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Effect of Cerium Addition on the Catalytic Performance of Cu-Fe/SiO,
for the Synthesis of Lower Alcohols from Syngas

MAO Dong-Sen’ GUO Qiang-Sheng YU Jun HAN Lu-Peng LU Guan-Zhong
(Research Institute of Applied Catalysis, School of Chemical and Environmental Engineering,
Shanghai Institute of Technology, Shanghai 200235, P. R. China)

Abstract: A series of Ce-Cu-Fe/SiO, catalysts with different Ce contents (mole fraction relative to SiO,,
0-20%) were prepared by co-impregnation and their catalytic performances for CO hydrogenation to lower
alcohols were investigated using a continuous flow fixed bed micro-reactor. These catalysts were
characterized by X-ray diffraction (XRD), N:-adsorption, temperature-programmed reduction of H.
(H=-TPR), Fourier transform infrared of CO adsorption (CO-FTIR), and temperature-programmed
desorption of CO (CO-TPD). The results showed that the addition of an appropriate amount of Ce
decreased the Cu crystal size and promoted the dispersion of Cu, which greatly increased the amount of
adsorbed CO. Additionally, the interaction of doped Ce with Cu increased the associative and dissociate
adsorption capacity of CO, which is favorable for the formation of CH, and the insertion reaction of
adsorbed CO to CH,. Both the activity and alcohol selectivity of the Cu-Fe/SiO. catalyst increased under
the combined effect of the above-mentioned two aspects. At a Ce content of 10%, the space time yield of
lower alcohols improved from 58.0 g - kg™ - h™ over the Cu-Fe/SiO, catalyst to 121.0 g- kg™ h™" over the
Ce-Cu-Fe/SiO, catalyst at 250 °C, a pressure of 3.0 MPa, a H,/CO molar ratio of 2, and gas hourly space
velocity of 6000 mL-g™"-h™".
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Fig.1 XRD patterns of Ce-Cu-Fe/SiO, catalysts with
different Ce contents (x)
x(mole fraction of Ce relative to SiO.): (a) 0, (b) 2%, (c) 5%,

(d) 10%, (e) 20%
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Fig.2 XRD patterns of Ce-Cu-Fe/SiO, catalysts with
different Ce contents after in situ reduction
x: (a) 0, (b) 2%, (c) 5%, (d) 10%, (e) 20%
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Table 1 Specific surface area (Sger), pore volume (V3,),
pore diameter (D,), and Cu crystallite size (dc.) of the
Ce-Cu-Fe/SiO, catalysts

Sample Seer/(m*+ g™ V/(em’+g™") Dy/nm  de/nm
Cu-Fe/SiO, 236.4 0.75 12.1 16.4
Ce(2%)-Cu-Fe/SiOs 261.9 0.68 104 95
Ce(5%)-Cu-Fe/SiO, 257.6 0.66 10.2 6.7
Ce(10%)-Cu-Fe/SiO, 2324 0.56 9.6 5.9
Ce(20%)-Cu-Fe/SiO, 195.5 0.45 9.2 4.3
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RIFLARIA I, 1 ELBES Ce 55 B (1N W8 i S 80 1
B/ 1A, XS BT N CeO, 7 15 7E SiO;
O TRIF TTR 35 2350 4 L3 T 3 F .
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Fig.3 H,-TPR curves of Ce-Cu-Fe/SiO, catalysts with
different Ce contents
x: (2) 0, (b) 2%, () 5%, (d) 10%, (¢) 20%
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Fig.4 FT-IR spectra of CO adsorbed on Ce-Cu-Fe/SiO,
catalysts with different Ce contents
x: (a) 0, (b) 2%, (c) 5%, (d) 10%, (¢) 20%
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Fig.5 CO-TPD curves of the Ce-Cu-Fe/SiO; catalysts with
different Ce contents
(A) CO, (B) CO; x: (a) 0, (b) 10%, (c) 20%
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2CO+2-OH—2CO,+H, )
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3% Ce, 18K FH AL PTE 14 4% Cu-Co 1L ) CO
Al 1 12.4%BR A% & 9.5%, 1H 8% [ 1 45 7= % iy
92.4 g-kg™'-h B4 169.1 g-kg™'-h'; 1M HAE
RESS = )h QIR REE H 27.7% 58 5 %8 34.1%,

i 1) 32 % 11 DU El 52.6% B#AIK 22 48.6%. Slaa 55 * [{1Hiff
L R, SRR 505 I P Ce fff Cu/ZnO/ALO;
THEA TR D R I 228 P 2 I 5 PRI, T HR e A C O, 1%
PEVE W35 T, AH Ce (1393 0 (A X (CutZn+ A )
JEE IR S3H0 K 0.35%, 3.46%H16.92%) WAk 71 (35 P
KA B R . IR Ce Xt Cu 2 AL 7
B AR BE T 8 7 2B TR A [R) 52 Wi ] 8 2 bl A AL 771
(VL RN ) £ 5 AN R BT 5 RS 1.

