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Abstract — Removal of H,S by mixed-metal oxides was studied experimentally to demonstrate the potential use of zinc
ferrite and zinc titanate as a sorbent in high temperature desulfurization of coal gas. To find optimal temperature, the reac-
tions of sorbents with a hot gas containing H,S were investigated over a temperature range of S00-750°C. The experimental
results showed that optimal H,S removal efficiency of zinc ferrite and zinc titanate sorbents was obtained at 550°C and 650
°C respectively, and SEM and BET analyses were in accord with this feature. Ten cycles of sulfidation and regeneration
were sequentially conducted in the packed-bed reactor to determine the long-term performance of the sorbents. A series of
characterizations were also performed sample including BET surface area, XRD, and SEM. Zinc ferrite sorbent exhibited a
significant rise in sulfur capacity during the repeated cycles of absorption and regeneration due to the chemical transfor-
mations of the sorbent, while zinc titanate sorbent showed nearly constant sulfur capacity with the successive cycle operation.
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Fig. 1. XRD patterns of zinc titanate sorbents.
(a) Zn/Ti=0.8, (b) Zn/Ti=1.5




127 RA A o}l Al FabAled] 23t H, S| A

2 A ® FHo] JAlE %9, Fig. 1(a)odl 4]} 3o Zn/Ti
2] ¥7}b 0.8 A% A F-Ho] ZnTiIOH & & = UKL, nbdel| Zn/
Tio} ¥z} 1.52 Z7sbd ZnTioy) A9 £A8kR] o33k on] Zn,-
TiO2} o] 8o]3}A]= ¥ghort b F8[13, 1513 s &
A In,Ti,0,2 MR L oF & sldch £ Aol 283 zince ti-
tanate 934 = Zn/Ti-§ 0.8 3bgdcl. Zinc titanate®] 7-$- oj2] 7}
2] A ZA o) wpelA] Zn,TiO,, ZnTiO;, Zn,Ti;02 3742 AA-tx
& Zedl, o) F FolA ZoTiy v|7} 7V FE Zn,- TIOS) 344
ol 71 Frhe AollM wiAgE AAFxety HaselA gl
th[14]. 2211} zinc titanate?] AAFFT= @ 8f-zf o] HlE =& 7}
Sl HatA Hlog g3tae 2ot AAFE 2z
& 5 glom B AH & F3lo] s oo gt

2-3. SE-THAGIE
Alzxl 2zke) &3k 3g8 1A & uhgr)e] LR Er}t UHe
Folw B 23T R a5t} olw FaZe| Ze|: 20mm

Z)

=
1S

HAxglon iAo ol 2 ulgAo] ¢li= ceramic

wool& F71sked GRA7} g Foll wHg7hsh Y7 wait e
2el=g slgich

HehgE Slelel Ang Eeldd wislsl exg dok 0
P I P Hamw
o) 245F FARE HSTH F5A e LAPLAS 100 mlmin
o2 FA GRAE 190 AL BUAA. 015} o] ot
89 Saa)7] ol hol SHAE BUATNE o5t A (el vhehdl
Sk 2ol zine feme® HS5h N80 SLE 700 Fe0,2 1
37 Sk Aeleh.

3ZnFe,0, + Hy(EE CO) — 3Zn0 + 2Fe,0, + HLO(EE CO;) (1)

ghedo] Bt F uhg7r] alFolA HSE F%7} 10,000 ppmo]
EZ by-pass lineS E34 HSY =& galaldx 24¢ F 2
A7EA(H. + CO +CO; + No)oF E31sled A A f-28 100 mi/mino]
S5 2 sl wigr)2 filsisdct. 3o F5ak-g-2- zinc fer-
ritee] 79-[6] 4] (2), (3) 22=] 3L zinc titanate2} 7-$-[12]i= 2] (4)-(6)

437
Zn,TiO, + 2H,S — 2ZnS + TiO, + 2H,0 5)
Zn,Ti,04 + 2H,S -~ 2ZnS + 3TiO. + 2H,0 )

=l

kgl Aol QR ADA LR WhgT] FPAH 3
SHE(HS) 58] A AREHE sl o A o2 e HSS) §4
EXS zAEg o wkhgy] Sl HSe| ZAJo] 3,000 ppm o]
AR SR AN D AAES Sk AR
gisto] Wa71sl £RE kel RS ek AAIE LTS 2

2-4] 7] o 4] H,S g é‘st}ﬂ“—}:(}{: +CO+CO, + N:)——l ‘?T‘OVJ 4 ksl
2 A4ThnE AR F7)E A4 BeFedeh kg Skl o}
2.9 Whgo] Slojytu}.
(for zinc ferrite)
ZnO + 2FeS + 7/20, — ZnFe,0,+ 250, @)
(for zinc titanate)
ZnS + TiO, + 3/20, -~ ZnTiO; + SO, 8)
2ZnS + TiO, + 30, — Zn,TiO, + 280, )
2ZaS +3TiO, + 30, - » Zn,Ti,O4 + 280, (10)

zH xg ] 03011/],}_: Eo]_o“ Al (7) (10)0{]
o] AIRHEE A e Wh7) EelAl SO} A A o g
WH”W A AuR-S paEblct. 2abAle] A ) AREgo] alolut
= ekl (142 28 ukgo] dlofid 4 gl v, wah Fshuks

