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a. Ce*/Ce; ratio was calculated from the area integration of Ce**and Ce** in Ce 3d XPS spectra (Ce,= Ce*'+ Ce™);
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Fig.7 Catalyst stability experiment over Ce Zr,_.0,/Co/C-N
catalysts
(Reaction condition: P =2 MPa, GHSV =6L-g, "' *h™,
T=225 <C)
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Table 2 Carbon equilibrium distribution

in/mol

out/mol

Liquid products/mol Products/
Catalysts
o, o, CH, C,. CH:OH Feed/%
10%Ce0,/Co/C-N 0.434 0.393 0.025 - 0.0013 96.6
25%Ce0,/Co/C-N 0.394 0.309 0.073 0.001 0.0005 97.5
25%Ce 47214330,/Co/C-N 0.415 0.281 0.111 0.004 0.0012 95.7
25%Ciey 5710 :0,/Co/C-N 0.467 0.426 0.035 - 0.0005 98.7
25%7x0,/Co/C-N 0.405 0.355 0.037 0.001 0.0011 97.5

BRI CO, A MERE, (HJE =9 T 20 H
AR RS2 56 th B ATTHE Co/C-N Y B Rl | 12 5% Bl 12 il
SCAH R AN SR B (IR B4 . % CeZr,_0,/Co/C-N
AL . 7E Co/C-NIZBHH RS , JRAHA IR
1) 45 & A FHT AR I Co, 0, HEAL I CO, B R T I,
B PR PR T . O AR5 B il ) de A B ik
25%. TE 25%Ce {350 L HE— L US IS | idE 85 00m
AT Ce 7570050, Sl A, i Bl S (A R =2
(] 5 A B AR T A R L 4 R A i Ak, (B A
W FE TR L FEE TR, X2
REARAEAL 0 O35 P . XPS 45 526 W 25%Cey 7710 350,/
Co/C-NAEAL I BAT e 2 1A% 70, e A 2,
A28 A B AR I CO, Y it 25 W B . RS
25%Cey 775 3,0,/ Col C-N HEALF 4t & eI, 2 32
BUE A JE A, AL 3 B Co,0, B &2 R B

5 Co,0, IR AY, &8s B B E A ff sne 1,
B EERMEAL O L CO, INETG HETE M 45
FH] 25%Cey 121y 130,/ Col C-N AL CO, 554k % e FR
P ) 25 WO AR e e R RRATT A AR 5 5 I o,
AR TS H, 25535 3. MR AT LI H,
FRATT i £ 1) 25% Ce 67710,3305/ Col C-N 5 i 0 ] JE At
A AL AL N 25 14 T HAT B8 = 1 CO, Je fb%, (R
FH B PR PR ARG . T RILTR 358 3l 5 119 Co/Ce O, 1
A5 BAR BATR = 1 CO, Fe b, B Bt L
FoRE, B, LA/ CO. X i
FE CO, fINEUS IV H 4 T 4 ) st I UV FH B Btk T
HBEAR N . el RERELR B 4 @ Bl i 1Y) CO, In &
P, BB R I ERE ), 4 F e
FAVG ST EZ HR, HANTE Co/C-N AR A
LEINCu. In0, e BA G EEE MR 2 57

FR3 CO,MEELFIFEXF LR

Table 3 Performance comparison of CO, hydrogenation catalysts

Catalysts GHSV/(mL-g,,'*h™) P/MPa T/ C Xo/% Syow/% STYyou/(mmol-g, *h™)  Reference
25%Cey Z103,04/Col/C-N 6 000 2 25 342 132 3.0 this work
Cu/Zn/ALO, 3600 3 230 187  43.0 22 [28]
Cu/Zn/Zx0, 3600 3 240 121 541 24 [29]
Co/Ce0, 20 000 0. 400 849 =0 ~0 [30]
3 i (i) P A B A 1 2R 10 4 Jm A A | il

2R PRt ] AN ) 35 PO Al o L S0 2
A AALY) Ce Zr, ,0,/Co/C-N AL | 38 25 I8 45 4
BELLBIRAT AT AL PERE . SlES IR IR S R 2

PR TR 2 2SR A & 1 COo,
HAbR JE T=225 °C ,P=2MPa, GHSV=6L -g, " *
h' BT L AR S 1Y 25%Cey 670 330,/Col/C-N
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The Study of CO, Hydrogenation Activity over Ce Zr,_ 0,/Co/C-N
Catalysts

HE Yu-mei, LIU Bing ', LI Jin-lin"
( Key Laboratory of Catalysisand Energy Materials Chemistry of Ministry of Education & Hubei Key Laboratory
of Catalysis and Materials Science, South-Central University for Nationalities, Wuhan 430074, China )

Abstract: A series of CeZr,_,0,/Co/C-N catalysts are prepared with calcination of ZIF-67 supported different ratio
of Ce/Zr precursor at N, atmosphere. The catalysts are characterized with XRD, H,-TPR and XPS, and their methanol
synthesis activity of CO, hydrogenation is studied in a fixed bed reactor. Ce 571,50, solid solution is formed when Zr
is added into Ce . The strong interaction between Ceg;5Zr;,50, solid solution and Co prevents the oxidation of metal
Co on the surface of catalysts, however, too much addition of Zr will weak this interaction, Co species will be oxidized
into Co;0, again. H,-TPR results confirm that the addition of Zr decreases the reduction temperature of catalyst and
improves the catalyst activity. 25%Ce ;Z1,3;0,/Co/C-N has the highest content of oxygen vacancies and nitrogen
element from XPS results, which both take advantage of CO, dissociative adsorption. The highest methanol space-time
yield of 3.0 mmol/g,,/h is obtained with 25%Ce, ,Z1,5;0,/Co/C-N at the reaction condition T = 225 °C, P=2 MPa,
GHSV =6 L/g,,/h.

Key worlds: CeZr,_0,; Co/C-N; CO, hydrogenation
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