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Effect of Zn and Mn Promoters on Copper-Iron Based Catalysts for
Higher Alcohol Synthesis
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Abstract: The influences of zinc and manganese promoters on the structure and reaction behavior of CuFe catalyst
for higher alcohol synthesis were investigated by N, adsorption, X-ray diffraction (XRD), H, temperature-programmed
reduction (H-TPR), in situ diffuse reflectance infrared spectroscopy (DRIFT) and CO+H, reaction. It was found that the
zinc additive suppressed the dispersion of active phases but improved their activation ability towards CO molecule due
to the formation of a new spinel phase, ZnFe,O,. The presence of manganese showed a more favorable effect on the
dispersion of active phases and then promoted the synergistic effect between copper and iron although the adsorption
tendency towards CO declined due to the dilution effect of manganese. Compared with binary CuFe catalyst, CuZnFe
catalyst had a higher activity with the decreasing of C,,OH selectivity, and CuFeMn catalyst showed improved total
alcohol selectivity although both CO conversion and C,,0H selectivity decreased. The results of the doubly promoted
CuFe catalyst evidently indicated the existence of synergistic effect between zinc and manganese, which modified the
texture parameters, decreased the reduction temperature of Cu and altered the reduction behavior of Fe. More
importantly, the abundance of CO adsorption on the CuFe catalyst was greatly increased due to the co-addition of zinc
and manganese. Therefore, the overall catalytic performance of doubly promoted CuFe catalyst was superior to that of
the single promoted CuFe catalyst.
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Table 1 Texture parameters of calcined catalysts

Catalyst Sper/(m?+g™) D,/nm V,/(cm?g™)
CuZn 5.3 34.7 0.046
CuMn 68.6 11.2 0.19
FeMn 204.2 5.1 0.26
CuFe 99.6 6.2 0.16
CuZnFe 66.2 8.6 0.14
CuFeMn 172.6 7.1 0.31
CuZnFeMn 125.9 10.3 0.32

Sger: BET surface area; D, pore diameter; V,: pore volume
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Fig.1 XRD patterns of calcined catalysts
(A) binary catalysts; (B) trinary and CuZnFeMn catalysts
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Fig.2 H,-TPR curves of catalysts
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#* 2 H-TPRIEZEHHAER
Table 2 Quantitative analysis of H,-TPR curves

H. consumption

Catalyst T/C
M, /mmol My/mmol
CuZn 190, 220, 240 0.321 (Cu)
475 0.098 (Zn)
FeMn 285, 415 0.245 (Fe+Mn)
540, 635 0.321 (Fe)
CuZnFe 180 0.196 (Cu)
295, 465 0.359 (Fe+Zn)
CuFe 130, 165, 335  0.339 (Cu+Fe)
485 0.374 (Fe)
CuFeMn 170, 205 0.362 (Cu+Mn+Fe)
410 0.289 (Fe)
CuZnFeMn 110, 176 0.283 (Cu+Mn)
440, 615 0.280 (Fe)

M;: mole of metal reduced in low-temperature region;

M,: mole of metal reduced in high-temperature region
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Fig.3 DRIFT spectra of CO adsorbed on catalysts
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Table 3 Catalytic performance of catalysts for CO
hydrogenation

. Alcohol distribution
Selectivity (w,%)" ROH yield

Catalyst  Xco(%) i (w,%)
ROH  HC @&mbh)™ g Ca
CuZn 3.0 97.7 2.3 0.012 98.6 1.4
CuMn® 2.7 59.4 40.6 0.016 57.7 42.3
FeMn* 7.7 15.5 84.5 0.027 38.7 61.3
CuFe 28.6 16.9 83.1 0.047 19.3 80.7
CuZnFe 50.3 29.3 70.7 0.130 21.9 78.1
CuFeMn 25.0 32.1 67.9 0.062 29.1 70.9

CuZnFeMn 44.6 36.4 63.6 0.204 47.1 52.9

T=240 C, p=4.0 MPa, GHSV=6000 h™; feed gas: y/nc=2.0;
a) based on CO,-free, b) T=300 T, c¢) 7=220 T
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References

1 Lin, M. G.; Fang, K. G.; Sun, Y. H. Journal of Molecular Catalyst,
2007, 21(suppl.): 255  [FREIKE, 7 si s, 96T 5% 20 THEAE,
2007, 213%T)): 255]

2 Xu, R.; Yang, C.; Wei, W.; Li, W. H.; Sun, Y. H.; Hu, T. D. J. Mol.
Catal. A, 2004, 221(1): 51

3 Chinchen, G. C.; Waugh, K. C.; Whan, D. A. Appl. Catal., 1986,
25(1-2): 101



338 Acta Phys. -Chim. Sin., 2008 Vol.24
4 Spencer, M. S. Top. Catal., 1999, 8(3—4): 259 Science and Technology Publishing House, 1993: 375-451 [5KZ4

10

11

12

Spencer, M. S. Catal. Lett., 1998, 50(1-2): 37

Li, S.; Li, A.; Krishnamoorthy, S.; Iglesia, E. Catal. Lett., 2001, 77
(4): 197

Ning, W.; Koizumi, N.; Chang, H.; Mochizuki, T.; Itoh, T.;
Yamada, M. Appl. Catal. A, 2006, 312: 35

Nam, S. S.; Lee, S. J.; Kim, H.; Jun, K. W.; Choi, M. J.; Lee, K. W.
Energy Convers. Mgmt., 1997, 38(suppl.): 397

Li, J. T.; Zhang, W. D.; Gao, L. Z.; Gu, P. Y.; Sha, K. Q.; Wan, H.
L. Appl. Catal. A, 1997, 165(1-2): 411

Asakawa, K.; Yamamoto, Y.; Ebata, S.; Nakamura, T. Process for
preparing a catalyst composition containing oxides of copper zinc
and aluminum. U. K. Patent, GB2047556. 1980

Xu, R.; Ma, Z. Y.; Yang, C.; Wei, W.; Sun, Y. H. Acta Phys. -
Chim. Sin., 2003,19(5): 423 [fk W, B & L 8 6,
INT5E YRR, 2003, 19(5): 423]

Zhang, B. J. The coal-based synthetic fuel. Taiyuan: Shanxi

13

14

15
16

17

19

20

VL. JESEE R AR RL. IR 1L PR R 2B AR iRt 1993: 375
451]

Jaggi, N. K.; Schwartz, L. H.; Butt, J. B.; Papp, H.; Baerns, M.
Appl. Catal., 1985, 13(2): 347

Fierro, G.; Lo Jacono, M.; Inversi, M.; Porta, P.; Cioci, F.; Lavecchia,
R. Appl. Catal. A, 1996, 137(2): 327

Leith, I. R.; Howden, M. G. Appl. Catal., 1988, 37: 75

Arena, F.; Barbera, K.; Italiano, G.; Bonura, G.; Spadaro, L.; Frusteri,
F. J. Catal., 2007, 249(2): 183

Maiti, G. C.; Malessa, R.; Baerns, M. Appl. Catal., 1983, 5(2): 151
Jiang, M.; Koizumi, N.; Yamada, M. J. Phys. Chem. B, 2000, 104
(32): 7636

Neophytides, S. G.; Marchi, A. J.; Froment, G. F. Appl. Catal. A,
1992, 86(1): 45

Benziger, J. B.; Larson, L. R. J. Catal., 1982, 77(2): 550



