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Research progress on photoelectrochemical water splitting for hydrogen
production: from photoelectrodes design to scaling—up exploration
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Abstract: Photoelectrochemical water splitting for hydrogen production is a highly promising strategy for solar
energy conversion and storage. The design, fabrication, and scaling—up exploration of photoelectrode materials have
attracted extensive attention and achieved significant progress. To address the inherent limitations of
photoelectrodes (such as low carrier separation efficiency, sluggish surface reaction kinetics, poor long—term
stability, and insufficient water adsorption/oxygen desorption capabilities), researchers have conducted studies on
structured design, defect regulation, and construction of heterojunctions. Despite challenges in scaling up
fabrication, novel techniques, including in situ combustion, spray pyrolysis, and the successive ionic layer
adsorption and reaction method, have enabled the controlled preparation of square—meter—scale photoelectrodes

and the design of integrated photovoltaic—photoelectrochemical devices. This paper delves into the current progress
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and technological bottlenecks of photoelectrochemical water splitting technology in photoelectrode design, large—

scale preparation, and long—term operation. It also proposes prospects for future research, providing theoretical

basis and technical reference for large—scale photoelectrocatalytic energy conversion research.

Keywords: photoelectrochemistry; solar energy; hydrogen production; nanomaterials; catalysis
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Fig.1 Photoelectrocatalytic water splitting schematic diagram
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Fig.2 Typical photoanode band gap structure diagram
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Table 1 The performance comparison of representative photoanode catalysts
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Fig.3 Typical photocathode band gap structure diagram
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Table 2 The performance comparison of representative photocathode catalysts
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. o -
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Fig.4 Schematic diagram of photoelectrode materials with

different morphologies
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Fig.5 Defect regulation of photoelectrode materials

h) PR VL & i B Vo S EARET R R P g RS
Bag b, 2 AR - R (S-E) BT 2 A RN A
5 B VIR OAE R B AR 800 PR 5 3%
AT AL 1, =38 D IR HE sl ol i gt s i, AR IR
K2 hBF iR B E (3.8 mA-em™2) ;XY V. &g uE—4
Hm Rk 4 h),S-E R RER RGBS, 3%
KBEGETFLALN I, e B A R VX
AR/ R M BE A HE T B 3.8 mA - em ™2
R 25 3.0 mA -cm™2, H W R B AV 1E [9] fR B 5 45 IR
KA IS 4 h, AR (a-Fe 05) 2[R 3 i 2k S8 4
IR ARG (Fes04) , T BUA K T H M 556 m il
fE 7 KRR B, 0 H 3 S P A0 K L Y AR Ak
PRS2 B . BRI, EIR N
A 2438 AL HE (B VA S V -BiV0,™) B 2% i 4%
(W B2 BiVOS™") A5 B AR RN B (HL 55 25 11K
Ab 3 BB T Ak CHLR O 08 4 8 SR A i
HF AR )t AT A AR A AV

4 A 23 A 7 AR TR AR A R T 28 1Y e Ry
2. NP5 BiVO,"IE Bl Bi 25 v - & A fb A i A%
T H ALK 1.87 5 (TRPLAE ) ; Y842 $h kb
AR (po ) PUREHETRTE V., & i (488
BEAEHEV IR LV, i CuO 23 73 T 1 BE 42 T
2B (N 4x10% em ™ 3 2 ) | Wk 3 (R ik

Hi i 20 1 5 A% 4 5 v, 8 0 1 8 Bi,MoO ™13 T L F
R AR O D TR 7 G Akt B R R AR Ab ) IR R IR
95%,,

TLR B RENS IR R Y BB 254 R E
EHR T E S, UNS.CEELRETR
B2k R ), X RooREE e R Ao
RO O 2p BB S58B4« c KM p i kA4
ZeAb R S B AN B AL R AL,
W, Ti0, #8244 N J5™, WS Bl mT AL i) Ji 45 &
et B A X, AN, B AR TR
¥ BRI T B SR B AL RS S
[i) B B, AN Tk b B T R 2 A A TR D
P A 23 5 ) 2 [ L AT DX ) A5 i %

