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up is automatically calculated with -Methanol makeS able to be treated in a Claus unit. 2storage and a stream of H

allowing its  2S in order to have a satisfactory purity in CO2and H 2COprocess objective is to refine a syngas of 
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The  Methanol is used as the solvent. .processsyngas deacidification with the Rectisol This example illustrates a 

XAMPLE PURPOSEE

ROCESSPECTISOL RWITH 

http://www.fives-prosim.com/


 Syngas Deacidification with Rectisol Process

Version: 20/  2March 2024 Page: 

20REFERENCES 3.

19Column C401 2.3.4.

 18Column C302 2.3.3.

 17Column C301 2.3.2.

 16Absorber C101 2.3.1.

 16 Columns profiles 2.3.

15Process performance 2.2.

 13 Mass and energy balance 2.1.

 13RESULTS 2.

12 “Tips and tricks” 1.7.

12 Initialization 1.6.

10Recovery of methanol (solvent) 1.5.5.

 82Recovery of CO 1.5.4.

 72Recovery of CO and H 1.5.3.

 6Acid gas absorption 1.5.2.

 6

.....................................................................................................

.............................................................................................................................

................................

Process feeds 1.5.1.

................................

 6

............................................................

........................................................................................................................................

................................

 Operating conditions 1.5.

................................ 5........................................................

............................................................................................................................

................................................................

Thermodynamic model 1.4.

................................

 5

.................................

........................................................................................................................

................................................................................................

 Components 1.3.

..................

 4

.............................................................................................................................

....................................................................................................

Simulation flowsheet 1.2.

................................

 3

........................................................................................................

................................................................................................................................

 Process description 1.1.

.

 3

........................................................................................................................

.................................................................................................................

PROCESS MODELING 1.

................................................................................................

OF CONTENTSTABLE 

........................

................................................................................................................................

................................

prosim.com-www.fives

..............................................................................................

................................................................................................................................

................................................................

Tous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 

................................................................

................................................................................................................................

................................................................................................................



 Syngas Deacidification with Rectisol Process

Version: 20/  3March 2024 Page: 

504.stream e ths ess iproc for the required up-make thanolMe

 .that is sent to the Claus unit inputS 2H and 2CO of a streams i404) stream ( distillate rovap

 The508). stream absorber C101 ( the regenerated methanol feeds the, cooling and pressurizingr fte403). Astream (

 is the liquid residuethanol em regenerated eThcondenser C401. partial  withn umcoldistillation  before feeding the

e V401) lv(va c pressurerieatmosph expanded ats i306) stream thanol (ee mth gnincolumn bottom contai e C301Th

325).stream (column bottom e C302 th feed307) 

 streamn C301 (umcol the side stream of the d320) an and317  streamss (eflash of these two s phasesaG324). 

 stream(column bottom C301  the feed otB302)  ands (B301 eflashsuccessive  two through es315) pass stream(

n C302 ume colth Bottom liquid outlet of. stream that is going to storage 2CO purified form313)  and309  streams(

 Overhead vapor streams of these two columnsthanol. ee mthn i ednaicont 2CO ypurif anddesorb  ot ss inumoltwo c

The objective of these n C302. umcol and the high pressureC301  feed the low pressure column otV303)  andV302 

es V301, lv(va are expanded206)  ands 202 reamtsB202 ( andB201  Liquid streams coming from the flash drums

er M102).ix(m essproc of thet puni at the edrecycl and sedsecompr are

207)  and203  streams(The B201 and B202 separator outlet vapor streams . d thereinineacont 2H andCO  recover

to V202)  andes V201 lv(vaare expanded 108)  and107  streams(The C101 absorber outlet methanol streams 

thanol).ent (mee solvthn iS 2H and 2CO of absorptionthe heat of  has also a side cooler that allows eliminating

absorber C101 The 108).  reamts( and another one in a side stream107)  stream( the bottom at enoabsorber C101: 

 are extracted from theTwo methanol streams . expansion heating andr ftea and109)  r C101 (streamabsorbethe 

at the top of the process  sSyngas exit508).  streamabsorber (at the top of this  ceds introduithanol Regenerated me

. these streams feed the absorber C101 at the bottom, and coolingcompression  After. treated by the process

also  si102)  stream( A tail gas recycle from Claus unit101.  The syngas to be treated is fed through the stream

thanol.em ofration enegRe 4.

 methanol stream,ed from purifi 2CORecovery of  3.

