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Progress in photothermal catalysis of CO, reduction

ZHANG Zekai, ZHANG Ding, LIU Huayan, ZHU Qiulian, LU Hanfeng "
(Institute of Catalytic Reaction Engineering, Department of Industrial Catalysis, School of Chemical Engineering,
Zhejiang University of Technology, Hangzhou 310014, China)

Abstract ; CO, photoreduction is a negative carbon emission technology. The efficiency of CO, photore-
duction using sunlight is relatively low. Photo—thermal synergistic catalytic reduction of CO, has been
the research hotspot in recent years. However, the concept of photothermal catalysis has different un-
derstandings. One view is that photothermal catalysis is referring to using the surface plasmon resonance
thermal effect of the catalyst to generate hot electrons to promote CO, reduction. Another view is that
photothermal catalysis is referring to promoting the CO, photoreduction by increasing the reaction tem-
perature using light and heat as the driving force. In order to further analyze the concept of photothermal
catalysis, the recent papers were summarized and analyzed from the following three different angles .
photothermal catalysis based on surface plasma effect, photothermal catalytic reduction of CO, using
light and heat as the driving force, and photothermal catalytic reduction of CO, with process intensifica-

tion.
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Reaction conditions

FHOR BH REAE AT A4 RE TR AU AL A RE VR S 9K 3 )

14 BRI | A A A5 U Y R R AL, T A
e 21 TR R9ER 3 A4F B B o R0 RXLE S N B 22 H AR R B BEAE AL IR

i, A S s v A St H g R, B K CO, 5K B A it S AL 590, B T Lk > CO

0 B B

Y HHE:2021-08-30; HEHmIE: 4 W W

ELWMHE . B8 AHFE48( NSFC21676255)

F— BB REFI(1978-), B i mE A WL 8l #3%, BT 22N F CO BT RS T4, E-mail . 22k@ zjut.edu.cn
BIEEE N S H’s\%@( 1977-), % ,#rn kA, Tﬂ'}—l‘ I, FENF AR TR FAEEALAT R . E-mail ;. luhf@ zjut.edu.cn



9. g B BRI

www.chinacaj.net

® ¥ F355%F 68

HER, SOAT LIAS 3K BHRERA L, 2 S5 B v A fie
REEA IR Z —, XA R
M ECAVER, AR A TR A A

NTOGE SR # A R B (E, (B %
WK U, BT AL Y BIFFE B BE A AR R BH e fh 4k
R A YA BGHR AR AR T AR, XA
5] e v S S R (N NS = o N a4 = )
R kW/m?) RRE S ARREHA L, Hk, Bl
S A B B K FH RE BE 2 %5 B2, 38 D' & A Ak
FIBE S F) F 0w HA RO, 2R
/NIy, i T RERS B Z A R DL, IT &
B G T WAL T, A4 A 78] IR AT T DA 58 90 IXC
SEAR B AT LG I X LA 4R R B ALK
bR

i, EARTE AR R W e 7 R B RS T B
R AHJE PRI H AR 2 AN GE S 1k
MBI B &, T TUAE — RO i A 50 8 i
P 1 R 5 — M Bk A R BB

o4 SESC ARG S SR Sl g, R ik
B2 G HLSON , BIFI DG ¥ 3 A IR i 4k 14
PEAR R v &b T iy 1 H O B Sl JE L E
HL, T 143 9% (e —h" pairs) , SR )5 HL 5 [ W 4
VER, SEBAL 7 SR, ely 5 il 22 1) 1Y) 5 B 2
FE T REMS A O P, B HAA 4 T X A i
BOCT AR R RER R . X # A ]1%
P15 D i W W R Y ST, E R 3R A B 2
o (B2, AT R R BRI, KE
(>90% ) LT 52 br EAEAE i & 525 o
B G AR N IBE O, T SR A0 Ae] A1) T AX AR
Poar R OV B e 3E LIV D K
TR, — B Tl Al SO0 B FE 3

I, AT L < photothermal ™ 1 ¢ catalysis ™ /F
OB AR] I E] S PR R BT 10 4F, 7E Web of
Science Pk FiEATHE R, HEAT 1) 3] 29 500 18 3C,
ALtERC 258 T e kR, B2,
[5E] 10X 2 18 SC I N 23 & B, D6 44 ( Photothemal )
AN — AR X SR 5 AR HT B AT Y A i
HJZ IR 33X Al BB 2 A G REAS RAR 2 5
AL INGE . ALANDL , B 7E ' S fb Sk, A
SRAR Z A TR 7O Al — A&, S o
WA MR A e Wt 22 50 0, BRI 1 B, 7
XA SCH A 2/3 Db Fr e i ot B Ak
CO, , A 1 28 BLAT 2 11 45 2 TR L R38O0, 1)
S IRAE AL TE R TR BT A il 3, R

A AL SO AT A —ER At A
1) DR AR T e IR AN EFRAT T HETE
HA R4 R LOGRE FIEAEE 73 BIE A
UK Sy pp el i SO AT, XA S T
vt RIRA S SRR R, — 1 E DOG R
YE A ROV SR 3l J7 ( Driving force ) iF 57 i F 98 45 &
RET N2 218 30T e iy SEPR TR A AL
e,

