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Selective Oxidation of Methane to Methanol in
Oleum over Pd/ C Catalyst
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and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The selective oxidation of methane to methanol over Pd/ C catalysts generated from a PdCl; precursor
was investigated in oleum. Characterization of the catalysts was performed by X-ray diffraction, X-ray phote-
electron spectroscopy, high-resolution transmission electron microscopy, and CO adsorption. The major product
in the oxidation reaction was methyl bisulfate, which was then hydrolyzed into methanol. Methane conversion of
23. 6% with methanol selectivity of 69. 5% and yield of 16. 4% was achieved under the optimum conditions of
5%Pd/ C, 30 Pmol Pd, reaction temperature 180 ‘C, methane pressure 4.0 MPa, reaction time 4 h, and 50%
sulfur trioxide concentration. After facile separation with the reactants and pretreatment, the catalyst could be
reused several times with considerable stability. The selective oxidation of methane catalyzed by Pd/ C catalysts
in oleum possibly involved an electrophilic substitute mechanism. The catalytic performance was related to the
Pd loading, dispersion, and particle size.
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Table 1 Results of selective oxidation of methane catalyzed by supported Pd catalyss

Selectivity (%)

Catalyst Pd dispersion (%) CH 4 conversion (%) L0 co, CH;OH yield (%) TOF (h™ 1)
Blank — .5 0.0 0.0 0.0 —
Activated catbon — .4 0.0 100 0.0 —
Pd black 0.3 10.3 80. 1 9.9 8.3 17
1%Pd/ C 42.9 9.6 71.9 21.7 6.9 71
2%Pd/ C 25.2 17.3 68.8 22.0 11.9 62
5%Pd/ C 21.6 23.6 69.5 20.6 16.4 34
5% PdCly/ C — 9.5 72.0 21.9 6.8 14
5% Pd/ BaSO , — 30. 4 72.7 17.3 2.1 46
10% Pd/ C 16.9 31.8 57.9 27.8 18.4 19

Reaction conditions: catalys= 64. 5 mg (Pd black= 3. 2 mg, 30Hmol), 50% SOjzoleum= 5 ml, reaction time= 4 h, reaction tem perature
= 180 C, methane presswre= 4. 0 MPa.

T OF: turnover frequency, in mole of methanol yield per mole of Pd per hour.
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Table 2 Effects of reduction temperature on Pd particle size 2.3
and catalytic performan ce of 5% Pd/ C catalyst .
Reduction  Particle CHy4 Selectiviy CH;O0H »
temperature size  conversion (%) yield Pd/ C , s
() (nm) (%) CH;OH €O (%)
. : 3 5%Pd/C
200 5.8 30.0 65.3 24.7 19.6
300 6.6 26.6 70.0 20.0 18.6
400 7.8 25.2 71.5 18.5 18.0 , 5% Pd/ C R
Reaction conditions are the same as in Table 1.
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Fig 2 Effects of reaction tem perature (a), methane pressure (b), and reaction time (¢) on selective oxidation of methane over 5% Pd/ C catalyst

(1) Conversion, (2) Methanol selectivity, (3) CO; selectivity

(Reaction conditions are the

same as in T able 1.)
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(Reaction conditons are the same as in Table 1.)
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Fig 4 XRD patterns of 5% Pd/ C catalyst before and after reaction
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(a) Before reaction, (b) After four recycles
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10

11
12

13

14

15

16

A. Zh Fiz Khim, 1969, 43(8): 2174

Shilov A E, Shul’ pin G B. Chem Rev, 1997, 97(8):
2879

Sen A. Acc Chem Res, 1998, 31(9): 550

Labinger J] A, Bercaw J E. Nature, 2002, 417(6888):
507

M ichalkiewicz B, Kalucki K. Chem Pap, 2003, 57(6):
393

Periana R A, BhallaG, Tennlll W J, Young K J H, Liu X
Y, Mironov O, Jones CJ, Ziatdinov V R. J Mol Catal A,
2004, 220(1): 7

M ichalkiewicz B. Chem Pap, 2006, 60(5): 371
Conley B L, TennlIll W J, Young K J H, Ganesh S K,
Meier S K, Ziatdinov V R, Mironov O, Oxgaard J, Gonza-
lesJ, Goddard IIl W A, Periana R A. J Mol Catal A,
2006, 251( +2): 8

Shilov A E, Shul’ pin G B. Russ Chem Rev, 1987, 56(5):
442

Kao L. C, Hutson A C, Sen A. J Am Chem Soc, 1991,
113(2): 700

Lin M R, Sen A. Nature, 1994, 368(6472): 613
Yuan Q, Deng W P, Zhang Q H, Wang Y. Adv Synth
Catal, 2007, 349(7): 1199

Periana R A, Taube D J, Evitt E R, Loffler D G, Wen-
trcek P R, Voss G, Masuda T. Science, 1993, 259: 340
Periana R A, Taube D J, Gamble S, Taube H, Satoh T,
Fuji H. Science, 1998, 280: 560

Michalkiewicz B, Kalucki K, Sosnicki J G. J Catal,
2003, 215(1): 14

Jones C J, Taube D, Ziadinov V R, Periana R A,
Nielsen R J, Oxgaard J, Goddard Il W A. A ngew Chem
Int Ed, 2004, 43(35): 4626



726

29

17

18

19

20

21

Mukhopadhyay S, Zerella M, Bel A T. Adv Synth

Catal, 2005, 347(9): 1203

) ) s , . (Zou M,
Yan N, HouS C, Xiao Ch X, Kou Y. ChinJ Catal),
2005, 26(8): 669
Kua J, Xu X, Perimma R A, Goddard III W A.
Organometallics, 2002, 21(3): 511
Mukhopadhyay S, Bell A T. Chem Commun, 2003,

(13): 1590
Periana R A, Mirinov O, Taube D J, Gamble S. Chem

22

23

24

Commun, 2002, (20): 2376
(Yin G Ch, XiZ W, CaoG Y, Zhang X I, Li M. Chin
J Catal), 1997, 18(5): 402

) > > . (Zhang X
Ch, Cao K, Chen L Y, Han Y Y. Petro Technol),
2004, 33(9): 813
(Chen LY, Yang B L, Zhang X Ch, Dong W, Zhang X
P. Chin J Catal) , 2006, 27(6): 462

; 2(d)

, 2008, 29(7) : 592~ 594
77( . ,
2(a)~ (c¢).

« a&b T
2(d)

K AL % D9 4 50



