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Methanol Synthesis from CO, Hydrogenation over Supported CuO/TiO, Catalysts
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LU Guan-Zhong
(Research Institute of Applied Catalysis, School of Chemical and Environmental Engineering, Shanghai Institute
of Technology, Shanghai 201418, China)

Abstract: CuO/TiO, catalysts were prepared by the impregnation method and used for methanol synthesis from
CO, hydrogenation. The influences of Cu loading amount on the properties of CuO/TiO, were investigated, and the
relationship between the physicochemical and catalytic properties was discussed. The results show that the copper
surface area increases first and then decreases with increasing Cu loading amount, and a maximum is obtained as
Cu loading amount is 10% (w/w). Moreover, with the increase in Cu loading, the amount of basic sites decreases
continuously accompanied by a decline in the strength of the medium and strong basic sites. For catalysts with
Cu loading of no more than 10%, the CO, conversion increase linearly with the increase in the copper surface
area. The methanol selectivity is related to the surface basicity, and an excessive basicity leads to a decrease in

methanol selectivity.

Keywords: CuO/TiO,; loading amount; copper surface area; basicity; CO, hydrogenation; methanol

KA ZE A (CO) R ER BT T84k Mg NE iy ESE L, i R R RGH
ARSI R A, CO, AR S P g AT e Olah #2111 T “HEEZ T &R, 23K E %K co, M
A CO, BYHERC ST A5 207 3 AR IR B B A SR EE R R AL T E AR vk B dE S JF T 2011
& CO, AP R 22 ) BT X A HRIF Rz B,

e H H 191 .2016-04-20, HCIEECRT H 111 .2016-06-29

TR H (No.13YZ117) , BT RN B AR 5L 42 (No.13ZR 1441200) Al FE 22 H A8 B2 342 (N0.21273150,21502116)

SEAEEBEA N, E-mail : guoxiaoming@sit.edu.cn; dsmao@sit.edu.cn




1406 Jd Hl fk

#o% 4R %32 %

PERE KA i A 70 2 S B CO, in & I
N SCEE R R B2 DL 700, VE 2k A B B 51
14 A S A 0 R 2 B0 B R AP 19 CO, b i & AR
TiO, 5 Zr0, [F IV B T % 1 Sk, M B o+
o1, Bt 34Tk TiO, 38 s g 1 1 ) S5 A Ak 751
FURZ B AT, Zhang FLEE T B Si0,,
TiO, F1 Si0,-TiO, X} CuO-ZnO-ALO; i 1L 5 1Y 52 M |
BB A A NN T CuO WY EUE, b Em
Si0,-TiO, Wy fE A 7 R B B i i AL VERE . T4
FEMILE Cu0-Zn0/Zr0, TR TiO,, & ik & TiO,
IR S S AR R A EAE R AR TR L
MR, TR S T CO, B %% AL A3 H T B e 1k
Xiao % FE CuO-ZnO £ & 51 A Ti0,.Zr0,
Ti0,-Zr0, B & AW, 45 R 7R | Ti0, . Zr0, 3 TiO,-
Zr0, MBI ARNEIEE T CuO WA EUE B3 Co,
W B N 2l 1 A PR BE IR A ST AR SR
HPPELTIA Ti0,, HIBAEEE 400 =4 /s U2
AR 2 T % 52 Tio, MFE . Bando 5519R H
BB T ALO,.Si0, Fil TiO, (P25) it 2k 1% i ik
AT, R Cu/TiO, AR b5 nl P st i) 431 32 5
e K (TOF) a1 o, A AT D 57 £L A0 4 AR X6 s )i e 1]
FEPN AT TR R A A Ak R ) 2 1 Re
TFRAFETT

IR R A T 53 F i 7K - B
N [ S T i B R R s A @ VA B L R e
L, S SCR FH BT Tl 28 1 00 48080 137 B — 4 43
CuO/TiO, AT K L T CO, & HY B S,
TN AT A B 28 X A 7 2 T Bk S PR R L
O Y Lo R AN R TR 52 | A SR
N LT T Witk a5 A R Z M DG 2R

1 SEWHES

1.1 EEFIEE &

CuO/TiO, HEAH R HI SRR i vk il 45 . HAK
ABRANTT . 42 I A B i C i — 8 W Y Cu(NOs),
WA B4 20 A Tio, T IRG A, =il TR B
6 h,7E 110 CHYREF b T4 %, 15T 400 CHY
Dl b k56 4 h, £33 CuO/TiO, HEALF i 1) 17 3%
BT R 1% 4% 1% 10% 1 15% (4 J& il A X T
AR TiO, W it @ 040, kR W BT 4 1
RS R x%CT, o xR & &, M
4fi CuO BIA 1 Cu(NOs), TE 500 CH5 e 53 ik #45