 ,stream thanolfrom me 2d HanCO  of Recovery 2.

 S,2H and 2CO Purification of syngas by absorption of 1.

:This process can be divided in four steps

1.2.The process is described based on the simulation flowsheet of the section 

.several schemes exist depending on the objective

and flexible  verys i essproc Thisppmv).  1.0very low composition in sulfur compounds can be achieved (less than 

Purity with s. ga acid ess can selectively removeproc Rectisolinstead of natural gas treatment.  lheavy oils or coa

of  gasificationmethanol as solvent. Its main application is purification of syngas coming from  sRectisol process use

ocess descriptionPr 1.1.

 ROCESS MODELINGP 1.
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00

omponentsC 1.3.

0

.[ROW11]

 from the ProSimPlus standard database following table. Pure components physical properties are extracted

are presented in the  schemical formula and CAS numbertheir , Components taken into account in the simulation

Component name Chemical formula CAS number

0

Methanol (solvent) O4CH 1-56-67

Carbon dioxide 2CO 9-38-124

.based on group contributionspredictive model 

. This model is a chosenhas been  , [CHE02],combined model, PSRK [HOL91], [GME95], a (particularly the solvent)

is process and that polar components are also present th of conditions the temperature and pressureConsidering 

Thermodynamic model 1.4.

0-74-13332HHydrogen

9-37-77272NNitrogen

0-08-630COCarbon monoxide

4-06-7783S2HHydrogen sulfide
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Operating conditions 1.5.

Process feeds 1.5.1.

saSyng unit Claus from saTail g

rature (°C)Tempe 30

,000000

30

,000

(bar) Pressure 35 35

(t/h) flowrate otalT 612396. 108.45

ractionMolar f

nt)solveMethanol ( 0 0

Carbon dioxide 2800. 9688490.

Hydrogen sulfide 0130. 0024080.

Carbon monoxide 2340. 0152360.

Nitrogen 0040. 0017960.

Hydrogen 4690. 0117110.

bsorptionAcid gas a 1.5.2.

Absorber C101 ✓

Operating parameters Value

-

numcol Type of

-

Absorber

Number of theoretical stages 18

20E103

20E102

15-E101

rature (°C)eempOutlet t

Cooler / Heaterof exchangerType 

ValueOperating parameters

Heat exchangers ✓

4 cooling at stage etdiaentermI

euValariableAction v

1525.-4 (°C) stage trature aeTemp

euValcificationeSp

traints:ss / ConObjective

730.e)uvalinitial 4 (MW) ( al losses at stagehermT

60(bar) ureressOverhead p

796500.8 (t/h) Liquid side stream at stage
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r K101oCompress ✓

Operating parameters Value

c efficiencysentropiI 82.0

cal efficiencyanihcMe 920.

e (bar)rressuExhaust p 60

T101Expander  ✓

Operating parameters Value

Isentropic efficiency 880.

(bar)Outlet pressure 30

M102 ands M101 ixerM ✓

Operating parameters Value

of mixerType Other mixer

Outlet pressure Equal to the lowest of the feeds

r S501oparateS ✓

Operating parameters Value

of separatorType Component splitter

Overhead recovery ratio

nt)ethanol (solvMe 0

smponentco Other 1

The lowest of the feed streamsPressure

Adiabaticdchangeex Heat duty

flash
Constant pressure and enthalpy 

flash ofType 

separator L-V ciphasiDroparates ofType 

ValueOperating parameters

B102 andrs B101 oparatSe ✓

23(bar) urePress

eExpansion valvelvva ofType 

ValueOperating parameters

V202 andes V201 lvVa ✓

2H andCO  of yroveceR 1.5.3.
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K202 andr K201 oCompress ✓

Operating parameters Value

Exhaust pressure (bar) 35

Isentropic efficiency

K201 510.

K202 620.

Mechanical efficiency 920.

2CO of verycoRe 1.5.4.

n C301Colum ✓

Operating parameters Value

numcol ofType reboiler with a Absorber

Number of theoretical stages 15

Feed 14 Stage

4 (kmol/h)Liquid side stream at stage 080 1

(t/h) flowrater oapOverhead v

,0

38817.

