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ABSTRACT : ZnO-CuO mixed sorbents for desulfurization in hot gas cleaning process wete prepared
and investigation on their characteristics was performed in this study. The rate of sulfidation increased as
the amount of copper oxide in the composite sorbent was raised. TPO experiments were carried out to
investigate the characteristics of the regeneration of the sorbents with several different ratios of ZnO to
CuO. Copper sulfate was formed at temperatures above 400 T, while it was decomposed by pyralysis
above 700 T. SO, slippage due to CuSO; was observed in the sorbent regenerated at temperatures above
600 T. However, it was not observed when regenerated above 700 C. It was confirmed in the ZnO-CuQO
mixed sorbent system that CuQ suppressed the vaporization of ZnO on the one hand and ZnO minimized
the SC; slippage due to CuO on the other hand.
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1. M E

Mg 7tase Ry AdHE dertas B 3
BEel A +E et e B8 HAE 6
8 4 gk 987k o HS % & 20ppm ©|3}

AAE A Zkasoiil g ol 7IE
8l IGCC(Integrated gasification combined cycle)s}
PFBC(Pressurized fluidized-bed combustion cycle)
Aol B8 + 3ler, 2HE ZAA 8¢ 1
ppmeldtE AAsE MCFC(Molten carbonate fuel
cell}®} SOFC(Solid oxide fuel cell)9} 2L HE A
8] Ag7tez2s AH8E & Utk E3F HSE 60 ppb
olstE AAY A¢ FHAAFS YUY A% A&
25 AH7ls3e1-3].

Westmoreland®} Harrison[4] 287179 &
o] thaled 400~12000T W $ielA BE 2REE A
FetAck. 2 F 117kA] F4U8EE Fe, Zn, Mo,
Mn, V, Ca, Sr, Ba, Co, Cu, Wo] 23AZ HL71%5
st AME B, olF F T2 FYd
300~600 ColA& Fe, Zn, Mo, Mn, V, Co, Cu, W
% 22 AT e A EFG gl e
Aoz By HUY 53] Asolde gHHELO| =
of vzt 23T = AgHT 3k IGCC
220N BRAZ Zride AgeldE AHEBIAL
W, @4 BRAE Fol7] A3 HY UEd of
AT Bol CIFARTS7] ATl 71l
o3t 2RA ] Fsts} ¥ wE BHEL)
RAY, 22 LEAAME g@io] shsditke A3 el

¥ ATNE dgordn sgTeE ERE
F A28 VRAE Azs oA eRAY 2

25 MLTAE HAs2A Yo £ ZnO-CuO
W W F BIYHGY

2-1. 284 Az Uy

ZnO(Aldrich Co. 99.0 %)} CuO(Duksan pure,
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chemicals Co. Ltd. 95.0 %)S B2 $UYIZ ALE
e, AAAZ AlLOsAldrich chemical Co. 99.0
%)2 A8t 1428 (Solid mixing method) 2. 2
ZnO-CuO EFLEAE Azt lETe Zno,
CuO, ALO:E H2g WiER EFSH ball millsl] A
12h Fx F3HMixing)3tAdch. & 712HAE ethylene
glycol(Duksan pure, chemicals Co. Ltd, 995 %)< &
S o] ¥lE= ¥ Extrusion methodz A3 3
120Cel A 12h ¢ Ax3¥ch dxE 23 750
TellA 4h F< 248383, AF QA =7]7} 150~300
mZ A st Abg-stdch g#8AEe 4L
Table 10| Wbl Ak

2-2. W34 49

ZnO-CuQ EgEA e AHPEHEE cahn
balanceE ©] &3t} FAWE [AFHAG. o] o
g3Ae] &2 S0mg, F #FS 250ml/minez Y
AsA ngstact ks 4Ee Iex 42
Hhg 25400 C)7HA) purge A7 F 255 &3 A
718 Y& AKRW AMY] air blown 7hAFH7|ollA
A 243 H:S 2 vol%, CO 28190 vol%, COs
k6.8 vol%, Hr 2¥11.7 vol%, N2 balance[8])E &2
BA FA H3E #EstETh 28AY g4 kg
EXL #Esr] fistd TPO & +dskAdch &
3 S¥AE AQYrI2T) 2T deelA g &
58 A224T)A 800TC7A 5C/mineg H&
A7IEA BA HsE #ESFTE TPO 4Pl AL
H AN 7t = Svol% O3 AMg-3tgch

