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Abstract: The microwave irradiation was used in the aging process of CuO/Zn0/Al,O; catalyst precursor. XRD,
FTIR, TG, H,-TPR, HR-TEM and XPS were used to examine the microstructure of precursor and the Cu0O/Zn0/Al1,0;
catalyst and investigate the effect of the microvave irradiation on precursor phase transition. The results show that
microwave irradiation during the aging process promots the substitution of Zn** in the Zns(CO5),(OH)s compound by
Cu*. During aging process under microwave irradiation, the substitution of Zn*" in Zns(CO;),(OH)s compound by Cu**
firstly occurs and completes within 1 h. The Cu* in Cu,CO5(OH)s compound is constantly substituted by Zn* with
the increasing of aging time, meanwhile, the crystallization degree of (Cu, Zn)s(CO;),(OH)s becomes higher. Compared
with the precursor aged for 1 h without microwave irradiation, the precursor aged for 1 h under microwave irradiation
possesses higher content of (Cu, Zn)s(COs),(OH)g, the calcined catalysts show strong interaction between CuO and
Zn0, well dispersed CuO crystal particles, and high surface CuO content, the methanol space-time yield (STY) and
deactivation rate of the catalyst were 318.9 g-kg™+h™ and 0.11%-d™, respectively.
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Fig.1 Effect of aging time of participated suspensions
under microwave irradiation on methanol

space-time yield (STY) of CuO/Zn0/Al,04

catalysts
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Table 1 Average catalysis data of catalysts evaluated in the slurry methanol synthesis

Catalyst Run time / h STY / (g-kg+hY) Sweonl % R/ (%-d7)
MWO.5 108 266.23 99.22 0.850
MW1.0 372 309.00 99.29 0.112
MW1.5 312 300.05 99.35 0.099
MW2.0 240 281.99 99.37 0.158
MW2.5 156 271.55 99.16 0.263
NMW1.0 216 280.67 99.32 0.168

Reaction conditions: 240 C, 4.0 MPa, V(H»-CO,):V(CO+CO,=2:1, 1620 L-kg '-h™;

R: Rate of deactivation is the slope of the linear fitting of STY curves in Fig.1
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Table 2 Mass loss analytic data of precursors aged for different time under microwave irradiation

Catalyst S Mass loss of Zn-malachite Mass loss of aurichalcite
Temperature / °C Mass loss / % Temperature / °C Mass loss / %

MWO0.5 24.36 - - 364 2.54
MW1.0 24.48 288 3.64 367 7.42
MW1.5 24.59 289 391 369 7.43
MW2.0 24.68 290 4.36 372 7.43
MW2.5 24.72 296 4.41 373 7.44
NMW1.0 24.57 280 9.78 — —
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Fig.5 XRD patterns of the catalysts aged for different

time under microwave irradiation
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AN 3.50 nm , (HIZ A KITE M de m . B &AL
[B] (1 E— 25 3 K | U8R (Cu, Zn),(CO5)(OH), Y1 AH & it
W& A7 34 0, 5 (Cu, Zn)s (CO5), (OH)s 1 (Cu,Zn),(CO;)
(OH), PIAH Y 45 fh BB AL G K, 3 Ja 19 CuO Ak

AR (3R 3), 0 ST WA 3 1 R 9 Ak 7 T 1 R
Fo e VG R B 2RS35 1 h i 58
R AL R NMW 1.0 A EE | 00k 48 5 2 1k 1) 4 £ 751
MWI1.0 ' CuO FI ZnO A7 §F W T8 3% 0 553z |, H
MW 1.0 {455 h CuO S kL HFLAR (3.5 nm) /N T
NMW1.0 H19(6.2 nm), 45 1 98 1A FRAE 53 B 7T A0,
R H T MW 1.0 HiT 3R 1A i & A 51 2 09 SR 4 BE 0 )
AR TSR T Ry R R | B DAL SR 2 HE AR
J5 HEF , Co? e /TR oty T Zn 7 DU T 44
i b A B CuO-ZnO [ AR BT AR IE CuO
e 44K, Zn0O 43 BUAE CuO W R FEL B7 1k CuO 1 ]
) I AT TR0 0 0 T AR 1

Fx3 EALFHCuOQR0~38.84°) BRI KI5 #T45 R
Table 3 Analytic results of the CuO crystal (20~ 38.84°) in the catalysts

Catalyst 20/ (°) FWHM / (°) Average size / nm
MWO0.5 38.91 1.65 6.11
MW1.0 38.82 2.83 3.50
MWI1.5 38.86 2.39 421
MW2.0 38.89 2.03 4.97
MW2.5 38.71 1.57 6.42
NMW1.0 38.74 1.62 6.20

FWHM: Full width at half maximum

2.6 fE{LFIA HR-TEM R1E

Kl 6 MbefE 4L F MWI1.0 MW1.5 Fl NMW1.0
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Ko, AEAL T 14340 S 8 S AR S T s, LA AL 0 B A1
T U% (Peak 1 )M AR LK T 5 M 0% (Peak 11), T

e
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(a) MW1.0; (b) MW1.5; (c) NMW1.0
Bl 6 N7 B ik 4 59 2 Ak e 103 2% i) 48 A6 790 /9 HR-TEM K]