= ST
S S 0T
St FfEL

B 1 iE+43k Web of Science Bt # L HIIL XX %
Fig.1 Distribution of papers on photothermal catalysis

in Web of Science in the recent 10 years

1T S o8 el [ R N2 SR 11 e o R = |
TR, H A g K Ozin #0421 IR Ok
PAEIL R A T = DG A2 Z [ 1 58 4R
fii Colmenares % N7 MPKE G ARAELL TR T4 Bk
IR ( Thermo —photocatalysis ) , LA i 7~ H:
H I, fH T 22 04 SRS AR TH A AR B Ry 3
FAE B TR ILIRALN (LSPR) BOGHE AL i T2 AR
e Pl U Gascon 4% L I, H AT
W5 B ST, R 2L [F ML ' AR A X — A
& ARSI YRV I AL Y BAR 2SR
REE AT 19 43 B, 30 B BB A% Xof A OC AT 52
NGRS —EZHEM

1 DUREEE TR A B R S L

Jayde 26 1) 45 B8 7 L JE (Local Surface Plasma
Resonance, LSPR) &35 24628 A 4 21| it 5% 4 @ 1
AR IIURL L B, AN SR A S T R B 4 e
YRR JIURE BY 4 I A% T HL - 1 R A i 29 A1 4 A DC i
B, 4 oK R B4 S 23 X0 ' F R it 7 A AR R 9 I
WP R AT o6 458 85 {4k 40 K TR 26 T 1) FL 3
HRAG, PRI AR BR TSRS AT
FEYAK IR 2 1] 55 25 1R b i g i 2l LA AS
[ AR LU, AR S P FE AR 4R ST B FE B A, 3R
R FHPURE T 2 A R SR ) A B AR PR R A — A~
Sl R BAE ORI T A0 4R B TR R B R R
N FHEE AN, ARHR S 5 A8 AT DL SE IR i Ak
R R B F B e AT LS 25 42 8 s i . S5 1
PRS- IMIN © 289 TR0 L #0697, I



www.chinacaj.net

TREFENF  ERAEAL CO,E R AT R R .3.

HE &Y ARG E  KFGEZER KR DO
PRI R CO, S it ™

4 VIR AR TE BAUKRR X B A TR R R
Sol T A P AR L R R T AR A
PR A 7= A (A F H BRIk P A Y T
HAT SR aE " k4 5 e B 7 AT LAATE P9
it , 38 5o PRI A Ry S I FRAE R RE £, AT X
REPE AR

I FH 3K 26 4 J JW0RE A9 LSPR &0, W IS
L 7= A LT SR A A R B T e S
N, B A KA R A Em RS 5 RO, P
Co/TiO, JEIHEAL il 8 b AL A W R 1], B A 5
R EEImE 2, HpE S (Tio, ) 1E Atk
N, CoO NE R MM, FEIEHIRA 2T, K&
OGRS HY(H) #1 0, ,H™ (H) i 3
PAEALF] CoO, I, 5 CO, KAIME SN, A8 1545 Fib
A EY ., %R R HEREE 2 BT AL
FFAEAL T AP RE L B AT =2 1] A A )

H'(8{H)+CO,
Sk
e | CHO,
P
hv
H,0
B
2H+1/20,

B2 RAXMELHESHRSESUNESFRERZE™
Fig.2 Schematic diagram of basic principle of preparation

[15]

of hydrocarbons by photothermal catalysis

XAULRARER T HEDEHEIL IR CO, iR
A 20, U B 5T AT AR R TR R
AR TR, HE AT A R IR DI A8 3 B e 114 4 J R 25
Boyd A NV R T R A 20 nm ELAE Au NPs
8 L B Xl 4 e T By A A T S BRI 2R R
R, TR Au NPs BYFEIRITAR T HE S R BOL
S CRE-KIRE Y N AT LIRS CO Xt
AT BT I, — b M, ke
UEBH T 45 B 7 UK Gl Bl A P Bl A R N Y T
REME

Xu SRR T —Fh T A B TR NPs
I MOF B TRV R 40 & SN A TR B % - 58
GYIEINAREER il XS Cu, S, 25O iKY LSPR %

W, SEJE X PRGBS B AL AR B e, TR
LLAMEIRT , Cu, S, W45 B TR I ™ Ak il
T WO LR B B ZIF-8 (b5 R i
Gy WriE VA S o KA IRGR B BN I Ak AL T 1 L
BT R T 445,

Ozin 55 N R I8 T ] 3 ELHES1 ¥ SiNWs
YEH In, 0,( OH) FESTHH A AL A9 15 P48 4,
it RWGS MK CO,IE 5 CO BYFEM , X a7
PEBI DRSS A 14 4 HE B0 A In, O, (OH) | JURE
RESE 22 o M) R FHOG I . BLAh, 75 SINW 41 |
By5 40  In, O, (OH) KL T 1] LA i 5 48 55
JCHEALIL IR CO, Y A2 33 I DT 20 1 5 23 4
FERIHE & T SINW B3 A I OC I8 AR, In, O,
(OH) KK TTE SINW _E i35 il LU HE SINW
AR In, 0,(OH) AKAL T 914

