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Abstract—Even traces of CO in the hydrogen-rich feed gas to proton exchange membrane fuel cells
(PEMFC) poison the platinum anode electrode and dramatically decrease the power output. In this work,
a variety of catalytic materials consisting of Cu/CexZr1xO2 (x = 0.0-1.0) were synthesised, characterized
and tested for CO oxidation and preferential oxidation of CO (PROX). These catalysts prepared by
hydrothermal and deposition-precipitation methods. The catalysts were characterized by XRD, XRF, SEM,
BET, NO titration and oxygen storage capacity (OSC) measurement. The effects of composition of the
support and degree of excess oxygen were investigated for activity and CO, selectivity with different
temperatures. The composition of the support markedly influenced the PROX activity. Among the various
Cu/Ce.Zr140, catalysts having different composition, Cu/CeosZro102 and Cu/CeosZro302 showed the
highest activities (>99%) and selectivities (ca.50%) in the temperature range of 150~160 C. It was found
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that by using of Ce.ZrixO; mixed oxide support which possesses a high oxygen storage capacity,
oxidation-reduction activity of Cu-based catalyst was improved, which resulted in the increase of catalytic
activity and selectivity of CO oxidation in excess H; environments.

Key words : CO oxidation, Cu catalysts, Oxygen storage capacity, CeO»-ZrO;, Hydrogen purification.
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J\_/L Drying using freeze dryer j
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L ) \ Final hydrated material

Figure 1. Preparation procedure for the hydrated
CuO0/CexZr110;.
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Figure 2. XRD patterns of the CuO/Ce.Zr, .0, samples
calcined at 500C.

@x =00 b x=01{=x=03x =05,
) x = 0.7, (H x 0.9 and (g) x = 1.0.
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Figure 2& Ces} Zr8] 5 49 & v ¥2 748 &%
A o] Cug @A 3 AEE2 500 ¢ oA 2417 E<t
F7IE71E A48t XRD A% Aol x g2 Cedl
Zr o sk AgEel @S Jehde X84 04 RE 1
74X 9 ghg 7Rk x o] ARFF Ced] ol BolAlE
A BT} Ce o] Be HgEO R 7= #3739 =7
7} & Zo®g RHol AAA o) FrERe= AL o4 4 th
Table 145 A2 sF35%0] x Fko] 0.0?1 zironia A -5
o= Zr0»¢] 27742 monodlinico] $AM3FA gL, 2k7He] Ce
o] A7}z s} o] W3lstet. monoclinic 43 ZrO.8] =
o2 A4 tetragonalo] FE3ITH} x = 0.3 A2 oA
T Ce09] A% cubico] ER}F] AlzkatdA, Ced] %

Table 1. Chemical and physical properties of
Cu0/CexZr 10,

oo e G o ]
artng X (yxvalie) (we% ) Major  Minor  gcar. )
0.0 0.0 14 Monoclinic - 106.6

0.1 0.14 1.5  Monoclinic Tetragonal  75.4

0.3 0.46 1.7 Cubic  Tetragonal 84.5

05 0.49 1.8 Cubic  Tetragonal 86.4

0.7 0.67 1.6 Cubic - 74.9

0.9 091 1.4 Cubic - 78.5

1.0 1.00 1.6 Cubic - 81.2

a : Elemental analysis by XREF,
b : Major phase of the calcined samples from XRD,
¢ : Calculated surface area by N, physisorption.
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Figure 3. SEM micrographs of the as-prepared
CeZr1x0; (x = 0.0-1.0) samples
(The magnification is 30,000 times).
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Figure 4. TEM micrographs of the as-prepared CuO/
Ce;Zrix0; (x = 0.0-1.0) samples
(The magnification : (a)-(d) are 300,000 times
and (e)-(g) are 30,000 times).
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Table 2. Cu® surface areas of Cu/Ce,Zr..O: samples

Cu/CeZr; 4O7
00 0.1 03 05 07 09 1.0

X

Cu surface atom
number

0.99 1.95 3.47 4.18 9.50 9.70 11.50
(><1019 atoms/g-cat.)

Cu surface area

2 0.68 1.33 2.37 2.86 6.51 6.64 7.57
(m°/g-cat.)

