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Cu Supported on Activated Carbon Catalyst Prepared by Hydrazine Hydrate
Reduction for Catalyzing Oxidative Carbonylation of Methanol
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(Key Laboratory of Coal Science and Technology, Education Ministry and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The Cu/activated carbon(AC) catalyst was prepared by hydrazine hydrate reduction for catalyzing
oxidative carbonylation of methanol to dimethyl carbonate (DMC). The effects of the molar ratio of hydrazine
hydrate to copper nitrate on the catalytic properties were investigated, and the catalyst was characterized by X-
ray diffraction, scanning electron microscopy, X-ray photoelectron spectroscopy, temperature-programmed
reduction. The results show that Cu®* is gradually reduced to Cu,0 and/or Cu® with increasing the molar ratio of
hydrazine hydrate to copper nitrate. During drying process of the catalyst, the unreduced Cu(OH), decomposed to
CuO and highly dispersed on the surface of AC. When the molar ratio of hydrazine hydrate to copper nitrate was
0.75, the catalytic activity for oxidative carbonylation of methanol was the highest, the space-time yield of DMC,
selectivity of DMC and conversion of methanol reached 120.62 mg-g™-h™, 74.5% and 3.88%, respectively, and
the activity and selectivity had maintained during 93 h running time. Cu,O and dispersed CuO were proved as

main copper species, and Cu,0O as main catalytic active centre.
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Table 1 Effect of the molar ratio of hydrazine hydrate to copper nitrate on catalytic activity
Catalyst NoH.- Hy0/Cu(NO3), / (mol-mol™)  NaOH/Cu(NO3), / (mol-mol™)  STYpe/ (mg-(g-hy™)  Swe/ %  Xuon! %
Cu/AC-0 0 3 68.14 59.99 2.73
Cu/AC-0.25 0.25 1 109.54 73.21 3.63
Cu/AC-0.5 0.5 1 115.15 73.81 3.74
Cu/AC-0.75 0.75 1 120.62 74.51 3.88
Cu/AC-1 1 1 115.82 74.49 3.73
Cu/AC-1.5 1.5 1 90.77 73.38 297
Cu/AC-2 2 1 66.73 69.80 2.33

Reaction conditions: p=0.5 MPa, 7=130 °C, SV=6250 h™, Neon* o 110, =5 1111,
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Fig.1 Catalytic performance vs time-on-stream
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Fig.2 XRD patterns of catalysts
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Table 2 Cu2p;, XPS and Cu LMM AES curve-fitting analysis of catalysts

BE of Cu2ps, / eV KE of Cu LMM / eV Area of Cu2ps, / %® Area of Cu LMM / %%

Catalysts Cut/ %%  Cu®/ %™
Cu™ Cu*+Cu’® Cu* Cu’ Cu* Cu*+Cu’® Cu* Cu’
Cu/AC-0 933.90 — — — 100 0 0 0 0 0
Cu/AC-0.5 934.33 932.39 916.5 918.10 63.92 36.08 78.36 21.64 28.27 7.81
Cu/AC-0.75 934.41 932.43 916.5 918.00 53.61 46.39 69.06 30.94 32.04 14.35
Cu/AC-2 934.49 932.70 916.5 918.13 42.79 57.21 68.86 31.14 39.39 17.82

D Area percentage calculated from Cu2pyp; 2 Area percentage calculated from Cu LMM Auger; @ Multiply Cu* in area percentage of

Cu LMM by Cu*/Cu’ in area percentage of Cu2psn; @ Multiply Cu® in area percentage of Cu LMM by Cu'/Cu® in area percentage of Cu2py,.

B Cu®, Cu/AC-0.75 FRHH] & e m, Xt e H
PR R A
£3 BUANBATZESESHEER

Table 3 Copper content analysis of catalysts

Cu/AC-0 Cu/AC-0.5 Cu/AC-0.75 Cu/AC-2
Cu/ %% 5.74 6.23 6.35 6.96
Surface Cu / %% 7.22 6.04 9.34 3.37

© Results from atomic absorption spectrometry(AAS);

2 Results from XPS.
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Fig.5 HyTPR profiles of catalysts
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Table 4 H,-TPR analysis of catalysts

Catalyst mneno/  Peak a/  Peak B/ Hy-consumption /
Reyo,), C C (em®- g™
Cu/AC-0 0 158.8 182.5 31.12
Cu/AC-0.5 0.5 161.5 211.9 29.33
Cu/AC-0.75 0.75 162.0 210.6 28.44
Cu/AC-1 1 163.3 203.3 28.77
Cu/AC-1.5 1.5 167.5 201.1 18.41
Cu/AC-2 2 175.8 — 4.09

M2 4 AT LA M ASId J55a il 7 48 4k )
T A CuO WrRh AR R Y 34 TR e 8 AR K FE R
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Table 5 Surface copper content analysis of catalysts”

Cu/AC-0  Cuw/AC-0.5 Cuw/AC-0.75 Cu/AC-2
Surface Cu*/ % 7.22 3.86 5.01 1.44
Surface Cu* /% 0 1.71 2.99 1.33
Surface Cu’/ % 0 0.47 1.34 0.60

@ Results from XPS & AES and AAS: multiply results in
Table 2 and Table 3.