2 Ptk E 4R A K DRy S EL
®R CO,

AHET BT — PO A S BT A B A
B TR, S SR T 2 OO e A T £
AR, BT AR SR N T, B Lt AT eh
AR FAERE— LIRS, 1 — AU R, SR
T HE R RS ]

KIAETT 5 RGER 256 MR, T ™A= = i
ot ORE 7= AR Y AR ] 3 2 Ak R AR A
FK AL R K BHARIARE, an & 3, ARG 1 4l
TR DB W] 2 000 4F i, 12 3R BOKTE 151 3R
LR PHYCRY 7 e 5% T % S BA 4 KB RO
AR LLEF] 2 000 °C LA LB & i, 75 30 i #ml D
R JE OGO BRI DLz kIR LK 2
IR AKIR AL A A ;24 SRt ] U T 3R K D) —

S N
#h2f

Sk

Jetts

B3 REXEEEEL A KEEMENERERER
Fig.3 Different conversion flow chart of

solar energy to solar fuels



<4 - B IR N i

www.chinacaj.net

® ¥ F355F o6 H

RO, LA R AL IR TR O, T fE# L
ESUN TSP R fae Py s oy v R E SR TN T K
TP F R R RSBV A
BESTF  BR T OGsR, A B OGO i R AR R 1
o ek B P R

Zhao 25138 53 5 BRE A 12 B EN A B T LaNi-
CoO, 5K, JF-AIF5E T HOLIEALIAIR CO, HEfE,
IR AT G R IO 11 GRS X 0 S i AL P e
TEZNEGER ., TR R T R L
TEPE eGSR S T e R E R A AR
AR VR B T O I, TR] s SRE 1 1 280 i A2
B, WA 2 R0 5245 5 I A 2R i 4t v 20k %) s g 3
., AE 350 °C, AT OGRS O -4 &0 T Ak
FIXF CO, I JFF B 1 AR Lo A - IS 1 1
RIECRN

Li S NPV HIE T — e il & fgae T
P55 KPR AR SHEBL R, Ot P fb M4 3 TR S A1 i
ARESLIFAEEUK S CO, FFBe b S LAY T et hin
AT BEREMRMCEEA K FHOG S SRR ™ A8 /D $ e
PIIEREME MO . A2 55 K FHER S R 7 A i, %
T SRR GO L R G — A%, T HESE T 55
KBHSEIR B SEHR CO, e ny

Song 25 A\ R BRI BT 8 Fe, O, M ATIRAA
SR FH a7 B0 &/ B AV 1 & T — R 9 Ik S A
b3, FEMRIEAT O (200 ~ 1 000 nm) R, PEAE T
Fe,0, Fe,C FHAH A N[ & 1b/ i A0 A2 52 19 41
KERILMALFITE CO, eI b e bERE .
TEIBEE H FeCy fEALT AT A3 2 1845 e B[] >f
SO I BRI . SR FERIR A G IR R
Fe,C AL RIS 10 7 R B P FE AR, X 2
T 55 RN T B AL IR 2 R B A I 8, AR
XEESER 0T LA B R, G IR, Fe JLAE AL
EHARON S CO,FEILIY 2 IR B T,

3 dERAAE TR ELZER CO,

60 U SR 1 T AR T LI
A IR AL, TS 455 5 19,
K LG TR REACRIRTISE, T M2 L T
L2 1135 6 KT A P R
FRLA PR B R T, W\ CO, B 5L R
TR

P

Py 201 co,

krecomb( 1+K112()P112() +KC02PC02 ) ?
JSE 3 A2 B G, i A ) A AR 1 Y R

“Teo, = k(T) kgla

e, SEAPRREE b AT LA, DR AN A7 75 B0 1) O A
b, i R A A RO G A A R AE =
NV REAE EAT R E IR I AR E T A
TG BN AT LA o Ak Sy R SR a2 o i
AR SR, Xof I 56 R ek B ) el A8 T T 8 T B
BRPARE, 24 MOEsR AR B LUK R S S50
JE SN B | AR S T LAAS Bk B O A A, i
W3 U5 B 0 3k B RN A A A s Ak, B8 U R 0
fb, XA RS SRR FURIRE 8 mT U
77,6 EE R R TE R L ROGEORE DR,
JIRREE R — A LT, AR R A BT, W
[F C.A. Ggrimes Fr i BT B A N, RIR
B CO, 5 H,0 [N RIS, Tt B LA,
X 2R EER AR 18 CO, b 58 R B b by
A,

Rossetti %5 A\ & BT —Flsg B E F  #
TE 1= FE (20 bar) T, 48 8 SRR AR TR AT W 1
VAR AT 2 8 AR A K R R AR R RS
=32, VEH B 0 80A B Lt 0.1% Au /Y
TiO AL, 78 L SN 245 ~364 nm [ 125 W
R SRAT BEST

£ 20 bar 85 C 5/ F #ATC5, vl LIRIG &
FSIRIES Y, B4 TR 6%H, , /R FLLE 0.
6% CH, FURIRI AR C1-C2 7=9) , W AH Hh 5% F|
AL B R AR 2 110 g Ch - Kg,, ™'
FAXFFSAR= 8, BT RIS SR EE M. Anpo 26 ™
FRAE 45 5L 5 AN B R, 1 A R RS
SR TN I 5 B A 77 38R IS AR 7 R B
i ok, UESE TR R TR E Co, iR R A
Rtk

JE 7 B2 a0 A A5 RAH H Y O, vk BE RS T, I
AT M E L CH, OH Ml HCOOH & R AF7E
IVRARRY , A8 A B T AR AR A BT 2 2= 1 7 b TR
“5Y.