Table 3. Maximum CO conversion(%) of CO oxidation
over the Cu/Ce:Zr, 0,

X Cu/Ceerl.sz
0.0 0.3 0.5 0.7 0.9 1.0
A=3 16.8 81.1 100.0 100.0 100.0 85.1

(@t 200 C) (at 200 C) (at 200 T) (at 170 C) (ar 170 T) (ar 200 T)

Mass of catalyst = 0.15 g ; Total flow = 100 ml/min ;
Reaction temperature : 130-200 C.
Feed composition : 2% CO, 3% O, (A = 3) and He balance.
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dio] afAoR @4 €2 Fato] M3 AR EAHs]
A BAEII7 EA] @& Ao W) o] A #Ho s

2 o, S3E SXY wFd Cu 298 e84
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Figure 5. CO-OSC values of the Ce,Zri .02 (x = 0.0
-1.0) samples (Calcined at 500TC and
measured at 500C).

71 3 CeOy ol ZrOg 2] F7tel wit Ak AdsEo] &
NE 3 ZrOs &) 37} HA FYo] EAE AL FUS
A2 viepdrh

w3l Trovarellif 10]& CelZri xO2 =4 ZolX CepssZros;0s
o] A%, A OSC 2 7Hntn AFsRAaL, o] T4
820 2429 FAE EaA OSCr} 8~4 vl bk Sjgctn
-5t} oo i} Cu/CenZrinOe: E112] OSC U= =ui=
Ao o 4 gty o] o] e A
(OSC)2 # AolA =R shk-gat YHe AaAd
o7 =09 Aot}

3.2. CO Mzt ttg &

0x

3.2.1. gxle| g%

7|Z2ATAHE  Cu/CeOs, Cu/CegasZros;Os, 18I
Cw/ZrOy Fulle]] o3t He FAEA7]14 9] CO Arzhikg
4% ek ed, Cu/CeO: > Cu/CeousZrosO2 )
CwZrO: €22 F& 4& /e Ze® Busta v
[2]. ol= SAE A CeOs, CeZri Oy, 181 ZrOs o]
A Al ZREg vwg AJd, 53] Hudds RoFe
CeO: BAY 7A-F Zro] H7Fel wat 49 F32A ¥
32 pute = 9lom g Zr Arleke BE FH L de
a7 €t} Table 32 1.4~1.8%2 Cu @X%Fg 7t o
oksl ZA 9] CeZrixOe Al W2 CO Ashts Aw=
FEAI Aotk COY ATEE Cu/CeO: Fle] 734 200
TollA Hi B4 85.1%°193L, Cu/ZrO, Ew2) 74 200
CeolA Ao 24 16.8%% vebgrh 181 x = 0.73 0.9
¢l Zufjof] F$ol= COZF BF AFHE R, oj& 170
T LEZANN Ho) B4E Mol RALTA 200 TelA
100% Ht) 48 2= x = 05 S0 of Boh oS 4
¥ Eu8YE Zdeva B

2% CO, 3% O,, 18|31 WA He 22 FAE 42714



60 ZFI7/= H13d4 A1, 20074 38

Table 4. Preferential oxidation activities of CO over 1%
Cuw/CeyZr1,0: (x = 0.0-1.0)

150 160TC 170C
Catalysts
Xeol %) Scor%) Xeo %) Seor(%) Koo %) Scor(%)
1% Qu/ZrO, 250 720 300 521 359 411

1% Cu/CepsZrosO; 920 468 97.8  49.1 89.6 455
1% CofCep7Zr030; 966 500 999 513 935 478
1% Cu/CeooZro10;  99.1 505 999 507 984 497
1% Cu/CeO;, 774 65.5 820 821 864  63.0
GHSV = 5000 k' ; Feed composition : 0.56% CO, 0.56% O

(A = 2) and He balance ;
Reaction temperature : 150-170 C.
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Figure 6. CO conversion(%) of CO oxidation over
Cuw/Ce,Zr1x0; : Effect of the support(Mass of
catalyst = 0.15 g ; Total flow = 100 m//min ;
Feed composition : 2% CO, 3% 0; (A = 3)
and He balance).
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Figure 7. Turnover frequencies of CO oxidation over
Cuw/CexZr1x0: : Effect of the support(Mass
of catalyst = 0.15 g ; Total flow = 100
m¢/min ; Feed composition : 2% CO, 3%
0; (A = 3) and He balance).
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Figure 8. CO conversion(%) of CO oxidation over
Cu/CexZr;1x0; : Effect of the oxygen
excess(A)(Mass of catalyst = 0.15 g ;
Total flow = 100 n¢/min ; Feed composition :
2% CO, 1-5% O0; (A = 1-5) and He
balance ; Reaction temperature : 170 ).
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