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Simulation of cold gas clean—up processes for IGCC
Yun Kyoung Lee, Jong Jin Kim
Korea Electric Power Research Institute

1. Introduction

Mg X350l Y FHAAEL 28 HgANAN F2 HSE A3 ol
E3 vhgsid vig £ A R g dode Fites HEHH dr] Fo
AY WEY F e 54 Edolmz olE HH3 AHy¥ FAH HLsdd.
Sour gas sourceol WEtA COS, CSz 283 mercaptans(RSH) So] X &0
AE ASE oy F38 Xedte o FFEEL EF AAsHF F diden
olEE AAFNE WY B FTAHY HdddE o948 A7 Yot

7t AA #4 F acid gas removal® A g Zol EFE 5 U

(1) Total acid gas removal

@ Single step (HzS, COz 4] AA)
® Two steps (H:SE dg&oz AAF F e CO, AA)

(2) Selective HeS removal

(3) CO2 removal (gas stream% sulfur A &o] o}F JAAY e EF)

(4) Trace HzS removal (CO: AA ¥4 ¥8 e 4-9)

(5) Sulfur plant tail gas treating

Recycle gastk d&7F2 Aol E gt oz HySY AABAYU total acid
gas removal® AAEch Azsix HgdME COS, CSy, RSH 5% &4 AA
Hojer st Aex gt Merts AAFTAAME selective HeS removal &4
o] gutx oz Argdr}

Folz zAAA HELE £ dE 7t2 A FHY Hdgye] dgdEg 7
A, AAAN, 2gn APAHQ B 2F nddA Addgsorwt @t

<E 1> acid gas removal ¥3& A&7 $3 key factor £ A&
E A 3 A o

B QdFdgAE IGCCH dutyoz HL5E olYl-Claus-SCOT ¥38& A9
st FATAL tYssle mAEHen 1 AHE EWE 7 49 HTE
gty FAN A -ddg nasdot. #AFA FUdA Fad SCOT %
Super-SCOTEA 3 ZAAZQ &AM H#2lF recycle ¥HE HAIFHLH
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<¥ 1> Key factors governing acid gas removal process selection

1. Gas treating pressure

2. Gas feed composition

a. Concentrations of acid gas constituents (HsS, COz)
b. Presence of organic sulfur compounds (COS, CS; RSH)
c. Presence of heavy hydrocarbons

Treated gas specifications

Acid gas compositions

Energy requirements

Process complexity .

Process reliability and commercial experience
Capital and operating costs

ONU AW

2. Simulation

BRI AE acid gas removal &AHLZ Aol 5F LujE AlgdE
amine 3743 % MDEA &4, sulfur recovery process® Claus process, L& i
tail gas treatment FAHLEE SCOT AL Adagdd. 2 FH AAd
description® <¥E 2> vEld upel 7o}

<X 2> AGR, sulfur recovery, tail gas 2] &% description

Acid gas removal Sulfur Recovery Tail gas treatment
MDEA process Claus process SCOT process
split-flow configuration MDEA solution

3-converter type
indirect preheat

<E 1>oA s A 7 FAL R A$2 FASA HE¥S EA
o™ FAHE casex [2F 1o YeEbA b9} Zrh Case [& SCOTETAHLE
1A edubA 9l FAjolth Case IIE Super-SCOTHH L& SCOT FAH e W3o]
™ AGR stripper-off gasE& SCOT2| absorberZ #YAl7]& #4 o]t} Recycle
methods® AGR Ad oz £8A7]5 43 COS hydrolysis 4 ddoz &
A7 dyo) Qo B AFgAME AGRAY.Z FHA e HA¢UE EAL
9t Case HIE Claus-off gas?t SCOT reactor$} quench tower& A% ¥
AGRZ A«3 =HEe FAolw case IVE SCOTS A3 AH&dA @2
Claus-off gas® BvlZ AGRZ <«#A17]E FH o]t} Recycle methodolA] AGR
AGgo B 387 H$odE AGR absorber £U=2d 5 53 2% 40T 7t
goz FAA Aok &1 COS hydrolysis FHLE #FUA7IE A$ole COS
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hydrolysis &4 2%¢1 180~210TE w3 Fojo} i}

Case |

AGR )( AGR Y Claus )/ SCOT Y auench )/ SCOT )  SCOT
\absorberJ stripper process | reactor ktower | absorber §: stripper

J N

Case Il
~ AGR )’ AGR Y[ SCOT )/ SCOT Y/ Claus ) SCOT Y quench
Labsorber stripper }| absorber Lstripper ?\process Lreactor Ltower

=

!

A

|

[2" 1] SCOT vs. Super-SCOT (case I, II) AT MES

Case Hll

AGR AGR
absorber stnpper

Claus

R —
&processJ\

SCOT
reactor

)

guench
tower

J

1
i

B 4” AGR Y[
; absorber

Case |V

AGR
stripper

)

(" Claus
tprocess

[2¥ 2] Recycle methods(case III, IV) 3ATA /ML

zZt FA HdsA A EH feed gase FA
2t

<3 3> Inlet stream conditions

al
=

ZHE <E 3> e vie}

Components (mol %) feedAsGtIrzeam strisgggrx?}:e;as
H- 33.825 14.035-
N2 2.116 3.509
H2S 0.346 15.789
COS 0.0011 -
CO 50.748 14.035
COq 12.567 29.825
H0 0.307 22.807
CHy 0.0898 -
Temperature(C) 40 93.9
Pressure(kg/cm®) 20.9 1.89
Total mole flow(kg-mole/hr) 7750.8 057
Total mass flow(kg/hr) 164380 15.853
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3. a3 '
Case 1o2 AHod ¥y SCOT ##A4HNA Y simulation AFE <F 3>9]
YERA vle} 23 471R] cased) AT HlnE <E 4>¢F g}

