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ABSTRACT

Cu-Ce/ 7 -Al;0; based catalysts were prepared and tested for selective oxidation of CO
in a Hz-rich stream(1% CO, 1% O, 60% H:, N, as balance). The effects of Cu loading and
weight ratio(=Cu/(Cu+Ce)) upon both activity and selectivity were investigated upon the change
in temperatures. It was also examined how the activity and selectivity of catalysts were varied
with the presence of CO, and H.O in the reactant feed. Among the various Cu-Ce catalysts
with different catalytic metal composition, Cu-Ce(4 : 16 wt%)/ 7y -Al:O; catalyst showed the
highest activity(>To9) and selectivities(50-80%) under wide range of temperatures(175-220 T).
However, in the Cu-Ce(4 : 16 wt%)/ y -Al,O;, the presence of CO, and H,O in the reactant
feed decreased the activity and the maximum activity(>Te) in terms of reaction temperature
moved by about 25 C toward higher temperature, the T>o window was seen between 210-230
T (selectivity 50-75%). From CO»-/H,O-TPD, it can be concluded that the main cause for the
decrease in catalytic activity may be attributed to the blockage of the active sites by
competitive adsorption of water vapor and CO; with the reactant at low temperatures.

FRIIE20] : Selective CO oxidation(Ad® & CO AtgHukg), Cu-Ce catalyst(Cu-Ce Zuj),
CO; and H,O effects(o]2F8lgt i} B2 )
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Fig. 1. Schematic diagram of PROX reactor system.

(1) filter

(5) mixing chamber

(2) MFC (3) check valve (4) syringe pump

(6) 3-way valve (7) water bath
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Table. 1. Activities and windows for T-e upon change in Cuw/Ce weight ratio

Catalyst max. CO conv.(%) | windows for T.q
Cu-Cel0.8:9.2 wt%)/ v -AlO3 936 (at 260 C) 240-280 C
Cu-Cel1:9 wt%]/r -AlOs 93.5 (at 250 C) 220-260 C
Cu-Cel2:8 wt%]/ 7 -ALOs 946 (at 200 C) 185-230 C
Cu-Cel4:6 wt%]/ 7 -ALO; 92.8 (at 200 C) 190-210 C

Cu-Cel8:2 wt%]/r -Al0Os

535 (at 200 C) -
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L20ILIM EXIE Cu-Ce BOHANIAS HASLIAN EEE COS HEH A3} BHB0 28 o7

CO conversion (%)

0, consumption (%)
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Fig. 2. Effect of Cu loading on the CO conversion,
O, consumption and of the selectivity with
the reaction temperature for the selective
oxidation of CO over Cu-Ce based catalysts.
Reaction conditions : 1% CO, 1% Oz, 60%
H,, N, as balance, total flow rate= 100 cc/min,
GHSV= 60,000hr".
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Effect of weight ratio(=Cw/(Cu+Ce)) on the
CO conversion, O, consumption and of the
selectivity with the reaction temperature for
the selective oxidation of CO over Cu-Ce
based catalysts. Reaction conditions : 1%
CO, 1% O,, 60% H;, N, as balance, flow
rate = 100cc/min, GHSV = 60,000hr”".
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Fig. 4. Change in the CO conversion, O, consumption
and in the selectivity with the

reaction tmperature for the selective
oxidation of CO over Cu-Ce(4:16
wt%)/ 7 -Al0; catalyst. Reaction

composition: 1% CO, 0.5-1.5% O, 60%
H,, 13% CO,;, 10% H;0, N, as balance,
feed rate: 100cc/min, GHSV : 60,000hr'1.
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Fig. 5. Change in the CO conversion, O

consumption and in the selectivity with
the reaction temperature for the selective
oxidation of CO over Pi[l1 wt%)/y -Al;Ox
(circle), Ru[lwt%]/ 7 -Al;Os(triangle down)
and Cu-Ce[4:16Wt%]/ v -ALO;  (square).
Reaction condition : 1% CO. 1% O,
60% Hz, N; as balance, total flow rate:
100 cc/min, GHSV : 60,000hr".
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Fig. 6. Change in the CO conversion, O, consumption
and in the selectivity with the reaction
temperature for the selective oxidation of CO
over Cu-Ce(4:16 wt%)N-ALO; with or
without CO, and H,O inhibition. Circie
symbol(without CO, and H;0), triangle down
symbols(with 13 vol% CO,), square(with 10
vol% H,0) and diamond(with 10 vol% H,O
and 13 vol% CO;). Reaction condition : 1%
CO, 1% 0O, 60% H,, N, as balance, total
flow rate: 100 cc/min, GHSV: 60,000hr".

