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Figure 1 (Color online) Article publications and citation frequency.
The number of articles published and the corresponding article citation
frequency are charted for the research on RWGS from 1962 to 2024
(data comes from ISI Web of Science (Thomson Reuters) database
retrieved using “reverse water gas shift” and “RWGS” as the subject and
title).
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Figure 2 (Color online) Scheme showing the reaction mechanisms of RWGS.
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Table 1

Relationship between metal size of various catalysts and CO, hydrogenation products

FEALF WEE(C) £ 73(MPa) KA A TEAL = R (TEARIE AR CHY)
(661 T >90% CO
Ru/CeO, 240 0.1
~2.6 nm < 5% CO
R ~100% CO
BR b8 5 7 Hi% < 0.3 nm > 96% CO
B i /b B R A A o
Ru/MgO™ 450~600 0.1 (0.2~0.4 nm) > 88% CO
FURTb R T R )
(0.6~1.0 nm) > 80% €O
0.8~1.5 nm < 60% CO
1.00 nm (200°C)
RW/TiO,-A"” 1.31 nm (275°C) 100% CO ({&iE.SMSI)
1.41 nm (400°C)
. 1.41 nm (200°C)
RW/TiO,-P"" - 0.1 1.40 nm (275°C) < 40% CO (> 250°CH}, CO < 5%)
2.12 nm (400°C)
1.12nm (200°C) 100% CO (200°C~250°C)
RW/TiO,-R"” 1.51nm (275°C) 76.2% CO (250°C~325°C, Wikiig K)
2.00 nm (400°C) 100% CO (> 325°C, 5 lH.SMSI)
- BT 87%~95% CO
Pd/Al,O; 240~320 0.1
~2nm 60%~78% CO
Pd/TiO, ™ 400 0.1 R T 100% CO
BRT > 98% CO
Pt/Ce0,"" 400 0.1 1~2 nm 83% CO
3~5nm 32% CO
s HRF—1 nm FIFCOAERL
Re/TiO, 340 0.5 , )
> 1 nm FFCH A &
- <5nm 100% CO
Co-CeO, 450 0.1
> 10 nm 85% CO
1.6 £ 0.3 nm 55% CO (~33% CH,, 22CH,0H)
Co/Si0,"™ 230 2.5 2.1+ 0.4nm ~36% CO (45% CH,, 4xCH,0H)
3.0+ 0.5 nm ~15% CO (76% CH,, 4 CH;0H)
Ni,Mg,_,0""” 300 3 LT 100% CO
- 11.2~11.8 nm > 84.3% CO
Ni-Ag/SiO, 400 0.1
15.5 nm 35.0% CO

T 5 2 B, i P RuBURL I K/, 7T LAFE ] CO,
TN 3 AR 7 1D AT, Lin )
% 7 Rubl §1 5 5 (Ru) )R LA R FETE 2(Rupp o) F7 1
fFIRu/MgOMEAL 7. 4 Ru, FIRup, 0 F 1 R ~FAE
0.6~1.0 nmf, 500°C 2% T COWH miA538%. WBids
CO, INEFIFE 7 FHE AR TH ) B (TPSR) 45 & B, 7ERu,
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Figure 3 (Color online) (a) Relationship between the dispersion of Rh
and selectivity of CO, hydrogenation products [69]; (b) the influence of
products selectivity for CO, hydrogenation on the exposure of crystal
planes of Co;04 [79]; (c) the dynamic interaction between particle size
and strong metal carriers in Rh/TiO, regulates the selectivity of CO,
hydrogenation [70].
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Y FRGE AL . R R R P AR, Wei % RilFu
a3 5 5] 4 T Ni@Ti0,_ FIRu@MoO,_ M AL b1kt
WEE T NI Ru: 8 e e, SEEL T & 20
RWGSiE .

