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Selective oxidation of methane to methanol
in acetic acid solvent with Pd( OAc),-p-benzoquinone-CO catalyst system

XU Feng, ZHU Li-hua, HOU Feng-cai, SHEN Bin
( Department of Safety Engineering & Technology, Heilongjiang Institute of Science & Technology, Harbin 150027, China)

Abstract: Selective aerobic oxidation of methane to methanol was carried out in an acetic acid solvent with
Pd(OAc),-p-benzoquinone-CO catalyst system; the effects of reaction temperature, time and solvent on the
methane oxidation were investigated. The results showed that when the amount of Pd( OAc), is 100 wmol, the
optimum amounts of p-benzoquinone and CO in the catalyst system are 1 000 pmol and 0.4 MPa, respectively.
With a feed of 2.5 MPa CH,+ 0.4 MPa O,+ 0.4 MPa N, , the optimal reaction conditions are 130 C, reaction
time of 3 h, and volume ratio of CH;COOH to H,O being 4; under such conditions, the yield of methanol
reaches 1 650 pmol in a 250 mL reactor.
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Figure 1 ~Schematic diagram of experimental apparatus

1.2 SEWESHFNIRSGE

I ) 28 FROIN A 50 mL 35 75 Al — 5 f 4 20 1R
RO MR, B 28 . TRV RO 284 3 I AR
[ JS 07 4 FPAIR FE A /U R — AR B S
RZB RIS A FEA— S ik, THEHE,
FMAR B W T R SO, OSSR 45 L
PRI R B R HUR R IR S R BUURE ROk,
PTG, PR GC9790 TR (i
A3, 70 AR = S FE Ay TDX-01 B, TCD 46
WZS . S HTREERT B 404 KB-5 (50 mx0. 25 pmx
0.25 wm) B FID #:#% , SMRikitoe,

2 ZR5vHe
2.1 Pd(OAc), 3t HIREZESNHIER

T #3578 Pd(OAc), AR R TP I/ER, LA
4fi CH,COOH N # , 78 130 T, Hihe A5 AR
F15351°8 3.2 0.4 0. 4 MPa, [ % if ] 43 hir) 244
LT Pd(OAc), e xd H g ik £5 M S AL 17 52

M, 25 5L 2, R 2 AR FEAS TR N PA(OAc),
fE W N, WA CH,COOCH, 4 /., % fin Pd
(OAc), Ja, £ & N J5 W % W b & o 2
CH,COOCH,, iX #i W] £ CH,-O,-Pd ( OAc ),-
CH,COOH A& Z 1, Pd ( OAc), 42 H %tk Ak 1 A Ak
Wb JEVE AL, {H CH,COOCH, 4 i & Fifi % Pd
(OAc), FHHE Y 3 i 44 i iy 52 36 285 2R o | %4
A S IEACIE I . Dt PR 12 R g A & e
Reds PA° BT EAL R P> (44 0, 0 A i 7R
AR 2 | DS BB AR AR 2R

150

_
LS

0 50 100 150 200 250
Amount of Pd(OAc)l /umol

&l 2 Pd(OAc), FHHEXT RN Y520

Figure 2 Effect of Pd( OAc), amount on the reaction
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Figure 3  Effect of CO pressure on the reaction
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Figure 4 Effect of p-benzoquinone amount on the reaction

2.4 REAFINREEE LT

X PR A VR A AR A D Y I 1 S iz ¥ 7 7
PEHURAR 8 S, 18 HCAY ¥ 771 BE 2 ORI I ) fE 2
17, NERRMN 45, HS AT RE M AL, X £ i il i
IMERI N EIRRI(T) (8) ((9) T EAETRMEA Jit
HoE R, ROV (2) L (3) XA EEA KAEAE, I, 1
FHBS R A0 7K S WA R FR et 0 28 Ak 1Y) B g 350

CH,COOH F1 H,O IR & Ho 491 2 5% e 52 1 1
e — AR K, I, 7E 130 T, Pd( OAc), W&
7100 pwmol , X AP S A4 1 000 wmol, 2 | 48
VAR AT T30 2.5,0.4.0. 4,
0.4MPa, I Wi B Al 3 h 5 F FHET
CH,COOH #1 H,O R A b )% FP e 358 4 4 Ak 1Y
s R LE S i S ATAL, BAR YIRS TR &
HRIH ) CH,COOH H it i34 Iin iy i, X 5
N 7 BEAERRVE S5 2R AT, R BB KB A A T



59 1 B 4 %, WSRAIR PA(OAC) ,-RIFEAR-CO fEAL B ERE LI 1 101

H bRy A i
2000
S 1600 - .
\5_ /
~ [ | ]
= 1200 -
Orv
jan)
|&]
<= 800 -
=
L [
> 400 L /
L)
[ | | ' | ' |
2:3 3:2 3:1 4:1

CH,COOH:H,0 (volume ratio)

K5 CH,COOH 5 H,O HARF X 520 52 1
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Figure 6 Effect of temperature on the reaction
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