

2384.26
195.965

248107e-22
1.02126e-51

The volume will probably show in L/h and the Total Apparent units will probably show mol/hr.
These are the default software units. They, however, do not help interpretation, and so you will

change them.

v Click on the Units link in the Total Apparent header to open the Units Manager.

v" Make the following changes to this panel.

Total, Apparent (Maolecular) (mol."@[ﬂ]

H20 569.568
co2 152.565
Inflow and Output Variables
Total flow Volume m3/hr
Inflows Mole Fraction | mole%
Vapor Composition | Mole Fraction | mole%
Total Composition | Mole Fraction | mole%
Basis Options
Volume m3/hr
Mole Fraction mole%
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Composition  Parameters

Variable

Total Flow
Inflows

Aquecus Compaesition
Vapor Compaosition
Selid Composition

2nd Liquid Compasition
Total Compaosition

Moles

Mass

Velume
Concentraticn
Melar Concentration
Mass Fraction

Mele Fraction

Basis

Inflow variables

Yolume
Mole Fraction

Qutput variables

Moles
Mole Fraction
Moles
Males
Male Fraction

Basis options

[use these units for all new objects created in this document

0K

Units ol

m3/hr

mole %

mal/hr
mole %
mol/hr
mel/hr
mole %

mol/hr
g/hr
m3/hr
mag/L
mol/L
mass %

mole % v

Cancel Help

v" Click OK to close the Edit Units window

v" Now we can interpret the results of the Clean Gas stream.

Clean Gas

Definition General

Stream Parameters
Temperature (*C)
Presszure (atm)
pH
Moles, True (mol/hr)
Moles, Apparent (mel/hr)
Mass (g/hr)
Volume (m3/hr)
Muole Fraction, Apparent - Aqueous (mole %)
Muole Fraction, Apparent - Solid (mole %)
Muole Fraction, Apparent - Vapor (mole %)

57.4487
1.0

3328.48
3328.48
91080.9
90.2422
0.0

0.0
100.0

H20
co2

H2504
HCI
N2

02
502
S03

Total, Apparent (Molecular) (mole %)

17.1119

4,58361

0.785

1.29408e-46

5.97932e-31

71.6319

5.88751

7.45405e-24

3.06824e-53

v" The vent temperature has decreased to 57.5 C and the measured volume decreased to 90 m3/hr.

The SO, and SO3 acids are virtually all removed from the gas. This is due in part because we added
excess NaOH. You can confirm this by reviewing the bottoms stream pH.

v Click on the Bottoms stream and view the calculated pH.
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Bottoms

Definition General

Stream Parameters

Temperature (*C) 51.6848
Pressure (atm) 1.0
pH 872122
Hardness (mg/L of Mg+Z and Ca+J) 0.0
Moles, True (mol/hr) 570628
Moles, Apparent (mel/hr) 5678.9
Mass (g/hr) 1.1402e5
Volurne {L/hr) 101.967
Meole Fraction, Apparent - Aqueous (mole %) 100.0
Male Fraction, Apparent - Solid (mole %) 0.0
Muele Fraction, Apparent - Vapor (mele %) 0.0

The pH is nearly nine, significantly above the pH needed to remove SO2 gas. A more reasonable pH
would be 7.2. Another potential problem with this high pH is the formation of NaHCOS3 solids. Caustic
solutions absorb CO2, converting it to NaHCOS3. To see whether NaHCO3 may form, you need to
view the report table for this stream. It is accessible by selecting the View detailed report link.

View detailed report

v Click on the View detailed report link at the bottom of the Bottoms panel.

This action creates a Report (Report-2) that contains the detailed information about the Bottoms
stream. The table contains four results columns, for the separate phases and the total. The report
contains the sections: Parameters, Flow rates, Thermodynamic properties, Composition, Material
Balance groups (element concentration) and lastly Scaling Tendencies.

The Scaling tendencies is the table of interest. It contains the driving force to precipitation caused by
increasing concentrations. Any value above 1, i.e. ST>1.0, means that solids will form.

v Scroll down to the Scaling Tendencies table

NaHCO:s solid have a value greater than 1. It may potentially form.

Scaling Tendencies Post-scale

Row filter applied: only show rows with value greater than 1

TRange filter applied: only show solids in active TRange

MaHCO3 (Mahcolite) 1.18522
Ma2C03.MNaHCO3.2H20 0175327
Ma2C0O31HZ0 (Thermonatrite) 0.0342005
Ma2503 3.3435e-3
Ma2504 (Thenardite) 4.53015e-4

Optimizing the Caustic inflow rate

The goal is to add sufficient caustic to remove SO2 to the target limits and minimize excess flow. To
do this we need to define a target SO2 limits then control the caustic flow accordingly. According to
an excerpt from the document below, the SO2 limits are 180 ng/J energy output, or a flat 95%
reduction.
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" The 80 emission Timit for new
electric utility steam generating units is
180 ng/] (1.4 pound per megawatt hour
(Ib/BIWh)) gross energy output or 95
percent reduction regardless of the type
of fuel burned with one exception. The
50> emission limit for new electric
utility steam generating units that burn
over 75 percent coal refuse (by heat
input) is 180 ng/] (1.4 lb/MWh]) gross
energy output or 94 percent reduction.

9868 Federal Register/Vol. 71, No. 38 /Monday, February 27, 2006/Rules and Regulations

Since this example does not consider energy generated, the target will be the 95% reduction. The
SO2 in this combustion gas is 2000 ppmV. Therefore, the 95% reduction converts to 100 ppmV SO2
in the clean gas. You will enter this 100 ppmV values into the column’s Spec/Control window, and
instruct the column to adjust the caustic inflow to meet these specifications.

v' Return to the Flowsheet tab and click on the Gas Scrubber to access the Properties Panel.

v Click on the Spec./Controls Edit button in the Parameters section.

Gas Scrubber Absorber

| Definition | General

Configuration

Calculation Method Equilibrium ﬂ
Number of Stages 3

Include Condenser Mo ﬂ
Include Reboiler Mo ﬂ
Inlets >
Qutlets >
Pump-arounds Edit

Parameters

Spec./Controls Edit [, I
| Heat txch. Uuties = >
Pressure Profile )l

The Specification/Control Information window that opens contains the instruction settings for
optimizing a tower function.
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Specification/Control Information X

Select a Spec./Control pair or create a new one:

Add

Remove

Specification

Spec. Variable

m
m

Stage Mumber

Value

Control
Control Variable

Stage Mumber

Cancel

You can set several types of target specifications, and control several forms of dependent variables.
In this case, you will set the SO2 vapor concentration (Specification), and adjust the Caustic flow into
the column (Control). They are always set in pairs (i.e., one fixed and one free variable).

v" Click on the Add button in the upper right.

. . Spec. Variahble W C iti e
v' Change the Spec. Variable to Vapor Composition s

v Change the Stage Number to 3(Top) ~@esNumber |3 (Top) -

Stage 3 is the top stage and is the location of the Clean Gas stream outlet.

v' Change the Value units to mole% and set the value to 0.01 mole% (equals 100ppmV)

v Click on the Select Components button if the window does not open automatically.
Select Components

v Check the SO2 box |MEZ2M and click OK to close the window
v' Change the Control Variable option to Feed Stream Flow

v' Set the Stage Number to 3(Top) (the stage where the Caustic enters)
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Control

Control Variable Feed Stream Flow e

Stage Mumber 3 (Top) w

When finished your screen should look like the following:

Specification/Control Information X

Select a Spec./Control pair or create a new one:

Add

Remove

Specification
Spec. Variable Vapor Compaosition o Select Components
Stage Mumber 3 (Top) W
Value mole %~
Contral L\s
Control Variable Feed Stream Flow ~
Stage Number 3 (Top) ~

Cancel

v" Click OK to close the window

v Run the simulation >

When complete, you will receive an ERROR stating that the simulation failed.

| The simulation failed to converge, Please consult the output
| window for details.

This is a common occurrence, and it occurs for several reasons. In this case, it occurred because the
10% Caustic feed is too concentrated. The software cannot find a flow rate that sets the SO2 vapor
to 100ppmV. As the Caustic flow decreases (to allow more SO2 to remain in the vapor), it reaches a
value where all the liquid added evaporates. A column cannot be all vapor, or it fails to converge.
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This is an easily remedied problem; use a less concentrated caustic solution.

v" Click OK to close the error message
v Click on the Caustic stream to access the Properties panel
v" Change the Normalization type from Prorate to Makeup with Water

Normalization

Mormalize Fracticns Using Makeup with Waterﬂ

v" Change the NaOH content to 0.5 mass%.

v" Rerun the simulation >

Now the simulation converges quickly.

v Click on the Clean Gas stream to access the Properties panel.
v View the Total Apparent section, specifically the SO2 value.

Total, Apparent (Molecular) (mole %)

H20 9.3816
coz2 10,9738
Ar 0,798335
H2504 5.87508e-38
HCI 7.02266e-27
N2 72,8487
o2 5.98752

| 502 0.01
503 £.40882e-45

The target SO2 is 0.01 mole%, per design.

v Click on the Caustic stream to access the Properties panel.

v" Click on the Calculated tab and view the Volume row.

Caustic

Definition General

Stream Parameters

Temperature (*C) 25.0
Pressure (atm) 1.0
pH 12.9865
Hardness (mg/L of Mg+2 and Ca+2) 0.0
Moles, True (mol/hr) 3085.78
Muoles, Apparent (mol/hr) 3078.83
Masz (g/hr) 55619.0
Yolume (L/hr) 554848
| Mole Fraction, Apparent - Aqueous (mole %) 1000
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The calculated volume is 55 L/hr of a 0.5% caustic solution. Had the 10% been kept, approximately
3 L/hr would be required, but the software was unable to converge the tower with this small of a
caustic flow rate. This is because the liquid evaporated completely in at least one of the three stages,
and the tower will not converge unless water exists at every stage of the tower.

v Click on the Bottom stream to review the pH.

The computed pH is ~ 4.0. This is lower than expected. This is because the target SO2 vapor
composition was set to 0.01 mole%. Were the target specification set lower, then the bottoms pH
would have increased.

Bottoms

Definition General

Stream Parameters

Temperature (*C) 49,7247
Pressure (atm) 1.0
pH 397153
[ Hardness (mg/L of Mg+2 and Ca+2) 0.0
Maoles, True (mol/hr) 3072.49

v' If you want, change the target Specification SO2 value to 10ppmV and review the results again.

Summary

We have completed our second case. It presents the basic mechanics of building an absorber and
converging it, and how to set up a column specification.
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Chapter 4 Sour Water Stripper

The Application

There are multiplereferences to corrosion occurringin equipment processing sour water. The purpose of
this case fileis to study the chemical composition of the gas and fluid phases flowing through the separation
unit. This case will use both the Flowsheet ESP and OLI Studio software. The Flowsheet softwareis usedto
create the stripping process and to compute the compositionin each streamand on each column stage. The
corrosion engineer or material scientist can then use the computed results, plus theirknowledge of
corrosion, to determine if the existing processis at risk.

The image below isthe process flowsheet that we will study. It representsagenericstripping columnin
which heated sourwaterisinjectedintothe fourteenth stage of a of a twenty-stage tower. Tower
overheads are cooled and the liquid reflux returned to the top of the column. The remaining gas exits the
process.

Reflux
To Burner
CO2 Vap (mole %) 7.38163
H25 le %) 24 9668
Ovemead MH3! 'ap [mDIE ”:.' 26.803
— T(C) 108.667 Vap (mole %) :
T(*C) 250 CO2 Vap (mole %) 345439 To Burner
CO2 Ag, Apparent (ma/L) 134326 H2sS Vap (mole %) 11.5917
H2S &g, Apparent (mgiL) 32306.0 MH3 Vap (male %) 147351
MH3 Ag, Apparent (ma/L) 531090.9 Overhead = 0--00he .
pH 8.14867 verhea
p
- Coolers
T Reflux
Drum
Sour Water Heated
Sour
Hx-1 water
Sour Water
CO2 Aqg, Apparent (malL) 237287
H25 Ag, Apparent (mail) 6819.27 /__ﬂ__\ Bottoms Water
MH3 Ag, Apparent {malL) 586271 T(°C) 119.555
ﬁ CO2 Ag, Apparent (mg/L) 8.2443e-6
ottoms Water
SWs Bottoms H2S Ag, Apparent (maiL) 472298
filter —p .
Bottoms NH3 Ag, Apparent (mgiL)} 1653.03

pH 7.48632
Solids

Figure 4-1 — Basic sour water stripper process

You will build this case in the same two steps as the previous chapter. Step 1isto create the chemistry
model and the step 2 isto build the process.
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v’ Start the Software.
v" Confirmthata blank caseison the screen.

v Savethisblank case as Chapter 4 — Sour Water Stripper.

Creating a Chemistry Model

The chemistry model is one of two modules required for the case. This was described in previous chapters.
The other module isthe process.

Selecting the thermodynamic method and databases used in the Model
v' Clickon the Chemistry tab - Flowsheet~ Chemistry x| Report-1

The starting sub-tab for all new casesis the Databanks. Thistab containsthe thermodynamicframework
and specialized database. You will use the Aqueous (H+ion) framework and will notadd any specialized
databasestothis case.

v' Keepthe existing framework and add no private databases.

4 Flowsheet” Chemistry X | Report-1

Inflows Phases Redox Kinetics

Thermodynamic Framework Aqueous (H+ Ion) w

AQUEDUS
MSE {(H3C + Ion)

Databanks:
Figure 4-2 - The available framework and databases installed with the software

Adding the chemical inflows to the model
v Clickon the Inflows sub-tab to access the grid for addinginflows.

This inflows sub-tab contains the chemical component grid. The software generatesthe complete
chemistry model: agueous species, gases, oils, solid phases, etc. from this list.

v' Type the following Inflows to the grid.

4q Flowsheet Chemistry X | Report-1
Databanks Phases Redox Kinetics T/P Span

Inflows Add -
H20

H2s ]
NH3

Cco2

502

MaCl

NaHC03

CaCl2

MgCl2

KCl

Figure 4-3 — Entering the molecular inflows.

v Clickon the Chemistryiconinthe Navigator panel and press F2 to change its name.
Name it Sour Water.
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|- £, Chemistry Models

------ Mo Sour Water

[ T P o N

Figure 4-4 — Renaming the Chemistry model

This completes the Chemistry Model Build step. There are additional options, butthey are notgermane to

thisexample.

Changing Units

v" Click on the Units manager button in the toolbar -

v/ Set the units to Metric-Flowing-Mass -

v" Click on the Customize button to edit the existing units -

Composition  Parameters

Metric

Variable

Total Flow
Inflows

Agqueous Composition
Wapor Composition
Solid Composition®
2nd Liguid Composition
Total Composition

IMoles

Iass

Yolume
Concentration
Molar Concentration
Mass Fraction

IMole Fraction

Inflow variables
Mass

Mass Fraction

Output variables

Concentration
Male Fraction
Concentration
Male Fraction

e Flowing

Customize...

v" Make the following changes to the units, there are several:

Units

kg/hr
ppm (rmass)

gL
mole %
mg/L
maole %

|MD|I’:E

il mol/hr

Basis options

rmal/hr
kg hr
m3‘hr
mg,/L
mol/L

ppm (mass)
male %%

Mass b

Building the Scrubber Process

Adding the Sour Water stream

v" Click on the Flowsheet tab and then the Add Stream button from the toolbar -

v'  Create a stream and label it Sour Water.

v"Unclick the Add Stream, button -

P

IRk

v Double-click on the new stream you created to enable the name editor and change the name to
Sour Water.
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Nextyou will enterthe Sour watercompositioninthe Properties panel.

v Enter the conditions and compositions shown in the image below. Confirm that your Total flow
units are kg/hr and Inflow units are ppm(mass).

= Inflows (ppm (mass))
H20 9.81e5
H2s 8000.0
MNH3 000.0
coz 3000.0
502 1500.0
MaCl 100.0
MaHCO3 100.0
Sour Water CaCl2 100.0
- D« L Calculated General MgCl2 100.0
= Parameters KCI 100.0
Termperature (°C) 20.0 Total 1.0e6
Pressure (atm) 1.1
Total Flow (kg/hr) 1000.0
= MNormalization
Type Makeup with Water v|

Setthe Normalization to Makeup with Water— in that way the H20 is entered automatically.

Adding the Heat Exchanger

v" Double-click on the Heat Exchanger icon in the Library to add it to the process.

Filter Settler Compre.. Turbi

v Select the Sour Water as the inlet in the Properties Panel -
Process Stream Inlet Sour Water ﬂ

v Type in the outlet name, Heated Sour Water - | Process Stream Outlet | Heated Sour water

v Set the Process Stream Spec. type to Discharge Temp -| P& Tvpe Discharge Te... v|
v' Set the Discharge T to 80 C.
The Properties panel should look likethe one belowwhen finished:
HX-1 Heat Exchanger
G
f— eneral e Process Stream
= Inlets S T Disch T J
ec. Type ischarge Tempera... [~
Process Stream Inlet Sour Water ﬂ p = - E P
— Discharge Temperature (*C) 80.0
Utility Stream Inlet ﬂ
Pressure Spec. Inlet Pressureﬂ
Outlet
- Hhes = Heat Exchanger
Process Stream Outlet Heated Sour water
| il e Chrmmimn Ml ad Flow Geametry Counter-current ﬂ

Add a Reflux stream to be used in the Stripper

v" Click on the Add Stream button and create a new stream.
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O————no

Reflux
v Label it Reflux -

v' Enter the following initial guess to the reflux composition:

Reflux
- De LU Calculated General

- Parameters

Temperature (*C}) 85.0
Pressure (atm) 1.3
Total Flow (kg/hr) 20.0
= Inflows (ppm (mass))

H20 9.0e5
H25 20000.0
MH3 60000.0
coz2 0000.0

Thiscompositionisaninitial guess, because it will be the outlet of the reflux drum and will becomean
internal (calculated) stream, once the case is finished.

Add the Stripper column

Reflux Overhead

Sour
Water

Heated
Strippe

Sour
Water

¥ Bottoms

The stripperobject contains a number of settings, so make sure that you complete each step.

>00<4<40(1)0

Mixer  Separator Meutrali.. Splitter Eflrff__ Absorber \&trippey/ Reactor

v" Double-click on the Stripper object in the Library panel and add it to the process.

v Name it Sour Water Stripper.

v Mowe to the Properties panel and make the following changes.

v' Set the Calculation method to Equilibrium.  ajculation Methaod Equilibrium ﬂ

v' Set the Number of stages to 20. Mumber of Stages 20

v' Set Include condenser to No. Include Condenser Mo ﬂ
Include Rebaoiler Yes v|

Flowsheet ESP Training Manual Ver-1 Sour Water Stripper e 4-5



v" Open the Inlets window.

v" Use the down arrows to add the Heated Sour Water to Stage 14 and the Reflux stream to stage

20.
General
= Inlets
Feed, Stage 14 Heated Sour wat&rﬂ
Feed, Stage 20 Reflux |~
Feed, Stage -1 ﬂ ﬂ

v" Click on the Outlets window.

v' Enter the name Bottoms to the Liquid Outlet and Overhead to the Vapor Outlet.

General
= Outlets
Liquid Qutlet Bottoms
Vapor Outlet Owverhead

Side-draw, Stage 1 v|
v" Open the Spec./Controls Editor window.
v" Click on the Add button to create a new tower Specification.

You will recreate the specifications shown in thisimage using the instructions below.

Specification/Control Information x

Select a Spec./Control pair or create a new one:

Add

Remove

Spedification
Spec. Variable Liquid Composition W Select Companents
Stage Mumber 1 ~ Select Components
[#Hzs
[ JNH3
Control [Jco:
=0z
Control Variable Exchanger Duty i [JMacl
[IMNsHCO3
Stage Number 1 w [Jcaciz

Specification section:
v" Select Liquid Composition for Spec. Variable.
v'  Set the stage # to 1.

v' Set the value to5e-4 mass%. If mass% is not available, then use 5 ppm.
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v' Select the component H2S from the popup window that appears.

If the component popup window does not appearafterpressing Enter, then click on the Select Components

button | Select Components |

Control section:

v Select Exchanger duty.
v' Select Stage 1.
Your windows should look like the one above:

v Close the Specifications window.

v Click on the Heat Exch. Duties editor button -| H&at Bxch. Duties }|

v/ Set the initial guess for the Stage 1 (Reboiler) heat duty to 6e7 cal/hr.

Heat-exch. Duties A

De 00 General
Heat-exch. Duties

Stage Value (cal/hr)
1 (Reboiler)  |v| 6.0e7
v" Click on the Pressure Profile editor button - Fressure Profile >

v/ Set Stage 20 to 1.88 atm and stage 1 to 1.95 atm.

De LU General

T Pressure Profile (atm)

Stage 20 1.88
Stage 19

Stage 1 1.95

Add the Overhead Coolers
Cooled
Cwerhead
’ Dverhead
Coolers

v' Add another Heat Exchanger object and name it Coolers.
v' Use the Properties panel to link the Overhead stream to the Process Stream Inlet field.

v" Type the name Cooled Owerhead in the Process Stream outlet field.

Coolers Heat Exchanger

- De ion General

= Inlets
Process Stream Inlet Overhead ﬂ - Outlets
Utility Stream Inlet ﬂ Process Strearm Outlet Cooled Overhead

Utility Stream Outlet
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Set the Process Stream Spec. Type to Discharge Temperature.
Set the discharge Temperature to 85C.

Set the Pressure Spec. to Absolute Pressure.

SRR VRN

Set the Pressure to 1.3 atm.

= Process Stream

Spec, Type Di:chargET...ﬂ
Discharge Termperature (*C) 85.0
Pressure Spec. Absolute Pre,., ﬂ
Preszure (atm) 1.3

Add the Reflux Drum

To Burner

oale
Overhead

Reflux
Cirum

v' Add a Separator object to the case and label it Reflux Drum.

AN

Use the Properties panel to select the Cooled Owverhead as the Inlet stream.

v" Click on the front-end of the Reflux stream and drag it to the liquid outlet of the Reflux drum.

o— w8
Reflux r
Reflie
v' Type the name To Burner in the Vapor Outlet.
v' Keep the existing Equilibrium Calculation Properties
= Qutlets - Equilibrium Calculation
Liquid Reflux | | Calculation Type Adiabatic ﬂ
Solids Pressure Spec. Min. Inlet Pressure ﬂ
Vapor Ta Burner | | Heat Duty (cal/hr) 0.0
Organic Entrainrent >

At this point, you may want to rearrange the blocks and streams to keep the flowsheet organized.
Add the Bottoms Filter
v" Add another Separator block and label it Bottoms Filter.
v Link the Bottoms stream to the Inlet.

v" Create two outlet streams — Bottoms Water in the Liquid outlet and Solids in the Solids outlet.
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Bottoms filter Separator

= Outlets
General Liguid
e Inlets Solids
Feed Bottoms ﬂ Vapor
Feed ﬂ Organic

. . Entrainment
v" Open the Entrainment editor -

Bottoms Water
Solids

v Set the Liquid to Solid ratio in the Solids stream to 4.

< Dissolved Phases

Liquid in Solid (g/g) 4.0
Vapor in Liquid (g/g)

Agqueous in Organic Liguid (g/g

O e

This action will add four grams of Iiatjl'i-t'j_tc')"é'\}e"}y éfam of solidsthatflow. Itisessentiallyasolidsslurry

containing 80% water.

Set the Reflux stream as the Recycle/Tear stream

v" Right mouse-click anywhere along the Reflux stream to activate the drop-down menu.

v' Select the Set Tear option.

Cut Ctrl+X
Copy Ctrl+C
Delete [
Add Callout b
~  Set Tear Streamn B

v' Sawe the file — label it Stripper-Sour Water.

Calculatethe Case

v" Press the Calculate button - >

v" View the Convergence monitor. It will provide a quick view of the calculation progress.

It may take many iterations before the process converges. The monitor will show if the existing erroris

decreasingorincreasing (calculation unstable).
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<Automatics w Plot Variable |Max Err/Tal Reflux - Current Max Err/Tol: -

Error/Tolerance
L
= «
| I

-10000 Simulation Complet
135 7 211131 Numberoflt Q e A

Reviewing the calculationresults

v Right-mouse-click on the Reflux stream and select Add Callout.

Cut

Copy

Reflux Delete

Add Callout

v Double-click on the callout table that appears to edit the variables.
v Remowe the pressure from the existing variable list.
v' Expand the Liquid-1, Apparent field and select CO2, H2S, and NH3.

Reflux
TI(*C) &5.0
pH 8.14857
CO2 Aq, Apparent (mg/L) 13432 8-
H2S Ag, Apparent (mg/L) 32305.9
WH3 Ag, Apparent (mg/L) 53110.1

Accordingto the calculation, thisis the concentration of sourcomponentsinthe reflux stream. Use these

data, plusthe pH, to evaluate whethercorrosionis possible at these conditions.

v' Add other callout tables where you think that corrosion may be a problem in your process and

review the composition at these locations.

Summary

The purpose of this case isto obtain the steady-state composition and conditions at various pointsinasour
waterstripper unit. Achemical corrosionassessmentisthen performed usingtheseresultsand other

relevant factors.
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Chapter 5 Water Treatment -
Getting Started

The Application

The simplest ESP calculation is an adiabatic mix of two streams. We will use this calculation tosee ESP’s
general workings. Figure 5-1is a process diagram containingtwo inlet streams, one mixer, and one outlet.

Process )
Stream Mixed

Waste

Acid

Waste
Adiabatic

Wixer

Figure 5-1 — Adiabatic mixing of two liquids

Before building this process, we will create Chemistry Model.

Creating a Chemistry Model

Creating and saving the file
Before startingthe Flowsheet work you will save this blank case file. This file will be open several timein
the upcomingchapters.

v" Save the file with the name Water Treatment Softening Process

Setting up the Chemistrymodelfor a new Case

The chemistry model is the core of any ESP calculation. Itinstructs the solverto use specificchemistry (e.g.,
NacCl, CO,, H,S, etc.) and properties (e.g., precipitate certain solids, include kinetics, etc.). The procedure for
creatinga chemistry model has the following steps:

e Choosingthe database and thermodynamicframeworkto use.
e Selectingthe inflow components.
e Selectingwhich phasesto allow (thisis atwo-step procedure).

e Addingequations, kinetics, and surface reactions.
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Once completed, we can build the process and run the calculation.

A chemistry model can always be changed. Itis a matter of returningto the model generation steps (above)
and makingthe necessary modifications.

Introduction to the Chemistry Model tabs

v CIickontheChemistrytab— Flowsheet- Chemistry 2 | Report-1

The Chemistry section contains five sub-tabs, Inflows, Databanks, Phases, Redox, and Kinetics. New cases
defaulttothe Databankstab. Thistab containsthe thermodynamicframework and specialized database.

< Flowsheet- Chemistry X | Report-1

Inflows Phases Redox Kinetics
Thermodynamic Framework Aqueous (H+ Ion) w
AgQueous i
MSE {(H30+ Ion)
Databanks:
Public {Required)
Alloys
Ceramics
Caorrosion
Exchange

Geochemical
LAB Databank

Low Termperature

Figure 5-2 - The available framework and databases installed with the software

OLI usestwo thermodynamicframeworks, Aqueous (H+ion) and MSE (H30+). MSE stands for Mixed
Solvent Electrolyte. The available databases (note the Add button) include the required Publicdatabase,
OLl-installed private databases, and client-specific private databases.

v’ Use the default settings of Aqueous (H+) and no private databases.
v Clickon the Inflows tab.
Adding the chemical inflows to your case file

The inflows tab contains the grid for adding molecularinflows, assays, pseudocomponents, and other
optional inflows.

v" Enter the followinginflows, NaCl, KCl, CaCl2, MgCl2, SrCl2, NaHCO3, Na25S04, CO2,
H2S04, HCl, FeCl3, and AICI3
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LS Databanks Phases Redox Kinetics T/P Span

Inflows Add -
H20
MaCl
KCI
CacCl2
MgCl2
srCi2
MNaHC03
MNa2s04
co2
H2504
HCI

[ FeCi3 |

AICI3

Figure 5-3 — entering the molecular inflows. The Assay and pseudocomponent entry down-arrow is shown on the right
v" Clickon the Phasestab.

This screen contains the options for including or excluding phases from the simulation. Thisincludes each
of the solid phases that the software determines may exist based, on the inflows you entered. This case
contains sixty-seven solid phases that will be considered for precipitation. Whetherornottheyform
depends on the solution composition. Users can preventsolid from forming by uncheckingth e individual
box.

Inflows Databanks [ o Redox

Include Phases:
\iapor Phase
[ second Liquid Phase
Solid Phase(s)

Include Solid Phases:

= FE
C(+4)
Ca(+2)
a0
H(+1)
K{+1)
Mg(+2)
Ma{+1)
o(-2)
5(+6)
sr(+2)

HEEEBEHEEEBE

Figure 5-4 — Selecting the phases to be included-excluded in the case
v' Use the defaultsettings forthe Phases tab.
v" Clickon the Redox tab.

The Redox screen contains toggle boxesto enable ordisable oxidation-reduction reactions. The default
settingisforRedox reactionsto be off. If Redox chemistryisincluded, then the userselects which elements
will be included, and also which oxidation states within the particularelementisincluded.
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Inflows Databanks Phases | Redox |

indude Redox Chemistry

Include Subsystems:

Oc

Oca

Oa

O«

Omg

Ona

=0s
Ost2)
Osm)
Os+2)
Os+3)

o
a3

=8

= ululele

=]

M Msr

Figure 5-5 — Include or exclude Oxidation-Reduction reactions and select which element and oxidation state will be allowed
v" Use the defaultsettings for the Redox tab.
v" Clickon the Kinetics tab.

The Kinetics tabis where users can construct rate-limiting equations forone or more reactions. Atemplate
of speciesisavailable to create the kineticmodel. Creating kineticreactions will be explainedinlater
chapters.

Inflows | Databanks | Phases (DB Kinetics |

Select kinetics reactions to be considered.

Use the 'Edit' button to create/modify reactions.

Select a reaction from the list below or add a new one:

[cacoa(eet) = Ca+2 +C03-2 Add...

Modify...

Edit Equation

Type an equation using OLI Tags in the field below.

You can double-dick on an item in the list of available components to add it to the equation.

Override Equilbrium Reaction | caco3(ppt) = c4 | BRAGGNITEPPT = CAIGN + CO3IGN

Rate Definition irirmis
Rate (KF=([R1]*ER1] Formula COLITag
CaCo3 (A i t ARAGONITEPFT
Rate is calculated using the above expres| # ¢ rTgom =)eet)
[Ril, [Pi] are activities (x-based) of react] | C2C03 (Caldite)(zq) CACO3AQ
CaCo3 (Calcite){ppt) CACO3PPT

Figure 5-6 — Selecting reactions that will be undergo rate-limiting kinetics
v" You will not create any reactions.

This completes the basicintroduction of the Chemistry Model Build step. There are additional options that
but they are not germane tothe firstexample.

Building the Process

Our simple example contains one mixer, two inlet streams, and one outlet. We willrun the mixer
adiabatically, or heat-isolated from the environment. This way, we can observe temperature changes that
may occur upon mixing.
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Process
Stream

Wixed
Waste

Acid
Waste

P Adiqbatic
Wixer

Figure 5-7 Adiabatic mixing of two liquids

Creating a New Process Block
v" Clickon the Flowsheet tab.

The main flowsheet screen contains a center workspace, support panels, and atoolbar. The workspace is
blank, and becomes filled with streams and units. The support panelsinclude Navigator, Library, Properties,

and a general Output section (errors, trace, monitor, and output). The toolbar contains various actions that
are described below.

B9 E£5P1 - OLI Flowsheet: ESP (Beta) — a x

File Edit Flowsheet Chemistry Simulate Report Tools View Window Help

JE R a8 - ROR% e E. ST
4 Flowsheet | Chemistry | Report-1 3
=4 Chemistry Models -~
Loy Chemistry Process
- [ Unit Operations
- & Streams
=--E Reports
LB Report-1

o
*

General
& Process Options
Optional Properti
Calculation Aids
Recycles
Restart Options

Molecular Conver

VIV IV Vv

>0 0 <’

Mixer  Separator Neutrali.. Splitter

<000

Comp.
Splitter

Absorber  Stripper  Reactor ~

vl € > Properties | Watch

Description Object

Output | Convergence Monitar | Errors | Trace

Figure 5-8 — Flowsheet tab showing the blank process screen and the five default support panels
e The Navigatorpanel containsthe complete list of objects that are part of the file. This
includes all chemistry models, streams, unit operations, and reports.

e TheLibrary panel containsthe availableunitsand unit operations. Objectsinthe library
panel are broughtintothe workspace using dragand drop.

e The Properties panel contains the settings foraunit, the molecular composition of astream,
or the properties of the flowsheet. The panel view will therefore change, depending on
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what objector streamis in focus on the worksheet. There are tabs at the bottom and top of
the panel that display inputand output composition and settings.

e Thegeneral output panel atthe bottom of the screen contains several sub panels. The
Convergence Monitor contains agraph that shows the progress of converging recycle
streams (Tear streams) and controllersettings. The Errors panel contains the list of
problemsthat needto be corrected eitherbefore runningthe case or problems found after
the case isrun. The Trace and Outputtabs contain detailed information on the calculation.
These are intended for more advanced users.

e Thetoolbarcontains several action buttons:

o Start, Pause, and Stop - i
o Zoomand centering Q9 fA z
> O

o Objectselectand move

2
o AddStreams, Signals and Energy buttons J-L'C}E'

o AnaddCalloutTable button E

rk b =1
o Rotate objectsbuttons "b- = b

4, | Macl

. E=E
o Namesand Units Manager buttons L

Each of these panels and toolbaractionitems will be used to varying degrees in the first several chapters of
this manual.

v" Clickon the Mixerinthe Library and drag it onto the Worksheet.
v" Double click on the new block to change its name to Adiabatic Mixer.

You will notice thatthe right Properties paneldisplays the settings for this mixer.

4 Flowsheet | Chemistry | Report-1 b

~
Adiabatic Mixer Mixer

General

= Inlets

Feed ﬂ

o o o
= Outlets

L & Output

Adiabatic
Mixer

o ] = Equilibrium Calculation

Calculation Type Adiabatic ﬂ

Pressure Spec, Min, Inlet Pres... ﬂ
Heat Duty (I/hr) 0.0

Figure 5-9 - The Mixer block and the unit settings (Definition tab)

v" Clickon the Add Stream button in the Toolbar.
[y "% Y, !

Figure 5-10 - The Add Stream button in the toolbar

v' Create an inletstreamto the mixerby clicking on the flowsheet to the left of the mixer
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and dragging the mouse to the mixer. Unclick and click again when the + symbol
appearson the cursor.

Notice thata separate clickis needed to anchorthe streamto the unit.
v' Create asecondinletstream the same way.
v’ Llastly, create an outlet stream.

v Pressthe ESC key to deactivate the Add Stream button.

52 Adiabatic

Mixer
Figure 5-11- A mixer containing two inlet steams and one outlet stream

The Add stream mode stays active until the ESCkey is pressed, orthe arrow buttonis selected ', orif

B 9% e, !

v" Doubleclick onthe first stream and label it Process Stream.

the Add Stream buttonis clicked a second time

v' Label the second stream Acid Waste.

v'  Label the outletstream Mixed Waste.

Process
Stream

Acid
Waste

Adiabatic
Mixer

Figure 5-12- Names added to the mixer block

v Clickon the Process stream and enterthe composition shownin the table below.

Process Stream Acid Waste
Temperature (C) 40 25
Pressure (atm) 1 1
Stream Amount (mole/hr) 30000 1500
H20 100 100
NaCl 0.5 0
KCl 0.01 0
CacCl2 0.1 0
MgCl2 0.05
SrCl2 0.005
NaHCO3 0.005
Na2S04 0.02
C02 0.005
H2S04 2
HCI 2
FeCl3 0.5
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| AlCI3 | |05

Table 1-1 — Process Stream and Acid Waste stream compositions

v" Clickon the Acid Waste stream and enterthe composition.

The Stream Amountrow isits Overall flow rate, in this case with units of moles/hr. Atthe bottom of the
gridis a second Total value. Thistotal compositionisthe sum of the inflows. The Process streamis
comprised of 100.695 moles. Itsflow rateis 30,000 mol/hr. The compositionis multiplied internally to
produce the total flow of each component.