<& 3> Case I simulation result

Components (mol %) clean gas acid gas
H, 34.212 0531
N2 2.14 0.023035
Ha:S 0.001378 27.164
COSs 0.0011 0.00043
CcO 51.328 0.82
COy 11.876 65.226
H»0O 0.35 6.234
CH, 0.090821 0.0018484
Temperature(C) 42.153 489
Pressure(kg/cm®) 20.7 19
Total mole flow(kg-mole/hr) 7661.7 98.23
Total mass flow(kg/hr) 16068.2 3863
overall sulfur recovery efficiency 99.2

Amine circulation rate (Ipm) 2500

split-fraction to burner (%) 35.446

<¥ 4> Cased simulation 27} ¥l
Case I Case I Casell Case IV

overall sulfur recovery(%) 99.2 99.2 94.0 93.6

split-fraction to burner(%) 35.446 48.366 15.1581 15537
burner temperature( C) 1263.011 1267739 12613 1262557
H3S conc. in Claus feed(%) 27.164 37.121 87.794 85.962
H3S conc. in clean gas(opm) 13.78 13.106 187.676 170.79

Case I91A case IVZHA] 39255 EF 1260T ooz ¢rAA x4
AE FASHE Yol GEYole] R/ 7teHEE #A¥E 4+ Aok, Bumer
temperature® burner® &5 £ split fractiond ©) 43 ZHIEE FAEY
t}. olg} #AFA Claus2 FUHE feedFol EFE HSe Fxo uel
split-fraction®] ¥ 3 @& & 4 Aed [29 3] Uehd vto} o] feedF HaS
o 357} 5&4E H2 %o| burnerZ FYUEES & & Ut ol L @GS
burner?] #HF2EE UAHHoE FAFA A3 split-flow THE JET o
Claus feed%2 H.S ¥ =7l ¥ & 2§ split-flowE AL+ AHo| HIFEHS ¢
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SCOTeo]W Super-SCOTE A &3t A9 €2 recycled H&3dlE A4S
Claus2 F95HE feedd HoSY ¥ =71 A F7Hste 2E B2 5 oy
ol#13t V4L recycle methodol A sulfur recovery efficiency7t ®@olx&= A=
T #AZ Aok F, recyclestE IR AN streamFTo] FEI}E HS/F Bo:s
AL andF IAFHA gL f3o] o} recycle looptol EAste AL on g

o},

100 r
80 r
60
40 r
20 1
0 1 . ' '
case | case |l case i case IV
1 .—Q—split—fraction to burner(%)
| | —8—H2S in Claus feed stream(%)

[2¥ 3] Claus feed stream% ¢} H.S¥ X 9}
split fraction¥}2] 7

£ case 12 HL3F A5 case IE HEF FE, & d¥bdAd SCOTH
Super-SCOTE AHE&E Z$ FYT recovery efficiency® YEIH AT Claus®
= streamF EFEF e H:S9 HFEE vl A Super-SCOTS 7
7 F 10% =22 JdF + Aot Super-SCOTE A L8+ 2% ClausE
A= stream® HoS ¥5 8 10% AL 72 £ gdonz (L&A FTHO
2 fFYEe d87l2 Fo HS9 FE7F AUAA Golr-dE S0 dAGR
o ARESE ALE3E A $-bunerd FELEE HAHHCE AT FHE
F@glol 43171 AAHE 7 %o Super-SCOTE AH&3H SCOTE H&3te
A5-Hot o]Ho] &S ¢ F U

¥ recycle methodE A8 49 clean gasFo E@F ] U HS 4o
ddidez  Frh  Recycle methodE Al&stE  ZA$dE  SCOTolY
Super-SCOTE 183t ASHT 27| EAHE Y F Ao o9 o
clean gas%F9 HxS9 F=7F & ZAFRE 2Ystr] Ao &3 TFAXE UF
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A de 9 WA HE s sadd, £ recycle method 2 &
v &8E&E F7MA17]WE clean gasF 9 H.S9 HEE &Y 5 oy £
& TR 8 HBAHE clean gasF HoS9 %ol musionz
& TR FAHY A g FAANINE RS HAA @& o g eyt
Recycle method® <8 e & A3 YOTE absorber® §YIHE G0
A eZ @] "ol absorber ¥ stripperd size, vl <& £ A =

A9 A7) & T 9L ¥ 2E B FAXNE ¢S X
gE e 2 RN FrF 890 ez FAY PEA & ¥4 ns
°f & Aot}

4. A&

O Yl 7R 9] caseE #HI A SCOTFTAH Super-SCOT FAo] 99.2%9)
sulfur recovery efficiency® B .o recovery efficiency WA 714 F& 2
F}E Yep

O SCOT# Super-SCOTE 3 &3+ A$ sulfur recovery efficiency &34
= A FAS AFE JelA T 39d 284 Super-SCOTZ ] Claus
22 FYHE streamF HSEEZF 10% HE Fo} H2AA FHozE 4
¥+ acid gas% Claus burner ¢ Y25 & ¢dAA R FR & o]Fo]
Ak wetA AFe & AHEE AldE Super-SCOTE &3l Ao A
3t}

O B A7 3HLd split-flow T4 split fractiong ZAFTLZM burner?
FHLEE FAY F o] IGCCH AH&sl7]o A4S ¢ 5 Uk

O Recycle methode %7) FAHE AT 4 AvE AAA #8329 clean
gas T HoS9 X7 ol &% wAXNE HFHA71717F 1899 7 7719
size B &ul £ &o] FIEEZR o]2 A FAH Y FrtE A 18dtd
of jhr},
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