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Abstract: The successful development and application of CO, hydrogenation to light olefins can not only alleviate the environmental issues
caused by the massive emission of greenhouse gases, but also open up a new way for the preparation of important high-value chemicals. Due
to the chemical inertness of CO, molecules, selectively activation and conversion of CO, into target light olefins remain highly challenging.
In this work, we review the current research progress in the hydrogenation of CO, to light olefins, with a focus on analyzing the advantages
and disadvantages of the Fischer-Tropsch synthesis (CO,-FTO) route and the methanol intermediate (CO,-MTO) route. The key factors, such
as the type of additives, the structure of the carrier and the concentration of surface defect sites, affecting the activation of CO, and the
formation of light olefins are discussed in detail. Meanwhile, essential role of the pore structure and acidity of zeolites in conversion of
methanol intermediates to olefins is analyzed.
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Received: 2025-09-10; Revised: 2025-10-07

Foundation items: Supported by National Key R&D Program of China (2023YFB4103102) and National Natural Science Foundation of China (22272195,
22322208, U22A20431).

I 5% i 45 0F 42 115 (2023YFB4103102) 1 58 [ S4B 2235 4 (22272195, 22322208, U22A20431) % Bl

* Corresponding author. Tel: 0351-4046092, E-mail: wangsen@sxicc.ac.cn, zhangtianfu@spic.com.cn, fanwb@sxice.ac.cn.

DOI: 10.3724/2097-213X.2025.JFCT.0026  CSTR: 32157.14.2097-213X.2025.JFCT.0161


mailto:wangsen@sxicc.ac.cn
mailto:zhangtianfu@spic.com.cn
mailto:fanwb@sxicc.ac.cn
https://doi.org/10.3724/2097-213X.2025.JFCT.0026
https://doi.org/10.3724/2097-213X.2025.JFCT.0026
https://doi.org/10.3724/2097-213X.2025.JFCT.0026
https://cstr.cn/32157.14.2097-213X.2025.JFCT.0161
https://cstr.cn/32157.14.2097-213X.2025.JFCT.0161
https://cstr.cn/32157.14.2097-213X.2025.JFCT.0161

FRIFSE: CO, IS I a5 Rl DI IR | JFMEF AR (P36, 2026, 54(3), 20250231 (2 of 14)

B 5 4 Bk 28 T 1) DR 8 LA B N 11 i 1 2
IR, ST AR R AR AR SEEA RIR R
T FE, JE A T AR (CO,) HE R & Y
R, KA CO, MR E 1900 4F11 2.95%107
2B T ST 4.26<10740, HE TR & T 2Bk
AR W | W A 25 2R Gu K DA K 22 o b oy A< A At
AR P PR A, Ik, CO, Wl HE R Y T
AR T AVEEAR T AT b AT Rk S e 1 i 04 3Rk
o Rk, CO, MYH 3R . A7 5 78 UR Ak I (faf
CCUS/CCU) i M5 i . thF Co, A &
S —FPE T O AR TR, L
b2z I Az ) 1R 5 22 B4, AR CO, 2 Inl 64k
kv BB Ak 25 Cn s K L 55 98 RN AR A T
AWV TERRE (g . S il A A A i) P
R AR (U SR AR IR ) 1Y %A R ) SE AN Y
A AREAR KA CO, & it G2l 3 2800, [m] B
TERE T — 25 il 28 T Bk 27 5 10 I 2, 2 S B “hlk
TR A RaE R 22—,

FE X B R A0 B W A2 AL 2 dh P, IR
12 (C5 = Cy) S A Ak T AT Mk i) 35 22 I b ) (2
P FERE AL 22 51 60%), T N TAE TR, &
BRI W 0 B A A2 o Bl AT R H
25U /D, FH A T %2 T ER 20 R DN 0 S A
A% H ok Kk (B 1) [, 1% 504 I 2% T2
A PR AR B M e B AR HE L CO, B S A2, T Il T 1R
R/ AN R i N bl N U X o) [ =N L i)
2, # 4L CO, il £ w2 B I AE (4 A Bk Js I 4 4 17—
FRaT Rre AR 6. LIRS CO, WAL A %
T8 R FH 8 28 B HE TR0 50900 76 72 o T A6 7 e B
b2 I i R, 3L 9% Al Ak A B8 VR R AR S A
HER R BUEE AN . SR, %A AR I I A T 2
- BRI 5 2l 2 0 PEAR I PR AR