Process Stream Acid Waste
Dl Calculated General ( Definition e TE Gener,
e Parameters = Parameters
Temperature (*C) 40.0 Temperature ("C) 25.0
Pressure (atrm) Pressure (atm) 1.0
Stream Amount (mol/h Stream Amount (mo 1500.0
< Inflows (mol/hr) = Inflows (mol/hr)

H20 100.0 H20 100.0
MacCl 0.5 NaCl 0.0
KCI 0.01 KCl 0.0
CaCl2 0.1 CaCl2 0.0
MgCl2 0.05 MgCl2 0.0
SrCi2 5.0e-3 SrCl2 0.0
MaHCO3 5.0e-3 MNaHCO3 0.0
Ma2504 0.02 MNa2504 0.0
co2 3.0e-3 Co2 0.0
H2504 0.0 H2504 20
HCl 0.0 HCI 20
FeCl3 00 FeCl3 0.3
AICI3 00 AlCI3 0.3
Total 100.69 Total 105.0

Figure 5-13 - The mixer block with the completed Process Stream and Acid Waste
v Click on the Adiabatic Mixer block.

The Properties panel displays the Mixer settings. There are two feed streamsand one outlet stream. The
default calculation type is Adiabatic (mixof inflows) and the default pressure settingis the lowestvalue
pressure of anyinletstream. Inthiscase the inletstream pressures are both 1atm, and so this will be the
outletpressure. Thereisanoptionthatallows the userto change the Chemistry Model. Thisisanadvanced
setting described laterin the manual.

Adiabatic Mixer Mixer

General
= Inlets w7 Equilibrium Calculation
Feed Process Stream ﬂ Calculation Type Adiabatic ﬂ
Feed Acid Waste ﬂ Pressure Spec. Min. Inlet Pressure ﬂ
Feed ﬂ Heat Duty (cal/hr) 0.0
= Outlets e Advanced Options
Output Mixed Waste Chemistry Model Chemistry (Defa... ﬂ

Figure 5-14 - The Mixer block with the completed Acid Waste stream
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v' Pressthe Calculate button. »

The software will generatethe chemistry model, initialize the process, calculate the properties of the two
each inletstreams, and lastly, calculatethe mixerblock. This progressisdisplayedinthe Outputtab at the
bottom of the screen.

. Output | Conve
v Clickon the Outputtab at the bottom of the screen.

Generating chemistry model(s)...

Chemistry model generation complete.

-- Process Analysis - Initialization

-- Process Analysis - Inlet Stream Equilibrium Computation
- Stream: PROCESS STREAM

- Stream: ACID WASTE

-- Process &Analysis - Block Computation

- Block MIX - ADIABATIC MIXER

Figure 5-15 - The Output tab displaying the simulation progress

When the simulationis complete, a popup window will appearin the lowerright of the screen.

= Q Simulation Complete

Figure 5-16 - The Simulation Complete popup
v" Click on the Mixed Waste stream.

The resulting composition and properties of this outlet stream are displayed in the Properties panel.

= Total, Apparent (Molecular) (mol/hr)

Mixed Waste H20 31186.4
General coz2 297929

= Stream Parameters HCl 137223
Temperature (*C) 39.4335 503 334822
NaCl 155.229

Pressure (kg/cma2) 1.03323 KCl 267929
pH 108261 | pppo3 3.57143
Muoles, True (mol/hr) 31861.0 ca0 20,7929
Males, Apparent (mol/hr 313934 | mg0 14,8965
Mass (kg/hr) 583.347 || NaFeO2 7.14286
Volume (m3/hr) 0.573143 | |50 0.441791
Solid Frac. (mol/mal) 3.31648e-5 || Sr504 1.04786

Figure 5-17 - The Properties panel containing the calculated Mixed waste stream

The contents of the Calculated tab of the Properties panel include the tables, Stream Parameters (pH,

volume, mass, etc.) and apparent molecular flow. Its purpose isto provide abrief summary of the stream.
The detailed information on each streamis provided in the Reportsection.

v Clickon the Process Stream and select the Calculated Tab in the Properties Panel. Do
the same for the Acid Waste stream.
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Process Stream Acid Waste

Definition [RETEE Y Gen | < Total, Apparent (Molecular) (mol/ Definition | Calculated | Genera

= Stream Parameters H20 29754.2 = Stream Parameters

Temperature (*C) 400 |co2 2.97929 Temperature (*C) 250

Pressure (atm) 1.0 |HCl 78,9513 Pressure (atm) 1.0

pH 390822 1503 5.08523 pH -0.585679

Moles, True (mal/hr) 202549 | NaCl 162,372 Moles, True (mol/hr) 1603.06 |~ Total, Apparent (Molecular) (mol/hr)
Moles, Apparent (m 300528 |KCl 2.97929 Moles, Apparent (m 1532.14 |H20 1435.71
Mass (g/hr) 5.51656e5 | Ca0 29,7929 Mass (g/hr) 31691.2 | HCI 71,4286
Volume (L/hr) 343165 | Mg0 14.8965 Velume (L/hr) 28.32 | 503 17.8571
Solid Frac. (mole %) 2.00607e-3 | 510 0.616293 Solid Frac. {mole %) 0.0 |Al203 3.57143
Vapor Frac. (mole %) 0.0 | 5504 0.873354 Vapor Frac. (mole %) 0.0 | Fe2(504)3 3.57143

Figure 5-18 - The Properties panel containing the calculated Inlet streams

The inlet streams have respective pH’s of 5.9 (at 40C) and -0.6 (at 25C). The mixed-stream pHis1.1 (at
39.4C).

v" Click on the Adiabatic Mixer object and then click on the Watch tab located at base of
the Properties panel

Adiabatic Mixer Mixer

= Common Parameters

Heat Duty (cal/hr) 0.0

Total Inlet Mass (g/hr) 5.83347e5

Total Qutlet Mass (g/hr) 5.83347e5

Total Inlet Energy (cal/hr -2.1614e9

Total Qutlet Energy (cal/ -2.1614e9
Custom Edit

Figure 5-19 - The watch view of the Adiabatic Mixer Properties panel.

v' Savethefile. If youhave not saved the case file yet, then name it something that you
can find quickly because it will be usedin the next several chapters.

The panel displays the energy and mass balance across the mixer. Since mixingisisolated and adiabatic, no
energy ormass isgained or lost. Therefore, the inlet-outlet values should be identical. Users can view
additional properties by clicking on the Editlink in the Custom section at the bottom of the panel.

Summary

We have completed the first case. it presents the basicmechanics of building and converging a steady-state
simulation. Inthe next chapter, you will expand this case toinclude additional blocks and chemistry.
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Chapter 6 Water Treatment —
Lime Softeners

The Application

This chapter expands the mixing process presented in Chapter1. The Mixed Waste is sentto a softenerto
remove Ca, Mg, Fe, and Al. The remainingliquidis neutralized.

Formulating the Process

r— -

20% HClI

Process Mixed Reactor I
1A o)
Stream I Waste outlet Clarier = oH
s | Liquid Neutralizer
i
aaste I Softener Reactor I
Adiabatic )
Mixer Clarifier
I Sos Ach Meutralized liguid I
' Clarifier
| I — Sludge — — — — —

Figure 6-1- Softening and Neutralization Process

The Mixed Waste stream contains a water, solid, and gas phase. It flowsinto areactiontank with lime and
soda ash that are used to raise pH and toincrease the carbonate concentration. The higherpHand

carbonate resultsin CaCOs;, Mg(OH),, Al(OH);, and Fe(OH); precipitation. These solids are removedinthe
clarifierunit. The remainingliquidis neutralized forand sent to a downstream process.

The required procedure is to expand the chemistry modeltoinclude the limeand sodaash additives. Then
the additional unitsand streams are added.

Chemistry Model

Open the existing Casefile
The work on this case startedin Chapter 1. You were instructedto save the file. Openit now.

v" Openthefile, Water Treatment Softening Process

Flowsheet ESP Training Manual Ver-1 Water Treatment — Lime Softeners e 6-1



Adding additional components to the model
The firststepis to add lime (Ca0) and soda ash (Na2CO3) to the chemistry model.

v Clickon the Chemistry tab.
v" Enter CaO and Na2CO3 to the list.

AICI3
Ca0
Na2C03

Figure 6-2 — Adding CaO and Na2CO3 to the Chemistry Inflows List

v" Returnto the flowsheetview.

Building the Process

The followinginstructions are designed to take us on a tour through some of the interesting features of the
ESP Process Analysis facilities.

20% HCI

Mixed
Waste

Reactor
autlet

Clarifier
Liguid

pH
MNeutralizer

Softener Reactor
Clarifier

*—

Soda Ash Meutralized liquid

Clarifier
Sludge
Figure 6-3 - The Water Softening process created in this chapter

Adding new process blocks
Start by addingthe new unit operations:

v Clickon the Mixerobjectinthe library, and drag it to the right of the Adiabatic mixer.
v' labelitSoftenerReactor.

v" Next, clickonthe Separatorobjectinthe library and drag it to the right of the Softener
reactor.

v labelitClarifier.
v" Next,clickonthe Neutralizer object and drag it to the right of the Settler.
v LabelitpH Neutralizer.

Adding new streams
Next, add link existing stream and add new ones.

v"  Linkthe Mixed Waste stream to the inlet side of the Softener Reactor block.

g
v" Clickon the Add Stream buttonin the menu;I g and add two streams to the Softener
Reactor (mixer)inlet.
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v" Add astreamto the Softenerreactoroutlet and link it to the Clarifier (separator) inlet.

v" Addthree streamsto the Clarifier outlet; vapor, solid and liquid. Linkthe liquid stream
to the pH neutralizer (Neutralizer) inlet.

v' Adda streamstothe neutralizerinlettop and one to the bottom.
v" Pressthe ESC key or click the Add stream button a second time to deactivate the action.

Labeling and Editing the new streams
v Labelthe eight streams as follows. Use the above screenshot foridentification

Lime Soda Ash Reactor Outlet | ClarifierLiquid
Vent ClarifierSludge | 20% HCI Neutralized Liquid

Entering the Lime stream data
v" Clickon the Lime stream.

v"  Enter a Stream Amount of 80 mol/hr.

The lime stream compositionis based on mass fraction, and so the Inflow units need to be changed from
mol/hrto mass fraction. Thisis done through the Units Manager window.

v Clickon the hyperlinked units at the header of the Inflows category.

= Inflows (mol/hr)

v" Change the Inflows units from Moles to Mass Fraction. Press OK.

Edit Units - Lime ? >

Composition  Parameters

Variable Basis Units
Inflow variables
Stream Amount Maoles mol/hr
Inflows mass %
Mubesd crmeimbal -

Figure 6-4 Changing the units of the Lime stream

v" Enter a CaO value of 100 mass %.

Lime
Calculated General

& Parameters
Temperature (*C) 23.0

| NaHCO3 0.0
Pressure (atm) . ;I:' Na2504 00
Stream Amount (mol/hr) 800 coz 00

H2504 0.0

= Inflows (mass %) HCI 0.0
H20 0.0 || FeCI3 0.0
Macl 0.0 || AICI3 0.0
KCl 0.0 || Cal 100.0
CaCl? 0.0 || Na2CO3 0.0
MgCl2 0.0 | Total 100.0

Figure 6-5 The Lime Stream Composition. Note the inflow units are changed to Mass%

v" Change the Set Phase setting to Solid Only. Thisisinthe Advanced Options section at
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the bottom of the Lime stream Properties panel.

= Advanced Options
Set Phase Solid Only ||
Chemistry Model Chemistrv (D... [«

Figure 6-6 Entering the Lime Inflow rate

By changingthe Set Phase to Solid only, the software will compute the stream’s total enthalpy and heat
capacity, but will not attempt to compute any phase properties. This change ensuresthatthe calculation
proceed withoutany problems.

Soda Ash inflow stream

v

NN

Clickon the Soda Ash stream.

Enter a Stream Amount of 100 mol/hr.

Change the inflow units to Mass Fraction (mass %).
Enter a Na2CO3 value of 100 mass %.

Change the SetPhase setting to Solid Only.

Soda Ash HCI 0.0

Calculated General FeCl3 0.0
< Parameters ACIZ 0.0
Temperature (*C) 250 Ma2C03 100.0
Pressure (atr) 10 Total 100.0

Stream Amount (maol/hr) 100.0

= Normalization
= Inflows (mass %)

Type Prorate
H20 00 ¥ N Ji ﬂ
— 00 ormalize
KCl 0.0
CaCl2 00— Advanced Options
MgCl2 00 et phase Solid Only v/|
srci2 “Y Chemistry Model Chemistry (D... ||

Figure 6-7 Entering the Soda Ash composition and inflow rate

The soda ash stream has similarsettingto the lime stream. In manyinstances, limeand sodaash are slaked
with process water before entering the reactor. We will lookinto thatscenarioina laterchapter.

20% HCl Inflow stream

v

v
v
v

Click on the 20% HCI stream entering the pH Neutralizer.
Enter a Stream Amount of 50 mol/hr.
Change the Inflow units from moles to mass fraction (mass %).

Enter 80% H20 and 20% HCI.
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20% HCI

MNa25S04 0.0

Calculated Gen coz 0.0

= Parameters H2504 0.0
Ternperature (*C) 25.0 '

Pressure (atm) 1.0 HCI 20,0

Stream Amount ( 500 | FeCl3 0.0

AlCI3 0.0

= Inflows (mass %) Ca0 0.0

3 800 | Na2COo3 0.0

Nact %% | Total 100.0

Figure 6-8 Entering the 20% HCl composition and inflow rate

Reviewing the Clarifier settings
v Clickon the Clarifier block to access its Properties panel.

Clarifier Separator

General

= Inlets

Feed Reactor Outletﬂ
Feed ﬂ
= Qutlets

Liguid Clarified Liquid
Solids Clarifier Sludge
Vapor Vent
Organic

= Equilibrium Calculation
Calculation Type Adiabatic ﬂ
Pressure Spec. Min, Inlet Pres...ﬂ
Heat Duty (cal/hr) 0.0
Entrainment >
- Advanced Options

Chemistry Model Chemistry (De... v|

Figure 6-9 The Clarifier Properties panel. It contains four sections, Inlets, Outlets, Equilibrium calculations and Advanced options

The Properties panel contains foursections. The Inlets and Outlets section display the streams attached to
the block. The Equilibrium Calculation section contain the calculation settings. The Advanced Options
section contains the Chemistry model selection (to be explainedin later chapters).

There are three outlet streams, and each outlet will contain asingle phase. This means that the vapor will
not contain mistor dust, the liquid will not contain gas bubbles or suspended solids, and the solids will not
be wet. Also, the Clarifieris setto run adiabatically.

There are no properties/settings to adjustin this block.

Changing the pH Neutralizer Block settings
v" Clickon the pH Neutralizer block to access its Properties panel.
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pH Neutralizer Meutralizer

General
- —— & Equilibrium Calculation
Feed Clarified Liquid ﬂ Calculation Type Fix pH ﬂ
Feed *| Pressure Spec. Min. Inlet Press... ﬂ
Reagent 20% HCl [+ pH 8.0
= Outlets = Advanced Options
CQutput

Meutralized Liquid = Chemistry Medel Chemistry (Defa... ﬂ

Figure 6-10 The pH Neutralizer Properties panel. It contains the same four sections as the Clarifier

The purpose of this blockis to add sufficient quantities of the 20% HCl stream to set the Neutralized liquid
output stream pH=8. The 50 moles of you entered when creatingthe 20% HCI stream, is therefore aninitial

guess. This Neutralizer block will adjust this value untilthe target pH of 8 isachieved. This block, therefore,
acts as a mixer, apH controllerand as an HCl valve.

v" Clickon the Calculation Type optionin the Equilibrium Calculation section and change to
Fix pH.

v" EnterapH of 8.0.

Calculate and Review

The flowsheetisreadyforcalculation. Thisisalsoa good time to save the file.

v' Saveyourfile.

v" Pressthe Calculate button |T|

The calculation should complete within seconds. If you receive an Error warning, please look atthe Error
tab located at the bottom of the window. Itwill tell you what step you may have missed.

There are now eleven streamsinthe process. Withthatnumberitis easiertoreview the results usingthe
Reportor by usingthe Callouttables. You will start by reviewingthe reports.

v" Clickon the Report-1tab. Thisisthe defaultreport.

<5elect a Strea... ﬂ

v" Clickon the Add all streams action link - Add all streams

The table that appears contains the properties and composition of each stream.

Unnecessary orredundant streams, namely the lime, soda ash, 20% HCl and vent are removed ina manner
similarto adding streams.

v" Review the 20% HCl inflow stream, look at the Apparent moles and the volume.
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20% HCI vl
Remove

Stream Parameters
Temperature (°C) 25.0
Pressure (atm) 1.0
pH -1.43284
Moles, True (mol/hr) 5.65347
Males, Apparent (mial/hr) 50935
Mass (g/hr) 102,081
Volume (L/hr) 0.0831498

Figure 6-11 The 20% HCl inlet stream

Review the Moles, Apparent row; 196.4 moles of acid were added, and not the 50 molesthatyou entered
earlier. Notice thatthere are two Moles values: Moles, True and Moles, Apparent. The Moles, True sums
the cations (H+) and anions (Cl-, OH-) separately. By comparisonthe Moles Apparentis simply the molecular
HCl and H20. Thus the True moles is always equal orgreaterthan the apparent moles (it can be equal if
thereisno ionization —forexample when dissolving carbon monoxidein water).

Process Stream ﬂ Acid Waste ﬂ Mixed Waste ﬂ Clarifier Liguid ﬂ Clarifier Sludge ﬂ Reactor outlet j MNeutralized liquid v|
Remove Remove Remove Remove Remove Remove Remove

Stream Parameters
Temperature (°C) 400 25.0 39.4423 46.0059 46,0059 46,0059 46.0155
Pressure (atm) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
pH 5.83608 -0.585679 1.05727 9.29576 9.29576 9.29576 8.0
Moles, True (mol/hr) 30401.8 1603.06 32008.1 25931.5 6293.18 322247 320013
Moles, Apparent (rmol/hr) 30052.6 153214 31595.2 25523.2 6196.16 317184 314976
Mass (g/hr) 5.57593€5 31691.2 5.89284e5 478145 1.26229¢5 6.04369e5 5.9017e5
Volume (L/hr) 545.46 28.32 573.521 465.219 115.176 580.395 574.131
Solid Frac. (maole %) 2.39998e-3 0.0 3.13618&-3 0.0 212778 0.413648 3.5844e-3

Figure 6-12 The Stream Parameters section of the Report

You will now reduce the size of the reportto make iteasiertoreview.

v" Clickthe Remove link Remove onthe 20% HCI, Lime, Soda Ash, and Vent
columnstoremove them.

Thisreducesthe table size, and leaves only the seven streams. Valuesto be reviewed include the sludge
flow rate and the pH of each stream. Note also Clarifier Liquid and Sludge temperature. Ithasincreasedto
46C.

One purpose of the softening unitis to remove total calcium and magnesium (hardness) from the wateras
solids (sludge). You can review the extent of Mg and Ca removal from the process, includingthe amount
that still remainsinthe Neutralized liquid. These resultsare inasection called MBG Totals, Combined,
located towards the bottom of the report. The term, MBG is Material Balance Group, or the elementwitha
specificoxidation state. The section, MBG Totals, Combined contains the totalamount of each element that
is in the stream. By comparison, the section, MBG Totals, Solids contains the elements that make up the
solids phase of that stream.

v" Remove all the streams except forthe Reactor Outlet, Clarifier Sludge, and Neutralized
Liquid.

v Scroll down the report to the MBG Totals, Combined section.
v' Compare the Ca(+2) and Mg(+2) flow of the Mixed Waste and neutralized liquid.

The reactor outletstreamis a mixed phase, containing water, solids, the clarifier sludge is all solids, and the
neutralized liquidsis nearly all liquid.
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Reactor outlet ﬂ Clarifier Sludge ﬂerutralizrzclliquiclvl

Remove Remove Remove
MNa(+1) 509.798 97,8734 508.232
Cli-1) 462,752 28,8413 461.891
Cal+2) 109.646 104.224 7.82006
C(+4) 102.965 102.942 1.15942
S(+8) 34.5006 7.57368 33.2353
Ma(+2) 14,8229 13.7154 1.51423
Al(+3) 714285 7.13361 0.0873434
Fe(+3) 714288 714257 0.0788466
K(+1) 2.96457 0.569153 295547
Sr(+2) 1.48229 1.23467 0.31843

Figure 6-13 — Comparing total dissolved Hardness (Ca*? + Mg*2) before and after the lime softener unit

The Mg* is converted to Mg(OH), by raising the mixed waste pHt09.3 using CaO. Adding CaOincreases
the Ca*? content. Thus, Na,CO;isaddedto remove the existingand added Ca*?* as CaCO;. The total dissolved
Ca*? decreasesfrom 129.8 mol/hrto 7.8 mol/hrand the and the dissolved Mg*? decreases from 14.9 mol/hr
to 1.5 mol/hr. The optimum amount of CaO and Na2CO3 isinvestigated in the next chapter.

v' Saveyourfile.

Including entrained water in the sludge and settling it out

The sludge streamis 100% solids. It contains no entrained water. This does notexistin practice, since
clarifiersludge may contain up to 90% water. The Separator unit, where the sludge and supernatant were
separated, can accept instructions to entrain waterin the solids, thereby creating a more representative
sludge product. Thiswill be performed now.

Setting the Separator Entrainmentvalue
v" Clickon thereporttab and view the sludge stream. Itis currently 100% solids.

Remove

Stream Parameters

Temperature (*C) 46.0059
Pressure (atm) 1.0
pH

Males, True (rmol/hr) 131.841
Moles, Apparent (rmol/hr) 131.841
Mass (g/hr) 12622.3
Volume (L/hr) 4.63964
Solid Frac. (mole %) 100.0

Figure 6-14 — Stream parameters of the Clarifier sludge stream

v" Returnto the flowsheetand select the Clarifier unit.

v Selectthe Entrainment arrow button - Entrainment >|

L)

v Setthe LiquidinSolid (g/g) value to9- Liguid in Salid (g/g) 9.

Thisinstructs the software to set the waterto Sludge ratioto 9:1, that is, to make the Clarifier Sludge
stream 90% water.

v Calculate and view the Phase flows section of the Clarifier Sludgein the report.

6-8 e« Water Treatment — Lime Softeners FlowsheetESP Training Manual Ver-1



Clarifier Sludge ﬂ

Remove

Phase Flows

Males, True - Agueous (mol/hr) 6161.34
Moles - Solid (mol/hr) 131,241
Males - Vapor (mol/hr) 0.0
Muoles, Apparent - Aqueous (mol/hr) 6064.32
Mass - Aqueous (g/hr) 1.13606e5
Mass - Solid (g/hr) 12622.9
Mass - Vapor (g/hr) 0.0
Volume - Agueous (L/hr) 110,336
VYolume - Solid (L/hr) 463964

Figure 6-15 — Phase flow results for the Clarifier Sludge stream

Thereisnow 114 kg/hr process water entrained with the sludge. Thisis about 20% of the total liquids, and
it needstobe separated fromthe solidsand returned tothe process. In watertreatment operations, a
significant fraction of the liquid can be separated using coagulating and settling. The software containsa
settlerblock that can mimicthis step. Please note, that this block does not compute the physical-chemical
process of coagulation, settling, and separation. Ratherit separates based on user-entered separation
values, and these values are presumed to be obtained from plant performance data.

Adding a Settler block

The purpose of a settler blockis to separate a process streaminto a liquid and solid streams with afixed
fraction of liquids remaining with the solids a fixed fraction of solids flowing with the liquid as suspended
solids. Inthisscenario, you will split 100% of the solids to the “Solids” stream and split 80% of the liquids to
the “Liquid” stream. Thus, 80% of the liquids entering the settler will decant.

v Clickon the Settlerblockinthe Library and drag it below and to the right of the Clarifier
unit.

v' Label the block “Sludge Settler”.

v Linkthe Clarifier Sludge stream to the inlet.

v Clickon the New Stream buttonin the TooIbar-T? and add two outlet streamsto
the sludge settler.

v Labelthe liquid stream “Settler Liquid”.

\

Label the solid stream “Settler Solids”.

v Llinkthe SettlerLiquid streamtothe inlet of the pH Neutralizer.
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Reactor
outlet

arfmer pH

Liguid Neutralizer
p
Clarifier
Clarifier Meutralized liquid
Sludge e
Settler
Liquid
Sludge

Settler
I Settler
Solids

Figure 6-16 — Clarifier sludge is processed in a Sludge Settler
v" Clickon the Sludge Settler object.
v Clickon the Outlet Split Parameters button in the Properties panel.

e Parameters
Outlet Split Edit |

The window that appears contains two splits, Liquid phase and Solid phase. Each phase can splittotwo
outlets.

Flow Basis: (O Males (® Mass (O volume

Overall Split  spedfic Solids Split

Liquid Split Fraction Flow (g/hr)
Effluent Stream - Decanted Liquid 0.2
Solids Stream - Settler solids 0.2

Solids Split Fraction Flow (g/hr)
Effluent Stream - Decanted Liquid 0.0
Solids Stream - Settler solids 1.0

Figure 6-17 — Sludge Settler Parameters

Flow Basis: Maoles Mass Volume
The splitflows can be setto volume, mass, ormoles - O ® O

In this case, 100% of the solids go with the Solids stream outlet (Settler Solids), and 80% of the liquid goes
with the Effluent stream outlet (Decanted Liquid).

v’ Setthe Flow Basis: to Mass.

v' Setthe fractionsin the settlerto match the values shownin the image above.
v Recalculate.
v

Click on the Report. Change the stream selectionto display the Reactor Outlet, Settler
Solids, Neutralized Liquid, vent, and 20% HCI.

These streams represent the mass balance around the clarifier, settler, and neutralized liquid.
v" Review the Phase Flow section and then MBG Totals, Combined section.

Thereis 563 kg/hrliquid exiting the neutralization tank and 24 kg/hr liquid exiting with the Settlersolids.
The settlersolids streamis now about 60% liquid.
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Reactor outlet ﬂ Settler solids ﬂ Meutralized Iic|uiclﬂ 20% HCI vI
Remove Remove Remove Remove

Phase Flows
Moles, True - Aqueous (mol/hr) 32092.9 123227 32000.2 5.65347
Moles - Solid (mol/hr) 131.841 130.522 1.129 0.0
Moles - Vapor (mol/hr) 0.0 0.0 0.0 0.0
Moles, Apparent - Aqueous (mol/hr) 31587.5 1212.86 31496.5 5.0935
Mass - Aqueous (g/hr) 5.91746e3 22721.2 5.90057e5 102.091
Mass - Solid (g/hr) 126229 124967 112,661 0.0
Mass - Vapor (g/hr) 0.0 0.0 0.0 0.0
Volume - Aqueous (L/hr) 573.755 22,1072 574.08 0.093198
Volume - Solid (L/hr) 4.63964 459324 0.0409456 0.0

Figure 6-18 — Flow balance around the clarifier, settler, and neutralizer.

Adding a filter press to recover remaining liquid

The last part of this scenarioisto recoverthe remaining water. Itis performed usingafilterpress. The
Filter objectin Flowsheet ESP is very similartothe Settler. Itdiffersinthatit does not containthe individual
solid phase split optionthatis part of the settler.

Edit Split

Specify the flow split between the tv

To spedfy the overall split, enter the fraction of
Alternatively, enter the flow rate for one of the |

Edit Split

You can override the flow split of spedfic solids g SEECIF'-_.-’ the fiow Sp"t between the tw

Solids Split’ tab. Enter the fraction of the total phase flow for each
for one of the two streams.
Flow Bagis: () Moles (®) Mass

Flow Basie: (@) Moles () Mass
Overall Split | Specific Solids Split

Figure 6-19 — The leftimage is the Settler parameter window, and the right is the Filter parameter window. There is no Specific Solids
Split in the Filter.

v" Clickon theFilterobjectinthe Library and drag itbelow and to the right of the Settler
block.

v Labelthe objectFilterPress.

v' Drag the SettlerSolids streamto the filter Pressinlet.

¢
v" Click on the Add Stream button and add a streamto the Filter press liquid and solid
exits.

v Labelthe liquid stream Filtrate. Label the solids stream Filter Cake.
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Reactor
outlet

Clarifier pH
Liguid Meutralizer
Clarifier
Settler Neutralized liquid
Liquid

Clarifier
Sludge

Sludge

Settler Filtrate

effler
solids

Filter
Fress

Figure 6-20 — Filter press is added to the solid-liquid separation section

v" Clickon the Filter Press object and click on the Outlet Split Edit button.
= Parameters
Outlet Split Edit |

v" Change the Flow Basis: to Mass.

\

Setthe Liquid split settings to 0.92 (filtrate stream)and 0.08 (Solids stream).
v" Setthe SolidsSplitto0and 1.

Flow Basis: (O Moles (®) Mass () volume
Liquid Split Fraction Flow (g/hr)
Filtrate Stream - Filtrate 0.92
Solids Stream - Filter Cake 008
Solids Split Fraction Flow (g/hr)
Filtrate Stream - Filtrate 0.0
Solids Stream - Filter Cake

Figure 6-21 — The Parameters screen for the Filter block.

As with the Settler, the final water contentinthe filter cake is computed from these settings. If the filter
cake watercontentis known, then a separatorcan be usedinstead of the filter.

v' Calculate and view the Results tab.

v" Change the columnsto display the Reactor Outlet, Filter Cake, and Neutralized liquid.
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Phase Flows

IMoles - Solid (mal/hr)

Moles - Vapor (mol/hr)
Mass - Agueous (g/hr)
Mass - Solid (g/hr)

Mass - Vapor (g/hr)

Volume - Solid (L/hr)

Moles, True - Aqueous (mol/hr)

Moles, Apparent - Aqueous (mol/hr)

Yolume - Aqueous (L/hr)

Reactor outlet ﬂ
Remove

32092.9
131.841
31587.5
5.91746e5
12622.9

Wi

373,755
463964

Filter Cake ﬂ Meutralized Iit|uitlﬂ

Remaove

98.5815
130.392
97.0292

18177
12484.2
1.76858
4,58865

Remaove [

32000.2
1.129
31496.5
5.90057e5

112,661

Wi

574.00
0.0409456

Figure 6-22 — Stream results following the addition of a filter press. Nearly all the water is returned to the process

The filter cake flows at 12.5 kg/hrsolid and 1.8 kg/hrliquid; ~13% liquid in the filter cake. Now, a small

fraction of the liquidis lost to disposal.

v' Savethefile. Itwill be usedinthe next chapter.

Summary

This chapter expanded on the watertreatment process with the addition of a softening/clarifier unit, a pH
neutralizer, and filtration. The lime andsodaashinletrates were set manually, by reviewing the results and
adjusting the Stream Amountcell. Thisaction can be performed automatically by using controllers and
manipulating (valve) units. You will add these unitsinthe nextchapter.
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Chapter 7 Water Treatment Lime
and Soda Ash Controllers

The Application

This chapter introduces the controller objects that enable users to meet target specifications without
requiring the userto manually adjust a concentration, flowrate, or condition. There are three target
specificationsinthe existing process, pH of the Clarifier Liquid, dissolved calciumin the Clarifier Liquid, and

watercontentinthe Filter Cake.

Formulating the Process

-r— —

Lime ¢

|
|
|
M |
a_Lime Vent
Process Time |
tream Valve |
| Reactor L

Magnesium
Caonirol

I 20% HCI

outlet Clarifiar
Liquid N DtH‘_
eutralizer
| [ crann ™
- Softener Reactor
Acid diabatic  sodaash |
Waste Mixer Valve |
P
a_Soda
— |\/] Ash | Clarifier Settler o
Soda Ash | Sludge Liquid Neutralized liquid

- "~ y
@ Sludge Filtrate
Settler

Calcium Settler L

S-+---

Caontrol Solds
Filter
T Press Water in solids
controller

] Filter
— Cake
Filter Cake
e FF signal

Figure 7-1- Softening and Neutralization Process

You are continuing with the process createdin Chapter1and 2. Atthis pointinthe training, you will have
completedthe frontend of the softening process. If you have not completed thissection, thenreturnto

Chapters1and 2.
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Total hardness, Ca*? & Mg*, is removed from the water by adding sodaash and lime. Thiswasdiscussedin
Chapter2. The exactamountof soda ashand lime added was not determined in thatchapter. Rather, a
specificvalue was entered that seemed to produce agood result. Inthis chapter you will seta target
concentration fortotal dissolved Ca*?> and Mg*?, and instruct the software to adjust the sodaash and lime
automatically to achieve thesetargetvalues. You will do this usingtwo new objects, a Feedback Controller
and a Manipulator.

The water fractionsinthe filter press and the settlerwere also set using values that were not based on any
specificcondition. Solids removal efficiency and dewatering varies depending on the process environment
and the type of solidsformed. Therefore, the simulation would be more useful if process specifications
were entered thatrepresented plantoperations. This will also be done inthis chapter using two blocks;
Feed Forward Controllerand Feedback Controller.

Chemistry Model

Opening an existing Case file
You create a case file in Chapter1and useditagainin Chapter2. Thisisthe starting pointfor Chapter 3.
Openthisfile now.

v" Openyourcase file, Water Treatment Softening Process.

There are no chemistry change in this step.

Building the Process

Adjusting the Front-end of the Process

You will start by optimizingthe lime and sodaash addition. Todo this, a valve and controllerneed to be
addedto bothinflow streams. A valveisdefinedinthe software by the Manipulate block. The manipulate
block receivesinformation from the control block and adjusts the inflow rate accordingly.

Adding the Manipulate block
v" Clickon the Manipulate objectinthe Library and drag it adjacent to the Lime stream.

I

Manipul..

Figure 7-2 - The manipulate object
v' LabelitLime Valve.

v Clickon the Manipulate object asecond time and drag it adjacent to the sodaash
stream.

v' LabelitSoda Ash Valve.

v' Disconnectthe Lime stream from the SoftenerReactorblock and attach it to the Lime
Valve.

v' Disconnectthe SodaAsh stream and attach it to the Soda Ash Valve.
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At this point, you may want to reorganize the stream and blocks so that it is easier to recognize the various
objects.

Click on the Add Stream buttonin the Toolbar.

Adda stream between the Lime valveand the Softener Reactor.
Add a stream between the Soda Ash valve and the SoftenerReactor.
Label the firsta_Lime (adjusted lime). Label the othera_SodaAsh.

Click on the Lime valve —view the Factor, Flow.

NN N NN

Click on the Soda Ash valve and view the Factor Flow.

Lime Valve Manipulator Soda Ash Valve Manipulator
| Definition e e General

= Inlets = Inlets

Feed Limrzﬂ Feed Soda Ash j
= Qutlets = Outlets

Output a_Llime Output a_Soda Ash
P Parameters = Parameters
Manipulation Type Total Flow j Manipulation Typ Total Flow ﬂ
Factor, Flow 1.0 Factor, Flow 1.0
=~ Advanced Options = Advanced Options
Chemistry Madel Chemistry (D... || Chemistry Model | Chemistry (... |v|

Figure 7-3 - The Properties panel for the Manipulate object

The factor flows foreach valve issetto 1 by default. Thus 100% of the inflow streamis sent to the Softener
Reactor.

v' Calculate.

The results are identical tothe previous run. Thisis because the Factor, Flow values of 1in the Manipulate
blocks have not changed the inflow rates of eitherlime orsodaash. Whenthe controllerisadded thenthis
factor flow value willchange to meet the dissolved calcium and magnesium specifications.

Adding the Magnesium Controller

This Magnesium Controller block will measurethe dissolved magnesium concentration, compare ittothe
target magnesium concentration, and adjust the lime flow rate (via the factor flow value) until this value is
achieved. The controllerwill require several iterations to find the optimum factor flow value.

v Clickon the Feedback Controller objectinthe Library and drag itabove and to the right

of the Lime Valve.

Feedback Fe
.. Cantroller C

Figure 7-4 - The Feedback Controller object in the library
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v' Label it Magnesium Control.

Magnesium
Control

Lime

—— M
a_Lime
Lime
Valve
k Reactor F

v" Clickon the Signal buttonin the toolbar.

L[

Figure 7-5 — The Signal button in the toolbar. It links controllers to streams and objects

v" Mouse overthe Clarifier Liquid stream. Red dots appear on the stream. Clarifier

AN

Click on one of the red dots to link the signal line to the stream.

v" Mouse overthe right edge of the Magnesium controlleruntil ared dot appears.

