Reactor Block

Standard Reaction Kinetics
For this example, we will show you the standard reaction kinetics implementation. This is for the

hydrolysis of urea. You will need to create a flowsheet with the following input chemistry:

Table 1 Standard Reaction Kinetics Example - chemistry model

Species Formula OLI Tag Name

Water H20 H20
Carbon dioxide CO; Cco2
Ammonia NH; NH3
Urea NH>CONH, UREA

Use the AQ thermodynamic framework. When complete your chemistry model section should look
like the following.

4 Flowsheet’ Chemistry x | Report-1
Databanks |  Phases Redox Kinetics | T/P Span
Inflows ‘ Add =
H20
co2
NH3
UREA =

Figure 1 Standard Reaction Kinetics Chemistry

Click on the Kinetics tab.



4 Flowsheet” Chemistry X | Report-1
Inflows Databanks Phases Redox SN  T/PSpan

Select kinetics reactions to be considered.

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

Figure 2 Starting to add reaction kinetics

This will display the reaction kinetics editor. At the moment, there is nothing displayed.

Click the Edit button.

Edit Kinetics Reactions - ESP1 =3

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

Override Equillbrium Reaction

Rate Definition Arrhenious
Rate
Variable Expression a
7] Display OLI tag instead of formula

This is the reaction kinetics editor. To add the hydrolysis of urea we need to click the Add button.



Edit Equation =3
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.

Formula OLITag =
CHAN20(ag) LREAAQ

CHaN20(ppt) UREAPPT

CHAN20(vap) LREAVAP

CO2(aq) Co24Q £
coz2(vap) coap

co32 co3toN

H+l HION

H20(aq) H20 L4
H20(vap) H2OVAP

HCO3-1 HCO3ION

NH2C02-1 NH2COZION

NH3(aq) NH3AQ i

These are all the components currently in the chemistry model. Our reaction equation must contain
these species. The reaction we want is the following:

2NH3AQ + CO2AQ = NH2CONH2AQ + H20

Let’s start by locating NH3(AQ) from the list:

Formula OLI Tag -
co3-2 CO3ION

H+1 HION

H20(aq) H20

H20(vap) H20VAP B
HCO3-1 HCO3ION

NH2C02-1 NH2CO2I0N

i
NH3{vap) NH3VAP 3
(NH4)2C03. 2NH4HCO3(ppt) NH44H2CO33PPT

NH4+1 NH4ION

NH4HCO3(ppt) NH4HCOIPPT

OH-1 CHICN =

Double-click the component to add it to the equation.

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.

MH3AG)

The entered expression is not a valid equation.

-

Formula OLI Tag o

You can see that we have entered the component but there is an error message. This is ok for now
since we haven’t completed the equation. We now need to add the plus sign “+” to add the next
component:



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.

NH3AQ +

The entered expression is not a valid equation.

Now locate CO2(AQ) from the list and add it in the same manner. After that complete the equation so it

looks like the following:

Edit Equation

Type an equation using OLI Tags in the field below.

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

NH3AQ +CO2AQ = UREAAQ +H20

The spedified equation does not mass balance.

There seems to be a problem. The program will check to see if the equation mass-balances and in this
case, it does not. This is because it takes two molecules of ammonia to make urea. You can add the “2”

in front of the NH3AQ variable:

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.

2NH3AQ +CO2AQ = UREAAQ +H20

Formula = OLITag -
CHANZ0(aq) UREAAQ

CHANZO0(ppt) UREAPPT

CH4N20(vap) LUREAVAP

CO2(zq) Co2aQ =
coz{vap) CozvAP

C03-2 CO3I0ON

H+1 HION

H20(aq) H20

H20{vap) H20VAP

HCO3-1 HCO3ION

NH2CO2-1 NH2CO2I0N

NH3({aq) NH3AQ -

Click the OK button to close the editor.

We now have a reaction in the model. We now must change some constants which we get from the
literature.



Edit Kinetics Reactions - ESPL =3

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

2NH3AQ + CO2AQ = UREAAQ +H20 -

Override Equilibrium Reaction

Rate Definition
Rate (FHRI=ERYHRA*ERI)... - KRH[P1*EP1) ([P **EPI)...)VOLLIQ

Rate is calculated using the above expression with the variables defined below.
[Ri], [Pi] are activities (x-based) of reactants and products. VOLLIQ is liquid volume (m3).

Variable Expression -
KF AF*EXP(-BF/T ‘

!

