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£PFL  Course Outline — Reactors for MeOH Synthesis

1.  General aspects on reactor models in Aspen Plus

2. MeOH synthesis reactions
»  Stoichiometric considerations
»  Operating conditions

3. Tutorial in Aspen Plus
»  Scaling-up: Co-electrolyzer
»  Multi-stage compression (with intercooling)
»  RGibb’s reactor model (Equilibrium)
»  Rplug reactor model (Kinetic)

Calculator blocks
> YIELD
> CAT-LOAD

5. Tear streams and convergence in Aspen Plus
»  Recycling streams to enhance MeOH yield
»  Strategies to fix convergence issues

6.  Sensitivity Analysis on: (in class)
»  Gas hourly space velocity (GHSV)
»  Visualization of results
»  Pre-sizing of a reactor



£PFL  Chemical reactors to model ... chemical reactions

Reactors
Unit Operations

- -

Min. Cost,
Min. Emissions & Waste,
Control & Safety

» Decide the type of reactor
Batch, CSTR (continuous stirrer tank), PFR (plug flow), PBR (packed bed), etc,

»  Find the information for modelling of reactor
Reaction stoichiometry, reaction conversion, reaction yield, reaction kinetics, isothermal/adiabatic



£PFL - Many different reactor models

C2H4 + H2 <=> C2H6

Fermentation Process

RSTOIC

@)
(s)
[100]

FEED

O Temperature (C)

D Pressure (bar)

D Molar Flow Rate (kmol/hr)

il == oy
RSTOIC

BATCHP

These simulation files are available

» Aspen Help Window for more details on each reactor model

» Choose model based on the literature data

on Moodle.




£PFL - MeOH Synthesis — Co, hydrogenation reactions

» 3 main chemical reactions in competition:

A. CO+2H, 2 CH;0H AH = -90.8 kJ/mol
B. CO,+H,2C0O+H,0 AH = +41.2 kJ/mol, Reverse WGS Reaction
C. CO, +3H, 2 CH;0H + H,0 AH = -49.16 kJ/mol

» The Stoichiometric number (SN) of the » Operating conditions:

feed must be > 2 for good conversion
» T =[200-300] °C

_ Yu, — Yco,
Yco tYco,

> P =[50-100] bar

» SN =2-3

SN = 3 as a design specification in previous tutorial



£PFL  Co-Electrolyzer: Scaling up to achieve ~1 kg/s Syngas output

SE ATCR) TE CIR

HEATER¢ Q=5
a7 HEATERS

Tune POWER input to

— —
scale up/down o

» SN design specification:

SOEC stack as a black box

=

REACTION

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

F >
g Q=17
COOLER2

» Get desired Syngas composition
» varying H20/CO2 ration at inlet

» POWER stream to scale Syngas flow rate output
» FUELL flow rate changed automatically in OXY

Main Flowsheet -~ ' POWER (WORK) -~ |+

ISpeciﬁcations EQ Options | Comments |

-Streamn specifications
Power -30 MW v
Speed Hz v




ePFL  Adapt Design specification: COSOEAIR

B Simulation Warnings bt I [ PIPELOSS
4 [ POWER
Your simulation has completed with warnings. o %:‘:pu:t
Results are present. - nesutts
d EQ Variables
I B SYNGAS
I [ WASTE
@) Display Run-Status results form I £ WATER
= = . I [@ Blocks
() Enter Equation Oriented input 3 Sensors
() Synchronize Equation Oriented models [ utilities
I [ Reactions
4 |77 Convergence
| 0K | [ Cancel I [@ Options
I [g EQ Options
[C] Don't show this message again [@] Tear

4 [£F Convergence
4 [ SOLVERD1
il Results
”l I [ SOLVERD2
I g SOLVERD3
[@] Nesting Order
[ Sequence
] S(alma
4 [Tt Flowsheeting Options
4 [z Design Specs
4 [ COSOEAIR
@] Input
:_1 Results
+d EQ Variables
[@]E0 Input
o Summary
I CgSsM

» Results completed with warnings ?
» Open control panel
» Read message

> Locate the error

m

» Try to fix it by yourself

» Always analyse results when computed
with warnings

[ s ey et ey s e —

‘ Surmmary | Spec History ‘ 4, Status ‘
Convergence status
Block calculations were completed with warnings

Property status

Property calculations were completed normally

Aspen Plus messages:

*  WARNING
EITHER SOLUTION OUTSIDE BOUNDS OR SPEC FUNCTION IS NOT MONOTONIC.
REVERSING THE NESTING OF THE LOOPS BY CHANGING
DESIGN SPEC MESTING AND USER NESTING ON THE
CONV-OPTIONS.DEFAULTS.SEQUENCING SHEET MAY AID CONVERGENCE.

