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1.1 EeFFHE

et —E wEEIR LY Cu(NO,y), - 3H,0 DA K
Zn(NO,), » 6H,0 F1 AI(NO,), - 9H,0 (Cu : Zn :
Al=6:3: 1) WFEETKY, HBREASEEET
RS BRER L. PEFE T A B 005 e i 4 i A5
RS ENE AW T, IR A WRAEBFEF 80 C K hn
PR B 4 b, DRI R & 8 5 e 2 8 G
AkZL 70 CoRE AWM K 53 75 %, 15 FIA5
VR VA, PV IETABERE 120 °C T4 20 h,
B ZALRRG Y T ¥ TR 2 2 ik
2250 CHy Db, i kA AR, [FIB R
R, BRI e 45 0. I TR 2
RS FRFT IR | BSIRER A AR B AR,
Ptk —2AE 400 CREBE 5 h RIFSAR 5.
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0.6Cu(NO,), - 3H,0 +0.3Zn(NO,), - 6H,0+
0.1A1(NO,); + 9H,0+ mC,H,0, » H,0 + (4. 5m-
2.625)0,—(Cu0), ((Zn0), 5 (AL,O; ) s +1. 05N, +
(4.5+5m)H,0+6mCO,

MG B RRER S AT IR B o0 A S, A B
1 mol CuO-Zn0/AL O, f#{bLFI 7 %L 0. 583 mol [l 7
B, fifg 0, Aifly RECHE. YirERE D> Tk
AR, O, AiREBCHAME, Fomm b a4
JRAE, KRB RRABEFR N “ BRI 5 AT IR IR i
RFAE R e, SRS S 5 RN
PRI B SE 4, BN BRI

FA MR ER A E DT F TR T2t
i PO P, R RR I T e ik st
FuiY 50% | 100% F1 150% , BT i & A A A 77 20 31l 36
714 50-CZA | 100-CZA J% 150-CZA. Rty
Sarbrali, b E 2G4 AL AR A BRA R AE .
1.2 TR

1AL B T AH 25 #4% F Panalytical X’ Pert Pro
R Z i X LA (XRD) 4347, R Cu K, A=
0. 15406 nm, 540 kV, 4 HLT 40 mA. FESLE
AR /IR T Scherrer 242K H S5 3 AT S 04 11 = 1 58
K15, AE Micromeritics 23 H] ASAP 2020 %14 H sh4)
PR B SR VR R BE T N, W2 ook I e
A LR AL (BET) |, MRS S 7E 200 C HA3

AbFE 4 h. H, FE)F IR R SE 5 (H,-TPR) 78 B il
e B T, BT R 628 A AR 1y GC-7890 11
RV AT AU ATt A I 25 (TCD ) A AR S
fEAR & 10 mg, SN V(H,)/V(N,)=5/
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10 °C/min. A AYIE S L 7E JISM-6710F {45
HEAT I H 58 (SEM) SR RAE. R X-BF 4ot +
AEIE (XPS, VG ESCALAB 210) 43 v Ak 0] Y 2 T
A, DL Mg Ka R SGHIEIE. 256 A8 H 5 Yk
Cls (284.6 V) FATRIE, FFHEALTFIbRE L&
Y xt .
1.3 BT AEMR

AR P 35 A 0 A B TR AN 5 0 [ PR U 3
BERGE(AER g @15 mm) FHE T, FRAEL
FIBRE R 0.5 g(HifR 0.90 ~0.45 mm). JZ v 7EMR
4250 °C, £ 3.0 MPa, JFUREHG B A0 L
1 V(H,)/V(CO,)/V(N,)=69/23/8, Fimizs i H
12 000 mL/h + g BB Z50F N 04T, S0 Aij i
ALHIEAE V(H,)/V(N,) = 5/95 IRAHF 280 C
TALFE 6 h, 2555 R 2 R WL 250 °C, B3R D)
R SRS IR RN B4y i S FEAE R TCD
F CO,, CO (5 5K ; PoraPak Q H:AIE K IH
B AR E (FID) BT H R 55 HLA 9 4 2 RS
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IR LR TN PG AR R 140 C L) F. CO, M1k
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b, 15 ZnO Fir 506 fry i 2 FIde AU B =2 T35 /).
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Fig. 1 XRD patterns of CuO-Zn0O/Al,O; prepared

with different amounts of citric acid
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F1150-CZA 1) BET 35 6.9,24.3 4 26.4
m’/g, XFIMFERR /N T F TR, R
O HE R AR N s U i 55 T BOR TAL it
I, FRan P HERTE AR, IF HL AT R i 1
ISR, 3= 1k FIH T CaO F1 ZnO 1) fhkL R
F, IR Scherrer J5 2 Kz CuO i ZnO 775
HRMEER. MR E I, CuO ik
EASEAR /N, 50-CZA FESL B 19,2 nm, 100-CZA
FESHET A 18.2 nm, 150-CZA ££558F 4 18.3 nm. {H
ZnOFR) fiy B0 /N B 10 98020, A5 0-CZAFE i I}