Rossetti /%%]\[26] TE 2Z BT 1Y 155 HE S 1 kAl
FHEFT T 3E— 2B SE 5 FE 80 C Mg AT R, 1T
P53 ARURTIRE Y CO, EER 3 EUAE 1 bar BF2924 0.01,
{E 7 bar Bf 254 10% , 7E 20 bar Bf 28 35% , X%
T2k SN TR B Ak ) T A RO )
i IR TR RN R — A PR W B CO, B3 in 2
M S I R T BOR R B 7= 9 o0 A, 6T
R TITT WA = 0 I TR B L 3 S 1) Y RO it
BEAFT H,(nE 4) , w2 EES A0 1
TR T3 T A LI S5 P 7 o v R BRLR T



www.chinacaj.net

TREFENF  ERAEAL CO,E R AT R R . 5.

e AR T AR U T R Xe A
SR A BRI

W H, l HCOOH

pH=14

7 19
Ploar

4 AEEHTH H,71 HCOOH 4 &
Fig.4 H,and HCOOH yields under different pressures

Ouyang % N7 il £ T — Z81 0 8846 A [ 3%
TR 19 Fe, C AL, LEABATTZECIA FTS HfHfL
TR AR RN AN = AT, AR
P HT, AU S B s b == 58 e HEas =k, R
300 W ARKT VR A G IR 9K 3l Fu e Ak Sy, 8 4o 45
-5 P HE EEL A, R Ak SR 1 ek B 4 o E 340
C., F5BRT Fe,C,/a—AlL O, 7EA [R50 E T
L PERE , BEZEOCIRM 6.28 w/em M) 7.03
w/em?®, CO FEALR N 31.6% 54 N2 71.2% |, Mifkax
IR PR 51.5% N IEE] 41.4% , Ui T L
SER A RS T ) R BRI R N R

60 1100
—— CO b

50

6.3 6.5 6.7 6.9 7.1
H 5/ (W-cm™)

5 AE#K Fe,C,H FTS ik 8¢
Fig.5 FTS catalytic properties of Fe,C, with different supports

Kuang % A\ 045 T LA Ni, P, oA R A 4541k
F1R) — T 35 T 1o B2 40 8L AR 40 K A R R 454, 5
ToRZLMC B . TR SO i AT T AN [
TR IOE IR 7EATE b (RS &
) F, B 538 1L 10.4%Ni,, P,/Si0, & 5L 7E 320
C Al #2t 8.03 mmol -+ g, 7' - h™' LA Bl R
mE 6, Ak, FE A R FR UL R, 70 IR
(BPRAIE AL A TG k) T A 3R 2 i Ry 25.6
mmol « g, ="+ h7' XY SR AE AR A 20 IR B
THE O R SR A AR R B R A AR A
Ly LIRS

251
R

201

15F

| I
0 — [ .

160 200 240 280 320
i/ C

B 6 10.4%(FEBEZL)Ni,P,/SiO,FIfELIERE
Fig.6 Catalytic performance of 10.4%( wt%) Ni,,P,/SiO,

Zhou %" HE P/ AL O, 451 B 31T T CO,
ISR, e G2 I A R LB, 7 B n D
WA J5 L 120 °C B, — 48 AL Bk 19 s AL R 2 50
pmol/ (g + min) ,CO M4 BN 15 pmol/ (g -
min) , YEIREFEAE T Pr/ALO, | CO A= T 5 Y
TEE, EIRF 120 °C 1Y CO A piid R 33T 250 C
TR CO AR RGE A I HAE CO, 37 TH
WIS L e e, P, Pr/AL O, B A7 MLl
(G A FAARE M RIRL 0

4 SERELAEE MR M R A

YT IO AL, AT 2 AL AT A
SN A, B R AN S AURBR T O,
PR —A 3 B TS 22 B SO R A5 2 N,
WICE W S A R A LY, DL ROK IS
4.1 XMEUERTESHPHIEHA

Zhang S TR =0 ) R BHOGIK AN #4 4%
PF T 31T — R A R HE A R N M BE ok % 58 Co
SRR, e TR AT IR T, K BH BB 9K 3 1 2%
oA R PR HE T HEF AR LAY CO b Fm A
&Yoo T kB HEBR G Kk B far i
FEad R 1 5% M, A 5T FH G AR OAS [R] Y B 655l U
((435+5) nm B (650+5) nm AYZE A IEEH ) 16
210 °C FEIR R T Co-700 (4L CO Akt
fig, £ CO FAb Rk & b &Y Mk Bt i,
FHDEREON EF T Co—700 K FHAEIR S 2%
FoA U g A

Gu % N Tio, 49K 45 (TNTs) 5 Co A 1L
54 AHET Co/TNT WIS REMEALT], TR 4K Co
PEALTR) 9K B 2R HE A B e VAL T R . FE 2.0
MPa (5 S AT T 55 h 19 CO fn& vk fe ik,

