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Partial Oxidation of Methane to Syngas over Pt MgO Catalyst
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Abstract Pt MgO catalyst samples with different Pt loading were prepared by wet impregnation. X-ray diffrac-

tion X-ray photoelectron spectroscopy transmission electron microcopy and temperature-programmed surface

reaction were used to characterize the catalyst samples. Partial oxidation of methane POM

to syngas was per-

formed in a fixed-bed microreactor. The results indicated that the Pt MgO catalyst exhibited high activity and
selectivity. The conversion of methane and selectivity for CO and H, remained constant up to 120 h. The dis-
persed Pt existed in a metallic state which was responsible for the high activity in the POM reaction. Both the

state and the dispersion of active Pt were very stable

and therefore the catalyst showed high stability in the POM reaction.
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8=10 Claridge ! POM UNI-Specs ESCA
A1203 X . C1s Eb -
Ni>Pd>Rh>Ru>Ir=Pt. Pt 284.6 eV
Pt 812 Philips CM200 200 kV
13 000~ 30 000. Pt SIS
. MgO
. Choudhary 11 100 mg.
Ni SIOZ Ni A1203 CHO N2 30 min
MgO POM 25% C0O,-75% N, 20 ml
. Mehr 15 min 10 C min 100 C 900 C.
MgO CO, CO, CO Uras 14
. MgO Lewis NDIR
14 16 MgO
2.1
V7 1 Pt Pt MgO
Pt MgO
POM X X Pt
1 1 Pt Pt MgO
Table 1 Effects of Pt loading and reaction temperature on
1.1 catalytic activity of Pt MgO for POM reaction
0 B ) _— X CHy, %
MgO 99.95% A=9.2m" g C T TS50C 600 T 650 T 700 C 750 T 800 C
PtCl, 99.99% 0.09 1.0 2.6 3.6 5.9 10.3  18.9
0.47 28.2 33.5 42.1 53.4 66.5 79.6
o h e h 0.84 34.7 43.2 54.1 65.5 76.5 85.4
120 © 24 800 6 1.51 36.1 44.3 56.1 70.8 83.8 91.2
Pt Mgo PtCLi Reaction conditions 7 CH, »n O, = 2.0 m cat
Pt qy CH;+0, =0.10 g s ml. POM — partial oxidation of
1.2 methane cat — catalyst Pt MgO .
POM . Pt
100 mg N, 50 ml min 800 C w Pt =0.84%
H, 50 ml min 1h N, 10
min. 10 min w Pt =0.84%
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Analysis System Uras 14  NDIR
CO CO, CH, Magnos 16
O, H,
H,O
1.3
D-5000 X
40 kV 40 mA.
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Fig 1 Catalytic performance of Pt MgO for POM reaction
a nCH, n O, =2.0 b n CHy n O, =4.0
1 X CH, 2 S CO 3 S H,
4 S CO, 5 n H, n CO
Reaction conditions w Pt =0.84% m cat
gy CH;+0O, =0.10 g s ml =800 C.
2.2
2 MgO Pt MgO
XRD
MgO Pt
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2 MgO Pt MgO XRD
Fig 2 XRD patterns of MgO and different Pt MgQO catalyst
samples 1 MgO 2 Fresh 3 Used n CH,
n O, =2.0 4 Used n CHy, n O, =4.0
POM reaction at 800 C for 72 h for the used samples.

POM
2.3
2 Pt MgO XPS
Ptdfy,
72.53  72.50 eV Pt.
POM
Pt . Pt
MgO Pt
POM Pt Mg
Pt
Pt MgO Pt
POM Pt
Pt . Pt
MgO Pt
Pt
2 Pt MgO XPS
Table 2 XPS result of different Pt MgO catalyst samples
E, eV Mole ratio
Sample -
Ptdf,;, Pt Mg O Mg C Mg
Fresh 72.53 0.00974 1.00731 0.19245
Used 1 72.50 0.00977 1.22045 0.20080
Used 2 72.50 0.00999 1.05358 0.30914
Reaction conditions 1 »n CH, 2 O, =2.0 6=800 T
t=120h 2 n CHy n O, =4.0 6=800C =70 h.
2 POM
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POM . 100 nm.
1b 3 a 3b
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Claridge ' POM S5 nm 4.1 nm. 3¢
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Ni Pt 5 nm 4.3 nm.
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Fig 3 TEM images of different Pt MgO catalyst samples
a Fresh b Used 1 ¢ Used 2
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Fig 4 TPSR-CO, profiles of Pt MgO catalyst
1 Exposed to CH,-N, at 800 C for 10 min
2 Exposed to CO-N; at 800 C for 10 min
3 POM n CH, n O, =2.0
4 POM n CHy n O, =4.0
Reaction conditions =800 C =76 h.
Pt
1b
Pt MgO 3.
Pt
MgO
3 Pt MgO
Table 3  Effect of carbon deposition from CH, decomposition on
catalytic performance of Pt MgO for POM reaction
Catalyst X CHy, % S CO % SH %
Pt MgO 93.5 94.4 99.2
Pt MgO”~ 92.3 96.0 99.6

POM reaction conditions n CHy n O, =2.0 0=800 T
m cat gy CHy+0O, =0.10 g s ml.
" Exposure to CHy at 800 C for 10 min.

Pt MgO n CH,
0O, =2.0 n CH, n O, =4.0
POM
POM
MgO Pt
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