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Table 1 The mechanism and applications of the typical photothermal catalysts

Catalyst Photothermal mechanism Absorption wavelength/nm  Local temperature/'C Application Ref.
Au/ZPC LSPR 200-1100 49 4-nitrophenol reduction [37]
Ag/NaCNN/NiFe-LDH LSPR 300-800 115.7 H, evolution [39]
Pt/Mn-TiO, LSPR Full spectrum 195 C7Hg conversion [40]
Bi-CDs/LDH LSPR 200-1000 109 CO, reduction [41]
TiO,@TiOy Nonradiative relaxation 400-800 37 H; evolution [42]
AMO Nonradiative relaxation 200-1000 212 C;Hg conversion [43]
WO;./ZIS LSPR 300-1500 22.6 H, evolution [44]
CN/CuS LSPR 300-800 56.7 H, evolution [45]

CuS LSPR 300-900 65 Methylene blue degradation [46]

CNGO LSPR 300-2500 28.9 PMS conversion [47]
BMO/rGO LSPR 200-300 68 CO, reduction [48]
GQD-SPNs LSPR 45 Photothermal therapy [49]
CDs/TCN Thermal vibrations of molecules 300-700 40.5 H, evolution [50]
WO;5-NCDs Thermal vibrations of molecules 300-800 Cyclohexane oxidation [51]
Co-MOF-74/Znln,S4/CNF LSPR 200-800 94.8 Degradation of aromatic compounds [52]

ZPC is ZIF-8 derived porous carbon, LDH is layered double hydroxides, AMO is amorphous manganese oxide, ZIS is ZnIn,Ss, CN is g-C3;N4, CNGO is
graphene oxide (GO) coupled graphitic carbon nitride (CN), BMO is Bi;Mo0Og, rGO is reduced graphene oxide, GQD-SPNs is graphene quantum
dots/semiconducting polymer nanocomposites, CDs is carbon dots, TCN is tubular carbon nitride, NCDs is N-doped carbon dots, MOF is metal-organic

frameworks, CNF is cellulose nanofiber, LSPR is localized surface plasmon resonance.



%5 53 B2 5 EHE S5 OCHEACRONLER . ARE R U SR .+ 1301 -

CO.CH4CoHy A CoHg I~ B0 43 51 19.78.5.16. FEE L LDH AR5 11.25 581 14.47 £%
1.35 pmol-g *h™ M1 2.17 pmol'g "*h™", CH4 M CHg  (JLIE 2n)H*Y,

1.00
=== From laser(1 W/cm™) 50 s Au/ZPC
==*==TFrom oil bath e ZPC ettt
et 71 F-8
O.d2 L 45 [——H0 PP
- 2 40
S os0l . . g
© Solution 7=35 C 5
2 35
g -—-
[_4
0.25 - 30 v—
25
0 00 1 1 1 1 1
0 10 20 30 0 200 400 600 800 1000
Time/min Time/s
(a) 4-NP reduction (b) Temperature change
7
Ag/NaCNN/NiFe-LDH
~ 67 543
T NaCNN/NiFe-LDH _ |
= 5T 4.58
g l
E 4}
E
g 3r
= Ag/NiFe-LDH
= 2 1.64
= | NiFe-LDH 068 I |
0.52
oK1
Photocatalyst
(c) Infrared photographs (d) H, evolution
300 100
Full spectrum Full spectrum _ _
UV-Vis UV-Vis —y— TH - -
B Vis-IR < 80 vis-IR -
© 200} g
g oo
g z
b5} 3
=% S 40|
& o
e 100 g
L 20
0 «\Qm «\Qm O Om «@m 9 &\O"» (QO“» &\O O Om
Q\o’ N4 9 @0 g @0’ Ww’ W‘\s\ 0
X 2 X
‘Q'\Q S DbQ Q n)Q Q’\Q D@Q Q ";Q
Samples Samples
(e) Layer temperature (f) Toluene conversion
25
LDH Bi-LDH -
1 min y 1 min =
o0
! 3
@ :
=
Srum Srum §
CDs-LDH BCL-4 2
1 mi 7 1 min g
G
! :
T
=
Srum Srum 0 ‘2‘ ‘2& Q& 1 q’ . Q,
o 9 e S o Y >
(g) Infrared photographs (h) Product yields

B2 &JB IR g l7 3840

Fig.2 Photothermal catalytic performance of metalst®” 384



< 1302 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(5): 1298-1312

2025 4F

22 ¥BK

P FEME R T HARSA . mHARE, XAy
DLOEATIE IR YEr W BAA R AR 5, BeiE N 156
PR, e S AT K BH BE %% iR PR i i A AE
BRI Beah, Rl iR andETE SR A
W an SE A B AN 4 R TR AL B P iR AL i 4 B
LSPR RN, ] AT 20 e A AR

TEAALER(TIO,) &2 ML Y 1 2 SR A L, it T

F 15 A% R 3 AR 6 S5 SR Tl DAASE LRl mr ol

BEZIF IR Y. B & EEE R B TiO,, 1E45 M
PESI TiO, SR MY B A A S 45/ [ TiO, « 52 )2
(TiO,@Ti0, ), K 3a, BLFEfH AT RIS A ER A1
ZiE IR JGVE R RBHEYE, KGR EIL s |
65%, 7t T R AL Ti0L(30%)F14l TiOL(5%) .
W 3b o, £ AM 1.5 G G ALK BH ' 1) 11

BN, 30 s N TiO,@TiO, IR E FH s 5 37 °C,
fRAE T 2 0 TR T8, 350 T #4 R T
Tt T R HEAT o JHURE 1) 2% 50 45 1) 5 IR O
TRAE T KB T M K B S ok ™, 2 Bl 2 Fh
DL b S A 7 i 45 B b 2R SO T A B AR
By MEATEMEAL S T . RIS I SR A, A
BER B R O R Ak /1. Zhang 1)
JE R A S AR AN DY S = R 4 TR T S T
AN (AMO) LI T = RO i o i i . 78
HMEEE RN T AMO 55 45 M fi Ak 77 £E 4k
Vi S A SRS R AT T . AMO FE R /D 5 AN
¥ A(193. 203, 212, 226 CAHI233 C) LRI
bl B fh AR A ST B8 B T R O AV HRE £ % A 12
(L 3c~E 3d), 1XFRBHEAGE B RIEIER,
1M ELE R T A R

1.2
Solar spectrum
1.0 -
51
g 08}
<
o
206+
<
04+
0.2\ Tio, e
i 400 800 1200 1600 2000 40 60 80 100
Wavelength/nm Toluene conversion/%
(a) Absorption spectra (b) Infrared photograohs (c) Photothermocatalysis and
thermocatalysis for toluene degradation
100 o
: L vy
o 80k S 25| WO, L
& 7 [[—=— Full spectrum (212 C) E WO, /ZIS-1 © 20
% 6ol UV-vis (212 C) 5 20 ——WO, /ZIS-3 5
< —+— IR (212 C) - § |5[——WO, JZIS-8 218
8 40 g |——WO, /ZIS-9 S
o) i =10 =16
= z 5 |
= |
20 FToluene conversion CO, yield 5 5 14
o o L, T == ol . .
0 30 60 90 1200 30 60 90 120 0 20 40 50 80 100 120 0 20 40 60 8 100 120
Time/min Time/min Time/s