CO 4§ %/ (mmol - kg, -h™)




6 - B IR N i

www.chinacaj.net

® ¥ F355F o6 H

S50 ke BUGAR A RN I AL SR R B i R n, OF
IEN o A RT3 A IR oE R st /) Bivt =< O L O <]
AL R BEE TR T E RN, VB 5 AP LR
F|, 7 220 C/UV 5@ T Y CO FEIbF 57F 298 C
BRI, #F 2, TEEEUMERY CO
Ak e B I A T DAAE B AR R R AT, T
gt il Al IR . R, 5 i fb it
FEAR L, i R — AP e AR

Ouyang % N\ Fl— A5 A L T 7148
CoMn & 411 MnO HEAL T H T 240 A B N, M
fEFITE MnO 4K E 54 CoMn, H,F1 CO WIS
WHER S T i e, SHiEIAR L, £
T RIS E
4.2 EAENEEBEVIS LY F ER A

Wang %j\”ﬂ H g—C;N, . TiO, .ZnO = b LAY
FR) R A 7] A i I SR 2T ( CR ) 206 2% 88 5 0 38 JBE XY
AL PERERSZ M, SCHVEAL RN DL 300 W AT
JEIR FEANEREE (4 .25 .45 °C) F, WA FEMEALF]
(g-C;N, . TiO, .ZnO) AR NI L (CR) MG
TEMEEA T I, 45 SR B I 3 X — i Ak R0 1Y
AL TG P # A I R, FEAH R ST, 24
TR 4 °C FTHE] 45 Cmf, =R Ak AL 1
R IR E T 36.1% 45.7% 111.2%,

An ZE NPUHEERN T —Fh PtCu/CeO, H FFE £ 1L
AR ML A ML At 25 R,
A CIRAIEN T, PtCu/Ce0, A % FLI i (1) 1F
PCREREAR . 1E S )G B AL AL TR 2 PtCu/
CeO, fEALF R 1 pR &L, BLAN, S ik 1 e
T PtCu/CeO, L H 5820 L IR L i 4 1k Ak
FEIL 200 °C , LA LTE PtCu/CeO, I
(R IR RO

Ji ZEUS T4 Y Ag/F-STO fALFIHEAT T8
pr 0t e N A R S b s A s 0 oY
PEAHIAT R, K Ag/F-STO HAT St H B [A] 3%
DN, R it 3R 2 T A I A R T | 58 SR i
AT Po Al Pd AL VA FE VR
SIS R T PU/SITIO, —x 76 R0 AL i 45 Fh 45
T 1 #E A 6 1b RN O 2R i 1k BB PY/
SrTiO;—x 7E 150 °C Al WG RS T A9 0 i 1k AU Ak
(PTO) 54 F B H Bt i3 Fi% 5 1 R B b 4R
6(TCO) BLAE 30 °C T # 47 Al WOt i b Ak
(PCO) , £ 1 /INEF 1 5 g B a] P, B R AT L3 2ot
PTO 524t CO,, M@ TCO 5 PCO T2,
H R B AL 20%

Meng K HLIR] 0 )y B B — o 78 114 5 44
AL Cr,0,—-A1,0,/CdS, FKFHF T95 & B i ik
PR, B B ARG . 7F 353.15
k B A] OGRS TR ,0.05 g CdS BAdA iy 4 B g = R
290 11.7% , T AE 353.15 k IICEIE TR ,0.05 gCds
PR AR AR A, B CdS SR B RS Ak SO
R R, A ERVER] . X T4 Cr,
0,-AlL0,, ¥ 353.15 k TLHIAAFF,0.05 ¢ Cr, 0,
—AL O, JARZE R ISR 10.8% , R (353,15
k AT DLEHR ) i (353.15 k) &14FF Cr,0,-
AL O, AR X0T 4 R At 1 2 A0 28 FR R 1) 52 e 5
AR, 2B Cr,0,— AL O, 162 H B i Ak fz 7 5
BRI FI E- ., Cr,0,-A1,0,/CdS &
B RIS PEAS 2 L2 B 43 ( Cr, 05— AL O I F4
HEALTE RN CdS MYBAEALIE M) B, X2
Ui, Cr,0,—A1,0,/CdS & A BB = Ak 1 1 2 A
KT Cr,0,-AL O, By FAEALFN CdS By Gy B
[FAE

Zhang % N7 J—Fhi ik i i R 1 =2 1] A9
AL J5U B N # B AT akhtenskite 4514 Y MnO,
YK R (3-MnO, ) PRI ER T TR T iz A
R TR o AR SO FEAS 55 5K B g 2
HEAT  FEGUAT RS I Rk R R b S TR S TR R
L PE 7R = IR BT Y UV -VIS—IR §8 ]
AT R CERA AL LTI A W, A
LR TR A AL i, A KA CO, TR 4T
MAE 120 °C DL b A H ) S g i B2, A Ak 700 A
TE UV-vis—IR $85F T BMEALTE E (CO, =R ) B
HATE . 7E 140 °C Al 160 °C ,7E UV-vis—IR 4818 T
PEARTRIAE i ) R AR 5 PR 4 i B v T 3.9 f5 i 4.8
i CHAPR R VR AL 2, X RIS SR 3R
B AR TR0 A9 i Ak 18 Mok T R BHOGIK 31 1 ol #4
HEAL ARG
4.3 BN EKES TR R