KR ARFEXP(-BR/T
AF 00

AR

BF

BR I

ERL 20 2

[¥] Display OLI tag instead of formula

We do have some data to enter. The rate function has been determined to be:
Rate = Kf[NH3]:[CO2] - Kr [NH2CONH2]

Where:

Rate = moles/hr

Kf = forward reaction equilibrium constant = 20

[a] = concentration of species a
Kr = reverse reaction equilibrium constant determined by Arrhenius Equation
= 1.2E-06 exp [-28939.9/8.3142 x T]

Where BR =-(-28939.9/8.3142) = 3480.78



Edit Kinetics Reactions - ESP1

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

2NH3AQ + CO2AQ = UREAAQ + H20

Modify...

LN

Remove

Override Equilibrium Reaction

Rate Definition
== (FHRU™ERY([RA=ERD)... -KR¥[PUSEPYH[PA=EPI)... ) VOLLIQ

Rate is calculated using the above expression with the variables defined below.
[Ri], [Pi] are activities (x-based) of reactants and products. VOLLIQ is liquid volume (m3).

Variable Expression =
KF 200
KR AR*EXP(-BR/T) =
AF 0.0
AR 12e-6
BF 0.0
BR 3480.78
ER1 2.0 -
Display OLI tag instead of formula [ oK ] [ Cancel

You will need to scroll down to enter EP2

Variable Expression B
BF 0.0
ER 3480.78
ER1 20
ER2 10
EP1 10
EP2 00

Click OK when done.

You will now need to enable the added reaction kinetics.



4 Flowsheet” Chemistry ¥ | Report-1
Inflows Databanks Phases Redox T/P Span

Select kinetics reactions to be considered.

Use the "Edit’ button to create/modify reactions. Edit

V|2MNH3(ag) + CO2(aq) = CHAN20(ag) + H20(ag)

Check the box if it is not already checked.

Now click on the Flowsheet tab to begin entering the blocks and streams.

Create a flowsheet with a rector block with a single feed stream and a single product stream such as the
following:

N

Reactor-1

Enter the following parameters:

Feed Stream Parameters

Feed Stream Name S-1

Temperature 25°C

Pressure 1 atmosphere




Total Flow 100 mole/hr
H20 1.0 mole/hr
c0o2 0.1 mole/hr
NH3 0.35 mole/hr
Urea 0.0 mole/hr




Reactor Block Parameters

Reactor Type Kinetics
Kinetic Parameters
Number of Stages 10
Residence Time 100
(Hr)
Calculation Type Isothermal

Pressure Spec.

Min. Inlet Pressure

Temperature (°C)

35.0

Chemistry Model

Default

Once entered, run the process and then review the output. We have added call-outs to show you

the formation of urea (albeit a small amount):




5-1

T{C) 25.0
F (atm) 1.0
pH 10.05867
UREAAQ (molihr) 0.0
T
— —l
5-1 5-2
5-2

T(*C) 38.0

Reactor-1 P (atm) 10

pH 974381

UREAAQ (molihr) 1.41575e-7

Non-Standard (User Defined) Reaction Kinetics
In this example, we are using non-standard reaction kinetics to hydrolyze ammonia. The overall

reaction is:

Equation 1

NH,,,, +H,0 = NH; + OH"

3(aq)

We know the forward rate constant (and hence the forward reaction rate) but we wish to constrain
the forward and reverse reaction rates to the thermodynamic equilibrium constant stored in the OLI
Databases.

Create a chemistry section with the following information:

Non-Standard Reaction Kinetics

Thermodynamic Aqueous (H+ lon)

Framework




Additional Databanks None

Phases Default

Redox Off

Inflows Formula OLI Tag Name
Water H.0 H20
Ammonia NH; NH3

Using the techniques from the previous section, add the kinetics reaction from Equation 1.

Edit Equation ==

Type an equation using OLI Tags in the field below.

‘fou can double-dlick on an item in the list of available components to add it to the equation.

NH3AQ +H20= NH4ION + OHIOM

Formula ° OLITag
H+1 HION
H20(zq) Hz0
H20(vap) H20vAP
NH3(aq) NH3AQ
NH3(vap) NH3VAP
NH4+1 NH4ION
OH-1 OHION
—~

The reaction mechanism has been previously determined. It is beyond the scope of the document to
instruct you how to determine that mechanism, only to add the mechanism to the program.