(d) Toluene conversion and CO, yield

CN/CuS-2.92%

12

4

Time/s
(g) Temperature change

(e) H, evolution

(f) Temperature change

(h) Infrared photographs

K3 RO TERE

Fig. 3 Photothermal catalytic properties of semiconductors



i

F==33

HS3ESE S 5

S VRO . AERE R e S

e 1303 -

ek 2 TF 5 LU AL S (WO 0 T 3R B0 HY 5 2
H A LSPR 248, & —Fh REFIaHAE.
Kl 3e flior, WOsy 5 ZnInyS, H & (WO /ZIS) K2
AR RTEUT IR JEHES T =208 m] Lok £
14.05 pmol-g **h™', 7EIE IR YEIEH T WO5.,/ZIS 1
BAREIAE] 22.6 °C, & T4k ZIS(WLE 36).
WO; T H &) LSPR RN AR5 T E A
Aol AN T T = = N 2.0 VAR D
WO /ZIS HAEEANHMRIRE, FEOLAR
FT R B, TR . 4R i
WEMEAE Au NPs A0k GE, B A4
(CuS)TEYEHR S d #f T IR BRIE J2 LSPR UM, {3
FER] WA IR S EA S R RE 77, SeREAb Rk
FIEF 25.7%°, 44 CuS gk F A BEALER(CN)
524 (CN/CuS) T BASE I A4 257 20N R FA 0N (1 B
FEfEH. CuS kA fER “F” , fER WO IR
R SR T A LR P P D T v, AR TR
T, INEEIR TR, TN RS I
TRBER ML R B 7%, AR EEGEAGTE .
Bl 3¢~ 3h s, FERLDUK BE G [ 2L RO T
CN/CuS & &R E 4 CusS (iR AR (AT 73 7 20
9567 CHI 423 °C, IR K40 CN iR
(AT=18.1 C), CN/CuS E&M K RE MM
HratEaE R G ON $2m 1 44.5 5. BF R
BEAN~2.3 um fEIR CuS NPs ELAT 5= AT 1ot
FT IR WRUSEE ST, 7E 300~900 nm 3 K3 il A W 22

FIR R TE RN 7ERFIYER R, 40 min Y CuS
NPs [ AR 2 (3 AT A 25 CH=#l 65 °C,
R R, 6P W R4S
~212.7%. —J71f, CuS IR TR HE R A
WO AR AR A I T =i oo 55— J5 T, CuS
BRF3T  F8 FRD 3L A6 J3E T AR e JE A 97 B
23 REMR
BRI S0 (GO) s I8 SR AR A A S
(rGO) F % 1 1~ 55 (CODs) B A RS 19 4 BE AL 27 %
i, MARERTTEEE. BRI, mASERA
RN IERE . R EA — @ R, 166
AL T DUR I LR E RE DT 0N
SRR B8 A B Y B A S ) SR IR A R
71, FEWOR BRI FAEHR B st P4 AT ARSI AT Je 3
k. GO IR St & @k pl, FER
i LSPR 5l#2f. 7F GO flt CN E&MEDefL
I JF A B R 2R (CNGO/PMS/Light) ik & 1, &#4:
(IR TRt S S I P (R T v (et 1 HL e 43 B A
TR, IR T REAR R S EEAT, S A RIRE
fRZFIEF]T 98%. F:T UV-Vis-NIR WIS Hr,
CN XHIH T 80.0%HI 54N RERE . 17.6% KA ok
R 6.4% 1018 IR YefeE, HEEAGIEM 15.2%.
HHEZ R, CNGO 353 T 94.3% 115K AMERE, 66.2%
] WOGRE, 64.5%MIAT IR YERE, 5 EAN KRG
66.4%. GO HI5I N m 7 MBI I RE
SR T HOCREAERE (LB 4~ 4b). i8IS JE AL

100F Solar energy to chemical energy Max 68.0 ‘C
o Solar energy to thermal energy
X 80f Reflected salar energy
2 P i
o0 [ Absorbed NIRI light !
5 40 Absorbed visible light '
= I Absorbed UV light T __:‘
o (7 |
20 250, 1.7% 58.7% 7.7%
e s CN CNGO=0 BMO QDs/rGO (NaBH,)
(a) Ratios of UV-Vis ble and NIR (b) Utilization ratio of solar energy (c) Infrared photographs
90 - ‘
—BMO Balk - 301N 8.6 °C VRGN 29.8 C 45°C
801  PYBMO QDsirG0 (4A) bo o5 [ CDS/TCN-1.0% )
@) ___1:8 BMO QDs/GO (NaBH,) = CDs/TCN-2.5% . Ok ¥
) £ (L ™ CDYTCN-3.0% L0
5 g = CDs/TCN-3.5% 873 C 3
5] T 15| CDS/TCN-4.0% —2
= / / 7
2 g Yy : ) i
g =t 1ok S L min. 60.min 76 min
R} S /)
3 st “ 39.1°C @403 °C 40.5C
EN i ../”/"/
. 0 l=", " : 90 min=Jl 105 i 120 min il KNE
0 100 200 300 400 500 600 0.0 0.5 1.0 1.5 2.0
Time/s Time/h

(d) Temperature change

(e) H, evolution

(f) Infrared photographs

4 BRIPEHRDC VLT RE
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< 1304 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(5): 1298-1312

2025 4F

Fy%E 0D/2D FHR4H(BMO)/rGO 7 i 45, fE AM 1.5 G
TR B G I RRE T, A AR BEAE 10 min PR
HFZE 68 CUILKE 4~ 4d). HHAH 1:5 BMOAGO
(NaBH ) efiEfIE R CO, PEREIAE] T 186.87 pumol/g,
& BMO QD (1] 4.64 15, 447 84758 T 55(GQDs)
T R IR WU, =i PTCE AL RS
B, VR AL AR O o SR B T
RIEREEE YK E G MEGQD-SPNs) I 1 5
YK, 8 I RN A R VR T PR AR B 1 4K
B CQDs L FEREEA T e N Hs
T s UARAE B IR B AR (CDs/TCN)# i, 7] B
FF e AL 2 K K AP 76 TON B #A sk
REEBN T, CDs BIFEREN K K$E = T CDs/TCN
HERRNRMERE, TCN JGHEAL ik ik Z b i
AT ELE 300 W GRUT RS 2 h 5 M 8.6 CTt %l
36.7 “C, 1M CDs/TCN-3.5%{EHH [F S5 1F N &R
Ik 40.5 °C, SRR TR T mG R T e A R
e G HEAL P A H N 12.94 mmol-h g, K4
#& TCN K 1.53 5 (LI 4e~ 41). 14, N 2% CQDs
5 WO; AT A R N R
SRR ORI PR,
24 SREBHNIESR

MOFs 1EA—ZH B TN —A MR A 71
FORHE AT DU A RA RIS, S Co-MOF-74 250
YUKEY Znln,Sq AT B A MR 25 45 M1
HEALF(CZ), FERAIM) 10 min AIRISOE FK H 4L
AIRE, 30 min JEiEEEEIRICRIEEY, CZ MR
RIMIEE N 69.7 C, 15 1.5 fF5LamE R, CZ Mk
FRIRE N 75.6 C, ¥ CZ 54 RIIKT 4L
A IS BB IR (CZO) f iy R T FE ik B T
94.8 C, FLLZT, 4l Znln,S, MR i FE #S A 1
hoe H 2 FEES CO, I JFHE 2 T2 B i T4l

ZnIn,S,",

3 A P

JeIR AL AR RIS MAT T e BB T 5 e B
BEPIRPRN., P[RR AT AL S i, (AR fE
2 A 6 MR AR A T W 1 A, SR A
By AMARE RRTRERRNAE SR,
HOL Ry A G SR, 3R m AL TR KR
AN ERI VS RSP 1SS e o=/ AR T L2 ip e SN R i)
T I A AT A L £ 2 L P T A S
R AT R AVE B, BRGNP A R A
B, A A B A A (A S R 40008,