BEAD, SRS AR TR R T 25 6 A TR AR A

(B gy E = W i <R e P W 11 K A BT PO 71 =1
FL AT 0 235 B L 2R R R V5 e 25 sl i R R
BT R o AN, 38 ok R R T4 B SR
LA PR B AR, DT AR B T
BAEMWR, BFRER, AR/ FEM DGR
WerE 1 N R TR) R ™ A K a2 R R R i R 2K
mTreEs.
143 Fade  Seibi Fm TR, Rl ik
Bl AR T L T TR, O R 0  s R il v R A 1Y
PEC 7K 73 fiff 2 ' S PRt SR 0 OG5 347k, A4 1H T
7B IAS T R] = RSk, A dE S B A P
B R BB R T EE  OER B i fb 77 171 28
%o E6(a) ., (b) s Rt Bt 32 MM S 1R LA
J OER Bh A AL 7R B o S5 I 285 0 T AN [
e S A (B S -4 B 48 A ) B A 1k S i 2 fh
U S5 254, J& G ARG AR R o0 B8 A%
i S A BN 12 A% O R )12 BT BiVOs
Cu0 . Si 55 A A A e PR R Ak e vk, it 5
¥ U AR B G 2= (PEC) TR REY. # I
1) 5 B 25 4 BRBE T HE S 7 0T 43 Type— 1 (irE
) Type— T (451 71) (2 AY (E $%/0] %) . Type— 1l
(BRI

L4 I A A S A AT B n—n B R T
S5 p-n RS AS . X AN SR AS A 2R T 2 S o
g | ] 3 Bl TR S ) 23 1)y R G B T
LT B RCE MG N2+ F 4. 140 Cos04
(p )5 TiO2(n B i p—n 5745, HEHT e[
TiO, .h*[1] Co;04iEF8 , 454 TiO. A {111}/{101}/{110}
s T S S 225 (BB BT ) L N3t e 1] BRI AR % 34, 1 P 17



+ 2946 -

BITE

(0) Beme A MG Rk 3L

IR (n,, )15 26.23% (41 TiO-H 2.8 4% ) . Z 15
45 W) 10 78 S Jois 445 ] i ey HE A1) Je R A 3808 43
R 3 1 AT AL 2E AR AR AL R 0 R A it B
AL T S S 25 4 TR 1T R W 8l )12 . BN BiVOs/
WO, Z RIS REE A, i BiVO,/WO G HL A
R VA= AN A | VAT QA K S oFa 0 1 e
DL AR R R T i AR . KRR R 2
B R A A R R T R, — S Al (N WO,) B 5
KAV R PR, R O F A R 5 T LA B OR
FIF AR R e . e AR B S T & 3
e HL AR A T PR TR A T A A LA T 6 ()
s G5 MG P il ot R e R - 2
PRE HEBE T, SEBOEIRO B0 T B AL R
FeoE YR UK R b IR 1) &2 & 454, A% DA (B
TE TR A B — ARk S IR st — F oy £ i — e A T P —
FeoE e A 8 &, H AT, O A 3 T i
ARG ANE B OCHEE R B, 5T
REGR 22 S IE U L4, 77 AR L 3 (0 BRUAZ +p 7Y
7¢) il A B R A R TR,
B 53 B AN R — AR 209%0~30% $& T+ &
50%~70%, & Cu,0@Cu,S""H% 7% 5 i 4 , iR 3%
B R WIS BELE 3 03 K DFT 45 % I K 50 5 I
25 0] AR R A e B BT (A3 X R IR AR BN ) L 4
TEE T 43 BRSO (R L Ui B /=7 ), HC 55 I .
WS IR R RE R R A O R R . S Ak, e 2
ALO3 . Si02) T B 5t B, BELWT L v -5 4% 2 H2
O A% J2 O ik B Ak 2 % R B An TCrO /MY
SrTiO;CrO. M #5[2.8 V(vs RHE) ] SrTiOs:Rh -5

J5t
7

(d) AN 9 e B AR
K6 SRR Ry S i ]
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Photocatalyst sheet
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Fig.7 Photocatalytic water splitting hydrogen production

system of 100 m™'*™
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Fig.8 Large—scale research on hydrogen production by photoelectrocatalytic water splitting: (a) a=Fe,0, photoanode device
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Fig.9 Long—term durability study of photoelectrocatalytic water splitting for hydrogen production'
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