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Abstract: As global demands for clean energy and sustainable development continue to grow, alkaline water electrolysis

has emerged as a key technology for the production of green hydrogen, becoming a core technology in the domestic hy-

drogen energy industry. This study aims to screen and optimize commonly used electrode and membrane materials in the

market, clarifies the current performance status of commercial electrode and membrane materials, and further investigates

the impact of various components on electrolysis energy consumption. The results show that electrode materials doped

with transition metal elements can significantly enhance electrolysis efficiency, demonstrating excellent electrocatalytic

performance. Single cells with cathode materials doped with Mo elements can achieve a current density of 425 mA/cm? at

1.8 V@80 C. Additionally, composite membrane materials with low surface resistance and high wettability exhibit out-

standing overall cell performance. For electrode materials containing transition metal elements, the mass transfer

overpotential gradually becomes the main limiting factor as current density increases. This study provides a design basis

for the development of the next generation of high-efficiency alkaline water electrolyzers, contributing to further im-

provements in electrolysis efficiency and reductions in energy consumption, thereby promoting the continuous

advancement of alkaline water electrolysis hydrogen production technology.
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A5 DN . AR A A VT3 B 10 mmix 10 mm
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W 5 4 HELBR
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ARSI A ALk 2 T AR ik (CHIG60E) 14T FL =
HL R AR 2, FEAERCY 1 mol/L 1) KOH VAW, %
I e F B A D AR B (10 mmx 10 mm), AP A

B2 M (10 mmx 10 mm) 73 7 1F 24 #7 % % 87 (oxygen
evolution reaction, OER) Fl #t & Jz ¥ (hydrogen
evolution reaction, HER)P: G A MK, 7K/
AR (Hg/HgO) AZ L Fatl, Horh TAREAIZ AL
RN 1 em?. SR A IR 77 200 A &
HEATIEIR 30 “C LRI, M5 F R P FE X4 R adk
1T+ . MR 2% (linear sweep voltammetry,
LSV) il H & ¥ [l A3 6 T 7] 3106 & A (reversible
RHE) 3k # , HER A
—0.926~—1.526 V, OER A 0.3~1.274V, H#HE
N 10 mV/s.
142 Al

2 FELB A FE S22 B K R R
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gy h R BN 80 C . HL AL A PH B il
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MORHRIE R ) AL AT I iR P
25°C, WRIEBNTLK LEE .
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2.1.1  JESRRAE

WKl 1 Brow, @it 494 H5% E (scanning electron
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B WARND)FIER(ADSL, FoME A H TR (A 1(1).
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) FH < Je8 1) PR A )4 P T 2 3L L 38 5 %) B 7 e A 7
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ISR, A REFBERA R FRFEES 3 B
Wb RL o AL et . S5 SR 2(d), MR-
BV &R T LLE 2, (HH C-3 PR R4
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Fig.1 SEM images and energy dispersive X-ray spectroscopy

of the plane and cross-section of the three cathode materials
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FREHD, G = AR A (E 4(a)—(c) LA L4
FE LU R 4(d)) VAl P Rk FBLBZ ) OER fig b P fE
Kl 4(a) LSVl i WIZE M AR h s ngk oo &= 1
A-2 PHM ) OER AL ERESE LT, 7E 400 mA/cm? [f]
UL R %508 930 mV

P& HE IR (Tafel) R} 28 22 43 M fhe A0 771 S B30 77 27 1)
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e ik d s j ONHIRE R av b NEEFER
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AL 10 £5, oA R Zp Bt &8, Kk,
Tafel RN, R B AH IR HLAL 2 FEE K T 75 220
RN, RSB kR

