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Table 1 Oxidation-reduction potential of CO, during

photoreaction

180 °C Fil 3.5 MPa i 54, Pd/Mn-TiO, H g4 ml
Cl /=Wy, MAELIMNEIR S T FZA A C2 7=, Jit
BRI AT & Pd Fil Min 7 TiO, v &5 _F 1B EIAVE F A= i

Reaction pathway

Potential / V (vs. NHE, pH=7)

T C2 7=y, Hoh Pd Hili4k TiO, RO A T, IHH

CO,+e —CO, -1.90
CO,+2¢ +2H -HCOOH ~0.61
CO,+2e +2H'—CO+H,0 -0.53

CO,+4e +4H —-HCHO+H,0 ~0.48
CO,+6¢ +6H —CH,OH+H,0 ~0.38
CO,+8¢ +8H'—CH,+2H,0 —0.24

Hiz %3] Mn |, Mn {8 CO, 14k, 7E45EE 544 T fi
kK C—C # A, A2 A w M = 4.

B T8 TiO, X FEMIE G TGRS, I
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MOF & & 8B g NS B s 7 i Ak
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TiO, HEATECERY, # FA 7 e M T s ™ 5l
/\/%—L/:c{ﬁk /7 [23-24] —;e—%%?k[% 26] %HE“S E%%-%[ﬁ 28] Ay %‘F

Wang 25 Sl 106 Au VURE R [ £ 82 1 TiO,
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AL CB HLTIWFE RS, JEAE T WOk T 2 4
1T~ M5 B T Au [] TiO, ) CB 7 A FL I B fif
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CH, WAL 3R 5 i i TRERAAIR 1 4 e 2 &
PB4 8 - SR 2L S5 M i e AL AT I T — B
B .

Peng 2V # % T # 2% Pd fl Mn ¥ TiO,, 7
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B K RN T AL A AR A R R A ke B R T I 1)
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PR 73 ST AR, ARGE DK S 7368 S AR F A 22 5,
TN TR CAEAS R O T 4 20 (AN 1 fr
)z (1) TECHEAL SN 5 | AR, BIEAAE BILAE AL

Modes Driving force Reaction type Activity
JThermal Reduction
] 7 1 ' energy s S " Reaction
\ gyCB
TAPC i
Oxidation -—~-F¢---- Photocatalysis
Light energy Reaction
P -
PATC Light energy Thermocatalysis Ape—0
Apcirc>Arc
Thermal energy
Thermocatalysns
PDTC = - Apc—0
Apcife2Arc
Light energy photothermal conversion
=~ Reduction
e.—.’l_.
N CB " Reaction
Oxidation VB P/,o
Light , Reaction 'j—F ('af ay,,
prcc | RN A 0,A >0
/ Apcirc>ApctArc
Thermal energy

Bl 1 R A
Fig.1 Photothermal synergy mode diagramm]
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B # AL AR (PATC); (3) LA BHIGAE A il — B 5 8K
Sl RICIK LT RE (PDTC); (4) efiEfb S
A AL A HEAE R) B AV, BRI ) e A b 72
(PTCC).
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42 PUTIO, fEALAIGHAEL L AEL CO, JE I
(a) RIS PtLE PUTIO, LIS (b) PUTIO,.PC
i PTC JiagE ™
Fig.2 Thermally-assisted photocatalytic CO, reduction over the Pt/TiO,
catalyst

(a) Modes of Pt-dispersion on Pt/TiO, based on different
modifications; (b) Schematic diagram of PC and PTC over
PYTiO, ™
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1.5 MPa), 5| A g B4k, Be AR i -NH, 0L
e F I AE G G 7 AR B - O ROk,
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ORGSR H PROE T RE R AL O B Ok
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HRE AR, DN S A AE R — B
i [R] 12 8] P A% S B[], DA TG4 =5 EH bm =9 i 7
R, ASEF B LA R B AL, YA
[l Ak CO, I SR A AN B U ST [) B
Fy™,

Wang 25 B R AEFT B Cs,Sb,l, 554kH™ [ 529
TP RS CO, B (E 3), B Jeilad #ad k&
VT TBREATE TR, SR )5 R TSR0 s FG%
R PMAE S T 8. Cs;Sbyl, i ik il ¢

CO+CH,+H,
Sb2+
A: 1 def 0‘(« 0:
: I defects active
sites induced by (J c e’jo | N H,0

thermal excitation
B: Electron transfer induced by

J I defects sites and photo-excitation
Az S\ 2l
( [ i
( 1 ( 1 Vis
~ 7
~ - \ / 4 -1.00 V
- S~ -
/// Heating Excition | 2.03 eV
1.03V

. Cs' ° sb QT

Pl 3 Cs;Sbyly JEHEALFDEADI R AL CO, I JEHLERFFE ™
Fig.3 Mechanism of photothermal synergistic catalysis CO,
reduction in the Cs;Sb,l, photocatalyst[“]
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Research Progress of Photothermal Reduction of CO, Catalyzed by
Metal Catalysts

HE Shan-lin, WANG Qing-qing, LI Yin-hui’
(College of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract: Excessive emissions of CO, lead to an increasingly serious environmental impact of the greenhouse
effect. The reduction of CO, into high value-added chemicals through electrocatalysis, photocatalysis,
thermocatalysis, photothermal catalysis or photocatalysis is an effective way to address CO, emissions. Among
them, the photothermal catalytic conversion of CO, is one of the main research areas at present. This paper
summarises the classification of photothermal catalysis: thermal-assisted photocatalysis, photo-assisted
thermocatalysis, photo-driven thermocatalysis and photo-thermal co-catalysis, and details the corresponding
catalytic mechanisms, summarises the latest research progress on metal catalysts for photothermal catalytic CO,
reduction, and finally presents the challenges and prospects for photothermal catalysis.

Key words: metal catalyst; photothermal catalysis; CO, reduction
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