Main Flowsheet POWER (WORK) Results Summary - Run Status COSOEAIR ' COSOEAIR - Results -~ | +
[ Results | & Status
Variable Initial value Final value Units
» MANIPULATED 3600 3600 KG/HR
Co20UT 0.706751 0.706751

» Final value is at upper bound
—> Increase bound to 100 kg/s, RESET, RE-RUN

Main Flowsheet POWER (WORK) Results Surnrmary - Run Status COSOEAIR

'COSOEAIR - Input = |+

| & Define I & Spec | @ Vary |Fortran | Declarations | EQ Options |Commems |

~Manipulated variable ~Manipulated variable limits —f§———
Type Stream-Var - Lower 0.000003
Stream: AIR1 - Upper 1°°'|
Substream: MIXED - Step size
Variable: MASS-FLOW -~ Maximum step size |
Units: kag/sec -

~Report labels




£PFL  Overview of Aspen Flowsheet

2 calculator blocks R2A

4)@ S34 $
CAT‘LOADJ it J a=-1731'\ 2) Gibb’s Equilibrium reactor

1) MS-Compressor & Heater {icuared facuamo

@ o
1o} - @ _
2112 = =, 4) Recycling
micx 1,69
Syngas input

O Temperature (C)
<:> Pressure (bar) ]

[s2
E Mass Flow Rate (kg/sec) B

Q  Duty (kw)

w Power(kw)

3) RPIug - Catalytic tubular reactor

S11 P
» Inthe end only RPlug reactor for next tutorials: all streams/blocks containing an A are removed —
Methanol output



ePFL  Multistage Compressor with intercooling

" Main Flowsheet -~ C1 (MCompr) - | +

Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers

g - D E e || e |,
Valve Pipe Pipeline

Main Flowsheet - C1 (MCompr) ~ | +

Pump Compr
—I @ Configuration |9Mater‘|a| l Heat-Work ‘ Specs [ @ Cooler |Convelgence Comments

Number of stages 3%
Compressor model
@ Isentropic () Pelytropic using ASME method
) Isentropic using ASME method () Polytropic using GPSA method
) Isentropic using GPSA method () Positive displacement

-Specification type
@ Fix discharge pressure from last stage 50 bar v
© Equal pressure ratio ) Equal head

_) Fix discharge conditions from each stage

) Use performance curves to determine discharge conditions

» Compression ratio < 4 to limit Costs &
Temperature issues

» Use 3-stage compression to reach 50 bars

[QConfiguration ] @ Material ] Heat-Work lSpecs I @ ~Cooler | Convergence lComments ]

- Cooler specifications

Stage
Specification Outlet Temp
Value
Units C
» Pressure drop bar

Utility

1 2 3
Outlet Temp Duty
25 25 0
C kW
0 0 0

> Intercooling back to 25°C to save
electrical power

» No post-compression cooling as
high T is desired
Heater

» Add Heater (HX1) to bring
Syngas at 250°C

> Pressure of 0 bar means no
pressure drop

* Main Flowsheet ~ “HX1 (Heater) © | +

|95peciﬁcanons | Flash Options | Utiity | Comments |

- Flash specifications

Flash Type -
Pressure -

Temperature 250 C v

Temperature change C

Degrees of superheating C

Degrees of subcooling G

Pressure 0 bar M

Duty kW

Vapor fraction

Pressure drop correlation parameter

["] Always calculate pressure drop correlation parameter

~Valid phases

Vapor-Liquid v
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£PFL  Overview of Aspen Flowsheet

2 calculator blocks

CAT-L OADJ

1) MS-Compressor & Heater {iycuar

G
(10)
2112

Syngas input

>

YELD
FALCULATO!

D1A

Q=-1731
@0
281112 e 4) Recycling
51,0 51,0

O Temperature (C)

<:> Pressure (bar)

E Mass Flow Rate (kg/sec)

Q  Duty (kw)

w Power(kw)

1,69

3) RPIug - Catalytic tubular reactor

S11 <>

In the end only RPIlug reactor for next tutorials: all streams/blocks containing an A are removed
Methanol output



£PFL - RGibb’s equilibrium reactor

Separators Exchangers Columns Reactors Pressure Changen:

0-0.0(Q-I.