CO,%r T 5 J¥ £ % (C=0 4 i & BE = 15
750 kJ/mol) , ¥ H: % 1] 1 b 5 Ak 75 B2 5 IR 5K = R
20 Hir, #4k COo, T Ll i Yok . B A AL A
Pofifb 55 O S B . e Ak R L i B CO, i i
(fa #% CO,RR) i & J& F B 24 H A Sk, B AT =i
IR L KRB AEAG A P B, ARG A s 8%
il 249 7 HRRURE Tl i . AHEL I &, CO, #A i
A in ik R U 2 B M T R A S L O R i
R, I Bk B 5 iR, A AR Tk b i
WEIRAE . CO, A MK AR B ZEALFE T P2 H,
RPELL: CO,-FTO LR, i AN A T i KR AR
# (RWGS)F1 2% 4& & W (FTS) M 4~ 22 5§ 5 CO,-
MTO B2k, %1% F 29 K 5] CO, Jn & il H i L
T FR S A A e 1) i Ik s I s A (L )T,

1 CO,-FTO B L& ARt M ke ot 52 1 i

CO,-FTO [ £k il & Ak s Je = — b e 2 26
FR I A A . e B R Eh A B A
A1 B : CO, 28 RWGS 2 W 8 38 Jit ok — 4 Ak Bk
(CO)H AR (20 (1)) ; A Wiy CO it — 4 2 A TR T
A B (FTO) B A A [l i e 26 7= (X (2) L =X
(3)) o MFATT 20 B 73 BT, RWGS I A2 W 34
(AH>0), T FTO 2 A& W2 il #4 2 E (AH<0), B2
()3 B A R T RWGS N A -4 1 10 % 2y, i 45
TR NIy 2% FARE T FTO RN i#EAT . (615
TE RS, 245X S A B [ — A L A
P, I FTO J R %F CO Hh ) A il 35 22 3 #E 8
Z0AF RWGS S b 19tk A . M4 Le Chatelier
JEHE, 3 Ff CO Hh i) 44 1) DA 1 FE K 7= A B B 1
IR R, A BT AL BE RWGS K20 45745 1] 7= 1) A
BT 1 HEAT, AT 2 R CO, e Ak 2R AL 3k s
%,

Ethene:
the
CH, v
o v
v Pro
ui

)

K1 CO, il f R msas K i S B S s BRI LA S . AN TR E A i A R T ATl b i) 2 2 i
Fig. 1 Schematic diagram of the reaction pathway of CO, hydrogenation to light olefins and the primary applications of ethylene,

propylene and butene in the petrochemical and coal chemical industries
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Table 1 Catalytic performance of various Fe-based catalysts for CO, hydrogenation to light olefins via the CO,-FTO pathway

Catalyst (¢ pMPa HJ/CO, GHSV'/(mL-g *h') xco, /% scol% scic: (include COY% Yes_c: /% Ref.
K-Fe-Co-Zr fibers 400 3 3 7200 42 - 30.00 1260 [21]
FeNa 320 3 3 2000 405 135 40.31 1633 [22]
CuFeO, 300 1 3 1800 181 319 39.70 719 [23]
Fe,O/y-Fe:0, 270 05 3 2700 3812 35.00 1330 [24]
Mn-NafFe 320 3 3 2040 386 117 30.20 1166 [25]
Mn-FeO, 350 2 3 4000 447 94 41.86 1871 [26]
Fe-Co-Zn/K-ALO; 340 2.5 4 9000 465 55 40.40 1879 [27]
Fe-Zr-K 320 2 3 1000 5436 3.0 52.02 28 [28]
K-Fe-Ti 320 2 3 1000 363 33 39.73 1442 29]
FeK/SWNTs 340 2 2 9000 527 96 20.34 1072 [30]
FeCoZrKO 310 4 2 1500 5550 31.74 1746 [31]
Fe-K/Ca-ZSM-5 375 3 3 5000 46.6 37.77 1760 [32]
FeMnNa 340 2 3 12000 3518l 28.17 9.86  [33]
Na-CoFe;0/CNT 340 1 3 3600 320 3120 1061 [34]
Na-Fezn 320 3 3 4000 375 115 32.66 1225 [35]
MnNaFeO, 320 05 3 - 27 268 29.50 796 [36]
0.05Na/CaFe,0, 360 1.5 3 3600 4972 - 39.29 1953 [37]
7Na2CoFe 380 3 3 100000 256 320 47.57 1218 [38]

g gas hourly space velocity; b: CO, conversion; .co selectivity; d: light olefins selectivity in all products (include CO); % yield of light

olefins.
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T e s o o 300350 400 450 500 550 600 FeK/MWNTs  FeK/SWNTs

