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B AqtoflA = ek}~ 31E3HH (integrated gas combined cycle, ©]3F IGCC) A28 2] AEl71A3)7| 2 HE] AJALE
= At SHIAIR o] 5= SO, #7821 A 3 3]4+ 27 (direct sulfur recovery process, ©18} DSRP)IA] ©]
& 7Fs3k Sn-zeA] En) Aol 2] S0, FHINESEAS ZALBISIT). Sn-Zed]l El= 01, 1/4, 1/1, 2/1, 3/1, 1002] Sn/Zr 2
H|Z zdslo] Ay 9 o7 AxEnh T} 10,000 mlg.,, - b, ¥H8-E 2H]([CO (or Hy)V[SO, 7} 2.09)
Hkez7 SPlA Sn-zil FiE o] g8le] LS wEA7] 7Rt Aelrie] £31E o] 9l H, B COE ShAlR
AREE10] SO, el TidE Whg-E5Ao] AN A8 At $-IA|S) Fiell 2daglo] Sn0,9k Zr0,RT Sn-ziA] &
|7} o] v Eekow, ShIA|9] FFrel| tigh WA AL A3, R CO7) SO, 3ol B 32 WSS LER)
k. Hyt $HAAIR o] 88 SO, $HAEAS 2AKSE A3, Swzr vleol wet AlxE Sn-ZiA] 0] Sl Auglo] &
7} FoNete) whef wksAlo] F)els S Wolw Spzr BR|7E 1/49] FllE ARR-SE 79 550 °ColM SO, HEke
©] 94.4%, U= & F80] 664%=E 7 WS VERITE ¥ COE AR o] 8-3 A-9oll= Sn/Zr Y17} &
& SjAeE A W25} FhAEE Bold A3 JEeRISIT). Sn-zeAl S F Sn/Zr EH)7F 3/19] Sn0,-Zr0, &
w7} 7P v HA REE2 oA =2 WIS WERNSGIET], 325 °CollA] SO, MEHEC] oF 100%, Y4 3 g0l oF
99.5% % 71 3 WA AUtk 18al CcorF Bk v wWol E3EY] gl AREA e tisle] ShlA|EA 2
o|87FsAE ERIstaAl CoM, BlE Eelet Z17+e] §43712~e] tisle] SO, ShlvkeAldS S3slelt). Swzr En7}
2191 Sn-ZiA| Fvl] gl Al SO, FHedNkg- A3 Axf, CO o] w2 F7IndrE avbal ShelAlle gR1st 4= 9l
otk webA Sn-zAl 7} 2-8-E DSRPoIA ABHRA 7L $HIA|R o] 8- 7Fsdichi= A2 & 5= 9Sic

