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Copper States in Cu/AC Catalyst during Gas-Phase Oxidative Carbonylation of
Methanol to Dimethyl Carbonate

ZHENG Hua-Yan QIN Yao LI Zhong® ZHANG Guo-Qiang MENG Fan-Hui
(Key Laboratory of Coal Science and Technology, Ministry of Education and Shanxi Province, Taiyuan University of
Technology, Taiyuan 030024, Shanxi, China)

Abstract: The chloride-free copper-based activated carbon (Cu/AC) catalyst was prepared via pyrolysis of copper
acetate supported on activated carbon (Cu(CH;COO),/AC) by the incipient wetness impregnation method and used
to catalyze vapor-phase oxycarbonylation of methanol to dimethyl carbonate (DMC). The chemical composition and
morphology of the catalysts with different reaction times were characterized by means of XRD, TEM, H,-TPR,
AAS, XPS and O,-TPD. The results show that the main copper species in fresh Cu/AC catalyst is Cu, which is
easily oxidized to Cu,O during reaction process. After reaction for 4 h in the gas phase reaction system, the main
active species Cu,0 is well dispersed on the surface of AC, providing Cu (I) and lattice oxygen for
oxycarbonylation of methanol. With the growing up of crystalline grain size of Cu,O species, Cu,0O is further
oxidized to CuO. Subsequently, the amount of Cu,0O species is decreased, leading to the decreasing of catalytic
activity. Meanwhile, the deactivation rate of the catalyst is accelerated by the aggregation of copper species

during the reaction process.
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Fig.1 Influence of time on steam on the catalytic

performance of Cu/AC catalyst
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Table 1 Cu,O crystalline size of the used catalysts with different reaction times

Reaction time / h 4 32 84 144 288
Cu,0 Size" / nm 11.5 14.4 17.5 14.5 14.7

*Size is defined with the peak of Cu,0 phase at 26=36.4° by Scherrer equation
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Fig.3 TEM images of the catalysts after reaction

2.3 EUAFA H-TPR SETREERIE K, 4G XRD FRAE L SCHRES RICSIRT i1, 180~220 C
&l 4 Sy fi S S W AS [] 1 Ta) 4 AR R0 9 HL-TPR (peak 1)1 240~270 “C(peak 11 )3 il P4 438 L0 53 5]
F2 BB KRR E R AT R TR S B

Table 2 Copper content data for the fresh and used catalysts with different reaction times

Reaction time / h Cu(l) / wt%* Cu(ll)/ wt%* O/ wt%* Cu / wt%"
0 0 0 0 10.6
4 5.4 2.0 1.175 10.3
32 6.3 2.5 1.413 10.2
84 6.8 2.8 1.550 10.1
144 5.0 34 1.475 9.7
288 22 3.8 1.225 9.4

“‘Results from H,-TPR analysis; "Results from atomic absorption spectrometry(AAS)
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Fig.7 Diagram of copper status in Cu/AC catalyst during oxidative carbonylation process
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CuO 38 W] s 4 4 b & A= T 5™ 5 1 141 SR B
5 B A AR TE A5 RO B B R At BE | & Bl AL
FIHT CuyO 2 A Bk Ak S W A 3% PR TPl | Cu0 &
SR DA KR A SRR AR R R TR () BN D)
A, A Ak 2 T R SR B k1 i S BRI 7 ) R R
BRI & =T

SETW .

[1] Ono Y. Catal. Today, 1997,35(1/2):15-25

[2] Trost B M. Science, 1991,254:1471-1477

[3] Pacheco M A, Marshall C L. Energ. Fuel, 1997,11(1):2-29

[4] Romano U, Tesel R, Mauri M M, et al. Ind. Eng. Chem.
Prod. Res. Dev., 1980,19(3):396-403

[5] Jiang R X, Wang S F, Zhao X Q, et al. Appl. Catal. A, 2003,

238(1):131-139
[6] Tomishige K, Sakaihori T, Sakai S-i, et al. Appl. Catal. A,
1999.181(1):95-102
[7] Itoh H, Watanabe Y, Mori K, et al. Green Chem., 2003,5(5):
558-562
[8] Sato Y, Yamamoto T, Souma Y. Catal. Leit., 2000,(65):123
-126
[9] King S T. Catal. Today, 1997,33(1/2/3):173-182
[10]Richter M, Fait M J G, Eckelt R, et al. J. Catal., 2007,245
(1):11-24
[11]LI Zhong(Z &), WEN Chun-Mei (3 % 1), WANG Rui-Yu
(E%iE), et al. Chem. J. Chinese Universities (%1 % F A4t
FFIR), 2009,30(10):2024-2031
[12]Wang Y J, Jiang R X, Zhao X Q, et al. J. Nat. Gas Chem.,
2000,9(3):205-211
[13]WANG Rui-Yu(F%i %), LI Zhong(Z= ), ZHENG Hua-Yan
(FRAEH), et al. Chin. J. Catal. (TEAC % 3R), 2010,31(7):851
-856
[14]LI Zhong(ZF &), ZHU Qiong-Fang(43477), WANG Rui-Yu
(%5 E), et al. Chinese J. Inorg. Chem. (BHAL F F 3R),
2011,27(04):718-724
[15]LI Zhong(ZE &), NIU Yan-Yan (4 ##8), ZHENG Hua-Yan
(FB4EHE), et al. Chinese J. Inorg. Chem. (% HLAL F 5 3R),
2011,27(07):1277-1284
[16]Robertson S D, McNicol B D, De Baas J H, et al. J. Catal.,
1975,37(3):424-431
[17]Chary K V R, Seela K K, Sagar G V, et al. J. Phys. Chem.
B, 2003,108(2):658-663
[18]Huang Z W, Cui F, Kang H X, et al. Chem. Mater., 2008,20
(15):5090-5099
[19]Zheng H Y, Ren J, Zhou Y, et al. J. Fuel. Chem. Technol.,
2011,39(4):282-286
[20]Ghodselahi T, Vesaghi M A, Shafiekhani A, et al. Appl
Surf. Sci., 2008,255(5):2730-2734
[21]Velu S, Suzuki K, Vijayaraj M, et al. Appl. Catal. B, 2005,
55(4):287-299
[22]Boudou J P, Paredes J I, Cuesta A, et al. Carbon, 2003,41



2118 /TR | R A= = - %530 &

(1):41-56 [27]Engeldinger I, Richter M, Bentrup U. Phys. Chem. Chem.
[23]Zielke U, Hiittinger K J, Hoffman W P. Carbon, 1996,34(8): Phys., 2012,14(7):2183-2191

983-998 [28]Bielanski A, Haber J. Catal. Rev., 1979,19(1):1-41
[24]Schon G. Surf. Sci., 1973,35(0):96-108 [29]Gao L. Z, Au C T. Catal. Lett., 2000,65(1/2/3):91-98
[25]Svintsitskiy D A, Stadnichenko A I, Demidov D V, et al. [30]Hao Z P, Cheng D Y, Guo Y, et al. Appl. Catal. B, 2001,33

Appl. Surf. Sci., 2011,257(20):8542-8549 (3):217-222

[26]Engeldinger J, Domke C, Richter M, et al. Appl. Catal. A, [31]Ciambelli P, Cimino S, De Rossi S, et al. Appl. Caial. B,
2010,382(2):303-311 2001,29(4):239-250