2-3. 15 WE/E ol &% # A 49

st/ A M3 w-SAY AA = Fig 1ol
vehRed, 24 235 ¥gr), #F=A7) 28
1 7tAEAN7IR o]FoA Uk nFF ¥Hg71e uf
732 10mmed Hg9@ez MAsgod, ¢g 7hA
o] fake MFC{(Mass flow controller, brooks)S o)
B3t FFE QAT F/AY ¥y A k>
o 2AL WA AP AHEF 7t 248 2

2oz HYE st 7t ENE F 3
&2 ppbvdS7tx] &3 715 % PFPD(Plused
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frame photometric detector, OI Co.)7} #atdl G.C
(Gas chromatograph, donam}g ©]§3ld E A3y
ot olm) AlE¥ Z¥& GSGASPRO ZAN ZH &
o|- g3t EX3Idct.

g 2w W3l APL KRWALY air brownd] 7}
2324 (HS < 10000ppm)ol A E3hikg 2x 2
300, 400, 500CE WaAl7|HM 4¥e S53i%ct
ol ¥ £XE 5000ml/g - hz nAPew, Alg
¥ 8= ZCA-2 234 olth SO, slippage 49
2 HA 932w ZA(HS : 500 ppm, GHSV : 15000
ml/g - Wyl A LE§ 600, 700 TZ 3t 33}/
A APE sYsEch FUNEE Es AgeldE
F5EE 100 ppme 2 AT F FHEE 5000, 15000,
30000ml/g - hol)A] zZtz} 4P & FaAstET) Fewst
APL FULEE 15000 ml/g - h2 g3t HSY
¥EE 100, 500, 1000 ppm2.g E3A|7I 4ES
FY 3t

3. dat ¥ I

31. B3 @goN 2x9 9F

ZCA 93A] ¥ Wgexo wE 9%S
golR 7] Yl F & FA(B00~600T)olA WL
S5 300, 400, 500CE W3}t A7 FEreL &
iAok AP AR COS, HS F3AFA-L Figs. 2,
3o] Ztz} Vel MR wgEE7} 300C ° 3
4 COSE 20 min, H;SE 40 min o] HE] &y
71 NAshe). v %t 400 TollAE COS, HS
AZ )& A1Zke] Zbz} 120, 170 min o] YT} o]& ¥
§ 2=} 30T ¥ Hro; COS9 H:S7F 100, 130
min & 2! AP} MEHA RSO @35 o
238 A& 2 5 YAt = 927 50T
e 40T ®9} A9 ulxdt Ao HS7H AE
HA2en}, CO5 AEAZHE 400To)A Bk 20 & o
wE 100 ¥RE FEH7) ARG dutyez
olAA BRAE 70T/AR ¥M&LTrt FIESFFH
23 o] 2715tk HS ZAE A7 nmsid
Vg7 B4ESLE gAY L 71 A, B

