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Abstract: A series of Cu-Zn-Al catalyst samples were prepared by sol-gel method with the assistance of polyethylene glycol (PEG) additive.
The effect of PEG dosage on their physical and chemical properties was characterized by X-ray diffraction, N, adsorption, X-ray photoelec-
tron spectroscopy, H, temperature-programmed reduction, and NH; temperature-programmed desorption. The catalytic performance of the
catalyst for direct dimethyl ether (DME) synthesis from syngas was evaluated in a slurry reactor. The results showed that PEG can improve
the texture and surface physical and chemical properties of the catalyst and therefore enhance its catalytic activity. With the increase of PEG
dosage, the specific surface area, pore volume, and pore diameter of the catalyst increased, whereas the reduction temperature decreased first
and then increased, and the dispersion of active component, surface Cu content, and strong acid amount first increased and then decreased.
However, adding PEG can only enhance catalytic activity and selectivity of the catalyst, but has no effect on the catalyst stability.
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Table 1 Textural properties of Cu-Zn-Al bifunctional catalyst sam-
ples prepared using different PEG600 dosage

PEG600 dosage (%)  Ager/(m?g)  V,/(cm®/g) dy/nm
0 100 0.12 49
0.5 114 0.17 5.9
15 130 0.24 7.3
25 135 0.26 7.6
3.5 170 0.32 7.5

PEG—polyethylene glycol; d, = 4V,/Ager.
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Fig. 1. XRD patterns of Cu-Zn-Al catalyst samples prepared using
different PEG600 dosage. (1) 0; (2) 0.5%; (3) 1.5%; (4) 2.5%; (5) 3.5%.
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Table 2 Surface composition of Cu-Zn-Al catalyst samples prepared
using different PEG600 dosage
PEG600 Composition (%)
dosage (%) Cu Zn Al

Culzn Zn/Al (Cu+Zn)/Al

0 3.62 4.67 33.65 0.78 0.11 0.25
0.5 3.87 375 2794 1.03 0.14 0.27
15 538 6.08 34.93 0.88 0.15 0.33
2.5 8.96 6.30 41.40 1.42 0.22 0.37

3.5 520 5.19 34.23 1.00 0.15 0.30
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Fig. 2. H,-TPR profiles of Cu-Zn-Al catalyst samples prepared using
different PEG600 dosage. (1) 0; (2) 0.5%; (3) 1.5%; (4) 2.5%; (5) 3.5%.
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Table 3 The reaction performance of DME synthesis from syngas over Cu-Zn-Al catalyst samples prepared using different PEG600 dosage

PEG600 X(CO)/% S(DME)/% S(MeOH)/% S(HC)/% S(COY)/%

dosage (%) 24h  48h  72h  24h 48h 72h  24h 48h 72h  24h 48h 72h  24h 48h 72h
0 194 191 179 494 488 465 45 45 A48 88 98 105 373 369 382
25 349 322 316 528 521 518 37 59 65 37 40 41 397 380 376
35 403 393 369 561 555 553 28 31 6.0 32 31 33 379 383 353

Reaction conditions: n(H,)/n(CO) = 1, p = 4.0 MPa, 553 K. DME—dimethyl ether; HC—hydrocarbon.
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