Trans. of the Korean Hydrogen and New Energy Society (2003.6), Vol. 14(2) 163



WEH - ZAW

COt EAste A9 FAMeHA 5188 2%
(Ts)7} 15 C Hx ﬂ%&f’i olF st &4 A
& Aol L@ HellA FRapA e kA
2EF JA ZAsHA gk 9%o1de] COo Mg
H(Tw) S Role vhe TEF9 A2 205-235 C
2 %30 CRE 2208 o538t vhg &3
o] 15 THE zZAashs 71%((206 C)ollA 51%
(23 )9 A9xg YehfAch
agoM Kol uie} o] HhE-Eo COu%t
H07F EAo EAE i 32 188 25(Tw)
7H40 THE 2202 ASXA & & 71 A
on A2 A(<210 T)ollH CO 4+s} &Ao] uf
5 25E ¢ 7t Aok o= 210 Tolty vhg
Aol CO% HO7L Fof 8483 E F3sly
CO9 Atsharg-& whafstr] wjEoln Ath AR
ZFo A= YERR o COs0F HO7F &3k &
T ALEY o %AHE $2S ¥ 57 ok
83, 99% o)/l CO MEE(Te)E Hole uh
S SRS 210-230 T2 H CAHAE 2o
ol st £xAo] 25 T AL #adtH 75%(210
T)ollA 51%(230 T)9] Hd=g Yehydch
OWOM AF3 uks} ol COuet HO7F &5
A EAT Aol oM 2EY s
Table 20] 8.9F Aelstgt}

ox _]lq
o r\O

iU

S
A88S Uehls 228 oula

35 94 JIA HojE2

Fig. 72 CuCe/A FuldolX e A4 7t24d
oJRH-3(CO, + Hy =CO + H0)o] Yojrte x|~-
dolH 7] H3) 1% CO,, 60% Ho .la]_x N, 35
stoll Al AE& AAlstd CO% CHiol A% W
gholl el VebIRATh TRl A UERG vhe} 2
o] §hEF2%7F 240 T ol ol H44 7t Aol
BhEo] dojues AL ¢ 7 Ao, 300 Tl
A CO7F oF 800 ppm AE WA RS & 5
b gtk e, CHel #4e] gt Ao wol

w ek sk 8(CO, + 4Hy = CHy + 2H0)S 25|
2 v Aes Jerdet

36 0 A 24

3.6.1 S2FA(CO/H,-TPR) X &2
**E}[TPUI*' b=

Hy 5ol &3t COE Mg oz itgls}y]
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Table 2. Temperature windows for Tse and Tsees over CuCe/A and CuCeCo0.2/A with or

without CO; and H;O inhibition

catalyst condition T_L)g,sb Too,r° ATy ng_g,sb Tago,:* ATy
ithout CO2»
withod 175 | 220 45 190 | 215 25
and HyO
with COq 190 215 25 - - -
CuCe/A”
with H20 205 235 30 210 230 20
ith CO;
WIS o0 | 230 | - , -
and HxO

® CuCe/A : Cu-Cel4:16Wt%]/N-AlOs ° S -

ro
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Fig. 7. Reverse water-gas shift reaction and methanation
activity of CuCe/A catalyst ; Feed : 100
ml/min, 1% CO,, 60% H; and N; as balance.
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COll o3 gdoll gloj(Fig. 8), ©+¢ Ce?t
F2E (a) Ce/ 7 ~AlbX:9] 7-$ 600 T7HA] &4
37t YR #3235 & 5 den, o Ce
A7 CO9l Ae A Absigh-go] dojivte 200
Tolgtoll A= COoll 9J3le #dsA 5 9
wlgie}, &3 CuZt gA€ (b) Cu/ v -AlLOso 7
S Ashihg 2ERT & 225 Cla A4F)
9} 320 TR AaF)Y 1 9ol Cudl 84
of 9% 7 M9 #Y HAZt YepES & + A
ot 28, Cest Cuzt 87 248 Cu-Cel3:17
wt%] ol d&A Ful (o)} A€ 16T, 225 C,
2 350 CollA A el g4 3zt dehA| el
Cu ¥o] 718 (d)= 93 C, 150 T, 225 T,
2320 C 53 #ol 98] XA ggo] U

