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Preparation of xNaCuFe/ZnAl,O, catalyst and its catalytic performance for

CO, hydrogenation to ethanol

HU Xiao-liang, WANG Meng-jia, XIANG Huan, WANG Zhi-hong, ZHANG Hui, LI Ai-rong”
(College of Chemistry and Chemical Engineering, Southwest Petroleum University, Chengdu 610500, China)

Abstract: To address the challenge of low selectivity in CO, hydrogenation to ethanol, Cu-Fe catalysts with different
sodium loadings (xNaCuFe/ZnAl,0,) were prepared by the impregnation method. The effects of reaction temperature,
reaction pressure,and space velocity on the catalytic performance were systematically examined.The results showed that
the addition of sodium changed the electronic environment around the copper species, enhanced the metal-support
interaction, and significantly increased the number of medium-strong basic sites on the catalyst surface. The CO,
conversion reached 33. 55% and the space-time yield of ethanol was 78. 20 mg/ (g, *h) under the reaction conditions of
350°C ,3 MPa,and 6 000 mL/ (g, +h).Under the optimal reaction conditions [ 290°C ,3. 5 MPa,and 3000 mL/ (g, +h) ],
the CO, conversion was 25.38% , with an ethanol selectivity of 16.35%.1In situ DRIFTS results indicated that CO,
hydrogenation to ethanol on the prepared catalyst followed the CO-mediated mechanism: * CO couples with * CH,
generated from its dissociation to form C, oxygenated intermediates,which were subsequently hydrogenated to ethanol.

Key words:CO, hydrogenation; ethanol; CuFe-based catalyst; Na promoter; reaction mechanism
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BAW , K5 TR S PE AN = R T ) LR
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H 400°C BB 4 h, 1531 29 8 B 28 B (AR T34 )
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TEM I3 FF A i 6 75 43 BOEE S B, SR )5 B
— T YRR AR T v B S I A s A0 s AT
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SRR THEAR B (H,-TPR ) 3R #REX 100 mg
BB T AYEE P EE 30 mL/min (9533
H1LL 10°C/min BFHEER T2 200°C -5 0.5 h LA
B A ot e T W B 1) 2 0, 45 AR [ 28 50°C . 3R
A 30 mL/min B 10% H,/He , 3£ IF 3 #4600 2%
FRIEER AR S5 IR IE S 88, 5 RIS 2L 10°C/min
) TH HH T2 800°C

AR AR R IR B R (CO, - TPD )
xNaCuFe/ZnAl, 0, ££ & B9 i 4L ¥ [W] H,-TPR — 2K,
f#FH 30 mL/min 1 10% CO,-90% He {RA&SIT U
W A, W82 R PR R i o SR Ak S R AR R AR 1)
CO,, ZJi, Lk 10°C/min By FHEHR M 50°C ik
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J5r 1AM IR« A o SR T3 B AR o 15 MR
Eﬁgfﬁil%,ff: 30 mL/min Y H, B HLL5°C/min 1Y
FHRHECRTE 2 350°C -4 2 h TR, 25
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30 mL/min #Y V(H,) :V(CO,)=3: 1 MR &S, 1E
290°C R RAELLAMEHE  IFAE MR FHEZE 1 b,
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# 0.2 g xNaCuFe/ZnAL O, #E/LFIF1 0.6 g £1
YERD BTR A W) HEL 2 T[] R 2 I e v o | s o7 i
FEFHIFE 30 mL/min A9 H, S 3. 350°C &1 T iG 1k
2 h, FRREERE R ROV, F6 V(H,) :V(COo,) =
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3 MPa Fif7)e i, ##E=(1) fX(2) 115 co,
AR R YRR

Xc02 = [ (CO,, — CO,,,)/CO,, ] x 100% (1)

So=[(n xCo)/( Xon % Co) ] x 100%  (2)
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2.1.1 XRD %5 #7

it XRD 347 TR J5 xNaCuFe/ZnAl, 0, fi
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B 1 8% & xNaCuFe/ZnAl,0, #21t.5] XRD % &

®1 BEREAFHIESE

TEHEY/% RV Ty
AL R, (em®s LA/
Cu Fe Na(n?eg) g)  om

CuFe/ZnAl,0, 1666 97.87 — 97.87  0.17 617
0.5NaCuFe/ZnAl,O, 16.93 84.64 0.14 8464 0.14 604
INaCuFe/ZnAL,O, 1629 90.10 0.16 90.10 0.16 6.43
ONaCuFe/ZnAl,O, 1503 94.19 0.13 9419 0.13 5.25
4NaCuFe/ZnAl,0,  12.06 84.89 0.14 8489 014 6.10
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2.1.4 TEM % #f

2NaCuFe/ZnAl, O, #{L5f# TEM F1 HRTEM [
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B R R H 2 X xNaCuFe/ZnAl O, ##E1L 5 217
CO,-TPD 7 #r, 45 R UL 6 Fik 2, &l 6 ] 41,
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RIFARK B &, S 2 BT B, X R Co,
EAL R I SR B R e TR Y CO, TRIbRE T,
2.2 BUFIEBES
2.2.1 MREENIR

xNaCuFe/ZnAl,0, f 171 i 4 b 55 1 e an 14 7
Jiizs . CO, 1) Ak S It 2 1 B 28 1) 385 in 3% T DA
36. 51% % & 33.37%,CO F1 CH, Ay % £ 1 32 7 b
15, U I 2 40 £ 2 B mT LABI R CO, AR BE T &
TERH e, Wl Fbe ke i B REPERE 25 0 5 i 3 &2
SEREARE HE T, 1 B IE A0 N B BB A E Cc—C
TRIRARL C, 71, AN TR 2% 0, LI ik
PRI AN B 25 77 80K B B R AH, 4001 o 12.90% Fil
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A R B e
2.2.2 B EBEMNHR
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2 6ol {60

w 60 S 05
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| 380°C B, CO, HYFE LA 17. 71% 3 1 fin 5
34.52% , FWEREAFIT CO, Mkkfk, ZEERIGE
Pk 2 B L E Fa B IFAE 290°C 5 B i K (E
(13.89%) ., #Rifi, it = TR 2 53k CO M@ =
LM« CH,, F 3 — 25 S0 A SR e 18 B g P
o C,, K, A S E L BB E R,
2.2.3 B RBEHHH

H I 9 2 B Ry A AP RE B2 B Y i
AT CO, &b R & B, &k 5 Pk 7
3.5 MPa A S KAA (15.22%) . BEAE 73
I, CO BITEREE I 29. 84% AR 21. 95% , T ke Jd
TV e 10 5 2 2 W 188 o, 3 U W = R A T c—C
ER S I, L 2% G A B Ry A5 30 16 5, IR ok
3.5 MPa NEAER I ETT

100 g | 1 :‘ ‘ 100
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AR R

2.2.4 Eik&Hw

H 25 3% 2NaCuFe/ZnAl0, 1L 1 fE 14 5% mil
(B 10) &y, =M FERZIE CO, M LB
fb, 425 3 000 ml/ (g, -h) HEATE 15 000
mL/ (g, -h) B, CO, %% fb % M 25.38% T [ &=
22.11%, &, T 1) 356 £8Pk 38 7 N 16. 35% R I 2
9.67%. LA, C, 7= Wy i i £ M % W 7t = (CO .
CH, W) | MM Bk f L BEY C,, 72 Y e 45
PEGUTREAR 302 F T2 UG Al JsORk <5 AR )
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