» Add Duplicator block (D1A) RYield REquil RGibbs RCSTR RPlug
> Add RGibbs reactor model _ Main Flowsheet - R2A (RGibbs) -« |+

@ Specifications leduds | Assign Streams | Inerts | Restricted Equilibrium | PSD | Utility
RGibbs models reactions at equilibrium Caiculation aption

late phase equilibrium and chemical equilibrium

» Minimizes the Gibb’s free energy of the mixture

-Operating conditions

11

) ) Pressure 50 bar -
» Often over-estimates the production of products for @ Temperature — .
finite reaction time © Heat Duty W
» Mimics perfect catalyst when “Restrict chemical ~Phases .
equilibrium” is selected and products are specified Maximum number of fluid phases v
Maximum number of solid solution phases 0 :
Run the flowsheet and see the results at the outlet At b
i ["] Merge all CISOLID species into the first CISOLID substream
= Mole Fractions [
H2 I 0.653266
co I 00510437 Calculate phase equilibrium and chemical equilibrium =
) Calculate phase equilibriuvm only
METHANDE I 0211198 Calculate phase equilibrium and chemical equilibrium

Restrict chemical equilibrium - specify temperature approach or reaction extents

Restrict chemical equilibrium - specify duty and temp, calc temp approach
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£PFL  Overview of Aspen Flowsheet

2 calculator blocks

CAT-L OADJ

1) MS-Compressor & Heater {iycuar

G
(10)
2112

Syngas input

>

YELD
FALCULATO!

D1A

Q=-1731
@0
281112 e 4) Recycling
51,0 51,0

O Temperature (C)

<:> Pressure (bar)

E Mass Flow Rate (kg/sec)

Q  Duty (kw)

w Power(kw)

1,69

3) RPIug - Catalytic tubular reactor

S11 <>

In the end only RPIlug reactor for next tutorials: all streams/blocks containing an A are removed
Methanol output



=PFL RPlug reactor — kinetic modelling

RPIlug Reactor

Specifications Reactor type Reactor with specified temperature
operating condition constant at inlet Temperature

Configuration number of tubes Single-tube reactor
Length 6 m
Diameter 1 m
Valid phases Vapor-Only

For recycling stream Q=-1534 Reactions New R-1 LHHW
(later)

Catalyst Catalyst loading 865 kg
Catalyst density 1500 kg/m3
Bed voidage 0.98 =

» Langmuir-Hinshelwood kinetic model (LHHW) Only useful with rigorous kinetic data

> To evaluate the effect of catalyst (Cu/Zn/Al/Zr substrate) A. Kiss, Novel efficient process for methanol synthesis
by CO2 hydrogenation, 2015,

» Extension of modified Arrhenius equation: r = KT" exp(-E,/RT)

(kinetic factor) (driving force expression) » Go through first reaction together and then
> r= 7 dsorptiog term) P import LHHW reaction set from Moodle (File,

- import,...)




£PFL - MeOH Synthesis — Co, hydrogenation reactions

» 3 main chemical reactions in competition:

A. CO + 2H, 2 CH,OH
B. CO,+H, 2 CO+H,0

C. CO, +3H, 2 CH;OH + H,0
Main Flowsheet Rm] +

» QOperating conditions are a
priori fulfilled

AH = -90.8 kd/mol

AH = -49.16 kJ/mol

AH = +41.2 kJ/mol, Reverse WGS Reaction

14

[ @ Stoichiometry | @Kinetic | Equilibrium | Activity | Comments |
New Edit Copy | Paste
Rxn Ma. Reaction type Stoichiometry Delete
1 Kinetic CO +H2 --> METHAMOL{MIXED) X
@ Edit Reaction
ReactionNo. @1 - Reaction type Kinetic A
-Reactants -Products
Component Coefficient Component Coefficient
P CO METHANOL
H2 3

[ # ]

Close




£PFL MeOH Synthesis — LHHW kinetic model

(kinetic factor) = kKT" exp(-E./RT)

Table 1
Kinetic factor for reactions A, B and C (based on data from [2]) - the units used are
[Pa] for fugacity and [mol/gcatalyst S| = [KMOl/Kgcaralys: S] for reaction rate.

Reaction k n E; [J/mol ]
A 4.0638 x 10~° [kmol/kg. s Pa] 0 11,695
B 9.0421 x 10® [kmol/kg.,. s Pa'/?] 0 112,860
C 1.5188 x 10733 [kmol/kg . s Pa] 0 266,010

A. Kiss, Novel efficient process for methanol synthesis by CO2 hydrogenation, 2015,

Be careful on the units !