Mass intensity(au)

Fig. 8. CO-TPR profiles measured for various Cu-Ce
based catalysts. (reduction gas = 1% CO/He,
heating rate =10C/min, catalyst weight= 0.5g)
(a)Ce{10 wt%)/¥-ALOs, (b)Cu[5 wt%)/N-Al;O;,
(c)Cu-Ce[3:17 Wt%]/V-ALOs,(d)Cu-Ce[4:16 W]

N-ALO;, (e)Cu-Ce[5:15 wt%)/N-AlLO;,

F2 ¢ T Aoy, 53 0§ @2 250 B C
oA ofs 3 & AIE eSS ¢ 5 3
ot &, Cust Ceol 374 #Ag o2 3t Cudl
A2 Ud5Ao] AA FEHo| FLETL A2
oz A7 oFFE ¢ 7t Uk ole
Cu-Ce/7 -AlOsol Cu8l ol 3712 st
o COl o3 A2 &4 540 B of 44
< oujsts, CO9 Atzhibs-27dst 243 v
7F e AoE #dd.

Fig. 9o Yehdule} o} o] o3 A5
Ae FL2E QoM e COd o8 ddn 2
apol & YR Tk Cevto]l FA1E (a) Co/y
-AlLOs 9 7% 500 T7HA] §49 27 A e}
YA 45S & ok =3 Cutto] 2AE (b)
Cw 7 -AlOs9l Z¢el= CO9 He3 Ahgutg
SEET & 210 T #2944 493§ g
HE & 5 Urk @4, Cust Ceol A€ |4 E
A F Cu FFE wt2) (c) Fuje] 3% 156 T
e @de] AFEY 185 TellA maximume
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Fig. 9. H-TPR profiles measured for various Cu-Ce
based catalysts. freduction gas = 1% CO/He,
heating rate =10 C/min, catalyst weight =0.5g)
(2)Ce[10 Wi%]/V-ALD;, (MCu[S wi%e)/v-ALCs,
(©Cu-Cef3:17 W%JN-ALOsu(dXu-Ce[4d: 16 W%}
N-ALOs, (e)Cu-Ce[5:15 wt%)v-AL(y

dezo niAe %S 4¥Hor 45y 9
3t Cu-Ce/ 7 -AbOs Fuje]l BUL%® o
A @xE Albste] vl watith(Table 3). Cu
FFol S/HEFE A vz WAool & Aol F

Rolu], Abshukg et F23] "ellE 200
Toldel &ddja ¥ 2 (200 C o4 #93

Table 3. The peak area of H,-TPR spectra in Fig. 9

Catalyst Area (' Area II” | (Area [)/(Area I) %
Cu-Ce(3:17 wt%)/ 7 -Al:03 5.95 3.02 50.7
Cu-Ce(4:16 wt%)/ v -AlO3 717 3.55 495
Cu-Ce(515 wt%)/ 7 -AlO; 8.8% 6.33 71.3

Area I": peak area in the temperature range of 50-500 C
Area II"": peak area in the temperature range of 200-500 C
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Fig. 10. TPO profiles measured for various Cu-Ce
based catalysts. (reduction gas = 3% Oy/Ar,
heating rate= 10 ‘C/min, catalyst weight=
0.5 g) (a)Cu-Ce[3:17 wt%]/v-Al,05, (b)Cu-
Ce[4:16 wt%]/¥-Al;0;, (c)Cu-Ce[5:15
wt%)/V-ALO;.
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Fig. 11. The CO;- and H,O-TPD profiles measured

for Cu-Ce[4:16wt%}/v-ALOs catalyst. (heating

rate =20°C/min, catalyst weight = 0.1g).
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