Magnesium
Caontrol

v" Clickon one of themto link the otherside of the signal stream.

v" Next, link the Magnesium controllerto the Lime Valve using asecond signal stream.

Magnesium
¢ Control
Lime
a_Lime
Lime

Walve
.N Reactor
tlet
Mixed n outet

Figure 7-5 - The Feedback Controller is linked to the process stream and to the manipulate block

Adding the Calcium Controller

You will repeat the steps taken for the Magnesium controller with the Calcium controller. The calcium
controller compares the dissolved calcium concentration to the target specification and adjusts the soda ash
valve Factor flow.

v Selectthe Feedback Controller again and drag it below and to the right of the Soda Ash
valve.

v' LabelitCalcium Control.

\

Click on the Signal button in the toolbar.

v Linkthe signal fromthe Reactor Outlet streamto the Calcium Control block.
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Add anothersignal from the Calcium control to the Soda Ash Valve.

Reactor
outlet

!

) Softener Reactor |
batic  sodaAsh |
xer Walve |

a_Soda
M Ash |
Soda Ash |
F 3
| |
Calcium
Control

Figure 7-6 - The Calcium Feedback Controller linked to the soda ash valve

Assigning Settings to the Magnesium Feedback Controllers
v Click on the Magnesium Controllerto access the Properties panel.

The main panel contains three sections: Target Specifications, Control Parameters and Options. Afourth
section, Convergence Option, is hidden because it contains optional settings.

Magnesium Control Feedback Cont...
General
= Target Specification

Target Stream Clarifier Lig... ﬂ

Spec. Type
Target Value (*C)

—

Controlling Block

Block Parameter

—

Calculate After

Temperature ﬂ

Control Parameter

Lime Valve

e

Options
<Automatics ﬂ

Convergence Options

>
Figure 7-7 - The Magnesium Feedback Controller Panel

The target specification sectioninstructs the controllerto measure the value of a user-specified variable.
Thisvariable can be temperature, pressure, phase flow rates, concentrations orcomponent flow rates. The
Control Parametersectioninstructs the controllerto adjust a variable continuously until the measured value
meetsthe targetvalue.

v' Change the Spec. Type from the default Temperature to Mat’l balance Group

Spec. Type Mat'l Balanc... ﬂ

composition.

Click on the Edit button on the Mat’l Balance Group row.
Mat'l Balance Groups Edit |

Check the box for Mg(+2) and press OK close the window.
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Select Components x

Caig+3)
Cc+9
[Cecal+2)
Oait-n
Ore(+3)
OH+1)
[Cke+1)

Figure 7-8 - Selecting the Mg+2 material balance group in the controller

Phaze Agqueous Dnl}fﬂ
Figure 7-9 —Click on the Phase cell and select Aqueous Only. ]
v Clickon the Basis cell and select Concentration. | B35 Concentrati... v |
v EnteraTarget value of 5 mg/I. | Target Value (mg/L) 30

v Clickon the Block Parameterin the Control Parameter se ction —Change to Factor, Flow.
Block Parameter Factor, Flow v|

The panel should look like this when done.

Magnesium Control Feedback Cont...

Definitic General

= Target Specification

Target Stream Clarifier Lig... ﬂ
Spec. Type Mat'l Balanc... ﬂ
Mat'l Balance Groups Edlit

Phase Agqueous Onl}fﬂ
Basis Concr:ntrati...ﬂ
Target Value (mg/L) 5.0
= Control Parameter
Controlling Block Lime Valve ﬂ
Block Parameter Factor, Flow ﬂ

Figure 7-9 - The completed Magnesium Feedback Controller Panel

Assigning Settings to the Calcium Feedback Controller
v Selectthe Calcium Control object to access the Properties panel.

v" Change the SpecType in the Properties panel to Mat’| Balance Group.

Spec. Type Mat'l Balanc... ﬂ
v" Openthe Edit button on the Mat’l Balance Groups row and select Ca(+2).
Select Components *
[Jal{+3)
CJci+4)
[lca(+2)
Change the Phase to Aqueous. " Ns& Aqueous Only |
v' Change the Basis to Concentration. Basis Concentrati... |
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=]
=1

v Change the Target Value to 10 mg/I. 12rget Value (mg/L) !

v" Clickon the Block Parameterrow and select Factor, Flow.
Block Parameter Factor, Flow ﬂ

Your Calcium Control Parameters panel should look like this:

Calcium Control Feedback Controller

General

e Target Specification

Target Stream Reactor outlet ﬂ
Spec. Type Mat'l Balanc... ﬂ
Mat'l Balance Groups Edit

Phase Agueous 0n|}'ﬂ
Basis Concentrati,.,
Target Value (mg/L) 10.0
e Control Parameter
Controlling Block Soda Ash Va... ﬂ
Block Parameter Factor, Flow ﬂ

Figure 7-10 - The completed Calcium Feedback Controller Panel

Reviewing the Controller results
v' Calculate the case.

v" When completed, click on the Lime valve and select the Watch tab at the base of the
panel.

v"  Look at the Factor, Flow value.

The software multiplied the Lime Stream flow rate by 1.015. The Lime flow is 80 mol/hr. Therefore, the
actual flowis 81.27 mol/hr. Thiscan be confirmed by reviewingthe a_Lime flow rate.

v Clickon the a_Lime stream and review the Moles, True row in the Properties Panel.

foles, True (mol/hr) 81.2714
Next, you will confirm that the magnesium concentrationis 5mg/l. You will look forthisinthe Report
section.
Click on the Report-1tab.
Change one of the columnsto Clarifier Liquid.

Scroll down to the MBG Totals, Liquid-1section (near the bottom of the report).

Click on the mol/hr units. | MBG Totals, Liquid-1 (mol/hr)

RO R

Change the Aqueous Composition Basis from moles to concentration.
Output variables
Agqueous Composition |CDncr:ntratiDn il mg/L

v Close the Units Manager window. Findthe Mg(+2) concentration.
Mgi+2) 5.0
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v" Review the calcium concentration —it should be 10 mg/I.

Cal+2) 10.0
v" Nextchange the stream columnsinthe Reportto show a_Lime and a_Soda Ash.
v Scroll to the top of the table and view the Stream Parameters section.

The target Mg* and Ca* concentrations exiting the Reactor are achieved. The controllers computed that
81.4 mol/hrlime and 109.9 molessodaash were required. Ourinitial inputs of 80 and 115 were good, but
the controlleroptimized it within seconds.

The purpose of thisexampleistoillustrate how the controller works with the multiplier and target stream
to achieve the desired value. The number of iterations/passes, thatthe controllerrequired to meetthe
specification can be observedinthe Convergence Monitor.

Using the convergence monitor

The Panel at the bottom of the software contains several tabs, including Output, Errors, Trace, and
Convergence Monitor. The Convergence monitortabisa graphic representation of the progress for
controllersandrecycle streams.

v" Clickon the Convergence Monitortab.
The defaultvariable view is <Automatic>
v" Click on the Automaticbutton and select Magnesium Control.

It took seveniterations forthe Magnesium controllerto achieve its target specification.

Magnesium Control Flot !

o

Errorf/Tolerance

-le+06

Cutput | Convergence Monitor [
Figure 7-11 — The Convergence monitor output for the magnesium controller
v Change the view from Magnesium to Calcium control

By comparison, the calcium controllertook about forty iterations to converge on the right concentration.

Caldum Control v Plot Variable | ErrfTol |

aaaaa

ErrorfTolerance
g 81
]

Output | Convergence Manitor | Errars | Trace

Figure 7-12 — The Convergence monitor output for the calcium controller
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Updating the controller settings

Itis possible tostartsubsequentcalculations atthis converged setting. The Software containsatool called
Restart, which updates a number of converged settings, including controllers. Itisalsorelatively easyto
access.

v" Clickanywhere onthe flowsheet, so that nothingis selected to access the Flowsheet
Properties panel.

When no stream or unitis selected, the Properties paneldisplays the Flowsheet Process Options (settings)

Process

General
= Process Options
Optional Properties
Calculation Aids
Recycles
Restart Options

Malecular Conversion

W W WYY

Figure 7-13 — The Flowsheet (Process) options panel

There are presently five options categories. The one of interestis the Restart Options.
Restart Cptions >

v Clickon the Restart Options button -

v Click on the Update All buttonin the Control Parameters section -

Control Parameters

Lime Valve: Factor, Flow Update
Soda Ash Valve: Factor, Update
Update All

A window appears stating that settings forsome objects were updated.
v" PressOKand Calculate.

v" View the Convergence Monitor.

The monitorshould now be empty, because the controllers converged inthe firstiteration.
v' Saveyourfile.

Setting the Water content in the filter cake

The water contentinthe filter cake is currently based on a split value entered into the filter block settings.
Thisis a fixed/staticvalue, and should the liquid or solids rate change, the water content will differ; the fixed
values entered are notrobust. Itis, therefore, notafunction of the filter press efficiency. To convertthis
settingtoone that is automatic, acontrolleris needed. This controller would read the mass of solids exiting
inthe filter cake and adjust the water mass sothat a target waterfractionin the solids cake isachieved. A
water content of 9wt% for example would be reasonable. Thus the waterto solids ratio would be 1:10.

Addingthis setting requires two controllers, afeedback controller to signal the water flow rate, and a feed
forward (FF) controllerthatreportstothe feedback (FB) controllerhow much solids are being produced.
The image below illustrates how these objects should look when you are done.
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Filirate |

Filter
JE— ELE'LS.L . Waterin saolids
controller
Filter Cake
- zignal

Figure 7-14 — The filter press linked to a Feed Forward and Feedback controller so that the water content in the filter cake is fixed at
9%.
Add the objects

v Clickon the FF Controllerobjectinthe Library and drag itto the lowerright of the Filter
press.

v Label the FF controller, Filter Cake Signal.
v" Clickon the FB Controllerobject and dragitabove the FF controller.
v'  Labelthe FB controller Waterin Solids Controller.

Link the signals to the objects
v" Next, clickonthe Signal button in the toolbar— you will add foursignals.

v’ Linkthe Filter cake streamto the FF controller (Filter Cake Signal).
v" Linkthe FF Controllertothe FB Controller (Waterin solids controller).
v

Link the Filter Cake to the Feedback controller (there are two signal lines from the filter
cake).

v" Linkthe Feedback controllertothe Filter Press.

Thisis how the four signal lines and the controllers operate:

e Thefirstsignal line (Filter Cake streamto FF controller) sendstothe FF controllerthe currentsolids
flow rate (kg/hr).

e Thesecondsignalline (FF controllerto FB controller) sends the FB controller how much liquid mass
needstobein the Filter cake stream (0.1*solids flow rate, kg/hr).

e Thethird signal line (Filter Cake streamto FB controller) sends tothe FB controllerthe currentliquid
mass in the cake (kg/hr).

e Thefourthsignalline (FB Controllerto Filter Press)instructs the filter pressto change the waterflow
fractionto the Filter Cake stream so as to achieve the properwatermassin the filter cake.

Assigning Settings to the Feed Forward controller
You will adjust the properties panel for this controller. When completed, itshouldlook like this:

7-10 ¢ Water Treatment Lime and Soda Ash Controllers FlowsheetESP Training Manual Ver-1



Filter Cake signal Feed-fwd Control...

General
= Controller Input
Measured Stream Filter Cake ﬂ
Measured Property Flow ﬂ
Phase Solid ﬂ - Controller Qutput
Basis Mass ﬂ Downstream Block Water in solid... j
El Adjust Value by Value ™ CDMt---ﬂ Block Parameter Target Value ﬂ
L Constant 01| Adjust by Flr:placr:'.falur:ﬂ

Figure 7-15 - The completed Properties panel for the Filter Cake signal

v Clickon the FF controller, now called Filter Cake Signal.

(\

The Measured stream should be Filter Cake. If not change it.
v" Change the ControllerInput settings to the following:

Measured Property = Flow

Phase = Solid

Basis = Mass

AdjustValue by = Value * Constant
Constant=0.1

v" Change the Controller Output settings to the following:

Downstream Block = Water in Solids
Block Parameter=Target Value
Adjusted by = Replace Value

You have instructed the FF controllerto do the following: Measure the solid mass flow rate in the filter
cake. Thismassis multiplied by 0.1and that value is sentto the Feedback controller. Inthis case, thereis
13.33 kg/hrof solids exiting the Filter press. The FF controller willsend this 1.333 kg/hrvalue to the
Feedback controller.

Assigning settings to the Feedback controller

The feedback controller will measure the filter cake liquid flow rate, and adjust the “liquid in Solid” split so
that 1.333 kg/hrliquid exits with the filter cake. Thisis how the feedback controller will look when you have
completed the following steps.

Water in solids controller Feedbac...

General
& Target Specification
Target Stream Filter Cake ﬂ
Spec. Type Flow ﬂ
Phase Aqueous Onl}'ﬂ
Basis Mass ﬂ

Target Value (g/hr) 1000.0

= Control Parameter
Controlling Block Filter Press ﬂ
Block Parameter Lig. in Solid... ﬂ

Figure 7-16 - The completed Properties panel for the Water in Solids controller
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v Click on the Waterin Solids controller.
v" The Target stream should be Filter Cake —if not change it.
v' Change the settings to the following:

SpecType =Flow
Phase = Aqueous Only

Basis = Mass

Target Value =1000 (g/hr)
Controlling Block =Filter Press
Block Parameters = Liquidin Solid

Setting the calculation order so that the Feed Forward controller calculates before the Feedback
controller

The last stepisto instruct the software to calculate the FF controller before the Feedback controller. Thisis
because the FF needsto sendsthe required liquid mass to the FB controller before the FB controlleris
calculated.

v Clickanywhere on the white section of the Flowsheet (to activate the Process
properties).

Block Calculation Orde Edit

v" Clickon the Block Calculation Order Edit button-

v’ Locate the Filter Cake Signal and ensure thatitis before the Waterin solids controller. If
not highlightitand move it up.

Filter Press

Filter Cake Signal

Water in Solids Controller
oH Meutralizer

Figure 7-17 — Changing the order of the Filter cake signal so that it is calcul ated before the Water in Solids controller
v" Press OKto leave the window, and Calculate.
v" Click on the Convergence Monitortab and select the Waterin solids controller.

The controllertook five iterations to converge. The final water contentin the filter cake should be 9%.

Water in solids contr ~ Floth

Errar/Tolerance
i
=]
-

Cutput | Convergence Monitor
Figure 7-18 - The Convergence Monitor showing the progress of the Water in solids controller

v" Click on the Report-1tab and change the first column to show the Filter Cake
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v" Review the Liquid and solid massinthe Phase Flow section
Filter Cake  |v]

Remove

Phase Flows

Moles, True - Aqueous (moel/hr) 73.636
Males - Solid (mel/hr) 141,493
Moles - Vapor (mol/hr) 0.0
Moles, Apparent - Aqueous (mol/hr) 72.7696
Mass - Aqueous (g/hr) 1350.44
Mass - Solid (g/hr) 13504.4
Mass - Vapor (g/hr) 0.0
Yolume - Aquecus (L/hr) 1.32606
Volume - Solid (L/hr) 4971493

Figure 7-19 - The Phase Flow section of the Filter Cake. The Water mass is 1/10t the solids mass as designed

The water contentinthe filter cake is 9% as designedin the controllers. These controllers took five
iterationsto converge, and with this additionalautomation a more robust modelis created. What-if
scenarios can now be run, in which the stream flow rates or target Ca*> and Mg*? concentrationsare
changed, and the filter press will continueto produce a cake with 9 wt% water.

Now that the software converged on the target specification for water, the settings can be updated so that
in future calculations the converged case will be the restart point.

v Clickanywhere onthe flowsheet (off any block or stream) so that the Flowsheet
Properties panelinthe panel.

v" Selectthe Restart Options and then click the Restart All button.

Process

Genoral Recycle Streams
__\_ e Mo recycle streams have been defined
Optional Properties >
Recycles > Control Parameters
Restart Options > | Lme Valve: Factor, Flow Update
Melecular Conversion W ? | Soda Ash Valve: Factor, Update
Lig-2 Key Component > | Water in Solids Controlle Mot Available
Calculation Aids | Filter Press: Lig. in Solids Update
Block Calculation Crder Edit Update All

Figure 7-20 — Updating all the controllers so that the next time the calculation is run it starts at the converged case

The settings forfilter press controllers are now updated. The lastthingwe will dois review the Filter Press
fractionsto see how the controller modified them.
v Clickon the Filter Press to access the Properties panel.

v" Click on the Edit button and review the updated Liquid splits.

In orderto achieve the 9 wt% waster target, the software rerouted 5.4% of the liquid to the filter Cake
stream, with the balance exiting the filtrate.
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v" Saveyour file. Itwill be usedinthe next chapter.

Summary

This chapter introduces controllers and multipliers. Multiplier blocks were addedtothe lime and sodaash
streamsto represent flow valves. Each multiplier was controlled by a Feed Back controllerthat measured
the dissolved calcium and magnesium concentrations and adjusted the lime and soda ash flow rates,

respectively. Then, the watercontentinthe filter cake was controlled using a Feed Forward controllerand a
Feedback controllerinseries.
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Chapter 8 Water Treatment —
Adding Reverse Osmosis

The Application

This chapter introduces the flow Splitter and the componentsplitter objects. The flow splitter separates
stream by mass or volume, with each stream having anidentical composition. The Componentsplitter
separates elements, molecularflows, and solid phases, creating streams with different compositions.

l @ _____ ]
X Magnesium | 20% HCI
.\E‘_. M centel | Nelﬁ:\ilr
Lime |
Process Valve a_Lime /Ijt | (:I\ar::?iir I
Stream | 4
)

Reactor
outlet

r— 771

Bleed-Off
to Slaker

=te Neutralized
Liguid liquid

Clarifier

‘ o Settler)
Waste i dianatic Softener Reactor ‘
Wixer Soda Ash a_Soda

P Y Filtrate

Valve Ash
M lMembrane
surge tank Pass 1a

\
\
T o J‘ Sludge /E - | and pump
Sludge |
Calcium Settler
Control |
effer e

RO Rejects
SETer . — — — — ot — i

= Press  _ Water in solids
controller

Filter
Cake
Filter Cake
- signal

Figure 4-1- Softening and Neutralization Process

Clarifier

Soda Ash

The softenerand clarifier operation created in Chapters 1- 3 is continued in this chapter. The softened
waterexiting the Neutralization tankis splitto two streams. The first stream, representing 95% of the total,
flowstothe RO process for further purification. The remainder flows to a lime slaker.

The RO process is comprised of three units: Pass 1a, Pass 1b and Pass 2, laid outin a semi-parallel
configuration. The neutralized liquid flows into Pass 1a. Pass 1a permeate flows to Pass 2 and the rejects
flow to Pass 1b. Pass 1b permeate flows to Pass 2 and the rejects exit and are sent for further processing.
Pass 2 rejects are also sentdownstream for further processing.
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The membranes will be modeled using component split blocks. These blocks contain settings that e nable
component, molecular and phase separation. The supportingunitsinaplantRO system (booster pumps,
mixing points, permeate tanks, filters) are ignored or consolidated inthese split blocks.

The neutralized liquid has adissolved solids concentration of ~30,000 mg/Il, which is roughly the salinity of
seawater. Consequently, the membrane performance isimpacted by the back-pressure generated onthe
concentrate side of the membrane. We will assume in this example, that the maximum operating pressure
is75 atm.

Adding the Chemistry

Open the existing case file

The case described inthis chapterbuilds onthe watertreatment case file saved previously. Open thatcase
file now. If youdo not have the case file, and have already completed the work, contact AQSim fora copy.
If you have not run Chapters 1 - 3 yet, then close this chapterand complete those chapters first.

v" Openthe case file, Water Treatment Softening Process

There are no chemistry changesin this step.

Building the Process

Adding a Flow split for the Lime Slaker
v" Clickon the Splitter objectinthe Library and drag it the lower-right of the pH

Neutralizer.

Splitter
Figure 4-2 - The Flow Splitter object
Label it Slaker Bleed-off valve.
Link the Neutralized Liquid to the inlet of the Slaker Bleed-off valve.
Click on the Add Stream buttonin the Toolbar.
Add two streams to the outlet of this block.

Label the top one Bleed-off to Slaker.

AN N N N RN

Label the lowerone Soft Waterto RO.

Bleed-Off
to Slaker

Meutralized
liquid

Slaker Soft
Bleed-off water to
valve RO
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Figure 4-3 - The configuration for the Slaker bleed-off valve (splitter)

v" Clickon the Splitter object to access the Properties panel.

. = OQutlets

Slaker Bleed off Valve Splitter Output Bleed off to Slaker
| Lletinition General Cutput Soft water to RO
= Inlets Output
Feed Meutralized Lig... ﬂ
Feed ﬂ

= Parameters

Outlet Split Edit |

Figure 4-4 - The Properties panel for the Splitter object

v" Clickon the Editbuttonin the Parameters section.

\

Change the Flow basisto Volume.

v" Setthe fraction tothe Bleed-off to Slakerto 0.05 and the fraction to the Soft waterto
RO to 0.95. PressOK to close.

Edit Split X

Enter the fraction of each outlet to the total or the flow.

Flows will be removed first from the total. The remaining fractions will be normalized.

Flow Basis: O Moles O Mass @ Volume
Outlet Fraction Flow {L/hr}
Bleed off to Slaker 0.05
Soft water to RO oes[ ]

Figure 4-5 - The Edit Split window showing the fraction of flow for each outlet stream

Adding the Membrane Surge Tankand Pump
A single mixer block will represent the surge tank and booster pump. The mixer parameters containa

settingtofix temperature and pressure. So, the outlet pressure of the booster pump will be setin this
block.

v Clickon the Mixerobjectinthe Library and drag it to the lower-right of the Slaker Bleed-
offvalve.

Label it Membrane Surge Tank and Pump.
Link the Soft Waterto RO stream tothe mixerinlet.
Click on the Add Stream buttonin the Toolbar.

Add a stream to the Outlet of the mixer.

AR R NN

Label the stream RO Feed.

Soft

§ waterto
RO RO Feed
Membrane
surge tank P
and pump

Figure 4-6 — The Membrane surge tank and pump (mixer) inlet and outlet configuration
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v" Clickon the mixer.
v" Change the Pressure Spec. to Absolute Pressure.

v Setthe pressure to 50 atm.

Membrane Surge Tank and Pump Mi...

General

= Inlets

Feed Soft water to RO ﬂ — :

Feed =] Equilibrium Calculation
Calculation Type Adiabatic |+

- Outlets Pressure Spec. Absolute Pr... |~

Output RO Feed | Pressure (atm) 50,0

Heat Duty (cal/hr 0.0
Figure 4-7 — Using the mixer’s Pressure Specifications to simulate a booster pump
v Calculate.

v" Review the flow rates forthe Neutralized liquid, Bleed-off to Slakerand the RO Feed
stream.

Neutralized Liq... ~| Bleed offto Sla... |»| ~ ROFeed  |v|

Remove Remowve Remove

Stream Parameters

Temperature (*C) 46,1045 46,1045 45.0521
Pressure (atm) 1.0 1.0 50.0
pH 2.0 20 7.98972
Moles, True (mol/hr) 31887.7 1594.38 30293.0
Moles, Apparent (mol/hr) 31512.6 1575.63 29936.9
Mass (g/hr) 5.84307e5 202404 5.53567e5
VYelume (L/hr) 574.26 28.713 544,224

Figure 4-8 — Mass balance around the Bleed-off valve and Membrane Surge Tank/Pump

The neutralized liquidis splitinto the RO Feed and Bleed of to Slaker. The RO Feed is pressurized to 50 atm
and isslightly cooler. Thisisan artifact of usingan adiabaticpressure increase ratherthanapump (the
latter emitting heat). The Bleed off to Slaker streamis one twentieth the flow of the RO Feed by design.

v' Saveyourfile.

Adding RO Pass 1a
This nextstep will be the template foradding the three RO blocks. Itis more involved than the previous
blocksinthat there are multiple entries to set the RO rejection rates foreach dissolved element.

v Click on the Comp. Splitterobjectinthe Library, and drag it to the right of the
Membrane Surge Tank and Pump.

<

Comp.
Splitter

Figure 4-9 - The Component Splitter object in the library

v Labelthe object RO Pass 1a.
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Link the RO Feed stream to the RO Pass lainlet.

v

v" Clickon the Add Stream buttonin the Toolbar.

v' Addtwo streams to the Outlet side of the RO Pass 1a object.
v

Label the top stream RO-1a Permeate and the bottom stream RO-1a Rejects.

RO-1a
Permeate
RO Feed
ne RO RO-1a
nk Pass 1a Rejects

Figure 4-10 — The RO Pass 1a flow configuration
v Clickon the RO Pass 1a block to access the Properties panel.
v" Change the Outlet Pressure Specto Specified Pressure Drop.

v Enter a Pressure drop of 45 atm.

= Outlets
=] Outlet RO-1a Permeate
l— Temperature Spec. Inlet Temp. ﬂ
RO Pass 1a Comp. Splitter l— Pressure Spec. Specified Pres, Drop ﬂ
L Pressure Drop (atm) 450
| Lleninifion | General = Residual RO-1a Rejects
e Inlets l— Temperature Spec. Inlet Temp. ﬂ
Feed RO Feed ﬂ L Pressure Spec. Inlet Pres, ﬂ
Feed ﬂ
= Parameters
Outlet Split Edit |

Figure 4-11 — The RO Pass 1a Properties panel. The Pressure drop is set for the Permeate Outlet stream

The purpose of this 45 atm pressure drop is to create the physical pressure differential (Delta-P) required
for waterto flow through the membrane. Itis not a field-validated value; such avalue would be provided by
the plantoperators or from RO simulation software. This pressure drop is provided for descriptive purposes.

The nextstepincreatingthe RO unitisto define the rejection rates of the dissolved species and the flux of
waterthroughthe membrane. Thisis done usingthe ComponentSplitfunctioninthis block.

v" Clickon the Editbuttonin the Parameters section.

This opens a window containing multiple rows. Each row represents eitheran element ora molecularflow,
dependingonthe splitoption selected. The defaultsplit optionis Inflow species. This option contains
molecularrepresentations of the species are part of the process stream that enters this RO-1a block.

Flowsheet ESP Training Manual Ver-1 Water Treatment — Adding Reverse Osmosis e 8-5



Edit Component Split Edit Component Split

Specify the component splic between the two outl  Specify the component split between the two outle  Specify the component splt between the two outl

Enter the fraction or the flow of each component in the Ot

. E ! ° Enter the fraction or the flow of each component in the Qui  Enter the fraction or the flow of each component in the Ou
component remainder will be put in the residual stream.

component remainder will be put in the residual stream. component remainder will be put in the residual stream.

Split by: -

s Split by: ey

@ Inflow species . O Inflow spedies
(O Inflow species

(O Material balance groups (®) Material balance groups

(®) Material balance groups

Indude true spedes [ indude true spedes
[ include true species
Amount in Outlet Amount in Outlet
Component = = Component =
Fraction 3 q Amount in Qutle Fraction
- omponen

H20 - e Fraction Al+3)
Al(OH)2CI A(+3) 0o |Ca
Al(OH)3 -

(OH) C(+4) N
Al2(OH)5C! 0.0 Cafs2 - CIi-1)
AR(500)3 0.0 a+2) U [Fe+3)
AR(S04)3.16H20 o0 | CIET HE)
AI2(504)3.6H20 00 | Fe(+3) )
Alci 0.0 |[HE1) 00 | mgr+2)
AICI3.6H20 0.0 Ki+1) 0.0 Na(+1)
AID(OH) 0.0 Mg(+2) 0.0 [OF2)
AIOHCI2 00 Na(+1) 00 | 568
Ca(OH)2 or2) 00 |2
CaCl2 5(+6) 2.0 H20 - Aqueous
CaCl2.2H20 0.0 H20 - Vapor
rard AN n i Sr(+2)

ANOHICT - Arnanne

Figure 4-12 — The three component split options; Inflow species, which provide the list of molecular species that make up the inlet
stream, Material Balance Group, which provide the list of elements (plus oxidation state), and Material balance group plus true
species, which add all the species (cations, anions, neutrals) that make up the stream.

The componentsplit block attempts to provide sufficient flexibility to enable compositional changes of
various forms. Thisis because the ComponentSplitblockisusedformany process design applications, such
as defining the required purity of areagent stream, orsimulating an extraction process.

For example, the Inflow Species setting is usefulwhen simulating avacuum swing adsorption Oxygen
generator, where oxygenis splitfromair.

The Material balance group (MBG) settingis useful for simulating membrane and ion exchange processes.
Specificmaterial balance group like Ca(+2) or Glucose(0) can be assigned rejection rates. With thissetting,
rejection (orretention) of all MBG-containing species can be set with a single value. For example, ifavalue
isset for Ca(+2), then all Ca-containing species (e.g., Ca*?, CaC0O5°, CaHCO;*) are modified by the same
proportion. Thisis because the MBG Ca(+2) is an aggregate of all calcium-containingspeciesin astream.
This simplifiesthe inputfor RO and lon Exchange units.

The Material balance group (MBG) setting plus the Include true species option adds the full speciation to
thelist. Thissettingis useful forion-selective resins or rejection-specificmembranes. Examplesinclude
resins that are specificforexchanging radioactive Cs** ormembranes that reject SO, preferentially.

You will use the last option; Material balance groups plus Include true species in this example case.

v Clickon the check boxes forthe Spit by options: Material balance group plus Include
true species.

Split by:
(") Inflow species
(®) Material balance groups

Indude true species

v' Enter fractions of 0.01 for all elements except for H(+1) and O(-2).
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The 0.01 value represents the fraction of each material balance group that exits withthe RO-1a Permeate
stream. Thisis showninthe table header.

Amount in Qutlet - RO-1a Permeate
Component :
Fraction Flow (mol/hr)

Al(+3) 0.0
Ci+d n.m

Figure 4-13 — The table header shows the stream to which the fraction entered is directed. The 0.01 value means that 1% of that
MBG will flow with the RO-1a Permeate. The remaining 99% of that component exits with the reject stream

v' Enterafractionof 0.33 forthe H20 — Aqueous.

The significance of this H,O fraction is that 33% of the H,0 will passes through the membrane. Thisisthe
H20 flux. The actual fluxisa function of osmotic pressure (salinity), the membrane type, and the pressure
differentialacross the membrane. The H20 fraction of 33% is arbitrary for this case.

H20 - Aqueous 0.33
[N altal | I '—"|

Figure 4-13 — The fraction of H20 molecules that pass through the membrane at steady-state is 33%. The remaining 67% flows with
the reject stream.

Based on these settings, 33% of the waterand 1% of the dissolved species will pass through the membrane.

Amount in Qutlet - RO-1a Permeate

Component -
Fraction Flow {mol/hr)
A3
Ci+d) 0.01
Ca(+2) 0.01
CI{-1) 0.01
Fe(+3) 0.01
Hi+1) 0.0
K(+1) 0.01
Mg(+2) 0.01
MNa(+1) 0.01
0(-2} 0.0
S(+6) 0.01
Sr(+2) 0.01
H20 - Agueous 0.33
H20 - Vapor 0.0

AFCIHNZEL - Amniamne

Figure 4-13 — The Edit Component Split fractions for RO Pass 1a. The membrane rejects all species at the same fraction of 99% (e.g.,
1% pass through).

v' Calculate.

v' Create a new Report window by clicking on the Reportitem inthe menu

ulate  Report  Tot 5h 4 select Add Multi-Stream Report.

v' Addthe following streams to this new report, RO Feed, RO-1a Permeate, and RO-1a
Rejects.

v" Review the Total Pressure and the Osmotic pressure foreach stream. The Osmotic
pressure isfound inthe Thermodynamic Properties table.
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RO Feed ﬂ RO-1a Permeate ﬂ RO-1a Rejects ﬂ
Remove Remove Remove

Stream Parameters

Temperature (7C) 45,0521 45,0521 45,0521
Pressure (atm) 50,0 5.0 50,0
pH 7.98972 4.20955 8.28256
Moles, True (mel/hr) 30293.0 977613 20518.0
Moles, Apparent (meol/hr) 29936.9 97725 201644
Mass {g/hr) 5.55567e5 1.76217e5 3.79349e5
Volume (L/hr) 544,224 177.791 366.93
Ly rupe g g o v o
Osmotic Pressure (atm) 33.5118 1.0707 50.2334
Cod 1 imsind Wnlesinmm 71 Sl 547 652 178 830 371 N2

Figure 4-14 — The thermodynamic properties table for the RO Pass 1a inlet and outlet streams.

The property osmoticpressure is the chemical pressure differentialimposed on the concentrate side of the
membrane by the permeate side. Itistherefore aback-pressure. This back-pressure isthe difference
between the osmoticpressures of the concentrate and permeate and in this case is 50.2-1.1=40.1 atm. The
deltaP acrossthe membrane is 50 atm pump pressure -5 atm permeate stream pressure, or 45 atm (you set
thisdifferential inthe RO-Pass 1lablock). Thusthe deltaP exceedsthe osmoticback pressure by 4.9 atm,
makingthis scenariofeasible. If Delta-P<40.1atm, then the osmotic pressure differential would force water
back to the concentrate side, and the 33% H,O fraction across the membrane would not be achieved. The
fraction would be somethingless than this value.

v' Rename thisreport “RO-1a Input-Output”. Do this by right-mouse-clickingon the
Reporticonin the Navigator Panel, and selecting Rename.

3-El Reports
----- El Report-1
LB -
Sort »
!
Cut Ctrl+X
D | Copy Ctrl+C El Reports
Paste Ctrl+V ..... @ F{r:purt-'l
Mixer Se Eekie ----- @ Report-3
'@- Rename o @ RO-1a |r'|FILIt-OLItFILIt

Figure 4-15 — Renaming the Report object that contains the RO-1a input and output streams
v' Savevyourfile

Adding the RO-1b booster pump and membrane unit

A boosterpump will be needed between RO-1aand RO-1b because the osmoticpressure of the RO-1a
rejectsisalready 50 atm and concentratingitfurtherin RO-1b will require alarger Delta-P, inorderto
achieve meaningful H20 flux. The booster pump will once again be modeled usinga Mixerobject. The
mixer object can be configured to run isothermally with aspecificoutlet pressure.

v" Clickon the Mixerinthe Library.
v Drag it to the lowerright of the RO-1a unit.
v" label itRO-1b Booster Pump.
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v" Linkthe RO-1a Rejects streamto theinlet.
v" Addan Outlet stream and label it Feed to RO-1b.

Ji

RD,_1 N Feed to
Rejects RO-1b  RO-1b
Booster |
Pump

Figure 4-16 — The RO-1b Booster Pump configuration
Click on the RO-1b Booster Pump (mixer) to access the Properties panel.
Change the Calculation type toIsothermal.
Change the Pressure Specto Absolute Pressure.

Enter 80 atm inthe pressure cell below.

NN NN

Enter 40C inthe Temperature cell belowthat.

RO-1b Booster Pump Mixer

General

= Inlets

Feed RO-1a Rejects ﬂ
Feed ﬂ
e Outlets

Output Feed to RO-1b
= Equilibrium Calculation

Calculation Type Isothermal ﬂ
Pressure Spec. Ahsolute Pr&z:ur&ﬂ
Pressure (atm) 20.0
Temperature (*C) 40,0

Figure 4-17 — The RO-1b Booster pump outlet settings

Adding the RO-1tb membrane
v Clickon the Comp. Splitterobjectinthe Library, and drag it to the right of the RO-1b

booster pump.

Comp.
Splitter

Figure 4-18 - The Component Splitter object in the library

v' label the object RO Pass 1b.
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Linkthe Feed to RO-1b stream to the RO Pass 1b inlet.
Click on the Add Stream buttonin the Toolbar.
Addtwo streamsto the Outlet side of the RO Pass 1b object.

DN NI NN

Label the top stream RO-1b Permeate and the bottom stream RO-1b Rejects.

Permeate

RO-1b >
RO-1b RO Rejects
Pazz 10

Figure 4-19 — The RO-1b Booster pump outlet settings

The RO Pass 1b configuration will be similarto the 1a settings. The difference will be the amountof H,0
flowingacross the membrane and also the pressure drop.

v Clickon the RO Pass 1b block to accessits Properties Panel.
v" Change the Outlet Pressure Specto “Specified Pres. Drop”.
v' Enterthevalue of 65 atm.