3.1 IEIESEIRUL
MR BRERR S 1 A PSR S AT L X3 R B

e AE RN 44%, IR H 53%. KREHELEG T T
A O RE I AR A 2R % 43 T L (249 7 R BH Y6

50%) . A RIS H e ' T A R )
FOCHE AP BB . A K P B R 28 4 2 DA P2 AR ik
5 B Re B T AAARE, (R R R B EAT . 8
i R FH RS AT R 0 R S5 U 4 11 SR s o 3 £ 1k 77 1Y)
S P,

3.1 B LR RS TEEE T
AT L RE R ONPA Y, ORI BT R AT, B
BT BB T BRI s A ) R e i A R T
BOR R TRE, @i & kN SR I A B R e
ﬁ&&%%&k&l%ﬁﬁﬁ%ﬁ%wﬁﬂﬁﬁm
REMI R (ILE Sa). JuERB A2 H HINEE

Bz —, 1A, tﬁméﬁﬂ%%¢
W) 2. I NET 34 CB &/MES=
T VB s KARIZ TR ﬁTU%iMﬂ%? R
oA, A H AN N RS, DR, R
IR TE AR B B 70, @ik N B4
TiO, 4K AL TiO, A MR T il 45 35 51 4R 7 TiN 1)
N 44 TiOo(TNT), LG #EREN MgH, A 7. &
I TiO, 2 EAN 1.0~1.5 pm FITEIR 2 HIER,
EHJEBE DN 20 nm (25 SEHE B 3 S 40K 2 25T R o

mju

| ¢ YUY
“r‘\&{ﬁ_}_‘f ‘\XA ? ‘y}\‘&
AyAFLa e i
“f}‘x‘y gr V ;\k ; ;

(c) Morphology regulation of carbon materials

IS5 s i g

Fig.5 Strategies to enhance light absorption™®”



HS3ESE S

THE S5 ORAEILE . FPRL R S + 1305 -

I BAAETF TiO, KGR UE ) (WL 6a),
£ 19 ANKFHB GRS SR FE R, 0 Tio, BRI
WPEAE 15 min W AEERE] 171 C. MHELZTF,
TNTS5 1 TNT20 73 5 7] LLIA 2] 241 CH1 283 “CI1)
il . A3t THE TiO, WA BN 2.97 eV, 1fii TNT3
) B R & 1.89 eVUILIE 6b)7'e b4, 4 )8 R
T2 51 N 2% 0 Re 2t mT LA & i 4k 7100 K B '
I . 8t Cu 824 ZngsCdosS(ZCS)T] LA %
BA S M a e & R M EHCZ), Cu B2
AF LA SR S AN T R, 5 B RE
PRI=AE, T T BT BR 58 B RN, s s IR 0
(WL 6¢). i@t Kubelka-Munk 32734 10%-CZ ()
HoHOM ZCS KRR, Wkl 6d Fras, ZCS
10%-CZ [ B3 5 h 2.31 eV f12.26 eV. TEIW

/—"f -
8 //’ i
ié" TiN
S m—TNTS5
< - ——TNT3
400 800 1200 1600 2000
Wavelength/nm

(a) UV-Vis absorption spectra

10%-CZ

Intensity

500 540 600 700
Wavelength/nm

300 400

(c) UV-Vis absorption spectra

ST, CZ P~ E0E A F] 1904 pmol-h™'-g 7,
KL ZCS 1 1.7 5072,

AL TR AE S A I N R B A A e 1A
P SARIREANT G5 . (ESE LM, TFANET
5B # R A B A A, 45N
RLAT PAG| L S A% B R SR P 4
U0, 2 S S e BRI TR R TR RE 2R, AT X
A2 SR N BE 7. Li B BA 4% 5 & 8 A AL
Ni/SrTiOs AL AT LASEEL 2 ) CO, i i),
TSI 5 NER LTI B 3.08 eV FFF
2 2.81 eV, B/ B A3 L A8 A R FHKRH
JeF P A R I R e BRI T A IRE . TEOIS
4, Ni/SrTiOs 4 ] CO, HE#H LT 78%iz =T
Ni/SrTiO3(34%).

TiO, /

TNT3

(3.7,1.5)

32 | k=077
y=9.5+3.2%x / y=1.46+0.77*x
] /
|
/ 297eV 1.89 eV
2 3 4 5 6 3 4 5 6
hvleV
(b) Band gap

10%-CZ

(ahv)?

hv/eV
(d) Band gap

Bl 6 2RAh-AT WIS A Ak g U7

Fig. 6 UV-Vis absorption spectra and band gaps

3.1.2 eI T HEA LSPR AN 4 )& Bl
Rk, HOEMkae h E BB &R, RS AT
REEHI (LI 5b). U1 Au NPs (IFARFIESRAE LSPR
FHRMEE P EEETEN . 590K,
YURFER AR B E RS . WAk, WP I 45
FAT L g Ko o i e U, RAERE 7T, T
BRI, AR () RS RN, a4k

[71-72]

KRR HFARKNEE, HoaREREeR A
AHRDC], WMEMFZRAT Ag NPs fEJGIT
FEAE G RELL AuNPs i 10 £ 2 &5,

Xt TR A R I I A GRS R R L
PRGN T A NS 6 A28 22 U0 S RS
RIS MBI EAER], BE— Pt 4l X
FHOE RO ACRCR (LI Se). B, BRAKRE T30



+ 1306 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(5): 1298-1312

2025 4F

PRREE R, 7RI IR YO Y R H SR 2 — 4 7]
e, IXAEAF A SRR, FRE R T
WA L2 5y A1 3R, B AR L b 3 1D AR A 17 52 1) S iR
W, DR AT LB T R 3D 4544 1 LR BF 4 BT
K LR TR, e A AT X K B e R I
R R S10, 158 [ o Ak B ki i 5
N Si0, N E U AL (SSCN)RR 1L T 20 07 A, B
7 SSCN BN HE M RIME, sk 7 H XK B
FERIIRUL -
32 REBRTFIE

ZEPCBOR M SRS AR T, KPP RA
—H0 o) BRI T T LAE R VG AL S IR S Ak S
R, KEAEHRTSEESHRAREERS, 1
TS H 2R PSR, & B2 3%
REEAC, AR RN .. AT iEED
PR, B SBT3 B 8CR, b e /h”
xR AT,

PRI T B R R A R T iE L — R~

Potential vs. RHE/V

BRLE, W Z BRRLE. S B A A R A
ghagUS S0l SRR TAEAR R SR 34T %, 16
23] b SE P TS O B R B, T IA B BE
RBRTEERHKLE Ta~E 7b). ik
Ag/Na 5 J A S 5 AL B/NiFe ERBE ALY
(Ag/NaCNN/NiFe-LDH)Z- /5 % 5 Jii 45 SL B 1 6 75 25
TP 2 B (LK 7¢)P?, 540 NiFe-LDH H L,
=N EEMEEA BERCRN . RIAF1IEHA
PEBE AT LA YA B T IIE R, ek 1
Ao B, NI & P2 A tk4h, BiE
LUK IR Y5 NGt e v, oA 8 1 11
SESEMER ), REEBTRIEEEE, Mg
AL RE. &l 7d FizR, NaCNN/NiFe-LDH #
Ag/NaCNN/NiFe-LDH FHLH LK) PL 585, F£H
AR TFIEAERBIC AR T AmRK. 2 5
JREEHIVER{E Ag/NaCNN/NiFe-LDH HI7* S B
7 0.543 mmol/h, #& NiFe-LDH [¥] 10 5. ER] WO
TR R AT ALY A (1 B AR CR I5IE 3] 99% .