Abstract — The SO, reduction using CO and H, over Sn-Zr based catalysts was performed in this study. Sn-Zr based
catalysts with Sn/Zr molar ratio (0/1, 1/4, 1/1, 2/1, 3/1, 1/0) were prepared by the precipitation and co-precipitation
method. The effect of the temperature on the reaction characteristics of the SO, reduction with a reducing agent such as
H, and CO was investigated under the conditions of space velocity of 10,000 ml/g_, h, [CO (or H,)]/[SO,] of 2.0. As a
result, the activity of Sn-Zr based catalysts were higher than SnO, and ZrO,. The reactivity for the SO, reduction with
CO was higher than that with H,, and sulfur yield in the SO, reduction by H, was higher than that by CO. The reactivity
for the SO, reduction with H, was increased with the reaction temperature regardless of Sn-Zr based catalyst with a Sn/Zr
molar ratio. Sn0,-ZrO, (Sn/Zr=1/4) had highest activity at 550 °C, in the SO, reduction with H, and SO, conversion of
94.4% and sulfur yield of 66.4% were obtained at 550 °C. On the other hand, in the SO, reduction by CO, the reactivity
was decreased with the increase over 325 °C. At the optimal temperature of 325 °C, SO, conversion and sulfur yield
were about 100% and 99.5%, respectively, in the SO, reduction over SnO,-ZrO, (Sn/Zr=3/1). Also, the SO, reduction
using syngas with CO/H, ratio over SnO,-ZrO, (Sn/Zr=2/1) was performed in order to investigate the application pos-
sibility of the simulated coal gas as the reductant in DSRP. As a result, the reactivity of the SO, reduction using syngas
with CO/H, ratio was increased with increasing the CO content of syngas. Therefore, it could be known that DSRP
using the simulated coal gas over Sn-Zr based catalyst is possible to be realized in IGCC system.
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] AR iAol A] 71522 1IGCC AlAHlo] F=5Rkar Qlrt, o]
)\]/\124101 &} X Ho] —,_(?__701—01 HE]- 7]_)\§],J‘zioﬂ,\1 /\].MH]
57, B3 50 37 AolE A o7 Fglel 1S, COS, TXJ
HCL, HE, &4, 78} F5A4EH Fo| BAF ol &+ &
LT ol g} g el ARl e] f1le] = H,Se) HH =
A7) 15 Ao ® F7 FEHASHER o] FolA] Q=
SEEAE o] &3 a2 A DAl digh A7t XL
St} 32712 @8 g oM EEAIE o] 83sto] WHRE= 33}
(MO+H,S — MS+H,0) ¥ A4 (MS+3/2 0,5MO+S0,)& &
slo] H,SE AIAE = =t Ssbe S5AlE A1 7oA A
A4k 739-, 2F 20,000~30,000 ppm L] 5027} A3k, A3 e
SO& AAIFY glo] th7] Sl W& A9, 12 ox AVdnlE
AR At el oz At A7} dE 4= Qlom,
221A 07 AU Q1% Bk 5] XMAQl s e FAlS
op1g 4 At
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WY ST 22 3R 3 0 S AT wEbA] ol2gk &
Ao e - B 5 ol diAlE 9] vide] Fgsit
oj2igh iAol dgkor A WkAjel 2Jgk SO, Al Re] 7|
WE Q] 2 A2 F DSRPol| #H3F 5171 Wol o] FoiA]
I 9t} DSRPE= $H1A9] el what ofefe] Whg-2)(1)-(4))°l
2J&)l C(carbon), H,, CO, CH, 53} 22 T}t SHIAES o] &
3lo] SO,E FHull Adelld SRl cma] A ow 24 85 3
T Qe THeE v 22 e AYaL QYH1-8]. SO,
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ot mlo

m1>

E SNl omM dojil Aa 2 A f-Fo] golshe F7t
2j9) 20l Ghe Bak ohie} BE AL AR TS
o184 4 k.
S0,+C—>CO,+S (1)
SO, +2H,—>S+2H,0 )
$0,+2C0—2C0,+S 3)
280,+CH,—2S+CO,+2H,0 (4)

DSRP 379l st AF-2A] TGAA L] AF-E Wo] o]Fo]A]
1 QA o] B Y19l Fole] wek A7} ks o

FolA 3 Gtk @A wae A Suja ol S, o
ek AL 018 Hel34 ) F2 olgsion, 4

+* solid solution HENC] Ce, 7r,0, FUE AZ310] DSRP 37g]
HAEAA 2 A3, 98 A s 542 AW CeO0ll A%
ol Q= AkR9] o)sde TN & e Zre 737}0}01 solid
solution FEH] HFEAE8HE S5 A%, Thikeh ARk o]
FO7 o]FolR|i= o] 43t redox HHEEA S 0|83 SO, THIRES
S 53 w2 dAa F ﬂ &2 A7lE d21) UT}9]. Table 12>
Ht FeloA g o2 S A1 Gl IGCC AIARIS] 7ks)]
oM Aeks ZiAstelle ) ALk AeRAEAS 23S U
e Zlo|o}, AAIE AGEEAPEAE DSRPOIA 0] 87Fs3 214
2 o]ge = Qlvpd FAn 8o Ataas 71dE = vk e

o]&3t SO, ¥ H-SEA] 357

Table 1. Gas composition of the simulated coal gas from gasifier of
IGCC power plant system

Texaco(O,) KRW(AIr) Texaco(Air) U-gas(Air) Shell(O,)