RO-Pass 1b Comp. Splitter

General

= Inlets

Feed Feed to RO-1b v
Feed ﬂ
= Qutlets

=) Outlet RO-1b Permeate
l— Temperature Spec, Inlet Temp. ﬂ
l— Pressure Spec. Specified Pre... ﬂ
L pressure Drop (atm) 65.0
=) Residual RO-1b Rejects
l— Temperature Spec, Inlet Temp. ﬂ
L Pressure Spec. Inlet Pres, ﬂ

Figure 4-20 — RO-Pass 1b Properties. The 65 atm Pressure drop is set for the Permeate Outlet stream

The pressure drop (Delta-P) issetto 65 atm. Therefore, at steady-state, the osmotic pressure differential

across the membrane must be less 65 atm. Otherwise a25% H20 flow target (read below) will not be
achieved.

v" Clickon the Editbutton.

v" Change the Split By to: Material Balance Group with Include True Species.

v Setthe Fractions foreach Material Balance Group (element) as shown below.

8-10 e Water Treatment — Adding Reverse Osmosis FlowsheetESP Training Manual Ver-1



Split by:
() Inflow spedes
(®) Material balance groups
Include true spedes

Amount in Outlet -
Component

Fraction
Alf+3) 0.01
Cli+4) 0.01
Ca(+2) 0.01
Cl(-1) 0.01
Fel(+3) 0.01
H(+1) 0.0
Ki(+1) 0.01
Mg(+2) 0.01
Ma(+1) 0.01
0(-2) 0.0
5(+6) 001
Sr(+2) 0.01
H20 - Aqueous 0.25

Figure 4-21 — The Edit Component Split fractions for RO Pass 1b. The membrane rejects all species at the same fraction of 99% (e.g.,
1% pass through). The water permeate to reject ratio is 1:3 or 25%.

v" Close the Edit window and Calculate.
v Create a new Multi-Stream Report.
v" Rename the Report, RO-1b Input-Output.

:5_'1 Reports
e Report-1

Figure 8-22 — A new multi-stream report is added and named RO-1b Input-Output.
v' Addthe streams Feed to RO-1b, RO-1b Permeate, and RO-1b Rejects.

v' Compare the total pressure and Osmoticpressuresin each stream.

FesdtoRO-1b [v] RO-1b Permeate |v| RO-1b Rejects v

Remaove Remove Remove

Stream Parameters

Temperature (“C) 40.0 40,0 40,0
Pressure (atm) 80.0 15.0 80.0
pH 832398 3.81217 855518
Meles, True (mol/hr) 20516.1 4965.49 15351.8
Meoles, Apparent (mol/hr) 20164.4 4961.91 15202.5
Mass (g/hr) 3.79349e5 89351.5 2.89798e5
Volume (L/hr) 365.679 90,0574 273.978
Selid Frac. (mole %) 1.47334e-4 0.0 1.93437e-4
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Thermodynamic Properties

Density - Aquecus (g/ml) 1.03738 0.994382 1.05007
Density - Selid (g/ml) 247202 0.0 247222
Density - Vapor (g/ml) 0.0 0.0 0.0
Enthalpy (cal/hr) -1.38386e0 -3.37776ed -1.051229
Enthalpy - Aqueous (cal/hr) -1.38886e0 -3.37776ed -1.051219
Enthalpy - Solid (cal/hr) -9093.85 0.0 -8975.32
Enthalpy - Vapor (cal/hr) 0.0 0.0 0.0
Osmaotic Pressure (atm) 49,5914 2.02656 £6.5978

Figure 4-23 — The Thermodynamic properties of the inlet and outlet streams of the RO-1b unit

The osmoticpressure differential between the Rejects and permeate is 66.6-2.0=64.6 atm. This compares
to the DeltaP of 65 atm. Thereisa 0.4 atm differential between the Delta-P and the osmoticpressure
differential. Thus, the 25% water fractionis barely achieved.

v' Saveyourfile.

Adding the RO-2 Booster pump

You will now create the RO-Pass 2 unit. Thisis the polishing membrane that will take the dissolvedion
concentrationsdowntoverylow levels. This extrapass will allow the permeate waterto be usedin
processes thatare sensitive todissolvedions, like boiler units.

v" Clickon the Mixerinthe Library.

Drag it to the upper-right of the RO-1b unit.

Label it RO-2 Booster Pump.

Link the RO-1a Permeate and the RO-1b Permeate streams tothe inlet.

AEENEENERN

Add an Outletstreamandlabel it Feed to RO-2.

RO-1a
Permeate

Booster
Pump

Figure 8-24 — The RO-1b Booster Pump configuration
Click on the RO-2 Booster Pump (mixer) to access the Properties panel.
Change the Calculation type tolsothermal.
Change the Pressure Specto Absolute Pressure.

Enter 20 atm inthe pressure cell below it.

AN N NN

Enter 40C inthe Temperature cell belowthat.
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RO_2 Booster Pump Mixer

General

= Inlets

Feed RO-1b Permeate ﬂ
Feed RO-1a Permeate ﬂ
Feed ﬂ
= Outlets

Output Feed to RO-2
= Equilibrium Calculation

Calculation Type Isothermalﬂ
Pressure Spec, Absolute Pres:ureﬂ
Pressure (atm) 20.0
Temperature (*C) 40.0

Figure 4-25 — The RO-1b Booster pump outlet settings
A lowerbooster pump pressure is needed now, because the permeate water salinity is quite low.

Adding the RO-2 membrane
v" Clickon the Comp. Splitterobjectinthe Library, and drag it to the right of the RO-2

booster pump.
Label the object RO Pass 2.
Link the Feedto RO-2 streamto theinlet.

Add two streams to the Outlet.

AR VIR NN

Label the top stream RO-2 Permeate and the bottom stream RO-2 Rejects.

RO RO-2
Pass 2 Permeate

RO-Z
Rejects

Figure 4-27 — The RO-2 Booster pump outlet settings

The RO Pass 2 configuration similartothe 1a and 1b settings. The differences are the amount of H20
passingthrough.

v" Clickon the RO Pass 2 block to access its Properties Panel.
v" Change the Outlet Pressure Spec of the RO-2 Permeate to “Specified Pres. Drop”.
v' Enterthevalue of 17 atm.
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RO-Pass 2 Comp. Splitter

General
= Inlets
Feed Feed to RO-2 v

Feed ﬂ

= Outlets

El Outlet RO-2 Permeate
l— Temperature Spec. Inlet Temp. ﬂ
l— Pressure Spec. Specified Pr... ﬂ
L Pressure Drop (atm) 17.0
El Residual RO-2 Rejects
l— Temperature Spec. Inlet Temp. ﬂ
L Pressure Spec. Inlet Pres. v|

Figure 4-28 — RO-Pass 1b Properties. The 17 atm Pressure drop is set for the Permeate Outlet stream
This stepinstructs the software to create a 17 atm Delta-P across the membrane.
v’ Click on the Edit button.
v" Change the Split By: to Material Balance Group with Include true Species.

v' Setthe Fractionsforeach Material Balance Group (element) as shown below:

Split by:
(O Inflow species

(® Material balance groups

[ Indude true spedies
Amount in Outlet - RO-2 Permeate
Component :
Fraction Flow {mol/hr)
-3
C(+4) 0.01
Ca(+2) 0.01
CI{-1) 0.01
Fe(+3) 0.0
Hi(+1) 0.0
K(+1) 0.01
Mg(+2) 0.01
MNa(+1) 0.01
0(-2) 0.0
S(+6) 0.01
Sr(+2) 0.0
H20 - Aqueous 0.92

Figure 4-29 — The Edit Component Split fractions for RO Pass 2. The membrane rejects all species at 99% (e.g., 1% pass through). The
water flux ratio is 92%.

v" Close the Edit window and Calculate.
v Create a new Multi-stream Report.

v" Rename the Report, RO-2 Input-Output.
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5-El Reports
‘e[ Report-1
El RO-1a Input-Output

e El RO-2 Input-Output

B RO-1b Input-Output

Figure 4-30 — A new multi-stream report is added and named RO-1b Input-Output.

v' Addthe following streams to this report, Feed to RO-2, RO-2 Permeate, and RO-2

Rejects

v" Compare the total pressure and Osmotic pressuresin each stream

Stream Parameters
Temperature ()
Preszure (atm)

pH

Moles, True (mel/hr)
Moles, Apparent (mol/hr)
Mass (g/hr)

Yolume (L/hr)

ey LT

Clzmotic Pressure (atm)

ChA 1 imuiaAl Wmlvwmmm 71 Tl

Feedto RO-2 |v| RO-2Permeate |v|

Remove

40.0

20.0
4.02216
14741 6
147344
2.65769e5
267.374

1.3855

TER BN

RO-2 Rejects |~

Remove Remove

40,0 40,0
3.0 20.0
5.68833 315628
135449.6 1191.86
135449.6 1184.84
2.44103e5 21665.8
246,044 21.5051

0016076 16.2575

744 010 71 £E411

Figure 4-31 — The Thermodynamic properties of the inlet and outlet streams of the RO-2 unit

The DeltaP is fixed at 17 atm in the RO-Pass 2 Membrane block the Osmoticback pressure is 16.3-
0.02=16.3 atm. Thus, the Delta-P exceeds the osmoticback pressure by 0.7 atm, and so sufficient physical
pressure existtoenable 92% of the waterto pass through the membrane.

v" Savevyour case file. Itwill be used inthe next Chapter.

Summary

This chapter introduced the component splitter block which was used to simulate areverse-osmosis
membrane unit. The Component splitter separated material balance groups (MBG) for the cations and
anions between the permeate and concentrate streams, and a flow fraction was used to simulate H20
transportthroughthe membrane to the permeate side. Inaddition to the mechanics of setting up the block,
attention was paid to the Delta-P across the membrane and the osmoticback pressure created by the
membrane process. It was necessary to confirmthat the Delta-P was always greaterthan the osmotic
pressure. Otherwise, the specified water flow rate would not be achieved.
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Chapter 9 Water Treatment —
Adding Evaporators

The Application

This chapter introduces the heat exchanger block and the entrainment feature of the separator. The
process objective isto evaporate the RO-1brejects brine and to recover water. At this pointinthe process,
all the salts are isolated into two streams, the filter cake and the RO-1b rejects brine. The filter cakeis
already stabilized asa solid phase. The RO-1b rejects water contains most of the remaining salts and the
RO-2rejectstream containsthe rest. The planisto evaporate the RO-1breject brine, recoverthe wateras
steam and dispose of the remaining liquid/solid slurry that forms.

Figure 5-1- Focusing on the evaporation section of the process

The far right section of the schematiccontains the new units. Theyinclude threeseparatorsandtwo heat
exchangers. The separators were introduced in Chapter 2, and the instructionsin this chapterintroduce a
few additional features. The heat exchangersare introduced in this chapterand two optionsformodeling
the heat exchangers are presented.

Adding the Chemistry model

Opening the existing file
This case builds off of the case created in earlier Chapters. Therefore, you should have afile readytouse.
If you do nothave a completedfile, then please contact AQSimto obtainit
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v" Openthefile, Water Treatment Softening Process

Modifying the chemistry
There are no chemistry modificationsin this step.

Building the Process

The evaporation section shown here isalinear process. The RO-1b Reject stream flows through each of the
five unitsandis separated into two vaporstreams, a brine stream, and a solids stream.

Crystallizer
Evap Vap
“apar
Crystalizer
RC-1k Brine
Rejects
Crystalizer
Evap
Sump Crystallizer P Slurry L
o Crystalizer
e Crystalizer ’ \'—rﬁ"‘;stallizer Fitter
i waporstor Hx drum
e Crystalizer
zolids

Figure 9-2- The evaporation section of the process. It contains two heat exchangers and three separator blocks. The flow is linear,
with one inlet and four outlet streams.

The process’ linearity is reflected in the instructions, as each object will be created inthe orderinwhich
flow reachesit.

Adding the Evaporator Heat Exchanger
v" Clickon the Heat Exchangerobjectin the Library and drag it the lower-right of the RO

Pass 1b unit.

Heat
Exchang..

Figure 9-3 - The Heat Exchanger object
v label it Evaporator HX.
v Linkthe RO-1b Rejects streamtothe inlet.

M

v" Clickon the Add Stream buttonin the Toolbar to activate the Add stream

action.

v' Adda streamstothe heatexchangeroutletandlabel it Evap HX out.

Evaparator Ot
Hx

Figure 9-4 - The configuration of the Evaporator heat exchanger
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v" Click on the Evaporator HX object to access its Properties panel.

The Heat Exchanger Properties panel contains six sections: Inlets, Outlets, Process Stream specifications,
Utility Stream specifications (not shown), Heat Exchanger specifications and Advanced Options. The number
of settingsistoovariedand numerousto presentin this chapter. Therefore, asimplified set of Heat
Exchanger specifications will be used here.

v
v
v

v

Evaporator HX Heat Exchanger

General
- Inlets
Process Stream Inlet RO-1b Rejects ﬂ
Litility Strearm Inlet v
= OQutlets
Process Strearn Cutlet Evap HX Out

Utility Strearn Cutlet

= Process Stream

Spec, Type Wapor Fraction ﬂ
Wapor Fraction (mass 94 75.0
Pressure Spec, Ahsolute Pres...ﬂ
Pressure (atm) 1.0
- Heat Exchanger

Flony Geormetry Counter-curt., ﬂ

Figure 9-5 - The Properties panel of the Evaporator heat exchanger
Change the SpecType in the Process Stream section to Vapor Fraction.
Enter a value of 75 mass%.
Change the Pressure Specto Absolute Pressure.

Enter avalue of 1 atm.

These settingsinstruct the software to calculate the heat requirementsto evaporate 75% of the inlet
stream at 1atm. The heat requirementisreported asthe heatduty. The temperature atthis final state is

then calculated.

Adding the Evaporator body
The evaporated liquid enters the flash separation drum. Where the phases are separated. The vaporis
sentto a heat recovery unit (not modeled here), and the remaining liquid is sent to a crystallizer for further

evaporation.
v

NSERNER NN

Click on the Separatorobjectinthe Library and drag it to the right of the Evaporator HX
block.

Label it Evaporator drum.
Link the Evap HX Out streamto the inlet.
Add a streamto the separatortop (thisis the vaporoutlet).

Adda streamto the upperoutleton the right (thisisthe Aqueousliquid outlet).
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v label the top stream Evap Vapor and label the other stream Evap Sump.

Evap
Wapar
T Evap >
YER SUmp
ot h
tar
'I:I'Evaporamr

drum

Figure 9-6 — The Evaporator drum containing a vapor and aqueous liquid outlet. Two other outlets, solids and organic liquid are not
used.

v" Clickon the block to access the Properties Panel.

v" Make no changesto the panel.

Evaporator drum Separator

General
= Inlets

Feed Evap Hx Out ﬂ
Feed ﬂ
= Outlets

Liguid Evap Surmp
Solids

Wapor Evap Wapaor
Organic

< Equilibrium Calculation

Calculation Type Adiabatic ﬂ
Pressure Spec. din Inlet Pressure ﬂ
Heat Duty (cal/hr) 0.0
Entrainment >|

Figure 9-7 — The properties panel of the Evaporator.

The Separator block default settings are adiabatic mix of inflows and pressure setto the lowestinflow
stream pressure. Inthiscase, thereisoneinletstream, andthe outlet pressure issettotheinletstream
pressure. Sincethereisno pressure drop, the vapor-liquid fraction, and the temperature, will be identical
to the outlet of the heat exchanger.

v" Calculate.

te Tai

v Create a new Multi-stream report and name it Evaporator.
2.~ Evaporator X

v" Addthe following streams to the report Evap HX Out, Evap Vapor, and Evap Sump.

v' Review the Temperatureand the flow rates foreach phase.
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Evap HX out ﬂ Evap Vapor ﬂ Evap Sump ﬂ
Remove Remove Remove

Stream Parameters
Temperature (*C) 108.365 108.365 108.365
Pressure (atm) 1.0 1.0 1.0
pH 8.7856 8.7856
Meoles, True (mol/hr) 15552.9 12064.2 3488.65
Meoles, Apparent (maol/hr) 15202.3 12064.2 3138.07
Mass (g/hr) 2897985 21734595 T2445.2
Volume (L/hr) 3.74773e5 3.74712e5 61.6137
Solid Frac. (mole %) 0.024276 0.0 0.117603
Vapor Frac. (mole %) 79.3579 100.0 0.0
Phase Flows
Moles, True - Aqueous (mol/hr) 3424.96 0.0 3484.96
Males - Solid (mol/hr) 3.60052 0.0 3.60052
Males - Vapor (mel/hr) 12064.2 12084.2 0.0
Muoles, Apparent - Aqueous (mol/hr) 3134.38 0.0 3134.38
Mass - Aqueous (g/hr) 71937.3 0.0 71937.3
Mass - Solid (g/hr) 511.899 0.0 511.859
Mass - Vapor (g/hr) 2173493 2.1734%9e3 0.0
Volume - Agueous (L/hr) 61.4224 0.0 61.4224
Yolume - Solid (L/hr) 0.19135 0.0 0.191351
Velume - Vapor (L/hr) 3.74712e5 3.74712e3 0.0

Figure 9-8 — Mass balance around the evaporator

The calculated watertemperature is 108.4 C at 1latm and the remaining water contains about 0.7 wt%
solids.

v Scroll down the Reportto find the Solids table.

Solids (mol/hr)

Ma2504 (Thenardite) 343184 0.0 343164
Mg({OH)2 (Brucite) 0.109438 0.0 0.109498
CaC03 (Calcite) 0.0208584 0.0 0.0908584
5r504 (Celestine) 0.0447941 0.0 0.0441841
AIO(OH) (Bohmite) 0.014326 0.0 0.014326

e . o

Figure 9-9 — Solids content in the evaporator

Five solid phases are computed toforminthe evaporator. The dominant phase is sodiumsulfate. Ona
molarbasis, it constitutes over 90% of the solids formed. The current units, mol/hr, can be changed by
selectingthe unitlink adjacenttothe “Solids” table title. Youwill notdo that now; since managingunitsis
part of a later chapter, and we are not concerned with the solid phasesin this block.

v' Saveyourfile.

Creating the Crystallizer section

The evaporatorsectionis designed toreduce the brine’s water content without producing too many solids.
The crystallizeronthe otherhand, is designed to evaporate the brine with the purpose of producing
significantamounts of solid.

The crystallizer section will be created in the same way as the evaporator section, with aheat exchanger
followed by a separator. The difference inthis case, is that two separators will be used. The first, called the
crystallizerincludes apressure drop of 0.3 atm and will separate vapors. The second separator, called
Crystallizer Filter, will contain asolids outlet plus a setting for water entrainmentin the solids.
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Adding the crystallizer heat exchanger
v" Clickon the Heat Exchangerobject inthe Library and drag it to the right of the

Evaporator block.

Heat
Exchang..!

Figure 9-10 - The Heat Exchanger object
v labelitCrystallizer HX.
v Linkthe Evap Sump streamto the inlet.
v' Adda streamto the outletand label it Crystallizer HX out.

Crystallizer

Crystallizer Hi out

Hx
Evaporatar

Figure 9-11 - The configuration of the Crystallizer heat exchanger

v" Clickon the Crystallizer HX object to access the Properties panel.

Crystallizer HX Heat Exchanger

General
= Inlets
Process Stream Inlet Evap Sump ﬂ
Utility Strearn Inlet [~
= Outlets
Process Stream Qutlet Crystallizer H¥ ..,

Utility Strearn Qutlet

= Process Stream

Spec, Type Discharge Tﬂ
Discharge Termperature (°C) 110.0
Pressure Spec, Inlet Pressure ﬂ

Figure 9-12 - The Properties panel for the Crystallizer heat exchanger
v" Change the SpecType to Discharge Temperature.
v' Enteravalueof 110 C.
v' Keepthe Pressure SpecsettolnletPressure.

In this exchanger, the target specificationis temperature: the software fixes temperature and adjusts total
enthalpy. Itis differentfromthe Evaporator exchangerabove in which the phase amounts were fixed and
the total enthalpy was computed. The temperature was then computed from the total enthalpy.
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Adding the Crystallizer body

The crystallizerbody unitis similarto the Evaporatorbody unitabove, exceptthata pressure drop of 0.3
atm below the inletstream pressureisset. Thiswill create an additional adiabaticflash, that cools the input
stream as additional liquid vaporizes.

v" Clickon the Separatorobjectinthe Library and drag it to the right of the Crystallizer HX
block.

Label it Crystallizer.
Link the Crystallizer HX Out streamto the inlet.

Add new streams to the top outletand to the upperright outlet.

AR NN

Label the streams Crystallizer Vapor and Crystallizer Slurry.

Crystallizer
“ap

p—_
Crystallizer
Crystallizer b Slurry
H out

izer

Crystallizer

Figure 9-13 — The Crystallizer body containing a vapor and aqueous liquid outlet.
v Clickon the block to access the Properties Panel.
v" Change the Pressure specifications to Pressure Drop.

v' Entera pressure drop value of 0.3 atm

Crystallizer drum Separator

General

= Inlets
Feed Crystallizer HX ... |~

v
Feed ﬂ

e Equilibrium Calculation
= Qutlets Calculztion Type Adiabatic ﬂ
Liquid Crystallizer Slurny | | Pressure Spec. Pressure Drop ﬂ
Solids Pressure Drop (atrm) a3
Wapar Crystallizer Wap || Heat Duty (calfhr) o.0
Crganic Entrainment }|

Figure 9-14 - The Properties panel for the Crystallizer object showing that there is a pressure drop of 0.3 atm

v' Calculate.

te To

v' Create a new Multi-Stream Reporttab - and name it Crystallizer.
Crystallizer X
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v" Addthe streams Crystallizer HX Out, Crystallizer Vapor, and Crystallizer slurry.

v" Review the outputtemperature and the Phase Flows.

Crystallizer HX ... ﬂ Crystallizer ‘u’aporﬂ Crystallizer Slurry ﬂ
Remave Remaove Remave

Stream Parameters
Temperature (°C) 110.0 99.5974 99,5974
Pressure (atm) 1.0 0.7 0.7
pH 9.92677 999382
Moles, True (mol/hr) 3164.86 2653.54 304,961
Moles, Apparent (mol/hr) 3138.05 2655.54 482.502
Mass {g/hr) 724492 47840.4 24608.8
Yolume (L/hr) 81927.1 1.13336e5 12,5484
Phase Flows
Meoles, True - Aqueous (mol/hr) 233.205 0.0 199,976
Meales - Solid (mel/hr) 300.851 0.0 304,984
Males - Vapor (mol/hr) 2625.81 2655.54 0.0
Moles, Apparent - Aquecus (mel/hr) 211.388 0.0 177.518
Mass - Aqueous (g/hr) 5030.85 0.0 423549
Mass - Selid (g/hr) 20113.5 0.0 20373.3
Mass - Vapor (g/hr) 47304.8 47340.4 0.0
Volume - Agueous (L/hr) 4,18487 0.0 3.510M1
Volume - Solid (L/hr) 8.9208 0.0 9.03827
Volume - Vapor (L/hr) 231914.0 1.15356e5 0.0

Figure 9-15 — Mass balance around the crystallizer body

The solids slurry streamis now about 83 wt% solidsand 72% by volume. Itis quite possible thatthisslurry
will notflow. We have probably evaporated too much solid, and it will be necessary to limit evaporation or
add additional liquid to reduce the solids-content of the stream. For now, we will leavethe problemasis
and correct itin the next chapter by addingliquid to this crystallizer by recycling some of the separated
crystallizerliquid.

Add the Crystallizer filter

The last stepinthe processis to add a solids separation unit. The presumptionisthatthe slurry exiting the
crystallizerisfiltered torecoverthe remaining brine. The solids are then discarded, used in another process,
orsold.

v Clickon the Separatorobjectinthe Library and drag it to the right of the Crystallizer
block.

v labelitCrystallizerFilter.

<\

Link the CrystallizerSlurry streamto the inlet.

v" Adda newstreamto the Aqueousoutlet on the upper-rightand to the solids outlet on
the bottom.

v Label the streams Crystallizer brine and Crystallizer solids.
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Crystallizer
Brine

Crystallizer
Slurry

Crystallizer

rystallizer Filter

Crystallizer
=olics

Figure 9-16 — The Crystallizer filter containing a liquid and solids outlet.
v Clickon the block to access the Properties panel.
v" Click on the Entrainment button.
v/ Enteravalue of 0.15 (g/g) inthe Liquidin Solids row.

This action instructs the software toadd 0.15 grams of liquid per gram of solid. The solids stream thus
0.15
).

0.15+1

contains 13% moisture (

Crystallizer Filter Separator

| D 0 General

= Inlets

Feed Crystallizer Slurry ﬂ

Feed ﬂ < Back Crystallizer Filter Se..
| Do 0 General
= Suspended Solids

= Outlets T

Liquid Crystallizer Brine solids in Liquid (3/9)

Solids Crystallizer solids

Wapor - Entrained Liquid

Organic Liquid in Wapor {g/q)

- Equilibrium Calculation = Dissolved Phases

Calculation Type Adiabatic ﬂ Liquid in Salid (g/q) 015

Fressure Spec. tdin. Inlet Pressure ﬂ Wapor in Liquid {g/g)

Heat Dty (calfhr) 0.0 | || Aqueous in Organic Liquid

Entrainment )| Organic Liquid in Aqueous

Figure 9-17 — The properties panel of the Crystallizer Filter including the entrainment window.
v' Calculate.

v' Returnto the Crystallizer Report and add the Crystallizer Brine and Crystallizer solids
streams. Review the volume of each stream and the Solids table.

Crystallizer HX ... |»| Crystallizer Vapor|v| Crystallizer Slurry || Crystallizer brine |v| Crystallizer solids |+

R R R R Remove

Stream Parameters

Temperature ("C) 1100 99,5974 99.5974 99,3974 99.5974
Pressure (atm) 1.0 0.7 0.7 0.7 0.7
pH 9.92677 9.99382 9.99382 9.99332
Moles, True (mol/hr) 3164.86 2655.54 504.961 55.6894 449.271
Moles, Apparent (mol/hr) 3138.05 2655.54 482,502 43,435 433,067
Mass (g/hr) 72448.2 473404 24608.8 1179.5 23429.3
Volume (L/hr) 819271 1.15356e5 12.5484 0.977495 11.5708
Solid Frac. (mole %) 9.58722 0.0 63.2089 0.0 70,4243
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Mass - Aqueous (g/hr) 5030.85 0.0 423545 11785 3056.0

Mass - Solid (g/hr) 20113.3 0.0 20373.3 0.0 20373.3
Mass - Vaper (g/hr) 47304.8 472404 0.0 0.0 0.0
Volume - Aqueous (L/hr) 419487 0.0 3.51011 0.977495 2.33262
Volume - Salid (L/hr) 8.9208 0.0 9.03827 0.0 9.03827
Volume - Vapor (L/hr) 219140 1.15356e5 0.0 0.0 0.0

Solids (mol/hr)

Row filter applied: only show non-zero rows

MNaCl (Halite) 270.421 0.0 274,345 0.0 274.345
Na2504 (Thenardite) 30,1411 0.0 30.3559 0.0 30.3559
Mg(OH)2 (Brucite) 0.100975 0.0 0.109975 0.0 0.100975
CaC03 (Calcite) 0.103005 0.0 0.103007 0.0 0.103007
5r504 (Celesting) 0.0441975 0.0 0.0442231 0.0 0.0442231
Ca504 (Anhydrite) 0.0157768 0.0 0.0177527 0.0 0.0177527
Al(OH)3 (Bayerite) 0.0 0.0 8.16566e-3 0.0 8.16566e-3
AlIQ(OH) (Bohmite) 0.0162439 0.0 0.0 0.0 0.0

Figure 9-18 — Solids present in the crystallizer and filter streams

The crystallizer brine volume rate is 0.98 L/hr. By comparison, 2.5 |/hr liquid leaves with the filtered solids.
The crystallizer solids are 90 mole% NaCl, with the remaining 10% being sulfate salts of Na, Ca, and Sr. If the
sulfates are removed upstream of the crystallizer or separated in a downstream process, then it may be
possible to create acommercial grade NaCl product.

v' Saveyourfile. It will be usedinthe next chapter.

Summary

This chapter introduces heat exchangers and flash separators to the process. The purpose of these units
are to process the rejects brine into asalt fordisposal orsale and to produce low-grade vapor. Thiswork is
only partially complete, however, since the existing saltis not pure and the crystallizerslurry’s solids content
istoo high. This cannot be fixed at this point because the control and calculation objects needed have yet to
beintroduced. They are presented next.
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Chapter 10 Water Treatment —
Adding Recycles

Flowsheet ESP — Adding a recycle stream to the
crystallizer so that the slurry will flow

The Application

The previous chapterended with aconverged evaporatorand crystallizer section, butthe results were not
practical because the software computed a crystallizer slurry containing >80wt% solids. This may cause
pump problems. Toresolve this potential problem, aslurry diluentistobe added. Thisdiluentneedsto be
saturated with the crystallizer solids, otherwise the heatadded to crystallizethesesolidsis wasted. The
diluentwillbe the crystallizer brine, which will be recycled upstream of the Crystallizer.

Formulating the Process

Figure 10-1- Focusing on the evaporation section of the process

You will update the farright section of the schematic as follows:
1) Adda mixerplaced upstream of the crystallizer heat exchanger —labeled the Circulation Pump.

2) Adda flowsplit block downstream of the crystallizer filter—labeled the bleed-off valve.
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3) Adda stream exitingthe bleed off valveand entering the circulation pump —labeled Pumparound. This
stream will be defined as the Tear/Recycle.

The Pumparoundrecycle stream isthe primary training goal of this chapter. Itis significanttosolvingthe
process, because itisan internal streamthat must have a guessed composition in order to start the
simulation. Eventually, the steady-state composition of thisinternal streamis computed. The betterthe
guess entered forthis stream’s composition and properties. the easierand faster the software will converge
the complete system.

Building the recirculationloop in the crystallizer

The enlargedimage below is evaporator crystallizer section containingthe new objects. The mixer is
labeled Circulation pump andthe splitterlabeled Bleed off valve.

Evap Crystallizer
Wapor '3

Brine
Bleesd off

Crystallizer
Brine

Circ Crystallizer

Blead off
walwe

rystallizer
Filter

Circulation )
drum pump Crystallizer
Hx

Crestallizer
zolids

Fumparound

Figure 10-2- The evaporation section of the process. It contains two heat exchangers and three separator blocks. The flow is linear,
with one inlet and four outlet streams.

Open existing work file used in Chapters 1 through 5

Inserting the Circulation Pump (mixer)
v" Disconnect the Evap Sump stream fromthe Crystallizer HX.

v" Highlightthe three objects, Crystallizer HX, Crystallizer drum and Crystallizer Filter and
drag themto the right to make room for the new block.

Crystallizer
ap
P
por
{m) O o /,.J:L_\ {m) u]
o D Forystanze [CrysEmi
Slrgy O Brine a]
va rystalizer L L
Sump 0 OHX out
Crystalizer
Crystalizer \'D'E'rgstallizer \‘ﬂ'/ Fiter
drum o o o
aporator ] u] [m} o o
drum rystallizer

solids

Figure 10-3 — Highlighting and moving several blocks at one time

v" Clickon the mixerobjectinthe Library and drag itin between the Evaporatordrum and
the Crystallizer HX.

v’ LabelitCirculation Pump.
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Link the Evap Sump streamto the inlet.

Add a new stream outlet of the mixerand linkitto the inlet of the Crystallizer HX.
Label the new stream Circulation Pump Out (abbreviateitif you wish).

Click on the Circulation pump object to access the Properties panel.

Change the Pressure Spec. to Absolute.

NN

Setthe exit pressure to latm.

cvaporator  Circulation
drum pump

Crystallizes
Hx

Figure 10-4 — Inserting the Circulation pump between the evaporator drum and crystallizer HX

Adding the Flow Splitter
v" Clickthe Splitterblockinthe Library and drag it to the right of the Crystallizerfilter.

v’ LabelitBleed-offvalve.
v Linkthe Crystallizer brine stream tothe inlet of the Bleed-off valve.
v" Addtwo new streams tothe Outlet of the bleed-off valve.
v' Name the top stream Brine Bleed off and the bottom stream Pumparound.
v Linkthe Pumparound streamto the inlet of the Circulation pump.
Crystallizer
Brine Brine
- ystallizer Trystallibac Blz=d off
- :I:,t:ln Crystallizer drum Filter
R Crystallizer
solids
Pumparound
Figure 10-5 — The pumparound stream is linked back to the circulation pump
v Click on the Bleed-off valve block to expose the panel.
v Click on the Edit buttonin the Parameters.
v' Change the Flow basisto Volume.
v" Setthe Brine Bleed off fractionto 5 (%) and the Pumparound fractionto 95 (%). The
software will normalizeitbackto 1.
v" Click OKto close the window.
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Edit Split e

Enter the fraction of each outlet to the total or the flow.

Flows will be removed first from the total. The remaining fractions will be normalized.

Flow Basis: (O Moles O Mass (®) volume

Qutlet Fraction Flow (L/hr)
Erine Eleed off 50

Figure 10-6 — The Split Fraction for the streams exiting the Bleed off valve. The recycle ratio is 20:1

Defining the Pumparound stream as the Recycle stream
v Clickanywhere on the white area of the flowsheet to access the Process Properties
panel.

Process
= Process Options

Optional Properties
Calculation Aids
Recycles

Restart Options

Maolecular Conversion Wei

W WV VW

Figure 10-7 — The Properties panel of the overall Process

v" Clickon the Recycles button.

< Back Recycle Options

General

Tear Stream Selection

Tear Streams Select... |

Figure 10-8 — The Tear Stream panel

v Clickon the Tear Streams Select button.
v" Highlightthe Pumparoundinthe Suggested listthen press OK to close the window.
Select Tear Streams *

Please select from a list of suggested tear streams, or specfy & custom selection:

(®) Suggested

Crystallizer HY out
Crystallizer Slurry
Circ Pump Qut

CrEstaIIizer Brine
Do

Figure 10-9 — The Tear Stream selection panel. The Pumparound stream is selected
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When the window closes, anew section appearsinthe Recycle options panel. You use thissection to create
an initial guess composition forthis stream.

< Back Recycle Options

General

Tear Stream Selection

Tear Streams Select..

Recycle Options
Bl Stream - Pumparound

l— Initial Guess >
L Convergence Options >

Figure 10-10 — The Recycle Options panel showing the Pumparound settings
v" Clickon the Initial Guess button.

The initial compositionis empty. The simulation will converge faster if this stream contains some material.
v' Enter90C, 1 atm, and 100 mole/hrH20 (the software will compute the stream amount).

< Back Initial Guess - Pump...

| Definition e =E]

= Parameters

Temperature (*C) 90.0 || MgCI2

Pressure (atm) 1.0 || 5rCl2

Stream Amount (mol/hr) 100,0 || NaHCO3
Na2504
coz2

- Inflows (mol/hr) H2504

H20 100.0 ||| He)

MNaCl FeCl3

KCl AICIZ

CaCl2 Total 100.0

Figure 10-11 — The initial guess for the Pumparound stream

v" Clickon the Back buttonin the upperleft of the Properties paneI

v" Selectthe Convergence Options button below the Initial Guess
Properties x

General

Tear Stream Selection

Tear Streams Select...

Recycle Options
[l Stream - Pumparound
l— Initial Guess
L Convergence O

The Convergence Options panel contains settings thatare used to speed up the recycle convergence orto
make the convergence more stable. There are several convergence approaches and settings foreach. Inthis
scenario, we are simply goingtoincrease the number of iterations that the software will attempt before
giving up.
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Pumparound

General
Convergence Options Wegstein Convergence Parameters
Convergence Method Wegstein |~ | Theta (Maximum] 50
Mazx, lterations 100 | Theta (Minimum) 0.1
Mot Converged Rule Continue | | Initial Direct Subst. Iterati 3
Temperature Telerance (° 0.01 | Direct Subst. Iterations ... 1]
Flow Telerance 5.0e-5 | Trace Mele-fraction Limit 1.0e-6

Figure 10-12 — The Convergence options panel for the Pumparound recycle. Each recycle in a simulation will have its own
convergence option settings.

v" Change the Iterations from 50 to 100

Converging the case with a Tear/Recycle stream and updating results
v Calculate.

v" Savevyourfile
v" While calculating, click on the Convergence monitor at the bottom of the screen.

The Monitor is set to automaticand will eventually focus on the Pumparound convergence. It may take up
to 40 iterations for the pumparound stream composition to converge to a steady state.

