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Influence of the preparation method of copper-zinc—aluminum catalyst

on the performance of carbon dioxide CO, hydrogenation reaction

REN Chao,XU Bo,WANG Anjie,LIU Yingya,SUN Zhichao, WANG Yao
(School of Chemical Engineering ,Dalian University of Technology, Dalian 116023, China)

Abstract: A series of copper—zinc—aluminum catalysts were prepared by sol—gel method and co—precipitation method, which were used
in combination with ZSM—-5 molecular sieve to catalyze hydrogenation of CO, to light olefins. The prepared catalysts were characterized
by means of N, physical adsorption, X-ray diffraction (XRD), and hydrogen temperature—programmed reduction ( H,~TPR). The per-
formance of the catalysts prepared by two different methods were comparatively investigated in CO, hydrogenation to produce light olefins.
The results show that different catalyst preparation methods significantly affect the CuO particle size, specific surface area and Cu component
dispersion of the prepared catalysts, which in turn affects the performance of CO, hydrogenation reaction. In this system, the copper—zinc—
aluminum catalyst has a great influence on CO, conversion rate and CO selectivity, but has little effect on the selectivity of light olefins in hy-
drocarbons. The catalyst prepared by the sol—gel method with the aid of citric acid complexation affords 20.17% CO, conversion with a total
selectivity to light olefins of 50.48% at 320 °C, CO, : H,=1 : 3, and space velocity of 3 600 mL/ (g - h) , whereas the catalyst prepared by
the co—precipitation method with sodium carbonate gives 29.14% CO, conversion with a total selectivity to light olefins of 54.57%.

Key words: sol—gel method; precipitation method; copper—zinc—aluminum catalyst; carbon dioxide; hydrogenation; light olefins
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Table 1 Texture properties of catalystsmethod

SH e Sgpr/ v,/ D/ lﬁlﬂ%ﬁ*ﬁﬁ
(m* - g™) (em® - g')  nm F/nm

CZA-N 17.45 0.12 20.50 20.3

CZA-NA  16.77 0.12 16.88 21.7

%ilc-  CZA-L 12.46 0.09 16.04 24.8

BERE CZA-1A 7.88 0.05 12.34 25.1

CZA-E 9.94 0.08 18.28 22.8

CZA-EA 8.47 0.06 16.46 225

CZA 9.40 0.05 17.19 22.6

CZA-Na 26.29 0.19 19.99 18.1

CZA-CH 1.27 0.01 13.27 36.5

PUVE

CZA-CC 18.23 0.17 29.41 18.4

CZA-NS 18.00 0.11 14.96 19.7

CZA-ND  15.13 0.14 15.47 23.8
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Fig.2 N, adsorption—desorption isotherm of catalysts
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/N L R TR R e S AR Z% 5 R R 20K A
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il 7 S B CuZn AL HEAL T FT AR AY He 2R 1w AL S
Cu ZHAMRIAR2E SR 1, CuO fSiobi R H e e
TR K (CZA-Na-18.1 nm; CZA-CH-36.5 nm), i%
— PG R I, B A5 A4 R0 1 b R 1 A AT BE 2
A ) AR 7 25 T R L A A [ B BT ik, i Sl 0k
AL, Xt S Y TV —H3 75108 B 45 35 ith 2k By
JS R A= R L 85 ) T X
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HiZeani® 3 frs, mE 3 R, AR A 3]
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HR I I BTG, SR A AL R P Y Cu 4193 20 U e
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T, A A Ak R RE S0 Y 0 L T R AR R R
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EA ., AN[E 265 300 il 4 i 4 AL 70 AR HoA AR TR H,
W DR B, 22 MR ) 28 5 390 6 45 2] Ay 4 £ 550 i 4 119
IR S X AT R P A R I EDTA A&
EPPE  25 5 S 30

SRV 7 il 25 e A SR T4 19 H, - TPR 4 &l 3
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T — AR EE ) H,IHFENE , AT B0 4 E A4 Bk
E=R20Y 5052 A N T BTl i R4 SO T A IR N
S FEIE IR HE T A . CZA-ND<CZA-CC<CZA -
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TRAEEURJE A 2E3T 100 °C , ] WA RITTHE R X T Cu
L4310 DM 5 1 AR KR
2.4 fELFIEBEITEN

TEIRFE 320 °C,JE /1 2.0 MPa,CO, : H,=1: 3,
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ZSM-5 [l 1 2 1 BF, %A [ 7 32 i 45 1
CuZnAl ALY CO, A TEREHEAT T VP4, 45 2R WL
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Table 2 Catalytic performance of different catalysts
5.%
HH fHEALH X(€0,) % S(CO)% :
C, c9~CY C;~Cy
CZA-N 20.17 32.29 3.20 46.32 50.48
CZA-NA 11.77 6.74 2.30 51.90 45.81
CZA-L 16.33 14.80 1.62 48.71 49.67
A~ R 12
CZA-LA 10.60 6.35 1.65 54.27 44.08
CZA-E 8.89 9.54 4.23 51.86 43.92
CZA-EA 7.11 6.26 2.21 51.08 46.72
CZA 16.29 16.01 2.10 47.03 50.87
CZA-Na 29.14 68.67 7.76 37.67 54.57
CZA-CH 12.05 7.18 3.95 55.53 40.52
DUVE
CZA-CC 10.86 4.53 1.80 52.30 45.90
CZA-NS 22.30 37.42 2.86 44.83 52.31
CZA-ND 17.70 22.63 2.37 48.68 48.96
F b, CuZnAl AL T Z 5200 CO, #4165 CO & SHEN Wenjie, ZHOU Jinglai, ZHANG Bijiang. Research and pro-
T%,ri , ﬁﬁﬁz)%‘ké)in % E,(J He EEIEI% EE 7SM =5 %?ﬁ‘ﬁ% ,f% ,f/t gress on the product distribution of the fischer—tropsch synthesis
N N [ J].Coal Conversion,1993,16(1): 12-23.
) MTO 172 o
1 MTO JLFEES - (2] BASEAE. B tC A AR LA BT SEL D] B 0T Tl
CuZnAl FRHEFSCHER R, X AT RE S CuZn FHAYIE AL, [3] WANG W, WANG S, MA X, et al. Recent advances in catalytic
Cu—ZnO [H] Eﬁ?‘iifﬁz s fi@ﬁﬁqﬂ Cu’ \Cuo E/‘Jﬁﬁ}:ﬂz% hydrogenation of carbon dioxide [ J]. Chemical Society Reviews,
193, 2 B RBURI SRR 2011,40(7): 3703-3721.
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