@ NiFe-LDH
# NaCNN/NiFe-LDH
Ag/NaCNN/NiFe-LDF

Intensity

400 450 500 550 600 650 700
Wavelength/nm

(a) Z-type heterojunction (b) S-type heterojunction (c) Z-type heterojunction (d) PL spectra
Vacuum czs
| CZS (fitted curve)
> | CZS/CoB-7%
Z D=4.46 eV = CZS/CoB-7% (fitted curve)
| Fem0593 =303 eV ) O./,,i-ai:s,?h{)ﬁky barrier 8
Z ] \ . g
;3 Emmm m mimiom s o0 o/ H .§ Tez5=5.11 ns
G [ mmmmem—- e =
g E, ~——mml s ' g H, g
= - =
2| FerLey sop=. O O O/ 2
~ =
. 4 Tezsicop706=3.16 NS
CZS CoB Oxidation  CZS CoB
Before contact After contact 0 10 20 30 40
Time/ns
(e) Schottky heterojunction (f) PL spectra
K7 SB4E K& PLOEIERS )

Fig. 7 Heterostructures and PL spectra

S RS &5 th A AL AEALTI(OP) L IO AL
FI(RPYALAR, HATZHRE M 4514, RP 1) 5K AES(Ey)
T OPe HNELEN, T EfMZER, e
gemr kAT M, JFES AT ENE . fERE
W PR MR ILEERTT, OP 1%
L TER AT S RP M S KERE S,

MITGTE RP [ 54 A1 OP i B NIk SR g J1
SR [ L R AR BE D SRR M 23 0, 43 S Sk Ik
R, Sun 2502 2 £ CuS/Snln,Ss(CS-SIS)S 7 &
JBE 25 AT LA S B R R O B B A &L, B AR
UV-Vis Al UV-Vis-IR FEEF R 8 BT #F i 12 [ i B2
Ak, KIL CuS/SninsSg Ml CuS F£f7E UV-Vis-IR



HS3ESE S

TUE % AMEIRBLE . BPRL R + 1307 -

RS T #0300 s
IR B R IR E 73l s 2 173 "CH 143 Ce
fE UV-Vis-IR ] T, REREZSRE 7 102.7 CAHl
84.1 ‘C. FEFHE UV-Vis-IR [RS T Hy = B
T UV-Vis @4+ R~ & . UV-Vis-IR RS AL
CuS/Snln,Sg HEALTIH) Hy A BUE H iR N 6235.72
pumol-g -h™', & T CuS(310.66 pmol-g'h ™)l
SnIngSs(1533.09 pmol-g “h™"). 5&HAh CuS ALk,
CuS/SnIn,Ss B A M EHI R 0k ZE £, XKW
CuS H1 Snin,Sg HEEM) S B 57 454 R AmH|] 7%
AHRTF-ESRAHES.

TE R J 57 T 45 vp 4 JB AN 2 T 2 T (1 T &k
(IG5, AR TR RO 2 1) s Re 3 T AR R
MBI, e RS SR, BT IR
25, TEFHHATE RFER X o ZFER X 77 A Py
137, (kLA 40 B I 0 F A 31 /) %% - T, Kong
SRR CdpoZng, S/CoB(CZS/CoB)E Ak,
BT TR BRI 1 2 5 R 45 RO MR RE (LI 7e), 7E
BRAET, ATWERE 3 h)5, CZS RMNARRIE
JERIA 31.4 °C, 1M CoB M5 N A SN AR RIEE
FHE % 37.9 Co fE[E—HE K, CZS/CoB-7%M7t
EEFHERT CzS. W 7f fir, 47 402 nm
WK RO, PR 520 nm AR I H B S PL
RETUE. 4l CZS Won T m s B, REPDLAER
MTPEAHEFEE. 5 CoB A5, CZS/CoB-7%
STEMEN PL RS FE 2 FEK, KW CoB 1
WL R R AR E L, R T R e F T
WA

WG JR AR AT DA SR g . B 2 PO RI A 4
JEBEAT E A AT LA AE LSPR ZG8, AT 7E #E #
TH] Ab 7 A o FL A3 3 o . BN, AR ) RuAu X4
BT, R Z B S, H5 54 E AR
e, HrzRENE, BT mReEin T AOGEEEE
g hn, sSEBL T SRRtk tERE . 9 2 i
B2 Bl 4 & o0 R A 38 R R RN 42 B B 4
A S B R
33 AEE

TEICRMEAL T BR T 48 m e A e 3 e = A T
Z B AME F5 X R AT A BRI, PR RR
BEGTER A S M AR AT A L, R R P T
w AR IR, 5 R R T T R 4R e A
RPERE. & LI AVE B 7 U B Ak 4 IR 4% I
0 figs et 220

BHRSIPEMRALZEIR M Si0,. ALO;

Zr0, 5, W LARR4afEf = AR R E RO B &, F
Tk RO P A ) AR R B8 K R B T AR A
PR AV e 78 0 F AL O ) 8a B
N, Bk &R S E B 2 L SO, R
(Ni@p-Si0)P, 4K BH G RSB, S A= A5 1) Ry pAy
LT (IR S st TR S I VR K i . ARCS I VR
AR Z FL AR E IR IR BRI 1)
PR, MR BRI . EFRE N 2.8 Weem
AL BHYE BB T, Ni@p-Si0,-30, Ni/SiO,- ALO;
A Ni-NC 1 2 [ ¥ FE 43 0l ik 2] 334, 314 CHI
300 ‘C, Ni@p-Si0,-30 H Ni Fig/H—1LfE CO,
FEALZIEF] T 20.6 mol-g ' -h ™' 435 A Ni/SiO,- AL O3
AT Ni-NC 1] 8.8 {51 12.3 1.

FENERE A PR E W 2 DL IR fR I AR,
R AT A A AR 2R P TP AT A s 2 RIC3 FRAEG  R LG )
F RSB e TR 5 59 (A ) sl 2 A 8 BH 1
BRI IR @77 25, anfEl 8b s, K BA R
Z IR $EHHH Cu IRFELE BiyTes K 1, BiyTes [
TP 6 A B 1 BE AT Cu AR TR 4 S 00 W TR 4 T T
PLIR AL AR « 24 BiyTes/Cu H BiyTes I & &
N3 um B, FERSRYE, KPS ERE R
97 °C, LLAHRFIZAME T HI4E BiTes(93 C)m294 Co
JEEEMK, 3 ums 100 nm A1 15 nm JE 1) BiyTes JE T
BiyTes/Cu M EHE 4~20 pum Y5 P 1) TR 585 0 A
248, 20.7+ 16.6 W-m >, BJEAKT 4l Bi,Tes [ IR 4
B0 (377 W-m )P, K CuznAl 99k 5
BiyTes/Cu R4 45+, RPN ZzEid 12 4 1k #iod
(1% B A K o R BIX 2 P FR e 1) S 28 496 1) OK B R 4 R
Wy H #(MSR), 7EHZE 6 m” (K AMHGIRET T, &
Zh A MSR 477 7 23.27 m¥/d (ES

fitg F B T DA B B) BT K B 6 1 ) R, d
N T A B A L B0 A R AL, B
P R 3 e TR P AR R IR A AR RO, TE R
B K PH Y6 A 78 2 R I i DA FH ke 2 2 4 44
R EEATI Y, AR AR PCMs) i U 4 R B AL
AN (MXenes). Z LBk, K £ ZEE(PEG)T] LA
g RERHRED, Hh, MXenes, 52k
ER(TisCoTy), B FIE 100% M6 B Haxw . H
FRF) 2D JEAR G5 ] DA HE R A ) S 1 1 4
feip i B2, HoEndvE s R ENfLiE R A
FORHIAEE, RN T M 2R 1A% 38 B 12 (L
8c)o MXenes it [ b #v AL 4 255 % FUBRURE 1) 44 K
) A5 L o oy AR S RO A R AE A 5 .
Bl 8d AT 7n¥ TisCoTy 49K v 5 PEG #H4T & A il %