What is happeninginternallyis that the software will use the composition you entered for the pumparound
stream as the inletto the circulation pump. The simulation will proceed and the bleed off valve will create a
new pumparound stream composition. The software compares this new compositiontoyourinitial guess,
make adjustment rerunthe calculationloop. This loop will iterate multiple times until the adjustments
become negligible relativeto a tolerance level. This final updated pumparound composition represents the
steady-state conditions.

The image below is the convergence monitor that shows how the convergence is progressing. The initial
iterations have high error/tolerance levels and as the software updates the guessed pumparound
composition, then the errordecreases until itdrops below 1.

<Automatic > e Plot Variable |Max Err/Tol

1000
i
10

-
]
u

=10

i
=100
Lt

Errar/Tolerance

Ry
=1000

16 18 Mumber of Iterations 6 3

[==]

Errors | Output | Trace | Convergence Monitor

Figure 10-13 — The Convergence monitor showing the convergence progress of the recycle stream.

You will recalculate the case, but this time, instead of viewing the convergence monitor, view the
Pumparound Properties panel.
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v" Click on the pumparound stream to access the properties panel.

v" Clickon the calculated tab — it will show the updated results.

v Recalculate the case and view this Calculated panel.

The software will erase the calculated values and start with yourinitial guess. Aftereachiteration, it will
update the composition. The changes become smaller with eachiteration, provided thatitis convergingto

a steady-state solution.

Pumparound

Definition JREIETEELE  Gene
= Stream Parameters
Temperature (*C) 49,5332
Pressure (atm) 0.7
pH 9.9292
Moles, True (mol/hr) 1623.07
Moles, Apparent (m 1442.07
Mass (g/hr) 34274.4
Volume (L/hr) 284772
Solid Frac. (mole %) 0.0
Vapor Frac. (mole 95) 0.0

= Total, Apparent (Molecular) (mol/h

H20
coz2
MNa2504 (Thenardite)
MNalCl
KCl

Cal
Al203
MgO
MNa20
NaFeO2
5rQ

1271.9
7.82254e-4
13,1142
137.223
19.6229
0.102254
0.0734099
6.72024e-6
0.0163164
7127733
2.08326e-4

Figure 10-14 — The converged Pumparound stream- this is its composition at steady-state

v Clickon the Crystallizer Report and add the streams Pumparound and Brine Bleed Off.

The pumparound flow is ~28 L/hr and the Crystallizerslurry is now about 33% solids. The Crystallizerbrine
bleed offis 1.5L/hr and 2.5 L/hr brine isentrained in the crystallizers solids.

Stream Parameters
Temperature (*C)
Pressure (atm)

pH

Moles, True (mol/hr)
Moles, Apparent (mol/hr)
Mass (g/hr)

Volume (L/hr)

Solid Frac. (mole %)
Vapor Frac. (mole %)
Phase Flows

Moles, True - Agueous (mal/hr)
Moles - Solid (mol/hr)
Moles - Vapor (mol/hr)
Moles, Apparent - Aquecus (mol/hr)
Mass - Aqueous (g/hr)
Mass - Selid (g/hr)

Mass - Vapor (g/hr)
Velume - Aqueous (L/hr)
Volume - Solid (L/hr)
Velume - Vapor (L'hr)

Figure 10-15 — The report of the crystallizer section containing the brine bleed-off pumparound stream and the updated Crystallizer

Cr)rstallizer\u'aporﬂ Crystallizer Slurr}rﬂ Crystallizer brinej Crystallizer solidsﬂ

Remove Remove
99,5332 99,5332
0.7 0.7
9.9292
2632.52 2154.0
2632.52 1947.48
474258 59295.3
1.14336e5 41.4474
0.0 15.5123
100.0 0.0
0.0 18519
0.0 302.09%
2632.52 0.0
0.0 164339
0.0 39106.6
0.0 20188.7
A7425.8 0.0
0.0 32.492
0.0 8.93332
1.14336e5 0.0

Purmparcund j Crystallizer Blee... ~

slurry which now contains about 33wt% solids.

Remove Remove Remove Remove

99,5332 99,5332 99,5332 99,5332
0.7 0.7 0.7 0.7
9.9292 9.9292 9.9292 9,9292
1708.5 445,503 1623.07 854243
1517.97 429,513 1442.07 75.8986
36078.3 23217.0 342744 1803.92
29.976 114714 28.4772 1.4988
0.0 70.3352 0.0 0.0

0.0 0.0 0.0 0.0
1708.5 143.406 1623.07 854243
0.0 302.09% 0.0 0.0

0.0 0.0 0.0 0.0
1517.97 127414 1442.07 75.8986
36078.3 3028.31 342744 1803.92
0.0 20188.7 0.0 0.0

0.0 0.0 0.0 0.0
29.976 2.51609 284772 1.4988
0.0 8.93332 0.0 0.0

0.0 0.0 0.0 0.0
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Updating theinitial guess with the new results
You ran the calculation twice, and both cases took the same number of interactions to converge the
pumparound stream. There is a way to update your initial guess with the final results, so that the nexttime
the calculationisrun, it starts at this convergedstate. Thisisdone usingthe Restart optioninthe Flowsheet
Process Options (properties panel)

v' Returnto the Flowsheettab.

v Clickanywhere onthe white areato access the Process Properties panel.

v" Click on the Restart Options button.

The panel opensintothe Restart section thatdisplays all the initial guesses that were used to create this
case. There are Recycle streams and Controllersettings. You will update the Pumparound Recycle stream.

< Back Process

General

Update restart/guess values from calculated ...

Use the options below to update the initial state of recycle
streams or controllers to the last calculated values,

Recycle Streams

Pumparound Update

Control Parameters

Lime Valve: Factor, Flow Update
Filter Press: Lig. in Solids Stream Update
Water in selids controller: Target Value Mot Available
Soda Ash Valve: Factor, Flow Update
Update All

Figure 10-16 — The Restart section of the Process’ Properties panel

v" Click on the Update button for the Pumparound.

The software will make the changes and confirmitina popup window.

v' Recalculate.

The software will now converge much more quickly andinfeweriterations.

Summary

Chapter6 introduces the Recycle, or Tear, stream feature. Recycle streams are part of all complex
processes, and a method to compute its compositionis presented. Key aspects to setting up a recycle
streaminclude:selectingastream thatis part of a recycle loop, providing areasonable initial composition,
flow and conditions to that stream, and updating your stream guess with the calculated values using the

Restart option.
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Chapter 11 Simple Air Stripper
Column

The Application

A common OLI Flowsheeting application is an electrolyte column. Casessuch as stripping organics,
stripping reactive acids, absorbing reactive gases following combustion, or product distillation are examples.
In this chapteryou will model an air stripping process in which BTEX (benzene, toluene, ethylbenzene,
xylene)is stripped from contaminated groundwater.

This process contains a single column with two inlets; contaminated water entering the top of the column,
and air enteringthe bottom. The column contains no reboiler norcondenser.

Creating a Chemistry Model

You created a chemistry model in Chapter 1, but did little elsewithitin the following five chapters. Thisis
because typically once achemistry modelis built, there are alimited number of reasons to change it.

You will create anew, simple chemistry model forthis case. Itcontainsfourorganics, the components of
air, and water.

v' Openthe software and start with a new case.

v CIickontheChemistrytab— Flowsheet- Chemistry X | Report-1

The defaultview when creating anew chemistry model is the Databanks tab. Itis here where the activity
coefficientframework, Aqueous(H+) or MSE(H30+) is selected plus any specialized databases.

v' Keepthe default settings of Aqueous (H+) and no private databases.
v" Clickon the Inflows tab.

v' Enterthe following components’ benzene, toluene, ethylbenzene, o-xylene, N2, 02, Ar,
and CO2.
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Inflows

Water

Benzene
Toluene
Ethylbenzene
o-Xylene
Mitrogen
Oxygen

Carbon dicxide
Argon

Figure 11-1 — The list of components to be used in the air-stripper example\

The chemistryis keptsimple sothatthe focus of the chapter is on the tower block. The toweris perhaps
the most complex blockinthe Flowsheet ESP toolkit with many thermodynamicand mass transfer settings.

v" Clickon the Phasestab.

You will not make any changesto this screen, but notice that there is an unchecked second liquid phase.
Were the BTEX contamination to the extentthatan organic, NAPL(non-agueous-phaseliquid) was present,
thenit would be necessary to check this box. Otherwise the software would notformthe organicphase and

would overestimate the amount of BTEX in the waterand vapor phase.
Inflows Databanks Redox Kineti

Include Phases:
Vapor Phase
[]second Liquid Phase
Solid Phase(s)

Include Solid Phases:

Figure 11-2 — The Phase-Selection tab. There are no solids to select, since this is a BTEX example. The second liquid would be
selected if a NAPL phase was expected

v" Use the defaultsettings forthe Phasestab.

The last stepis optional. You will provide aname to this chemistry model.
v" Clickon the Model iconinthe Navigator Panel.
v" Use the F2 keyto editthe name — Label it BTEX.

= & Chemistry Models
i LM BTEX

M o Mnaraticnc

Figure 11-3 — The Location of the Chemistry model in the Navigator panel. The name can be changed for reference purposes.

The Chemistry Model build step is finished.

Building the Process

This process contains one multi-stage column, two inlet streams, and two outlet streams. There would be
additional components in an actual unit, such as pumps, oil skimmers, and filters. They are not addressedin
this chapter, because we want to focus on the column.

11-2 e Simple Air Stripper Column FlowsheetESP Training Manual Ver-1



To Burner

Contaminated
groundwater

Air Stipper

Air Clean Water

Figure 11-4 the Air stripper tower is comprised of two inlet and two outlet streams

Adding the Air Stripper and adjusting its default settings
The Flowsheet ESP library contains two tower objects Absorber and Stripper. They are essentially the same
process block, exceptthatthe Absorber does notinclude have the reboiler or condenser on by default.

Beyond thatthey are the same.

Absorber  Stripper

Figure 11-5 — The Absorber and Stripper icons in the Block Library. They differ in that the stripper includes a reboiler and condenser
by default while these units are off by default in the absorber block.

v" Clickon the Absorberobjectinthe Library and drag it onto the Worksheet.
v Double click onthe new block and change its name to Air Striper.

You will notice thatthe Properties panel onthe right side of the window displays the Air Stripper
parameters.

Alr Stripper Absorber

De LLN  General

T = w7 Parameters

- . ontiguration Spec./Controls Edit

Calculation Method <5elect> ﬂ Heat Exch. Duties >
Number of Stages Pressure Profile >
Include Condenser Me |~ foimates >
Include Reboiler Me ﬂ Convergence >
Inlets | Tray Efficiencies >
Outlets ?| Liquid Heldup Times >
Pump-arounds Edit Vapor Holdup Times >

Figure 11-6 the properties panel for the Absorber block
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The calculation method for the absorberis not defined initially. It can be defined as either equilibrium or
mass transfer limited. The number of (theoretical) stagesissetto 10 by default, with a range between 2and
50+. The condenserandreboilerare off but can be switched on. The pressure profile of the columnis not
set.

v" Change the calculation method to Equilibrium by clicking on the <Select>cell and
activatingthe drop-down menu.

v' Change the numberof stagesto 5.

v" Click on the Pressure Profile buttonin the Parameters section of the panel
MEdL CRLT LFULIES: Fa

Pressure Profile >

v Enteravalue of 1 atmfor both Stage 1 and Stage 5.

< Back Alr Stripper Abso...
General
- Pressure Profile (atm)
Stage 5 1.0
Stage 4
Stage 1 1.0

Figure 11-7 The pressure profile is set for absorber block. The air stripper is run at atmospheric pressure

Enteringthe same pressure atstage 1 and 5 resultsin a horizontal pressure profile across all stages. There
will be no pressure gradient between the bottom and the top of the tower.

Adding the inlet and outlet streams
v" Clickon the Add Stream buttonin the Toolbar.

NPT

Figure 11-8 - The Add Stream button in the toolbar

v" Place an inlet stream atthe top left of the column by first clicking somewhere to the left
of the towerand drag the stream to the right so that it links with the top inputlink on
the tower. Click the mouse againto linkthe stream to the tower.

.Ql

Feed, Stage 3

— Alr
Stripper

Figure 11-9 — Linking the inlet stream to the proper stage on the tower. This inlet stream is attached to Stage 5, the top stage. This
inlet stream is the contaminated water.

The Add-stream actionis still active, sothisisa good opportunity to create the remaining streams
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v' Repeatthelaststepand add a streamto the very bottominlet of the tower.

- T,
Feed, Stage -1

Figure 11-10 — Adding an inlet stream to the bottom of the tower. This is the Air inlet
Lastly, create the two outlet streams.

v" Withthe Add Stream function still active, mouse overthe top of the towerto activate
the red arrows.

v" Clickon the towertop where the vertical red arrow is exiting. Click asecond time
somewhere abovethislocation. Thisisthe To Burner ventstream.

@
Vapor Outlet

Figure 11-11-Adding the vent stream

v’ Lastly, mouse overthe towerbottom section to activate the vertical-down arrow. Click
at this point on the column and then again click below it. This createsthe Clean Water
stream.

5-2

Figure 11-12- Adding the bottoms stream
v" Pressthe ESC key to deactivate the Add Stream button.

The Add Stream mode stays active until the ESCkey is pressed, orthe arrow buttonis selected, orif the Add
Streambuttonis clicked asecond time.

v" Doubleclickonthe first stream and label it Contaminated Water.
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v" Double-click onthe bottominlet stream and label it Air.

v" Repeatthisforthe last two streams; label the top outlet To Burnerand bottom outlet
Cleanwater.

I )

Burner
Contaminated

Water

Alr
Stripper

Clean
Water

Air
Figure 11-13- Names added to the stripper block

Modifying the unitset of the inlet streams before entering their compositions

The compositions of the twoinlet streams are shown in the table below. Notice that each stream uses
differentinflow units (L/hrvs m3/hr) and composition basis (ppm vs. mole%). Therefore, beforeadding
these compositions, the default stream units of moles needs to be modified.

Contaminated Water Air
Temperature (C) 13 20
Pressure (atm) 1 1
Stream Amount 670 L/hr 1500 m3/hr
H20 999404 ppm 2.0 mole%
Benzene 350.0
Toluene 180.0
Ethylbenzene 40.0
o-Xylene 26.0
Nitrogen 76.46
Oxygen 20.6
Carbon dioxide 0.04
Argon 0.09

Table 1-1 — Process Stream and Acid Waste stream compositions

Changing the Contaminated Water units
v" Click on the Contaminated Water stream to access its Properties panel.

v Clickon the (mol/hr) unitsin the Stream Amount row. Thiswill openthe Units Manager.

You will make several changes tothe Units managerwindow. They are to the Stream Amount, Inflows,
Aqgueous Composition, Vapor Composition, and Mass Fraction rows.
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Edit Units - Contaminated Water ? *

Composition  Parameters

Variable Basis Units
Inflow variables
Strearmn Amount Volume L/hr
Inflows Mass Fraction ppm (mass)
Output variables
Aqueous Composition Mass Fraction ppm (mass)
Vapor Compaosition mole %
Solid Composition Moles mol/hr
2nd Liquid Cemposition Moles malfhr
Total Compesition Moles mol/hr
Basis options
Moles mol/hr
Mass g/hr
Volume L/hr
Concentration mg/L
Molar Concentration mol/L
Mass Fraction ppm (rmass)
Maole Fraction mole %

Figure 11-14 — The Units Manager window for the Contaminated Water, after it has been modified. These will be the same units used
for the Clean water outlet stream

Change the Stream Amount Basis from Moles to Volume.
Change the Inflows basis from moles to Mass Fraction.
Change the Aqueous Composition Basis from moles to Mass Fraction.

Change the Vapor composition basis from moles to Mole Fraction.

AN NN

Change the Mass Fraction Units from Mass% to ppm (mass).
v" Press OKwhendone.

Changing the Air stream units
You will now change the units forthe Airstream.

v" Clickon the Airstream to access the Properties panel.

v" Repeatthe stepsfromabove; click onthe Stream Amountunit (mol/hr) to openthe
Units Manager editor.

v" Make the following changesto the window:

Parameter Basis or unit
Stream Amount Volume
Inflows Mole Fraction
Vapor Composition Mole Fraction
Volume units m3/hr

Table 1-2 — the list of modifications made to the units for the Air stream

When completed, the Units Editor window should look like this:
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Edit Units - Air

Composition  Parameters

Variable

Stream Amount
Inflows

Agueous Composition
Vapor Compaosition
Selid Compasiticn

2nd Liquid Compaosition
Total Composition

Males

Mass

Volume
Concentration
Molar Concentration
Mass Fraction

Mole Fraction

Basis Units
Inflow variables
Volume m3/hr
Mole Fraction mole %
Qutput variables
Moles mol/hr
mole %
Moles mol/hr
Moles maol/hr
Males mal/hr
Basis options
mal/hr
g/hr
m3/hr
mag/L
mol/L
mass %
mole %

Figure 11-15 — The Units Manager window for the Air inlet stream after it has been modified. These will be the same units used for
the To Burner outlet stream.

Changing the To Burner units

You also need to modify the To Burnerstream units similarto the Air units; both are vapor phases.
However, because the stream has yet to be calculated, there are novariables with unitsto click on.
Therefore, the Units Editor must be accessed through the toolbar.

v

v

Click on the Units Manager buttonin the toolbar- =~ *F

Click on the To Burnerstream.

G+ Hi
=]

v Selectthe Customize button to open the Units Manager Editor.

Edit Units - To Burner

Edit Units

Metric

Select from a list of standard units or press Customize.

*

e Flowing Moles - 4

Figure 11-16 — The main Units Manager window accessed from the toolbar. The default Basis for Flowsheet ESP is Metric-Flowing-
Moles. The Customize button allows the user to Edit the units for a stream, block, or Callout object.

v" Make the following changes:

Parameter Basis or unit
Stream Amount Volume
Vapor Composition Mole Fraction
Volume units m3/hr

Table 1-3 — the list of modifications made to the To Burner units

When completed, the Units Editor window should look like this:
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Edit Units - To Burner ? x

Composition  Parameters

Variable Basis Units
Inflow variables
Stream Amount Volume m3/hr
Inflows Maoles mol/hr

Output variables

Agueous Composition Moles mol/hr
Vapor Composition Muole Fraction mole %
Selid Composition Moles mol/hr
2nd Liquid Composition Moles mol/hr
Total Composition Moles mol/hr
Basis options
Moles mol/hr
Mass g/hr
Volume
Concentration mgy/L
Maolar Concentration maol/L
Mass Fraction mass %
Male Fraction maole %

Figure 11-17 — The Units Manager window for the To Burner stream after it has been modified.

Changing the Clean Water units
Lastly, you will change the units of the Clean Water stream so that they match the Contaminated water
units. Once again, to activate the units of an uncalculated stream, you need to open the Units Manager

fromthe toolbar.
v

v
v
v

Clickon the Clean Water stream.
Click on the Units Manager Buttonin the Toolbar.
Click on the Customize button to openthe Units Editor window.

Make the following changes:

Parameter Basis or unit
Stream Amount Volume
Aqueous Composition Mass Fraction
Total Composition Mass Fraction
Mass Fraction units ppm (mass)

Table 1-4 — the list of modifications made to the To Burner units

When completed, the Units editor window should look like this:
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Edit Units - Clean Water

Composition  Parameters

Variable

Stream Amount
Inflows

Aqueocus Compositicn
Vaper Composition
Solid Composition

2nd Liquid Composition
Total Composition

Males

Mass

Volume
Concentration
Molar Concentration
Mass Fraction

Mole Fraction

Basis
Inflow variables
Volume
Males
Output variables

Units

L/hr
maol/hr

porm (mess)

Males

Moles

Moles

Mass Fraction
Basis options

maol/hr
maol/hr
maol/hr
ppm (mass)

maol/hr
g/hr

L/hr

mg/L
maol/L

ppm (mass)
mole %

Figure 11-18 — The Units Manager window for the Clean Water stream after it has been modified.

Entering the composition of the contaminated water and the air streams
We are now ready to enterthe conditions, flow rates, and compositions forthe twoinlet streams.

v
v

composition of the Contaminated Water.

v

Repeatthisforthe Air stream.

Click on the Contaminated Waterstream to access the Properties panel.

Use theinformationinTable 1.1above to enterthe conditions, flow rate, and

When finished, the two Properties panels should look like the screenshots below:

Contaminated Water

Calculated

—
e

Temperature (*C)

Pressure (atm)

General

Parameters

Stream Amount (L/hr)

= Inflows (ppm (mass))
H20

CoHB

C7Ha

C8H10 (Ethylbenzene)

C8H10 (o-Xylene)

N2
02
co2
Ar
Total

The toweris now ready to calculate.

Air
Calculated General
= Parameters
13.0 Temperature (*C) 20,0
1.0 Pressure (atm) 1.0
670.0 Stream Amount (m3/hr) 0.0
= Inflows (mole %)
9.99404e5 H20 2.0
350.0 CEHG 0.0
180.0 C7H8 0.0
40.0 CEH10 (Ethylbenzene) 0.0
26.0 CEH10 (o-Xyleng) 0.0
0.0 N2 76.46
0.0 02 20.6
00 |coz 0.04
00 Jar 0.9
1.0e6 | Total 100.0

Figure 11-19 — The Properties panel for the Contaminated water and the Air streams after their compositions are entered.
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v" Pressthe Calculate button - >

The towershould converge within seconds. Whenitdoesyou will see apop-upwindow inthe lowerright

confirming this.

Q Simulation Complete

Figure 11-20 — The pop-up window indicating that the simulated converged.

v" Clickon the Clean Water stream and view the Calculated tabin the Properties Panel.

The Total Apparent flow should be present at the bottom of the panel. The unitsshould be ppm (mass) that

you modified previously.

Clean Water

PEEEL S General

& Stream Parameters
Temperature (°C) 13.0069
Preszure (atm) 1.0
pH 5.5678
Maoles, True (mol/hr 37155.7
Moles, Apparent (m 3755.7
Mass (g/hr) 0.69385e5
Volume (L/hr) 669.65
Solid Frac. (mole %) 0.0
Vapor Frac. (mole % 0.0
Liguid-2 Frac., Appa 0.0

Figure 11-21 — The Properties panel for the Clean Water stream showing the stream parameters and composition. Approximately 9

= Total, Apparent (Molecular) (ppm (mass))

H20 9.99963e5
CeHB 537022
co2 0.973858
CEH10 (Ethylbenzen 0.342357
Ar 0.620031
M2 16.897
02 10.3922
C8H10 (o-Kylene) 0.0576762
CTHa 3.20829

ppm BTEX remains in the water, including 5.4 ppm Benzene.

The calculated BTEX componentsinthe Clean Watersumto ~9 ppm, inciding 5.4 ppm benzene. The inflow
BTEX is 596 ppm, and so the removal is approximately 98.4%. Accordingto a 2005 USEPA-NPDES permit
document! however, the proposed BTEX effluent limits are 100 pg/I, nearly one-hundred times less than the

calculatedvalues.

EPA's “Model NPDES Permit for Discharges Resulting From The Cleanup of Gasoline
Released From Underground Storage Tanks.” (June 1989), recommends a BTEX limit of
100 ug/L. This limit 1s based on the typical removal efficiency of 99.5% or better for
BTEX using a commercially available air stripper unit. Based on EPA’s model permut
and the observed performance of control equipment at historical or existing cleanup sites
in New England, EPA-NE 1s setting a technology based limit for BTEX at 100 ug/L.

This existing tower simulation, therefore, does not meet discharge limits. Either more stripperairis

needed, more separation trays are needed, or possibly acombination of both.

! https://www3.epa.gov/regionl/npdes/remediation/RGP2010 FactSheet AttachmentA.pdf. FactSheet

Attachment A: 2005 Remediation General Permit Fact Sheet Excerpts. Page 14 of 50.
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Modifying the process to remove additional BTEX from the water

The simplest way toincrease BTEX removal isto increase the Airflow rate. You will do thatfirst. Following
this, you will use the tower’s Target Specification function to compute the required flow needed to achieve
the 100pg/L BTEX limit.

Increase the air flow to 100 m3/hr
The current air flowis 10 m3/hr. You will increase this to 100 m3/hr.

v Click on the Airstream.
v" Change the Stream Amountvalue from 10 m3/hr to 100 m3/hr.
v’ Calculate.
v

Click on the Clean water stream and review the Total Apparent (molecular) composition
section at the bottom of the Properties panel.

= Total, Apparent (Molecular) (ppm (mass)

H20 0.90072e5
CeHe 9.85316e-5
co2 0.956966
CEH10 (Ethylbenzene) 5.6062%-6
Ar 0.61249
N2 16.7155
02 10.2651
CEH10 {o-Xylene) 8.18262e-7
C7H8 £.03174e-5

Figure 11-22 — The molecular composition of the Clean Water stream when the air flow is increased to 100 m3/hr. The BTEX
concentration is now less than 1 ppb.

Based on this calculation, the 100 m3/hr Air Flow decreased the BTEX concentrationsto 0.2 ppb, much
lowerthanthe 100 pg/L target limits. The 100 m3/hr flow is too much air. The Air Flow rate can be
adjusted furtheruntil a 100 pug/L BTEX concentration is obtained, but this manual approachis laborious and
slow. Instead, the tower’s Target Specifications function can be used to find the proper Air Flow rate.

Setting the Specs/Control in the Tower to calculate air requirements

Several target specifications can be calculated automaticallyin aTower. Examplesinclude the amount of
air requiredto produce a clean waterwith 100 pg/L BTEX, or the reboiler duty required to strip 90% acid
gaseslike H,Sand CO, from a sour water stream. Thisfeature isvery useful, andinstructionsforusingitare
presented here.

v" Clickon the AirStripperblock to access its Properties panel.

v Clickon the Spec./Controls Edit button in the Parameters section to access the tower
Specifications.

v" Clickon the Add buttoninthe upperright of the window toadd a new tower
specification.

The firstadjustable termisthe Spec. Variable. The defaultsettingistemperature.
v" Clickon the SpecVariable button to access the list.

There are sevengeneral Spec. Variables. The temperature of astage can be set by adjustingthe heatduty
of an exchanger. Likewise, the vapor flow rate ata given stage can be fixed and temperature, heat-duty, or
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inletflow rate can be adjusted to achieve this vaporrate. Inthiscase, you will selectliquid composition
since that will enableyoutofix the BTEX concentration inthe liquid exiting the bottom of the column.

Spec. Variable Liquid Composition w
Temperature
Stage Mumber Liquid Flaw

Vapor Flow
Vapor Compasition

Lig. Side-draw Composition
Vap, Side-draw Compasition

Value

Figure 11-23 — The available Spec. variables in the tower block.

Change the Specvariable to Liquid Composition.

Confirmthat the Stage Numberissetto 1.

ANEENEEN

Change the units to mass%.
v" EnteraValue of 0.00001 (100 pg/L)

The Spec. Control window should look like this.

Specification/Control Information X
Select a Spec./Control pair or create a new one:
Add
Remaove

Specification

Spec, Variable Liquid Compaosition ~ Select Components

Stage Number 1 w

Value 0.00001 mass % v

Figure 11-24 — The upper section of the Spec./Control window. The Liquid composition at stage 1 will be set to 0.00001 mass%. The
specific species that will have a composition of 0.00001% has yet to be defined.

Upon pressing enter after entering the value, aSelect Components window should open. It containsthe list
of components that will make up the 0.00001 mass%. In this case the components are the four BTEX
organics.

If the Select Component window does not open automatically, thenitcan be opened using the Select
Components button.

v" Clickon the Select Components button if apop-up window does not appear. This
window contains alist of dissolve aqueous components.

v" Checkthe boxesfor C6H6, C7H8, C8H10 (ethylbenzene), and C8H10 (o-xylene).
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Select Components ¥

[JH20 Select Al
[~csHs
[AcHs Clear All

[#]caH10 (Ethylbenzene)

[nz
[Joz

Ml

Figure 11-25 — The Select Components pop-up window. It contains the list of molecular species in the aqueous phase. The BTEX
components are selected.

v" Press OKto close the Select component window.

Once the target specifications are set, the adjustablevariable can be selected. Thisisdone inthe lower half
of the Spec./Control window.
v" Change the Control variable to Feed Stream Flow.

v' Change the Stage numberto 1.
Control
Control Variable Feed Stream Flow v

Stage Mumber i i

OK Cancel

Figure 11-26 — The lower section of the Spec./Control window. The Air stream flow, which is the Feed Stream entering at stage 1 will
be controlled to meet the 0.00001% target composition specification set in the upper section of this window.

The software now knows to adjust the inflow rate of the stream entering Stage 1(the air stream) until the
total composition of the four components selected, BTEX, amounts to 0.00001% (100 pg/L) inthe liquid
phase exiting stage 1(Clean Water).

Thisis a good time to save thefile.
v' Savethefile.

Calculate andreview the results
v' Calculate.

v" Clickon the Clean Water stream to view the apparent molecular composition.

= Total, Apparent (Molecular) (ppm (mass})

H20 9.99977e5
CeHE 0.0595219
coz2 0.970963
C8H10 (Ethylbenzene) 3.4892e-3
Ar 0.618775
M2 16.8673
02 10.371
CEH10 (o-Xylene) 5.18132e-4
C7H8 0.0364707

Figure 11-27 — The lower section of the Properties panel for the Clean water stream after the tower specifications are set to fix the
BTEX concentration in clean water to 100 ug/L. The target concentration for the BTEX organics is met.
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The BTEX speciessumupto 100 ppb inthe clean water, meeting Target Specifications.

v" Clickon the Airstream and view the Calculated tab of the Properties panel.

Air
Definition General

= Stream Parameters
Temperature (°C} 20,0
Pressure (atm) 1.0
pH

Moles, True (mael/hr) 1126.75
Moles, Apparent (mol/hr) 1126.75
Mass (g/hr) 323921
Volume (m3/hr) 27.0983
Solid Frac. (mole %) 0.0
Vapor Frac. (mele %) 100.0
Liquid-2 Frac,, Apparent (mol 0.0

Figure 11-28 — The Properties panel for the Air stream after the tower specifications are set to fix the BTEX concentration in clean
water to 100 ug/L. The air flow requirement is 27.1 m3/hr.

The Air flow rate is 27.0983 m3/hr. The software adjusted this rate toits 4™ decimal before convergingon
the target specification.

Increasingthe Airflow rate is one way to meetdischarge limits. Thiswould require alargerairpumpand
higherelectricity costs. By comparison, it may be possible toincrease the number of towerstages and
achieve the same discharge limits usingless air. This mayincrease CapEx but may reduce long-term OpEx.

Increase the number of stages to improve BTEX-water separation
v" Clickon the Airstrippertowerto access the Properties panel.

v' Change the Number of stages to 10.

Now that the tower has ten stages, the contaminated waterinlet is only half-way up the column. Itneedsto
be reset.
v' Reconnectthe Contaminated water back to the top of the tower by delinkingit from
Feed Stage 5 and linkingitto Feed Stage 10.

v' Calculate.

v" Clickon the Airstream to view the updated air requirements.
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Air

Definition General

- Stream Parameters
Temperature (°C) 20.0
Pressure (atm) 1.0
pH

Moles, True (mol/hr) 466.735
Meoles, Apparent (mol/hr) 466,735
Mass (g/hr) 13417.8
Volume (m3/hr) 11.225
Solid Frac. (mole %) 0.0
Vapor Frac. (mole %) 100.0

Figure 11-29 - The Properties panel for the Air stream after the number of tower stages is increased to 10. The calculated air flow
requirement is 11.2 m3/hr

The doubling of stages decreased the Air flow requirements by about 60%. Therefore, two potential
approaches may be used to meetthe discharge limits.

v' Savethefile. If you have not saved the case file yet, then name it something thatyou
can find quickly because it will be used inthe next several chapters.

Summary

We have completed the first multi-stage tower case. This chapter presented the basic mechanics of
building, converging and optimizing this block. Inlaterchapters, more complex tower applications will be
studied, includingthose linked to larger processes.
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Chapter 12 Caustic Scrubber

The Application

The following case study is a caustic gas scrubber. It contains five units, the main scrubber, a quench
sprayer, the caustic mix tank, and two flow splitters. This process removes reactive/acid components
from a gas. The gas may be from combustion or from an industrial process. This example is for
scrubbing a combustion gas that contains SO;, HF, HCI, NO», and SOs.

Baottoms Split

-

10% Caustic |' Clzan Gas

»

Caustic
Walve

gd_Caustic

iz tank

Maksup Water

Baottoms
Solitter

Sorubber Blowdow
Sorub Bottoms "

Cuench
Water Split

Ta Waste
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Creating a Chemistry Model

Creating and saving the file
Save the file with the name: Chapterl2 Flue Gas Scrubber

Setting up the Chemistry model for a new Case
v Click on the Chemistry tab - Flowsheet Chemistry » | Report-1

v' Select the MSE (H30+ ion) and no private databases.

Inflows Phases Redox Kineti
Thermodynamic Framework MSE (H30+ ion) w
Agueous (H+ ion
Databanks: MSE-SRK {H30+ ion
|MSE (H30+ ion) (Required) | add  «

v" Click on the Inflows tab.

Adding the chemical inflows to your case file

v' Enter the chemical components from the table below into the Inflows grid

Table 1 - Flue Gas Case study - Inlet Stream Compositions

Quench 10% Makeup
Component  Flue Gas Ash Water Caustic Water
T,°C 170 170 25 25 25
P, barg 0.1 0.1 0.1 0 1
Total Flow 1.25E6 10000 30000 2 1
ma3/hr kg/hr kag/hr kg/hr m3/hr
Inflows mole% mass, kg/h mole% mass%  mass%
5.5225
H20 (adjusted) 100 90 100
CO2 11
SO2 0.3
N2 76
02 7
NO2 0.06
SO3 0.02
HCI 0.001
HF 0.0015
Ar 0.09
CO 0.005
ash 10000
Hg 0.1
NaOH 10

Bottom
Split
50
0

18000
kg/hr

mass, kg/h

17000

1000
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Your inflows should look like the image below

q Flowsheet” Chemistry x| Report-1

Ll Databanks Phases Redox Kinetics

Inflows
H20
co2
s02
N2
02
NO2
S03
HCI
HF
Ar
co
ash
Hg
MaOH

Set the Names and Units
v' Go to the Flowsheet tab

Hacl

v Click on the names manager icon ¥ and set the Names to Formula view

G+
v' Click on the units manager icon *F and set the Units to Metric-Flowing-Mass

Edit Units - ESP1
Edit Units

Select from a list of standard units or press Customize.

Metric w Flowing Mass w 4

3

Cancel

The selected units will be used for all new objects created in the document.

Apply

et

v Click on the Customize button and make the following changes
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Edit Units - ESP1 ? >
I Composition IParameters
Variable Basis Units =
Inflow variables
Total Flow Mass kg/hr
Inflows Muole Fraction mole %
Qutput variables
Aguecus Composition Concentration mg/L
Vapor Composition Mass kg hr
Solid Compesition™ Concentration mg/L
2nd Liquid Composition Mass kg hr
Total Composition Mass kg/hr
Basis options
Moles kgmol/hr
Mass kg hr
Volume m m3/hr v
Concentration mg/L
Melar Concentration maol/L
Mass Fraction mass %
Muole Fraction mole % W
* For solid phase, concentrations are calculated in aqueous volume basis,
ok | cancel | Hep
Edit Units - ESP1 ? X
Compogjtiorl Parameters I
Variable Units "
Temperature *C
Pressure barg w
Time hr
L
Alkalinity mg HCO3/L
Area sg-cm
Density g/ml
Electrical Conductivity, molar m2/ochm-mael
Specific Electrical Conductivity pmho/cm
Energy cal/hr
Energy, Maolar cal/mol
Entropy cal/K hr
Entropy, Molar cal/maol K
Fugacity atm
Heat Capacity cal/g K
Heat Exchanger Capacity cal/K hr v
ok | cancel | Heb
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v

Click OK to accept the changes and close the windows

Building the Process

Adding the Process Blocks

Adding the Quench Sprayer and the streams

v

v

Click on the Separator object in the Library and drag it to the lower left of the window

Label the object Quench Sprayer

Click on the Add Stream button - ~'€

Add three inlet streams

Add two outlet streams — the vapor and liquid outlet

Label the three inlet streams Flue Gas, Ash and Quench Water

Label the outlet streams, Quenched Flue Gas and Quenched Liquid

Quenched
Flue Gas

Flue Gas

Cluenched
Ash Lluench

Sprayer Liquid
Cluench Water

Quench Sprayer (separator) stream configuration

Entering the Quench Sprayer Specifications and the stream compaosition

v

Click on the Quench Sprayer. Confirm that it is set to Adiabatic and Min. Inlet Pressure.

