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Abstract

Abstract

Selective oxidation of methane to produce oxygenates remain one of the challenges
in catalysis field. The reaction carried out in liquid phase with homogeneous catalysts
becomes an important topic in this area due to its much gentle conditions over
heterogeneous system. The conversion and selectivity varies in different solvent
system which further enrich its connotation. In the present work, the selective
oxidation of methane has been investigated in oleum with Pd/C catalysts and in
acetonitrile with V-based catalysts. The main achievements are summarized as
follows.

(1) The Pd/C catalysts with different palladium loadings were prepared by
impregnation using PdCl, as precursor. In all case, the major product in liquid phase
was methyl sulfate with small mount of dimethyl sulfate. Both of them could be
hydrolyzed into methanol. There was considerable amount of CO, in gas phase.
Compared to palladium black, Pd/C catalyst showed better performance in terms of
methane conversion and methanol yield. When the reaction was conducted with
5%Pd/C under the conditions of 4.0 MPa, 453 K and 4 h, a methane conversion of
23.6% with methanol selectivity of 69.5% was achieved. Characteristic studies by
means of XRD, HRTEM, XPS, ICP-AES and CO adsorption showed that the active
species might be Pd*’, which was generated in situ in the surface of active carbon.
The Pd/C catalyst was recyclable, although its conversion and the selectivity showed
gradual declines. The changes in catalytic performance during the catalyst reuse were
mainly due to the leaching of palladium and the decrease in the palladium dispersion.

(2) On the other hand, several V-based catalysts were employed for the selective
oxidation of methane in acetonitrile in the presence of H,O,. The result showed that
the VOSOy afforded the best performance. The activity was associated with several
parameters, such as the amounts of catalyst and H,O; and the reaction conditions. A
methane conversion of 6.4% with the selectivity to formic acid at 51.6% was obtained
over the VOSO, catalyst. The results of UV-Vis spectra and radical scavenger

influence indicated that the reaction might be underwent a radical mechanism.

Key words: methane, liquid phase oxidation, Pd/C, oleum, VOSQO4, H,0,, methanol,

formic acid
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Table 1.1 The structure data of methane.
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Table 1.2 Gibbsfree energy variations for somereactionsrelated to methane

conversions
AG’/ (Kcal/mol)
a3
400 K 1000 K

2CH4—C,H4+2H, 18.9 9.5

2CH4—C,He+2H, 8.6 8.5
2CH4+0,—C,H4+2H,0 -34.6 -36.4
2CH4+1/20,—C,Hc+H,0 -18.4 -14.5
CH4+Cl,—CH;CI+HCI -26.0 -27.8
CH4+Br,—CH;CIl+HBr -8.4 -10.3

CH4+1,—CH;CI+HI 12.5 9.0
CH4+1/20,—CH;0H -25.4 -18.0
CH4+0,—CH,0+H,0 -69 -71.2
CH4+S—CH3SH -6.4 -7.8
CH4#+CO—CH;CHO 16.0 33.6
CH4+CO,—CH;3;COOH 19.2 35.5
CH4+H,O—CO+3H; 28.6 -6.5
CH4+CO+1/20,—CH3;COOH -40.0 -10.0

1 Kcal =4.18 k]

DAL e o] EAS AESRLAT 25 A I R TR e e A vt B INEL R A 2 i — LG AL
At B A PR ARG ACAR R IANIR], HGeis A — e B AT AL A R
ZAMEACR R TP AT . RIS M4

1.2 e AL TS 1L

A e AT BRI ROE T, A2 AR Z AN AL A, AEAE R B A= 1Y
SR ERAITAL R 1o AR HEAL AL, S NAESAH Y b kAT, — T
Ty AGER s 255y T SCREAT RGHERRG B T, AL AR 5 e ) 512 D
TN E A, SRR AT .



457

HooE ik

H 1969 4 Shilov &5 & 5% Pt A Z% AL REAT IS LK, FRe A
BRI T IRM . —MAA  ZE AR R R P G C-H G4k 2 B F R AR 2
(B 1.2), B SRR Y. B EER N 1, 2— IR N SR LR VA o
B S RO, R DS H R A A e

AN SN«
R
H
EREEE SrINA
2M + R-H— R-M + M-H
17 2_1][”&&}2\2:
R
M R-H M/
=N —+ —
AN
NH
o P E e N :
C\
< c—H
C-H H X i

LoM—X — o LnM-X — LnM--—-x —— LnM-C

o S 1

<
z

+ CH;—H MN*—CH; + Hf

[O4] Nu:~

_____________________ MN2* 4 RNu + HY

Ox=2¢" oxidant; Nu=nucleophile.

Bl 1.2 HATHRIE Y C-H B A6 1) FE AR

Figure 1.2 Various pathways discovered for the activation of alkane’'s C-H bonds



457

B ik

FEFRE K2R PR N <32 Je 1 1A D — PR s ) 258 A RS FBe b A 705
HUEL, AR e R R IR 54, ARG R R I BOE IOREOE 10771 B
I 1) < Je v P e AR A AR ) 1 P T ] 30 i e 2 A J AR A TR PRI O 20« (AR
H PR A L R R SR AR Al PR A Y o B AR S A U IR AN ], R E0a]
B B RS A TR A 2R LR, 7K B FA R e v 77 ) =8 0 AL ¢ o

1.2.1 DASRIR R N H 771

AR 800 BRI ST AT 32 22 LLSR IR O S I AR AR R0 T TR 2T KR
N, EG, SRIRIICEIRICA, BE I BL5S, e P Im 88 7 1S Lk A E AL
FURITENE ;s FLUR, A T B A S0P ARl R o A il ) P I (R A 7 ) BE A8 A F it
ok B S0 AT B = e e

1.2.1.1 VIR f A MRt PR A F

1.2.1.1.1 H¥EA =Y AR IR 5. F i

Periana /NUAERFFE TAEHRIL, 264 8 THUERLE SRR I 4 AF R REDS (L ik
RGeS 1993 AFIZ/ NPT RS T LUR MR R A 8 A0 PR B i B A1k
SR R AATTZE 100 % ) HaSO4 ¥ HH A HaSO4 A 484K, HgSO4 A,
H 4tk ) 3.45 MPa, 453 K F MY 3 h, K15 T 50% ¥ FUGE AL 3R 85 %6 (112
SR EREREE . ROVALEE AT 1.3 BioR:

H,0 + 0580, Hg(OSO3H), <H4
1.5H,S0, \\j> H,80,
0.5Hg,(0SO;H), CH;HgOSO;H

N
7N

H,0+0.580,+CH;SO;H 1.5H,S0,
B 1.3 Ho™ {4k B be B Ak I N F AT REATLER
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