...... JSM-6701F

e 2 PSR AR 46 ) CuO-Zn0/ALO, () SEM

(9 42.0 nm B/NF] 150-CZA B 5 H 27.5 nm. L F
gE LB AL g B, A A R AR fE X
CuO YIAHEEM AR, {AXF ZnO f) ik /N —
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Table 1 Physicochemical properties of CuO-ZnO/Al, O,

prepared with different amounts of citric acid

Surface area

CuO crystallite
Catalysts

Zn0 crystallite

/(m* - g™") size/nm size/nm
50-CZA 6.9 19.2 42.0
100-CZA 24.3 18.2 31.3
150-CZA 26.4 18.3 27.5

CuO and ZnO crystallite size from XRD data using Scherrer

equation
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Fig. 2 SEM micrographs of CuO-Zn0/Al, O, prepared with different amounts of citric acid
(a)50-CZA  (b) 100-CZA (c)150-CZA
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2.2 BUFIBIEE AL

SR B JF (H,-TPR ) 5236 45 R 40 4] 3
Jran, 3 FPAS () S 0 A A I i) % 1) 4 Ak ) 38 A
130 ~285 °C {3l B Vi Bl N ik . TPR £k 2 31
— N TE RIS | O 1% 3 I 3 i Sk T e BT
Sy o« FI B 5. Bl Zn0 Fl AL O, 16 IR BTG
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A0 CuO 138 i, AR (o 06) S 2 1HT 55 BE 20 HK
[ CuO W J50T. 3 2 B T TR S50 G
WR R RR T 75 AL, o W IR S AL R K, B TE
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MR B A ol 239 °C, T 50-CZA A1 150-CZA 1)U
IRARE 244 °C, BERAMAFPREIR Y A B 5 T2
O, PRAR Y CuO B 25 5§ i 5. 3 Fl CuO-
Zn0/AL O, KEGH Y CuO I J5UE I BE G /)N T3 11 4%
CuO ) 38 J5 I 38 B 300 C12°0 ) X 45 ] ZnO Al
ALO; BRI RAEHE T CuO MR JE. b, 32
ST oo W 14 TG R B 11 IS 56 TR AR o B 11
OB, AR ASEI S R e P 4 Tk 2 i Foqf
IR F IR A 64. 8% , BLITIL IR &5 40 A CuO £ &
e, X5 SEM 553 —%. 1A, 455 Sherrer 4
A HE A CuO Fl ZnO FUkL R, W B4R CuO I
iR SFASE AR K, AR ZnO ik R - A5 B A5 4k, A
M5 CuO 5UHE AR AT 23 2% A A8, 36 T 5% 0
FIA CuO B RFOR G FET, 1 o2 1L )58
UL TR AR 25 S S PR 2 —.
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Consumption of H,/(a.u.)

100 150 200 250 300 350
Temperature/°C

Pl 3 AR A 4 1) CuO-ZnO/AL 05 1) H,-TPR
Fig.3 H,-TPR profiles of CuO-Zn0O/Al, O, prepared with

different amounts of citric acid

R 2 BUFEERIERERIERIEZE TPR B
B S E AR EL 1
Table 2 Temperatures of reduction peaks and their

contributions to the TPR prefiles over catalysts

Catalysts Ta /C TR /C Ao/(Aa+AB)/%
50-CZA 223 244 28.1
100-CZA 222 239 64.8
150-CZA 223 244 57.7

A, and A, represent the areas of o and B peaks, respec-

tively

2.3 ILFIH XPS 5347

Cu 2p 1) XPS RN E 4 Fros. Frimlistig 3 4
AL Cu 2p,, MZEERELIN 934 eV, [FII7E
i3 940 ~ 945 eV A5k DR B, FW Cu 76
IR Co™ B AF7E . L] 100-CZA,
150-CZA 1 50-CZA ' Cu 2p,, 454 RE4) ) 2
933.9, 933.7 f1933.4 eV, LB T L7 Cu 9
Fi I Ak () e RS AL 3R b8 K A T As. Xt
F CuO-ZnO VR M Fl S 3L A e A ™, 5 4
L5 TPR Z5 AV £

(a) Cu2py),

150-CZA

100-CZA

933.4

Intensity/ (a.u.)

