CLEAN TECHNOLOGY, Vol. 21, No. 3, September 2015, pp. 200~206

HHOILAX| T | \

Ce &7 [E M27d7IAH0IES

H=ET|

o

0o
@)
S
N
-}
1
=
1o
it
0z
B (o]
-

QS X5, MRS, HE0l, gk’ olge
Fadisha oyx|2str]s el
305-764 tIdFA] F/9 7 thEhZ 99
Tt U= 71 %A
305-343 tIAFGA] AT 7Y = 152
fEdoyeta g8k st ot
305-764 HAFAA 97 ek 99

(2015 89 79 A= 2015 99 169 #7434 2015 94 169 A=)

Enhanced Catalytic Activity of Cu/Zn Catalyst by Ce Addition
for Low Temperature Water Gas Shift Reaction

Chang Ki Byun, Hyo Bin Im, Jihye Park, Jeonghun Baek,
Jeongmin Jeong, Wang Ria Yoonf, and Kwang Bok yit*

Graduate School of Energy Science and Technology Chungnam National University
99 Daehak-ro, Yuseong-gu, Daejeon 305-764, Korea
THydrogen Energy Laboratory, Korea Institute of Energy Research
152 Gajeong-ro, Yuseong-gu, Daejeon 305-343, Korea
$Department of Chemical Engineering Education, Chungnam National University
99 Daehak-ro, Yuseong-gu, Daejeon 305-764, Korea

(Received for review August 7, 2015; Revision received September 16, 2015; Accepted September 16, 2015)

o OF
L =

ARG H7E7T A4 7E A o9k BEOl v A= FEFE 2AH] $18A, Cu-ZnO-CeO, &M & 33 K& AHE-81o] A
23}tk 28 9] Cu-ZnO-CeO, Z )= Cu THEH(50 wt%)S-2 114 A| 7] 3L AFBHA|E(Ce0, 7| 2 0.2, 0, 5, 10, 20, 30, 40 wi%)
o] ke sk A A2EH I o] F o]-&5ko] GHSV 95,541 h' o] 7] 4] £ 9], 200~400 T 2] =W SJol| A $24 7k
Ho|ukg ZujghA o] =4 E it E3 BET, SEM, XRD, H>-TPR, XPS E4-& £3lo] ZujEA4Jo] B4 % Qlc) CeO,7} &
74 Sl ] BAIE S Adeld A 22 S5/ 9 thekst HEkE UER At 10wt% 2] CeO,7f 2| & Q] H7tgo =
T ojuf Eufj= 7Pg W2 2 o)A Flo] dojt o vhgol A 7Y =2 S0 24dS Koot E3 CeO, 7} 714
Sfj= CeOy7} H7HE A Ob= S e} v dto] 52 2= ol A o] =it whatA], A 2449 CeO 7 HH= =
2 e H4bE, B2 Aoy A, e 5459 3 BAE st =2 FuEAdS =Gl

FHO : 7R oS, e, oF 4, Al S

Abstract : In order to investigate the effect of cerium oxide addition, Cu-ZnO-CeO; catalysts were prepared using co-precipitation
method for water gas shift (WGS) reaction. A series of Cu-ZnO-CeO; catalyst with fixed Cu Content (50 wt%, calculated as CuO)
and a given ceria content (e.g., 0, 5, 10, 20, 30, 40 wt%, calculated as CeO,) were tested for catalytic activity at a GHSV of 95,541
h'l, and a temperature range of 200 to 400 C. Cu-ZnO-CeO; catalysts were characterized by using BET, SEM, XRD, H,-TPR, and
XPS analysis. Varying composition of Cu-ZnO-CeO catlysts led the difference characteristics such as Cu dispersion, and binding
energy. The optimum 10 wt% doping of cerium facilitated catalyst reduction at lower temperature and improved the catalyst
performance greatly in terms of CO conversion. Cerium oxide added catalyst showed enhanced activities at higher temperature
when it compared with the catalyst without cerium oxide. Consequently, ceria addition of optimal composition leads to enhanced
catalytic activity which is attributed to enhanced Cu dispersion, lower binding energy, and hindered Cu metal agglomeration.
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Cu(NOs),3H,0(Aldrich, puriss. p. a. grade), Zn(NOs),*6H,O
(Aldrich, 98.0%), Ce(NO3)s-6H,0 (Aldrich, 99.0%)2 A gk bl
ol B30l SR, gol 0.1 MO 48L& vhESlt) o]
gaS WHHA|Z] 2 1+ Nap,COs (Aldrich, ACSgrade) - 0.1
MZ=golo] Hek 5 mLo] &%= & HIZ(Eldex, | HM, %" Head,
stainless, Eldex Laboratories, Inc.)S ©]-&3}o] U3} ) o]
uj, 0.1 M| NaOH(Aldrich, =97.0%) 480 & pHE 9.70]
HEs FAETh 1 ol 60 T= 2447t 5k 4353
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2 CH 255 &7 400 ColA 37 2= 3A7F &
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3}od C5Z5C0, C574.5C0.5, C5ZAC1, C5Z3C2, C522C3, C5Z21C4
23l Y3l o & E9, C5N4C1-& CuO-50 wt%, ZnO-40
wt%, Ce02-10 wt%=S oju|3gtch
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reduction (TPR)E-4]of|= BEL CAT B (BEL Japan, Inc.)%H|&
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Hor}

Figure 1-& Cu-ZnO-CeQ, Z1jE52] SEM o|u] 2| & Ko
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Table 1. BET analysis results of prepared catalysts

Sample BIZET Pore vg)lume Average pore size
mYg) | (em'g) A
Cs5Z1C4 146 0.21 59
C522C3 106 0.32 123
C5Z23C2 92 0.33 158
C574C1 59 0.28 192
C574.5C0.5 75 0.29 153
C5Z25C0 61 0.21 140

Figure 1. SEM images of supports. (a)C5Z5C0, (b)C524.5C0.5,
(c)C5Z4C1, (d)C5Z23C2, (e)C522C3, (HC5Z1C4.
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Figure 2. XRD pattern of CZC catalysts: JCuO, V ZnO, A CeO,.
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Figure 3. TPR pattern of CZC catalysts.
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Figure 4. Cu 2p XP-spectra of CZC catalysts.
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Figure 5. Cu LMM Auger spectra of CZC catalysts.
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Figure 4. CO conversion with reaction temperature of CZC cata-
lysts (S/C ratio = 2.0, GHSV = 95,541 h™").
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