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AEM ALK A, i R ] — P T NiFe VA
W BIEEAF, Kuoi NVl FH w5k 5 i 7 v, 7
200°C, 50 WEME T IR W SR Y HUZ, g
30 minffil £ T NiFeVALY AL AT, 5 TR #E
PSS, Z AR R BRI, VB AR
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BT 500H 1000 mA em 219 &5 HL K %5 8, HLL
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PERRBIRERSY, B b, S ERIEE R TSR, e
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e, PRAUE T AL S % 1 30 AE — 4 2L LR —
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- INiFeOOHZES0 mA cm B (5 HL (57 4308 mV.
TFUUBL M SC B T AL 2 AR BUZ i — R L2
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(a) Conventional electrode

Unified electrode
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g ERLE iy S 1648 Lo
£ I =
g 4 @ Tipaper
5 144 o Unified AEMWE 14 9 SUS paper
o @ Conventional AEMWE_NiFe NP @ Nifoam
o 14 0 1000 3000 4000 5000 1000 2000 3000 4000 5000 6000
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B 1 (45 RUR () o WS B PR TR0 A 46 1 1 S FR R k) BB, () 5 WA M 5 L R AR S5 /R IR (b) 5 ML LM A FE-

SEMI; (¢) BT — AL AR A FE-SEMIEL; (d) 545 B3 7 SRR S (9 R R — PR AL AR R T IRTFE-SEMIAL; (e) FLTURR AL AR R il 671 4 7E Tigk
LB E AL AR (NiFe NPFIIrO, NP)RAGINZE: () AL TTBIH BRI A4 12 NiFe hefil A5 A FRIAR I AEMFLAR /K PERE I ZR 0T LE; (2) TEAS IR
(Tigk. REERIAL. NF) b4 00 s IR B AR A AR 59 AEM B Ak B Ak It 2% . Copyright © 2021, American Chemical Society

Figure 1 (Color online) The structure and performances of the conventional and unified electrode””. (a) Schematic diagram of conventional and
electrodeposited electrode; FE-SEM images of a conventional electrode (b), the electrodeposited electrode (c) and the cross-section of the
electrodeposited electrode (d) after focused ion beam cutting; (e) polarization curves of electrodeposited electrode and two conventional electrodes
(NiFe NP and IrO, NP) on Ti paper; (f) the polarization plots of AEM water electrolysis employing the NiFe based electrodeposited and conventional
electrodes supported on stainless steel substrate; (g) AEM water electrolysis performances with electrodeposited NiFe catalysts on Ti paper, stainless

