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Fig. 1 H,-TPR profiles of Ni-Pt/Al, 0, Ni-Pd/Al, 0,

and Ni/AL O, catalysts
a: Ni-Pv/AL O, , b: Ni-Pd/AL O, , c: Ni/AlL O,

55 Ni-P/AL O, 4L H,-TPR 3% E4HLE, Ni-
Pd/AL O, £k 5 7E 398 K F1 608 K 43 Wi -3 J I
398 K 13 JEL XS 1 F PO (IR Ji, 608 K (134 Ji
XS T NiO iR I, 136HH Ni 55 Pd 22 [m] 4 )
B, ANBEA BN I Ni-Pd X4 J& J5 1, T
05 ] T LT

Ni/AL O, f k%I 7E 738 K, 886 K 45 1~ if 5
W, 738 K )i B0 X B F 5 AR AR R 555 1
NiO [R5, 886 K i id Jit e xof v F 5 A4 AE F )
BRI NIO ik 5.

DL XS & R4 1) H,-TPR 35 &1 70 #r il LUK
B, 70 4)E P, Pd AFFE T, NiO [ 3F J ik
IRy % 8, X ] RE S T it a mx Hy, B
ARVERT, B et e i 5t 4 Je i i) H, 1Y) e I 4K
NARHET NiO (13 5.

C. Crisafulli %" %§ Ni-Ru/Si0, ff# fk 7| F1 Ni-
Pd/SiO, AL 54T T FT-IR RAE, BRI A
R E Y Ru BOMUAEAE T Ni-Ru/SiO, 4 4 5] 1 3
T, KHEBAFH Ru &L Ni-Ru X 4: @ # 1 TE A2 1E
TR, Ni ()& TR i 2T EAe 3
TG M Ni-Pd/SiO, AL Pd 2L LA HLG
J& AT AS 2 Ni-Pd B4 J& 198 A LE T4 Ak 71
R b, Ni fEE LRI R AR R 4E, Xty



296 54 F M

F22 %

Ni-Pd/SiO, AL Ni 5 Pd Z [8] (1915 H #5055
ANBEAT AL B Ni-Pd XU J Jt 52, i fh )
ST HE S — 2L

2.1.2XRD 2, &3, MK 4550 TR
SRS 9 XRD % 5], Ni-Pr/AL O fiE{E5], Ni-
Pd/ AL O, AL F1 Ni/ AL O, EAL 7] Y XRD 35 & o
HYE20 = 44.4,51.7 F176.0° ¥ T Ni AT 5T
e, 7352 Ni(111), Ni(200) A1 Ni(220) (947 5
W, RAISTEIE Pr, Pd BIRTSIE, Al REJE T 5t
S A LLEAIR, XRD ASREAI A

Intensity (a.u)

2 " o 0

2 Theta/degree

K2 SWHIT S Ni-Pr/AL O3 AR5 9 XRD [&]
Fig.2 XRD patterns of Ni-Pt/Al,O, catalysts before
and after reaction
(a) AL, O,, (b) Reduced sample, (c¢) The sample after
75 h lifetime test at 1 073 K
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Fig.3 XRD patterns of Ni-Pd/Al, O, catalysts before
and after reaction
(a) AL O,, (b) Reduced sample, (c¢) The sample after
75 h lifetime test at 1 073 K
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Fig. 4 XRD patterns of Ni/Al,O, catalysts before
and after reaction
(a) ALO,, (b) Reduced sample, (c¢)The sample after
75 h lifetime test at 1 073 K
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Fig.5 TG-DTA behavior of Ni-Pt/AL O, catalyst
after 75 h lifetime at 1 073 K
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Fig. 6 TG-DTA behavior of Ni-Pd/Al, O, catalyst
after 75 h lifetime at 1 073 K
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Fig.7 TG-DSC behavior of Ni/Al,O; catalyst
after 75 h lifetime at 1 073 K
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Fig. 8 Influence of reaction temperatures on performance of Ni-Pt/Al,O,, Ni-Pd/Al,0; and Ni/Al,O, catalysts
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Fig. 9 Influence of GHSV,, on performance of Ni-Pt/Al,O,, Ni-Pd/Al,O; and Ni/Al,O, catalysts
Reaction conditions; T = 1073 K, GHSV,, =7 200 ~36 000, H,0: CH,: N, =2:1:1
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CH,(s) + O(s) = CHO(s) + H(s) (3)
CHO(s) + s = CO(s) + H(s) (4)
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CO,(s) = CO, + s (8)
2H(s) = H, + 2s (9)
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Fig. 10 Influence of W/C ratio on performance of Ni-Pt/Al,O;, Ni-Pd/Al,0, and Ni/Al, O, catalysts
Reaction conditions; T =1 073 K, GHSV,,, =36 000, CH,: N, =1:1, W/C = 1-~3
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Fig. 11 Stability of Ni-Pt/Al,0,, Ni-Pd/Al, O, and Ni/Al, O, catalysts
Reaction conditions: T = 1073 K, GHSV,, =36 000, H,0: CH,: N, =2:1:1
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The Effect of Pt, Pd Promoters on the Dispersion of Ni and the Ability
to Coke Resistance of Ni-based Catalyst

GAO Qun-yang, LV Gong-xuan "
(a. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of
Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000 ;
b. The Graduate School of Chinese Academy of Science, Beijing 100049 )

Abstract; This paper studies the effect of noble metal addition (Pt, Pd) to supported Ni/Al,O, towards the ability
to coke resistance and catalytic activity for the reaction of steam reforming of methane. The results have shown that
in the case of Ni/Al,O; catalyst, the addition of Pt strongly enhances the catalytic activity, stability, the abilities to
coke resistance and oxidization. The sample with addition of Pd does not improve the catalytic performance obvious-
ly. On the basis of H,-TPR, XRD and TG-DTA characterization measurements, it has been proposed that there
exist strong metal-metal interaction between Ni and Pt due to the formation of Ni-Pt clusters with the surface mainly
covered by Ni. This leads to an increase in the metallic dispersion, favoring the formation of small Ni particles on
the surface of Ni-based catalysts, which in-turn inhibit the sintering of Ni and improve the ability to coke resist-
ance. The presence of Pt promotes the reduction of the Ni precursor by a spillover effect of H,, retarding the oxi-
dization of Ni. However, in Ni-Pd/Al,O; catalyst, Ni and Pd tends to be separately reduced with a segregation
effect of Pd and Ni on the surface, Ni-Pd clusters do dot formed in the sample.
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