Ouyang %5 N R 98 T Al 48 Bk
(Zn0 A1,0, LI & ZnO F1 AL O, IR &) 13k Cu
AOCHEEAL WGS SR P BE , 10 57 B A [R] I B A5 £k
MIIIZL , HE Zn0 HEAER Cu 26 WGCS
LA 2 T R A P AR Y Cu HoAT B s
MR, 45 SR UL EE 2] i T4 44 K JURL 1Y) 5t #A8%
N7, JRyFS S I Uk JBE A T AR A 7R 350 °C 22 A, A
AL AE WGS S b H HL A R4 9 i AR 3 1
CuZn PO S AHE AL 1% PR 00 X v ) B R $h ) b 5
CuZn AL Z (B Y R AT AR EAE



www.chinacaj.net

TREFENF  ERAEAL CO,E R AT R R .7

Li 25 o P 750 i FR R 0 ) ), F
KT — BT Bk B I T K R AR 4
PRESN . 2% B AT IAE— e R BHOG AR T
FEAE IR K 2D-CuZnAl JIEAE] 297 °C  FEBA H:
e A A B OL T, — DA R BT 3R 3l K S
AR RN B P AR R 192,33 mmol - g7 -
h™' X 7 A R 769.31 m® - hT

3 b ok 2 i 1 R E 5 2R B, AR T DA
TOCMEA SN I ERES T G HA b IRl 1k R R
AT & T 22 S R, 47 RO AR S I 14 g
FHIE R,

4.4 LR

Tuan J H:[A] 540 R T —F i 201 7 461
RO AL RN . RN AR T Cu 98K
2 (nanowire) , £F 400~ 1 200 nm A9 70 [F N H A TR
SRR ISCRE /7, 7E 808 nm OGRS T, Cu 9k £k
AITE 2 s WIAE 250 °C ., 1% fhr A 44 e A i
b SN 3R I BRAED I R N

He % N B ST 8 R T FE G IV AL I 1 2%
H AL D) Z Bl S B 2R . 7
SRR N HY BT 5 E AR 2 R AR AR
R BE A B, 7 AR 1 R A 2 T K B A T
Whirh  BEAK TORRARCR FOEIGE 31 fE
FHAFE BRI Bk R 8038 R A AR ) B 58Xt T
AP B A B I M RE A5, LS I 2
R, BB R I SRR S Y COL %R CO 1Y
TEBEPE B i, 3% AT DL UA PR 1 3 3 Al A £ B b
TAEAR AR R DT i T AR A R R
T

5 BEMRE

TR S CO, R LAR] s 1] F S R AE Sy
ez DA SV E Eow N D) 1B 2 SANTTE 3
TENTOG A S e K BH REFE AL AR BB B8 A2 . AR
7, ZEAR LR A A5 D L E S, 3 5 i ke —
F BB A AR TR R 501 2 Xl P AL AL A
PRI PR o U ROk HAV R e AR L (R 4K Bl )
AR eI A n] B O — R R sk, i
BRI (4 S L i , LA A 7910 [R] A 22 e 7 DI AR
B ORIFLOLPVIEIE R G — AR E Z A5 I
HEALTR A 2540 A ORI AR St S22 W e Al 3 1Y)
HESH, TR IRRAEY), R 4 1 O
SRR E I B, B IR R AL R
GERET R FHREREIR , & X HE— > RGEPN T B0 22

DRk, 2SR A Sl et AT | B R TR AL 2 755K
TF R AT br N BB R A R

LR Nl PR S R R S GV e o o
FEL T BOE VI AL , D0 pb 200 A7 B 22 B S 36 R B e
RS, A7 (S ) B0 A A A R E B 1) S
WA, Bt E Z AL RIR R | JF B A A
AFRRRE M A S B 25 A, AT BT B 22 9 S By i
P o [RJ A, T A1 5] Ay e 9t B e T LR AR iR
JEE IR, DRI Ay A 5] 54 0 B0 R Ak 2 P o 7 A v i
JEN A A AR A, T AR AT P i 52 P
TEHERRRERE bR il i AL ) BEARIA B T 58—

B OCHHEASTIT T B0 B K FHBE A
MZIT AR AE A K FHRE e A R AL 15 s o 2
A, WASTHEAT B 2 W S I SE B B 5T, 487 06 A
ML R AR 5, 0 A A3 1) 2% b R R B9 4 T A
TR, AR A — BE 8] A E AR T 1 H A

&% 3k

[1] S Sorcar, S Yoriya, H Lee, et al. A review of recent progress in
gas phase CO, reduction and suggestions on future advancement
[J]. Materials Today Chemistry, 2020, 16; 100264.

[2] X Li, L Wang, W Su, et al. A review of the research status of
CO, photocatalytic conversion technology based on bibliometrics
[J]. New Journal of Chemistry, 2021, 45 (5). 2315-2325.