+ 1308 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(5): 1298-1312

2025 4F

— B AE AR, AR R AP RHE SR K FH TR
SRR EIE 94.5% M0 57 (1 e AL e 2
(i1) The metal core
Sun emits IR radiation
(i) Sunlight hea&z Qii) The silica shell traps <=,
the metal core *

Ni Bi,Te,

Si0,

Heat conduction

(a) Nanoscale greenhouse effect

* C/N &
° Transition metal ®
Light absorption

hv
°% ux%wiL

(1)

MXene PhOtOthCr;ﬁ;li —conversion

(c) Heat conduction

IR radiation

IR radiation e e S

s
B

\LSPR effect &
Interlayer heat transfer _.--==~ S eftect

AT A A R IS P 1 R A A PR S 08 7
W,

(b) Coating

n
-

Thermal energy storage

=l g
= =0

PEG/Ti,C,T,

«w PEG/Ti;C,T,
Release thermal energy

(d) Thermal storage

&8 Hhuig g2 86-88]
Fig.8 Thermal management?*> 56881

FUAT, O RS 1 5 Al SR R4 56 e 24 e
(RAVREEUIEEY b2 ML D NIEL: ) E O ) 22 I
EVARIVE SR AR, R VAR A B
AR, SOk AP RATRES I 5 AP IR B,
il 2 A 10 7 B A2 A DA e K B REPR AR E 2 PELAS
JCENEN . BRAh, FESCRVEAL I B D SR
SCHLHG 5 TR B A0 SRR A RS ARG . DRIk, Ot
AL AN TR 7 iR LA AT 5306 S KOG
MEAL IR AR . BT 7 B BRI E 1A
EESEPN-"C:Jib M

4 ZipERZE

JEIRHEALR IR, Bl R R RSB AR 27 A
WEEAEH, 72 COIBJE . AHREME . AHLEHL
SRR ) R S U o Y BRI R T AT 5. ASERiR
AT T OGN, B45 TR Fa S Rl i B %
REREANEG T ARSE AT St R (R R R L R, PR
PRI AR 73 A T R AN AR S B T A . R
FaECHEAL AT A AL I DR BEAS e IRHEAL 7 il 3 3K
JCABIIAELL . BRI R .
WM &R, I8 B R AL
MEZREE . A9y oL RIS T 50, BEiR R
ARFHAEA A PR s REBGR T 170 B AU
PEEHE. BN LA G DL AL AT T
WRAE RN IS, 2R, Se e B aTUsim

I — R BBk

1) JFR R s AR B E e R
TR TUREIAT FUAZ L. H RTHIETUERZ Rt
BHEPLERA LSPR UM A <5 i A1 4k LA SRR AT
Ko B R —4EMRHNBEG . B . MXene S5 H] LA
AARTIE R IR O, BA REFRDCRER R, AT
PAME eI E BT Ot ViR R . HAABCR
RISEHE AR R B AN A HUHESER Rt D R A fl
FIBIF KSR T B .

2) SNBSS AN TS 53, 1 W N LE
¥ S SEMLER T USR-S e AL AL A T 2. e ik
FEA (VIHIF 7 2 2 B A e M A e E R T
AEBERFEXHC AL RO U RS2 THE T - SRTIKFH
A AR LA B o 0 K B B 0~ S R 2R B
Ty BT ARAR St TR S 1) AT S EER N I
AR ey X 73 e A AR AL £ e I AL R P Y
DURR LS N B A A EE A o & B SEIR T
85 P e R AE T Bon S AL MM ) Fot ik . K&
S BEWE) (S w S G T e R

3) MR BB, V59K 752 3P ]
B R e T AR e B RERT A e KB YG
UL OSE s e i M Eebier Y Xl D ESy (AP U
A B R RE BRI T RERS TS B R 0 1, EK R
L RIEA SN A BRAT RO A D AL AR
P AR R AR R G AL TR T T A



B}

HS3ESE S

Bigg S JIMEACIINLEE. PORL R b S < 1309 -

4) AT B B E S Rt 2P kT T
R AE COL IE JR AN C—C IR F A 1 s B INAEL
Cor P WU, AT LURMERIE B AT H 1

SE R

[1] HAYAT A, AIMAL Z, ALZAHRANI A Y A, et al. The photocatalytic
H,0, production: Design strategies, photocatalyst advancements,
environmental applications and future prospects[J]. Coord Chem Rev,
2025, 522:216218.

[2] XUE S X, ZHOU T, WU P, et al. Ni ssSe@CoFe LDH heterostructure
nanosheet arrays on Ni foam as efficient electrocatalysts for enhanced
oxygen evolution[J]. Int J Hydrog Energy, 2024, 51: 1349-1359.

[3] JINH G, ZHAO P C, QIAN Y Y, et al. Metal-organic frameworks for

organic transformations by photocatalysis and photothermal catalysis[J].

Chem Soc Rev, 2024, 53(18): 9378-9418.

[4] RAEzE, B, BRBA, 5. JoH s (O ES B T o AT Se ik
[7]. FiE 48, 2022, 46(1): 96-108.

WU Jianhao, ZHAO Wan, CHEN Mo, et al. Chin J Rare Met, 2022,
46(1): 96-108.

[5] YANG X R, CHEN Z, ZHAO W, et al. Recent advances in
photodegradation of antibiotic residues in water[J]. Chem Eng J, 2021,
405: 126806.

[6] ARAMENDIA E, BROCKWAY P.Wind power and solar photovoltaics
found to have higher energy returns than fossil fuels[J]. Nat Energy,
2024, 9: 775-776.

[7] HASAN A, ALAZZAM A, ABU-NADA E. Direct absorption solar
collectors: Fundamentals, modeling approaches, design and operating
parameters, advances, knowledge gaps, and future prospects[J]. Prog
Energy Combust Sci, 2024, 103: 101160.

[8] HB%, B, FifE, & WO HOGHEMTIR) Stk s BUR L e (0]

TEFR b 2791, 2024, 52(1): 322-332.
LEI Wanying, ZHAO Liang, ZHOU Tong, et al. J Chin Ceram Soc,
2024, 52(1): 322-332.

[91 ¥, BAse, BEHER, 55 BRALHEBI(In,Sns,Se) ¥ AR IR 2 K H AT
JeHEALA R Ho0, PERE[N]. RERR £ 4R, 2024, 52(1): 109-121.

ZHOU Tong, ZHAO Liang, XUE Shixiang, et al. J] Chin Ceram Soc,
2024, 52(1): 109-121.

[10] XIE B Q, HU D, KUMAR P, et al. Heterogeneous catalysis via
light-heat dual activation: A path to the breakthrough in CI1
chemistry[J]. Joule, 2024, 8(2): 312-333.

[11] SONG C Q, WANG Z H, YIN Z, et al. Principles and applications of
photothermal catalysis[J]. Chem Catal, 2022, 2(1): 52-83.

[12] LINIC S, CHRISTOPHER P, INGRAM D B. Plasmonic-metal
nanostructures for efficient conversion of solar to chemical energy[J].
Nat Mater, 2011, 10(12): 911-921.

[13] CORTES E, GRZESCHIK R, MAIER S A, et al. Experimental
characterization techniques for plasmon-assisted chemistry[J]. Nat Rev
Chem, 2022, 6(4): 259-274.