T84 SO7F A=z, Al

Z o!]E. (12y4 9} 742 ubgo] el 4= 9lcH15].
MeS + 20, — MeSO, (11)
MeO + Hy(F23= CO) — Me + H,O(E= CO.) (12)
0171*1 Met 344 %% viebdct. 99 ub-gE-2 g o] 249
3+ +€HS}7] ool A EE Fate] Azl o] F uh-ge]
b ololih & Folof Wel. DAY, FHhie a7
XII*B“&%dI 23" Af ukgr] ool vhae] 2AR 2

58 Table 1o]] 7472} vhehfig)c}. Ak Gl eyt sl aha)

o Eeix AWty AletA sl s Rl nlaghs o ¢
Slar, wxF B Aol g zde] ch lpalie] 22 nisjA

7} 7re) Alah =t kel A g)ch. Adtds] SMEse S o e aloh
o)Abat zho] whglzfAJo] FhH 3=l AFelE 1-cycle R 3}ar zinc

Fe,O, + 3H,S + H, — 3FeS + 4H,0 @ ferrite 9} zinc titanate €33 of} thal 4] 10-cycle 8-S 4s8s}qic).

ZnO + H,S — ZnS + H,0 (©)] e B Ao s 2] Boboll disle] &hakaje) H.S2) uke-
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Table 1. Experimental conditions for reduction, sulfidation and regeneration

Reduction Sulfidation Regeneration
Sorbent ZF T ZF AN ZF T
Temperature("C) 550 650 550-750 650-750 650 750
Flow rate(ml/min) 100 100 100
Gas composition(vol%) This work KRW KRW Texaco
(A) (B) ©

H, 15.0 10.0 7.0 11.65 8.85 27.70

Cco 25.0 16.6 11.5 18.97 15.01 39.44

CO, 10.0 6.7 47 6.75 6.89 13.10

H,0 - 0.0 20.0 5.12 19.17 18.64

H,S - 1.0 1.0 0.55 0.44 1.12

0, - - - - - - 5.0

N, Balance 65.7 55.8 56.95 49.54 0.00 Balance
Reducing power(R,) 3.97 0.75 2.58 0.92 2.11

ZF=zinc ferrite, ZT=zinc titanate, Reducing power(R,)=(CO + H,)/(H,C + CO,),

(A) KRW Gas(5 percent steam; highly reducing low Btu gas)[15], (B)

KRW Gas(20 percent steam; high steam containing low Btu gas)[15], (C) Texaco O,-Blown Gas(highly reducing medium Btu gas)[15].
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Fig. 2. H,S breakthrough curves of zinc ferrite sorbent at various
temperatures.
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Fig. 3. H,S breakthrough curves of zinc titanate sorbent at various
temperatures.
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Fig. 4. Scanning electron microscopy of zinc ferrite sorbent.
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(a) Before sulfidation, (b) After sulfidation at 550°C, (c) After regeneration, (d) After sulfidation at 750°C.
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Fig. 5. Scanning electron microescopy of zinc titanate sorbent.
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Table 2. BET Surface area of sorbents

Surface area(m’/g)

Reaction

Sorbents temperature("C)  Fresh After 9 and After 10-cycle
haif cycle 4

Zinc ferrite 500 0.93 2.14 2.72
550 4.62 2.63
600 5.18 2.64
650 5.31 2.87
700 1.75 2.40
750 1.41 2.18

Zinc titanate 650 2.24 3.69 2.24
700 2.30 214
750 2.19 2.38

st 82T 4 slsleh.

34. BET BEHXN 53

Zprtel ggube Lo ot WheAF DA SlAke] R W
52 Halel on 22te) GaAlol ik A3HE 747} Table 20 v}
EPNSIE}. Zine ferrite 2EHAS] - SEMAIZIS) #4614 »}sm
o] Eaixo] AR Foll of 23w A= Zrjehd el o



SR b4 ofed A whabale] gk H,S) Al 441

Dimensionless time

0.0 1 2 3
3000 '

Temp. 550 °C

——

T 2500 4 e st Iy
2 Yy
S ~——a 2nd ! f ! T”T
v, 2000 | ~— 3rd SR
— — 4th ’!/JHM1
5 ~— 5th T It
o 1500 e 6th . ";‘;" |
8 e Tth %1’“‘4/’7
Z 1000 o ** 8th I ,f,‘f"

< »—— Gth | f / y

g ~—— 10th Y /l ]

S 500 - Je [ 1

0 100 200 300 400 500 600 700

Time, min

@

Dimensionless time

00 1 2 3 4 6
3000 ‘ : i
Temp. 650°C
£ 2500 { .. g
= e 2nd
;‘N 2000 4 +~— 3rd
- —— 4th
= 1500 - Sth
E «—-e 6th
g s 7th
E 1000 - -—a Sth
2 +—= 9th
S 5004  w— 10th
0 H 1
0 50 100 150 200 300
Time, min
®)

Fig. 6. H,S breakthrough curves for cycle 1 to 10.
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Fig. 7. Effect of H,O concentration on H,S breakthrough curve.
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