Equilibrium Calculation

Calculation Type Adiabatic ﬂ
Pressure Spec, Min. Inlet Pre::ureﬂ

Separator specifications
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v Enter the Flue Gas composition from the table above. Be aware of the units

v" Change the Total Flow units from kg/hr to m3/hr

Total Flow l{kg_a’j__%

Inflow wvariables
Total Flow [Volume | m3/hr

v" Normalize the Flue Gas stream using the Makeup with Water option

Mormalization

Mormalize Fractions Using Makeup with Water |

Normalization of the gas phase to set total composition to 100%

Your stream should look like the image below

Flue Gas
- D Lo Calculated General
Show lonic Input Options
Parameters
Temperature (*C) 170.0
Pressure (barg) 0.1
Total Flow {m3/hr) 1.25¢eb
Inflows (mole %)
H20 5.5225
co2 11.0
s02 0.3
N2 76.0
02 7.0
NO2 0.06
S03 0.02
HCI 1.0e-3
HF 1.5e-3
Ar 0.09
co 5.0e-3
ash 0.0
Hg 0.0
NaldH 0.0
Total 100.0
Normalization
MNormalize Fractions Using Makeup with Water ﬂ

v Enter the Ash composition.
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v Change the Inflows units from mole % to kg/hr

Inflows (mole %)

Variable Basis Units
Inflow variables
Total Flow Mass kg/hr
Inflows kg/hr

v" You will need to change the Set Phase option to Solid only

Advanced Options
Set Phase

Solid Only |
R - I
Set Phase to Solid Only so that the software can compute the water-free phase
Your stream should look like the image below
Ash

| Definition & alE ey General

Show lonic Input Options

Parameters
Temperature (*C) 170.0
Pressure (barg) 0.1
Total Flow (kg/hr) 10000.1
Inflows (kg/hr)
H20 0.0
co2 0.0
s02 0.0
N2 0.0
02 0.0
NO2 0.0
503 0.0
HCI 0.0
HF 0.0
Ar 0.0
Cco 0.0
ash 10000.0
Hg 0.1
MNaOH 0.0
Total 10000.1

Advanced Options
Set Phase Solid Only |~
Chemistry Model Chemistry (Default) ~|
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v Enter the Quench Water composition. No unit changes are needed.

Your streams should look like this

Quench Water

- Definition | Calculated General

Show lonic Input Options

Parameters
Temperature (°C) 23.0
Pressure (barg) 0.1
Total Flow (kg/hr) 30000.0

Inflows (mole %)

H20 100.0
coz2 0.0
s02 0.0
N2 0.0
02 0.0
NO2 0.0
S03 0.0
HCI 0.0
HF 0.0
Ar 0.0
co 0.0
ash 0.0
Hg 0.0
MaOH 0.0
Total 100.0

Inlet stream compositions and conditions

v Run the simulation 4

Adding Callout Tables

v' Add a callout table to the Quenched Liquid stream (Right mouse click on the Quenched
Liquid Stream — Select the Add Callout option)

Flue Gas

Cluench Cut Ctrl+X
Ash g
prayengy, Copy Ctrl+C
CQuench Water
Paste
Delete
Add Callout

View Stream Rep
Set Tear Stream

Rename
Edit Units
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v Double-click on the created table to open the variables list. This will open a new window

v' Go to the Phase Flows category and expand it by using the ‘+’ sign.

o Select Mass-Liquid-1. Use the = to put them under the selected variables or simple

double click.

v' Go to the Liquid-1, True (Speciated)

o Select H20, H30+1, H2S0O4 and HSO4-1

v Go to the Solids

o Select Ash

Select Variables

Search Filter

Stream Parameters

Phase Flows

Phase Fraction
Thermodynamic Properties
Liquid-1, True (Speciated)

Vapor
Total, True (Speciated)

Total, Apparent (Molecular)
MBG Totals, Liguid-1

MBG Totals, Solids

MBG Totals, Vapor

MBG Totals, Combined
Vapor Partial Pressure
Scaling Tendencies

Vapor Fugacity
K-Values, Liguid-1
K-Values, Solids
K-Values, Vapor

Selected Variables

Move Up

Mowve Dawn

i —pll @vailable variables have been added--

Liquid-1, Apparent (Molecular)

x-based Activity Coeff., Liguid-1

Hide Zeros Spedes

Temperature

Pressure

pH

H20 - Liquid-1, True
H30+1 - Liquid-1
H2504 - Liquid-1, True
H504-1 - Liguid-1

ash (Ash) - Solid

Cancel

v" Click OK to accept the changes and close the window
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Cluenched
Flue Gas

Flue Gas
Quench Cuenched

Ash Sprayer Liguid
Quench Water Quenched Liguid
T{*C) 1058.6
P (barg) 01
pH -3.47594
Mass Lig1 (ka/hr) 103315
H20 Lig1, True {ma/L) 2.38458e5
H30+1 Lig1 (mag/L) 2.07012e5
H2304 Lig1, True (mg/L) B4TT3T
H=S04-1 Lig1 (mag/L) 1.01118e6
ash (Ash) (mail) 1.4847e7

The quench water pH is negative, because of the high sulfuric acid concentration (about 80 wt%).
SOs; dissolved in water and hydrated to form H»SO4. There is another strong acid, HCI that is also
being removed. The other reason is because nearly all the water evaporated during the quench. The
flow is less than 1000 kg/hr (30,000 kg/hr quench water was added). This is the initial calculation
output, and will not be the steady-state condition, because a portion of the quench water is recycled.

v" Add a callout to the Quenched Flue Gas and bring in the variables SO3 and HCI from the
Vapor category and remove pH.

Search Filter Selected Variables
Move Up Mowve Down
A Stream Parameters ~ Temperature
+- Phase Flows ;g:;su;e
L. . - Vapor
2 Phase Fraction HC - Vapor
- Thermodynamic Properties
+- Liguid-1, True (Speciated)
+- Solids

- V_:ipor
e A

v Click OK to accept the changes and close the window
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Quenched Flue Gas

T(°C) 105.6
P (barg) 01
503 Vap (ka/hr) 372414e-5
HCI Vap (ka/hr) 137712
Quenched

Flue Gas

Flue Gas

Quenched
Ash Quench

Sprayer | Liquid
Quench Water

The SO3 is absorbed, but the HCI is still in the gas phase. Thus, the quench water flow and
composition has not removed all the strong acids. For now, we can increase the quench water flow
rate to see if the HCI can be absorbed.

v" Change the Quench Water total flow to 50000 kg/hr and recalculate.

Quenched Flue Gas Quenched Liquid
T(°C) 65.7563 T(°C) 65.7563
P (barg) 0.1 P (barg) 0.1
SO3 Vap (kg/hr) 1.12574e-11 pH -1.70403
HCI Vap (kg/hr) 13.706 Mass Lig1 (kg/hr) 1615.55

This did not seem to help, why not. The short answer is this: nearly all the water evaporated, and the
remaining water is insufficient to absorb the HCI. The positive is that now the quench flue gas
temperature is down to 66 °C.

v' Change the Quench Water total flow to 70000 kg/hr and recalculate

Quenched Flue Gas Quenched Liquid
T (°C) 52.8697 T(°C) 52.8697
P (barg) 0.1 P (barg) 0.1
S03 Vap (kg/hr) 1.10098e-17 pH 0.335337
HCI Vap (kg/hr) 0.0799348 Mass Ligql (kg/hr) 15745.2

A threshold is passed. A substantial fraction of the input water remains a liquid, and the HCI vapor
decreases by about 20x.

Add the Mix tank and caustic feed
v' Add a Manipulator block and label it Caustic Valve. Place it above the Quench Sprayer.

v Add a Mixer and label it Mix tank
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v Add four streams, label them as shown in the figure below.

Bottoms
Split

Added
caustic

& M
Caustic Caustic
Wave

Recycle

Mix tank

Makeup gg—oo
VWater

Figure 12-1- Caustic Mix section

Enter the stream compositions from the table below.

10% Caustic Makeup Water Bottoms Split
| Definition  &I<TE1E Germ Calculated o, Definition  [R&IE Gene
Parameters Parameters Farameters
Temperature (*C) 230 Temperature (°C) 25.0 | Temperature (°C) 23.0
Pressure (barg) 0.1 Pressure (barg) 0.1 || Pressure (barg) 0.1
Total Flow (kg/hr 1.0 | Total Flow (kg/hr 1.0 | Total Flow (kg/hr 50000.0
Inflows (mass %) Inflows (mole %) Inflows (kg/hr)

H20 90.0 ' H20 100.0 || H20 50000.0
co2 00| coz 0.0 | CO2 0.0
S02 00| so2 0.0 || 502 0.0
M2 0.0 N2 0.0 || N2 0.0
02 0.0 02 0.0 || 02 0.0
NO2 0.0 No2 0.0 || NO2 0.0
S03 0.0 s03 0.0 || 503 0.0
HCI 0.0 HC 0.0 || HCI 0.0
HF 0.0 HF 0.0 ||HF 0.0
Ar 00| Ar 0.0 || Ar 0.0
co 00 co 0.0 || CO 0.0
ash 0.0 ash 0.0 | ash 0.0
Hg 0.0 Hyg 0.0 ||Hg 0.0
NaOH 10.0° NaOH 0.0 | NaCQH 0.0
Total 100.0 Total 100.0 | Total 50000.0

Figure 12-2 - Stream Compositions for the caustic mixer section
Calculate
Add a callout to the Recycle stream and add the Mass Ligl variable

| Re&}"cle

T{*C) 25.0
F (barg) 0.1
pH 069044
Mass Lig1 (ka/hr) 50002.0
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Add the scrubber

Add the Absorber block to the case, label it Scrubber

Enter the settings from the table below

Specifications Scrubber
Calculation Method | Equilibrium
N. Stages 4
Condenser No
Reboiler No
Pressure — Stage 3 | 0.05 barg
Pressure — Stage 1 | 0.1 barg

Link the Recycle stream to Feed, Stage 4 inlet and Quench FG to the Feed, Stage -1 inlet
Add two additional streams, Clean Gas and Scrub Bottoms

Calculate

Add the Scrubber Bottoms callout, and show the Mass Ligl

Scrub Bottoms

T(*C) h2.4749
P {atm) 1.0887
pH 242924
Mass Lig (kg/hr) 515723

Add the Flow Splitters

Add two splitters to the case, label them Bottoms Splitter and Quench Splitter
Link the scrubber bottoms to the splitter inlet.

Link the Bottoms Split to the Bottom Splitter outlet

Link the Quench Water to the outlet of the Quench Splitter

Add two new streams, one linking the bottoms splitter to the quench splitter (label it blowdown), and

the quench splitter outlet (to waste)
ash (Ash}i
Bottoms
Split

Ccru
Bottoms

Bottoms Splitter

Blowdown

To
waste

Quench
Splitter Quench

Water

Set the Scrub Bottoms as the Tear stream: Right-mouse-click on the stream and select Set Tear

Flowsheet ESP Training Manual Ver-1 Caustic Scrubber e 8-13



‘S_h-/ |
cru

Bottoms Cut Ctrl+X
Copy Ctrl+C
Delete
Add Callout

Wiew Strearn Report

Set Tear Stream

Set the split fractions for each unit. Use the following screens

Outlet Fraction Qutlet Fraction
Bottoms Split 0.92 Quench Water 0.9
Blowdown 0.08 To waste 0.1
Figure 12-3 - Split fractions for the Bottoms Splitter (left) and Quench Splitter (right)
Calculate

The simulation failed to converge, Please consult the output
windaow for details.

How to fix the simulation so that it converges

The case fails. The reason may not be clear, and so the first step is to investigate.
Add callout tables to Bottoms Split and Quench Water and include the Mass Liquid-1.

[ Elnttnrrl?ls Split Quench Water

T(*C) 52.474 T(*C) 52,474
F (barg) 0.100004 P {(barag) 0100004
pH 242924 pH 242924
1Hass Lig1 [k:gs'hrj:'_‘ 47446 .5 Mass Lig1 (kg/hr) 37T13.21

A few things to notice immediately:
e The quench water flow is <4000 kg/hr compared to the initial run of 50,000 kg/hr
e Consequently, the Quenched Liq pH is negative again.

e The tower failed on the first pass (see the Output tab for this). As a result, the simulation
never got past the first pass

e Lastly, and most importantly, now that the Bottom’s Split and Quench Water have been
converted to internal streams, they are no longer an external source of water (80,000 kg/hr
together).

Solutions:
We converged the case before the recycles. It’'s not obvious what in the change caused the case to
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fail, except that there is clearly no more water entering the system.

The first potential solution is to simply find a different external source for the 80,000 kg/hr water. The
obvious choice is the makeup water stream.

The first step to resolving the problem is to increase the external flow rate.

Change the Makeup Water flow rate to 80000 kg/hr

Makeup Water

Calculated Gene
Parameters
Temperature (°C) 25.0
Pressure (barg) 0.1
Total Flow (kg/hr) 80000.0

calculate

the case converges, in large part because an enormous amount of water is entering the tower. If
you view the Convergence Monitor, you will see that many iterations were required to achieve final
steady-state. Each iteration requires a column convergence, and so we can conclude in this case
that adding excess water is a pathway to convergence.

<Automatic > o Plot Variable | Max ErrTal
1000
100 =
o
o
]
I 0
=]
&
2
= 0
-100 Tl =
y
-1000
12 14 16 - Mumber of terations 36 38 40

We can also see that the Quenched FG contains a small amount of HCI, indicating that there is
sufficient quench water available.

Add the Clean Gas callout and include the Vapor components, HF, Hg, NO2, and SO2 .

Change the vapor units to mole%

Flowsheet ESP Training Manual Ver-1 Caustic Scrubber e 8-15



a =

=
Clean Gas

T{*C) 51.554
P (barg) 0.0500036
HF Yap (mole %) 114222 e-4C
Hg Vap (mole %) 1.21988e-6
MOZ Vap (mole %) 0.0555188
1502 Vap (mole “.-ﬁj:n 0.2??435'_

The SO2 concentration in the vapor is about 300 ppm, which is no different from the Flue gas. Thus,
the purpose of the scrubber is not achieved. This is because the pH is too low, and molecular SO2
is not sufficiently soluble in water. It needs to be ionized to HSO3-1, which is achieved by adding an
alkali, in this case NaOH.

Documenting and updating the existing convergence

There are several variables worth documenting before taking the next step. They provide a reference
point for optimizing the process.

Document the following variables from your case

Stream Variable Value
Clean Gas SO2Vap | Mole% | 0.28
Clean Gas NO2 Vap | Mole% | 0.056
Scrub Bottoms | pH 2.4
Quenched FG | HCI Vap Kg/hr | 0.069
Quenched Lig | pH 0.38
Recycle pH 2.46
Recycle Mass Ligl | Kg/hr | 1.03e6
Quench Water | Mass Ligl | Kg/hr | 7.47e4

The other step to take is updating the recycle streams so that the calculations proceeds more swiftly.
Access the Process panel by clicking on any white area in the flowsheet.
Select Restart Option and click on the Update button.

Process

< Back Process
General

General

Process Options

i Update restart/guess values
Optional Proper... b4 P e Restart Values Updated *
Recycles »| | Usethe options below to update t
Restart Options 3| | initial state of recycle streams or
Maolecular Conw... > l:l:ulntrollers to the last calculated o Restart values were updated for the stream.
values,
Lig-2 Key Comp... >
Calculation Aids b Recycle Streams
Block Calculatio... Edit Scrub Bottoms Update

Adjusting the Caustic (NaOH) flow

Click on the Caustic valve and change the Factor, Flow to 10

Scan the documented variables, and see if there are substantial changes. Use the Clean Gas SO2
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Vap or the Scrub Bottoms pH.

The changes are negligible, and so the NaOH increase was not sufficient
Change the Caustic Valve Factor, Flow to 100, and monitor the Clean Gas SO2 Vap for changes

There is still no change in the SO2 Vap but the Scrub bot pH is increasing.
Once again, change the Caustic Valve Factor, Flow to 1000, and if necessary 10000 and 100000

At 100000x the SO2 Vap reaches zero (effectively). The optimum multiplier, is somewhere 10000
and 100000 x.

Obtaining an optimum caustic addition
The continued manual changes to find an optimum is workable, but tedious. A better solution is to
scan over this range. The Sensitivity Analysis is the best tool for this
Add a Sensitivity Analysis from the Analysis menu item
Add a new sensitivity parameter with the following specs
LB Monitored Variables

Edit sensitivity parameters.

austic Vave: Factor, Fow; 10000.0 to 1.0e5in steps of 5000.0 Add

Remove

Define selected sensitivity parameter.

Blodk Caustic Vave V

Block Parameter Factor, Flow w

Starting Value 10000.0
@ Increment 5000.0

() Steps 18

Set the monitored variables to the following (use the Select Components button to access the
component list)

Parameters nitored Variables

Edit monitored variables.

All Streams: Basic Parameters Add

Remove
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. . . [(IMz0H. 5H20
Define selected manitored variable. [JMNaOH. 7H20

|:| 2MalH. 3Na2504
Stream Clean Gas w [(MaCH.Na2s04
Variable Type Composition, Apparent (Moleaw ~ | Select Components I [Joz

[0z

[Jso3

Calculate the case and view the SO2 exiting with the Clean Gas using the Plot tab

The SO2 decrease is linear with Caustic factor flow up to about 50000x. beyond this, the impact of
additional caustic on SO2 removal decreases. Thus, it is reasonable first step to set the factor flow
to 50,000x for now. It may not be the optimal, but it is at least the start for optimizing.

7000

6000 \;0—802, Apparent, Clean Gas (kg/hr)

5000

4000

Mass (kg/hr)

w
o
o
o

2000

1000

0
10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Factor, Flow, Caustic Vave

Factor Flow is directly related to the 10% Caustic rate, but there is no compelling reason to do the
math. Instead, the rate of 10% caustic should replace this variable.

Click on the Select Data button, select the Added Caustic stream, and add the variable Mass to the
x-axis (it reads Mass, Added caustic).

ID Sensitivity Parameters

(®) Stream Varizbles Added caustic w W-Axis:

[+- Stream Parameters Mass, Added caustic
- Phase Flows
- Moles, True - Liquid-1 Y1-Axis:
‘- Moles - Solid

- Moles - Vapar

[=]

|SD2, Apparent, Clean Gas
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7000
e

6000 —.—\3\(22, Apparent, Clean Gas (kg/hr)

5000

4000

Mass (kg/hr)

3000
2000

1000

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Mass, Added caustic (kg/hr)

Testing for the optimal water content

The Mass rate of 80000 kg/hr makeup water is based on getting the column to converge. It may not
be the optimal rate. Once again, it is worth surveying over this variable to see if less water can be
used while achieving the same SO2 removal.

Parameters

Manipulation Type Total Fluwﬂ

Set the Caustic Valve Factor Flow to 50000 - " 2¢t" Flow 30000.0

Add a new Manipulate block to the case and label it Water Valve.

Link the Makeup water to the Water valve inlet and add a new outlet stream from the valve to the Mix

. I .@ Added Mix tank
Wareup Water Water
tank. Label that stream Added Water - “ater Valve

Return to the Sensitivity tab and uncheck the Caustic Valve box - |[ ICausticVa, It's not needed for this
next study.

add a new Sensitivity Parameter

Set the parameter specifications to that shown in the images below

Edit sensitivity parameters.

Wl_zustic Vave: Factor, Flow: 10000.0 to 1.0e5 in steps of 5000.0
| Water Valve: Factor, Flow; 2.0 to 0.5 in steps of -0,25
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Define selected sensitivity parameter.

Block Water Valve W

Block Parameter Factor, Flow -

(®) Increment -0.25

(::l Steps

o

Calculate

Notice that we’re surveying in decreasing flow. This is because we're aware that excess water will
not cause the column to fail, but insufficient water will. So, we’re assured of seeing sufficient amount
of results before. (in early versions of Flowsheet, the survey may proceed in increasing order).

900
800 —8—S02, Apparent, Clean Gas (kg/hr)

700

600

Mass (kg/hr)

500

400

300
0.5 0.7 0.9 11 1.3 15 1.7 1.9

Factor, Flow, Water Valve
Once again, factor flow is not the desired variable. The variable of interest is the added water.

Change the x-axis to be the Mass of the Added water stream.

() sensitivity Parameters

(®) Stream Variables Added Water ~ X-Axis:
[ Stream Parameters | — | Mass, Added Water
[ Phase Flows

Moles, True - Liguid-1 ¥1-Axis:

i Males - Solid
i Moles - Vapor

|SO2. Apparent, Clean Gas
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900
—8—SO02, Apparent, Clean Gas (kg/hr)
800

700

600

Mass (kg/hr)

500
400

300
30000 50000 70000 90000 110000 130000 150000 170000

Mass, Added Water (kg/hr)

The SO2 reduction is linear with the inlet water up to about 100,000 kg/hr. it decelerates more
gradually beyond that.

Summary

The purpose of this chapter was to describe how to create a scrubber unit, and how to troubleshoot
it, if the case fails to converge. Lastly, by using the sensitivity analysis, a range of optimal conditions
can be found. In this case, makeup water up to 90,000 kg/hr and up to 50,000 kg/hr of 10% Caustic
would be sufficient to remove the SO2 and other acid gases from the flue.

The split fractions in the Bottoms splitter and the Quench splitter were not optimized. It is possible
that the water and caustic use can be reduced by modifying these flow splits. The user is encouraged
to look at these variables.
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Chapter 13 Coal Boiler Flue Gas
Scrubber

The Application

The following case studyis a limestone flue gas scrubber. Coal-fired boiler flue gasis quenched and sentto
the scrubber where it mixes with wetlimestone and air. Sulfurdioxide is neutralized and oxidized toform
sulfate, which precipitates as calcium sulfate. These solids are then separate inasettler.

Stack

3-Fresh MU Water Scrubber

. ol Discharge
ar * s Eorunner -
* ™ gz bottoms
2-Limestone Flug Gas rubber Settler
UEnChe
Gas
Scrubber Scrubber "
Reactor Drum Sludge
™ e
Gas Bowdown
. | ’ ]
requench
Water T Quench

Thisis the baseline case. It will be expandedtoincludeadditional solid-liquid separation units, process
controllers, recycles and a more complex flue gas composition.

Creating the Chemistry Model

Creating and saving a new file
v’ Start Flowsheet ESP.

The software will open with an emptyfile.
v" Save this empty file with the name: Coal boiler Flue Gas — Baseline Case.
Adding Chemistry to the Model

Whenyou start the software, the defaultview is the Flowsheet tab. Since thisisanew case thefirststepis
to create the chemistry model usedin the case. Therefore, you need to startinthe chemistry tab.
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v" Click on the Chemistry tab.

The Databanks sub-tab appears firstfor new case. This is because the thermodynamicframework (basis)
and additional database(s) should be set beforeany components are added. This eliminates potential
problems later.

v" Change the Thermodynamicframework to MSE(H30+).

4 Flowsheet” Chemistry x| Report-1| Report-2 | Report-3

Inflows  QEIEIELERTCRY  Phases Redox Kinetics T/F Span
Thermodynamic Framework MSE (H30+ Ion) ~
Databanks:

MSE (H30+ ion) (Required) Add ~

~
m
=]
m

v" Clickon the Inflows sub tab.

v Enter the following seven componentsinto the Inflows grid:

N2 SO2
02 CaCO3
CO2 SO3
Ar
Databanks Phases Redox Kinetics
Inflows
H20
M2
02
ca2
Ar
502
Cal03
503
[ A ramber E

Building the process

Preparing the Flowsheet Units

Changing the global units to English-MassFraction

The default Flowsheet ESP units are Metric-flowing-Moles. This particularcaseisa US coal-fired power
plantthat uses English units, and so the units require modification. The global units set willbe changed
from Metric to English and then specificunits need to be changed, such as switching from hours to minutes.

3 .9 ] u

-

q Flowsheet | Chemistr

v" Clickon the Flowsheet tab -

x]
o3
mr

v Clickon the Units Manager button in the Toolbar
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v" Change the Units set from Metric to English.

v" Confirmthat Mass Fraction isselectedin the third drop down button. If not, then
changeit.

b
!
5 |Metric w Flowing
!
\
!
!
|
|

Mass Frac, L

Customize...
v" Click on the Customize button to open the Units Editor.
v" Make the following changes.

Variable Basis or Unit

Steam Amount Volume

Total Composition Mass

Volume gal/

Mass Fraction Mass%

Mole Fraction Mole%

Time (Parameter tab) min

Edit Units - Oxidized Flue Gas ? *
Compesition  Parameters
Variable Basis Units
Inflow variables
Stream Amount Yolume gal/min
Inflows Mass Fraction mass %
Qutput variables
Agueous Compaosition Mass Fraction mass %
Vapor Composition Mass Fraction mass %%
Solid Cormposition Mass Fraction mass % . . . ”
2nd Liquid Composition Mass Fraction mass % Edit Units - Oxidized Flue Gas : >
Total Composition Mass Ib/min
Basis options

Males lbmol/min Composition Parameters
Mass Lb/min Variable Units ‘
Volume .
Concentration mg/L e aihe F .
Meolar Concentration rnol/L Pressure psia
Mass Fraction mass %
Mole Fraction maole % Time min

Some streams are all vaporor all liquid, and several are mixed phase. Depending on the situation, vapor
streams use both scfm & ppmV and liquid streams use both gal/hr & mg/I. The general changes you made
here will require individual modifications later for specificstreams.

v" Press OK to close the Units Editor window and OK again to close the Units Manager.

External Inflows

Creating the external inflow streams
The baseline case contains five external streams representing the flue gas, quench water, oxidizing air, wet
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limestoneand makeup water. You will start the case by adding these streams. Then you will create the
process blocks.

v" Clickon the Add Stream buttonin the Toolbar.

v" Clickanywhere onthe flowsheet. Thiswill activate the stream build action. Clicka
second time to set the end of the stream.

The Add Stream action remains active until the Esckey is pressed oranotherToolbarbuttonis selected.
Since the Add Stream s still active, we can create the remaining streams.

v' Create fourmore streams.
Pressthe Esc key to deactivate the stream build action.
Double-click on one of the streams to editthe Stream name.

Label the first stream 1-Flue Gas.

NN

Label the remaining streams 2-Limestone, 3-Fresh MU Water, Prequench Water, and
Air.

Entering the stream compositions

The table below contains the inflow composition for each of the five streams. Notice that the units for
flowrate and composition are different in some cases. You will therefore edits the stream’s units before
enteringthe data.

Property 1-Flue Gas 2-Limestone 3-Fresh MU Water | Prequench Water | Air
Temperature (°F) 330 68 68 70 70
Pressure(psia) 14.696 14.696 14.696 14.696 14.696
Stream Amount 1280 Mft3/min 79.2 gal/min 105 gal/min 481.7 gal/min 34110 ft3/min
Inflows mole % mass % mass % mass % mole %
H20 10.53 66.6 100 100 2
N2 715 76.4
02 10 0 0 0 20.6
C0O2 7 0 0 0 0.04
Ar 0.9 0 0 0 0.9
S0O2 0.0697 0 0 0 0
CaCo3 0 334 0 0 0
SO3 0 0 0 0 0
._FnFlua_.
2-Limestone
3-Fresh MU Water
Prequench
Water
*r—»

Air

As you enterthe stream compositions, you will see warnings about the composition not equaling 100%.
Thiswarning appearsinthe Error tab at the bottom of the screen and as red textin the Total row of the
Properties panel. However, an exact 100% sumis notrequired and the software will function normally. The
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warningis provided as a reminderto check the composition.

Flue Gas composition

v Clickon the Flue Gas stream to access its Properties panel.
Click on the Stream Amount units link to open the Units Editor.
Change the Volume row from gal/min to Mft3/min.

Change the Inflow row from Mass Fraction to Mole Fraction.

NN

Enter the data from the above table.

1-Flue Gas
| Definition | Calculated Gen
- Parameters
Temperature (°F) 3300
Pressure (psia) 14.696
Stream Amount (Mft3/ 1280.0
- Inflows (mole %)

H20 10.53
N2 729
02 a6
Co2 7.0
Ar 0.3
502 0.0697
CaCo3 0.0
503 0.0
Total 99,9997

Remaining external streams

v" Repeatthisstepforthe remainingstreams, remembering to modify units for Stream

Amountor Inflows where necessary.

2-Limestone 3-Fresh MU Water

Prequench Water Air

Definitic Calculated Ger B I Calculated Sl Definition el TEIED Gen Dl Calculated Gen
= Parameters = Parameters = Parameters - Parameters
Temperature (“F) 88.0 | Ternperature (°F) 58.0 || Temperature (*F) 70.0 | Temperature (°F) 70,0
Pressure (psia) 14.896 | Pressure (psia) 14,896 ||| Pressure (psia) 14,696 | | Pressure (psia) 14,696
Stream Amount (g T9.2 | Stream Amount (g 103.0 || Stream Amount (g 481.7 | | Stream Amount (f 341100
< Inflows (mass %) e Inflows (mass %) = Inflows (mass %) = Inflows (mole %)
H20 66.6 | H20 100.0 ||| H20 1000 | |H20 20
M2 0.0 [ N2 0.0 | (| N2 00| [Nz 76.4
02 0.0 |02 0.0 ||| 02 00| (o2 206
co2 0.0 (CO2 0.0 | (|02 00| |coz 0.04
Ar 0.0 | Ar 0.0 ||| Ar 0.0/ [Ar 049
502 0.0 |s02 0.0 ||| s02 0.0 [so2 0.0
CaCo3 334 | CaC03 0.0 ||| CaCD3 0.0 | cacos 0.0
503 0.0 (503 0.0 || 503 0.0 | so3 0.0
Total 100.0 | Total 100.0 | Total 100.0 | Total 099,04

Flowsheet ESP Training Manual Ver-1

Coal Boiler Flue Gas Scrubber ¢ 13-5



Process Blocks

Adding a Quench Sprayer
There are four unitsin this baseline process: the Quench Sprayer, the scrubber (splitinto two units) and the
settler. These unitsare linked in series and willtherefore be created in flow order.

The Quench Sprayeris simulated using an adiabatic gas-liquid separator. There are two inlets, the fluegas
and the quench water. The separatorsimulatesthe complete mixing of gasand liquid in a single stage.

v" Clickon the Separatorobjectinthe library and drag itto the lowerleft of the window.
e,

Separato
Label the object Quench Tank.
Connectthe 1-Flue Gas and Prequench Waterstreams as feeds to the tank.

Click on the Add Stream button to activate the Stream action.

NSERNER NN

Add new streams to the Quench vaporand Liquid outlets (the liquid outletis atthe
upperright).

\

Deactivate the Add Stream action using the Esc key.

<\

Double-click on each stream individually to rename them Quenched Gas and Quench

Blowdown as shown.
Quenched
Gas I

— p—
1-Flue

Gas Quench
b Bowdown

*req uench
Water T Quench

Tank

Calculate andreview results using Callouts
v Calculate the case — it should converge in seconds.

v" You will see apop-up with several warnings. Press OK to close thiswindow.

You will use the Callout tables toreview the results. These are customizable tables adjacentto aflowsheet
object containing user-selected information.

v Right mouse-click onthe Quenched Blowdown stream and select Add Callout from the
dropdown list.
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Quenched
FG

Cut Ctrl+X
T Ctrl+C
Delete

uench Sprayer Add Callout
Set Tear Stream
Edit Units

Figure 13-1 - The Add Callout action item

The defaultsettingisforthe callouttodisplay the temperature, pressure, and pH. We are interested in pH
(toseeifany strongacid is present) and also the stream flow. That flow is not present, andso itwill be
added next.

v" Double-click onthe callouttable to activate the Select Variable window.
v/ Expandthe Phase Flows section.

v' AddVolume Liglto the Selected field and then press OK to close the window.

[m] 0O m|
Quench Bowdown

T (°F) 133.235

oF (psia) 145960

pH 283782

“olume Lig1 (galmin) 135.383

m] [m] [m]

The quench blowdown flow is 135 gpm. This comparesto the Prequench Waterflow of 482 gpm. The
difference is evaporation. Note the outlettemperature is 133 F, representing evaporative cooling of the 330
Finletflue gas.

Adding the Scrubber Reactor

The Scrubberreactor represents the mass-transfer-limited and kinetic-limited oxidation elements of the
overall Scrubbing process. Oxidation-Reductionis one of the standard OLI calculations, and these REDOX
reactions are assumedto reach equilibrium. SO2 oxidation, however, does not reach equilibrium. Rather,
there are mass-transferand kineticlimitations. The specificmechanism for both limits are not known here,
and so simulating these reactions mechanistically is beyond the scope of this case. Youwill, therefore,
estimate SO2to SO3 oxidation using a conversion fraction. Accordingto plantdata, SO2 removalisabout
95%. Thiswill be the conversionvalue.

v" Clickon the Reactorblockin the Library.

U
Reactor
v" Dragit to the upperright of the Quench tank.
v' LabelitScrubberReactor.
v" Linkthe Quenched Gas stream to the inlet of this block.
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v Linkthe three otherexternal streams you created earlierto this block: 3-Fresh MU
Water, Air, and 2-Limestone.

v" Clickon the Add stream button and add an outlet stream to the Reactor block.

v" Label this stream Oxidized Flue Gas.

3-Fresh MU Water
Air >————

2-Limestone

IIZE
Flue Gas

Scrubber
Reactor

-—
1-Flue

Gas

requenc

Water Quench Bowdown

Tank T (*F) 133235
P (psia)} 14 696
pH 2.83762
Wolume Lig1 (gal'min) 135.383

v" Clickon the ScrubberReactorblock to access the Properties panel.

Thereisa section called Reactor Properties. It contains two entries, Reactor Type and Reactions. There are
three reactortypes, Kinetics, Stoichiometric Conversion, and Gibbs. You will use the Stoichiometric

Conversion.
v' Change the Reactor Type to Stoichiometric Conversion.

v" The Reactions properties now appear.

Scrubber Reactor Reactor

General
e Inlets

Feed 3-Fresh MU ... ||
Feed Air [v]
Feed 2-Limest0neﬂ
Feed Cuenched ... ﬂ
Feed ﬂ
o Qutlets

Output Oxidized Flue ...
= Reactor Properties
Reactor Type Stoichiomet...ﬂ
Reactions >

Thisinstructs the software thatyou will create achemical reaction and that the extent of the reaction will
be fixed by a conversionvalue. That conversionvalue will be specificto a reactant, in this case the 95%

conversion of SO2.
v Clickon the Reactions button.
v Clickon the Editlink to open the Reaction Editor.
v Clickon the Add button.

The top fieldisempty. The following reaction willbe addedto it: SO2 + 0.502 = SO3
v Enter the above reactioninthatfield. Be careful to use the appropriate syntax and
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symbols. You can also use the available speciesin the list provided in the Editor.

Edit Equation

Type an equation using OLL Tags in the field below.

You can double-dick on an item in the list of available components to add it to the equation,

FOZ2 +0.502 =503

v When completed, press OK to close the window.

The Main Reaction Editor contains two settingsin the center of the window, Key Reactantand Conversion
fraction.
v' Setthe Key reactantto SO2.

v" Setthe Conversionfractionto0.95 and press OK.

Edit Reactions *

Select a reaction from the list below or add a new one:

..

Remove

Key reactant 502 o

Conversion fraction 0.95

Extent of reaction (Conv. fraction | Stoich. coeff. of key reactant): 0.95

The Reactor is complete and the partially-completed case is ready for a test calculation
v Calculate.

Comparing the SO2 flow upstream and downstream of the Scrubber Reactor
v' Right-mouse-click onthe Quench Gas stream and select Add Callout.

Double-click onthe Callout table to openthe Variables window.
Expandthe “MBG Totals, Combined” category.
Add S(+4) to the selected list.

ASEENEE NN

Remove the Pressure and pHvariable from the Selected list.

Quenched Gas
T (°F) 133.235
S(+4) (Ib/min) 48 5437
Repeatthese stepsforthe Oxidized Flue Gas stream.
v" Right-mouse-click on the Oxidized Flue Gas stream and add the Callout.

v" Double-click onthe callout to openthe Variables window.

v" Openthe “MBG Totals, Combined” group and add S(+4).
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v Remove the Pressure variable and close the Variables window.