steel paper and NF. Copyright © 2021, American Chemical Society

AT 3600 mA e R HLIR B L, PEREAL B M
KO, M R AL FMEA (K 1(f)), W pE T8 FINi-
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Z AN, 1E3000 mA em RO RS LR E T, %A
B BOMEATES.3 hil i (8] f, e T 48 i 3R oy
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FUFIERIRTHR T, S BtFel, JRAE B & MR i
P RS Y, S — 07 T, FR TR A 2 T SR P A HL i
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SRR T R T P A 4 R TR AL R R
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SR v, A SRR St R L AR A T 2. SR I
PEFePHM 7 1%, 18 A Nidh i 2 e 7% 7 (deep eu-
tectic solvent, DES)"1 5| AFe&F, FEMIARE b7 T
fEIR U, 348 T — R B AR R AENIFe 5 4.
FeOOH X K fiNi(OH), 1A Z5 L2, OERIKSIT)
B Ak, XINTFIFeZE i 5 2AG Hfb 2 2 i/
FH, ATSIABIE T o, 4564 XFOERMIR S 1
FESRAE, %A A B, FHXFF7EDESH R ANICL-6H,0,
1 AINI(NO;), - 6H, O R Bl 1 A5 A NiF e ffE £k 57,
5 £ OER Hh R 11 FA4 R S A NiPH S 7 M B AE IR A
2251 Ni(Fe)OOH, UESE T HLff T4 2R BE X TG R 2 40
TOMEEFI 2. DETH R, [R5 A NiZs (7 4
2 INI(Fe)OOHTE MEAH, 1T LASEER £ 25 v (I P R 3L
B, Ak S S R TEARTENG s b R B, MR Ak
ARAETEYE. LIZZRR A 25 00 BB B AR AL 75 A BE A Y
AEMHALf#KIME T, 7E60°C. 5.0 mol L™ KOHM 41
T, TTLRLL.73 VA HL R R E & 1000 mA em & /D
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Sy St 2L, AR A DR R e T LS
LTI, PR T H A AR AL o3 4 1 3%
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3.9 HLTRNA T, L300 mA em i HEL 25 BE AR T
240 s, S3|MINi-Fe-Co A & i AL TG PE. 7E
333 KAY1 mol L™' NaOHH, 500 mA cm  HIHT4A
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Figure 2 (Color online) The schematic illustration of the synthesis of NiFeV LDH, structural characterizations and perfonnances[49]. (a) The
schematic diagram of the preparation of NiFeV LDH on NF through corrosion engineering; (b) SEM image of NiFeV LDH nanosheets on NF; (c) HR-
TEM image of the NiFeV LDH nanosheet; (d) AEM water electrolysis polarization curves of NiFeV LDH||Pt/C and IrO,||Pt/C in 1 mol L™ KOH at
50°C; (e) The contribution of various overpotentials. Copyright © 2021, Wiley-VCH
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Figure 3 (Color online) The preparation and ultrasonic spray of ionomer diagrams of the FeNi LDH and associated morphology, and performances of
the AEM water electrolyzer incorporating FeNi LDH integrated anodes”". (a) Schematic diagram of the preparation of the integrated electrode and
ultrasonic spray of ionomers; (b)—(f) SEM images of FeNi LDH nanosheets with ionomers of different contents: (b) IE 0wt%, (c) IE 10wt%, (d) IE 20wt
%, (e) IE 30wt%, (f) IE 40wt%; (g) polarization curves of pure water fed AEM water electrolysis employing FeNi LDH with different contents of
ionomers; (h) associated Nyquist plots obtained at 1.7 V; (i) Tafel plots. Copyright © 2022, Wiley-VCH
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China’s ambitious carbon peak and carbon neutrality strategic goals have largely pushed the advances of renewable energy
technology. Hydrogen gas is a well-known clean fuel and feedstock in chemical industries, and has gained increased
attention in establishing the renewable energy ecosystem. About 90% of the hydrogen gas in China, however, is generated
through fossil fuels dependent strategies such as steam reforming. These conventional petrochemical routes contribute to a
high carbon footprint and represent unsustainable hydrogen production methods. Low temperature water electrolysis
driven by renewable electricity is an alternative way to produce hydrogen and the only byproduct is oxygen, making itself
sustainable and carbon footprint free. The commercialized low temperature water electrolysis techniques include alkaline
water electrolysis and proton exchange membrane (PEM) water electrolysis. Alkaline water electrolysis (AWE) is a mature
electrolysis technology and allows for the non-noble metal-based catalysts. However, its voltage efficiency is insufficient
when electrolysis current goes up beyond 400 mA cm. In addition, the long start-up time of AWE cannot match with the
intermittent renewable energy. PEM water electrolysis incorporates the design of membrane electrode assembly (MEA)
and its voltage efficiency is significantly higher than that of AWE at high-rate conditions (current density above
400 mA cm_z), whereas the noble metal catalysts and PEM highly increase the costs of the electrolyzers.

Anion exchange membrane (AEM) water electrolysis is a newly developed hydrogen generation technique, and it
implements MEA design as well as non-noble metal-based catalysts in alkaline or neutral electrolytes. It thus shows unique
advantages in both fast start-up and low costs. Nonetheless, the voltage efficiency of AEM water electrolysis is still not
competing with PEM water electrolysis at high-rate conditions, and the sluggish kinetics and mass transfer of oxygen
evolution reaction (OER) are critical limiting factors. To address the limitations, it is reasonable to both increase the
intrinsic activity of the OER catalysts and enhance the mass transfer/bubble escape for improved performances under high-
rate electrolysis. NiFe based electrocatalysts have exhibited appealing intrinsic activity due to the synergistic effects
between Ni and Fe in optimizing the oxygen intermediates adsorption and bond formation of oxygen molecules. Anchoring
intrinsically active NiFe OER catalysts on electrically conductive porous gas diffusion layer to form self-standing gas
diffusion electrodes (GDEs) is one effective method to handle the challenges of high-rate OER for AEM water electrolysis,
and has attracted much attention in this fast developed field over the past few years.

In light of the importance of self-standing NiFe based GDEs and rapid development of AEM water electrolysis, we in this
work review the representing major advances of this type of GDEs in recent years. The general background of OER for
high-rate AEM water electrolysis including its challenges, activity and stability indicators and NiFe self-standing GDEs is
briefly introduced. Following this section, we pay particular attention to different strategies in preparing the NiFe self-
standing GDEs for high-rate OER toward AEM water electrolysis such as magnetron sputtering, cathodic
electrodeposition, corrosion engineering and hydrothermal method reported so far. These technique routes are compared
regarding their unique advantages and the associated NiFe self-standing GDEs prepared by these methods are analyzed
regarding the microstructure and activity. Last but not least, we further outline the critical challenges and perspective in the
development and operando characterizations of the NiFe self-standing GDEs for high-rate alkaline and pure-water fed
AEM water electrolysis. With the review and discussions in this article, we hope it can serve as helpful references for our
research community in developing self-standing GDEs for high-rate AEM water electrolysis.

AEM water electrolysis, high-rate, oxygen evolution reaction, self-standing, NiFe based catalyst
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