,0

(bar) ureressOverhead p 7.2

32.V304

6V303

6V302

72.V301

(bar)Pressure 

Expansion valveelvva ofType 

ValueOperating parameters

eslvVa ✓

6(bar)Overhead pressure 

19Stage Feed

20Number of theoretical stages

AbsorberType of column

ValueOperating parameters

n C302umCol ✓
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Heat exchangers ✓

Operating parameters Value

-

Type of exchanger Cooler / Heater

-

Outlet temperature (°C)

-

E301 43-

-

E302 10

E303 17-

E304 20

E305 20

E306 20

B302 andrs B301 oparatSe ✓

Operating parameters Value

Type of separator L separator-Diphasic V

Type of flash
flash

Constant pressure and enthalpy 

Heat duty exchanged Adiabatic

Pressure The lowest of the feed streams

,0

r K301oCompress ✓

Operating parameters Value

Isentropic efficiency 0.84

Mechanical efficiency 0.92

Exhaust pressure (bar) 6

900.302 Splitting ratio of stream

Stream splittersplitter ofType 

ValueOperating parameters

D101 Splitter ✓

7.2P302

6P301

Exhaust pressure (bar)

0.92Mechanical efficiency

0.78Isentropic efficiency

mp Centrifugal pumpup ofType 

ValueOperating parameters

P302 andmps P301 uP ✓
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M302 andM301  Mixers ✓

Operating parameters Value

Type of mixer Other mixer

Outlet pressure Equal to the lowest of the feeds

r S502oparateS ✓

Operating parameters Value

Type of separator Component splitter

Overhead recovery ratio

Methanol (solvent) 0

Other components 1

nt)ethanol (solvem of yrRecove 1.5.5.

n C401umCol ✓

Operating parameters Value

numcol ofType 
rcondense
with partial n umolDistillation c

Number of theoretical stages 10

Feed Stage 5

)initial value(kmol/h) ( flowrate edistillat Vapor 282 1

2.1(bar) Pressure

Expansion valveelvva ofType 

ValueOperating parameters

e V401lvVa ✓

Vapor distillate flowrate

Valuevariable ctionA

0020.(molar) edistillatvapor  inthanol em of ytPuri

ValuecificationSpe

traints:ss / ConObjective

2.1Overhead pressure (bar)

04.5(kmol/h) flowrate efluxR
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Heat exchangers ✓

parametersOperating 

-

Value

-0

Type of exchanger Cooler / Heater

Outlet temperature (°C)

E401 42-

E402 20

E501 0

E502 50-

mp P501uP ✓

Operating parameters Value

Type of pump Centrifugal pump

Isentropic efficiency 0,78

Mechanical efficiency 0,92

Exhaust pressure (bar) 60

state calphysiliquid  Fixed

M502 anders M501 ixM ✓

Operating parameters Value

1Other components

0Methanol (solvent)

Overhead recovery ratio

Component splitterType of separator

ValueOperating parameters

r S503oparateS ✓

Equal to the lowest of the feedsOutlet pressure

Other mixerType of mixer
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ationInitializ 1.6.

.ed gasatee trthn i 2CO of5% molar .2have been chosen to obtain less than  ytipur flowrate and thee Th

508).  streamabsorber C101 (the inlet stream of the n iMethanol flowrate and purity in the recycle loop are initialized 

325). streamC302 ( and106)  streamC101 ( bottom vapor feeds of absorbers

he t: The flash vapor phase recycles in the upstream columns need the initialization of two complementary streams

Regenerated Solvent 

 (stream 508)

,00

Initialization

Bottom vapor feed of 
 C101

 (stream 106)

Initialization

Bottom vapor feed of 
 C302

 (stream 325)

Initialization

Temperature (°C) 50- 20- 21-

,00

Pressure (bar) 60 60

,00 ,00

6

,00

Total flowrate (t/h) 750 469 146

Molar fraction

». variables rativeeit tear streams « as»  raturesetemp «

e th tno and»  enthalpies « module is added in the flowsheet to select the»  recycles andtraints sonC A « ✓

 mp P501,up for the physical state iquidFixed l ✓

:To avoid this, the following elements are taken into account. can occur

As this stream is also a tear stream, convergence difficulty . epur almost sithanol (stream 508) em The regenerated

504. streame th thiw essproc

e thn i drecycle it is, To respect the material balance. up-makent esolvrequired  rresponds to thethanol coem

 of yquantit This405).  streamClaus unit ( to the tens se gath and326)  streamage (rsto to tens 2CO the109), 

 stream( sgatreated syne thComponent splitters S501, S502 and S503 are used for collecting the lost methanol in 

”ips and tricksT“ 1.7.

