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Effect of Zr on CuO/ZnO/Al,O; Precursor Composition, Structure and
Catalysis for Methanol Synthesis
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Abstract: Zr was introduced in the preparation of CuO/ZnO/AlO; catalyst precursor by co-precipitation. The
precursors composition, catalyst structure and catalytic activity were investigated at the precipitation temperature.
The precursors and catalysts were characterized by XRD, DTG, TPR, FTIR, XPS, HR-TEM and CO-TPD. The results
show that the precursor with Zr has more(Cu, Zn)s(CO;),(OH)s phase. The calcined catalyst with Zr has better CuO-
Zn0 synergy, smaller CuO crystal particle, more adsorption ability of CO and lower reduction temperature, resulting
in better activity and stability for slurry methanol synthesis. In contrast to CuO/Zn0/Al,O; catalyst, the CuO/Zn0O/
AL, 0y/Zr0, catalyst precipitated at 80 °C exhibits that space time yield(STY) raises by 8.67% and deactivation rate
declines by 65.12%.
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Table 1 Effects of precipitation temperature on catalytic performance

Catalyst STY / (g-kg'-h™) Deactivation rate / (%-d™)" Selectivity for methanol / %
C4-60 234.41 0.40 99.22
Cs70 241.29 0.11 99.38
C,-80 305.00 0.15 99.49
C,90 294.64 0.20 99.36

Cs100 273.51 0.30 99.31
Cs-70 280.67 0.43 99.32
C5-80 265.88 0.55 99.21

‘Reaction conditions: 240 °C, 4.0 MPa, Vi, Vo : V,+V =21, 1620 L-kg™-h™, 750 r*min™;

"Deactivation rate is the percentage of catalyst activity loss per day divided by the initial activity
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Fig.1 XRD patterns of different catalyst precursors
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Fig.2 FTIR spectra of different catalyst precursors
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Fig.3 DTG curves of different catalyst precursors
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Table 2 Analytic results of the CuO crystal(20~38.6°) in the catalysts
Catalyst 26/ (°) FWHM / (°) Max Height / (counts+s™) Average diameter / nm
Cs~60 38.57 1.36 121.12 6.12
C~70 38.57 1.62 118.23 5.15
C,~80 38.62 1.99 84.49 4.18
C,~90 38.58 1.77 90.92 4.71
Cs~100 38.61 1.59 114.03 5.24
Cs=70 38.56 1.65 116.87 5.05
C5-80 38.60 1.54 121.09 5.71
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Fig.5 HR-TEM patterns of different catalysts

&l 5

H 2 iT I C-70 F1 C5-80 FY &t kKL A% 3 il 35
) 5.05 1 5.71 nm, ICHELF] C,-80 1 C,-90 H =
JCAEAL T C-70 F1 C5-80 HLAT B /NI CuO fbkL, 1]
WA Zr 447 EEARE Co B Zn2+A: Y 25 A 2
W K5 B oy i Ja A B I 1 CuO-ZnO [ 44 | [A] i)
BT ZrO, 19HE i P VR i 45 [ 375 44 o 4 5 8] By
[FIVEFH SR RN 20=31.9° 35.8°F1 38.5° = Ab At
SFPUE AR B B L e gz
2.6 fELFIA XPS RIE

AN AL U0 B B ol 45 Ak 700 1 XPS 1% L An il 6
Jiow  HAEAR s L3R 3, WKl 6 AT AR C,-8
0.C90 Fl C5-70 #B7E 932~933 eV Z[H H B Cu2ps,
F U (R AE = AL 939~944 eV A 5 T8 A A i
L, 2 AR FE A AL R 1 DL Cu B SUAETE L C-80

1 C,-90 7 182 eV FHiT Hi Bl Zi3ds, 1, F WU T
AL Zr LA Zet I A AE 3% 3 AT UL C-
80.C,-90 FI C5-70 M9 Culps, 4 4 BE 4 51 K 9329
932.7 1 932.3 eV MRIKFEAK ; = 1Y Zn2p, &5 A fE
432 1021.3.1021.5 A1 1021.7 eV, KK T+ ;I
H. C,-80 Al C-90 8 Culpy, MK A AR FRTEAL
A UL ZrO, 51 AL Cu A1 Zn 4153 BT AL 11
fh2E R MaE EOR S & A T8k, 700, PURFIR L
AR 8 Y e 48 R 57 FT IR AR CP,-80 AT CP,-90 Kif
B L CuO-ZnO [V 1A v il B ] B3 7] 4 F B Jon
SR F A AR B B R AL T s
WS T A BRI K RIS Y L T 2
K FEE A BEWU/N2 540 | 7 21 53t 42 {4 4L
FNFT X /X5 HEK



1250 P A %20 &
a b
Cupsn 932.9 / \ Zn2p;, (‘f\"‘
/o A 10213 | |
— T NN 80 /\ N
£ Ter ) AN -~ / N\ ceso /NN
G [\ T El T /1 N\
z - /A ) T s |
§ I~ - \"// / \‘\\ Cr90 ? / \\ C,-90 /l N
= 9323 /| e | e DA BN
o /o E A MR I / |\ T
™ / \ /\ [\
~ N\ \ / N\ oo I\
N CP.-70 A M A A / \_
D T W
950 945 940 935 930 925 920 1050 1045 1040 1035 1030 1025 1020 1015
Binding energy / eV Binding energy / eV
Pl 6 AR ULTE I B 1 w4 AL 0 19 XPS 3% 4
Fig.6  XPS spectra of different catalysts
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Table 3 XPS analysis of different catalysts
Surface Atom / % FWHM / eV Eb(Cu2ps)/  Eb(Zn2ps) / Eb(Zr3ds,) /
Catalyst Xe! X
Cu 7Zn 7r (Cu2psn) eV eV eV
C,4-80 12.6 8.75 1.8 1.44 33 932.9 1021.3 182.0
C490 12.6 9.0 1.9 1.40 3.1 932.7 1021.5 182.2
G570 12.6 9.6 1.31 2.8 932.3 1021.7
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Fig.7 HyTPR profiles(a) and gaussian fitting figures(b) of different catalysts
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