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Table 1 Catalytic performance of C-P4, C-P6, C-P8 and C-P10

CO conversion Selectivity/ %
Catalysts
/% CH, C,H, CH,O0H C,H;O0H COo, HC
C-P4 7.22 0.35 4.32 14.74 13.04 64.11 8.07
C-P6 28.31 0.39 7.30 41.05 25.21 24.46 11.53
C-P8 7.51 1.05 13.36 18.71 10.23 49.97 20.97
C-P10 4.47 2.40 19.47 19.47 9.96 42.83 27.64

Reaction conditions; T=553 K, P = 4.3 MPa, H,/CO =1, feed gas flow rate = 100 mL/min, HC for hydrocarbons
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Fig. 1 XRD patterns of different catalysts
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Table 2 Average Cu’ and ZnO crystal sizes of catalysts

Crystal size /nm

Catalysts
Cu’ Zn0
C302-br - 10.0
C-P4 28.1 16.2
C-P6 23.3 17.0
C-P8 27.4 23.3
C-P10 26. 1 23.7
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Fig.2 TPR profiles of different catalysts
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Fig. 4 N, adsorption-desorption isotherms of different catalysts before and after reaction

R 3 EUF R AT SR

Table 3 Textural properties of catalysts

Catalysts BET surface area/(m’ - g™') Pore volume/(cem® + g™') Pore diameter/nm
C302-br 66.0 0.14 5.6

C-P4 29.7 0.60 9.6

C-P6 41.0 0.50 17.5

C-P8 28.0 0.55 17.6

C-P10 32.5 0.38 17.4
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Fig. 5 XPS spectra of Cu2p of different catalysts before and after reaction
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Fig. 6 XAES spectra of Zn L;M,sM,; of different catalysts before and after reaction
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Table 4 The surface composition of different catalysts

Catalysts n(Cu) : n(Zn) n(Cu) : n(Al) n(Zn) : n(Al) n(Cu+Zn) : n(Al)
C302-br 0.95 0.21 0.22 0.43
C-P4 0.18 0.13 0.74 0.88
C-P6 0.16 0.15 0.91 1.07
C-P8 0.27 0.11 0.39 0.50
C-P10 0.13 0.13 0.60 0.74
3 & Zhong-ming( T4 ) , et al. Research progress in bio-

PAAS ) 43 F 5 ) 3R & AR SRy 3 25 DR S R A
Jit, Tolb A s AL ) C302 11 D AL 7R AT —
AN RN, A LB BRI
R L WA S TR R AEAL R I 2k SR
Horfr, PEG600 S 2 35 IR BN A i i, A5 h A7
TEWIFf HLGDE BRI A B 519 Cu, 0 H. Cu fRiAL
N, BABZHER ORI AL AR, W
MEALTRI AT Zn KA A, X 8 Ay 10 79 v E 4% 1k
BN B T I A, TEITA ) b LB AR
PEIRE] 25.21% , AR L RAF A9 AR 2 .
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Effect of the Polyethylene Glycols Medium on Catalytic Performance
for the Ethanol Synthesis from Syngas in Slurry Reactor

TIAN Hui-hui, LI Lei-lei, DONG Wei-bing, LIU Chao-bo, GAO Zhi-hua™ , HUANG Wei
(Key Laboratory of Coal Science and Technology of Ministry of Education and Shanxi Province ,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; Polyethylene glycol (PEG) with different molecular weight (400, 600, 800 and 1 000) was used as re-
action medium. CO hydrogenation reaction was carried out over the industrial methanol synthesis catalyst C302 in
slurry reactor. The catalysts were characterized by powder X-ray diffraction (XRD), H, temperature-programmed
reduction ( H,-TPR), temperature-programmed desorption of ammonia ( NH,;-TPD) , N, adsorption and X-ray pho-
toelectron spectroscopy. The effect of reaction medium on catalyst structure and performance was investigated. Re-
sults showed that the slurry bed reaction medium had a significant effect on the catalytic performances. When PEG
was adopted as the slurry bed reaction medium, ethanol was an unexpected product over the C302 catalyst, which
exhibited the outstanding stability. Using PEG600 as reaction medium, Cu average grain size reduced after reaction
and there were two forms of Cu,O with the favorable ratio. What’ s more, the weak acid sites increased and the Zn
was enriched on the surface, which provided suitable structure for high ethanol selectivity. The activity tests showed
that ethanol selectivity reached up to 25.21%.

Key words: polyethylene glycol; ethanol; molecular weight; slurry reactor; syngas



