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Bifunctional catalyst for conversion of syngasto
light olefinswith low CO, selectivity
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(1. College of Chemical Engineering, Sichuan University, Chengdu 610065, Sichuan, China; 2. Sichuan Coal Industry
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Abstract: In order to develop bifunctional catalyst for conversion of syngas to light olefins (STO) with high
catalytic activity and high yield, non-stoichiometric spinel Zn-Cr-Al oxide [ZCA-x, where x is the molar
ratio of Zn/(Cr+Al), that is Zn content] was prepared by co-precipitation of zinc nitrate hexahydrate,
chromium nitrate nonachydrate and aluminum nitrate nonahydrate, and the texture, crystal structure,
morphology and surface charge properties were then measured. The results showed that excessive zinc addition
could reduce crystal particle size and increase the surface oxygen vacancy. ZCA-1.25, with a suitable zinc
content, was then composited with SAPO-34 zeolite, and its STO performance as a bifunction catalyst was
then analyzed. Under the reaction conditions of inlet n(H,)/n(CO)=2, space velocity 3000 mL/(g.,h), 3.2 MPa,
400 °C, CO conversion of 46.9% was achieved with the light olefins yield as high as 15.9% and the selectivity
of CO, by product only 29.2%. Meanwhile, the catalyst maintained good activity after running for 100 h.
Key words. CO conversion; light olefins; bifunctional catalysis; low CO, selectivity; oxygen vacancies;
catalysis technology
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Fig. 1 XRD patterns of ZCA-x
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Fig. 2 XRD patterns of different oxides
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2.2 BET 9#f
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A ) T A0 R R T R R LR TR TR A A, B
S G S R RERE LR, T CO #ifb %,
SN, RS LR IR E W RHE FHEE
P FLEERE , TR AL TR LA S Ny W B - I3t e ity £k
WESLEALY I FLM R, H ZCA-1.25 BAflimx
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Table 1 Texture properties of samples with different zinc
content
- R SLLY
I I (C VI =t ﬂf/flm
o F/(m¥g) %/mm
Vineso I

ZCA-0.50 62.96
ZCA-1.00 56.49
ZCA-1.25 107.66
ZCA-1.75 66.52

0.0154 0.19  7.76 9.2 9.9
0.0064 022  9.74 7.3 7.1
0.0064 040 1056 63 6.6
0.0084 025 1435 88 9.1

: a—3ET Scherrer AN, 26=36.5°; b—FE T X
HRTEM EUG AT RLGET .

2.3 SEM-EDS &#f
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Wik, BHAFEENILE. hmE 3b FH, SAPO-34
AL RIES, RS 3~5 um. 5 3 W BRI S VR A
W2 53, AT AR o3 B0 R A 380 A3 D s 2 18
WKL 3¢ FI d Frzs, 46 8 R b s 2 40 () 2 Al Bt
AR F RS O e A, (SR Ak I R
Pt IE N oy F O s AR 9 AT g — 2 B ko X
ZCA-1.25 #17 EDS REi&s-#r, WKl 4 fron. JLR
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SEM images of ZCA-1.25 (a), SAPO-34 (b) and
their mixed samples (c, d)

Fig. 3
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Fig. 4 EDS images of ZCA-1.25
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Fig. 5 HRTEM images (a~c) and selective electron diffraction
analysis (d) of ZCA-1.25
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Mo BE 25 2 TR IE A ( Ogegert ), 45 Ha 043380 SR
(W NIRRTy T E = Rt AR 2 N ST R
FAE 5 L, KB ZCA-1.25 R RA 2SN i E
W, J& ZCA-1.25 bR W R T+ SR A, 4
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M FE50, FBURE R FEHE, MR RERS g
fb CO, FFTE Zn—O 4544 5 246 B T A B T
[ G AR
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o=y TG
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ZCA0.50 . 46.6%
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Kl 6 ZCA-x ¥ O 1s AEIE M 2 & A4l & 14
Fig. 6 O 1s spectra and deconvolution peak fitting of ZCA-x
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Fig. 7 Catalytic performance of different catalytic components
(a) and ZCA-x/SAPO-34 (b)
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ZCA-1.25/SAPO-34 MBALFITEANT T2 &1 F
AL PERE NS 2 R, FTRLEH, BARERAS
FEURREBEMER T B, (AR 8T T COo Hik
R, AAFRRWBCREETE 1 24 R AP R
WA R A b R R CO mFEfk, Hid ) H, &
S0 ] AR BE i R R B e ke, FE T 9 A ok
PEMERE TR, K, Coy WOREE H, 951 1Y £ 1 3
JINRZ S N e E T = A A R = |l Y A ]
TEPEOL AT R LR, fEdE RN A, Coy WK
R 13K R IR R 7E 3.2 MPa T Cyy
WeRE R . Wt T AL, RATEEESR N
n(Hy)/n(CO)=2. 400 °C. 253 3000 mL/(ge-h). 3.2
MPa [ 551 T3R5 T 46.9% CO Hfb*&K,
IR 15.9%, FRiljE CO, HFEMEIL 29.2%, it
1B T SCHRARGE 1Y 40%~50%1%"2,

TE S n(H,)/n(CO)=2. 400 °C. 2.0 MPa.
3000 mL/(ge )25 FHEAT T 100 h K JE3 5256 LA
o AR EME, WE 8 B, WLIEH, ffkFliz
17100 h A B WIS, S Js Ak 5 G B o AR ke
il & w1 AL 2.06% (i FJG 9 % i fe ) ), Ui BH
ZCA-1.25/SAPO-34 XUIREMEALF B A BRI E
P ZWLEUE, Z AR H A nT
A TR 77 .

28 MWMXE

FAELE R FTE PR 0, AR kit
ALY ZCA-1.25 M TiLitia ZCA-0.5 HAHE
F BN FLEE R E 2S00, K CO F H, Wi
BEAEMLATE, GE B E R Rm R

K2 ZCA-125/SAPO-34 fEALFITEAI] T 2445 T AL P RE
Table 2 Catalytic performance of ZCA-1.25/SAPO-34 catalyst under different process conditions

JEAA A 1%

95 JEJI/MPa a5 E/[mL/(g.h)]  n(Hy)/n(CO) CO HibZE/% CO, k% Co-a WR/%
CH, Gy Gy Cs.

1 2.0 3000 1 35.5 32.0 150 592 16.9 8.9 14.3
2 4500 29.6 26.6 126 623 145 10.6 13.5
3 6000 27.3 26.7 109 629 154 108 12.6
4 9000 23.5 20.4 127 64.8 124 102 12.1
5 12000 19.2 19.2 138  66.5 11.1 8.6 10.3
1 2.0 3000 1 35.5 32.0 150 592 16.9 8.9 14.3
6 2 37.9 21.6 93 430 160 316 12.8
7 3 45.1 16.7 182 316 234 269 11.9
8 4 61.5 13.3 449 134 238 179 7.2
6 2.0 3000 2 37.9 21.6 93 430 160 316 12.8
9 32 46.9 29.2 108 479 192 220 15.9
10 4.0 39.3 24.0 105 393 19.8 304 11.8
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Fig. 8 Stability of ZCA-1.25/SAPO-34 bifunctional catalyst
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Fig. 9 ZCA-1.25 spinel structure model
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HF Crr Rl AP TR AR, 51 5 A Sk i
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[CE=REY A

(2) 7E 400 °C. 3000 mL/(g.h). 3.2 MPa, 5kl
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