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Fig. I N, adsorption-desorption isotherms (a) and pore size distribution curves (b) of the pure CuCo and CuCo-M
(M =Zn, Mo) catalysts (with BJH method, desorption branch)
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Table 1 Catalytic performance of CO hydrogenation over the experimental catalysts

Product distribution, carbon based (% )

Sample Xeo (%) STY o (g * kgey, " = h™")
MeOH EtOH PrOH BuOH  C,,OH
| CuCo 12.4 92.4 52.6 27.7 12.7 5.6 1.3
CuCo-Zn 10. 8 79.9 55.1 27.6 11.3 5.0 1.0
CuCo-Mo 15.4 110.8 60. 8 25.7 9.5 3.2 0.8

Reaction conditions; 400 mg (246 ~360 wm) catalyst; V(H,): V(CO) =1.6; Reduction at 300 °C for 6 h;

T=300°C; p= 4.0 MPa;

GHSV =10 588 mL - g" - h™!
i, fE4l CuCo AL F, CO HeAb AR MM 25 =
HOPN R 12.4% F192.4 g+ kge, '+ hT, WRIN Zn
WiFlJG , HEALH] CuCo-Zn - CO HE AL FEEm} 23
RIEA AL, 15 CO-TPD A4S R —38, X AR TF
CuFe AL A Zn BIFIRERIRIRE CO Hik

LR R BLlE T E Zn X CuCo fIREREES
ARG A B — 2 Bl A . i Mo Bl
AREah b, CO RYFEIL R B E R 15. 4% , ial
CuCo fEALFIFER T ~25% , X5 Mo Bl RE AL i
I ERE J7 i 25 5 — 2™, TRl CuCo-Mo A% il



320 v ¥ i 1k 25 %
b B S R GA R 110.8 g - ke, ' s hTH, BERIR 243

JnBhFA AR S I T 29 20% . E WA ) AR T
T, 2 Zn, Mo BliF| )4 Ak 700 %of F B A9 S 1% 1 350 A
FrdEE, A VEA TR Zn B IS B = T VRO
P B EEPE, A8 55. 1% , X ULBIAE Zn
PR CuCo HEAL T 1A I H B ATE B Mo 5
AN, HE—20 48 T AR G s T A B
i B A B BE PR A 8] 60. 8% , 5 3Cik[ 12 ] prif i
(R4 5 — 3.

34

3.1 EEJE Zn, Mo B ¥yl fE—E R EE |
3T CuCo EALFTIAY HL R MR FRAR AR ST,
£ Cu-Co JR& A1 Y ARG, ELYEMEALH] b 12 2
viyile

3.2 B Zn @0 R) 2 1 B B A
FR, FEAR T2 imxT CO Wy g i B o 55, (A A 79
b CO FAb MBS 23 7= 3324 P2 5 Mo Bl Y
AR RS T IR A, ek 1 H B o, B
7ML RERE, AL R RE T . CO B
PR ANERERS 25 7= R B W 25 P 5 Zn . Mo By5nl 4
AFIEt 1 H BRI AL

B3k

[1] Zhang H B, Dong X, Lin G D, et al. Carbon nanotube-
promoted Co-Cu catalyst for highly efficient synthesis of
higher alcohols from syngas. Chemical Communications
[J], 2005, (40): 5 094 -5 096

[2] Shi Li-min( +Hi#%), Chu Wei (i ff), Deng Si-yu
(OBREE) . (B BARERE ] CuCo JEAEAL Y CNT i
Vel % SYERERIST) . J. Funct. Mater. (China) (ZfiE
MEH[I], 2011, 42(2): 237 -240

[3] XuR, Yang C, Wei W, et al. Fe-modified CuMnZrO,
catalysts for higher alcohols synthesis from syngas. Jour-
nal of Molecular Catalysis A: Chemical[ J], 2004, 221( 1
-2):51-58

[4] Lin Ming-jia( #kHHAE) , Fang Ke-gong( 5 75Y)) , Li De-
bao (ZE85) , Sun Yu-han(FhF5). (Zn, Mn Bl5%f
CuFe & R EE ML T IR0 ) . Acta Phys. Chim.
Sin. (China) () HAL554R) [J], 2008, 24(5) ; 833
-838

[5] Huang X, Ma L, Wainwright M S. The influence of Cr,
Zn and Co additives on the performance of skeletal copper
catalysts for methanol synthesis and related reactions. Ap-

plied Catalysis A: General[ J], 2004, 257 (2). 235 -

(6]