Ratefm.ward = kfy X [NH3(aq)]yH20 [Hz 0] Equation 2

NH34q

Rate,cperse = Ky yy: [NH}]y,,-[0H] Equation 3

kf =3 Equation 4



k
k. =

T

L Equation 5
Keq

— Rate Rate Volume .
rate = (kge"¢forward — ke reverse | ———— E ion
( f r ) Tooo EQuatio 6

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

FXRATE=LNH3AQ+ANH3AQ+LH20+AH20
RXRATE=LNH4ION+ANH4ION+LOHION+AOHION

KF1=3

KR1=KF1/KEQ
RATE=(KF1*EXP(FXRATE)-KR1*EXP(RXRATE))*VOLLIQ/1000.

Clicking OK will return you to the editor:

Edit Kinetics Reactions - ESPL ==
Select a reaction from the list below or add a new one:
NH3AQ + H20 = NHAION + OHION m
Override Equilibrium Reaction [NH?.AQ +H20 = NH4ION + OHION v]
Rate {F=(RI=ER)*RIA=ERI)... - KRH([P1=EP1)*{[P2]**EP2)...)VOLLIQ

Rate is calculated using the above expression with the variables defined below.
[Ril, [Pi] are activities (x-based) of reactants and products. VOLLIQ is liquid volume (m3).

Variable Expression =
KF AFEXP(-BF/T,
KR ARTEXP(-BR/T =
AF 0.0
AR
BF
ER I
ERL 10 2
[¥] Display OLI tag instead of formula

You will notice that we replacing an existing equilibrium equation with reaction kinetics (unlike the
previous example where we created a new equation.)

1 Commonly referred to as ASAP variables.



Override Equibrium Reaction [NHIAQ +H20 = NHAION + CHION -

Rate Definition Arrhenions -

The reaction kinetics we have for this example is not Arrhenius. Change the Rate Definition button
to User Defined.

Edit Kinetics Reactions - ESPL =

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

NHZAQ + H20 = NHAION + OHION

Remave

Override Equilibrium Reaction [NHSAQ +H20 = NH4ION + CHION -
Rate Definition User Defined -
Rate

Rate is calculated using the above expression. The expression may contain standard ASAP
wvariables and any custom variables defined below.

Variable Expression

] »

I '

7] Display OLI tag instead of formula Cancel

We first must enter our variables and expressions in the lower half of the dialog. Each variable must
be on a separate row.

Edit Kinetics Reactions - ESPL ==

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

NH3AQ + H20 = NHAION + OHION -

Override Equilbrium Reaction [NH3AQ +H20 = NH4ION + OHION -
Rate Definition User Defined hd
Rate

Rate is calculated using the above expression. The expression may contain standard ASAP
wvariables and any custom variables defined below.

Variable Expression -
FXRATE LNH3AQ+ ANH3AQ+ LH20+ AH20

RXRATE LNHATON+ ANH4IOMN+LOHION+ AOHION

KFL 3 L
KRL KFL/KEQ 1

[¥] Display OLI tag instead of formula

You now must enter the overall rate expression in the box marked Rate.



Edit Kinetics Reactions - ESPL =3

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

| add. |
| Modify... |
| Remove |
Override Equilbrium Reaction | NH3AQ +H20 = NHAION + OHION -
Rate Definition |ml
Rate (kF 1"EXP(FXRATE) KR 1*EXP(RXRATE)) *VOLLIQ/ 1000

Rate is calculated using the above expression. The expression may contain standard ASAP
variables and any custom variables defined below.

Variable Expression -
FXRATE LNH3AQ+ ANH3AQ+ LH20+ AH20

RXRATE LNHAION+ ANHAION +LOHION+ AGHION

KFL 3 |
KRL KF1/KEQ 1

Cancel

/| Display OLI tag instead of formula oK

Click ok to accept this information.

Enable the kinetics reaction by checking the box.

4 Flowsheet’ Chemistry X | Report-d
Inflows Databanks Phases Redox T/P Span

Select kinetics reactions to be considered.

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

V1§iH3(aq) + H20(aq) = NH4+1 + OF-1

Return now to the flowsheet.

Create a flowsheet with a rector block with a single feed stream and a single product stream such as the
following:

51 52

Reactor-1

Enter the following parameters:

Feed Stream Parameters

Feed Stream Name S-1




Temperature

25°C

Pressure 1 atmosphere
Total Flow Automatic

H20 55.5087 mole/hr
NH3 0.1 mole/hr




Reactor Block Parameters

Reactor Type Kinetics
Kinetic Parameters
Number of Stages 10
Residence Time 100
(Hr)
Calculation Type Isothermal

Pressure Spec.

Min. Inlet Pressure

Temperature (°C)

25.0

Chemistry Model

Default

Run the process.