Time on stream/h

Temperature/K

K2 (a) FeK/SWNTs Fll FeK/MWNTs A fL5IREAIR B ] K H: CO,-FTO fEALMERE; (b) FeK/SWNTS i (70 s Mt
(330 °C, 2.0 MPa, H,/CO,=3:1, 5<% 9000 mL/(g-h)); (c)—(e) FeK/SWNTs il FeK/MWNTSs [ CO, 1 H, W B &E i3t
(CO,-TPD (c). H,-TPD (d) LA X H, 1 CO, WM& (e))

Fig. 2 (a) Schematic diagram of FeK/SWNTs and FeK/MWNTs catalyst models and their catalytic performance in CO,
hydrogenation; (b) Stability of the FeK/SWNTs catalyst in CO, hydrogenation to olefins: (340 °C, 2.0 MPa, H,/CO,=3:1 and
9000 mL/(g-h)); (c) CO,-TPD and (d) H,-TPD profiles, and (e) adsorption capacities of CO, and H, of the
FeK/SWNTs and FeK/MWNTs catalysts
(with permission from ACS Publications)

PR3 S
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(4)
MTO J2 i (LA 18 24 R o 4 1))

2CH,0H — C,H, + 2H,0 AH s = —29.3 kJ/mol
(5)

3CH,OH — C,H, + 3H,0 AH,, = —102.3 kJ/mol
(6)

1E CO,-FTO J I H1, 4825 7= W) 43 4ii 5% E] ASF
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BRI IR . CO, b R 12.6%, MRk I k%
P 55 ik 80%. HLEEWF ST 4R i, CO, #F ZnO-ZrO,
Tl B SE B &3 A 2 i HCOO*, I E— B ik i
H 4803 (CH,0%) Hh ] 44 ; CH,O* ) Fi i £% 2 AH 41 1Y
Zn-SAPO-34 431 (Y TR P A7 45 L, i C—C Al
156 K it S 55 40 B, e A L T IR BB RS R . AR
Z 5T R FA 2 BLAY £ BB XU Al i Ak 751 3 s 1
CO, &l & AR R S N o 2 2 B ah T 24 i
i CO,-MTO i £k il £ A B 4 I 1) H IL XLT) fig 44
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FEE T 5 — Dy BB AL AR &R, 44 50 0L RE i 1L
I AE 1% 0 U HL AR 2 CO, I &R B 0 4, H 3 A4
R 3 RRARAS R AT 2%, B S o S v TR R R
T 16 PRI R B B AT AR . BT CO,-MTO 4k il 4%
R B Js K %) WU RE i AL R R b, &2 R A AR ) AN
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*R2

ET CO,-MTO B2kl &R i 12 B9 A B X Th RE A 1L 77 = R 1 g

Table 2 Catalytic performance of various bifunctional catalysts for CO, hydrogenation to light olefins via the CO,-MTO pathway

#/°C pMPa Hy/CO; GHSV'/(mL-g "*h ') xco, /% sco'1% sc;—c-"(include COY% Yo _c: /% Ref.

Catalyst
ZnZrO,/SAPO-34 380 2 3 3600
Zn0-Y,0,/SAPO-34 390 4 4 1800
ZnGa,0,+SAPO-34 370 3 3 2700
ZnAl,0,/SAPO-34 370 3 3 5400
ZnZrO,(0.3La)/SAPO-34 250 2 3 4000
ZnZrO,/SAPO-34@UiO-66 380 3 3 36000
ZnZrO,/SSZ-13 360 2 3 4500
20%Mn,05;-ZnO/SAPO-34-BM 380 3 3 3600
ZnZr&Bio-ZSM-5 380 3 3 2000
Zn,sCey,Zr,0,/H-RUB-13 350 3.5 6 4800
InZrO,/SAPO-34 400 3 3 9000
In,0,/ZrO,/SAPO-34 300 2 3 2160
In,05-ZnZrO,/SAPO-34 380 3 3 9000
In,0,/SAPO-34 360 2.5 3 1500
In-Zr/SAPO-34 380 3 3 9000
GaZrO,/SAPO-34 390 2 3 3000
GaZrO,/SAPO-17 375 1.5 5 4800
Ga, ;sCrO,/H-SAPO-34 350 3 3 4000
CuCe/SAPO-34 387 2 3 5800
NiCu/Ce0O,-SAPO-34 375 2 3 12000
CuZnZr@(Zn-)SAPO-34 400 2 3 3000
Cr,05(SG)/H-SAPO-34 370 0.5 3 4000