[14] GOVOROV A O, ZHANG H, DEMIR H V, et al. Photogeneration of
hot plasmonic electrons with metal nanocrystals: Quantum description
and potential applications[J]. Nano Today, 2014, 9(1): 85-101.

[15] ZHAO B H, ZHANG B. Electrochemistry-inspired design of
thermocatalysts[J]. Nat Catal, 2024, 7: 229-230.

[16] TAKATA T, JIANG J Z, SAKATA Y, et al. Photocatalytic water
splitting with a quantum efficiency of almost unity[J]. Nature, 2020,
581(7809): 411-414.

[17] NG M, JOVIC V, WATERHOUSE G I N, et al. Recent progress in
photothermal catalyst design for methanol production[J]. Emergent
Mater, 2023, 6(4): 1097-1115.

[18] ZHOU L N, SWEARER D F, ZHANG C, et al. Quantifying hot carrier
and thermal contributions in plasmonic photocatalysis[J]. Science, 2018,
362(6410): 69-72.

[19] GHOUSSOUB M, XIA M K, DUCHESNE P N, et al. Principles of
photothermal gas-phase heterogeneous CO, catalysis[J]. Energy
Environ Sci, 2019, 12(4): 1122-1142.

[20] MENG X G, LIU L Q, OUYANG S X, et al. Nanometals for
solar-to-chemical energy conversion: From semiconductor-based
photocatalysis to plasmon-mediated photocatalysis and
photo-thermocatalysis[J]. Adv Mater, 2016, 28(32): 6781-6803.

[21] WANG Z Q, YANG Z Q, KADIROVA Z C, et al. Photothermal
functional material and structure for photothermal catalytic CO,
reduction: Recent advance, application and prospect[J]. Coord Chem
Rev, 2022, 473: 214794.

[22] ZHANG J Q, CHEN H J, DUAN X G, et al. Photothermal catalysis:
From fundamentals to practical applications[J]. Mater Today, 2023, 68:
234-253.

[23] SARINA S, ZHU H Y, XIAO Q, et al. Viable photocatalysts under
solar-spectrum irradiation: Nonplasmonic metal nanoparticles[J].
Angew Chem Int Ed, 2014, 53(11): 2935-2940.

[24] YEN C W, EL-SAYED M A. Plasmonic field effect on the
hexacyanoferrate (I1I)-thiosulfate electron transfer catalytic reaction on
gold nanoparticles: Electromagnetic or thermal?[J]. J Phys Chem C,
2009, 113(45): 19585-19590.

[25] WANG C L, ASTRUC D. Nanogold plasmonic photocatalysis for
organic synthesis and clean energy conversion[J]. Chem Soc Rev, 2014,
43(20): 7188-7216.

[26] LINIC S, ASLAM U, BOERIGTER C, et al. Photochemical
transformations on plasmonic metal nanoparticles[J]. Nat Mater, 2015,
14(6): 567-576.

[27] BISOYI H K, URBAS A M, LI Q. Soft materials driven by
photothermal effect and their applications[J]. Adv Opt Mater, 2018,
6(15): 1800458.

[28] WANG J, L1 Y Y, DENG L, et al. High-performance photothermal
conversion of narrow-bandgap Ti,Os nanoparticles[J]. Adv Mater, 2017,
29(3): 1603730.

[29] FAN Q, WU L, LIANG Y, et al. The role of micro-nano pores in
interfacial solar evaporation systems—A review[J]. Appl Energy, 2021,
292: 116871.

[30] YANG J L, PANG Y S, HUANG W X, et al. Functionalized graphene
enables highly efficient solar thermal steam generation[J]. ACS Nano,
2017, 11(6): 5510-5518.

[31] SCHAPPI R, RUTZ D, DAHLER F, et al. Drop-in fuels from sunlight
and air[J]. Nature, 2022, 601(7891): 63-68.

[32]CAI M J, WU Z Y, LI Z, et al. Greenhouse-inspired
supra-photothermal CO, catalysis[J]. Nat Energy, 2021, 6: 807-814.

[33] KANG L L, LIU X Y, WANG A Q, et al. Photo-thermo catalytic
oxidation over a TiO,-WOs-supported platinum catalyst[J]. Angew
Chem Int Ed, 2020, 59(31): 12909-12916.

[34] LI X J, LIN J K, LI J Q, et al. Temperature-induced variations in
photocatalyst properties and photocatalytic hydrogen evolution:
Differences in UV, visible, and infrared radiation[J]. ACS Sustainable
Chem Eng, 2021, 9(21): 7277-7285.

[35] ZHU L L, GAO M M, PEH C K N, et al. Solar-driven photothermal



< 1310 - CREFR Eh22 4D

J Chin Ceram Soc, 2025, 53(5): 1298-1312

2025 4F

nanostructured materials designs and prerequisites for evaporation and
catalysis applications[J]. Mater Horiz, 2018, 5(3): 323-343.

[36] ZHU S Y, XU S, GUO Y J, et al. Defect damping-enhanced plasmonic
photothermal conversion[J]. ACS Nano, 2023, 17(11): 10300-10312.

[37] LV H H, MACHARIA D K, LIU Z X, et al. Au-loaded ZIF-8 derived
porous carbon with improved photothermal catalysis ability from
interfacial heating instead of hot-electrons[J]. Chem Eng J, 2024, 482:
148963.

[38] GOVOROV A O, RICHARDSON H H. Generating heat with metal
nanoparticles[J]. Nano Today, 2007, 2(1): 30-38.

[39] KONG W F, XING Z P, FANG B, et al. Plasmon Ag/Na-doped
defective graphite carbon nitride/NiFe layered double hydroxides
Z-scheme heterojunctions toward optimized photothermal-photocatalytic-
Fenton performance[J]. Appl Catal B Environ, 2022, 304: 120969.

[40] LI G H, ZHANG M, CHEN J, et al. Combined effects of Pt
nanoparticles and oxygen vacancies to promote photothermal catalytic
degradation of toluene[J]. J Hazard Mater, 2023, 449: 131041.

[41] YUL Q, GUO R T, XIA C, et al. Bismuth-metal and carbon quantum
dot Co-doped NiAl-LDH heterojunctions for promoting the
photothermal catalytic reduction of CO,[J]. Small, 2025, 21(5):
2409901.

[42] WANG Z, YANG C Y, LIN T Q, et al. Visible-light photocatalytic,
solar thermal and photoelectrochemical properties of aluminium-
reduced black titania[J]. Energy Environ Sci, 2013, 6(10): 3007-3014.

[43] ZHANG M, LI G H, LI Q, et al. In situ construction of manganese
oxide photothermocatalysts for the deep removal of toluene by highly
utilizing sunlight energy[J]. Environ Sci Technol, 2023, 57(10):
4286—4297.

[44] CHEN Z Z, YAN Y J, SUN K Q, et al. Plasmonic coupling-boosted
photothermal composite photocatalyst for achieving near-infrared
photocatalytic hydrogen production[J]. J Colloid Interface Sci, 2024,
661: 12-22.

[45] U H C, LIU Y T, et al. CuS nanosheet-induced local hot spots on
g-C3N,4 boost photocatalytic hydrogen evolution[J]. Int J Hydrog
Energy, 2023, 48(16): 6346—6357.

[46)WANG X Z, HE Y R, HU Y W, et al
Photothermal-conversion-enhanced ~ photocatalytic ~ activity — of
flower-like CuS superparticles under solar light irradiation[J]. Sol
Energy, 2018, 170: 586-593.