Here we have displayed the output of the process using callouts:




— = S
51 5-2
51 Reactor-1 5.2
T{*C) 250 T(°C) 25.0
P (atm) 1.0 P (atm) 1.0
pH 698708 pH 10,6921
MH3 Ag, True (malfhr) 01 MH3 Ag, True (malfhr) 0.0994881
MHAIOMN Ag (malfhr) 0.0 MH4IOMN Ag (malihr) 5.11867e-4
OHIOM Ag (maolfhry 1.0071e-7 OHION &g (mol/hry 5.11867e-4
HION Ag (molihr) 1.0071e-7 HIOM Ag (molfry 2.08544e-11

The stream S-1 represents the equilibrium condition. The stream pH is approximately 7.0. The
stream S-2 represents the condition with reaction kinetics limiting the reforming of ammonia from the
ammonium ion. The pH is much higher at approximate 10.7 which shows that it is not at equilibrium.

Stoichiometric Reactors (CONV)

Stoichiometric reactors in the ESP Original program were called CONV reactors (conversion). These
reactors used a simple stoichiometric relationship between reactants and products. There is no time
factor for these reactions.

In this example, we will mimic the bio-remediation of phenol (C¢HsOH) using aerobic degradation.
The reaction we are simulating is:

C¢H;0H +70, - 3H,0 + 6CO0, Equation 7

Start OLI Flowsheet and create the following chemistry:

Stoichiometric Reactor

Thermodynamic Aqueous (H+ lon)

Framework

Additional Databanks None




Phases Default

Redox Off

Inflows Formula OLI Tag Name
Water H,O H20

Phenol CeHsOH C6H50H
Oxygen 0, 02

Carbon Dioxide CO; Cco2

Unlike previous reactors, we do not define the stoichiometric parameters in the chemistry section.
Create a flowsheet with the following block and streams:

Create a flowsheet with a rector block with a single feed stream and a single product stream such as the
following:

51 52

Reactor-1

Enter the following parameters:

Feed Stream Parameters

Feed Stream Name S-1

Temperature 25°C




Pressure 200.0 atmosphere
Total Flow Automatic

H20 55.0 mole/hr
C6H50H 1.0 mole/hr

02 7.0 mole/hr




Now enter the block parameters:

Reactor Block Parameters

Reactor Type Stoichiometric Conversion

Reactions

Conversion C6H50H + 702 = 3H20 + 6C0O2

Reaction (edit)

Key Component C6H50H
Conversion factor 0.4
Calculation Type Isothermal
Pressure Spec. Min. Inlet Pressure
Temperature (°C) 25.0
Chemistry Model Default

Here are the individual steps for this type of reactor. Click on the reactor you have added. This will
display the properties dialog for the block:

= Reactor Properties
Reactor Type <5Select> j

Change the type of reactor to Stoichiometric Conversion.




= Reactor Properties
Reactor Type Stoichiometric C.. j
Reactions }|

Click on the Reactions button. This will display a fly-out dialog.

Reactor-1 Reactor

e i General

Select reactions to be included.
Click 'Edit’ to create/modify reactions.

Conversion Reactions Edit

No reactions have been defined. Click
Edit’ to create reactions.

This brings up a familiar dialog. Normally we used this dialog in the chemistry section but now we
are using the same dialog in the block.

Edit Reactions [zal
Select a reaction from the list below or add a new one:
Add..
Modif:
Remove
Key reactant
Conversion fraction
[ pisplay OLI tag instead of formula OK ] [ Cancel

Click the Add button.

As we did in the previous section, we will now add the equation from above (see CeH5OH +
70, - 3H,0 + 6C0, Equation 7)



Edit Equation k

Type an equation using OLI Tags in the field below.
‘fou can double-dick on an item in the list of available components to add it to the equation.

CEHSOH + 702 = 3H20 + 6002

Formula OLI Tag
C6H50H C6H50H
coz2 coz2
H2CO03 H2CO3
H20 H20

a2 oz

[ oK ] [ Cancel

Click OK



Edit Reactions

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

CEH50H + 702 = 3H20 + 6002

Modify...

LN

Remove

yrescant
Conversion fraction 0.0

&7

Cancel

8

[ pisplay OLI tag instead of formula

We now must define the key reactant. This is what the conversion is based on. Select phenol
(CeHsOH).

Key reactant ‘ <Selects - I
<Select>

Conversion fraction
02

For our purposes we are converting 40% (on a mole basis) so enter 0.4

Key reactant [CEHEDI-I "]

Conversion fraction 0.4

Click OK to continue.

Reactor-1 Reactor

Select reactions to be included.
Click 'Edit' to create/modify reactions.

