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DISCLAIMER

Mineral Processing Research Institute (MPRI) makes no warranties,
express or implied, including without limitation the implied warranties of
merchantability and fitness for particular purpose, regarding the MPRI software.
MPRI does not warrant, guarantee or make any representation regarding the use
or the results of the use of the MPRI software in terms of its correctness,
accuracy, reliability, currentness or otherwise. The entire risk as to the results

and performance of the MPRI software is assumed by you.

In no event will MPRI, its director, officers, employees or agents be liable
to you for any consequential, incidental or indirect damages (including damage
for loss of business profits, business interruption, loss of business information,
and the like) arising out of the use or inability to use the MPRI software even if

MPRI has been advised of the possibility of such damages.



Operation Manual

Once ReaCat has been installed in your system open any of the case studies
from the examples folder.
Example for Gas liquid CSTR

Given below is the data input/output procedure for gas liquid reactors
using the captured images of different screens. Example used for demonstration
purpose is liquid phase oxidation of o-Xylene in an agitated gas liquid reactor
(example GasligCSTR.rec in Examples folder .

The introductory screen of the program is shown in Figure D.1.

w REACTOR FLOWSHEET - [React Sim] =13
! File BReaction Reactor Type 18] x|

FlEs) -] @kl k[0

Figure D.1

ReaCat Startup Screen



The “File” menu has standard file handling options such as opening a file,
saving, printing etc. The “Reaction” menu is used to indicate the reaction phase.

“Reaction” Menu items are shown in Figure D.2.
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Figure D.2
“Reaction Menu”

For the current case, the reaction phase is gas-liquid. This is selected by
clicking on it once. A check mark will appear next to the choice indicating that the
reaction phase has been chosen.

The next menu is “Reactor Type”. This is used to select appropriate
reactor. The items of this menu depend upon the choice of reaction phase. For
example, if user chooses homogeneous gas phase, then the “Reactor Type”
menu items will be PFR, CSTR and Batch reactor. Following is a list of reactors
available in ReaCat.

i- Homogeneous Reactors ( Reaction: Homogenous Gas/ Liquid)

(Plug Flow, CSTR, Batch)

ii- Heterogeneous Reactors

Two-phase Catalytic Reactors (Reaction: Catalytic Gas/ Liquid)



- Fixed-Bed
I- Sulfuric Acid Production
{3 Fluidized-Bed
Gas- Liquid Noncatalytic Reactors (Reaction Phase: Gas-Liquid)
l. Continuous Stirred Tank
Il Packed Column
Three Phase Reactors (Reaction Phase: Gas-Liquid-Solid)
- Three-phase Trickle-bed
I- Three-phase Bubble Fixed-Bed
l- Three-phase Catalytic Gas-Liquid Slurry Stirred Tank
IV-  Three-phase Catalytic Gas-Liquid Slurry Bubble-Bed
V- Three-phase Catalytic Gas-Liquid Fluidized-Bed
For the current example, reaction phase chosen is “gas-liquid”. For

this phase, “Reactor Type” menu is shown in Figure D.3.
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Figure D.3
“Reactor Type” Menu for Gas Liquid Reactions
After choosing reaction phase and reactor type, next step is to input the
data required to run the simulation. Clicking on any of the icon in the toolbar

brings up an input screen. Brief Definition of each icon can be seen by resting the



mouse pointer over it. Data has to be entered in the same order in which the
buttons are placed. Following is a brief description of each icon and the

corresponding input screen.

Global options D

The reactor program global option include (Figure B-4):

- Number of reactions and number of species.

Number of calculation increments

Inlet temperature and pressure.

Energy model (isothermal, non-isothermal, or adiabatic)

Flow model (Plug Flow, Dispersion)

Data Type( Concentration, Partial Pressure)

. GLOBAL OPTIOMNS I
Mumber of Reactions 1
Total Ho. of Species in Reaction Mixture 4
Inlet Temperature [F] 220
Inlet Pressure [Pzia] 19922
Total Ho. of Increment 5
Energy Model |ISOTHERMAL =]

[ EXiT ]

Figure D.4

Global Options Input Screen
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Physical properties

The species name, molecular weight, heat capacity and molecular
diffusivity are entered in the property screen. Also mixture properties such as
density (for liquid phase reactions only), viscosity are also entered here. See
Figure D.5. To display the physical property screen, click on the physical property

icon on the toolbar.

. REACTANT PROPERTIES Ei=1 E3
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—1 [ LEM/FT3) -
A Oxyge 32 ] 0 Vi ;
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B |D-Xylene 107 0 0 (LB/FT.HR) [0.55595
C O-MethylBenzoic Acid 18 a 0 Surface Tenzion 471089
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In the Phaze Option, Enter "¥" For a Component
present in Both Gas and Liquid, "G" for a Gaseous FRINT I EXIT I

component and “L" for a Liquid Component.

