33 5 Vol. 33 No.5
2005 10 Journal of Fuel Chemistry and Technology Oct. 2005

0253-2409 2005 05-0637-04

Pt/ Al, O, CO
e CO
116023
HZ
0643 A
1
PEMFC 1.1 Pt
e 62cells/cm’ 3% HNO, ALO,
H, 45% ~75% CO, 15% Pt AL O,
~25% CO 1% ~10% H,0 10% ~20% N,0~ 79 0.5%
20% PEMFC Co 5 min
500 C 12 C/min 2 h
Co 1% 450 °C 3h
co PEMFC  PtRuw/C 1.2
100 x 10~° Co Co SevenStar D07-7A/ZM
1% CO 100 x 10°° LabAlliance Series II
45 CO
H, H, +1/20, =H,0 g AH = 17 mm 1D K
-241. 825 kJ/mol CO
Co, Co 2 mL
co co 0, co
-6
1001:10 rgy = 0RO C_O :CO " 100%
o7 Mo, in = 0, ou
Xy, = ————"" x 100%
o, in
co 5o ¢ - Sn:C: - ;(:CO x 100% .
Pt/AlL 0, cO €O, Shimadzu
co v Cco Infrared Gas Analyzer CGT -7000 0,
H, CO 0, N,
co 50 °C 80 C
P/ALO, CcO  CH, FID
2005-02-09 2005-09-25
20590365 973 2004CB719506

Tel 0411-84662365 Email wangsd@ dicp. ac. cn
1977- E-mail shuailin@ dicp. ac. cn



638 33
2 1 H,
2.1 H, O, 1 50% H, Pt/Al, O, 180 °C co
1% CO/1% 0,/N, H, CcO 11 Pi/Al, 0O,
1 H, CO H, O, H,0  AlLO,
220 C 100% -OH -OH
100% H, co 0
co Pt 0,
(0(0)
100 @ 2.2 RWGS 1
0 0(0)
o 80
s 3 o
8 kel
g g OO
» @ co o
S3 A M PV/ALO,
20
<ovx &) 20l CO
© (5) 20% CO, 50% H,
T0 10 200 240 280 209% H,0 N, 2
Temperature  ¢/°C | co
1 0.5%Pt/AL O, Table 1  Equilibrium constant of water-gas-shift reaction
H, CO at different temperatures
Figure 1  Effect of H, on the catalytic CO oxidation Temp. t/°C 100 140 180 220 260 300
over the 0. 5% Pt/ Al, O, monolithic catalyst BT 3578.9 1007.3 357.3 151.0 73.1 39.4
1 s¢ 50%H, 2 %, 0%H, 3 x, 50%H,
4 x, 0%H, 5 %, S0%H, 1o
=X
\e_ 0'8 [
Co Py H, E @
co o, 5 06
co E gal
co o, co 2
S 02t
H, 0, &) ‘_4//(1)
Co 180 °C CO 0.0 : * ‘
100 150 200 250 300
98.3% CO 49% CO Temperature ¢/C
180 x 10°° PEMFC  PtRuw/C
2 0.5%Pv/AlLO,
100 x 107°
H, co co Figure 2 Effect of temperature on RWGS over the
0, co co 0. 5% Pt/ Al, O, monolithic catalyst
CO 1 experiment line 2 equilibrium line
180 C CO )
H, O, co 0,
CO Pt/ Al 0,
0, H, co
o 120 Pt/ AL O CO
t
€ ~2807C 0, 2 1380 C co
100% O H,

200 C (0]



PU/ALO, CO— o 639

80 x107° 260 °C  CO 0.5% CO 0.5%0, 20%
0.05% 200 C CO CO CO, 50%H, 20% H,0 N,
CH, 45 x10°° 3
2.3 CO CH,
CO CO CH,
~20% CO, +5 x10°° Co  Co,
Pt
TR Pt/Al 0,
CO CO, 3
1 H, CO 0, 180 °C
U Co 98.3% CO 49%
= 45 o 180 x 10~ PEMFC
j 401 MA\//,/ & PtRu/C 100 x 10~
g 2 H, O, ALO,
§ ol -OH -OH Cco
év 5| 0, Pt
CO CcO
w0 150 200 250 300 40 C
Temperature 7/C 3 200 °C CcoO
3 0.5%PAl CO 80 x10°°
CO
Figure 3 Effect of temperature on methanation ole) 200 °C
reaction over the 0.5% Pt/Al, O,
monolithic catalyst 4 PU/ALO, CcoO Co,
inlet CH, concentration 2 outlet CH, concentration 300 °C
1 Pd/ZnO J . 2005 33 4 391-395.