CcO 40.00 15.00 15.25 2433 64.00
CO, 12.50 5.00 8.28 5.16 0.80
H, 27.84 10.00 10.79 13.19 31.60
H,O 18.50 15.00 10.76 5.35 1.50
H,S 0.08 0.50 0.50 0.118 1.40
COS 0.08 - - - -

N, - 53.7 53.92 49.90 0.70
CH, - 0.50 - 1.84 -

NH; 0.02 0.30 - 0.111 -

COo/CO, 3.20 3.00 1.84 4.72 80.00
H,/H,O 1.50 0.67 1.00 2.47 21.00
R, 2.19 1.25 2.36 3.57 41.56

3L DSRP F7gelA o] 87Fs8hkal A= Sn0,-Zr0, S} 74
whe]o] MERAIAE A2 o] 83 SO, Tkl 285
TAI} BHarEACH10].

TAE IGCC Al2E] Merkashy| 25 E AdEE A
EEAPEA7} SRR o] 835lE 79, SO, $HlE7d?1 DSRPe]l
18] Sn-ZrA] Fuje] 0|87 Fs7d& AT B3t 818 Wb Sno,
9} 70, 183 Sn/Zr EH]of| wi} AlZE Sn0,-Zr0, Full AdolA]
9] SO, $HANESoll MBEAEA Lol 230} 9li= CO9} H,
9] ShlA] 7 WSSOl = dko] Ak i)

2. Algdiy

2-1. &0 HI=
FEAHE FWRA Sn0, Zr0, D Sn0,-Zr0, S J3k=
Sn/Zr EB1(0/1, 174, 1/1, 2/1, 3/1, 1/0)°]l w2} 2w @ 3o
2 3} o] A3l A= tin chloride pentahydrate
(SnCl, - 5H,0, Aldrich)?} zirconyl nitrate hydrate(ZrONO,); 6H,0,
Aldrich)7} AR50t} 1A wHk slollA] A31= Sn/zr E8]ef| &
ok dRshe o] 7 A7AE W Sl fallARl o
01—1:11,]0].:}2;5 pH7]‘ ok 910 7(61_1;_ .:_g_] Lq]y].z] 7(478175‘]04 7‘(17(—]-_‘?__;-& ?"5:1
“/\lii‘/‘r THE S E oF 80°CalA 5:%‘%‘ ox s
¥ FAES Ah FFE FAAES 110°CeIA 12hr

171 %, A71ZE o831 600 °C°ﬂ/‘1 4ARE SR 24
ﬂ‘ii‘i‘r. 27 Foll dojzl FHullE 75~150 um] A7 | = w2

F

i)

=2/:

=5 % o} el el 7h2ell 93t SO, el v 4l
& 2742 Table 20 YERHRITE. 2740] 1/2 inch?l A
2] sﬂ%'—fcdl 0.5 g BE2 FulE T 8% T E
o] 83Tt Hh-2 5= A7 2e) dX|H o] 9l A= (K-type)
£ Sl F7 Fato) sl Aks-mAlo) 7)ol o8l Zd =T

SEEA ARH 7]EAQ FF7FAE SOL5 vol.%, diluted by
N,)oF SIAIZA CORLTE, 99.99% o182} Hy(als= 1=, 99.99%
o)hyE ol&sllem, o7k BjEA37IAIRI Nyt *P%ﬂ?i‘)r.
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Table 2. Reaction conditions in the SO, reduction

Catalysts Sn0,, ZrO,, Sn0,-Zr0,

[Reductant]/[SO,] 2.0

Temperature (°C) 250~800

Space velocity(cm®/g_, h) 10,000

SO,concentration (vol. %) 2.0

Concentration of the reductant Co 40

in the overall feed gas (vol. %) H, 4.0
Syngas (H,+CO) 4.0

(ICOVH,=3/1,2/2,1/3)

SO,. CO(or Hy)ell thet Z47ke) Wkg-& 51z 710 F 3k wkey|
Aol A2 B ¥ mass flow controller(Brooks MFC 5850E)S
o]-8-3}] [CO(or H)J/[SO,18] BIS] 2.00] LutAl A= glow, F
T 0.5 8] Fule] oS TYAIZL A WA |4} s 1k
21 10,000 ml/g , -hell YA A}, 3k, w7 &4 F-i1
AdE Aa 8] FAAoF Qs AT ES WellE 4] ¢
S A S Qe sulfur trape] AXEHACE ¥HSE 2 AY

