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Abstract : We have studied the reforming of carbon dioxide with methane over various supported nickel catalysts. The nickel supported
on natural zeolite showed the highest activity and the nickel on acidic support showed higher activity and slow deactivation compared to
nickel on basic support. The activity of nickel on natural zeolite increased with increasing loading ratio and showed almost constant
activity above 10wt.% loading of nickel. The conversion and yield of products were affected by the mole ratio of reactants and the highest
yields of CO and H» were obtained at CHy/CO:=1. The deactivation of catalyst was caused by deposition of coke which was formed by the
decomposition of methane. The shape of coke was shown to be whisker type carbon, and it brought out the slow deactivation of catalyst.
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Table 1. Catalytic Activities of Supported Ni for the Re-
forming of CO, with CH,

Conversion(%) Yield(%)
Catalyst

CH; COx Hy Cco
10wt% Ni/CaO 366 458 414 289
10wt% Ni/MgO 325 389 159 19.1
10wt% Ni/NZ R0.7 T4 736 748
10wt% Ni/H-ZSM-5 7.3 oI 665 634
10wt% Ni/La:0z 55.6 61.3 574 482

Reaction conditions : W = 0.2g, F = 100 ml/min, Ar/CH./C0,=3/1/
1/, Tr=6507C. These values were obtained after 6 hr reaction.
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Fig. 1. The effect of time on stream on the conversion of
methane over various supported nickel catalysts :
GHSV = 30,000hr ™", Tr=630T, Ar/CHi/C0»=3/1/1.

219 A7Ane F gxatn e, NillaOs o A=

3 ' FEe 7 o

oz wmstn Yot wet
€l

U s gagel weHS 37}
5l

3.2. gxlgel ¥

Ao ATl ES FAE st Nig BAHEE 2t
Azst Zofo] t) WSBAME zaAlste] AFE Table 200
Baasibel=3

24 Nig BAAIIA e A ALTE AAZAE

2ol A3 dolupn wtw, Niel wA el ZAASel uwey
CHLS CO8l B &0l 1A 27t 10w olBo2 %
A8 Agels Asge) W} oA 2A gE AL

(3}
PR

4»

E}ﬂ Tang %
VS

SolMe) B4HLE F£ Niojetn 1115]1 oltk. o8t Apa

FHste, A8 ¥ A4 F, 1997

100
80
] 8
g .
T 60 v v
K]
[
= A
—_— &
2 . A
5 40 *
(3]
v
20 ® 10%N/NZ W 10%NiZSM-5
A 10%Ni/CaO W 10%NilLaz03
& 10%NiMgOo
0 T T T T

0 50 100 150 200 250
Time on stream(min)
Fig. 2. The effect of time on stream on the conversion of

carbon dioxide over various supported nickel catalysts:
GHSV =30,000hr ', Tr=650C, Ar/CH;/C0;=3/1/1.

Table 2. The Effect of Loading of Ni on Natural Zeolite for
the Reforming of CO» with CH,

Conversion(%) Yield(%)
Catalyst
' ) - CH CO, H Co
Natural Zeolite(NZ) - - — -
4wt% NVNZ 315 315 254 211
Twt% Ni/NZ 706 712 675 654
10wt% Ni/NZ 79.2 792 713 5.8
13wt% Ni/NZ 828 899 711 814
16wt% Ni/NZ 45 823 805 831
19wt% Ni/NZ 81.0 716 79.1 81.7

Reaction conditions : W = 02g, F = 100 ml/min, Ar/CH;/C0y=3/1/
1/, Tr=700C. These values were obtained after 6 hr reaction.
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Fig. 3. X-ray diffraction patterns of various loaded Ni/NZ
catalysts :a) 4wt%, b) 7wt%, c) 10wt%, d) 13 wt%,
e) 16wt%, ) 19wt%, g) 19wt% after reaction.
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Fig. 4. Temperature programmed reduction spectra of Ni
supported on NZ: a) NZ, b) 4wt%, c) 10wt%, d)
13wt%, e) 16 wt%, f) 19 wt%
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Fig. 5. The effect of time on stream on the conversion of CHy
and CO; over 13wt% Ni/NZ catalyst : GHVS =30,000 hr™,
Tk=725T, Ar/CH,/C0O:=3/1/1.
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Fig. 6. The effect of reaction temperature on the conversion
of CHs and CO» over 13wt% Ni/NZ catalyst : GHSV =
30,000hr™", Ar/CH;/C0»=3/1/1.
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Table 3. The Effect of Reactant Ratio for the Reforming of
CO, with CHy over 13wt% Ni/NZ Catalyst

Conversion(%) Yield(%)
CHy/CO:, Ratio

CH, CO H Cco
1/3 100.0 50.1 494 51.2
35 %.0 67.3 73 70.7
1/1 931 %9 &5 84.6
5/3 815 RBI 790 76.4
3/1 70.6 100.0 69.1 58.0

Reaction conditions : W =0.2g, F = 100 m{/min, Tr =725C.
These values were obtained at initial state.
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Table 4. The Effect of Space Velocity for the Reforming of
CO, with CH; over 13wt% Ni/NZ Catalyst

Space Velocity Conversion(%) Yield(%)
(kg - hr) CH, CO2 He CO
12,000 945 956 0.7 90.5
30,000 931 %9 8.5 846
60,000 80.0 84.7 76.1 80.7
150,000 70 754 65.2 69.8

Reaction conditions : F = 100 ml/min, Ar/CH;/COz= 3/1/1, Tr=
795C. These values were obtained at initial state.
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