Figure D.5

Physical Properties Input Screen
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Kinetic data

The user must also supply the reaction kinetic data such as: reaction

. | |
st0|ch|ometry l:, reaction rate orders, reaction constant expression ,

reaction rate and equilibrium constants l: The order in which this data

entered is important. The data must be supplied in the following order:

1- From the Global option screen D number of reactions and the total

number of species including any inerts must be set.

2- Click at the stoichiometry E to enter the Kinetic Data. The first
screen displayed will allow the user to input the reaction stoichiometry
coefficients. Figure D.6 displays the Stoichiometry screen. A negative
stoichiometry coefficient indicates that this component is acting as a reactant
species for current reaction, while a positive coefficient indicates a reaction

product. Figure D.6 displays the input data for the following set of reactions:

15A+1B --->1C + 1D
Where A represents Oxygen, B represents o-xylene and C represents o-

methylbenzoic acid.



Note: To check the data input click at the Display button to display the reactions
as above. For reaction number larger than 10 or for reactants more than 12, use

the campus like button to scroll up, down, left and right.
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Figure D.6

Stoichiometry Input Screen
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3- Click at the Reaction Rate icon . to enter the order of each reaction
with respect to each component that contribute in that reaction. Forward and
reverse reaction orders are entered in the Reaction Rate Screen, See Figure D.7

for illustration on how to enter following reaction rate expression:

(-rlA) = kl CA (1)



where,

(-r1n) - Rate of reaction 1 expressed in terms of disappearance of
component A

Ky - Rate constant for reaction Number 1.

Ca - Concentrations for components A

| & REACTION RATE 1

Figure D.7

Reaction Rate Order Screen



Note: If reaction order is zero with respect to one component, enter 0.0 in the
data entry above the component symbol. Use the spin button to scroll for reaction

numbers higher than 10.

4-Click at the Reaction Rate options button to enter the basis component
and the enhancement factor for each reaction. Each reaction rate should be
expressed based on a formation or depletion of a component that appears in the
stoichiometry of the reaction as a reactant or as a product. In case the user does
not enter a value of the enhancement factor it is calculated as discussed in
Chapter Three. For example, the reaction rate for reaction 1 is expressed in

terms of the depletion of Component A. So the basis for reaction 1 is -A (See

Figure D.8)
w. REACTION RATE 3 =] E3
Reaction Hate iz Per Mole Enhancement
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FER UMIT OF COMP. & DISAPFEARANCE. HEAT OF
REACTION 15 PER UKIT MOLE OF THE SARME
REFER&MCE COMP.




Figure D.8
Reaction Rate Options Screen
For non-isothermal systems; a second entry column for the heat of
reaction will be displayed. Heat of reaction for each reaction is also expressed

per unit mole of the basis component of the reaction.

Note: For exothermic reactions use a negative value for the heat of reaction,

while a positive value should be used for endothermic reactions.

5- Click at the Reaction Constant icon k to display the Reaction Rate

Constant input screen (Figure D.9). The forward reaction constant, k, and the
equilibrium constant, K¢ for each reaction may be entered here according to an
Arrhenius-type equation:

k = Aexp(-E/RT)

Ke= Ac exp( -E¢/RT)



. REACTION CONSTANT Ei=] E3
Forward Reaction Constant E quilibrium Reaction Constant
Kl= [2400 B0 /RT kel [o e-In IRT
K2= |0 e-ln /RT Ke2 [o e-[n JRT
K3= |0 L= 1] fRT Ke3 [0 e-1n /AT
K4 = [0 el /RT ked [g e-Ip /RT
Kh= |n e 1] fRT Ee5 |n e-In /BT
K6= |0 e-[n /RT Keb [o e-Ip JRT
K7 = |n - 1] /RT Eef |n e - /BT
K8= |0 E -0 fRT kel [0 e -0 /BT
K= [p e-[n /RT Ked [p e-[o /RT A
K10 =]q e-0 /RT Kel0 [g e-|0 /RT 4
Cornstants are in units; Min, Psia, lbmole, and 73 T in Deg. B
E:BTU/Lbmol. B =1.987 BTL/Lbmol R
E=IT I

Figure D.9
Reaction Rate Constants Screen
When E = 0, this indicate that the reaction rate constant is not a function of
temperature. The same applies to the equilibrium constants as well. Units for the
reaction constant are in Min, lbmol and ft3. While T stands for temperature in °R,

E in BTU/Ibmol, R is 1.987 Btu/lbmol/°R.

|
Reactor Specifications: 0 j
Each one of the reactor types has a unique data input screen. The user
may specify the reactor dimensions such as the length, diameter or volume. The
input volumetric flow rate is also set in this screen. To display the reactor data
input screen, click on the reactor specification icon. Data Input Screen for an

agitated gas liquid reactor is shown in Figure D.10.



