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Abstract: The Cu,O/AC catalyst prepared by pyrolysis of copper acetate supported on activatede carbon was
pretreated under oxidative (O,/N,) or reductive (H,/N, and CO/N, ) atmospheres. The oxidation/reduction of
Cu, O was completed through pretreatment at 350 C for 4 h, the Cu,O in catalyst could be completely oxidized to
CuO by oxidative atmosphere, or reduced to metallic copper by reductive atmosphere. The catalyst activities
were evaluated in a continuous fixed-bed tubular micro reactor under atmospheric pressure at 140 C. The catalyst
pretreated by CO/N, had good Cu’ dispersion on its surface and exhibited the highest activity. The space-time
yield and selectivity of DMC reached 261.9 mg/(g-h) and 74. 7% , respectively. After 58 h reaction, the
valence state of copper species and the catalytic activity of catalysts pretreated by reductive atmosphere were
found to be close to that of the Cu,O/AC catalyst. Comparing the catalytic performance, the characterization of
surface and bulk copper species before and after reaction, it was obvious that metallic copper exhibited a high
initial activity, while Cu,O was stable in catalytic activity and valence state, and CuO was low in activity.

Key words: copper based catalyst; activated carbon; pretreatment; oxidative carbonylation; dimethyl
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Table 1

Effect of oxidative/reductive treatment on catalytic performance of Cu,O/AC catalysts

Catalyst A/ (m*-g™") v/ (cm’-g™") Xyeon/ % STY/(mg-g™' -h™")  spuc/% Spam” % sy %
Cu,0/AC 1580.3 1.32 9.4 214.6 75.9 2.0 22.1
CO/N, 1552.5 1.29 11.5 261.9 74.7 2.3 23.0
H,/N, 1548.7 1.35 9.3 211.6 72.4 2.4 24.3
0,/N, 1599.0 1.22 5.9 138.5 78.3 1.8 19.9

reaction conditions; catalyst 0.45 g, SV=5600h™",

1 24 Cu, O/ AC Fl Ak 2 iy i £ 771 S Ak P i
A SR VR IR [R] Y 28 4k, H1 & 1 AT, Cu, O/ AC
FERT 20 h 1 SN B[] 9 AR e T A8 v 1) AR T
DMC 1 STY FEEEM: 3 51298 210 mg/(g-h) il
75.0% o BEFE R HEAT | BN PR A REAK, R
W 60 h P, DMC f4 STY Fl 3% £ 7 43 5] 4k 43 16
200 mg/(g-h) fil 72% , 7] W Cu, 0/ AC {4k 75 &
PERLTF, 24 CO/N, WiAb B, 44k 50 /15 v 0 5 7
Bh, fE KB 20h N, DMC R i 25 i 5k 3
260 mg/ (g-h) ,EBENEL R 72% , Bl OV 1T H]
58 h, STY [% ik & 220mg/(g-h), K& KN
0.27 % /h, LB E 69% , 4 H,/N, Tk
AEILFIE STY 55 Cu,0/AC 1 STY 53T, {H 1k
PR B AIG, fiE AL U6 PR BE R N E AT 2T B A
0,/N, TilAh B i) 4 £ 70 B e 1 R 4F, (AT MR I
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78% .
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Figure 1 Stability of the catalysts
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Figure 2 XRD patterns of the catalysts
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Figure 3 Cu 2p XPS patterns of the catalysts
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Figure 4 AES patterns of the catalysts
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Table 2 H,-TPR results of the catalysts

Peak temperature t/C Peak area/ % H,-consumption  Theoretical H,-consumption
Catalyst
Y I 1 1 I M w_/(mmol-g™) w/(mmol-g™)
Unpretreated  251.2 311.5 - 56.07 43.93 - 0.49 0.57
0,/N, 274.2 319.0 355.2 44.32 46.03 9.65 1.12 1.01

6 & Cu,0/AC HIT AL BE 5 0 44 1k 351 5 Rz
58 h/5 Y XRD 3% &, 118 6 Al A1, ;)5 Cu,0/
AC (R R A TR Cu, O, T 38 JE T AL B (1) 4 1k
FI 1 RV T — 1 Cu® A8 Sh = Eh Cu, O, I fFED
i Cu’, X R W Cu’ 7 f hy it & i W i Ak
Cu,0, Cu,0 TER MR T AR EAFFE, 0,/N, T
AbPRAEA R Y XRD 35 B AR A A K A AR5 47 H
A CuO PIHHAFTE

v CuO
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El " .
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; HZ/NZ
£ |CONN, H
2 N .
v
‘%NNMJ\\LA\W
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Figure 6 XRD patterns of the catalysts after 58 h reaction
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TP A2 BRI B, FLAR AT PR AR T, T4 Mk
FALEE (O,/N, ) IEALFIL & CuO WFh , A4k T
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3 4 i

350 C AL (0,/N,) #iid J5 (CO/N, il H,/
N,) K5 F FALFE A %F Cu,0/AC 1 Cu HFh iR 245
P HER RS . O,/N, SR U BRI i 1 4 Ak 57 36
T & U B REL, [ Cu, O 234k CuO, AL IR
PEFRAG ; Hy/N, A1 CO/N, FiAL LK Cu, O 35N
Cu’,CO/N, FAbH 5 F AL 7 Ze T Cu® /- HPE 4y,
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