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Catalytic Performance for CO, Hydrogenation to Light Olefins
over ZrCdO,/SAPO-18 Bifunctional Catalyst
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Taiyuan University of Technology, Tatyuan 030024, China)

Abstract: ZrCdO, metal oxides with various Zr/Cd atomic ratios (n,/n.,) were prepared by parallel coprecipitation
method, the sheet-like SAPO-18 zeolites with molar ratio of Si0, to AlLO; (ng/ny,0) of 0.1 and 0.01 were hydrother-

mally synthesized. The metal oxide and SAPO-18 were physically mixed to prepare ZrCdO,/SAPO-18 bifunctional
catalyst, and to study the catalytic performance for CO, hydrogenation to light olefins. Transmission electron micros-
copy (TEM), X-ray diffraction (XRD), N, adsorption-desorption, temperature -programmed desorption of CO, (CO,-
TPD), temperature - programmed desorption of ammonia (NH,-TPD) and X-ray photoelectron spectroscopy (XPS)
were applied to analyze the catalysts. Compared with the sole ZrO,, the introduction of CdO decreased the BET
(Brunauer - Emmett - Teller) surface area of ZrCdO,. The Zr,Cd, oxide prepared with n,/n.,=8 exhibited the small
amorphous particles, the strong synergetic effect between Zr and Cd led to the generation of more oxygen vacancies
in ZrCdO, oxide, which was beneficial to the adsorption and activation of CO,. The effect of mass ratio of Zr,Cd,

oxide to SAPO-18 (ng/n, ,=0.1), and the reaction temperature, pressure and space velocity on catalytic perfor-

mance were investigated, and the optimal reaction conditions were obtained. Moreover, it is also found that when the
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ratio of ng /n, o, decreased from 0.1 to 0.01, the content of Brgnsted acid reduced, the molar ratio of olefins to par-

affin increased from 18.6 to 37.2; however, the content of by-product CO increased rapidly, and the space-time yield

of light olefins decreased remarkably.
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(a) ZrO,, (b) CdO, (¢) Zr,Cd, and (d, e) Zr,Cd,/SAPO-18(0.1)

F1 k&L (a~d) TEM B & (e) TEM-mapping
Fig.1 (a~d) TEM images and (e¢) TEM-mappings of the samples
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(a) Metal oxides and (b) SAPO-18 zeolites

2 FEa Y XRD A
Fig.2 XRD patterns of the samples
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Fig.3 N, adsorption-desorption isotherms of the samples
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Table 1 Textural properties of metal oxides and SAPO-18 zeolites

Sample BET surface area / (m?-g™!)" Pore volume / (cm*+ g Pore diameter / nm*
70, 45 0.06 36
Zr, Cd, 20 0.03 338
Zr,Cd, 21 0.03 338
Zr,Cd, 36 0.05 3.8
cdo 5 0.06 29.9
SAPO-18(0.01) 494 0.53 22.1
SAPO-18(0.1) 470 0.44 124
7r,Cd,/SAPO-18(0.1) 99 0.13 8.6

*Determined by applying the multi-point BET (Brunauer-Emmett-Teller) method; " Determined from the desorbed volume at p/p,

=0.99; ¢ Determined by applying the Barret-Joyner-Hallender method.
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ik 88.9%, il LAk CO, oW B AITE Ak 35 22 % A

T Zr0, 7 55 1.

JH NH,-TPD {0l 52 43 #r SAPO-18 4319 6 iR Pk
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18(0.1)7 0.29 mmol - g™, R WIH: Si J5i WA P J—+-1Mi
TE B ik FE 9L (Si—OH) I 75 & /0 A R F e =9
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2.1.5 XPS/Mir
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iU, o O, 76 SO 2544 T W] R 8 AR AE , W RN 5%
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(@)

CdO

(b)

SAPO-18(0.01)

SAPO-18(0.1)

-m=Z et e e T I

1 1 1 1 1 n 1 " 1
100 200 300 400 500
T/C

e 4

L 1 " 1 1 i 1 i
100 200 300 400 500 600
T/C

(a) 4B B ALY CO,-TPD Hh4k: (b) ARk Eb ) SAPO-18 43 71 i) NH,-TPD Hi £k

Fig4  (a) CO,-TPD curves of metal oxides; (b) NH,-TPD profiles of SAPO-18 zeolites with different ng, /n o ratios

(b) Cd3d

403.6
1

(c) Zr3d

181.6

ZrCd, 404.8
1
L 1 L 1 1 1 1 1 1 1 1 1 L 1 1 1
534 532 530 528 526 408 406 404 402 400 190 185 180 175
BE / eV BE / eV BE/ eV

K5 &)m sy i XPS g &l
Fig.5 XPS spectra of metal oxides
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2L, A AT CO, B I B NG 4L, 31X 5 CO,-TPD
AR —F, [ 5hHH—CdO 255 HE R 403.6
M404.5 eV, Ry BB 10 206258 . BARM S5 G kgl
VAT CAO R Y Cd—O B4, A i 45 A B4
A3 WA PR K AR T 5 G s 5k BA A AR K iR A
o s H R MR W R, 40 CdOo,. Cd(OH),
CdCO."", Cd3d £ Zr,Cd, Fl Zr,Cd, 42 J&@ A ALY Y
SEGRESY )M 404.5 F1404.8 eV, W &4 Zr0, YA
L5 T CAO 5 G RE. & ScH Zr,Cd, FE i 5
— 710, BLIY) Zx3d 25 6 BB AR [R] , 302 PR R 2 AN
w24 A7 ST AR AE Y 200, W AR L 1845 HE 25 A RE A
A, Zr,Cd RE S A B Cdo WA, HH XRD 1§
R BE R, M Z2r0, 5 CAO 22 [A] A7 76 758 5 i U [ 1
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22 EAFIRELERE

