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Bt Fe/Cu JBE /R LU ff 120 7 488 i 2 I 0 ) A5 Ak Ea %, 24 Fe/Cu B /R L3 in 31 30/20 i), Cu-Fe 2 WU FLA A AL
FIH) CO HEALZ 1IN %] 46 %, (R RRME A2 R 3 %1 0.21 g-mL™"-h™", C..OH/CH;OH Jit & Eb ik £ 1.96.
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Structure and Performance of Cu-Fe Bimodal Support for Higher
Alcohol Syntheses

LIU Jian-Guo'? DING Ming-Yue' WANG Tie-Jun'” MA Long-Long'
('Key Laboratory of Renewable Energy and Natural Gas Hydrate, Chinese Academy of Sciences, Guangzhou 510640, P. R. China,
*Graduate University of Chinese Academy of Sciences, Beijing 100049, P. R. China)

Abstract: Copper-iron modified bimodal support (M) with different mass fractions of Cu and Fe elements
were prepared by an ultrasonic impregnation method. The catalytic performance for higher alcohol
syntheses (HAS) was investigated in a fixed-bed flow reactor. Several techniques, including N, physical
adsorption, temperature-programmed reduction/desorption of hydrogen, (H.-TPR/TPD) and X-ray diffraction
(XRD) were used to characterize the catalysts. The results indicated that the bimodal pore support was
formed by the addition of small-pore silica sol into the macroporous silica gel. Increased amounts of small
pore silica sol caused a decrease in pore size in the bimodal carrier. An increase in the Fe/Cu molar ratio
facilitated the dispersion of CuO, promoted the reduction of CuO and Fe;O; on the surface layers, and
enhanced the interaction between the copper and iron species as well as the bimodal support inside the
large pores. The copper was well-dispersed on the catalyst and the amount of iron carbides formed was
high in catalysts with a high Fe/Cu molar ratio. Increasing the Fe/Cu mass ratio promoted the catalytic
activity and thus facilitated the synthesis of higher alcohols. When the Fe/Cu molar ratio was increased to
30/20, the CO conversion and the yield of higher alcohols increased to 46% and 0.21 g - mL™ - h™,
respectively. At the same time, the mass ratio of C,.OH/CH;OH reached 1.96.
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4% B HE AL FHH CusFed KORT M BEJR EE 23 51l 24 0.45:
0.05:0.01:1, 0.4:0.1:0.01:1, 0.3:0.2:0.01:1, 0.2:0.3:0.01:
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CusoFexKMio, CuzFes KM
2.2 fEfFIFRIE
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Table 1 Textural properties of different supports

2 -l 3 dporc/nm
Support Sper/(m?-g™") Vior (cm’* = g™")
small pore large pore
SG10 95 1.32 - 61
5%(w)SG110-SG10 101 0.84 22 50
20%(w)SG110-SG10(M) 107 0.64 16 60
80%(w)SG110-SG10 127 0.49 8 52
SGO110 737 0.32 3 —
SG10: large pore silica gel; SG110: small pore silica gel
(a) (b)
3 5
& oA
= =
£ =
4 —
10 100 10 100
d _/nm d__/nm

pore

1 RS BIHFLEZ () 57
Fig.1 BJH pore size (d,..) distribution with different supports
(a) SG10; (b) bimodal support
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Fig.2 H,-TPR profiles of different catalysts
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Fig.3 H,-TPD profiles of different catalysts
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#*2 Cu-FeEWFLEHKMEATIBIEIRER), 5 8UE (D) FIRI1Z(d)
Table 2 Reduction degree (R)", dispersion (D)’ and particle size (d) of the Cu-Fe based bimodal support catalysts

Catalyst Reu!% Re./% Dei/% Dr./% deo/nm° dr./nm° de/nm* dr/nm*
CussFesKMin 78.1 74.5 23.7 51.4 223 13.8 253 13.4
CuyFeiKMign 61.4 74.4 249 49.3 22.7 14.4 249 14.5
CusFexKM,o 43.6 70.2 25.1 41.0 21.4 17.3 24.0 16.2
CuyFe;0 KM 42.0 68.0 35.6 37.6 20.9 18.9 23.7 19.4

* based on H, consumption in TPR; * based on H, consumption in TPD; ° calculated by TPD; ¢ calculated by XRD