They depend on the dimension of the driving force and the
adsorption term

15

Catalytic reaction

- (kinetic factor) (driving force expression)

(adsorption term)

_ Main Flowsheet R-1

(LHHW) - Input - | +

Reacting phase  Vapor

r=

-LHHW kinetic expression

| & Stoichiometry | @ Kinetic |Ec|L|iIib|'iL|m |Acti\.rity |C0mments

1CO + H2 --> METHANOL(MIXED)

=~ Ratebasis  Cat(wt)

[Kinetic factor][Driving force expression]

[Adsorption expression]

-Kinetic factor
If To is specified
If To is not specified

k 4.0638e-06
n 0
E 11695

To

Kinetic factor =k(T/To) " e -(E/R)[1/T-1/To]
Kinetic factor =kT N e “E/RT

kJ/kmol A
c -

Solids
Driving Force
Adsorption




£PFL MeOH Synthesis — LHHW kinetic model

The driving force expressions are as follows:

Reaction A :cof

K, K
Reaction B : Kco,fco,fh, — KLEZf n,0f co [P

Reaction C : Kco,fco,f

3/2
Ha

-1/2

O

K,

[Pa*"]

32 Kco ~3/2 (53/2
H/z - KCZfHZOfCH3Ol-LfH2/ [Pa*?]

A. Kiss, Novel efficient process for methanol synthesis by CO2 hydrogenation, 2015,

Concentration exponents

Reactions Terml Term 2
A) (6{0) H2 CH30H (6{0) H2 CH30H
1 1,5 0 0 -0,5 1
B) Cco2 H2 CcO H20 CO2 H2 co H20
1 1 0 0 0 0 1 1
C) Cc02 H2 CH30H H20 co H2 CH30H H20
1 15 0 0 0 -1,5 1 1

16

In(K) = A +

B

T

Table 3
Constants for driving force (from [2]) using the format for Aspen Plus.
K] KZ
Reaction A B A B
A -23.20 14,225 28.895 2385
B —22.48 9777 —-28.12 15,062
C —22.48 9777 23.974 3222
A.Kiss, Novel efficient process for methanol synthesis by CO2 hydrogenation, 2015
@ Driving Force Expression x
Reacting phase | Vapor o
[Ci] basis Partial pressure -
Enter term Term 1 =
~Term 1 [Term 1
Concentration | Term 2 ion exponents
for reactants for products
Component Exponent Component Exponent
co 1 »  METHANOL 0
H2 1.5

Coefficients for driving force constant

A -23.2 B: 14225 (&

[ W [ (g ]

Ideal gas law —> partial pressure to express fugacity



£PFL MeOH Synthesis — LHHW kinetic model

Catalytic reaction

(adso rption term) = f(T1 P’ C’ CataIySt) - (kinetic factor) (driving force expression)

. (adsorption term)
Same for all reactions, exponent =1

K, K,

Component Term no. 1 Term no. 2 Term no. 3 Term no. 4 Termno. 5 Term no. 6

H2 0,5 0 0,5 0 0,5 0

H20 0 1 0 1 0 1

CO 0 0 1 1 0 0

CO2 0 0 0 0 1 1

Term no. 1 2 3 4 5 6
Coefficient A 0 -26,1568 -23,2006 -49,3574 -22,4827 -48,6395

Coefficient B 0 13842 14225 28067 9777 23619
Coefficient C 0 0 0 0 0 0
Coefficient D 0 0 0 0 0 0
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£PFL  Catalytic reactions — Effect of operating conditions

Temperature Pressure
» Impact Equilibrium constant of the reaction » Impact Equilibrium constant of the reaction
» For AH <0, T7 = Keq ¥ » Mole decreasing reactions favored at high P
» For AH >0, T7 = Ky 7
» Impact kinetics (increase probability of collisions) > Impact kinetics (increase probability of collisions)
>»T=r/ >PA=r2
60 T
. " P=50 bar | —+—MeOH,R=3 —< - CO, R=3
Catalyst Loading 50 N T=200°C | —*—MeOH,R=6 ——CO, R=6

—&— MeOH, R=9 —&—CO0, R=9

N
—an | —=—CO0, R=
> How much reactants are present for a given amount of catalyst 3240 £0, A=12
\ 530
> GHSV =% where: @ T
Meat >20 +

« GHSV is the gas hourly space velocity [m?/(kg h)] 10 _
* Viow is the volumetric flow rate [m3/h] r
* mg, is the mass of catalyst present in the reactor [kg]