FE S I 370 °C VRV 77 2.5 MPa, ZrCd, 5
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$ RS, 45 R WL 2, ATLLE 1, 7200,/
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mf, G ~C, ik B M ik 3 85.6%, CO, #5 1k K ik %
17.8%, #F— LM n,/n, FEC, ~C, BEHME B
TR, CO~COEFEME BT, B CdO 5 SAPO-18(0.1)
gy ¥ 52 A E , HomE 7 W CH, 38 £ 1 o 30.0%,
C~C VR FEE R 48.8% , C, ~C o EE HEMEAL N 15.7%.
XKW CAO L Zr0, I & i 2R 1o 15 CdO Y
FEAEAE A5 BTy Be A A0 70 A 2 i i &L 1 Ak Y CO
HiEESMENALS A EmRCH, £ ESFHRKE
CO~CO My A Y, 454 XPS #4E , CdO 1y 5| A hn
T 7Zr0, RS LB IG , CO, 556K 1h 6.1% B 4R— T+

% 23.5%., Zr,Cd,/SAPO-18(0.1)fiE 4k 7 i) C, ~C, 1k
PR, ng/n, i85 18,6, R 2B R LLE H /)y
REAR LL BT, SAPO- 18 43 i Ay 1R 1 e A0, # 4fi 1
CO~C A B, ng/ny HE— 20 ¥E NS 37.2, {H IC I ™
Y1 CO & #: ME 5 3k 98.3%, Js K& ik 25 S SR AL M 1.7
mL-g'~h"' PR, P89 n,/ng, F153 07 R PR XF CO,
ATEVER = Y B AR R G B

1 HoAth 52 1% 25 £ (i 370 °C . 2.5 MPa, GHSV=
5000 mL-g, " +h™ Zr,Cd, Fil SAPO-18 it Lk 2: 1)
AR ST AR Forp — AN AR RIS
TEPERE R SE A, 25 e 6 s o fEM RN 45 1F T
9L T Zr,Cd, 5 SAPO-18(0.1) Tt H He (R 5 , K 17 435
AP 6a TR . 4 A 1215 B, CO, FE AL AL
H 8.2% ,C, ~C, i HME N 56.2% , X =t THIK & &
1) 4 A SR A 7 A 1 e R A A D ek s g 3
PR SEAE AN B o Bl A T 6 LU A 389, O, % ik
BRGWG R, COEBRMEIERF G T Yt LG K3
4:1 0, CO, 56 b F T+ £ 18.6%, C, ~C, BE B 35 5
87.2% , Ak L2 14 K i i LU 3] 20:1 B, CH, BEPEPE 2081
W hnE 40.8%, C, ~C I FEVERE N 45.4% . XKW1
T o K 2 o U Z AR, Y CO, R LA
PR, 4R A ALY & A R R CO
22, Ut BH 300 7R OHRE A0S 0 s I ™ Y, Wang ST
FER I, ZrCdO, X CO, M A il H s 5 AT R4
HEALPERE , 7= 9 B BERE £EME 0T 3K 80% . i L AHfE N
AWFFE R, CO, A B SerE ZxCdO, & @ A ey 1A=
A FR i rR ) 44, SRS AE SAPO-18 4> i iR AL
KA C—C A AR 72

X} ZryCd /SAPO - 18(0.1) 4 4k 77 78 AN 7] Jsz 7 i
JE R DR ZS HUR AR T RE EAT T 48 A5 R
Fl 6b~6d T/ o 4 BN ik 2 350 CH, CO, % k%
LA 12.2% , R FE A M R 81.6% . >4 [V ik

F2 WINEEBEALFIEN CO, IS FIRERE & & 514 AE

Table 2 Catalytic performance of CO, hydrogenation to light olefins over bifunctional catalysts

Sample Con 1% CH, /% 516 e Space-time yield /
CH, C,~Co  C0~C0 Cs, (mL-g™'+h)
710,/SAPO-18(0.1) 6.1 7.2 85.4 4.4 3.0 97.4 19.4 1.0
7r,,Cd,/SAPO-18(0.1) 17.5 4.9 74.2 14.4 6.5 75.8 5.2 226
7r,Cd,/SAPO-18(0.1) 17.8 35 85.6 4.6 6.3 82.4 18.6 19.3
7r,Cd,/SAPO-18(0.1) 235 11.0 23.6 58.4 7.0 76.5 0.4 9.4
CdO/SAPO-18(0.1) 7.3 30.0 15.7 48.8 5.5 68.3 0.3 2.6
7r,Cd,/SAPO-18(0.01) 17.2 9.1 81.9 22 6.8 98.3 37.2 1.7

Reaction condition: 370 °C, 2.5 MPa, VH,/V(:OZ:3’ GHSV=5000 mL-g_,~'+h™', mass ratio of metal oxides to SAPO-18 was 2:1.
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Fig.6 Catalytic performance of CO, hydrogenation to light olefins over Zr,Cd,/SAPO-18(0.1) catalysts
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Reaction condition: 370 °C, 2.5 MPa, 5 000 mL-g_, ' -h"!, mass ra-
tio of ZrgCd, to SAPO-18(0.1) was 2:1
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Fig.7 Stability of the catalyst Zr,Cd,/SAPO-18(0.1) for
CO, hydrogenation to light olefins
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