. REACTOR SPECIFICATION

I =] E3

REACTOR TYPE : Agitated Gas-Liguid C5TH

Reactor Yolume, FT3

Reactor Diameter. FT

Gas Flow Rate. FT3/HR

Liquid Flow Rate. FT3/HR

‘FEED

‘ CATPROP

D

2a0

I 4322
| 22098 86976

I 261,582

5DATA

‘EXTT

Feed Compositions FEED

By clicking on the “FEED” in the reactor specification screen (Fig.D.10),

user can enter the inlet or initial feed composition; the following figure displays

Figure D.10

the FEED screen for the case under consideration.

Reactor Specifications Screen



http:Fig.D.10
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Figure D.11

Feed Composition Screen

‘ MSDATA
Mass transfer Data

This input varies depending on the choice of reactor. For agitated

reactors, certain reactor configuration and operating parameters like stirrer
diameter, speed and height from base and liquid height from base are required.
In case of packed bed reactors reactor configuration and properties like specific
surface area of packing, void fraction, critical surface tension of liquid and gas
viscosity are required. Clicking the MSDATA button on the reactor specification

screen brings up the input screen where mass transfer data can be provided.



Figure D.12a and D.12b shows the input screen for an agitated gas liquid reactor

and packed bed reactor respectively.

i, Data for Mass Transfer Coefficient =] E3

Stirrer Diameter, FT 1 E405

W

Stirrer Speed. RPM 246

Stirrer Height From the Baze [y

1

Liquid Height From the b 6405
Baze i

ExlT

Figure D.12a

MSDATA Input Screen for agitated gas liquid Reactor

w. Data for Mass Transfer Coefficient !EIE

Specific surface area of
packing (/)

Yoid Fraction

Critical Surface Tension of
Liquid

Gas Viscosity

ExlT

I

Figure D.12b

MSDATA Input Screen for Packed Bed Reactor



Note: In case the value of mass transfer coefficient, ki (ft/hr), is entered in the
Physical properties screen, then the user would have to provide the value of the
interfacial area also. Clicking the MSDATA button on the reactor specification

screen brings up the input screen for interfacial area.

Heat Transfer Data 'Qj

Whenever the energy model is other than isothermal (See Global Options
Screen Figure D.4), The reactor specification screen will have an active “Heat
Trans” button. This is used to input the reactor heat transfer specifications.
Data required include surrounding temperature, Overall heat transfer coefficient
based on unit area or length of reactor and area available for heat transfer. (See

Figure D.13)

im. Reactor Heat Transfer Data | [O0] =]

Surrounding Temp. F. ||:|

Overall Heat Transfer Coeff., BTU/H/FAFT 2 IT:'—

Heat Tranzfer Area/Umit Beactor Yolume, IT:'—
ft2/gal

ExIT I

Figure D.13

Heat Transfer Data Input Screen



Note: For the present case, “Heat Trans.” Button will be disabled, as the energy

model is isothermal.

i i i
Running the Simulation

As the data input procedure is complete, it is recommended that user

saves the work by using “Save/ Save as” from the file menu. The case can be
executed by clicking the “Run” key. The total reactor length will be divided by the
number of increments (Specified in the Global Option screen), and the
calculations will be performed for each increment. The results will be displayed
graphically as shown in Figure D.14. The user can display the data in a tabular
form by clicking on the Data option. The tabular display is shown in Figure D.15.
Graphical and tabular display have several options to display the different output
data such as concentration, conversion, temperature and pressure as a function

of the reactor volume. Display options may be selected from Figure D.14 or D.15.
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Figure D.14

Graphical Output Display
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B3 File Reaction Reactor Type ___ti’_jjj
aa] - JOT-T-1+]0 El
olume, FT3 [T.F P, Psi |A,menI£Ft"3 |B,menI£Ft"3 |E,menI£Ft"3 D Lbmal/Ft™3 ‘Ag,meoIﬁFt"E i« ]
0 193.22 0 0.433 0 0 5 022821E 03 (]
10 320 193.22 5.392012E-04 04223033  1.501673E-02 1.501678E-02 4.142902E-03 [
20 320 193.22 46265E8E-04 04123106 2576P45E-02 2576745E-02 00035341
30 320 193.22 4039335E-04 04043045  3375528E-02 3.375528E-02 3073434E-03 [
40 320 193.22 3503300E-04 03982418 3.991220E-02 3.991220E-02 2728514E-03
50 320 193.22 3218045604 03933051 4481969602 4.4815969E-02 24459348603 [
B0 320 193.22 2921319604 0339287  4.891956E-02 4.881556E-02 0002222
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100 320 193.22 213220304 03786642  5.937718E-02 G.93771BE-02 1.620333E-03 [
110 320 193.22 1.997266E-04 03763521  B.118407E-02 6.118407E-02 1.517655E-03 [
120 320 193.22 1878336E-04 03753603  B.277592E-02 6.277592E-02 1.42718E-03 _FI
4 | 3
 DATA GRID
C GRAPHS

Figure D.15

Tabular Output Display