1 CO DAL AR B 28 2 Ja 5 1) s AL 28 T 44,
W B 1) CO B S i 25 1% C, AR5 NG 2E i 2R Fn g2k
()L () ) 44 CHL,. i TR A B 322 I & T 45 21 4
F7H \ CO ] 2 B2 1) T 9K 44 CHLCO, 5 & 15
P WL, U B A P A 44 CHL P FE4 N CHL I % 2E 1
B, o AR B kR 2K k] W,
fHE A0 750 2% THT L AT 48 1) CO ¥R % 5l % 22 1) CO 4
N AT A2 4 v A7) s I v A R4S 30 B 1Pk 11
Sk 72 e Ab, T Cu-Fe JEAE AL 71, — A A CO
(4 i B W B 7 Fe L3EAT, 1T CO (AR 25 Bt E Cu
HEAT P (HANHERRAE Cu b & BT CO IR B W
B

Bt IR AN A Ce 55 & 1F) Ce-Cu-Fe/SiO. fi AL 51 )
FAE G5 B 5 T e ARSI RT %11, B N TG 1) Ce
T TR 5 T A — 7T, Ce RERE AT 25 b 00
AT & LR R K5 e B BE CuO (W 2R A, #107] CuO
fBL I AE K (B 1), 445 CuO 528 5 138 . (11 3), A
e s TS 4L 2 Cu i 20 % (1 2 R 1), i Ak,
Cu7r B &, 3500 T Cu 5 CO W42 fk T #1, 3k
A ) T 5 22 1 CO PR BR A A4 751 110 25 1 (1 4 Fn 1]
5). J—J7 i, Ce fig % 15 Cu 7= A= 55 53 (1) A T AE H,
XA HAE AU R T CO I EAR =5 e b, $2
fEALFIZR T CO [P E (B 5(A)), 1 HL g% {2 i3t CO
7 il 45 F T IR 2 (B 5(B)). 8 ik vy U7 i ) 3%
AR I, A A 731 2 T [ IR A7 0 22 1 A FE 0 1)

2 A[E Ce-Cu-Fe/SiO, L7 B CO IS S RL 14 BE
Table 2 Performance of different Ce-Cu-Fe/SiO, catalysts for CO hydrogenation reaction

. Selectivity/% Alcohol distribution/%

Catalyst CO conversion/% STYrow/(g kg™ +h™')
CO, CH." ROH® CH;OH C,.OH

Cu-Fe/SiO, 9.9 9.9 62.6 27.6 58.0 72.2 27.8
Ce(2%)-Cu-Fe/SiO, 11.0 7.2 57.6 35.2 81.3 61.8 38.2
Ce(5%)-Cu-Fe/SiO, 11.8 8.3 54.3 38.0 95.6 66.1 339
Ce(10%)-Cu-Fe/SiO, 15.0 8.9 53.7 40.2 121.0 71.3 28.7
Ce(20%)-Cu-Fe/SiO, 4.9 7.2 56.2 36.6 40.0 81.0 19.0

reaction conditions: m(catalyst)=0.30 g, m(Si0,)=0.6 g, p=3.0 MPa, flow rate=30 mL-min™" (V(H.)/V/(CO)=2), =250 °C;
‘CH. represents hydrocarbons; * ROH represents alcohols; ¢ STY xou represents space time yield of alcohols.
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CO FfE B 1) C, AL HE T CH. 1 2E 1L, 1M HA7 F)
T CHH N CO [ 5B, AT [ 2 5 17 5 (1375
PERVEE ) 3L £ 2. SEAb, 18 3 XF Ce-Cu-Fe/SiO, i fL.
FVLH RS FIH) 2% 7V IR ik, A7 Bk — 0 4 v HL AL
CO I BRI S5 IV (1335 1 R I () P

4 4 &

VS NI 5 1) Ce 1 f2 2 4% =1 Cu-Fe/SiO. fiE X CO
IS AR B B . 1R 5 M R 38 PE. Ce 55 500
Ce-Cu-Fe/SiOn i 14 711 I R A0 E REAT S 25 (1) 5 M), >4
Ce 5 49 10% I, A 770 RT3 2 T2 110 3 36 2 0 i
[ I 25 77 2 3408 B e A 4H. Ce BIFR IN#E 5 T Cu-Fe/
SiO: fiE A PR BE (W B R, 22U 45T Ce BEAE 4 51 Cu
(15> BURE, A R T CO BB IRl Ce 55 Cu 2 1] (1)
FHEAE AR CO [P fife 25 F0 A fife 2 W B, (23 T
HH R A CHL P AR BRI Bt CO 7E CHL A 4G MY
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