7] ETHE) on-linel.® AAYE AL AE7]
(thermal conductivity detector, TCD)’} 2rel 714 Z 2w} 72
YL](gas chromatograph, Shimadzu-8A)= FAE]QIT}. GC. columm
WES-ET AE F 713 dw-S #e8lE 4= L=F Hayesep Q(2 ft)
2} Porapak T(8 ft)7} TXE columns 2|H 2 JAH 78 ARSI
ok Wk ol gk AateA vEhfjolxl SO, FgHE, 4 3 A
=, 94 3 8 83l oS AEE= (5)21~(11)213 Zo] At

= et

I

ox M1 =
o

rlo
rE

SO,]. —-[SO
SO, conversion(%)=%[]2]‘"”x 100 5)
2din

S0,],,-[S0,],,,—[H,S],,,~[COS
Sulfur selectivity(%)Z[ 2l 150, 1581, [COSNow
[SOZ]m7[SOZ]am
(6)
.. _ [HZS]mn‘

H,S selectivity(% )= ——————x100 7N
[SO,1;,~[SO L.,

COos selectivity(%)=&x100 8)
[SOZ]ini[SOZ]oul

Sulfur yield(% )=S0, conversionxsulfur selectivity )

COS yield(%)=S0, conversionx COS selectivity (10)

H,S yield(% )=S0, conversionxH,S selectivity (11)

3-1. SnO, &0 MoM soO, ERlHISEY

SnO, Ej Aol CO = Hyyt $HAIR o] 8H:= S0, 3
kg Alglo] =89t 7 AE W25 wE S0, A3k,
Y4 8 78, COS 78 4 H,S 785 Fig. 19 eIt Co

I8t Ml44H Ml4S 200641 82

SO, conversion,
Sulfur, COS and H,S yield, %

T
300 400 500

Temperature, °C

Fig. 1. Effect of temperature on the SO, reduction by CO or H, over
SnO,(@: SO, conversion-CO, O: SO, conversion-H,, A: Sul-
fur yield-CO, A: Sulfur yield-H,, l: COS yield-CO, [1: H,S
yield-H,).
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AWYEQ] A4 O] FER U= AoE YERLTE ¥hE CoS
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M1

71l w2} S0, helell <fal A e 33t co Aol ukg-
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SVl w2} S0, Aekey} 94 & 8% T7E o Bk
1 H88 &5 | 71 ik, HAHER] COS9 H,S7}H A/ =]
= A2 A3 A2 o] $HIA(CO or Hyet AjtE Ao= Jicth
Ak H,E SUAT o83 7499} w53 550 °ColN 7 2
T84S 42 4 2l9lon, SO, AEEo] 96.3%, Y4 & &2
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RGPS A) GFakom 450 °CHE] §EgO] AHE o] 490 °Colde] 52
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Fig. 2. Effect of temperature on the SO, reduction by CO or H, over
Zr0,(@: SO, conversion-CO, O: SO, conversion-H,, A: Sul-
fur yield-CO, A: Sulfur yield-H,, l: COS yield-CO, [1: H,S
yield-H,).

o] Ao AYE|A] S-S & &
600 °CQ .o, ol SO, AFEo] 2k 100%,
o Z=esielt.
H27} hlA|Z o] g-%
&2 St Ayt A7 cosl 7

Qlth. 714 HkgAJo] =l o
Ao 3 =80 °F 96%
7350l 250~575 °CQ1 9ol A w4 A
= $-o}= g 525°C oJske] &
EGYelM= AL wEgAdo] ISt SRIAIE COE ARESE AR
oSS AMES A9l tiAlF o7 e S0, HgES L}E}LH‘“
o} Wb Zr0, Fullo] 9ol AR A HETE COY o &
L 2o 12 Wk AgiT)