0.1 1 10 100 1000 10000 100000
> GHSV / = YIELD GHSV / [m*/kg..:h]

A.Kiss, Novel efficient process for methanol synthesis by CO2 hydrogenation, 2015,
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£PFL  Overview of Aspen Flowsheet

2 calculator blocks R2A

4)@ S34 $
CAT‘LOADJ it J a=-1731'\ 2) Gibb’s Equilibrium reactor

1) MS-Compressor & Heater licnirod facuramo

@ G
(o) L @ _
2112 = =, 4) Recycling
micx 1,69

Syngas input

O Temperature (C)
<:> Pressure (bar) ]

[s2
E Mass Flow Rate (kg/sec) B

Q  Duty (kw)

w Power(kw)

3) RPIug - Catalytic tubular reactor

S11 P
> In the end only RPlug reactor for next tutorials: all streams/blocks containing an A are removed —
Methanol output
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EPFL  Create Calculator blocks (YIELD & CAT-LOAD)

» Make sure streams and blocks are correctly named (cf. slide 8)

Main Flowsheet ~  YIELD » | + Main Flowsheet - ffm| +
@ Define l @ Calculate I @ Sequence l Tears I Stream Flash | Comments | | @ Define | @ Calculate l Py — | oo | Strearn Flash
) Active -Calculation method
~ | Sampled variables (drag and drop variables from form to the grid below) = = =
Variable Information flow Definition
FCOIN Import variable Mole-Flow Stream=52 Substream=MIXED Component=CO Units=mol/sec _El'lt'Ef executable Fortran statements
FCO2IN Import variable Mole-Flow Stream=52 Substream=MIXED Component=C0O2 Units=mol/sec
FMEOHOUT Import variable Mole-Flow Stream=511 Substream=MIXED Component=METHANOL Units=mol/sec YTELDKIN = FMEOHOUT/ (FCOIN + FCO2IN)*100
YIELDKIN Export variable Parameter Parameter no,=4002
_ Main Flowsheet - /CAT-LOAD |+ l @Define | @ Calculate | & Sequence I Tears l Stream F
fl @ Define I @ Calculate | @ Sequence I Tears I Stream Flash | Comments )
- Calculation method
[¥] Active ’ @ Fortran O Excel ) Neural Network
~ | Sampled variables (drag and drop variables from form to the grid below)
- - — Enter executable Fortran statements
Variable Information flow Definition I
MFLOW Import variable Stream-Var Stream=53 Substream=MIXED Variable=MASS-FLOW Units=kg/hr VFLOW = MFLOW/DENS
GHSV Import variable Parameter Parameter no.=4001 Initial value=10 MCAT = VFLOW/GHSV
DENS Import variable Stream-Prop Stream=53 Prop-Set=RHO Units=kg/cum CRTDENS = 1500
MCAT Export variable Block-Var Block=R1 Variable= CATWT Sentence=PARAM Units=kg FEDVOID, = 088
LREAC Export variable Block-Var Block=R1 Variable=LENGTH Sentence=PARAM Units=meter VREAC = MCAT/CATDENS/ (1-BEDVOID)
VREAC Export variable Parameter Parameter no.=4003 LREAC = VREAC*4/(3.14*DREAC*DREAC)
DREAC Import variable Bleck-Var Block=R1 Variable=DIAM Sentence=PARAM Units=meter

- First add this in Property Sets
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£PFL  Overview of Aspen Flowsheet

2 calculator blocks R2A

A)@ S34
CAT-LOADJ YELD J \

1) MS-Compressor & Heater licnirod facuramo

G
(10)
2112

Syngas input

@0
50,0
281112 e 4) Recycling
51,0 51,0
1,69

D1A

O Temperature (C)

<:> Pressure (bar) ]
[s2
E Mass Flow Rate (kg/sec) B

Q  Duty (kw)

w Power(kw)

3) RPlug - Catalytic tubular reactor Yoss {

. o S11 P
» Inthe end only RPlug reactor for next tutorials: all streams/blocks containing an A are removed
- Methanol output



£PFL  Isolate produced MeOH — Cooler & Flash Separator :

» Cool down to 50°C > MeOH condensation
» Add an adiabatic Flash Separator
» Make sure vapor and liquid are valid phases

» Recycle unreacted Syngas

" Main Flowsheet -~ HX2 (Heater) - | +

Mixers/Splitters Separators Exchangers Columns Reactors Pn
v
(01 B8-lo./8.-(
Flash2 Flash3 Decanter Sep Sepd