R T AR 38 Ry A M 4| & 4T M Tio, T A

Aladdin fA 3500 A FRA ) HAay R W B 2 48
2R A BR A ]
1.2 EUFIHRE

R B AR 5 R 0 5 A AT =2 A AR D AR
i) PW3040/60X Pert PRO %! £ it X S 4 i1 S I+
AT AR ST Cu Ka HP4R  Ni BB, TAEHLUE
40 kV, TAEHLI K 40 mA 260 H4 /1 JEh 20°0~60°,
HHEH N 4°-min™',

ALY BET L2 10 76 38 B &2 50 28 /) A4E 77 1Y
ASAP2020 M+C %4 Z Ty g W B4 1 >R F N, W jff v
WA, IR fE 1R R 7R 200 CEAE B 10 b,

K H NLO B0 5 15 I 7 28340 D5 A Ak 3R
G )8 Cu MRIED, 56 4 200 mg (94 Ak ) 78
300 C . HyHe WA TR 5 1 h, 285 He S IF
BHE 60 C, U E] 1% N,0/He 1R A<M
5380, BT A (OmniStar 200)ic 542 B N, (55

AR TR 1 2 T S B e R AR T X SR
JGH F RE IS (ESCALAB 250Xi) Wl & , LI Al Ke
(1486.6 V) WML IR A HELL C15(284.6 e V)ELHE,

AT THR A R (H,-TPR) S g0 78 A @4 &
HEAT , MEAL I 30 mg, i FAH 10% 1 HYN,
RAWRGE , B 7S E R 50 mL-min™, FH
BN 5 C-min™, T I 45 (TCD) A I #E &
i, RN A A 5 A G3F LABR 25 SO H AR
K,

ALY CO, B P THIER BB X (CO-TPD)1E
H ke B EHEAT , FH SRS A (OmniStar 200) 46 0 i B
SMAE S L FRIC100 mg AEALF 7 300 CH 109% (14
H %0 1 HYN, IR G 1 h, He WP 2
50 °C, fE IR T B CO, (30 mL-min™)1 h, # 1]
He (30 mL-min™) X 2 B 4EF 2R LA 5 C-min™
1 THR R THE 2 550 °C., CO, BB R CO,
ik ks S i 1k 7 2 IET B4 B 7 B X I CO, Y
JIE B 5
1.3 EALFIBIESH

FHEAR R I 0 T A 0 0 AR B8 T 52 R 3 30 S i
PeE AT RS A NAE R 5 mm KR 300 mm
WIANEE B R HT AL R SE7E 10% 9 HyYN, 1R &
T 300 CHUA S 3 h, SRJE & HIE SN A
SR 2 BB R (o gy =1:3), M THEZE 3.0
MPa, S 4 FAAH 655 1 (6820, Agilent)iff 17 7E
A, B4y T I S sE A A1 TCD HF €0,.CO 4>
25 K | Porapak Q A &L K A B A0S I £ (FID)



%8

XA . 5 CuO/TiO, HEALFIAEAL CO, In (i T s 1407

FH T H B 255 L 16 53 B RV Ay sl B S 0 7 )
VR BE , SN i 122 (0 AS R 11 22 ) 1 3 4
FM#AAT PAE 2 140 CUA L AR Bir I 5 1) 2 1 R
AP oA, DURIE 7Y B 5115 Co,
(R AL 2R ) v % W B ) e R TR A I
Xeo, = 2 (np,)/ [pC()z,outlet-I—z(npi)]
Sewon = Penon | X (np,)
Ao py RO R A I E R R o3 e o AR
e A s TR H

2 HR5TR

21 EAFBERIREHER

K1 &2 Tio, Ak & CuO/Tio, fiE 46 5] B9 XRD
Bl 7E 20 4 27.4°, 36.1°, 41.3°, 54.4° ] 56.7°4b AT
S0 Sy 4 21 A1 FH TiO, W RFAE AT 51 18 (JCPDS No.21-
1276), 534K Ti0, # H 5, CuO/Ti0, AL TiO,
AT B D 7 VA R A B | (S 5 B BT DL/ | i
Uk BH A 1Y 1 3R A IR Tio, W RSS20
35.6°F11 38.8°HY A7 i W X ¥ CuO 194 AH(JCPDS 80-
1268), 440 (1) 17 4 it BRI 1A CuO BYAT 04
B, R CuO = B2 3 BT U4 Ti0, MR T, S8 1Y
IR E] 7%, CuO AT ST IETF b 3, HOH R
Wit A 7 A 1 1 — 2D B I 3 R X B R CuO 1
GBS AR,

TiO, AR K CuO/TiO, fEALF Y BET L2 18 2
W FroR Bl T B T AR BET

® CuO
4 A TiO, (rutile)
15%CT A " ! A ;; A
10%CT “ ',J\ ~ A AL

et )\ Ao, A
4%CT A N, A
19%CT A oo A

Tio, L IJ\ | An o

T T T
20 30 40 50 60
20/ ()