(10 S o U i . 52 T A8 e P 1) A A a3, 3X R
AR R TH 23 F01) Cu 75 58 Bl Fe 25 58 1 18 Jon 1 328 7
B, 3 55 i i ) g RAH— 3, M0 Ui T AL
7 Fe 417G (132 H M AA R T WAL AR L T Cu )
Tl 43 15, 380 7 R IHNE SR A Cu AR, i {2 2k
T EUVSAE Cu 2 T [RIWR B
3.3 fELFIMBEE DT

W1 F Cu-Fe FE 0L 2044 A 71 1) XRD 3 18] )W
Kl 4. K4 rhn] DUG H, BT AR 35.5°.38.7°
48.7°.58.2°.61.5°.68.1°fl1 33.3°,35.6° &b 43 il B
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Fig.4 XRD patterns of the fresh catalysts
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Fig.5 XRD patterns of catalysts after reaction
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Table 3 HAS performances of the bimodal pore catalysts with different Cu, Fe molar ratios
Catalyst CO convension/% Selectivity/s ROH STY/(g-mL™+h™)  m(C..OH)/m(CH,OH)
ROH CO, HC
CuwisFesKMin 23 60 25 15 0.09 1.42
CusFeKMig 32 59 28 13 0.12 1.33
CusoFenKMin 42 53 33 14 0.19 1.46
CuxFesKMig 46 53 33 14 0.21 1.96

V(H,)/V(CO)=2, T=593 K, p=5.0 MPa, gas hourly space velocity(GHSV)=6000 h™'. STY: space-time yield
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Fig.6 Product distribution of the catalysts
(a) higher alcohol product distribution; (b) hydrocarbon product
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RS A N AR 32 AL T F R = P I 2 . 31X ]
e HH T £ & /b & Fe 7 & 1) Cu-Fe & WAL 35 A i
e FIH CuO-Fe,0s 2 [AIE F 1A, il T Je B ik
F Hh Cu-Fe 18] () R [R) RN IR I, 76 50 Cu 2 11 AE
FS ) FE R DU AN 75 S A /D 2 1K Fe Y MR L 4k 8210047
T B HG H S NE. A XUAL A AR T Fe 55 8 )
ST R o0, P T AR R T AR AT v 2 I ) () A
P 32 3 48 K. 24 Fe & & 3% 0 21 30% i, C,. OH/
CH,OH Jit & LL 14 in 21 7 1.96. HH A SCRAE 45 7 nf
1, 75 =1 14 Fe/Cu LL 4544 T, FF R & P 0 B3 Cu
AT M 3 B5CLE X AL AR L 3 1, T o e 1 K i
PEAT (Fe,C) 1 B0 73 20 39 n, 5 XL 2k A L i 4k
BN AERR Cu-Fe 2 [ W [R14E I 77 153 21 0 58,
G0 T i g B = ) IR B k. B 6(b)Hh ml LG
BRI T KB I A . T
Fe W72 F-T A BB N R P vy, Bk 55 (1) 338 3
K933 T F-T & )5 N3 P A7 1R 19 i, AT {2 gk
T KB R A

4 & it

0% Cu Fe XU 1 41 76 (1) 7% 7% Cu-Fe JEXUAL
AR A T (1 &5 7 RGBS Yk e 4 2
FR . AR AL B R it /N LA TR T T ik
HAT AN A G K LA 25 A I AL 3. AN FLRE I e
IS B0T AL AR N LR g K ALAR I
/1>, Fe/Cu LU IR 38 I A7 R 14 4 Ffr 26 XL B R R
[ )23 15, A2k T 38 2 CuO Fl Fe,0, HIIB I, hnos 1
KALEEH T Cu-Fe-2e 44 R (R AH B AE . AL s
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(1) Fe/Cu LU AT R T 50 508 1) 43 15500 Bk A6 400 1) A=
S AR I S N L FE T, CO N o 37 M R e
M I 2% 77 2R B 4 Fe/Cu LU (19320 #7488 in 52 B3 in 1) 2%
A #, 3X n] A BT 5 1) Fe/Cu L 45 A B XUAL
P AL TE BRIV AR 1 T 55 T A6 i gk e AL 4 Fi
3 I B IR 2 [ (R R4 0, AR A T v e
Y A2 B, {E Fe/Cu L 49 30/20 1 45 1F R, CO 4 1k
2N 46%, (A I S 2618 £]0.21 g-mL™' +h,
C..OH/CH;OH Jii f& Lt ik £ 1.96.
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