W2l ok COS HE A7k 400T o w7t te

exo Bs FAG ogoz BYA 2HSYH
Rugo] % COS AEAIZHE meidohy %3l
$LEE 40T APYS L 4 ANTh

32, CuO%} ZnO 3F vl W}E N$EA

34 E9] cahn balanceE o] &3 3wt 4
TAY ANE Fig 4o YehAAc AA 400CA
CA(CuO/AlLOy, 90:10 wt%) YA E 10min B
A Bl Q) FAZ FA3] stz oAl £
7t Sk AE B ¥+ Atk Mg A 72
e A QuoY ol & slo|ny, tA] FAI7t
F7hshe AL Fahigo o8 FYE Cu07F CuS
2 AFHAR QEolk et AMH2E Fapihg
of ot RAFIHE A gl ALz JEyth
ZCA-1(ZnO/CuO/ ALOs, 1575:10 wi%) %A= CA
g3A 9 W& ZeE viepdch z2ubRo] shglo]
o8 A 4 £E7 F o) =21, 83 vl 9
# A F7he CA 2FAd uls)] 23 ol Ag
TFIA ol Culrt Cu02 Y FU¢ ZnO
T ZnSE #IE] RAZE Fvkste whgol Al
Yoji7] Wi He= wadc ZnOgl ko]
Bwth o1FRFEE Fdd A FAZAE BHIEHA
S Furgo) ofg ZAFIL A Bel Wikt
ok 22} ZA YA e} 39 B3 g S22 AT
3 = AL & 5 Ak AL B3 gL E
27 171 CuOst EA38HA) 847 d&olct, 3} vt
$&571 wE ZCA-29) ZCA-37F g3hitg 2] &4
g 23A & 5 ok Fg 5= $3ehs F TPO
(Temperature programmed oxidation) 4482 43§t
ZIolt}, CA &A= 400CAA FA 717 #&
HAh oA Aukgol AHH CuS9 0.7} {
S8t CuSO7t WAIE 7] W Bo|ch 700 ColrME =
Al Zart BRAE[E, oA FHE CusOst 4
£ =7 gRolok £§ ZCA-1 B 600THES
oA FAZF Zasoirt Al F718 F 700°CA A ¥
A7F A BAagHct olg 60CHFEZAMNE ZnS7t
ZnO= A o] FA7 24 3 Ao #AdEs, o
Al BAZE Frhele AL CwS7t 09 WHEEted
CuSO.gehe] stgdoe] FYE7] WEQ AR Alm
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el a3z 70T Aja FA Zads A
FAAE FOge) G =7 WEY] ReE ddd
ok CA 23Ae] A% 800T 2ol A e
Z71ZA 9} ¥EE FFEOZ FAHE ROZ Ko}
Agol HAGEA HA We AL ¢+ A¥
ZCA-2 B3A|= ZCA-1 §¥A9} vndty] exys}
o] & FAHE ¥%d BAFE Vehl=T), 80T
I A & FAZLT ZCA2 EFAL
ZCA-1 B34 B} go) ZAsUT o= A4e] o
we] =HAde AL guiad, ZCA-3 g3%Al:
ZCA-28} 25 wWislo) oE AN A9 2 73
T& vebde. o9 A#RERE CuOs} ZnOE 2
Zt AHEEE e A Cuor #3E W Ew g wWe
3 e 2Ro)A dkgAol AT, A4 Al
CuSO7t BAET Aol ofPut= wHol UL,
ZnOE & gL 7HAY g 257 & 93
€ 7Hdek 22y CuO%t ZnOE A3 v|(ZCA-2,
ZCA-3)2 Z2§sle 8#AE A2¥ ZS 449 &
A& A2 stn, FHES st 22 @84dF
< Mge 2AE ¢ 5 A}

3-3. AW &x & SO, Slippage

600°C 700ToA AW @FA Y 358 &
shikgo)| A SO2 slippage® B Tk o] o A&
g 23 ZnOs} CuO9 iz} 1:1 91 ZCA-2
g3Ajojnt, 2 AAZ Figs. 6, 7o) JERAQADH

durHoz AP (HAF ol whee] W
o Iy A5 FMS)E FEHL AAHA BH
b BAAMSO)0l HAEHIE #ch olFA €9
ALER A3 93 A BAY Tl 98 @)HFH 2
2 SO; slippager}y (97} o] F whgo]l LAY
S L=

MS + 3720, — MSO; — MO + S0, )
MS + 20; —MSO, )
MSO; + Hafor CO) — MO + SO; + H:Ofor CO»)

3
MS + CO = M + CO5 )
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600ToA A4 F AL 33 AFoA B
H&HE COSet SO7t A& S AckFig. 6). COSE
WS AIZERE 2ppm AX AEE Y, B2kl A
sgel mek @A FrEsiAch SOe WG Rel=
20ppm A= A AF =ovb A ol 100min
ol ERElT AE A ¥Ah 2} 700C AY F
33 w3 A8 AdoM e 70 min 742 COS, SO,
7} A3 BFH R o v(Fig 7), 70 min o] FFE]
2k7ke) COS7E AEE 7] Al#Edt}. Cahn balance
A4y ZIAES ¥lFo e o 00CTHFIAM ZnS=
ZnO= 413} A9 CuSe 23518 FAHHE(CuSOs) <]
PA=E g w7 U, oI olf o
ol 600CAY F A&g F3hgolA COSY 5O,
slippage7} w48 Aoz #wgdr, o A2
H g3A9 AYLEE SO; slippagest Huk-go
g COS BAg His & 4 Ue 70T AE
Ao & 4 Qo