(7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

Xu Run(#4: ), Ma Zhong-yi( &+ %), Yang Cheng
(B 180, et al. Mn B3R} CuFeZrO, KRG R HE
R B i VE . Acta Phys. — Chim. Sin. ( China)
(WP [, 2003, 19(5) : 423 427
Zhang Ye(5Kk ), Sun Yu-han(#)F%), Zhong Bing
(B JH). Co 7L Mo-Co-K A AL 7 5 AR AR I v
WIVESH. J. Fuel Chem. Technol. (China) (#kBMb2#2¢
%), 2004, 32(1): 69 =72
Xiang M, Li D, Xiao H, et al. Synthesis of higher alco-
hols from syngas over Fischer-Tropsch elements modified
K/[ beta]-Mo,C catalysts. Fuel. [J], 2008, 87(4 -5) :
599 —-603
Yang R, Yu X, Zhang Y, et al. A new method of low-
temperature methanol synthesis on Cu/Zn0/AI203 cata-
lysts from CO/CO,/H,. Fuel[J], 2008, 87 (4 -5) .
443 - 450
Li Jing(Z=  #+), Wang Jing-chun(E35 %), Wu Yue
(R M. FREE Cu-CO HEAT P2 T2 73 % HAfE
ALPEREI SR, Chem. J. Chin. Univ. ( China) ( 5 %%
FERALFE ) , 1993, 14(10) ; 1453 -1 455
Shen J Y, Matsuzaki T, Hanaoka T, et al. The promoter
function of molybdenum in Rh/Mo/Si02 catalysts for CO
hydrogenation. Catalysis Letters[J], 1994, 28(2) : 329
-336
Chu W, Kieffer R, Kiennemann A, Hindermann J P.
Conversion of syngas to C1-C6 alcohol mixtures on pro-
moted CuLa2Z1207 catalysts. Applied Catalysis A Gener-
al[J], 1995, 121(1) . 95 - 111
Ma W, Kugler E L, Dadyburjor D B, et al. Effect of Mo
loading and support type on hydrocarbons and oxygenates
produced over Fe-Mo-Cu-K catalysts supported on activa-
ted carbons. Studies in Surface Science and Catalysis[J] ,
2007, 163 125 - 140
Shi Li-min( +mif) , Chu Wei(fif £5), Xu Hui-yuan
(#EHg) , Deng Si-yu (X EE). (Hit Ce X} CuCo
FACEAL R L0 S PERERISZIA ) . Rare metal Mater.
Eng. (China) (Fify /@A 65 TAE) [J], 2009, 38
(8):1382-1385
Xu Ru-ren(#x4N A), Pang Wen-qin( & CEE), Yu Ji-
hong( F3541) , et al. Molecular sieve and chemistry of
porous materials (7> i 5 Z fLAF =) [M]. b
A Bhep iR, 2005
Qu F F, Chu W, Shi L. M, et al. Catalytic combustion of
methane over nano ZrQO,-supported copper-based cata-
lysts. Chinese Chemical Letters[ J], 2007, 18(8) : 993
-996



554 L% : Zn, Mo X CuCo LT A BURBR AP RE RO AL HEAE ] 321

[17] Forzatti P, Tronconi E, Pasquon I. Higher Alcohol Syn- 19 -26
thesis. Catalysis Reviews[J], 1991, 33(1): 109 - 168 [19] Schmal M, Baldanza M A S, Vannicey M A. Pd-x Mo/
[18] Qiang Guo, Liu Y. MnO, modified Co,0,-Ce0, catalysts Al, 0, Catalysts for NO Reduction by CO. Journal of Ca-
for the preferential oxidation of CO in H,-rich gases. Ap- talysis[J], 1999, 185(1) . 138 - 151

plied Catalysis B: Environmental[ J], 2008, 82(1 -2) .

Catalytic Properties for Higher-alcohol Synthesis
of CuCo Based Catalysts
Promoted by Transition Elements ( Zn, Mo)

SHI Li-min' , CHU Wei’
(1. Xi’ an Technological University, Xi’ an 710032, China;
2. Sichuan University, Chengdu 610065, China)

Abstract; CuCo-based catalysts for CO hydrogenation to higher alcohols were prepared by the ultrasound assisted
reverse coprecipitation. Effects of transition elements (Zn, Mo) on the structure and catalytic performance were in-
vestigated. The catalysts were characterized by means of X-ray diffraction (XRD) , N, adsorption isotherm ( BET) ,
temperature-programmed reduction ( H,-TPR) and temperature-programmed desorption ( CO-TPD) techniques.
The specific surface areas of the experimental catalysts were increased while the crystallite sizes were decreased by
the addition Zn and Mo without changing the Cu-Co spinel crystal structure. For the Zn contained catalyst, the in-
crease of specific surface area was limited and amount of adsorbed CO-species was decreased. Both CO conversion
and alcohol yield were reduced. For the Mo promoted sample, the specific surface area was increased obviously.
Meanwhile, the dispersion of copper and cobalt was promoted and the reducibility was improved. As a result, the
hydrogenation ability, CO conversion and alcohol yield were increased significantly. With the addition of Zn and
Mo, the contents of methanol in mixed alcohols were increased comparing with that of CuCo oxides.

Key words: CuCo-based catalysts; lower arbon alcohols; transition metal; catalytic properties



