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Fig. 1 XRD patterns of catalysts calcined at different temperature
(a) y-AlL,05; (b) 450 C; (c¢) 650 C; (d) 850 C
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Table 1 Surface area and TPR reduction feature of catalysts calcined at different temperature

Calcined temperature Ni loading Sper L H
(c) (%) (m*/g) (ml/g) Maxtem. Area Ratio Max tem. Area Ratio
450 8.1 365 378 5205 100 - - -
650 8.3 352 461 828 22.0 763 2928 78.0
850 7.9 206 544 1233 31.2 893 2719 68.8

L — N\

__‘2__/—'\—/\_,
L/ \\_______—\.__
1 1 1
200 400 600 800 1000

Temperature(°C )

2 AR R R AL R Y H,-TPR K%
Fig.2 H,-TPR profiles of catalysts calcined

H: Consumption

at different temperature
(a) 450 C; (b) 650 C; (c¢) 850 C
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Table 2 H, chemisorption and pulse reoxidation results of catalysts calcined at different temperature

Calcined H, 0, NiO Meta Average Active
Ni loading o ) ) i
temperature consumption consumption ( Ve) reducibility dispersion crystallite surface
mol/g )
(C)  (pmol/g)  (pmolg) (%) (%) size (nm) area(m/g)
450 47.8 627. 1 1 380.1 90.9 7.6 13.1 3.6
650 67.2 583.4 1414.2 82.5 11.5 8.7 5.3
850 39.9 556.8 1346.1 82.7 7.2 14.0 3.1
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Fig. 3-A Time-on-stream profiles for CH, conversions
in the tri-reforming at 850 °C under 0. 1 MPa with space velocity
of 10 080 h ™" and feed composition
of n(CH,)/n(CO,)/n(H,0)/n(0,) =1/0.48/0.54/0. 1
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Fig. 3-B Catalytic stability of Ni/Al, O,-

650 in the tri-reforming reaction condition: see Fig. 3-A
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Fig. 4 Effect of temperature on the reaction performance
under 0. 1 MPa with space velocity of 10 080 h ™
and feed composition of

n(CH,)/n(CO,)/n(H,0)/n(0,) =1/0.48/0.54/0. 1
JE . BEE IR TS, A R Hy/CO T
FERBHAL, Rl T 2. XAl REE P Fl R &R
FHER, —J27ER AL T 800 C i [ N & i 7t =
ff, POM 7 () 7 3 S iz, CDR il SRM J
I (1A TR I A ) TR, I DA Ak i) FE e R
ST POM By (Bt POM A A ) n
(H,)/n(CO) LLHEBE R 2.0). MIRELE >800 C
JEFE RS T i, = H A B N ) = A 3 RN TR
i, RO RO AN & A A8 4k, n(H,)/n
(CO) b AN TR R ME N Z). I — )
PRI R] B2 24 SO i AEAIR T 800 °C 5 il 4 12 ¥ T
fe s, EERE SO T AR B H, BT R AR (D) FR Y
FOSETIHAERL, B9y h Hy (5> . CO 1y &
B, Frfg n(H,)/n(CO) LW T REBH. BE
SN BE ) T, POM, CDR il SRM 2 Ji 3 % 1
PP, 243 B A %) 800 °C LA ), TRM 23 Al 1
(1) [ B IR B T — A S &P, i n(H,)/n
(CO) LA AL,

H, + CO, =CO + H,0 (1)
2.3.2 RNEJ A HEARIVERER I &S R
KRNI R A R PERE RS2 e, BB S T LLA
th, BAE RN E DT T, CHL R CO, Y36 ik e 2
TFREREaTE. TRM B & A =4 T RT3
W2 W RN, WILT e R AL 2P
(H,)/n(CO) LA RERKIAE, X FEZER
N JEORH A A AR, T O R 7 8 T e = A
FE RN A AR B R A, SRR
(H,)/n(CO) LA KR KA.

100 3
~ 80r -\*\.\
s —&— CH: Conv.
£ 60 F —e— CO:Conv. °
4 29
g —— H/CO 2
g arF
c L
20
0 L 1 ' 1
0.0 0.4 0.8 1.2 1.6

P (MPa)
PSSRz s g Xk A A5 BE A2 )
Fig. 5 Effect of operating pressure on the reaction
performance at 850 °C with space velocity of 10 080 h ™'
and feed composition of

n(CH,)/n(CO,)/n(H,0)/n(0,) =1/0.48/0.54/0.1
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Fig. 7 Effect of gas compositions on the reaction performance
at 850 °C under 0. 1 MPa with space velocity of 10 080 h ™'
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Tri-reforming of Methane to Syngas over Ni/ Al, O,

JIANG Hong-tao""*, LI Hui-quan'* , ZHANG Yi'
(1. Laboratory of Green Process and Engineering, Institute of Process Engineering, Chinese Academy
of Sciences , Beijing 100080 , China;
2. Graduate University of Chinese Academy of Science , Beijing 100049 , China)

Abstact; Ni was dispersed on y-Al, O, with large pore volume and high specific surface area by using wet impregna-
tion method. The catalytic performances of Ni/Al,O; in tri-reforming of methane to syngas (TRM) under different
reaction conditions such as temperature, pressure and space velocity, and the feedstock composition were studied in
a fix-bed reactor. The effect of calcination temperature on stability of catalysts was also investigated. The results
showed that catalyst calcined at 650 °C exhibited higher stability than catalysts calcined at other temperatures.
95.4% of CH, conversion and 84.6% of CO, conversion were achieved at 850 °C under atmospheric pressure and
with feed composition of n( CH,)/n(CO,)/n(H,0)/n(0,) =1/0.48/0.54/0. 1 and space velocity of 10 080
h™'. High temperature and low pressure are favorable to TRM reaction. Feed compositions affect only on CO, con-
version and n(H,)/n(CO) ratio of syngas, whereas not on CH, conversion.

Key words: Methane; Tri-reforming; Syngas; Ni/Al,O,catalyst