Bl ORIEM & Cu/Tio, A 1 XRD K
Fig.1 XRD patterns of Cu/TiO, catalysts with different
Cu contents
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Table 1 Physicochemical properties of Cu/TiO, catalysts with different Cu contents

Relative surface concentration of metal / %(atomic percent)”

Catalyst Sper / (-7 Seu / (m*+g) Do, | %"
Cu Ti
Ti0, 46 - - - -
1%CT 40 1.05 16.3 9.8 (1.3) 90.2 (98.7)°
49%CT 38 1.52 6.1 10.9 (5.0) 89.1 (95.0)
7%CT 33 1.75 4.1 12.2 (8.8) 87.8 (912)
10%CT 2 1.82 3.1 133 (12.6) 86.7 (87.4)
15%CT 30 1.66 2.0 17.1 (18.9) 82.9 81.1)

*De=exposed copper atoms/total copper atoms; * Determined by XPS method; © The values in parenthesis are nominal fraction of metal.
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Fig.2 XPS spectra of CuO/TiO, catalysts with different CuO loadings: (A) Cu2p core electrons and (B) Ti2p core electrons

AIHE TN, Cu 455 BB WG K X Wl FE S CuO 2%
HEHMEEALT CuO 7 Ti0, LMoy, HIgs T
CuO 5 TiO, Z MM EAEFH |, PIMiZs & Re & Wi K,
LT 942.5 eV AL MITEIE B Culps, HIHE b AF0E
X2 R Cu J& LA Cu I A AED ) A A5
Ti2ps, 1 Ti2p,, 35 AN 2(B), M1 B AT UL, CuO 1Y
TR X Tiv 25 G Aesg i e, FLR R v e
CuO-Ti0, Z 8] i AH B AR HI 5 B0 v 4 w3 X5 Tit N
JEH RS AN B DR A RE B B A
b, HXPS B 1A Ak ) 2 14 T A X R SR 1
Fin . M Cu W07 B BN | F I Cu A AHXT 5 i
B T HELS WS N B Cu M5 2R a3 | T
Cu PAE X 2 i fa [ B U
2.3 BUAFIAIEFEEEE

CuO/TiO, HEfb 7 & AE f 2 19 CuO ¥ K 19 H,-
TPR M W&l 3 Bros A R il 34 S 0 — A i D0
W, CuO i T4 T BE 8 5 AR 52 B CuO 43 5B 19 K
JIN I T U U B R R 4 BB /NP TR AT D A D
W TR R i A e 6 A S A RS I i T, R W CuO B 43
FURE B AL/ AR R XS XRD 45 R A — 3,
MAE A 19%CT 2 15%CT, 340 Ji s 17 AR A 386 K ) 5 2
A5 AR T CuO B i i3 N ¢, AW TH
FERIT IS T CuO HELS gk a . SIEREM CuO
(A SRV B R 24 R 285 °C) AH EE, CuO/TiO, ' CuO
P14 30 5T DA T B R RS FAAI 3 Ml AL 485 F 1 ) T PR 3%
— K TIO, X CuO BB T B ER, BEIRT
CuO B fb R RS DT R AR O J R B2 — 72 CuO/
TiO, AL T CuO 58 Z M AAAEAE BAE T {2 F
T CuO 3R J5ien

.
)
.
.
:
.
c 15%CT
g
.
! 10%CT

./ \CuO

d g

1 " \

[ gy 7%CT

7 v

1 ,’ 1
' / " 4%CT
' v v
| ,

A 1%CT
7

T T T T T
100 150 200 250 300 350 400
Temperature / 'C

K3 A Cu/Tio, #EAL TS H-TPR
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Table 2 Temperature range of CO, desorption (°C) and the number of basic sites over Cu/TiO, catalysts

Temperature range of CO, desorption / °C and the number of basic sites / (umol -g™)

Catalysts
Low-temperature region High-temperature region
1%CT 52~152 and 2.95 285~540 and 16.9
49%CT 53~148 and 2.87 270~485 and 9.83
7%CT 54~151 and 2.18 265~445 and 4.00
10%CT 53~152 and 1.83 255~425 and 3.83
15%CT 52~151 and 1.65 255~420 and 2.58
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Table 3 Catalytic property for hydrogenation of CO, to methanol over Cu/TiO, catalysts with different Cu contents

Catalyst CO, conversion / % CH;0H selectivity / % CO selectivity / % CH;OH yield / %
1%CT 0.82 57.8 422 047
49%CT 1.77 77.0 23.0 1.36
79%CT 1.95 78.7 213 1.53
10%CT 1.97 79.9 20.1 1.57
15%CT 1.28 77.8 222 1.00

Reaction conditions: ny /neo, =3, T=220 °C, P=3.0 MPa, GHSV=4 800 h
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Fig.6  Effects of temperature on conversion of CO,
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