3 & it

PLAK A WA 38 52550 4 — A0 4 (Cu (NO3), - 3H,0/
AC) T8 JiE A 5o 2% 14 48 Ak 00 LA 5 0 1) A T
I B A T A% P 4 AR RIS MR R AR AN I AR JE 5
B AR BT CuO PRl BE & KA E/AE R 6 )
JiT B E R LG 3 O Cu? B 38 SRR Cu,0 FI/B8 BR T
Cu®, 57KA /A R B ) Jo 1 1t 1) L6 R 0.75 B A
3 Cu/AC-0.75 1 1 d5e i, I S Ak 551 e el 47 ol A
Cu,0 FI3 S CuO N E, Cu0 & EZMTE Y Fh
AL Cu/AC-0.75 Hims & it S04 5] JESRN
RLAR I /INET— 1) CuyO 2 A 35 338 1 5 v 1 D A

SE k.

[1] Han M S, Lee B G, Ahn B S, et al. Appl. Surf. Sci., 2003,
211(1/2/3/4):76-81
[2] YANG Ping (# ). Thesis for the Doctorate of Fudan

University(8. 2 X 5+ X). 2003.

[3] Li Z, Xie K C, Slade R C T. Appl. Catal. A, 2001,205(1/2):
85-92

[4] Richter M, Fait M ] G, Eckelt R, et al. J. Catal., 2007,245
(1):11-24

[5] WANG Rui-Yu(E3Hi E), LI Zhong(Z &), ZHENG Hua-Yan
(FBAEH), et al. Chin. J. Catal. (Cuihua Xuebao), 2009,30
(10):1068-1072

[6] King S T. Catal. Today, 1997,33(1/2/3):173-182

[7] King S T. J. Catal., 1996,161:530-538

[8] LI Zhong(Z= &), WEN Chun-Mei(3X %), ZHENG Hua-Yan
(FBAEHi), et al. Chem. J. Chinese Universities (Gaodeng
Xuexiao Huaxue Xuebao), 2010,31(1):145-152

[9] LI Zhong(% i), WEN Chun-Mei(3C & 1), WANG Rui-Yu(E
%t %), et al. Chem. J. Chinese Universities (Gaodeng Xuexiao
Huaxue Xuebao), 2009,30(10):2024-2031

[10]Muramatsu A, Sugimoto T. J. Colloid Interf. Sci., 1997,189
(1):167-173

[11]Xiang J Y, Tu J P, Yuan Y F, et al. Electrochem. Commun.,
2009,11(2):262-265

[12]ZHU Jun-Wu(AR R i), CHEN Hai-Qun(FR#EHE), XIE Bo(i#
), et al. Chin. J. Catal.(Cuihua Xuebao), 2004,25(8):637-640

[13]Henrist C, Traina K, Hubert C, et al. J. Cryst. Growth, 2003,
254(1/2):176-187

[14]Huang L, Peng F, Yu H, et al. Solid State Sci., 2009,11(1):
129-138

[15]SHI Qiu-Jie(fA B 7%), LIU Ning(X! T°), LIANG Yi(%# X).
Chin. J. Catal.(Cuithua Xuebao), 2007,28(1):57-61

[16]Zhang Y, Tang J, Wang G, et al. J. Cryst. Growth, 2006,294
(2):278-282

[17]Wang L C, He L, Liu Y M, et al. J. Catal., 2009,264(2):145-
153

[18]Guczi L, Horvath D, Paszti Z, et al. J. Phys. Chem. B, 2000,
104(14):3183-3193

[19]Luo M F, Fang P, He M, et al. J. Mol. Catal. A: Chem., 2005,
239(1/2):243-248

[20]ZHANG Li-Ping(5K 0l %), WAN Hai-Qin(J1 ¥ &), ZHU Jie
(AEE), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2007,23(3):427-431

[21]Dong Y, Li Y, Wang C, et al. J. Colloid Interf. Sci., 2001,
243(1):85-89