0440.0Hydrogen

000Nitrogen

0220.0Carbon monoxide

030.010.0Hydrogen sulfide

720.330.0Carbon dioxide

250.01Methanol (solvent)
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Streams

Total f low t/h

Total f low kmol/h

Mass fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Mole fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Physical state

Temperature °C

Pressure bar

Enthalpic f low kW

Vapor molar fraction

101

396.61

19463

0

0.60472

0.021742

0.32165

0.0054989

0.046396

0

0.28

0.013

0.234

0.004

0.469

Vapor

30

35

109.48

1

102

45.108

1043.7

0

0.98652

0.0018988

0.0098739

0.0011641

0.00054621

0

0.96885

0.002408

0.015236

0.001796

0.011711

Vapor

30

35

-389.02

1

106

468.82

21324

7.9879E-005

0.65515

0.019041

0.28088

0.004863

0.039985

5.4809E-005

0.32729

0.012283

0.22047

0.0038166

0.43609

Vapor

-15

60

-11556

1

107

566.73

16366

0.68586

0.29331

0.015716

0.004697

5.4933E-005

0.00035627

0.74124

0.2308

0.015969

0.0058069

6.7906E-005

0.0061201

Liquid

-6.7711

60

-1.5554E005

0

108

500.8

14558

0.72066

0.27424

3.9586E-005

0.0046461

5.4853E-005

0.00035974

0.77369

0.21436

3.9956E-005

0.005706

6.7357E-005

0.0061388

Liquid

-5.953

60

-1.4143E005

0

109

150.88

13794

0.00015526

0.023713

4.4748E-008

0.8397

0.014722

0.12171

5.3002E-005

0.0058935

1.4362E-008

0.3279

0.0057483

0.6604

Vapor

-45.5

60

-8370.7

1

202

488.79

14192

0.73833

0.26027

3.9607E-005

0.0012863

1.1991E-005

6.1987E-005

0.79362

0.20368

4.0026E-005

0.0015816

1.4742E-005

0.001059

Liquid

-6.5767

23

-1.4126E005

0

window).

tab in the configuration  “report”provided for every stream. Results are also available at the unit operation level (

In ProSimPlus, mass and energy balances are  .presents only the most relevant stream resultsThis document 

Mass and energy balance 2.1.

SSULTER 2.

prosim.com-www.fivesTous droits réservés  –Copyright © 2024 Fives ProSim, Labège, France 



March 2024Version: 

 Syngas Deacidification with Rectisol Process

Streams

Total f low t/h

Total f low kmol/h

Mass fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Mole fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Physical state

Temperature °C

Pressure bar

Enthalpic f low kW

Vapor molar fraction

203

12.01

366.31

0.0014714

0.84283

3.8719E-005

0.14138

0.0017992

0.012477

0.0015056

0.62792

3.725E-005

0.16549

0.0021058

0.20294

Vapor

-6.5767

23

-169.87

1

206

551.64

15915

0.70458

0.27834

0.015752

0.0012552

1.1476E-005

5.7895E-005

0.76219

0.21922

0.016021

0.0015533

1.42E-005

0.00099547

Liquid

-7.7572

23

-1.5532E005

0

207

15.087

450.75

0.001311

0.84084

0.014399

0.13054

0.0016439

0.011266

0.0013694

0.63947

0.014141

0.15599

0.0019641

0.18706

Vapor

-7.7572

23

-220.45

1

303

439.91

12773

0.73833

0.26027

3.9607E-005

0.0012863

1.1991E-005

6.1987E-005

0.79362

0.20368

4.0026E-005

0.0015816

1.4742E-005

0.001059

Liq./Vap.

-43.28

6

-1.3807E005

0.0080513

305

48.879

1419.2

0.73833

0.26027

3.9607E-005

0.0012863

1.1991E-005

6.1987E-005

0.79362

0.20368

4.0026E-005

0.0015816

1.4742E-005

0.001059

Liq./Vap.