[47] QIU P X, CHENG Z W, XUE N X, et al. The synergistic effect in
metal-free graphene oxide coupled graphitic carbon
nitride/light/peroxymonosulfate system: Photothermal effect and
catalyst stability[J]. Carbon, 2021, 178: 81-91.

[48] FENG R Z, GUO M N, YANG Z Q, et al. 0D/2D Bi;Mo0O¢ quantum
dots/rGO  heterojunction boosting full solar spectrum-driven
photothermal catalytic CO, reduction to solar fuels[J]. Carbon, 2024,
224:119079.

[49) HUL Y, SUN WY, TANG Y Y, et al. Photothermal effect enhancing
graphene quantum dots/semiconducting polymer/nanozyme-mediated
cancer catalytic therapy[J]. Carbon, 2021, 176: 148-156.

[50] LUJL, SHI'Y X, CHEN Z Z, et al. Photothermal effect of carbon dots
for boosted photothermal-assisted photocatalytic ~water/seawater
splitting into hydrogen[J]. Chem Eng J, 2023, 453: 139834.

[51] ZHANG J H, LIU J C, WANG X Y, et al. Construction of Z-scheme
tungsten trioxide nanosheets-nitrogen-doped carbon dots composites for
the enhanced photothermal synergistic catalytic oxidation of
cyclohexane[J]. Appl Catal B Environ, 2019, 259: 118063.

[52] HOU C, ZOU S 'Y, GAO J Y, et al. High-performance photocatalytic
degradation of aromatic compounds using Co-MOF-74/ZnlIn,S,/CNF
aerogels with enhanced charge separation and photothermal synergy[J].
J Clean Prod, 2024, 485: 144393.

[S3]NAIK G V, SHALAEV V M, BOLTASSEVA A. Alternative
plasmonic materials: Beyond gold and silver[J]. Adv Mater, 2013,
25(24): 3264-3294.

[54] MATTOX T M, YE X C, MANTHIRAM K, et al. Chemical control of
plasmons in metal chalcogenide and metal oxide nanostructures[J]. Adv
Mater, 2015, 27(38): 5830-5837.

[55] C L, TIAN Q W, YANG S P. Recent advances in the rational design of
copper chalcogenide to enhance the photothermal conversion efficiency
for the photothermal ablation of cancer cells[J]. RSC Adv, 2017, 7(60):
37887-37897.

[56] N R, SKRIPKA A, BESTEIRO L V, et al. Highly efficient copper
sulfide-based near-infrared photothermal agents: Exploring the limits of
macroscopic heat conversion[J]. Small, 2018, 14(49): e1803282.

[57] skmety, B, 5. dREWRRKIL BiOBr Z8K A8 HIAL L K HAETE /K
AP B REFA ). IR 2 2R (E AR BLEA AR, 2024, 37(6): 49-55.
QIN Yuanhui, ZHANG Xiaolong, GE Bo, et al. J Liaocheng Univ Nat
Sci Ed, 2024, 37(6): 49-55.

[58] Y, LI C X, ZOU X, et al. Super-hydrophobic graphene-based high
elastic sponge with superior photothermal effect for efficient cleaning
of oil contamination[J]. Chem Eng J, 2023, 476: 146317.

[59] Y, QIN L, YI H, et al. Carbonaceous materials-based photothermal
process in water treatment: From originals to frontier applications[J].
Small, 2024, 20(5): €2305579.

[60] G Y, CHENG S T, CHEN B B, et al. Graphene infrared radiation
management targeting photothermal conversion for electric-energy-free
crude oil collection[J]. J Am Chem Soc, 2022, 144(34): 15562—15568.

[61] Q, HUANG J, ZHAO F F, et al. Photothermal effect of carbon quantum
dots enhanced photoelectrochemical water splitting of hematite
photoanodes[J]. ] Mater Chem A, 2020, 8(30): 14915-14920.

[62] EBI A, AKHAVAN O, LEE B K, et al. Supercritical water in top-down
formation of tunable-sized graphene quantum dots applicable in
effective photothermal treatments of tissues[J]. Carbon, 2018, 130:
267-272.

[63] HIJ, LI C W, QIAN Y, et al. Magnetic-induced graphene quantum dots
for imaging-guided photothermal therapy in the second near-infrared
window/[J]. Biomaterials, 2020, 232: 119700.

[64] G P, MEI H, ZHAO Y, et al. Nature-inspired 3D spiral grass structured
graphene quantum dots/MXene nanohybrids with exceptional
photothermal-driven pseudo-capacitance improvement[J]. Adv Sci,
2022, 9(30): €2204086.

[65] X F, WU H Z, SHI X J, et al. Polyoxometalate-based frameworks for
photocatalysis and photothermal catalysis[J]. Nanoscale, 2023, 15(21):
9242-9255.

[66] WANG D C, ZHENG Y J, ZHAO H, et al. Core—shell B-SiC@PPCN
heterojunction for promoting photo-thermo catalytic hydrogen
production[J]. ACS Catal, 2023, 13(15): 10104-10114.

[67] LI Y F, ZHANG Q P, CHONG Y N, et al. Efficient photothermal
catalytic oxidation enabled by three-dimensional nanochannel
substrates[J]. Environ Sci Technol, 2024, 58(11): 5153-5161.

[68] QI K, TAN G Q, LU Z H, et al. The temperature-controlled
optimization of g-C;Njy structure significantly enhances the efficiency
of photothermal catalytic NO removal[J]. J Mater Chem A, 2024,
12(11): 6539-6548.



B}

HS3ESE S

Bigg S JIMEACIINLEE. PORL R b S « 1311 -

[69] LU Y, WANG H J, YU P F, et al. Isolated Ni single atoms in nitrogen
doped ultrathin porous carbon templated from porous g-C;N4 for
high-performance CO; reduction[J]. Nano Energy, 2020, 77: 105158.

[70] TWHi%, W&, B, & CNs BGHUMEIFA IR G 45
) R PR SRR (0], R #h 24, 2025, 53(1): 136-147.

LEI Wanying, YANG Xinxin, ZHAO Liang, et al. J Chin Ceram Soc,
2025, 53(1): 136-147.

[711HU X C, CHEN X W, ZHANG X Y, et al. In situ construction of
interface with photothermal and mutual catalytic effect for efficient
solar-driven reversible hydrogen storage of MgH,[J]. Adv Sci, 2024,
11(22): €2400274.

[72JCHEN H F, ZHU Y W, WU J, et al. Cu-doped ZnCdS-based
photocatalyst for efficient photocatalytic hydrogen production by
photothermal assistance[J]. Case Stud Therm Eng, 2024, 61: 104970.

[73] LI H, TANG Y, YAN W, et al. Vacancy-enhanced photothermal
activation for CO, methanation on Ni/SrTiOs catalysts[J]. Appl Catal
B-Environ, 2024, 357: 124346.

[74] BAFFOU G, QUIDANT R, GIRARD C. Heat generation in plasmonic
nanostructures: Influence of morphology[J]. Appl Phys Lett, 2009,
94(15): 153109.

[75] CHEN H J, SHAO L, MING T, et al. Understanding the photothermal
conversion efficiency of gold nanocrystals[J]. Small, 2010, 6(20):
2272-2280.

[76] BT, BT, RS, 55 Si0, M50 F B BULRRAER AT W%
SRR PSRBT TE)]. TEHUMRL A4, 2024, 39(7): 787-792.

CAO Qingging, CHEN Xiangyu, WU Jianhao, et al. China Ind Econ,
202439(7): 787-792.

[77] CAI H R, WANG B, XIONG L F, et al. Orienting the charge transfer
path of type-II heterojunction for photocatalytic hydrogen evolution[J].
Appl Catal B Environ, 2019, 256: 117853.