ChristopherZs ™ 538 7 — i B4 7 S 1) 42 4%
A58 A HAF ] (adsorbate-mediated SMSI, A-SMSI), 7F
150°C~300°C, CO,—H,(&ECO,)%HE ~, Rh/TiO,fl
Rh/Nb,Os[JRh NPsEK K T — ZWFPI(HCO,). 1X
FiA-SMSIZE M L FIR M AH ERLGEENAS
B1(0y), X B EAT — & HiBiE M, (AR HEHTAT
B MEN. FIR, BT F R H0H] T RhE R C-HEE M 8
71, TECOMNE R M HIEREMER I NCO, Wi T 1%
ZERWMEAL 7 CH, K77 4. X Fh A-SMSIEE 4 1 i
SE TR AL BRIA T DA AN T 3% 3o 1 S A 8 2 20 4
BIEVELL A AL, ERLEERE b, HeZPHRIE T AL
W AR o 48 25 LT EE I TS X SMSTRITA-SMSI ] 1] 4
FIETVE R, UFEM T fERWTIO, MEALFIAE S N 461 R
A DLJEALIE L A-SMSTELE 2, 4 138 % 7 B E
CO,Fihb 3. AL FIERWGS T A2 i @7 AL S 1%
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YDA AR P FA ELAE F (surface  oxide-support interaction,
SOSI). XMEAALYINPsH B AT % Be e OB AR R
TR, AT SEIREE M Ak, 158 o R g Ling™
RILTIO, NPsTE iyis H, FilAb BE IS 2 H K 73 HLAEMnO,
I, TERTIO A L BEE. X FFTIOBEEIL I 1 &
WAL SIEIE, A BTSSR MRu NPsH i H, M
T EMnOZR [HI 3 58 L s P 1 A4 4y DL 5 3R 7O,
R COMITERE. 5% TiO MRwMnO M 1k 77 #H
Ek, RWGSHI AL RESE =1 T 3.345.

VT H, HuangZs® 75 H A0S RS 3T T —Fhi
& B A B AE FH——& &3 A EAE FH (alloy-sup-
port interaction). {F7 F| ¥R EE%E G B+ B
(ETEM), 7ETiO, 7% AINiRus 4 NPs_ -l #2 ) —Fh 7
T BRI G —— W8 (K14). 76 E FH, I Rl 2
o, BUNREENPs (1~2 nm) A2 R AR, TR
G 4NPs  (5~25 nm) 23 # BARTIO M 2 5 B /NMIINPs,
HNiRu NPsTEMiRGVITRTFFE 45 0. X iz
BFECT A ENPsHIFE, WS T ConEid
FEH COMEREE.

M2, &R 5 EAE R AT UL Z
T3 BT B SR A 2548, $ & R Fhse s, 16mT LA
fEH T2 B & RIS, RECOM I aRE, X
S PR 2 208 T RWGS N AR ey iR 2R 3 S A LIS 1
AR, BRATTIR B S A BAE . TR B
MR EAER . A9 BRI A ik 2
EMHEER . G458k BMHEEERSS, &F
B2 MERSEMA TG R KR, HETEE
FETFRWGS LM fE.

6  EREAHIMRALT

RIS B 45 4 6 51 SRR PE & B R 2 e, FR
LB TV S5 R, i — R, BFACA BB T
S TR S, R LT DL 4
R 5 OB SR K, 5 TV o R
PesiRIPEIR, T ELi%st b 0205 1 T WAV
TR IERE T, HISSCOMRBHBRIE, S8R THAEAL )
COMEFFHE, [ A5 AL UCE KT 1] R S R R
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Zeng?§ "R 4 MRy NPsEf25 5 /£l — A4k
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Ru@mSiO, TR¥5H Fa T MCO H LR RCOEEEE, K
RIS IR RS2 S00] S BURLRE S5 LR, %18
FCu NPsE iR EMEZ R, O’ Brien ™ iyt T
— ol FLAT BRI 5 ¥4 (11 CuO /SiO, EALF, FH T il T 1
RWGSIRIL. 1545 119 51 BB CuBkREAL AL, 7ECO,
FH, 250 SURL IS I 0 B 58 4 K B4 CuO
SO, fH A I ikt T 223 AR 5 (KT RW GIS 5 1 R o

[fasE v, K40 45 K R AE B 78 CuO,/SiO, 1AL 71 2 AT Jih
) UL R SR 1), FH] T Culiiks i SR 4
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P AEP> 1 Xiao R AR S IEVE S R T —
KA EHRh NP e ARl TECO, AR B
f, Rh@S- 1 B B K BR B2 3 i S0 1, I i CORY
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Figure 4 (Color online) “Tearing effect” of NiRu alloy on TiO, support [87].