-51.913

2.7

-15341

0.055557

306

803.51

24676

0.93278

0.056394

0.010823

0

0

0

0.94793

0.041726

0.01034

0

0

0

Liquid

-14.489

2.7

-2.7913E005

0

307

36.655

1080

0.78881

0.20403

0.0071648

0

0

0

0.83552

0.15734

0.0071351

0

0

0

Liquid

-50.543

2.7

-12242

0

Streams

Total f low t/h

Total f low kmol/h

Mass fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Mole fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Physical state

Temperature °C

Pressure bar

Enthalpic f low kW

Vapor molar fraction

309

17.388

397.41

0.00015711

0.99575

0.00026588

0.0036158

3.3706E-005

0.00017425

0.00021454

0.98996

0.00034133

0.0056481

5.2645E-005

0.003782

Vapor

-51.269

2.7

-314.82

1

312

551.64

15915

0.70458

0.27834

0.015752

0.0012552

1.1476E-005

5.7895E-005

0.76219

0.21922

0.016021

0.0015533

1.42E-005

0.00099547

Liq./Vap.

-11.313

6

-1.4778E005

0.15195

313

219.53

5033.4

0.00028295

0.99363

3.6659E-005

0.0057315

5.2864E-005

0.00026969

0.00038514

0.98473

4.6914E-005

0.0089247

8.2307E-005

0.005835

Vapor

-37.227

6

-3585.7

1

315

919.86

27286

0.8072

0.17923

0.013574

2.018E-007

1.0956E-009

2.4757E-009

0.84928

0.13729

0.013427

2.4288E-007

1.3185E-009

4.1402E-008

Liquid

-24.372

6

-2.9518E005

0

317

40.82

934.45

0.00156

0.97477

0.023665

4.2896E-006

2.3581E-008

5.3982E-008

0.0021267

0.96753

0.030332

6.6898E-006

3.6771E-008

1.1698E-006

Vapor

-17

6

-475.88

1

318

879.04

26351

0.84461

0.14229

0.013105

1.1975E-008

5.1471E-011

8.3898E-011

0.87932

0.10785

0.012828

1.4262E-008

6.1292E-011

1.3883E-009

Liquid

-17

6

-2.8632E005

0

322

70.373

1617

0.0017194

0.96192

0.036358

1.4791E-007

6.371E-010

1.0415E-009

0.0023353

0.95124

0.046428

2.2982E-007

9.8978E-010

2.2485E-008

Vapor

20

6

-198.17

1
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Process performance 2.2.

0

.unit Clausto  tensS 2H and theage rsto to

 tens 2e COthgas, treated syne th S in the raw syngas,2and H 2, CO2compositions of HThe following table presents 

0 00

0

Component Raw syngas Treated syngas in the storage 2CO S to Claus unit2H

Streams

Total f low t/h

Total f low kmol/h

Mass fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Mole fractions

METHANOL

CARBON DIOXIDE

HYDROGEN SULFIDE

CARBON MONOXIDE

NITROGEN

HYDROGEN

Physical state

Temperature °C

Pressure bar

Enthalpic f low kW

Vapor molar fraction

324

808.67

24734

0.91796

0.070961

0.011082

1.4553E-010

5.0708E-013

5.6502E-013

0.93665

0.052717

0.010631

1.6986E-010

5.9182E-013

9.1638E-012

Liquid

-27.609

2.7

-2.854E005

0

325

147.85

3631.5

0.19681

0.77757

0.025615

1.2547E-006

6.8136E-009

1.54E-008

0.25007

0.71933

0.0306

1.8238E-006

9.9024E-009

3.1102E-007

Liq./Vap.

-22.548

6

-12910

0.70826

403

749.42

23389

1

4.3343E-010

1.0379E-007

0

0

0

1

3.1557E-010

9.7582E-008

0

0

0

Liquid

68.759

1.2

-2.2442E005

0

404

54.092

1287.4

0.0015252

0.83771

0.16077

0

0

0

0.002

0.7998

0.1982

0

0

0

Vapor

-36.719

1.2

-803.39

1

504

0.17077

5.3296

1

0

0

0

0

0

1

0

0

0

0

0

Liquid

18.889

1.2

-57.998

0

508

749.59

23394

1

4.3333E-010

1.0377E-007

0

0

0

1

3.155E-010

9.7557E-008

0

0

0

Liquid

-48.452

60

-2.9055E005

0

80.0% mol.98.5% mol.0.6% mol.28.0% mol.2CO

19.8% mol.0.01% mol.traces1.3% mol.S2H

traces0.6% mol.66.0% mol.46.9% mol.2H
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Absorber C101 2.3.1.

sent).f preboiler ire to thetage s laste th and

sent epr fcondenser i to the stage corresponds first( In ProSimPlus, column stages are numbered from top to bottom

seColumns profil 2.3.
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