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Effect of Carbon Promoters on the Performance of Cu-Zn-Al Catalyst
Prepared by Complete Liquid-Phase Technology
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Abstract: Cu-Zn-Al slurry catalysts were prepared by a complete liquid-phase technology and characterized by X-ray diffraction, N, adsorp-
tion, H, temperature-programmed reduction, and NHj3 temperature-programmed desorption. The effects of carbon nanotubes and carbon
microspheres as promoters on catalyst performance for alcohol synthesis were investigated. The results indicated that the Cu-Zn-Al methanol
synthesis catalysts showed activity for the synthesis of higher alcohols and hydrocarbons. Cu® particles with larger grain size were conducive
to the growth of carbon chains. Adding carbon microspheres can significantly decrease the size of Cu’ particles and improve the selectivity
for methanol.
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Table 1 Catalytic performance of the Cu-Zn-Al catalysts with or without carbon nanotubes (CNT) or carbon microspheres (CMS) as promoters

Selectivity (%)
Catalyst #d  XCO)Y%
MeOH EtOH DME C;,OH C,,OH Cy C, Cs Cy Cay
Cu-Zn-Al 1 13.0 154 15.8 0.3 8.2 24.0 19.4 17.3 16.2 7.4 40.9
2 12.0 15.0 17.9 0.6 7.8 257 17.1 17.3 16.2 8.1 41.6
3 14.1 14.0 16.0 0.4 7.4 234 23.4 15.1 16.0 7.7 38.8
4 152 12.6 16.4 0.6 7.3 23.7 23.6 14.7 16.5 8.3 39.5
5 15.8 11.6 16.9 0.3 6.8 23.7 242 15.4 16.5 8.3 40.2
6 16.7 12.3 13.0 0.7 7.4 20.4 251 15.8 17.1 8.6 41.5
7 159 11.6 17.0 0.7 7.6 24.6 233 14.8 16.2 8.8 39.8
8 16.9 11.0 17.2 0.6 6.4 23.6 23.6 15.1 16.8 9.3 41.2
Cu-Zn-Al-CNT 1 13.1 9.9 11.4 0.5 4.6 16.0 293 18.1 17.5 8.6 442
2 19.1 10.7 12.1 0.7 5.0 17.1 272 17.7 17.6 9.0 443
3 18.1 10.6 12.2 0.9 4.9 17.1 26.6 17.6 18.0 9.2 44.8
4 21.8 11.8 12.2 0.5 6.0 18.2 26.5 16.9 17.2 8.9 43.0
5 21.9 12.4 13.8 0.8 6.3 20.1 24.6 16.7 17.0 8.4 42.1
6 19.7 11.4 12.4 0.8 5.8 18.2 24.8 17.6 18.1 9.1 44.8
7 20.6 11.8 12.4 0.5 6.1 18.5 243 17.6 18.2 9.1 449
8 21.7 12.0 13.0 0.9 6.3 19.3 253 17.6 17.1 7.8 42.5
Cu-Zn-AlI-CMS 1 16.7 70.3 5.6 7.0 0.5 6.1 8.0 32 32 22 8.6
2 16.2 69.9 5.6 8.4 0.6 6.2 7.7 2.2 2.6 3.0 7.8
3 16.8 69.1 4.1 11.6 0.0 4.1 7.7 1.8 2.4 33 7.5
4 17.6 71.6 4.0 12.8 0.0 4.0 6.9 1.6 1.7 1.4 4.7
5 21.6 74.9 3.1 10.6 0.0 3.1 6.9 1.5 1.6 1.4 4.5
6 18.3 74.7 33 10.3 0.0 33 6.8 1.6 1.7 1.6 49
7 18.6 729 32 10.2 0.0 32 7.4 1.6 1.6 3.1 6.3
8 204 71.0 4.1 11.7 0.0 4.1 7.9 1.8 1.9 1.6 5.3

Reaction conditions: m(H;)/n(CO) =2, 150 ml/min, 4.5 MPa, 523 K. DME: Dimethyl ether; C;.OH: Alcohols with three or more carbon atoms; Cy,

C,, Cs, and C4: Hydrocarbons with one, two, three, and four carbon atoms, respectively.
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Table 2 Average crystallite size of Cu® in different catalysts

Crystallite size (nm)

Catalyst

Before reaction After reaction
Cu-Zn-Al 36.6 40.9
Cu-Zn-Al-CNT 35.9 38.2
Cu-Zn-Al-CMS 25.7 22.3
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Table 3 The physical adsorption analysis results of the catalysts
Before reaction After reaction
Catalyst N Pore specific Most probable N Pore specific Most probable
Appr/(m’/g) 3 . Apgr/(m*/g) 3 :
volume (cm’/g) pore radius (nm) volume (cm’/g) pore radius (nm)
Cu-Zn-Al 334 0.041 1.84 334 0.067 1.94
Cu-Zn-Al-CNT 30.3 0.045 1.93 37.8 0.095 1.86
Cu-Zn-Al-CMS 40.8 0.014 1.86 68.1 0.137 1.85
CMS 558.3 0.400 2.86*
*Mean pore size.
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Fig. 4. N, adsorption-desorption isotherms of carbon microspheres (a) and the catalysts before (b) and after reaction (c).
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