T2 EREEMMETIERWGS B

Table 2 The application of fixed structure catalysts in RWGS reactions

A7) EEy vy HEECC) & 71(Mpa) CO AR (%) COIEL (%) & ZFaE M (D)

1.6%Ru@mSio,""! A FLSi0, 4K 2k 400 0.1 23.0 83.5 50
Cu0,/Si0,*” Sio, 600 0.1 9.6 99 45
0.45wt%Rh@S-1"" S-13k A 400 1.0 17.9 91.5 150
2wt%In,05-TiO,"” In,0; 400 0.1 16.2 100 120
H-Si0,@Ru@Sio,™" H17Si0, 400 0.1 3.7 99.3 30
Ni@C Hes™ rh S Tk R 3 450 0.1 36.16 + 1.21 91.30 + 2.35 72
NiCo@Si0,"" Sio, 700 0.1 68 90 48
Pt-Pdy@UI0-67"" UI0-67 400 2.0 17.91 81.02 36
Ni-SAs/N-CNTs" N-CNTs 500 0.1 31.1 99.3 100
UIO-67-Pt-PSF(N)™ UI0-67 280 0.1 >53 >97.2 52
Ni,,Ps@SBA-15!"" SBA-15 600 0.1 51.6 ~100 36
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Figure 5 (Color online) (a) Effect of N, or air calcination on the selectivity of Ru NPs and CO, hydrogenation products and (b) stability test of the
1-3 nm Ru@mSiO, at 400°C [91]. (c) Zeolite fixed metal catalysts regulate CO, hydrogenation selectivity and (d) catalytic performance of various
catalysts [92]. (e) Catalytic performance of pure In,O; and 2 wt% In,05;-TiO, catalysts [93].

RORDIRASHIRTSE S, wT LIS 8 AR A 73 7 A FLIE
T ST <5 s o I 7 P ) R T A% (11 5).

o PAT R ) K 223 )30 5 %o A S s A v ) A 2 s 8
A REFL, SRS T RO R /S ) BRI AE AT
FAE D, Bkt iR, &A R A AL 5
(coordinatively unsaturated sites, CUSs)JIFF2 & {44l
KE T DLRSE AE T TR AR b, 50 WA T I
AT LURAR AT PAY 0 49 K 2 T F R ) FH SR AR,
ECUSS" ™ i, Bao e BAATION M FF IR I
NIn,0, 001 | R EE, ECOMEALIETFH T T
TiO, R [ 2 [ Tn,05 NPs H K #4k A E 5 AETiO, K 1M
fInO 78 i J=5. I PR | 1 VA2 25 InO 48 K 2 A ) 1
RIA LT AN CO, MR I, T B In—O—Ti g
) T G BRI A In, O3 BESE oM In®, TR e 1
In,O;fICUSs, 54liIn,0,4H Lk, RWGSHiFE 14 Ffe e 14
73 LA 251 95 (18] 5e).
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Figure 6 (Color online) (a) /n situ carburization of the MoO; catalyst in RWGS reaction and (b) catalytic activity of CO, conversion over as-treated
catalysts [111]. (c) Schematic of a-Mo,C synthesis process and its performance for RWGS reaction [114].
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Design idea and research progress of reverse water-gas shift catalysts
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Abstract: Catalytic conversion of carbon dioxide (CO,) into more reactive carbon monoxide (CO) via the reverse
water-gas shift (RWGS) reaction, followed by transformation into methanol, low-carbon olefins, aromatics, and aviation
fuels using syngas conversion technologies, offers a promising pathway for value-added utilization of CO,. However,
the RWGS reaction is endothermic and favorable for high temperatures, which is easy to deactivate at high temperatures.
In contrast, the activity is relatively poor at low temperatures, which is strongly influenced by the exothermic CO,
methanation. Therefore, the development of RWGS catalysts with both high-temperature stability and low-temperature
activity is very important. In this review, we briefly summarized recent developments for the design of RWGS catalysts
and structure-performance interplay, in particular to metal size and crystal surface effects, metal-support interactions,
metal-fixed catalyst design, and molybdenum carbide catalyst. These studies suggest that balancing carbon-oxygen bond
dissociation and hydrogenation capabilities are essential for developing RWGS catalysts with high conversion and
excellent selectivity. This work will provide valuable insights and serve as a robust foundation for the rational design of
a more efficient RWGS catalyst.

Keywords: carbon dioxide conversion, reverse water-gas shift reaction, heterogeneous catalyst, carbon monoxide,
structure-performance relationship
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