Kl 4(b) 7 A-2 B EA BRI IEIE R,
CINi R T YN E Rty I NG G R R EE 7N
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Fig.2 Electrochemical data of three cathode electrodes
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Fig.3 SEM images of two anode materials
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Table 1 The composition and proportion of the elements for

the selected two anode materials

BAAR Ni/% Al/% Fe/%
A-1 100 — —
A2 72.4 8.9 18.7

Tl FI % % ) — ol 8% i 2 2 . F b SR PPy AR 2 B

ME 4D -V thZ&har LLE H, T A-2 1/E A
AR A e 751 2L 2 1) B b s LA A X B L R LA A 1
fE, 76 1.8 V [ HL N AT LU F] 250 mA/em? [ HLIR
R, FILT A-1 BHBR(225 mA/cm?@1.8 V), [FAIR
n] LSRR R R B ke = A B T OER
e BE R . T OER fEfkiEReskit, #fii
1ER I — BNt i & Jd i st d ey, Ho— il
£ J BT (19 22k ) AL R 7E OER I A2 A L AR Ak T 5K
FME AR, B I 4 )m A A/ A A RAE
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Fig.4 Electrochemical data of two anode electrodes

PEAHRIR I IR AL AE B, AMAEA OER OB A2 44
S IEAL TS A 5 20,
2.3 PREEMR
231 EHAYEMERERAE

WIS FTs A 3 BiAS[E B PPS B I8 (A4 4 i g
K% . 3 Bl PPS @I AR AN 51(2) 10 pm) 1) 5
i Bk T 4 A1 22 9 2R 1111 R I 2R TE S, JE 3509 1 mm
A 5) (D (1), 1M P-3 BEALET{EH R 22
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Fig.5 SEM images of three PPS separators
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Fig.6 SEM images of three composite membrane
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U, IXHEWE, A R AENE PR PR i,
FAOR B 176 FEL M Y AR R PRI A2 2122), AT
PERCRANVERE s[RIy IE ] DASSCE R Al 1 22 2 1k g
k2 D] FL AR 3 AT A 2o s e B TS R T 3 S
Tt PAY R ¢ R R A e 2 UK

N T W TR RBAE il T BRSSO 6 AR
BEAT TS . KR AFI 15 PR . wRss
Rk 3 .

Zeidxt ERP BB T, WA S —
ROV BRRAE 2 AL 5 AR, X AR
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LR e Yl EAia S - AL P s A AU - P (B
AT R AR R A T I, XA e TR iR

R 2 ANTFIRR R M B TR L
Table 2 Comparison of physical properties of different
separators
iliReE s
P-1 P-2 P-3 CM-1 CM-2 CM-3

MRITH

JE.FE /mm 1.01 082 0.9 0.5 0.3 0.5
FAVERIE/MPa 12341 100.17 1932 213.18 85.16 34528
WiZImR R /MPa 4722 3457 2217 2878 2082 2535
5/ NLAR pm 352 921 6.32 — 008 0.033

i /NLARALE Jy/bar 0.18 0.069 0.1 — 735 19.09
SEHFLARIE Ji/bar 0.086  0.051  0.087 528 523 1837
“FEISLAR/ pm 743 124 7.34 0.12 0.12  0.035
5 FLAR/um 19.6 2736 116 012 031  0.04
WA S/bar 0032 0023  0.055 527 204 1575
WK /% 2375 2079 2329 029 2468 172
W /% 86 92 20.1 10.8 9.5 12.7
HEMA(30%KOH)/(°) 143 1485 1364  81.1 745 862
MHEME/(Qem?) 028 061 023 029 024 045

23 ZAIE AR R AR B R BN B
Table 3 Comparison of physical properties of different
separators after aging
WL R
P-1 P2 P3 CM-1 CM2 CM-3
JE£FE /mm 1 08 085 05 03 047
PR R/ MPa 196.9 8048 16921 69.75 145.06 154.17
WiZTRE/MPa 4605 1163 455 17.14 16.19  14.02
/LR /um 7.62 529 665 011 0.4 0.0367
F/NLRALE Ji/bar - 0.084  0.12 0.096 5.6 45  12.78
SPHFLARIE fi/bar - 0.067 0079 0091  — 255  11.65
SFHIFLAR/um 953 812 699 032 025 0055
W LA/ pm 37998 66.08 8.16 0.14 039  0.041
W ES/bar - 0.0017 0.0097 0.078 4.5 1.59 1147
KR /% 2538 2497 2934 21.77 2336 1524
WA (30%KOH)/% 17.63 17.63 20.59 16.02 1745 13.01
Bl (30%KO HY/(?) 1445 1367 1337 616 857 904
MHEME(Q-em?) 032 059 035 037 025 07
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