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Photothermal synergistic catalytic water splitting for H, production:
challenges and breakthroughs from the perspective of energy and mass

transfer and conversion

YAN Xueli, WANG Xinyi, ZENG Ziyu, ZHANG Shiyue, ZHANG Yongwang, ZHAO Xinyuan, ZHAO Shidong,

WANG Biao, WANG Shujian, LIU Maochang
(State Key Laboratory of Multiphase Flow for Power Engineering, Xi'an Jiaotong University, Xi’an, 710049, China)

Abstract: Solar photocatalytic water splitting for H, production, with a simple and cost-effective reaction system, holds significant

promise for addressing the current energy and environmental crises while achieving the “dual carbon” goals. However, traditional

studies have primarily centered on the design of photocatalytic materials, lacking a systematic and cross-scale understanding of the energy

and mass transfer and conversion processes at the reaction interface (involving gas, liquid, and solid phases ) . This oversight has

resulted in low solar-to-H, efficiency. This review elucidates the basic principle and processes of photocatalytic water splitting from the

perspective of energy and mass flow, and delves into the bottlenecks, including non-steady-state light absorption and energy conversion,

slow mass transfer processes ( especially the nucleation, growth, and detachment of reaction interface bubbles, and the scarcity of water
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resources in extreme regions. In response to these challenges, this review elaborates on several breakthrough approaches. Firstly, it

introduces a solar concentrating-photothermal coupling reaction system, which significantly enhances the wide-spectrum utilization of

solar energy and the reaction potential and conversion efficiency of photogenerated carriers by utilizing concentrated photothermal

technology to synergize light and heat. Secondly, this review elaborates on the theoretical and methodological foundations for constructing

a new liquid-solid/gas-solid decoupled reaction system based on photothermal substrate, effectively overcoming the mass transfer

limitations caused by bubble formation in traditional three-phase systems. Thirdly, it discusses the strategy for hydrogen production by

coupling with atmospheric water harvesting and photocatalytic water splitting to address water scarcity issues, utilizing solar frequency-

division technology and gas-solid interface construction. Finally, from an engineering perspective, it emphasizes the significant impact and

importance of system design and large-scale demonstration, and proposes future research directions in this field.

Key words: H, production from water splitting; photocatalysis; energy and mass transfer and conversion; concentrated photothermal

effect; interfacial evaporation
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Fig.1 Solar photocatalytic water splitting microreaction process

1.2 BERfEMSEULST

FIEFVLPRNL, e SR A Al G
L Z AR B D RERLHAL . e R AR K FHAE
RIS . O SRR i A2 i
T . SCHEA /K o3 figp aod A v (9 BE 130 NPT 2a T
Ro MEARGRPDCHEIIA R F, G AR BR
AR MU e IR o oA iR RE 25125 SO i
FURBA A, A R I LA ER ok
ORI REIE ST BB AR, 10 2 KO A7) 2 i
() — B 3 G 2 BOHUR MR AR . X TR
. BRI AR RE DL T GIE T AR L -
Xt HLDETHRGEIE PER % M ee Tk
s R R, e e 0l il T T b R AR
P AL A s AR FDERIE R AE™ . R,
LA DT R FHRERA AL Hy, K1
B R i LOGRE MR BERARFE . 4R IROLIE AR
ARE—HREGERDCHEL RGN — A R F T, ]
EILLAMDEARER TOLHEC KR, (ERRES ]2 A 34
RN BRI, KRRV T AN, EREL
BT ol i S R GO LA R . BEAh, W
BRI Tt ARRR ST A DL AL G
58

RGBT HRRE, SCWIAE B T AE A Y
R B EERT RE, BT R O Y
BT KA AACIE IOV, RIDGAE BTl A
WH,, WDEAZS EMOK TR O, AL f
JETT &, AR NS R K28 T A LT
¥ B ERUREAC N, BA R85,
FEE— AN T R R S e, R AE
B A RIS A e R fr L. AT 1b
B, O TR ISAEER, CB AT VB IR BN
ORI AR AL, LASEIR At RERZEAL

V(vs NHE)
(pH 0)
Sty
HY/H, 21 H
ov)y T R IS C ?
Gl Ly
o/0 4 7~ HO0
+123V) | N o,
s )

(b) 2T BB A K T i RET
4

RS RE AR 3 AR, IR, TR FHEE
(8GR BB IR R0 S YEAEAL S S PR RE R B TR T —
AAIATRYIRAS . FROCHEAE i e DT MR Y
456, BT BRRMCRIHBERI BT . mndE D
FRE A S O R A R, T e
A B DA 5 v 1 SO E , DT R R k2 B 15
AL e . PG, A K BH BE SR 25 A B
i, BEMSTREILAL R FHRERYBIAFI A, Sell%
VIR AT R

Yy i 8 e A A rh b K A 2 AR IR B
I R B A S A . I 2a s, EAGSE
= AR B Z v, Ko TR 1 G A RO R A
St Bl W R AN 1A BN R AR A H, A O, B
Ja s RS T A RE R T OCAEALT, il A
MR R A0 izl R, Hy. O, Ul
BB PR . 2R BRI R S
WEROEESRZ —. B, SCHEAGIRUR K i
7 A B8 S e IO RS S R BELA T R IR AL
OO, AR 2 10 A= s ) T 52 B A 79 g R e
Jel FRLBOARAA 28 B S g i ok Sk i b, e — 20 o 4
HEACTNTE PR AT, SN S5 7K 7T B R o it



RITTIAE: SCI PRI AL A K ) ST : BRI S e (AR T PRS2

2024 455 12 1Y

SR, o
—

K PBHE

LA

VIR i = b i
FRAZANAEAC

o
£
e
g
=
=
=
oy
e
Hh
=
&
b
=N

10°~107s

IR A R

(b) FEHEA AL ) R s %
M2 k@ ramAd Rk Rty i

Fig.2 Schematic diagram of energy flow and mass flow within whole-process photocatalytic water splitting[m
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Fig.3 Photothermal synergistic catalysis for hydrogen production with optimization of reaction temperature and efficiency
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Table1 Summarization of key indicators of photocatalytic system based on concentrating light photothermal coupling

HEALH JeASY JEHE A AT [HERETES STH 275 ik
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Fig. 6 Optimization of photothermal-interfacial decoupling for photocatalytic energy and matter transport transformations
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Table 2 Summarization of key indicators of photocatalytic systems based on the decoupling of photothermal interfaces
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Fig. 9 (a) Photocatalytic splitting of atmospheric water to produce hydrogen
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Fig. 10 Photothermal concentrating photocatalytic equipment
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