Fig.6 HR-TEM images of catalysts aged for different time under microwave irradiation
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Fig.7 HyTPR profiles of catalysts aged for different

time under microwave irradiation
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i, TERGR BRI ST, BEAE B AL ) 4k 2L T K
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SR (Peak Ty FORH X T AR 28 W0/ | v iR 340 D U
(Peak 1) R AF XTI A2 18 R, AR AL AR 15 4 15 3%
2 AT T ET SRR o (Cu, Zn)s(CO5),(OH), F1(Cu,Zn),
(COs)(OH), AR & & A2 L A — 2K, IR I 9% Reddy
S SE FTA (Cu, Zn)s(CO5).(OH), #4043 fift J55 (1)
CuO 1 ZnO KB IR A A EAE TR | 1 (Cu,
Zn),(CO3)(OH), 43 J5 19 CuO F1 ZnO LU/ IR JE
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F(Cu, Zn)s(CO3),(OH)s P AH I 73 () CuO 38 Ji 55 ik
I SR N T (Cu , Zn),(CO5)(OH), PIAH Y 73 fi# 19 CuO
MR R, HAR NMW 1.0 T 3K AR & A (Cu,Zn)s(CO5),
(OH), F(Cu, Zn)y(CO:)(OH), PI¥IAH  {H 1 T2 5 FE 4~
(Cu,Zn)s(CO5),(OH)e & 8/ | H 45 dh AL, 3 3
HOr i ZJ5 1) CuO dbRiAE R, BeJa AL 1) CuO
W IR BE #25 , 5 (Cu, Zn),(CO5) (OH), 43 i 2 )5 11
CuO MYIE JF g 8 S

R4 TERUKER ST B8 ) & B =L 7 H-TPR 24 R

Table 4 H,-TPR analytic results of the catalysts aged for different time under microwave irradiation

Reduction temperature / °C

Relative content / %

Catalyst
Peak 1 Peak 11 Peak 1 Peak 11

MWO0.5 186 203 27.7 72.3

MWI1.0 144 163 69.9 33.1

MW1.5 157 177 67.9 32.1

MW2.0 158 179 62.1 37.9

MW2.5 165 180 56.9 43.1
NMW1.0 148 172 7.8 922

2.8 fEHFIE XPS RIE HEALFA T Cu F Zn 2H 23 It Ak 14 4 2 20 556 R RE B4R

R beJa ALY Cu2py, B9 XPS 15 40K 8(a) BT
N, MEFIL AT Cu2py, 454 REYITE 932~
934 eV, [ B 7 =5 1V 3 940~945 eV A7 5 TL A e
B Cu FEAEAL TR R TH LA Cu B SAFFENS ) 78 1
R S o N S < S f il [ W T S = A
Culps, 454 885010 933.02,933.96,933.75,933.47
F1933.12 eV, e Th i o B 1 el 1 8(b) T, B 41T
M Zn2py, 45 G & 40 5 N 1 022.47,1 021.06,

1021.60,102184,1022.29 eV, JCkAK )5 &, i A

BRAT MR | RAESA e 1 5 FUE Cu0-ZnO
PrEAEH X R T Zn WH G Cu @&, Cu e 4h
JZHLFI Zn M8, MM Cu B HLF = %5 BE /)
P25 A BRI Zn W F % RN, BFE5 S
REI /N 2 W AE SO e 0 250 T | B 5 22 AL [R] 1
MK AT Cu0-Zn0 19 P[] 1E F 2 78 58 )5 728
55, Hod MW1.0 H' CuO-ZnO 413 [R)VE F fc i, 1 %
Be o AL NMW 1.0 1 Cu2ps, Hl Zn2py, 55 BESY
R 93331 A1 1 022.05 eV, Cu2py, Al Zn2py, 454
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Fig.8 XPS spectra of Cu2ps, (a) and Zn2ps, (b) of the catalysts aged for different time under microwave irradiation
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Table 5 XPS analytic data of the catalysts aged for different time under microwave irradiation

Bingding energy / eV

Catalyst ne./nz,
Cu2py, Zn2py,
MWO0.5 1.22 933.02 1022.47
MW1.0 1.76 933.96 1021.06
MW1.5 1.62 933.75 1021.60
MW2.0 1.53 933.47 1021.84
MW2.5 1.37 933.12 1022.29
NMW1.0 1.31 933.31 1022.05
3 ég—' i/l,: [2] Chinchen G C, Denny P J, Jennings J R, et al. Appl. Catal.

FEMEALTI I Z A R b O AR A BT o
AR Zns(CO5),(OH)s T 1 Zn? i B2 ) 32 5 1 i B 4
TSR BER WA ) & i R AR Cu0-ZnO
PR IG5, CuO AfcRiZE /DN TR & 23 =, K
KA CwZnO/ALO; HEALFIE IS IR T2 v B T 1
T M PRI SR S 254 2k 1 h il AR R
143 M FRRUE P R4 | 7F 400 h SRS IR A L H BEPE A
] BHS IBOR KN 318.9 gekg!-h!, -3 2 1% HAYL
H0.11%-d™",  Pe AR 4 5 il 2 0 e £ 7] A PR e g
SBCRIEFE T 10.1%, P RIERFELT 31.2%,
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