10

WANG Yan-hua ZHANG Jing-chang XU Heng-yong. Study of Pd/ZnO catalyst for hydrogen production from steam reforming of methanol

J . Journal of Fuel Chemistry and Technology 2005 33 4  391-395.
SEKIZAWA K YANO S- EGUCHI K ARAI H. Selective removal of CO in methanol reformed gas over Cu-supported mixed metal oxides

J . Appl Catal A 1998 169 2  291-297.

. J . 2004 32 3 362-366.

PAN Li-wei WANG Shu-dong. Study on hydrogen production by methanol autothermal reforming in a planar reformer J . Journal of Fuel
Chemistry and Technology 2004 32 3 362-366.
OH S H SINKEVITCH R M. Carbon monoxide removal from hydrogen-rich fuel cell feedstreams by selective catalytic oxidation J . J Catal
1993 142 1  254-262.
MANASILP A GULARI E. Selective CO oxidation over Pt/alumina catalysts for fuel cell applications J . Appl Catal B 2002 37 1  17-25.
SNYTNIKOV P V. SOBYANIN VA BELYAEV VD TSYRULNIKOV PG SHITOVANB SHLYAPIN D A. Selective oxidation of car-
bon monoxide in excess hydrogen over Pt- Ru- and Pd-supported catalysts J . Appl Catal A 2003 239 1-2  149-156.
HAN Y F KAHLICHMJ KINNEM BEHM R J. CO removal from realistic methanol reformate via preferential oxidation- performance of
a Rh/MgO catalyst and comparison to Ru/ y -Al,O; and Pt/ y-Al,O; J . Appl Catal B 2004 50 4 209-218.

. I 2004 20 4 357-362.

ZHAO Yang ZHENG Ya-feng XIN Feng. Properties and applications of monolithic catalysts J . Chemical Reaction Engineering and Tech-
nology 2004 20 4 357-362.
AVILA P MONTES M MIRO E E. Monolithic reactors for environmental applications A review on preparation technologies J . Chem Eng
J 2005 109 1-3 11-36.

. Cco J. 2004 55 S54-S59.
ZHOU Shuai-lin ' YUAN Zhong-shan WANG Shu-dong. Investigation on CO removal in hydrogen-rich gas from methanol reforming J .

Journal of Chemical Industry and Engineering China 2004 55 Suppl  S54-S59.



640 33

11 KAHLICH MJ GASTEIGER H A BEHM R J. Kinetics of the selective CO oxidation in H,-rich gas on Pt/Al,0; J . J Catal 1997 171
1 93-105.

12 ECHIGO M TABATA T. Development of novel Ru catalyst of preferential CO oxidation for residential polymer electrolyte fuel cell systems
J . Catal Today 2004 90 34  269-275.

Selective CO oxidation in hydrogen-rich gas from methanol reforming

over the Pt/Al, O, monolithic catalyst
——Analysis of the effect of side reactions

ZHOU Shuai-lin  YUAN Zhong-shan WANG Shu-dong
Dalian Institute of Chemical Physics Chinese Academy of Sciences Dalian 116023 China

Abstract Due to coexisting of H, CO, and H,O with CO in hydrogen-rich gas produced from methanol refor-
ming the selective CO oxidation is companied with the side reactions of H, oxidation as well as CO or CO,
methanation and reverse water-gas shift reaction RWGS . This paper investigated the effects of the above side
reactions on the selective CO oxidation over a 0. 5% Pt/ Al,O, monolithic catalyst. The results showed that after
50% H, is added into the reactants the highest CO conversion is only 98.3% at 180 C when the feed molar ratio
of 0, to COis 1 and the corresponding outlet CO concentration is 180 x 10 °. Adding 50% H, into the reactants
accelerate CO oxidation at low temperatures the catalyst active reaction temperature window shifts down about
40 °C. CO produced from RWGS is 80 x 10 ~° at 200 C indicating that the effect of RWGS on selective CO oxida-
tion becomes obvious at temperatures higher than 200 C. On the other side CO or CO, methanation does not take
place even at 300 C under current conditions and has little effects on the selective CO oxidation.

Key words selective CO oxidation side reaction H, oxidation methanation reverse water-gas-shift reaction
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