M Dxidizeﬁlue Gas 1
T (*F} 132.487
Oy g.3238!
S{=4) (Ib/min} 247718

The S(+4) amountin the Quenched Gas Oxidized is twentytimes greater than the Oxidized flue gas, and
consistent withthe ratio expected. Thisisthe scale expected fromthe conversion reaction settings.

Adding the Scrubber drum
The nextstepisto add the main scrubbervessel. Thisvessel will separate the vapor, liquid and solid
phases.

v Clickon the Separatorobjectinthe Library and drag it to the right of the Scrubber
Reactor.

Label the object Scrubber Drum.
Connectthe Oxidized Flue Gas stream to the feed of the drum.
Addtwo new streams tothe Vaporand Liquid outlets.

Label the vapor stream Stack.

N NN

Label the liquid stream Scrubber bottoms.

R —Soeer ™
Flue Gas bottoms
h

bber
ctor Scrubber
Drum

The reactions were completed in the previous block and so this blockis added to separate the resulting
phases.

Add the solids Settler
The last objectin this base case isto add the settlerunit.

v" Clickon the Settlerobjectinthe Library panel and drag it to the right of the Scrubber
drum.

Label it ScrubberSettler.
Link the Scrubber Bottoms stream to the settlerfeed.

Add two new streams to the two settler outlets.

D N N NN

Label the bottom outlet stream Sludge and the right outlet stream Scrubber Discharge.

P

Scrubber
Discharge

Scrubber
Settler
Sludge

v Clickon the Settlerto access the Properties window.

SCrubber -

botioms
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v" In Parameters, click on the Edit window.

\

Change the Flow Basis to Mass.

v' Enterinthe Liquid Splitsection, enter 0.8 for the Effluent Stream — Scrubber Discharge
splitand press Enter.

When you press Enter, a value of 0.2 will be added automatically to the the Solids Stream —Sludge.

v Inthe Solids Split section, enter 0forthe Effluent Stream —Scrubber Discharge and
pressEnter.

Edit Split X

Specify the flow splt between the two outlet streams.

To spedify the averall split, enter the fraction of the total phase flow for each stream.
Alternatively, enter the flow rate for one of the two streams.

‘You can override the flow split of spedific solids going to the solids stream in the 'Spedific
Solids Split’ tab.

Flow Basis: (CIMoles (®) Mass () volume

Overall Split | specific Solids Split

Liquid Split Fraction Flow (lb/min)
Effluent Stream - Discharge 0.2
Solids Stream - Sludge 0.2

Solids Split Fraction Flow (lb/min)

Effluent Stream - Discharge

==

— o

Solids Stream - Sludge

v" Close the window.
v" Calculate.

Reviewingresults using the Callouts tables
v" Adda callouttable tothe Scrubber Discharge stream.

v" Addthe variable “Volume-Liquid 1” to the Scrubber Discharge table (in the Phase Flows
category).

v" Adda callouttable tothe Sludge stream.
v" Addthe followingvariables tothe Sludge streamtable:

Phase Flow Category | Solids Category

Mass Liquid-1 CaCO3 (calcite)
Mass Solid CaS04 (anhydrite)
Volume Liquid-1 CaS04.2H20 (gypsum)

Volume Solid
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Sludge

T (°F) 132.487

P (psia} 14558

pH 5.3236

Mass Lig1 (lb/min} 270.5908

Wass Solid (Ib/min) 326.681

Dizcharge ‘olume Lig1 {galmin) 327719

T [°F) 132.467 ‘olume Solid (galimin) 136936
P (psia) 14.696 CaC03 (Calcite) Solid (mass %) 39.3184
pH 5.3235 CaS04 (Anhydrite) Solid (mass %) 606816
“olume Lig1 (gal'min} 131.087 CasS04.2H20 (Gypsum) (mass %) 0.0

The Scrubber Discharge liquid rate is 131 gpm, and 33 gpm liquid exits in the Sludge. The liquid flow
fraction was set to 80%, and this4:1 liquid ratiois observedinthe Callouttables. The sludge solids mass
rate is 327 Ib/minandthe liquid rate is 270 Ib/min. Thisisa 45% water retention. The sludge will be
dewateredinalaterchapter.

Lastly, view the solidsformed. Ofthe 327 Ib/min solids formed, 128 Ib/minis unreacted calcite. You will
compare thisvalue to the initial amount of limestone added.

v" Adda Callouttable tothe 2-Limestone stream.

v' Addthe Mass Solid variable to the Callouttable.

i 2—Lim|ejstnne B
T (*F}) 3.0
of (psia) 14,686
pH 10.0507
Mass Solid (Ib/min) 2759.291
o o O

Thereis 279 Ib/minlimestone (calcite) added to the scrubber. Therefore, about 50% of whatis added did
not react. Itispossible tooptimizethe limestone addition and reduce the amount of sludge formed. This
will alsobe donein a later chapter.

Below is what your flowsheet should look like at this point. Save yourfile and we can move to the next
chapter.

Summary

This chapter introduces the basicscrubber process. Flue gas isquenched andsenttoa scrubber. The
scrubberissplitintotwo sections, areactor and separator. A Reactorblock simulatesthe rate/mass
transfer-limited SO2 oxidation step. A separator block then removesthe vaporphase. The extent of
oxidation can be modified within the Reactor block. The downstream settler block then separatesthe
calciumsulfate fromthe discharge water. The fraction of waterthat isentrainedinthe solids vs discharged
isset here.

In the next chapter, you will modify the processtoinclude adewatering system and a watersoftening
reactor.
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2-L —
TCF) 53.0 ']_'; Oxidized Flue Gas i]_"

F (psia) 14698 TCF) 132.467)
pH 10.0507] ji : 6.3236]"
WMass Solid (Ib/min) 279.291 S(=4} (bmovrmin} .

3-Fresh MU Water Scrubber

Air Discharge Scrubber Discharge
* PG T(F) 132,467
2-Limestone Flug Gas rubber Settler P (psia) 14,656
pH 53235
Scrubber SC|S|L—I|?|1D1H Sludge “Volume Lig1 (gal'min} 131.087|
Quenched Gas
TF) [ 133.235 Sludge
S(=4) (bmolimin) | 1.54505 TCF) 132,467
P (psia) 14.596
pH 6.3236|
Mass Lig1 (Ib/min} 270.906
Water Mass Solid (lo/min} 326.661
Tank “folume Lig1 (galmin} 327719
“folume Solid (gal'min} 13.6936
- LLETED ETTATT CaCO3 (Calcite) Solid (mass %) 39.3184
TC F}_ 133,235 CaS04 (Anhydrite} Solid (mass %) B50.6216
P (psia} 14.69 CaS04 7H20 (Gypsum) (mass %) 00
pH 2.83782
Volume Lig1! (gal'min} 135.383|
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Chapter 14 Coal Boiler Flue Gas
Scrubber I

The Application

The following case studyis a continuation of the base case scenario created previous chapter. The base
case scenario contained four process objects; the quench tank, scrubber reactor, scrubberdrumand the

settler.

In this chapter, you will add two additional units, asoda ash softenerand a hydrocyclone/filter p ress. You
will also recycle some of the discharge water back to the scrubberin orderto reduce the amount of makeup

waterused. When complete, the process should look like the following:

Soda
azn
Sz Pl
Cizcnargs
I-Fresn MU Water P L
riermal Sofener
Sofener Segarzior
Safener
Feacior Sofenar
o Shdge

TS » Stniber
e p— |, bomoms

Scruner Sorunner
Feactar Cirum

};‘
g
"
]
+11rr

TR
Supemais
Fecicle

Creating the Chemistry Model

Opening the existing case

v' Openthe case savedinthe previous chapter. If you have not already created it, contact
AQSim forthe work file.

Modifying the Chemistry Model
Thisscenarioincludes asoftening unit. Thisgenerally meansinputs of lime, sodaash and caustic,
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dependingontheinlet stream composition. You will add all three components tothe model, but will only

use soda ashin the simulation.

v Clickon the Chemistry tab.
v" Clickon the Inflows sub tab.

v' Enterthe following three components.

Inflows
Hz20

N2

02

coz

Ar

502
CaC03
503
Cal
Na2C03

Cao

Na2CO3

NaOH

MNaOH

Building the process

Adding the new Units

Create the Soda Ash stream

v" Clickon the Flowsheet tab.

=
v" Clickon the Add Stream buttonintheTooIbar—T Mg &

v' Adda new stream above and to the right of the Settler object —do not attach it to

anything.

v Name the stream Soda Ash.

Entering the stream compositions

The table below contains the inflow composition for Soda Ash.

Property Soda Ash
Temperature (°F) | 77
Pressure (psia) 14.696
Stream Amount 10 Ib/min
Inflows mass%
H20

Cao 0
Na2C03 100
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NaOH

0

SetPhase

Solid Only

Notice thatthe units for flow and composition are different. You will therefore edit the stream’s unit set

before enteringthe data.

v Clickon the SodaAsh stream to access the Properties panel.

v Click on the Stream Amount units link to open the Units Editor.

Stream Arnount (gal/min)

v" Change the Stream Amount from Volume to Mass.

Composition  Parameters

Variable

Stream Amount

Inflows

Basis Units
Inflow wariables
ib/min
Mass Fraction mass %

Qutput variables

v" Close the Unit Edit window and enterthe datafrom the above table.

Soda Ash

-

Calculated
Parameters

General

Temnperature (°F) 770

Pressure (psia)

14.696

Stream Amount (Ib/min) 10,0

=
H20

M2

02

co2

Ar

s02
CaC03
S03
Ca0
MNa2Co3
NaOH
Total

Type

=
Set Phase

Chermistry Model

Inflows (mass %)

©
=1

oo o o

IR =R=1

oo o o

=A== R

i
=]
=1

_.
=

S| o E
S

Mormalization

Prorate ﬂ
Mormalize

Advanced Options

Solid Only |v|
Chermnistry (Default) ﬂ

Eliminating the warnings cause by the compositions not summing to 100%
You created two streams whose composition did not sum to 100%. Consequently, each time the caseis
run, a pop-up window appears warning of thisinconsistency.
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Simulation Completed with Warnings x

The simulation completed, but there were warnings. Please consult the
! output window for details.

The same message is alsoreportedin the Error tab at the bottom of the screen.
Description Object
gﬂ},The sum of all inflows must equal 100.0. Please adjust the inflows or use the nomalization function to comect this emar. 1-Flue Gas
,{ﬂ},The sum of all inflows must equal 100.0. Please adjust the inflows or use the nomalization function to comect this emor. Air

Havinga stream that does not sumto 100% is not critical, since the software will normalize it automatically.
Nonetheless, the software will continue to remind the userthatthisissue is present. To eliminatethis
warning, youwill need to adjustthe composition, which is quite simple.

v Clickon the 1-Flue Gas stream to access the Properties Panel.

= Inflows (mole %)

H20 1053 | <30 0.0
N2 729 Ma2C03 0.0
02 26 MaOH 0.0
coz 70 Total 99,9997
Ar 0.9

S02 0.0697 — Normalization

CalC03 0.0 Type Prorateﬂ
S03 0.0 Mormalize |

v Clickon the down arrow adjacentto the name Prorate inthe Normalization section.

v Mormalization

Type

Makeup with Water

There are two normalization options, Prorate and Makeup with Water. The Prorate will adjustall inflows
by 100/99.997. The Makeup with Waterwill increase the water by 0.0003%. Each approach has its
advantages and disadvantages.

v' Select Makeup with Water.

You will take the same action on the Airstream.
v" Clickon the Airstream.

v Setthe Normalization Type to Makeup with Water.
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1-Flue Gas Air

De il Calculated General e ic Calculated General

| - |

e Parameters = Parameters

Temperature (°F) 230.0 | | Temperature (°F) 70.0
Pressure (psia) 14.606 | Pressure (psia) 14,696
Strearm Amount (Mft3/min) 1280,0 | Stream Ameount (ft3/min) 34110.0
= Inflows (mole %) = Inflows (mole %)

H20 10.5303 || H2O 2.06
N2 729 (N2 76.4
02 8.6 |02 206
co2 7.0 || €02 0.04
Ar 0.9 || Ar 0.0
502 0.0697 || 502 0.0
CaC03 0.0 || CaCa3 0.0
503 0.0 S03 0.0
Cal 0.0 || Ca0 0.0
Na2Ca3 n.0 | | Na2CO3 0.0
MNaOH 0.0 | MaOH 0.0
Total 100.0 | Total 100.0
= Normalization = MNormalization

Type Makeup wit... | | TYPE Makeup wit... ﬂ

Adding the Softener unit

Adding a Flow Splitter to create the recycle stream

The Scrubber Discharge will be splitintotwo streams, arecycle streamand an inlet stream to the Softener
unit. The splitfraction will be setto 50% as a starting point, since it will eventually need to be optimized
using a total dissolve solids (TDS) controller.

v" Clickon the Splitterblockinthe Library and drag it to the right of the Settler.

<

Splitter
Label it Recycle Split.
Link the Scrubber Discharge streamto its inlet.
Addtwo streams to the outlet.

Label the upperstream Inlet to Softener.

SR N NEEN

Label the lowerstream Recycle.

niet 10
Softener

Discharge

Recycle Recycle

Settler Splt

v" Clickon the Recycle Split object to access the Properties panel.
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v" Clickon the Editbuttonin the Parameters section.

v" Change the Flow basisto Volume.

v" Enter Fractions of 0.5 for both outlets.

Recycle Split Splitter

General

- Inlets
Feed Dizchargrzﬂ
Feed ﬂ
- Outlets
Cutput To Softener
Output Recycle Edit Split
Output

Enter the fraction of each outlet to the total or the flow.

Flows will be removed first from the total. The remaining fractions will be normalized.
= Parameters
Outlet Sp lit Edit | Flow Basis: (OiMoles () Mass (® volume

Outlet Fraction Flow (gal/min]

= Advanced Options To Softener 0.5
Chemistry Maocdel Chemistry (Default) ﬂ Recycle 0.5

Add the Softener Reactor section

v Clickon the Mixerobjectinthe Library and drag it to the right of the Recycle Split.

Label it SoftenerReactor.

NSERNER NN

o
Softener

Linkthe Inlet To Softenerstreamtotheinlet.
Link the Soda Ash stream to the inlet.

Add an Outlet stream to the Softener Reactorand label it SoftenerInternal.

Softener
Internal

Softener

—
lecycle

Add the Softener Separator section

Reactor

v" Click on the Separatorobjectinthe Library.

A,

L

Separator

Label it Softener Separator.

Link the SoftenerInternal streamto

ASEENEE NN

Add three new streamsto the block

Drag it to the right of the Softener Reactor.

the Inlet of the Softener Separator.

;to thevapor, liquid-1and solids outlets.
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ANEENEEN

v' Calculate.

Softener
went

Softener
Discharge

oftener
Internal

Softener
Separator
ctor
Softener
Sludge

Click on the Entrainment button.

Setthe Liquidin Solid (g/g) value to 0.4.

Label them Softenervent, Softener Discharge and Softener Sludge, respectively.

Click on the SoftenerSeparator objectto accessits Properties panel.

Add Callouts for the Inlet to Softener, Softener Discharge and Softener Sludge streams

v
v
v
v

Select Variables

Expand Phase Flows and add Volume —Liquid-1.
Expandthe MBG Totals, Liquid-1and add C(+4) and Ca(+2).

Search Filter |

Right-mouse-click onthe Inlet to Softener stream and add a Callout table.

Double-click on the Calloutto openthe Variables table.

| Selected Variables

[#- Stream Parameters
E| Phase Flows
: Males, True - Liquid-1
Moles - Solid
Moles - Vapor

PoMAalan Teoe

NSRRI NN

Select Variables

Close the window.

Mowe Up Mowe

Y Temperature
Pressure
pH
Volume - Liquid-1

CIE: 4—4; - LiEuid—l

Create a Callout forthe Softenersludge stream.

Openthe Variablestable.

Search Filter |

| Selected Variables

[#- Stream Parameters
E| Phase Flows

P -Moles, True - Liquid-1
-Moleg - Solid

-Moles - Vapor

v

Close the window.

Repeatthe above stepsforthe Softener Discharge stream.

Expand Phase flow and add Volume Liquid-1, Mass Liquid-1, and Mass Solid.

Move Dow

- Temperature
Pressure

Errrrr——

Mass - Liquid-1
Mass - Solid

Flowsheet ESP Training Manual Ver-1

Coal Boiler Flue Gas Scrubber Il o 14-7



Review the total dissolved calcium, Ca(+2) inthe Inlet to Softener stream. The sodaash reduced the
dissolved calcium by forming CaCO3 solids that exits with the sludge. Note the liquid contentin the solids to
be sure thatit meets the expected fraction. Thisamount of water exiting with the solids should be small
relative tothe total liquid discharge flow.

Inlet to Softener Softener Discharge Softener Sludge
T(°F) 132475 T (°F) 13458 T (°F) 134.58
P (psia) 14.696 P (psia) 14.696 P (psia) 14.696
pH 6.3236 |pH 9.83414 |pH 9.83414
Volume Lig1 (gal/min) 65.5482 Volume Liql (gal/min) 65.473 Volume Liql (gal/min) 0.0978958
C(+4) Ligl (mass %) 3.36965e-3 | C(+4) Ligql (mass %) 0.164649 Mass Ligl (Ib/min) 0.820835
Ca(+2) Liql (mass %) 0.15171 Ca(+2) Ligl (mass %) 5.84618e-5 Mass Solid (Ib/min) 2.05209

Linking the Recycle stream to the front of the process
v Clickon the Recycle streamand linkitto the ScrubberReactor.

Stack
"
P

—
= -' P Seruboer ™
- UXiizEd bottoms Scrubber

Flug Gas b

Discharge
Recycle
I \"IT'/ Settler Spit
Scrubber Scrubber
Slud
Reactor Drum Sludge
Recycle

v" Clickanywhere on the white section of the Flowsheet so that no objectisselected. This
exposesthe Properties Panel of the Process.

Process
General
= Process Options
Optional Properties
Recycles
Restart Options

Malecular Conversion Wei
Lig-2 Key Component
Calculation Aids

Block Calculation Order Edit

WV W W Vv

v' Clickthe Recycles button and select the Tear Streams button.

< Back Recycle Options

General
[

Tear Stream Selection

Tear Streams Select...

Recycle Options
[l Stream - Recycle
l— Initial Guess >
[ Convergence Options >

v" Clickthe Select buttonto opena window that contains a list of available tear streams.
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v" Highlight Recycle and close the window.

Please select from a list of sugoested tear streams, or spedfy & custom selection:

(®) Suggested
Cxidized Flue Gas
Scrubber bottoms
Scrubber Discharge

v" Clickon the Initial Guess button.
v' View the compositioninthis panel.

This compositionisthe initial guessforthe simulation. Itwill change asthe simulationis converged. Keep
this panel opensothat you can see how it changes with eachiteration.
v Calculate.

Adding the Hydrocyclone to dewater the Scrubber sludge
v" Clickon theFilterblockinthe Library and drag it below the Settlerblock.

——

Filter
Label it Hydrocyclone.
Link the Sludge to theinlet.

Add two streamsto the outlets.

NSERNERNERN

Label the liquid stream Cyclone Supernate and the solid stream Gypsum.

Cyclone

Sludge Supernate

Hydrocyclone

Gypsum

v Click on the Hydrocyclone block to access the Properties panel.

e Parameters
Outlet Split Edit |

v Clickon the OutletSplit Edit button -

AN

Setthe Liquid Splitto 0.8 and 0.2 (see image below); this is 80% liquids recovery.
v' Setthe Solids Splitto0and 1; all solids exitin the Gypsum stream.
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Specify the flow splt between the two outlet streams.

Enter the fraction of the total phase flow for each stream. Alternatively, enter the flow rate
for one of the two streams.

Flow Basis: (® Moles () Mass () Volume
Liquid Split Fraction Flow (Ibmol/min)
Filtrate Stream - Cyclone Supernate 0.2
Solids Strearn - Gypsum 0.2
Solids Split Fraction Flow (Ibmol/min)

Filtrate Stream - Cyclone Supernate

= o

—_ &

Solids Stream - Gypsum

v Clickon the Cyclone Supernate stream and link it to the front of the Scrubber Reactor

dize bottoms Scrubber
Flus Gas Discharge Recycle
Settler Split
Scrubber Scrubber
Reactor Drum
Recycle
Sludge
Hydrocyclone
=] Gypsum
Cycﬁne
o Supﬁnﬁte o

You have now created two recycle streams, Recycle and Cyclone Supernate. Bothreturntothe scrubber
reactor, and both needtobe knowninorder forthe reactor to be computed. Therefore, they both needto
be tear streams.

Alternatively, asingle Tear streaminside the recycleloop canreplace both. Forinstance, if the Oxidized
Flue gasis selected asaTear, thenthe Scrubberdrum is computed first. The otheroptionisthe Scrubber
Bottoms stream. You will change the Tear stream to the Scrubber Bottoms.

Clickanywhere onthe flowsheet to access the Process Properties Panel.
Selectthe Recycles buttoninthe Panel.

Click on the Tear Stream Select button.

NEENEENEEN

Click on the Suggested radio button and highlight Scrubber Bottoms from the list.
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Flease select from a list of suggested tear streams, or specify a custom selection:

(®) Suggested

Owidized Flue Gas
Scrubber bottoms

v' Close the window and calculate.

Summary

A more advanced version of the Flue gas scrubberis simulated. It contains asoftenerunitand
hydrocyclone. Inaddition, someof the supernate is sent back to the scrubberunit. Thisisdone with the
intention of reducing the makeup waterrequirements.

There are several additional tasks required to completethis work. Thereis excess limestoneadded. Only
about 60% addedis used, with the remaininglimestone settling with the sludge volume. A controller can be
used to minimize limestone needs using the discharge pH as the controllersetting. The Makeup wateris
added with nospecified target flow or output. Inaddition, discharge wateris recycled. Therefore, a
controller can be added to minimize makeup waterrequirements by controllingthe TDS or salinity of the
discharge waterexitingto the softener. Lastly, aSodaAsh controller will maximizeitsinflow based on total
dissolved calcium targetsin the Softenerdischarge. These will be done inthe nextchapter.

Appendix — Stream inflow composition

The table below contains alist of three inflow streams associated with lime softening. In this examples
soda ashis used. If youwant to test otheradditives on the softener, then use the following table to add the
lime and 50% caustic.

Property Soda Ash Lime 50% Caustic
Temperature (°F) | 70 70 70

Pressure (psia) 14.696 14.696 14.696

Stream Amount 10 Ib/min 10 Ib/min 10 Ib/min
Inflows mass% mass% mass%

H20 50

Ca0 0 100 0

Na2CO3 100 0 0

NaOH 0 0 50

SetPhase Solids Only Solids Only No Special Cond.
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Lime 50% Caustic
Calculated General l Calculated General .

= Parameters = Parameters
Temperature (°F} 70.0 | Temperature (°F) 70.0
Pressure (psia) 14.696 | Pressure (psia) 14,696
Stream Amount (Ib/min) 10.0 | Stream Amount (lb/min) 10.0
= Inflows (mass %) e Inflows (mass %)
H20 0.0 | H20 50.0
N2 0.0 | N2 0.0
02 0.0 |02 0.0
co2 0.0 | CO2 0.0
Ar 0.0 | Ar 00
S02 0.0 | 502 0.0
CaCo3 0.0 | CaCO3 0.0
S03 0.0 | SO3 0.0
Cad 100.0 | Ca0O 0.0
Na2C03 0.0 | Na2C0O3 0.0
NaOH 0.0 | NaOH 50.0
Total 100.0 | Total 100.0
= Mormalization e Normalization
Type Prorate ﬂ Type Prorate ﬂ

MNormalize | MNormalize |
e Advanced Options = Advanced Options
Set Phase Solid Only ||| St Phase No Special .. |v|
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Chapter 15 Seawater Evaporation
— Effect 3

The Application

This process will evaporate seawater using athree-effect system and a crystallizer. The process will include
two external steamfeeds, one feeding the three effects and the otherto the crystallizer. The seawater will
flow at 10 mT/hr and the effective evaporation willbe 95%. At95%, NaCl salts should begin toform.

Flagh-3 Vapor Flash-3
ihry 208346 Vapor
Wass Vap (ka/hr) 2083 .46 B Fiash-3 Liquid
IMass Aq (ko/hr) 39585.7

=)

FX-3 Out Flash-2
Flash-3 Liquid
HX-3 Qut
T(°C) 45,1596
Mass (kg/hr) 41669.2 uity
Wix-3 out
Pumparound pit-3
Mix-1
10mT Seawater feed
T (°C} 25.0 -
F (bar) 1.0 Pumparound-3
Mass Aq (ka/hr) 100000 Feed to Effect 3 Effect-3
Vacuum Out

0.1bar Pumparound-3 S ———— ]
T(*C) 45.1596
_ Mass Aq (kghr) 316686
10mT Seawater
feed

Figure 15-1- Effect 3 of the overall seawater evaporation process

Creating the Chemistry Model

Creating the Case file
Thisis a new case, so create a new file.

v' Savethe new file with the name Seawater Multi-Effect Evaporation.

File name: | [Seawater Multi_Effect Evaporation|

Save as type: | OLI Flowsheet Files (*.esp)
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Adding Chemistry to the Model

You will start with a simple salt-water composition. The Seawater chemistry contains multiple inflows,
including Ca, Mg, SO4, HCO3, Br, and other components. However, the goal here isto keep the chemistry
simple until the simulationis converged. Then the remaining components can be added. NaClis by far the
most significant saltin seawater, and so most of the mass requiredis obtained with H20 and NaCl.

v" Click on the Chemistry tab and then the Inflows subtab.
v' Enter NaCl to the list.

Databanks Phases

Inflows
H20
NaCl

Figure 15-2 — Adding NaCl to the Chemistry Inflows List

v" Returnto the flowsheetview.

Building the Process

Building the Third Effect

The Inflow seawaterrate is 10,000 kg/hr. The third effect will evaporate 20% of this seawaterand the
pumparound recycle will have a4:1ratio. Those are the basicsettings. Also, as explained above, the
seawater contains NaCl only until the complete processis converged. Thenthe remaining components will
be added.

Specifications Value
Seawater Feed rate | 10,000 kg/hr
Steam Rate 20% (+/- 1%)
Recycle Ratio 80% (4:1)

Figure 15-3 - Third Effect Specifications

Setting the Units
Settingthe units for the flowsheet beforeadding any streams or blocks eliminate a significant amount of

editingtime once the simulation work begins. Setting the units before startingworkis good practice for all
workin Flowsheet ESP.

G4 | Ha
v" Openthe Units Manager window using the Units button on the Toolbar’ 2

v" Change the process units to Metric-Flowing-Mass.
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Edit Units - ESP1 et

Edit Units

Select from a list of standard units or press Customize.

The selected units will be used for all new objects created in the document.

Metric - Flowing Mass - 4

Figure 15-4 - The Units Manager window

v" Click on the Customize button - Customize... toopenthe Units Editor.
v" Make the following changes:

Variable Basis or units

Agueous Composition | Concentration

Solid Composition Concentration

Mass kg/hr

Volume m3/hr

Pressure bar

Energy ki/hr

Table 15-1 - Changes to the global flowsheet units

Edit Units - ESP1 ? X

Composition  Parameters

Variable Basis Units
Inflow variables Edit Units - E5P1 ?
Stream Amount Mass kg/hr
Inflows Mass kg/hr
Output variables Composition Parameters
Agqueous Compositien Concentration mg/L . .
= = Variable Units
Vapor Compositicn Mass kg/hr
Solid Compaosition™ mgy/L JIEmp=taiie c
2nd Liquid Composition Mass kg/hr Pressure bar
Total Composition Mass kegi'hr
Basis options Time hr
Moles mol/hr
Mass kg/hr Alkalinity g HCO3/L
Volume m3/hr Area sg-cm
Concentration mg/L Density g/ml
Molar Concentration mol/L Electrical Conductivity, molar m2/ohm-mol
Mass Fraction mass % Specific Electrical Conductivity rmho/m
Mele Fracticn mole % Energy

Figure 15-5 - Updated Units Editor windows
v" Close the windows when done.

Building the process

Create the feed stream and the Vacuum unit
v Clickon the Mixerobjectinthe library, and drag it to the bottom-left of the screen.

v" LabelitVacuum —0.1 bar.

Flowsheet ESP Training Manual Ver-1 Seaw ater Evaporation — Effect 3 e 15-3



v

<

Wacuum
o 0.1d)ar o
Change the Pressure settingto Absolute Pressureand enteravalue of 0.1 bar.

Vacuum 0.1bar Mixer

General

R

& Inlets

Feed ﬂ
= Outlets

Output

= Equilibrium Calculation
Calculation Type Adiabatic ﬂ
Pressure Spec. Absolute Pressure ﬂ
Pressure (bar) 0.1
Heat Duty (kl/hr) 0.0

Figure 15-6 - Updated parameters to the Vacuum 0.1 bar block

=]
Click on the Add Stream button - 7 |

Create one streamto the inletand one stream to the outlet.

Press Esc to deactivate the Add Stream action.

Vacuum
0.1bar

Label the inletstream 10mT Seawaterfeed.

Label the outlet stream Feed to Effect-3.

“acuum
0.1bar

10mT Seawater
feed

Feed to Effect 3

Create the Pumparound Mix-3 and the Pumparound-3 stream

v

v

AN

Click on the Mixerblock from the Library and drag itto the upperright of the Vacuum
block.

Label it Pumparound Mix-3.

ik AR S
Rotate the block counter-clockwise

Linkthe Feed to Effect-3stream to the Mixer.

Adda new streamto the inletand outlet of the Pumparound Mix-3.
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v' labeltheinletstream Pumparound-3and the outlet stream Mix-3 out.

Pumparound
Mix-3

Feed to Effect 3

acuum

\U.1tar

Pumparound-3

v" Enter the following composition for the Seawater feed and Pumparound-3streams:

Component Seawater Feed | Pumparound-3
Temperature, C 25 25

Pressure, bar 1 0.1

Stream Amount, kg/hr | 10,000 32,000

H20 96.629 96.629

NaCl 2.626 2.626

Table 15-2 - Composition of the Seawater feed and the Pumparound stream

10mT Seawater feed

| Definition G e General Initial Guess - Pumparound-3
= Parameters e~ = :
alculate enera
Temperature (*C) 250 -
w Parameters
Pressure (bar) 1.0 Ternperature (*C) 25.0
Stream Amount (kg/hr) 10000.0 Pressure (bar) 0.1
Total Flow (kg/hr) 32000.0
= Inflows (kg/hr)
H20 96.629 & Inflows (kg/hr)
Nacl 3 626 H20 96.629
Total 99255 o 26
o - Total 99.255

Figure 15-7 - updated Parameters table for the Seawater and Pumparound-3 streams

v" Calculate.

v' Review the Mix-3Qutresults.

| Calculated | General

- Stream Parameters

Temperature (°C) 25,0054

Pressure (bar) 0.1 Solid Frac. (mole %) 0.0
pH 6.09186 Vapor Frac. (mole %) 0.0
Moles, True (mel/hr) 2.30769e6

Moles, Apparent (mol/hr) 2.28868e6 - Total, Apparent (Molecular) (kg/hr)
Mass (kg/hr) 42000.0 H20 402838
Volume (m3/hr) 41,3587 MaCl 1111.2

Figure 15-8 - Updated Parameters table for the Mix-3 Out block

Adding the Heat Exchanger and Flash Drum
Click on the Heat Exchangerobjectinthe library and drag it above the Mix-3 Out

v
stream.
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&

Heat
Exchang...

v' Label it HX-3.

ahy .
v Rotate the HX-3 block counterclockwise -* |

o

HX-3 HX-3

v" Change the HX-3 Spectype to Vapor Fraction and entera value of 5 mass%.

HX-3 Heat Exchanger

General

= Inlets

Process Stream Inlet Mix-3 out ﬂ

Utility Stream Inlet ™|

= Process Stream

= Qutlets Spec. Type ‘Japanractinnﬂ
Process Stream Outlet HX-3 Qut | Vapor Fraction (mass %) 50
Utility Stream Outlet Pressure Spec. Inlet Prr:::urr:ﬂ

Figure 15-9 - Updated Parameters for the HX-3 block

v" Linkthe Mix-3 Out streamto the inlet of the HX-3.

4 Process Stream Inlet

Add an outlet stream from the HX-3. Name it HX-3 Out.

Click on the Separatorblockinthe Library and drag it to the upperright of the HX-3.
LabelitFlash-3.

Link the HX-3 stream to theinlet.

Addtwo new streams, one tothe Ventand one to the Liquid-3 outlet.

NN

Label these streams, Flash-3Vaporand Flash-3 Liquid.

Flash-3
apor

=]

b
H¥-3 Out

Flash-3
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v' Calculate.

Adding Callouts toreview the results
v' Right-mouse-click on the Seawater feed stream and select Add Callout.

v" Double-click on the Callout table and add Mass — Aqueous from the Phase Flows section.

Select Variables

Selected Variables

Search Filter | |
Move Up Move Dow
2R Stream Parameters A Temperature
P‘ress.re

EI Phase Flows
i i-Moles, True - Agueous
i Malar _ 2nlid

Figuré 15-10 - The Select Variables window showing the variable list and the selected variables fields

pH
Mass - Aqueous

] o
10mT Seawater feed
T (*C) 25.0
D( ! u
P (bar) 1.0
Mazz Ag (kg/hr) 10000.0
L, q (kg/hr) o 8

10mT Seawater
feed

L -

v" Add Callout tables forthe Pumparound, HX-3Out, Flash-3Vent, and Flash-3 Liquid
streams. Use the followingvariables (delete all others).

Table 15-3 - The Variables to be in each Callout table

10mT Seawater Feed | Pumparound-3 | HX-3 Out Flash-3 Vapor | Flash-3 Liquid
Temperature Temperature Temperature | Mass-Vapor Mass-Aqueous
Pressure Mass Aqueous Mass
Mass-Aqueous
Flash-3 Vapor
Mass Vap (ka/hr) 2083.48 Flash.a
Wapor Flash-3 Liquid

HX-3 Out
T(°C) 46.15
Wass (kg/hr) 1

HX-3 Out

Wass Aq (kg/hr)

Flash-3
Liquid

38585.7]

=)

g (°C)

|

Pumparound-3
=) a
Pumparound-3

45 15960

31668.6

Mass Aq (kg/hr)
mn ]

Figure 15-11- The Flowsheet diagram with the Callout tables added
Adding the Flow Splitter and linking the Recycle stream
v' Clickon the Splitterblockinthe Library and drag it to the lower right of the Separator.
v" NameitSplit-3.

¥
Rotate the block clockwise - -

Link the Flash-3Liquid stream to the inlet of the Split-3 block.
Linkthe Pumparound-3streamto the outlet of the Split block.

NN

Adda newstreamto the Outlet of the Split block —label this Effect-3 Out.
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Flash-3
Liquid

Spit-3

Pumparound-3
Effect-3

Out

DA

v" Clickon the Split-3block to access the Properties panel.

= Parameters
Qutlet Split Edit
v" Clickon the Editbuttonin the Parameters section

v' Enter the following specifications:

Flow Basis Mass
Pumparound-3 | 0.8 fraction
Effect-3 out 0.2 fraction
Flow Basis: (") Moles (®) Mass () Volume
Outlet Fraction
Effect-1 Qut 0.2
Purparound-1 0.8

Figure 15-12 - The updated flow fractions for the Split-3 block

v" Right-mouse-click onthe Pumparound-3stream, and select Set Tear Stream.

| L1

Cut Ctrl+X
Pumparcund Copy Ctrl+C

Delete

Add Callout

Set Tear Stream

Edit Units

Figure 15-13 - Setting the Tear (recycle) stream using the right-mouse-click dropdown window

v' Calculate

The simulation should converge quickly, because the Pumparound-3 guess with which we started is close to
the converged state.
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Flash-3 “apor
Wass Vap (ka/hr) 2083 .48

Flash-3
apor

Flash-3 Liquid
Mass Aq (kg/hr) 39585.7
HX-3 Qut
T(C) 46.159 L
Wass (kg/hr) 41669.
Flash-3
Flash-3
Liquid
Wix-3 out
Split-3
Pumparound
Mi-3 Pumparound-3
‘ Effect-3
10mT Seawater feed Out
TiC) 250 L
e ; Fead to Effect 3
Wass Aq (kg/hr) 10000.0 sedlotriect T

Wacuum T{"C) 46.15
0.1bar 1

5
Wass Ag (kg/hr) 31668,

10mT Seawater
feed

Figure 15-14 - The converged process using the initial settings

The Flash-3Vapor massis 83 kg/hrabove the 2000 kg/hr target value. Thistargetcan be tightened by
changingthe Vapor Fraction settingin HX-3. Itiscurrentlysetto 5%. The flow exitingthe heatexchangeris
41,669 kg/hr, and so to achieve 2000kg/hr the vapor fraction is 4.8%.

v" Change the VaporFraction (mass %) value to 4.8.