[78] QIN H J, ZHANG W J, ZHAO S S, et al. Design of CoN/ZIS
heterojunction with yolk-shell structure for impressive photocatalytic
H, evolution promoted by the photothermal effect[J]. Chem Eng J,
2024, 489: 151213.

[79] ZHANG D F, ZHANG D, ZHAO F P, et al. Synergistic enhancement

S-scheme heterojunction and the photothermal effect[J]. J Mater Chem
A, 2024, 12(48): 33546-33558.

[80] YANG X R, CHEN Z, ZHAO W, et al. Construction of
porous-hydrangea BiOBr/BiOl n-n heterojunction with enhanced
photodegradation of tetracycline hydrochloride under visible light[J]. J
Alloys Compd, 2021, 864: 158784.

[81] WANG Z M, YUE X Y, XIANG Q J. MOFs-based S-scheme
heterojunction photocatalysts[J]. Coord Chem Rev, 2024, 504: 215674.

[82] SUN Y T, XIONG R Z, KE X X, et al. Multi-hierarchical CuS/SnIn4S8
S-scheme  heterojunction  for  superior  photothermal-assisted
photocatalytic hydrogen production[J]. Sep Purif Technol, 2024, 345:
127253.

[83] KONG Z S, DONG J X, YU J H, et al. Photothermal-enhanced
magnetic  Cdg¢Zng;S/CoB Schottky
photocatalytic hydrogen evolution[J]. Chem Eng J, 2024, 496: 153960.

[84] TANG H B, CHEN C J, HUANG Z L, et al. Plasmonic hot electrons
for sensing, photodetection, and solar energy applications: A
perspective[J]. J Chem Phys, 2020, 152(22): 220901.

[85] WANG S H, ZHANG D K, WANG W, et al. Grave-to-cradle upcycling
of Ni from electroplating wastewater to photothermal CO, catalysis[J].
Nat Commun, 2022, 13(1): 5305.

[86] LI Y G, BAI X H, YUAN D C, et al. General heterostructure strategy

of photothermal materials for scalable solar-heating hydrogen

heterojunction  toward

production without the consumption of artificial energy[J]. Nat
Commun, 2022, 13(1): 776.

[87]LIN Y X, JIA'Y T, ALVA G, et al. Review on thermal conductivity
enhancement, thermal properties and applications of phase change
materials in thermal energy storage[J]. Renew Sustain Energy Rev,
2018, 82: 2730-2742.

[88] ZENG W G, YE X Y, DONG Y C, et al. MXene for photocatalysis and
photothermal conversion: Synthesis, physicochemical properties, and
applications[J]. Coord Chem Rev, 2024, 508: 215753.

[89] FAN X Q, LIU L, JIN X, et al. MXene Ti;C,Tx for phase change
composite with superior photothermal storage capability[J]. J Mater
Chem A, 2019, 7(23): 14319-14327.

of photocatalytic hydrogen evolution in ZnIn,S;/CuWO,via an
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Extended Abstract

Photothermal catalysis is an innovative approach that combines typical photocatalysis and traditional thermocatalysis, which
possesses all the merits of both processes, such as the efficient catalytic rate of thermocatalysis, the low energy consumption, low
pollution and high selectivity of photocatalysis. Meanwhile, photothermal catalysis avoids the problems of single approach like the
high temperature of thermocatalytic reaction, a series of side reactions, and deactivation of catalysts. Furthermore, the efficient solar
energy utilization rate of photothermal catalysis holds the promise of elevating reaction rates to industrial levels. Due to its
exceptional solar energy utilization efficiency, high catalytic reaction rates, mild reaction conditions, and low pollution, photothermal
catalysis has been proposed as a promising alternative to traditional photocatalysis and thermal catalysis in the fields of energy
conversion and environmental remediation.

This review first introduces the mechanism of photothermal catalysis, with a focus on the plasma conversion and non-plasma
conversion processes. On the basis of synergistic modes between photocatalysis and thermocatalysis, we categorize photothermal
catalysis into three types: photo-assisted thermocatalysis, heat-assisted photocatalysis and photothermal co-catalysis. Subsequently,
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various types of photothermal materials, including metals, semiconductors, carbon-based materials and metal-organic frameworks are
summarized. Thereafter we comprehensively discuss the current effective strategies to improve the photothermal performance, such
as improving solar energy absorption through band engineering and morphological manipulation, increasing carrier separation
efficiency via heterojunction construction, and enhancing thermal management through heat insulation, suppression of infrared
radiation, and thermal energy storage. Lastly, the future research directions and challenges in photothermal catalysis is also discussed.

Summary and prospects Photothermal catalysis, based on the photothermal conversion to drive the reaction, shows large potentials
in various applications like CO, reduction, organic pollutant degradation, organic synthesis, and hydrogen production via water
splitting is the synergy of photochemical and thermochemical effects. This review summarizes the mechanisms of photothermal
catalysis, including the direct process by infrared radiation absorption and the indirect process via non-radiative carrier relaxation.
Moreover, the indirect way could be further divided into plasma conversion and non-plasma conversion. Based on the contributions of
photocatalysis and thermocatalysis, photothermal catalysis is classified into three modes: Photo-assisted thermal catalysis,
thermal-assisted photocatalysis, and photothermal co-catalysis. Metals, semiconductors, carbon-based materials and metal-organic
frameworks are common photothermal materials. Various modification strategies are developed to promote the catalytic reactivity of
photothermal materials, including improving solar energy utilization, accelerating the separation rate of high-energy charge carriers,
and strengthening the thermal management. Though photothermal catalysis shows great advantages in comparison with the traditional
thermocatalysis and common photocatalysis, it still faces a series of challenges especially in large-scale applications. Several research
directions could be considered to the development and application of photothermal catalysis in the future.

The development of efficient, cost-effective and robust photothermal materials is the central theme in photothermal catalysis. At
present, common photothermal materials focus on metals with LSPR effect, semiconductors and carbon-based materials. Emerging
two-dimensional materials such as phosphorene, borene, MXene are capable of harnessing both visible and infrared light and also
exhibit high photothermal conversion efficiency. These materials hold great potential as light absorbers in photothermal catalytic
systems. Additionally, covalent organic framework materials with large conjugated systems also provide a new avenue for the
development of high-efficiency photothermal catalysts.

The mechanism of photothermal catalysis need to be further clarified. The understanding of the insight of reaction could guide
the construction of photothermal catalytic system. At present, the key research focuses on the synergestic effect between high-energy
carriers and photo-derived thermal energy. More details about the exact energy conversions like light to charge carriers or
non-radiative relaxation could be figure out. Furthermore, it is pivotal to distinguish the contribution of photocatalysis and
thermocatalysis in photothermal catalytic reaction. The rational design of experiments, specific characterizations like in-situ
techniques-including in-situ Raman, XPS, AFM, etc. and first principle calculations might provide the possible solutions to discern
the catalytic mechanism.

To address the limitations of photothermal catalysts, it is highly desirable to explore simple and effective modification strategies
to enhance the absorption and conversion of full-spectrum solar energy. Rational structural modulation of photothermal catalysts is
essential to ensure efficient separation of the generated high-energy carriers and then apply to the subsequent reaction. Additionally,
reducing the heat loss during photothermal catalytic processes is also a critical research priority. This requires balancing the energy
utilization and heat dissipation while optimizing reaction pathways to achieve energy-efficient and sustainable catalytic systems.

The application of photothermal catalysis still requires further investigation, particularly in CO, reduction and C—C coupling to
generate high-value C,. products with high selectivity, which are the critical approaches to achieve the carbon neutrality.

Keywords photothermal catalysis; photothermal conversion; photothermal materials; modification strategy