Main Flowsheet -

“SP1 (Flash2) = | +

@ Specifications | Flash Options |Util'rl}r |Cumments |

-Flash specifications

Flash Type
Pressure

Ternperature 50 C

Ternperature change C

Degrees of superheating C

Degrees of subcooling C

Pressure 0 bar

Dty kW

Varnnr frartinn n

-

-

Flash Type

Temperature
Pressure

Duty

Vapor fraction

-Flash specifications

Fl @ Specifications IFlash Options IEntrainment IPSD IUtility IE

Pressure

- Duty -
C

0 bar ¥

0 kw v

-Valid phases

Vapor-Liquid




_ Main Flowsheet -~ ' C2 (Compr) - |+

E PFL R ecyC I i n g St re am & Specifications | Calculation Options | Power Loss | Convergence | Integrz
T Meodel and type -
Medel @ Compressor ) Turbine
Type Isentropic
» Needs to be at higher pressure (+1 bar) to be Qv spectanen -
re injected O Pressure increase 1 bar h
) Pressure ratio - Main Flowsheet mel 1+
o _) Power required KW | @Specifications | Flash Options | Utility | Comments |
> Needs to be reheated up to 250°C ) Uepetomance comestodeteminedsh |
- Flasl spec ications -
- Efficiencies Flash Type -
Isentropic Polytropic Pressure -
Fix convergence issue b zlc -
emperature change
Degrees of superheating C
Degrees of subcooling C
» Strategies for troubleshooting convergence issues e S i
M‘ap;:rfra(ticn
1. View Control Panel and localize error e s
2. Increase number of iterations (to 100 or even 200 D_"""’*‘ i bbb il il
loops) [ Vepertin .
3. Change tolerance (use with caution as it may affect e rame 15
the overall mass/energy balance) [Summery | Define Variable | @Status |
4. Add a pU rge (maX 5'10%) Variable Value read Value written Units
FCOIN 24,6795 MOL/SEC
FCO2IM 4.67813 MOL/SEC
FMEOHOUT 26,7784 MOL/SEC
- Huge jump in MeOH yield with purge 10% !11 | Reao o o '

23



EPFL  Tear streams and Convergence in Aspen

» Aspen plus uses a sequential modular technique to solve a simulation

» Each unit operation block is solved in a certain sequence, called “calculation sequence”
> Need to know the feed stream
» Aspen Plus uses an iterative process to solve a simulation with recycle:

Unknown!

24

» Recycling streams may lead to mass balance issues
—> non-converging flowsheet

REACTOR

>

Known
(T, P.x,y, etc.)

» Strategies for troubleshooting convergence issues

View Control Panel and localize error

Change tolerance (use with caution as it may affect the overall mass/energy balance)
Increase number of iterations (to 100 or even 200 loops)

Add a transfer block (Changes the way Aspen Plus treats the problem)

Add a purge (max. 5-10%)

abkrwpdE

CooL

OOoL-ouT

) SEP
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=PFL. Summary of learning outcomes

v Differentiate the several reactor models

v Select the correct model based on provided information (literature, available data,...)
v Handle reactions in Aspen Plus

v Understand and differentiate equilibrium from Kinetic reactions

v Understand the impact of operating conditions on Kinetic reactions

v Perform pre-sizing of a reactor based on catalyst loading

v Perform sensitivity analysis

v" Plot and visualize the results

v Recognize tear stream and find strategies for convergence issues

26



=PFL  Useful resources - Literature :
= Aspen Help Window

= YouTube Aspen tutorials on specific units

= Examples from textbooks

' Chemical Process Design and
Simulation: Aspen Plus and Aspen Hysys
CHEMICAL Applications
PROCESS
DESIGN ano
SIMULATION
ASPEN PLUS AND ASPEN HYSYS APPLICATIONS ASPEN PLUS®
Aspen Plus®: Chemical  [EEEEa

ok sl Engineering Applications |l WiLEY

Aspen simulations provided on Moodle
A. Kiss et al., Novel efficient process for methanol synthesis by CO2 hydrogenation, 2015

M. Domingos et al., Techno-economic and environmental analysis of methanol and dimethyl ether
production from syngas in a kraft pulp process, 2021

William L. Luyben, Design and Control of a Methanol Reactor/Column Process, 2010


https://onlinelibrary.wiley.com/doi/book/10.1002/9781119293644
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119293644
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119311478
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119311478
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119311478
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