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Influence of Solvent Polarity on Microstructure of Precursors and CuO/Zn0/Al,O;
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Abstract: In the preparation of a Cu0O/Zn0O/AlO; catalyst for slurry methanol synthesis, microwave irradiation was
introduced into the aging process. The effect of solvent polarity was studied on phase composition of the precursor,
microstructure of the calcined CuO/Zn0/AlO; catalyst and catalytic performance for slurry methanol synthesis. The
characterization by XRD, FTIR, DTG, HR-TEM, H,-TPR and XPS showed that the solvent polarity had a significant
effect on the composition of the precursor aged under microwave irradiation. The results indicated that solvent
polarity benefited to the substitution of Cu*/Zn* in CuyCO;)(OH),/Zns(CO;)(OH)s by Zn*/Cu*. With the increasing of
the solvent polarity, the content and crystallization degree of (Cu, Zn),(CO;)(OH), and (Cu, Zn)s(CO;),(OH)s became
higher in the precursor, the interaction of Cu0O/Zn0O/Al,0; between CuO and ZnO became stronger, CuO crystal
particles dispersed better and surface CuO content became higher. The performance of CuO/Zn0/Al0; catalyst using
water as solvent is the best, the methanol sapce-time yield (STY) and deactivation rate of the catalyst were 320 mg

g'+h™"and 0.11%-d™, respectively.
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Fig.1 Effect of solvent polarity on performance of CuO/
Zn0/Al0; for slurry methanol synthesis
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Table 1 Average activity of catalysts evaluated in the slurry methanol synthesis

Catalyst Run time / h STY / (mg-g”'+h™) Sweon / Y% R/ (%-d™
Cat-1 156 263.6 99.5 1.1
Cat-2 240 269.5 99.5 0.6
Cat-3 312 277.0 99.5 0.5
Cat-4 372 309.0 99.6 0.1

Reaction conditions: 240 °C, 4.0 MPa, V. co,. mivurV co. o, mivurg=2:1, 1 620 L-kg™+h™,

R: The rate of deactivation is the slope for the linear fitting of STY curves in Fig.1
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Fig.2 XRD patterns for precursors
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Table 2 Analytic results for the CuO crystal (20~ 38.84°) in the catalysts

Catalyst 201 () FWHM / (%) Average size / nm
Cat-1 38.8 0.6 138
Cat-2 38.8 0.6 13.1
Cat-3 38.8 17 5.1
Cat-4 38.8 24 35
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Fig.6. HR-TEM images for different catalysts
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Fig.7 HyTPR profiles for the catalysts
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Table 3 H,-TPR analytic results for the catalysts

Reduction temperature / °C

Relative content / %

Catalyst

’ Peak [ Peak 1I Peak [ Peak 1l
Cat-1 178 211 8.8 91.2
Cat-2 168 196 20.2 79.8
Cat-3 166 177 62.5 37.5
Cat-4 144 164 70.6 29.4

KB R FGOR A A AR FIRGR 38 R BEAR, 1 (Cu,
Zn)(CO)(OH), 73 J5 1Y CuO F ZnO AU NIURIIE 2
RA M EAE RS R & BT g —250 Cat-
4 AR T Y IR S50 U T (Cu, Zn)s(CO5),(OH), 97
FHES I3 1) CuO 138 5L, 55 38 S5 A XS 1 T (Cu, Zn),
(CO5)(OH), YA 43 1) CuO IR,
2.8 fELFIA XPS RIE

55 be J5 CuO/ZnO/ALO; 1L 7 1) Cu2py, Hl
Zn2py, 1 XPS 35 41 1&l 8(a) Fl 8(b)FT7n . FH Kl 8(a) Al
UL AR Cu2ps, 456 REIITE 932~934 eV, [F] I
TE = D0 940~945 eV A5k LA H B, UM Cu
FEREAR TR0 DL Cu B 2R AL S2 e 0k B 4 24
Ak BV AR 1 B AR R Cu2ps, 5B
84391 933.0,933.2,933.7 11 934.2 eV, & #i F+
15 1 L 8(b) FT AN B AT Zn2ps, &5 BE 43 3 K

10222,1 021.6,1 021.3 F1 1 021.0 eV, & #iFEAL,
VLA AELE T R Cu A1 Zn 2H 5 Fir &b ) Ak 27 3R 58 RN
RS LR T | RS G e m A i 5 N & CuO-
ZnO WHFEVER, XJEHF Zn MHE A Cu &, Cu
I AMNEH T Zn AR AS  NTTTEE Cu 19 HLF 2 %5 B
/N TS AREYG N, Zn WL T 2 W EE RGN T4
A REI/IN AT HITE R A S AR N Ak BE A T
B M 38 K AT CuO-ZnO 1Y FR IR AR FH 28 7 38
s, Horb Cat-4 ' CuO-ZnO B PRAIVE H o | iX i 5
HISCHY TPR A1 XRD MY FRAES5 R —3K

4 MGG CuO/ZnO/ALO, HEAL 7 B % 1 i
T, MERAE, TEROBAE S AN BB T R
PRI AT 2R 17T Cu/Zn BT 2% AR &
AR AR TR B R R M
o PR LA ) B I A T B =2 A A T A 9 M AR S ok

a
® Cu2p,,

Cu2p,, 932.96
Cat-4 ;

Shake-up peak

Intensity (a.u.)

(b) Zn2p;,
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Fig.8 XPS spectra for Cu2ps, (a) and Zn2ps, (b) of the CuO/Zn0/AlLO; catalyst
% 4 CuO/ZnO/ALO; fEXFIH XPS #1148
Table 4 XPS data for the CuO/Zn0O/AlQ; catalysts
Binding energy / eV
Catalyst Molar ratio for Cu/Zn

Cu2ps, Zn2ps,
Cat-1 1.2 933.0 1022.2
Cat-2 14 933.2 1021.6
Cat-3 1.6 933.7 1021.3
Cat-4 1.7 934.2 1021.0
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