3-3. Sn0,-ZrO,(Sn/Zr=1/4) S0l MoIM SO, ERHISEN

Sn/Zr =17} 2/821 Sn0,-Zr0, Zull gl A2l CO B5= H7T $F
QAR o] 8% SO, el Tk Wk o] 3=}t Fig. 3
2 o] whE WA A AR A SO, Heke, U4 3 58
COS & 9 H,S 85 thEhd Zlolt). 3IAIR Cov} o] 8%

SO, conversion,
Sulfur, COS and H,S yield, %

T
300 400 500

Temperature, °C

Fig. 3. Effect of temperature on the SO, reduction by CO or H, over
Sn0,-ZrO,(Sn/Zr=1/4)(@: SO, conversion-CO, O: SO, con-
version-H,, A: Sulfur yield-CO, A: Sulfur yield-H,, ll: COS
yield-CO, [1: H,S yield-H,).
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t} CO7} AR o] 88 A9 U 52 WS S 5 ATk
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o op o

3-4. SnO,-ZrO,(Sw/Zr=1/1) E0 A0IM SO, SHIHISEN
Sw/Zr EH]7} 5/591 Sn0,-Zr0, Zvl] AellA CO ¥3= HZ $H
Al ARgSEo] SO, #hel WhEo] =3I QITt. Fig. 4= CO 5% H,
of 23t SO, gHelof|A o] =0 dist vk AFARE SO, g
£, 94 & 8, COS 8 1831 H,S 85 v Zlo), vt
257} 250~500 °C ol A& Az, 350 °C o]5+e] el
*1% WS- =7} 718wl SO, Ae-E3 94 3 4-80] F
l =7 }o}‘zi‘ﬂr. whd 350 °C ool 2R glelx= SO, s
Hat sAlel cosell thet AdE=r} 7fstel uket
%Ji ol gt Melwr} Zhawo] A4 & FE% FHAsto] vke
dol AakH e Fhaehs AEE VERICE wleba 1 o7} 2
AR o] §H S A9 H A MR 350~400 °CUS & 5= A

SO, conversion,
Sulfur, COS and H,S yield, %

Temperature, °C

Fig. 4. Effect of temperature on the SO, reduction by CO or H, over
Sn0,-ZrO,(Sw/Zr=1/1)(@: SO, conversion-CO, O: SO, con-
version-H,, A: Sulfur yield-CO, A: Sulfur yield-H,, [ 1: COS
yield-CO, l: H,S yield-H,).
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oM, SO, A2 ok 97% R o Ui 3 F82 oF 93%°] =
Ecriass

HEE-227F 250~550 °C 1 9lolA] gHlAlQ Hyell ©]3t SO, gl
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A 8] Fiell W SO, EINke B4 AvtE Aund gelA
7} HHth COY A9 B % =2 R3S 98 = USiTh
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A0

0

3-5. Sn0,-ZrO,(Sn/Zr=2/1) S0l MoIM S0, ERIHISEN
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A1 CO B=5= Hell &J8t SO, #Helihe BAE ZAKI B3kt Fig. 5=
Hhg-2 o] wE SO, AgHe, 914 8 8 COS & 18]al H,S
&S HERA Aot} B2 57} 275-550 °C21 WYl Co7f
A= o] 8% A% SO, SIS EAS 248 SnO, W
710, Z 9] Z-9-2h= ] W2 2L YoM T w2 ke S &
Q1gk 4= it} 325°C °]8}e] X
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B2 oF 97.6%%E ¥ WS ATt

FAF HR 79 250~575 °CS] 25 S0l 2Abel 1ze]
SO, $helell dist V594 7E Aui i o3 ). 9l
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°F 963% 2] %2 SO, HMEES Aotk ey AEE HoA

SO, conversion,
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Fig. 5. Effect of temperature on the SO, reduction by CO or H, over
Sn0,-ZrO,(Sn/Zr=2/1)(@: SO, conversion-CO, O: SO, con-
version-H,, A: Sulfur yield-CO, A: Sulfur yield-H,, ll: COS
yield-CO, [1: H,S yield-H,).
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Fig. 8. Effect of temperature on the SO, conversion and sulfur yield
in the SO, reduction by CO over SnO,-ZrO, with the various
Sn/Zr molar ratios.
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the SO, reduction by H, over SnO,-Zr0O, with the various Sn/Zr
molar ratios.
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