HX-3 Heat Exchanger

- D - General
= Inlets
Process Stream Inlet Mix-3 aut

Utility Stream Inlet [~

= Outlets
Process Stream Outlet HX-3 Out
Utility Strearmn Qutlet

= Process Stream

Spec. Type Vapor Fraction ﬂ
Vapor Fraction (mass % 43
Pressure Spec. Inlet Pressure v|

Figure 15-15 - updating the HX-3 vapor fraction to 4.8%

v' Calculate.

The updated vaporrate is now 2013 kg/hr. This isslightly high than desired, and is because the recycle rate
increased by about 300 kg/hr. This iswell withinthe 1% tolerance setin the specification at the beginning
of the chapter.
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Flash-3 Vapor

Wass Vap (kg/hr) 2013.48
Flazh-3
“apor
Flash-3 Liguid
Mass Ag (kg/hr) 39933.7
HX-3 Out
T ("C}) 45.155 h
Mass (ko/hr) 419472 | HX-FOut
Flash-3
Flash-3
Liquid

Figure 15-16 - Updated vapor flow after setting the HX-3 vapor fraction to 4.8%

v' Savethefile.

Review the HX-3 energy balance
v Click on the HX-3 block to access the Properties panel.

Properties | Watch |
v’ Clickon the Watch tab at the bottom of the panel -~ ——

HX-3 Heat Exchanger

= Common Parameters

Heat Duty (kl/hr) 5671436
Total Inlet Mass (kg/hr) 419472
Total Outlet Mass (kg/hr) 419472
Total Inlet Energy (kJ/hr) -6.51031e8
Total Outlet Energy (kJ/hr) -6.4536e8

Figure 15-17 - The Heat Balance surrounding the HX-3 block

The required heatduty is 5.67e® KJ/hr (5.67e°J/hr). At this pointinthe simulation procedure, this energyis
simulated. Thereis no utility steamto provide the energy. Once the remaining effects are created, the
counter-current steam will be linked.

Summary

This chapter presentsthe basicapproachto set up an evaporator effect. Itconverged easily becausea
good initial guess was used inthe Pumparound-3stream. A good guess was possible because the flow and
recycle specification are known. Lastly, this process does notincludethe counter-current steam streamsto
supply the heatto the HX-3 block. Thiswill be done inlater chapters once the systemis completed.
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Chapter 16 Seawater Evaporation
— Effects 2and 1

The Application

This processis a continuation of the previous chapter. Itis evaporating seawaterin athree-effect system
plus a crystallizer. The first effectis already completed, and it will be used to create the two effects shown
inthis chapter. The objective inthis effectis to evaporate 30% of the inlet flow.

Flash-1 Vapor /E—"
11ass (kg/hr) 2753.89) | Vanor Flash-1 liquid
Flash.2 vapor /Ijsh_z Mass (kg/hr) 139354
Mass (kg/hr) 2376.34 vapor Flash-1
HX-1 Out L flauid

Flash-2 liguid

F—|Mass (kg/hr) 27703.8 T(C) 101.474
Mass (kg/hr) 16689.1
HX-2 Out b Flash-1
TCC) 63.763 Fasha FXCT Out
T S| HX2 Out S ash-2
Mass (kg/hr} 30080.2 Flash-2 liquid k
HX-2
Mix-1
Out E——
. Effect-1
ie-2
Pumparound Out
Mie-1
Pumparound-2 Spit-2
Mix
¥ ¥
[ : Pumparound-1
Feed to N Feed to
Effect-2 Pumparound-2 . Effact. F“umparnund-1
Pumparound-2 TTeci? L Mass (ka/hr) 11148.3
Mass (kgir) 221831 Qut
Feed to Effect-1
Feed to Effect-2 T0 [T
Pump-2 [T (°C) 45.1554) Pump-1 PI:C.- &7 :;
(0.3bar) P (bar) 03 (re=n H;sirulr i) 5a077
Mass (kg/hr) 7917.15 nam Bn —

Figure 16-1- Effects 2 and 3 of the overall seawater evaporation system

Creating the Chemistry Model

Open the existing Casefile
v" Openthe existing file created in the last chapter, Seawater Multi-Effect Evaporation.

File name: | Seawater Multi-Effect Evaporation.esp

Thereis no change to the chemistry model in this chapter.
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Building the Process

Building the Second Effect

The second effectis nearly identical to the first effect, with the differences beingthe settings. Therefore,
the simplest way tocreate it is by followingthe procedure inthe previous chapter. The Maininstructions
will beincluded here.

Adding the five blocks in the second effect
The following table contains the specifications forthe five new blocks. Three of the blocks contain
Parameter specifications: Pump-2, HX-2, and Split-2.

Block name Pump-2 Pumparound HX-2 Flash-2 Split-2
Mix-2
Block type Mixer Mixer Heat Exchanger | Separator Flow Splitter
Inlet Streams Effect-1 Out Feed to Effect 2 Mix-2 Out HX-2 Flash-2 liquid
Pumparound-2
Outlet Stream Feed to Effect 2 Mix-2 Out HX-2 out Flash-2 Vapor | Pumparound-2
Flash-2 Liquid | Effect-2 Out
Parameter Absolute pressure Vapor Fraction Flow basis =mass
Specification
Parameter 0.3 bar outlet 7.5 mass%in Pumparound-2=0.8
Value pressure vapor Effect-2 out=0.2

Pump-2 (0.3 bar)
v" Adda Mixerblock to the lowerright of the Split-1stream and label it Pump 2 (0.3 bar).

v' Linkthe Effect-1out streamto it.
v" Adda newoutletstream and label it Feed to Effect-2.

[m] [m] [m]
o E ff&c‘tt—'l o

Feedto

Pump-2 Effect-2

(0.3bary

v" Change the Pressure specifications to Absolute pressure and enteravalue of 0.3bar.

Pump-2 (0.3bar) Mixer

General
= Inlets
Feed Effect-10ut |v|| Equilibrium Calculation
Feed j Calculation Type Adiabatic ﬂ
Pressure Spec. Absolute Pressure ﬂ
= Outlets Pressure (bar) 0.3
Output Feed to Effect-2 | 14 Duty (kI/hr) 0.0

Pumparound Mix-2

v" Addanother Mixerblock to the upperright of Pump-2and label it Pumparound Mix-2.

v" Rotate the block counterclockwise.
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v' Linkthe Feedto Effect-2streamto theinlet.
v' Createanewinletstreamandlabel it Pumparound-2.

v" Create a new outletstream and label it Mix-2 Out.

HX-2, heat exchanger

v" Adda Heatexchangerabove the Mix-2block and label it HX-2.

v'  Rotate the block counterclockwise.
v" Linkthe Mix-2 Out streamto it.
v

Add a new stream and label it HX-2 out.

H¥-2 Out

H¥-2
Mix-2

v" Change the Process Stream Spec. type to Vapor Fraction.

v' Enter 7.5%.

HX-2 Heat Exchanger

General

G Inlets

Process Stream Inlet Mix-2 |~

Utility Stream Inlet |

== Process Stream

- Outlets Spec. T}l'FIE. Vapor Fraction ﬂ
Process Stream Outlet -3 Out Vapor Fraction (mass %) 7.5
Utility Stream Outlet Pressure Spec. Inlet Pressure |

Flash-2 flash drum

v" Adda separatorto the upperright of HX-2 and label it Flash-2.

v" Linkthe HX-2 Out streamto it.

v Create new Vaporand Liquid outlet streams and label them Flash-2vaporand Flash-2
liquid.

Flash-2
vapor

—p

Flash-2

b liguid

HX-2 Out Flash-2

Split-2 (flow splitter)
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Adda Flow splittertothe lower-right of the flash-2block and label it Split-2.
Rotateit clockwise.
Link the Flash-2 Liquid to the inlet.

Link the Pumparound-2streamto its outlet.

NSRRI NN

Create a new outletstream and label it Effect-2 Out.

Flagh-2
liguid

- Parameters

v’ Openthe Split-2, Outlet Split Edit window -| Outiet Split Edit |

v Change the Flow basis to Mass and the fraction as shown in the image below.

Flow Basis: (") Moles (®) Mass () volume
Outlet Fraction
Pumparcund-2 0.8
Effect-2 Out 02|

Setting the Pumparound-2 as the Tear stream
v Right-mouse-click on the Pumparound-2stream and select Set Tear Stream.

Pumparound-2

ﬁ//‘/—( Cut Ctrl+:
Copy Ctrl+t
Delete
Add Callout

~  Set Tear Stream

Initial Guess - Pumpi

v' Click on the Pumparound-2stream again and select the Definition tab e
inthe Properties panel.

v" Enterthe followingvalues:

Composition Value
Temperature 80C
Pressure 0.3 bar
Stream Amount | 25000 kg/hr
H20 95 kg

NaCl 5 kg

Table 16-1 — Pumparound-2 composition guess
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If you cannot access the Definition tab, click off the Pumparound-2stream and then click back on. The
panel may needto be refreshed, because you just signaled to the software that this streamis a tear stream.

Initial Guess - Pumparound-2

Calculated General
= Parameters
Temperature (*C) 0.0 = Inflows (kg/hr)
Pressure (bar) 03 H20 95.0
Stream Amount (kg/hr) 25000.0 MacCl 5.0

Total 100.0

Figure 16-2 - Initial guess to the Pumparound-2stream that will be used to converge the recycle

v' Calculate.

The calculation should converge quickly becauseagoodinitial guess was provided, and because the process
is straightforward. Ifit does not converge quickly, check yourwork to see if something was missed.

Add the Callouts

v' Addcallouttablestothe Feedto Effect-2, HX-2 out, Flash-2vapor, Flash-2liquid,
Pumparound, and Effect-2 out.

v Use the following variables foreach callout:

Feed to Effect-2 | HX-2 Out Flash-2 Vapor | Flash-2 Liquid | Pumparound-2
Temperature Temperature | Mass Mass Mass
Pressure Mass

Mass

Table 16-2 - The Variables to be in each Callout table
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Flash-2 wapor Flash-2

Wass (kg/hr) 228378 vapor
Flash-2 liquid
Mass (kg/hr) 28166.6
Hx-2 Cut
T(°C) §9.7512 HX.2 Out
Mass (kg/hr) 30450.4 e S
O O m|
Wie-2
Pumparcund-2
Wix
Feed to

Effect-2 Pumparound-2

Pumparound-2
Mass (kg/hr) 22533.3

Feed to Effect-2

Pump2 T CC) 46.1554
{0.3bar) P (bar) 0.3
Mass (kg/hr) 7917.15

Figure 16-3- The converged flowsheet with the Callout tables added to the second effect streams

The Vapor massis 2283 kg/hrwhichis 28.8% of the feed to Effect-2(7917 kg/hr). The targetis 30%
evaporation of the inletfeed. So you will increase the HX-2vaporfraction value to 7.9%.

v Clickon the HX-2 block to activate the Properties panel.

v" Change the Vapor Fraction (mass %) value to 7.9.

= Process Stream

Spec. Type Vapor Fraction ﬂ
VYapor Fraction (mass %) 749
Pressure Spec. Inlet Pressureﬂ

Figure 16-4 - updating the HX-1 vapor fraction to 7.9%

v' Calculate.

Flagh-2 vapor
Mass (kg/hr)

Flagh-2
2376.34

Flash-2 liquid
Mass (ko/hr) 27703.8
HX-2 Out
;(:C}(k /hr) 3?352&; Hx-2 Out Flasn-2
Nass T B ey i
g ! - o Flash-2 liquid

Figure 16-5 - Updated vapor flow after setting the HX-2 vapor fraction to 7.9%
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The updated vaporrate is now 2376 kg/hr. This is 30% of the inlet rate and so the target specifications are

met.
v" Savethefile.

Review the HX-1energy balance
v Click on the HX-2 block to access the Properties panel.

. Froperties | Watch
v Clickon the Watch tab at the bottom of the panel -

HX-2 Heat Exchanger

= Common Parameters

Heat Duty (k)/hr) 6.307496
Total Inlet Mass (kg/hr) 30080.2
Total Outlet Mass (kg/hr) 30080.2
Total Inlet Energy (kl/hr) -4,60877ed
Total Qutlet Energy (k)/hr) -4.5457e8

Figure 16-6 - The Heat Balance surrounding the HX-2 block

The required heatdutyis 6.31e® KJ/hr. Thisenergy will be sourced from the vapor phase produced by the
third effect. Itwill be setupin the nextchapter.

Building the First Effect

The third effectisagain nearlyidentical to the firstand second effect. The difference isthe settings. The
third effect will evaporate 50% of the inletfeed. You will use the same procedure as above to create this
section.

Adding the five blocks in the first effect
The following table contains the specifications forthe five new blocks. Three of the blocks contains
Parameter specifications, Pump-1, HX-1, and Split-1.

Block name Pump-1 Pumparound HX-1 Flash-1 Split-1
Mix-1
Block type Mixer Mixer Heat Exchanger | Separator Flow Splitter
Inlet Streams Effect-2 Out Feed to Effect-1 Mix-1Out HX-1 Flash-1liquid
Pumparound-1
Outlet Stream Feed to Effect-1 Mix-1 Out HX-1 out Flash-1Vapor | Pumparound-1
Flash-1Liquid | Effect-1 Out
Parameter Absolute pressure Vapor Fraction Flow basis =mass
Specification
Parameter 1 bar outlet 12 mass%in Pumparound-1=0.8
Value pressure vapor Effect-1 out=0.2

Pump-1 (1 bar)
v" Adda Mixerblockto the lowerright of the Split-2 stream and label it Pump 3 (1 bar).
v' Linkthe Effect-20ut stream to it.
v' Adda newoutletstreamand label it Feed to Effect-1.

Flowsheet ESP Training Manual Ver-1 Seaw ater Evaporation — Effects 2and 1 e 16-7



Feed to
Effect-1

Pump-1
{1bar)

v Change the Pressure specifications to Absolute pressureand enteravalue of 1 bar.

Pump-1 (1bar) Mixer

General
R

= Inlets

Feed Effect-2 Out ||

Feed ER Equilibrium Calculation
Calculation Type Adiabatic ﬂ

= Outlets Pressure Spec. Abzolute Pressure ﬂ

Qutput Feed to Effect-1 Pressure (bar) 1.0

Pumparound Mix-1
v" AddanotherMixerblock to the upperright of Pump-1and label it Pumparound Mix-1.

Rotate the block counterclockwise.

v

v Linkthe Feedto Effect-1stream.

v' Createanewinletstreamandlabel it Pumparound-1.
v

Create a new outlet stream and label it Mix-1out.

Pumparound
Mix-1

Feedto  pymparound-1
. Effect-1

HX-1, heat exchanger
v" Adda Heatexchangerabove the Mix-1block and label it HX-1.
v Rotate the block counterclockwise.
v' Linkthe Mix-1 Out streamto it.
v

Add a new streamand label it HX-1 out.

HX-1 Out
HX-1

Mie-1
Out

v Change the Process Stream Spec. Type to Vapor Fraction.
v' Enter 12%.
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= Process Stream

Spec. Type Vapor Fraction ﬂ
Vapor Fraction (mass %) 12.0
Pressure Spec. Inlet Pressureﬂ

Flash-1 flash drum
v" Adda separatorto the upperright of HX-1 and label it Flash-1.
v" Linkthe HX-1 Out streamto it.

v Create new Vaporand Liquid outlet streams and label them Flash-1vaporand Flash-1
liquid.

Flash-1
liquid

HX-1 Out

Split-1 (flow splitter)
v' Adda Flow splittertothe lower-right of the Flash-1block and label it Split-1.
v Rotateit clockwise.
v" Linkthe Flash-1Liquidto theinlet.
v Linkthe Pumparound-1streamto itsoutlet.
v

Create a new outletstreamand label it Effect-10ut.

Flash-1
liguid

Split-1

Pumparoung-1 .
Effact-1
Out

- Parameters

v’ Openthe Split-1, Outlet Split Edit window -| ©utlet split Edit |

v' Change the Flow basisto Mass and the fraction as shownin the image below:

Flow Basis: (O Moles (®) Mass () volume
Outlet Fraction
Pumparound-2 0.8
Effect-2 Qut 02|
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Setting the Pumparound-2 as the Tear stream
v" Right-mouse-click onthe Pumparound-1stream and select Set Tear Stream.

Pumparound-1 | |

Cut Ctrl+X
Copy Ctrl+C
Delete

A
-
Add Callout

Set Tear Stream

Initial Guess - Pumpi

v' Clickon the Pumparound-1stream again and select the Definition tab Feiial Glal
inthe Properties panel.

v' Enter the followingvalues:

Composition Value
Temperature 100C
Pressure 1 bar
Stream Amount | 15000 kg/hr
H20 90 kg
NaCl 10 kg

Table 16-3 - Pumparound-1 composition guess

If you cannot access the Definition tab, click off the Pumparound-1streamandthenclick back on. The
panel may needto be refreshed, because you justsignaled to the software that this streamis a tear stream.

Initial Guess - Pumparound-1

Calculated General
= Parameters = Inflows (kg/hr)
Temperature (*C) 100.0 H20 0.0
Pressure (har) 1.0 MaCl 0.0
Total Flow (kg/hr) 15000.0 Total 100.0

Figure 16-7 - Initial guess to the Pumparound-1 stream that will be used to converge the recycle
v' Calculate.

The calculation should converge quickly, because agood initial guess was provided, and because the
processisstraightforward. Ifit does not converge quickly, check yourwork to see if something was missed.
Add the Callouts

v" Addcallouttablestothe Feedto Effect-1, HX-1out, Flash-1vapor, Flash-1liquid,
Pumparound, and Effect-1out.

v" Use the followingvariables foreach callout:

Feed to Effect-1 | HX-1 Out Flash-1 Vapor | Flash-1 Liquid | Pumparound-1
Temperature Temperature | Mass Mass Mass
Pressure Mass

Mass

Table 16-4 - The Variables to be in each Callout table
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Flash-1 Vapor lash-1
Mass (kg/hr) 224828 Wapor
Flash-1 liquid
164725

Mass (kg/hr)

—

HX-1 Out

T(°C) 10115)) Hx-10ut  Flash-1
Wass (kg/hr) 18718.8]

@ i

Mix-1
Out
Pumparound
Mix-1

-

Effect-1
Out

Pumparound-1
WMass (kg/hr) 13178.0
F 3

Feed to

Effect-1 Pumparound-1
Feed to Effect-1
TCC) 53,7407

Pump-1 .
(1ar) P (bar) 1.0
Mass (kg/hr) 5340.77

Figure 16-8- The converged flowsheet with the Callout tables added to the third effect streams

The Vapor massis 2246 kg/hrwhichis 40.5% of the Feed to Effect-1flow (5541 kg/hr). The targetis 30%
evaporation of theinletfeed. Soyou will increase the HX-2vapor fraction by 25% value to 15%.

v" Click on the HX-1 block to activate the Properties panel.

v' Change the Vapor Fraction (mass %) value to 15.

- Process Stream

Spec. Type Wapor Fraction ﬂ
Vapor Fraction (mass %) 15.0
Pressure Spec. Inlet Pressure ﬂ

Figure 16-9 - updating the HX-1 vapor fraction to 15%

v" Calculate.

Flash-1 Vapor
Mass (ka/hr) 259723

lash-1
Vapor
Flash-1 liguid

Mass (kg/hr) 147177

HX-1 Qut
T(°C) 101.35
Mass (kg/hr) 17314,

HX-1 Qut Flash-1

|

Figure 16-10 - Updated vapor flow after setting the HX-2 vapor fraction to 15%

The updated vaporrate is now 2597 kg/hr. This is 47% of the inletrate and still not within the targetvalue.
You will change the value once again, 10% higheror 16.5%.
v Clickon the HX-1 block to activate the Properties panel.

v" Change the VaporFraction (mass %) value to 16.5.
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e Process Stream

Spec. Type Wapor Fraction ﬂ
Vapor Fraction (rmass %) 16.5
Pressure Spec. Inlet Pressure ﬂ

Figure 16-11 - updating the HX-1 vapor fraction to 16.5%

Flash-1 Vapor \ash-1
Wass (ko/hr) 273368 |vapor
Flash-1 liquid
Wass (kg/hr) 139354

HX-1 Out
T(C) 101474/ HX-10ut  Flash-1
Mass (kag/hr) 16689.1

v" Calculate.

Figure 16-12 - Updated vapor flow after setting the HX-2 vapor fraction to 16.5%

The updated vaporrate is now 2754 kg/hr. This is49.7% of the inletrate and is within the targetrange.
v' Savethefile.

Review the HX-1energy balance
v Clickon the HX-1 block to access the Properties panel.

. Properties | Watch
v Click on the Watch tab at the bottom of the panel -

HX-1 Heat Exchanger

= Common Parameters

Heat Duty (kJ/hr) 6.92956e6
Total Inlet Mass (kg/hr) 16689.1
Total Outlet Mass (kg hr) 16689.1
Total Inlet Energy (kJ/hr) -2.48833e8
Total Outlet Energy (k//hr) -2.41904e8

Figure 16-13 - The Heat Balance surrounding the HX-1 block

The required heatduty is 6.93e® KJ/hr. Thisenergy will be sourced from aninlet Steam that will be added
inthe nextchapter.

Summary

This chapter includesinstructions to add the second and third effect. Allthree effectsare easytoconverge
because goodinitial guesses wereused and because the three recycle streams are notinterdependent. This
will change inthe next chapters where the counter-current steam and flash vaporis usedinthe HX-1 and

HX-2.
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Chapter 17 Seawater Evaporation
— Adding the Steam

The Application

This processis a continuation of the previous chapters. Ita seawater evaporation system using three-
evaporators and a crystallizer. All three effects are completed. Yettobe competed are the counter-current
steam and vapor streams that supply the energy source to the three heat exchangers. The objectivein this
chapteris to add the steamandto converge the three-effect system.

Fiash-3 Liquid

155344

Figure 17-1- Three-effect evaporation system containing the counter-current steam flow

Creating the Chemistry Model

Open the existing Casefile
v' Openthe existingfile created in the last chapter, Seawater Multi-Effect Evaporation

File name: | Seawater Multi-Effect Evaporation.esp

Thereis no change to the chemistry model in this chapter.
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Building the Process

Adding the Steam

The process build procedure in this chapteris straightforward. Steamisaddedto HX-1. Its condensate is
flashed to create additional steam. This flashed steamis combined with the HX-1vaporexiting the Flash-1
and sentto the HX-2 block. This condensate will be flashed again ata lower pressure and mixed with Vapor
from HX-2 and sentto HX-3 to provide its energy requirements.

Setting up HX-1with a steam utility stream

What may be new to the readeris using the Utility configuration of the heat exchanger. Inthis case, the
exchangeris modeled with a utility stream, and the heat transferwill be based on atemperature approach.
The process streaminlettemperature is known, and the outlet temperature was setin the previous
chapters. The differential temperature setting option sets the temperature difference between the process
stream outletand the utilityinletat 5C. Thus, the unknownisonlythe utility stream exittemperature.

HX-1 block with a utility stream

v

v
v
v

Adda new streamto the Utility inlet of the HX-1block.
Label the stream Evaporator Steam.

Adda newstreamto the Utility outlet of the HX-1block.
Label it HX-3 Condensate.

Notice that the flow directionis fromlefttoright. Thisis opposite of the process, and so you will change the

HX-3 orientation.

v

|
Rotate the HX-3 block horizontally' b (if necessary). Youmay have to rearrange your

streamsto keep the flowsheetclean.

Hx-1

v Clickon the Evaporator Steam stream and enterthe following composition:

Table 1 - Evaporator steam composition

Composition Value
Temperature 165C
Pressure 6.909 bar
Stream Amount | 4000 kg/hr
H20 100 kg
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Evaporator Steam

BlELnL Ry Calculated General
= Parameters
Termnperature (*C) 1650 | LT Ll
Pressure (bar) £.909 —
Stream Amount (kg/hi) 4o00.0 || Nac!
Total

Figure 17-2 — Evaporator Steam composition

v Clickon the HX-1 block to access the Properties panel.

HX-1 Heat Exchanger

- De ion General

100.0
0.0
100.0

= Inlets
Process Stream Inlet Mix-1 Ot ﬂ
Utility Stream Inlet Evaporator StE...ﬂ = Utility Stream
Spec. Type Flnwﬂ
- e Pressure Spec. Inlet Press... ﬂ
Process Stream Outlet Hix-1 Out
Utility Stream Outlet H¥-1 Condensate = Heat Exchanger
Flow Geemetry Counter-c... ﬂ
Min. Temp. Approach (C) 5.0
= Process Stream
Spec. Type Vapor Fraction ﬂ
Vapor Fraction (mass % 165 = Advanced Options
Pressure Spec. |r'||EtF'rEEELIFEﬂ Chemistry Model Chemistr}r...ﬂ

Figure 17-3 - Initial settings of the HX-1 block after the utility streams are added but before any adjustments are made

The panel should look like the image above. There isnow a utility streaminletand outlet. The Utility
Stream Specifications (at the bottom of the panel) are setto Flow and Inlet Pressure (no pressure drop
across the exchanger). The Heat Exchanger specifications are setto Counter-current flowwith a5C

temperature approach.
v" Calculate.

The simulation should converge quickly (within seconds). Ourinterestistosee how much available energy

is left for the remainingexchanger. So, you will review the HX-1condensate stream.

v Clickon the HX-1 Condensate stream and reviewthe Properties panel.

Flowsheet ESP Training Manual Ver-1 Seaw ater Evaporation — Adding the Steam e 17-3



HX-1 Condensate

B General
< Stream Parameters
Temperature (°C)

Pressure (bar)

pH

Males, True (mol/hr)

Maoles, Apparent (mol/hr)

Mass (kg/hr)

Yolume (m3/hr)

Solid Frac. (mole %)

Vapor Frac. (mole %)

164.814
6.909
5745341
2.22033e5
2.22033e5
4000.0
199.299
0.0
17.3728

Figure 17-4 - The properties for HX-1 Condensate. There is 17% steam remaining.

Updating the process with the converged recycle streams

Each time the simulationis converged the three recycle streams are converged to new flows and
compositions. To this point, howeverthese newcompositions have notbeen updatedinto the streams.
Thus, each time the processis calculated it starts with the initial guess. The nextstep will updatethe three

recycle guesses with the converged values.

v" Clickanywhere onthe white section of the sheetto access the Flowsheet Properties

panel.
Process
| D LB General
& Process Options

Optional Properties
Recycles
Restart Opticns

b

Figure 17-5 - The Process Properties panel focusing on the Recycle and Restart sections

v" Selectthe Restart Options button and then press the Update All button on the next

page.
Recycle Streams

Purnparound-1 Update
Purparound-2 Update
Pumparound-3 Update

= Update All

d{ Restart Values Updated >

o Restart values were updated for streams.

Figure 17-6 - The recycles have been updated with the most recent converged results

The software will report back that the three recycle streams have been updated with the converged values.
You are doingthis now because as the simulation becomes more complex, starting from a betterinitial

guessisimportant.
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Adding the HX-1Condensate Flash tank to create steam for HX-2
v Double click onthe Separatorobjectinthe Libraryto add itto the flowsheet.

v" Label the block HX-1 Condensate Flash tank.

. db
v" Rotate the block horizontally -

\

Link the HX-1 Condensate and the Flash-3Vaporstreamto the inlet.

v' Adda new streamto the Vaporand to the liquid outlets. Label them HX-1Cond Vapor
and HX-1 Cond Lig.

v" Click on the HX-1 Condensate Flash tank to access the Properties panel.

v' Setthe Pressure Spec.to Absolute Pressure with avalue of 1 bar.

HX-1 Condensate Flash tank Separator

General
= Inlets
Feed Flash-1 ‘Japarﬂ
Feed Hx-1 Conclen:atej

Feed ﬂ

= Equilibrium Calculation
= Outlets Calculation Type Adiabatic ﬂ
Liquid HX-1 Cond Lig Pressure Spec. Absolute Pressure ﬂ
Solids Pressure (bar) 1.0
Vapor Hx-1 Cond Vapor Heat Duty (kJ/hr) 0.0
Organic Entrainment >|

Figure 17-7 - The HX-1 Condensate Flash tank specifications
v’ Calculate.

v" Review the HX-1Cond Vaporstream properties.
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HX-1 Cond Vapor

= Common Parameters

T{C) 99.701%

P (bar) 1.0

pH

Moles, True (mol/hr) 2,1583e5

Maoles, Apparent (mol/hr) 2.1583e5

Mass (kg/hr) 3888.26

Volume (m3/hr) 6635.57

Solid Frac (mole %) 00 e Total, Apparent (Molecular) (kg/hr)
Vap Frac (mole %) 1000 |H2O 3888.26
Lig2 Frac, Apparent (mole %) 0.0 HCI 4.10043e-14

Figure 17-8 - The Stream parameters for the HX-1 condensate vapor

Thereisnearly 4000 kg/hrof 1-bar steam. Notice also thatthere is an insignificantamountof HClinthe
steam. This HCI came from the HX-1 vapor stream.

Linking the HX-1Cond Vap stream to the HX-2 Utility
The nextstepisstraightforward, butit will create complications with the recycle streams. Once this stream
islinked, anewrecycle loopiscreated. Youwill be required to make adjustments to the recycle settings.

v Clickon the HX-2 block and rotate it horizontally

v
v

Link the HX-1 Cond Vaporstreamto the inlet of the HX-2 utility inlet.
Adda new streamto the HX-2 utility outlet and label it HX-2 Condensate.

Adjusting the Recycles

v

v

Click on white section of the Flowsheet to access the Properties panel.

Recycles >

Click on the Recycles button -

Click on the Select button forthe Tear Streams-|| T€3F Streams %

Click on the Suggested radio button and then selectthe top choice:

Please select from a list of suggested tear streams, or specify a custom selection:

(®) Suggested

L T B T ¥ 5 T e [ T SR I PR

New tear stream selection
Pumparound-3
Pumparound-2
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| Mix-10ut

v" Press OKto close the Tear Stream window.

v" Clickon the Initial Guess button forthe Mix-1out streamto see if thereisan initial
guess present.

=) Strearn - Mix-1 Out

l— Initial Guess >
L Convergence Qptions >

Initial Guess - Mix-1 Out

General = Inflows (kg/hr)
& Parameters H20 13386.0
Temperature (*C) 90,578 MaCl 1322.85
Pressure (bar) 1.0 Ma20 7.03542e-0
Total Flow (kg/hr) 16688.8 Total 16688.8

Figure 17-9 - The Initial guess for the Mix-1 Out stream. It is present because the previously converged results were entered.

An initial guessisavailable, which again, will improve the convergence process.
v' Calculate.

The process should once-again converge within seconds.
v Clickon the HX-2 Condensate stream to review its properties.

HX-2 Condensate

Mass (kg/hr) 3883.26
Bl General Volume (m3/hr) 1888.3
- Stream Farameters Solid Frac. (mole %) 0.0
Temperature (°C) WMy or Frac. (mole %) 28.421
Pressure (bar) 1.0
pH £.13106
Moles, True (mel/hr) 2.1583e5 = Total, Apparent (Molecular) (kg/hr)
Moles, Apparent (mol/hr) 2.1583e5 H20 3888.26

Figure 17-10 - The HX-2 Condensate stream parameters showing the existing water and vapor phases

The HX-2 condensate contains 28% vapor. This isa largely mathematical result because the boiling point
range of this nearly-100% H20 stream s exceedingly small.

Adding theHX-2 Condensate Flash tank to create steam for HX-3
v" Double click on the Separatorobjectinthe Library to add itto the flowsheet.

v'  Label the block HX-2 Condensate Flash tank.

v Rotate the block horizontally -

<\

Link the HX-2 Condensate and the Flash-2Vaporstreamto the inlet.

v" Adda new streamto the Vaporand to the liquid outlets. Label them HX-2Cond Vap
and HX-2 Cond Liq, respectively.
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HI-2 Condensaie
Tark

v Clickon the HX-2 Condensate Flash tank to access the Properties panel.

v" Setthe Pressure Spec. to Absolute Pressure with avalue of 0.3 bar.

HX-2 Condensate Tank Separator

| De LU General

= Inlets
Feed HX-2 Cundensateﬂ
Feed ﬂ — -
= Equilibrium Calculation
Calculation Type Adiabaticﬂ
= Outlets Pressure Spec. Absolute Pressure ﬂ
Liquid HX-2 Cond Lig  Pressure (bar) 0.3
Solids Heat Duty (kJ/hr) 0.0
Vapor HX-2 Cond vap  Entrainment >|

Figure 17-11 - The HX-2 Condensate Tank specifications

v' Calculate.

v" Review the HX-2 Cond Vap stream properties.

HX-2 Cond Liq
Calculated General .

— Volume (m3/hr) 2.66037
<~ Stream Parameters =

T : o 69.101 Solid Frac. (mole %) 0.0

emperature (C) : Vapor Frac. (mole %) 0.0
Pressure (bar) 0.3

pH 641228

Moles, True (mol/hr) 1.444%e5 | = Total, Apparent (Molecular) (kg/hr)
Moles, Apparent (mol/hr) 1.444%e5 H20 2603.04
Mass (kg/hr) 2603.03 HCl 1.29951e-7

Figure 17-12 - The HX-2 Condensate Liquid stream parameters

Linking the HX-2 Cond Vapor to HX-3

Thisis the last step of the chapter. You will create the link as before. Thiswill also requirethatyou change
the recycle streamselection.

v Click on the HX-3 block and rotate it horizontally
v’ Linkthe HX-2 Cond Vap streamto the Utility Inlet of the HX-3 block.

v Adda new streamto the outlet of the HX-3 block and label it HX-3 Condensate.
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HX-3 Out
HX-3 Condensate

H¥-2 Cond
vap

H¥-3
Changing the recycle stream
v" Clickanywhere on flowsheet to access the Properties panel forthe Process.

Recycles >

v" Click on the Recycles button -

v Click on the Select button forthe Tear Streams-|| T€2r streams _ Select.. |
v Clickon the Suggested radio button and then select the top choice:

Select Tear Streams *

Flease select from a list of sugoested tear streams, or specify a custom selection:

(®) Suggested

Pumparound-3, Mix-2 Qut and Mix-1 Qut A
Mix-3 out, Mix-2 Out and Mix-1 Cut

New tear stream selection
Pumparound 1

Mix-2 Out

Mix-1 Out

v" PressOKto close the Tear Stream window.

v" Clickon the Initial Guess button forthe Mix-2 Out stream to see if there isan initial

guess present.
I_I:_| Stream - Mix-2
|— Initial Guess >
. Convergence Options >
Initial Guess - Mix-2
De i General
= Inflows (kg/hr)
- Parameters
H20 28757.0
Temperature (*C) £3.4828
MaCl 1322.85
Pressure (bar) 0.3
: - p—— S MNa2( 4.72745¢e-7
tream Amount (kg/hi) < Total 30079.8

Figure 17-13 - The Initial Guess present in the Mix-2 Out stream. It is present because the stream was converged previously

An initial guessis available, which again, will improve the convergence process.
v' Calculate.

Updating the recycles with the most recent results
v" Clickanywhere on flowsheet to access the Properties panel forthe Process.

Restart Opticns >
v Clickon the Restart Options button - - pr—
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Recycle Streams

Purnparound-3 Update

Mix-2 Out Update

Mix-1 Out Update
Update All

v Clickon the Update All button

The Evaporator portion of the processis complete. The outstanding workinthissectionistoadd the
remaining components tothe seawater. Thisis notimportantnow, and so will be done in a later chapter.

Summary

This chapter includesinstructions to add the counter-current steam. The procedure was straightforward,
and only a few blocks were needed. The more complicated part was to change the recycle streams because
the configuration had changed. Inthe remaining chapters, the crystallizer willbe added and the complete
wateranalysis forseawater will be included.
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