[3] J He, C Jandky. Recent advances in solar — driven carbon
dioxide conversion: Expectations vs. reality [J]. ACS Energy
Letters, 2020, 5 (6): 1996-2014.

[4] S CRoy, OK Varghese, M Paulose, et al. Toward solar fuels:
Photocatalytic conversion of carbon dioxide to hydrocarbons
[J]. Acs Nano, 2010, 4 (3): 1259-1278.

[5] N G Moustakas, J Strunk. Photocatalytic CO, reduction on TiO,
— based materials under controlled reaction conditions:
Systematic insights from a literature study [ J]. Chemistry,
2018, 24 (49). 12739-12746.

[6] M Ghoussoub, M Xia, P N Duchesne, et al. Principles of pho-
tothermal gas—phase heterogeneous CO, catalysis [ J]. Energy
& Environmental Science, 2019, 12 (4). 1122-1142.

[7] V Nair, M J Munoz—Batista, M Fernandez—Garcia, et al. Ther-
mo — photocatalysis: Environmental and energy applications
[J]. ChemSusChem, 2019, 12 (10): 2098-2116.

[8] D Mateo, J L Cerrillo, S Durini, et al. Fundamentals and appli-
cations of photo—thermal catalysis [ J]. Chemical Society Re-
views, 2021, 50 (3). 2173-2210.

(9] Jafl, gk4e, £/, % SLERYKBUR LSPR LR 5
[J]. R ARAR, 2010, 23 (5): 630-634.

[10] A Manjavacas, J G Liu, V Kulkarni, et al. Plasmon—induced

hot carriers in metallic nanoparticles [J]. Acs Nano, 2014, 8
(8): 7630-7638.
[11] H Zhao, B Y Zheng, A Manjavacas, et al. Distinguishing be-



.8 -

BE IR I IR

www.chinacaj.net

® 1

F355FH

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

tween plasmon—induced and photoexcited carriers in a device
geometry [ J]. Nature Communications, 2015, 6 (7797): 1
-17.

H H Richardson, Z N Hickman, A O Govorov, et al. Ther-
mooptical properties of gold nanoparticles embedded in ice:
Characterization of heat generation and melting [ J]. Nano Let-
ters, 2006, 6 (4). 783-788.

G Baffou, R Quidant. Thermo — plasmonics: Using metallic
nanostructures as nano—sources of heat [ J]. Laser & Photon-
ics Reviews, 2013, 7 (2). 171-187.

H H Richardson, M T Carlson, P J Tandler, et al. Experimen-
tal and theoretical studies of light—to—heat conversion and col-
lective heating effects in metal nanoparticle solutions [ J].
Nano Letters, 2009, 9 (3). 1139.

W Chanmanee, M F Islam, B H Dennis, et al. Solar photo-
thermochemical alkane reverse combustion [ J]. Proceedings
of the National Academy of Sciences of the United States of A-
merica, 2016, 113, 2579-2584.

J R Adleman, D A Boyd, D G Goodwin, et al. Heterogenous
catalysis mediated by plasmon heating [ J]. Nano Letters,
2009, 9 (12). 4417.

F Wang, Y Huang, Z Chai, et al. Photothermal —enhanced ca-
talysis in core—shell plasmonic hierarchical Cu;S, microsphere
@ zeolitic imidazole framework —8 [ J]. Chemical Science,
2016, 7. 6887-6893.

L B Hoch, P G O’brien, A Jelle, et al. Nanostructured indium
oxide coated silicon nanowire arrays: A hybrid photothermal/
photochemical approach to solar fuels [J]. ACS Nano, 2016,
10 (9): 9017-9025.

G Wei, D Zheng, L Xu, et al. Photothermal catalytic activity
and mechanism of LaNi Co;_ O3 (0<x<1) perovskites for
CO,reduction to CH, and CH; OH with H,O [J]. Materials
Research Express, 2019, 6 (8): 086221.

Y Li, J Hao, H Song, et al. Selective light absorber—assisted
single nickel atom catalysts for ambient sunlight—driven CO,
methanation [ J ]. Nature Communications, 2019, 10
(1): 2359.

C Song, X Liu, M Xu, et al. Photothermal conversion of CO,
with tunable selectivity using Fe—based catalysts: From oxide
to carbide [ J]. ACS Catalysis, 2020, 10 (18): 10364 -
10374.

S T Seng, L Zou, E Hu. Photocatalytic reduction of carbon di-
oxide into gaseous hydrocarbon using TiO, pellets []]. Cataly-
sis Today, 2006, 115 (1-4). 269-273.

N A Kelly, T L Gibson. Increasing the solar photovoltaic ener-
gy capture on sunny and cloudy days [J]. Solar Energy,
2011, 85 (1). 111-125.

I Rossetti, A Villa, C Pirola, et al. A novel high-pressure
photoreactor for CO, photoconversion to fuels [ J]. RSC Ad-
vances, 2014, 4 (55). 28883-28885.

M Anpo, H Yamashita, K Ikeue, et al. Photocatalytic reduct-
ion of CO, with H,0 on Ti—-MCM-41 and Ti-MCM-48 meso-
porous zeolite catalysts [ J]. Catalysis Today, 1998, 44

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

(1): 327-332.