126 47 80 53 [48]
276 85 83.9 35 [49]
13 50 86 56 [13]
15 49 87 67  [13]
124 365 83.2 6.6  [50]
18.1  50.1 80 72 [51]
91 32 89.4 55 [52]
298 592 80.4 97 [53]
10 - 64.4 - [54]
301 265 72.7 105 [55]
355 85 76.4 41 [56]
102 133 58.4 52 [57]
17 534 84.5 67  [58]
346 64 349 44 [59]
262 639 74.5 7.1 [60]
267 524 88.8 113 [61]
138 67.1 70.1 36 [62]
11.8 345 87.3 68  [63]
135 57.15 61.83 36 [64]
153 15 76.6 100 [65]
19.6 558 60.5 52 [4]
131 36 95.7 80  [66]

* Gas hourly space velocity; °. CO, conversion; : CO selectivity; ¢ light olefins selectivity in all products (include CO); g yield of

light olefins.
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T (H) K AH R 9 B 1A (H) o 53X — il
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TEWITE H, =i g A rh R T O S 0 A
W JG 82 CO, NG BRI AL 00 T 1) 76 1 S b
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AR ZnO H B HA MM H, i 268 )1, HH
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Fist B 3 9 1S SAPO-34 4310 (1) BR 037 i, 22 JBi 7K
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74.6%., WL KB, B Zr B 242 3 A In,0, i #& H,
IE W In, Zr O, IR & ALY, A BT T
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(b) AAAAAALAMALALAAAALALAAAMAAAMALAMA AALALA (d) i\ 123
I C,—C, [\
E 80y q4<14<<4114444441144414144414114144<4 180 o ‘\I ‘\‘
s | GG S B\ 478
£ o= \
Tt 1603 B | 124\ ; 690
A [} | 1
: | I 1V AN e N
240} CO, conv. 140 8 . f T ~——]
= LELIE DL L LT LD DT IO L ST T e—— — ~ o [ \
3] o &) | \ 500
o @) 108 70N B
=207 CIlL o 20 A\ arg——Zi0, _
0 ’"OQWWNWM“QJ‘"”” o - S ',“H,-JP;%_.,
0 20 40 60 80 100 120 140 160 100 200 300 400 500 600 700 800
Reaction time/h Temperature/ C

& 3

(a) TEPELH A3 RE A 7 AL TG M B 2 (400 °C, 3.0 MPa, H,/CO,=3: 1, 253 9000 mL/(g-h)); (b) In-Zr/SAPO-34 {1k

FFESE P (400 °C, 3.0 MPa, H,/CO,=3: 1, 253 9000 mL/(g-h)); (c) In-Zr EfLYIKIKFEE T 50 Pa i Ar. CO,. H, LIS FFR %
# T CO, B T HYJEAL NAP-XPS O Ls Y6kl (d) In,05. ZrO, Fil In-Zr LIS 19 CO,-TPD % 1&]

Fig. 3 (a) Effect of the integration manner of the active components on catalytic performances (400 °C, 3.0 MPa, H,/CO,=3:1, and
9000 mL/(g-h)); (b) Stability test of composite In-Zr/SAPO-34 catalyst (400 °C, 3.0 MPa, H,/CO,=3: 1, and 9000 mL/(g-h)); (c) In situ
NAP-XPS O 1s spectra of In-Zr oxide sequentially exposed to 50 Pa Ar, CO,, H,, and again to CO, atmosphere under different
conditions; (d) CO,-TPD spectra for the reduced In,0;, ZrO,, and In-Zr oxides
(with permission from ACS Publications)
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