34. W3 A/F B Y

ZCA-2 &89 whg W - & BAuis}
SEM, EDX, IRS o]&3lo] #3 s5ich XRD 24
A B3}/ AAY600, 700C) ¥§ A - Fol ZnO%}
CuQ 232 ¥ste 8d 9x gichFig. 8). 70T ol
49 ngME ZnO9] o] Aoy e Zo
2 42d glod, whg A -39 CuO9 A
intensity®] W37t BE gle AL Kol Zn0O9] 3
Lol A9 Qi Aoz AZEch g A3 YA
A7|e]  WHEE Yelry]  AFe  Scherrer
equation[13]& ¢]&-3la] T3 Btk 3 A} vy
A g2 of 46moln ¥hg Tl 42me YA
2718 Vel itk CuOx HHS R < 33nm Bk
Fol= o 28mz Ae Ayt dch oA
ZCA-2 Z3A| 9] ZA$, 70T 2 n2dME A
2o A9 dojuizl gstgs RS Yrldn Fig 9
= SEME o|23le F3Ae wg A - F EHE K
A%t Ziojct wbg A - F &8A EHY Qb ofd
9] o] F(Migration)olt} A ZF(Sintering), AF(Crack)
2o B4 wsts #F 57 Ut olRE XRDe
B4 Aspste 2o 9o AHE HwAss] 4
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Table 1. Composition of sorbents

Sorbents
CA
ZCA-1
ZCA-2
ZCA-3
ZA

Composition{wt%)
CuO/ALOs 90 :10
ZnQ/CuQ/ ALO; 15 :75 :10
ZnQ/CuO/ Al,Os 45 : 45 :10
ZnO/CuQ/ ALOs 75 :15 : 10
Zn3/ Al;Os 90 : 10
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COS breakthrough curve of ZCA sorbent
(Reaction temperature : 300, 400, 500C).
H:S breakthrough curve of ZCA sorbent
300, 400, 500C).
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Fig. 3.
(Reaction temperature :
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ZCA-1, 2, 3, CA) at 4007C.
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Fig. 5. Generation of various sorbents by TPO(ZA,

ZCA-1,2,3, CA).
Fig. 6. Breakthrough curve of COS, SO2 for 2-cycle

sulfidation by slippage after regeneration at

600T.
Fig. 7. Breakthrough curve of COS for 5-cycle
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Fig. 1. Schematic diagram of micro-reactor.
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Fig. 2. COS breakthrough curve of ZCA sorbent
{Reaction temperature : 300, 400, 500T).
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Ty
Chamber

sulfidation after regeneration at 700TC.

Fig. 8. XRD patterns of ZCA-2 sorbents.

Fig. 9. SEM photography of ZCA-2 sorbent : (a)
fresh, (b) reacted and regenerated at 700,
{c) reacted and regenerated at 6007T.

Fig. 10. 50; group of the sorbents by FT-IR analysis.
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Fig. 3. H:S breakthrough curve of ZCA sorbent
{Reaction temperature : 300, 400, 500C).
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Fig. 4. Sulfidation rates of various Sorbents(ZA,
ZCA-1, 2, 3, CA} at 400T.
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Fig. 6. Breakthrough curve of COS, SO» for 2-cycle
sulfidation by slippage after regeneration at
800C.
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Fig. 7. Breakthrough curve of CQOS for 5-cycle
sulfidation after regeneration at 700%C.
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After regeneration at 600T

=
< After regeneration at 700C
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Fig. 8. XRD patterns of ZCA-2 sorbents.
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Fig. 10. SC»; group of ZCA-2 sorbent by FT-IR
analysis.
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Fig. 9. SEM photography of ZCA-2 sorbent : (a)

fresh, (b} reacted and regenerated at 700,
{c) reacted and regenerated at 6007C.



