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Abstract: A series of Cu/Zn/Al/Si slurry catalysts were prepared by the complete liquid-phase technology with
acid and alkaline silica sol in the paper. The catalysts are characterized by means of XRD, H,-TPR, FT-IR,
BET, NH,-TPD, XPS and TEM. When the acid silica sol is added, which has the similar environment with the
process of precursor preparation, the conversion of CO and selectivity of dimethyl ether reach maxiumum, being
65.38% and 76.26% respectively. The acid silica sol weakens the force between Cu and other components,
resulting in the Cu component is easy to be reduced and more active lattice planes of Cu’ on the catalyst are
exposed. The acid/alkaline properties of silica sol influence acid site strength and the number of acid sites of
catalysts and make both strong acidic sites and the weak acidic sites migrate to lower temperature position. In
DME synthesis reaction, it is found that the acid silica sol can increase the ratio of the weak acidic sites to the
strong acidic sites on the catalysts, which promotes dehydration performance of methanol and the selectivity of
DME. In addition, the catalysts with large specific surface area and mesoporous pore structure are favorable for
the activity and selectivity of DME.
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Figure 2 XRD patterns of different catalysts before reaction
a; Cat-0; b; Cat-J; c.: Cat-S

Activity of different catalysts in slurry reactor
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Figure 3 FT-IR spectra of different acid and
alkaline silica sol and fresh catalysts

a; Cat-0; b; Cat-S; c. Cat-J; d: SW-30; e.; JN-30
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Reduction

Catalyst H, consumption/mol
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Figure 4 H,-TPR profiles of different catalysts before reaction
a; Cat-0; b; Cat-J; c. Cat-S
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Figure 5 N, -adsorption/desorption and pore size distribution curves of the catalysts
(a): Cat-0; (b). Cat-J; (c): Cat-S
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Table 2  Specific surface area and pore properies of different catalysts
Before reaction After reaction
Sample  BET surface area  Pore volume Average pore BET surface area  Pore volume Average pore
A/(m*-g™") v/ (em’-g™") diameter d/nm A/(m’-g™") v/ (em’-g™") diameter d/nm

Cat-0 128.0 0.29 9.21 321.3 0.53 6.55

Cat-J 117.8 0.22 7.45 200.3 0.41 8.13

Cat-S 149.8 0.23 6.14 214.1 0.42 7.78
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Figure 7 XPS spectra of Cu 2p on fresh catalysts surface
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Table 3 XPS and XAES data of fresh catalysts

Ey/eV Ec/eV
Catalyst -
Cu 2]73/2 Si 2p Al 2p Zn 2173/2 ZHL3M45M45
Cat-0 932.5 - 74.6 1021.8 987.5
Cat-J 932.1 102.9 74.2 1021.8 987.1
Cat-S 932.0 103.1 74.3 1021.8 987.6

note: data in bracket corrected by Zn 2p(E;=1021.8 eV)

4 2 XPS A B2 A AL ) 89 2% T T
YRR,

T4 RNBIECFIRETEDRNOZEE
Table 4 Molar ratios between relevant

elements on fresh catalysts

Mol ratio
Catalyst -
Cu/Zn Si/Al (Cu+Zn)/Al
Cat-0 1.42 0 0.16
Cat-J 0.97 0.65 0.18
Cat-S 0.66 0.62 0.20
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