50-CZA

930 940 950 960

Binding energy /eV

Kl 4 HEALHIY Cu 2py, B XPS JE[E
Fig. 4 XPS spectra of Cu 2p;,, of catalysts

F3 G T 3 FMEALTIA LT Cu PRI Zn 4
Fofr v AL T AR5 2 i AR PR A I 1 R X TR
AT R A H T Cu/Zn Ho. FE 4 AT LIE H, il
A b By T AL, 50-CZA 1Y Cu/Zn HAR 6t
i, HA XN 2 1 Cu, HUOE 100-CZA, ek r) 2
150-CZA , {HAIHEA 1t 2 AU CHE, IS &
B 100-CZA (21 Cu/Zn i K.
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&3 FEFERBAEH &H Cu0-ZnO/ARO3 () XPS i
Table 3 XPS datas of CuO-ZnO/Al, O, prepared with
different amounts of citric acid

Area of Cu 2p Area of Zn 2p

Catalysts Cu/Zn
P N P N

50-CZA 113899 0.12 151519.7 0.22 0.55
100-CZA 42534.1 0.04 63091.9 0.09 0.44
150-CZA 85731.2 0.09 165297.2 0.24 0.38

2.4 EEF OB EREINRE

AR AN U A A AN CEIORL [ E PR
S e B B HEAT, HUREFD CO J& 21 & k™ W),
WAAR R DR CH,. ARG PR3 4 Fros,
100-CZA HA T CO, #6464, 50-CZA HA e
(1 PP P T LR S ) LA T B A7) L
P A A o e K S 50-CZA 3 138 BH gl B0 1 7
A REE AL B BB, L 50-CZA 2 dwi, X

5 XPS 51 W& BT 3 ANk By H 2R AR
[, JIT AR B4 Hsf [ A7 Jof A A 79 b R e ) A
BT &, 100-CZA K, 150-CZA & 2., ifi 50-
CZA 1) CO, %Ak 5 1 B A B[] B 7 2 A AL ) |
FE R 1 A A R IR IS, X BB A R R B 5 T
SR T A T LR, A bR B A T AR A
K, ARUNSRAF R FH BN F Aot b, R
(AL TG A W Gt AR IR

% 4 T RE P8 5% ) Cu0-ZnO/ALO, KM IEAE
Table 4 Catalytic properties of CuO-ZnO/Al, O, prepared with different amounts of citric acid

Conversion of CO, Selectivity of CH,;OH

Catalysts

Yield of CH,OH

STY of CH,OH STY of CH,OH

/% /% /% /(mg-m? g - h") /(mg-g'-hH)
50-CZA 7.2 68.2 4.9 28.4 196
100-CZA 13.7 61.2 8.4 13.7 333
150-CZA 12.5 61.6 7.7 11.5 304
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Fig.5 Variation of CO, conversion and methanol selectivity

with reaction time over 100-CZA catalyst.
(Reaction conditions: T=250 C, P=3.0 MPa,
SV=12 000 mL/h - g_..)
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Preparation of CuO-Zn0O/Al, O, by Sol-gel Auto-combustion
Method and Its Catalytic Property for Methanol Synthesis
from CO, Hydrogenation

KONG Xiu-qin' *, TANG Xing-jiang "**, XU Shan’* , WANG Xiao-lai *
(1. College of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;

2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract; Various CuO-Zn0/Al, O, catalysts have been synthesized by citric acid sol-gel auto-combustion method

and their performances for methanol synthesis from CO, hydrogenation have been investigated. The effects of citric

acid /nitrate ratio on physicochemical, morphologies and catalytic properties were studied by BET, XRD, SEM,

XPS and H,-TPR. Catalytic activities of the prepared catalysts for methanol synthesis were tested in fixed-bed flow

reactor. The results indicated that when 100% of stoichiometric amount of citric acid was used, the CuO-ZnO/

Al,O; catalyst exhibited an optimum catalytic behavior. The catalyst showed relatively smaller particle size, higher

surface area and more uniform Cu dispersion.

Key words :sol-gel auto-combustion; citric acid; Cu0-Zn0/Al,0O,; CO, hydrogenation; methanol