E Bahadori, A Tripodi, A Villa, et al. High pressure CO,
photoreduction using Au/TiO, : Unravelling the effect of co—
catalysts and of titania polymorphs [ J]. Catalysis Science &
Technology, 2019, 9 (9): 2253-2265.

Y Li, R Li, Z Li, et al. Effect of support on catalytic perform-
ance of photothermal fischer — tropsch synthesis to produce
lower olefins over Fe;C,—based catalysts [J]. Chemical Re-
search in Chinese Universities, 2020, 36 (6): 1006-1012.
Y F Xu, P N Duchesne, L. Wang, et al. High—performance
light—driven heterogeneous CO, catalysis with near—unity se-
lectivity on metal phosphides [ J]. Nature Communications,
2020, 11 (1): 5149.

7 Zhao, D E Doronkin, Y Ye, et al. Visible light—enhanced
photothermal CO, hydrogenation over Pt/Al, O catalyst [ J].
Chinese Journal of Catalysis, 2020, 41 (2). 286-293.

7 Li, J Liu, Y Zhao, et al. Photothermal hydrocarbon synthes-
is using alumina—supported cobalt metal nanoparticle catalysts
derived from layered—double—hydroxide nanosheets [J]. Nano
Energy, 2019, 60: 467-475.

L Wang, Y Zhang, X Gu, et al. Insight into the role of UV—
irradiation in photothermal catalytic Fischer - Tropsch
synthesis over TiO, nanotube —supported cobalt nanoparticles
[J]. Catalysis Science & Technology, 2018, 8 (2): 601
-610.

R Li, Y Li, Z Li, et al. A metal - segregation approach to
generate CoMn alloy for enhanced photothermal conversion of
syngas to light olefins [ J ]. Solar RRL, 2020, 5
(2): 2000488.

F Meng, Y Liu, J Wang, et al. Temperature dependent photo-
catalysis of g — C3N,, TiO, and ZnO: Differences in
photoactive mechanism [ J]. Journal of Colloid and Interface
Science, 2018, 532. 321-330.

J Kong, G Li, M Wen, et al. The synergic degradation mecha-
nism and photothermocatalytic mineralization of typical VOCs
over PtCu/CeO, ordered porous catalysts under simulated solar
irradiation [ J]. Journal of Catalysis, 2019, 370. 88-96.

J Kong, C Jiang, Z Rui, et al. Photothermocatalytic synergist-
ic oxidation; An effective way to overcome the negative water
effect on supported noble metal catalysts for VOCs oxidation
[J]. Chemical Engineering Journal, 2020, 397. 125485.

S Meng, S Chang, S Chen. Synergistic effect of photocatalyst
CdS and thermalcatalyst Cr, O; —Al, O for selective oxidation
of aromatic alcohols into corresponding aldehydes [ J]. ACS
Applied Materials & Interfaces, 2020, 12 (2). 2531-2538.
Y Yang, Y Li, Q Zhang, et al. Novel photoactivation and solar
—light—driven thermocatalysis on € —MnO, nanosheets lead to
highly efficient catalytic abatement of ethyl acetate without ac-
etaldehyde as unfavorable by — product [ J]. Journal of
Materials Chemistry A, 2018, 6 (29): 14195-14206.

F Liu, L Song, S Ouyang, et al. Cu—based mixed metal oxides
for an efficient photothermal catalysis of the water—gas shift re-

action [J]. Catalysis Science & Technology, 2019, 9 (9):



RFNE

www.chinacaj.net

FAMEA CO, % B AL BF R R

.9.

[39]

[40]

[41]

[42]

2125-2131.

C Shi, D Yuan, L Ma, et al. Outdoor sunlight—driven scalable
water—gas shift reaction through novel photothermal device -
supported CuO,/Zn0/Al,0; nanosheets with a hydrogen gen-
eration rate of 192 mmol - g™ « h™" [J]. Journal of Materials
Chemistry A, 2020, 8 (37): 19467-19472.

C C Chuang, H C Chu, S B Huang, et al. Laser—induced
plasmonic heating in copper nanowire fabric as a photothermal
catalytic reactor [ J]. Chemical Engineering Journal, 2020,
379. 122285.

M J Cai, C R Li, L He. Enhancing photothermal CO, catalysis
by thermal insulating substrates [ J]. Rare Metals, 2020, 39
(8): 8381-886.

L Zhu, M Gao, C K N Peh, et al. Solar—driven photothermal

[43]

[44]

[45]

nanostructured materials designs and prerequisites for evapora-
tion and catalysis applications [ J]. Materials Horizons, 2018,
5 (3): 323-343.

W Wang, S Wang, X Ma, et al. Recent advances in catalytic
hydrogenation of carbon dioxide [ J]. Chemical Society Re-
views, 2011, 40 (7). 3703-3727.

JIA JIA, CHENXI QIAN, YUCHAN DONG, et al. Heteroge-
neous catalytic hydrogenation of CO, by metal oxides: Defect
engineering — perfecting imperfection [ J]. Chemical Society
Reviews, 2017, 46: 4631-4644.

J A Herron, J Kim, A A Upadhye, et al. A general framework
for the assessment of solar fuel technologies [ J]. Energy &

Environmental Science, 2014, 8 (1). 126—-157.