Conversion Reactions Edit
CEHSOH + 702 = 3H20 + 6CO2




We have run our sample process at very high pressure to force the oxygen into solution. Here are
the results:

5-1 5-2
Reactor-1
S-1 3-2
T("C) 25.0 T(°C) 25.0
P (atm) 200.0 P (atm) 2000
CEHS0H Ag, Apparent (mal/hr) 0.999932 CEHS0H Ag, Apparent (mol/hr) 0.599854

We started with 1.0 mole of phenol (0.999932 is close to 1.0 moles) and have 0.599854 moles. This
is means we have reacted 40% of the phenol which is exactly to what the conversion factor was set.
Gibbs Reactor

A Gibbs reactor is a special type of reaction in OLI Flowsheet in that it does not evaluate the
standard equilibrium equations found in the chemistry model. Rather it minimizes the Gibbs Free Energy
at a given temperature and pressure or maximizes entropy at a given pressure and enthalpy. The latter
is usually what is calculated in OLI Flowsheet.

Create a flowsheet with the following configuration:

Fuel

Products
&

Cridizer

Reactor-1



Now create the chemistry model with the following parameters:

Gibbs Reactor

Thermodynamic MSE (H30+ lon)

Framework
Additional Databanks None
Phases Default
Redox Off
Inflows Formula OLI Tag Name
Water H.0 H20
Methane CH. CH4
Oxygen 0, 02
Carbon Dioxide CO; Cc02
Nitrogen N, N2
Carbon Monoxide co co

Now enter the parameters for each inlet stream:

Feed Stream Parameters




Feed Stream Name Fuel

Temperature 25 °C
Pressure 1.0 Atm
Total Flow 1 m3/hr m3/hr
H20 0.0 mole/hr mole/hr
CH4 100.0 mole/hr
02 0 mole/hr
CcOo2 0 mole/hr
N2 0 mole/hr
co 0 mole/hr

Feed Stream Parameters

Feed Stream Name Oxidizer
Temperature 25 °C
Pressure 1.0 Atm

Total Flow 0.1 m3/hr m3/hr




H20 0.0 mole/hr mole/hr
CH4 0.0 mole/hr
02 20 mole/hr
CcOo2 0 mole/hr
N2 80 mole/hr
co 0 mole/hr

Now enter the block parameters for the reactors. We will describe the details about the new
parameters after the table.

Reactor Block Parameters

Reactor Type Gibbs

Reacting Vapor Species

CH4 Enabled
co Enabled
CO2 Enabled
H20 Enabled

N2 Disabled




02 Enabled

Calculation Type Adiabatic

Pressure Spec. Min. Inlet Pressure
Heat Duty 0.0

Chemistry Model Default

This the type of reactor you need to specify which vapor species can react. In this case, we are
simulating a combustion reaction so we do not require Nitrogen gas to be reactive. After specifying the
reactor type we need to enable the gasses:

e Reactor Properties
Reactor Type Gibbs ﬂ
Reacting Vapor Species }|

Click the fly-out button next to Reacting Vapor Species.

Reactor-1 Reactor

~ Definition General
Select reacting vapor species.

The program sclves for vapor chemical
equilibrium of selected vapor species.

7] CHa
[ co
[ coz
[ H20
N2
[ 02




Check the components:
CH4cCo

Cco2

H20

02

Skip N2

Properties * 0 X

Reactor-1 Reactor

Select reacting vapor species.

The program solves for vapor chemical
equilibrium of selected vapor species.

CHY

co

co2

H20

N2

02 |

Click the Back button and then run the calculation.

Fuel
T(*C) 25.0
P (atm) 1.0
“aolume (ma3/hr) 1.0
CH4 Vap (ppm {mao... 1.0ef
Products
Oxidizer Reactor-1
T(C) 25.0
F (atm) 10
“aolume (ma3/hr) 01
02 Vap (ppm (mo... 2.0e5
M2 Vap (ppm (mo... 8.0e5

[m)

u] o
Products
T(*C) 209.815
P (atm) 1.0
Yolume Vap (m3/hr) 1.78476
JCH4‘u’ap (ppm (mole)) 9'00138951
CO Vap (ppm (mole)) 8.02494
C0O2Vap (ppm (mole)) 9071.78
HZ20 Vap (ppm (mole)) 18158.6
02 Vap (ppm (mole)) 0.0
L‘NZ ap (ppm (mole)) ?2622.4J




You can see that we have reacted methane with oxygen and have formed the traditional
combustion products of carbon dioxide and water. We also have some incomplete combustion and have
formed some carbon monoxide at approximately 8 ppm. There has also been a temperature increase.



