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Abstract: Some environment-friendly and renewable energies are used since the existing problems for energy shortage and
environmental pollution are needed to be solved. Hydrogen energy is one of widely used secondary energies with a rich source and
low carbon emission, which can be used as a complement to electric/thermal energy, forming a modern energy supply system with a
diversified complementary integration. However, hydrogen technology started late in China, and some key materials of water
electrolyzers and fuel cells in the hydrogen—electricity energy conversion devices are imported, which is urgent to complete the
domestic substitution. Inorganic nonmetallic materials feature a high chemical/electrochemical stability, high strength, and
high-temperature resistance. This review represented research progress and highlights in catalysts/supports, ion exchange membranes,
carbon-based diffusion layers, graphite bipolar plates, and hydrogen—electricity energy conversion devices. In addition, some
problems in the development of novel materials for hydrogen/electric energy conversion were also given, and the future research
directions were prospected.
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Table 1 Comparison of four main water electrolysis technologies

AWE PEMWE SOEC AEMWE
Diagram
Diaphragm Polyphenylene sulfide Proton exchange membrane Solid oxide Anion exchange membrane
Electrolyte 57 mol/LKOH Pure water Water vapor 1 mol/L KOH/Pure water
Operating temperature/‘C 70-90 65-85 750-950 65-85
Current density 0.3-0.8 1.5-3.0 1.0-2.5 1.0-3.0
System efficiency/% 60-75 70-90 85-95 70-90
Hydrogen purity in volume/ % 99.3-99.9 =99.999 =99.99
Response time Tens of seconds Second level Minute level Second level
Anode catalyst Nickel net 1rO, Ni/YSZ Nickel net
Cathode catalyst Nickel net Pt/C Perovskite-type oxides NiFe alloy
Technical maturity Commercialization (9) Preliminary commercialization (7) Preliminary demonstration (5) Laboratory stage (4)
Single-machine scale/(N'm’-h™") About 2 000 About 250 About 40 About 0.5
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(b) High-resolution XPS spectra of Mo 3 d of BaM0O4 and BaMoO3

(d) Electrical conductivity of BaMoO, and BaMoOs

measured under ambient conditions

(f) LSV curves of BaMoO; before and after 1 000 CV cycles
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Fig. 1 Physical/chemical tests and HER performance tests of BaMoO, and BaMoOj3
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(a) Schematic illustration of Ir-STO
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(b) XRD patterns of Ir-STO and STO

(c—f) The corresponding elemental mapping and TEM images of Ir-STO

(g) LSV curves toward OER in
0.1 mol/L HCIOy4 solutin

(h) Iridium content of some

iridium-based oxide materials

(i) Iridium mass activity of I=STO and

some iridium-based oxide materials

K2 STO fil Ir-STO fUEEALII K& OER AE MRS LE
Fig. 2 Physical/chemical tests and OER performance tests of STO and Ir-STO™"!

1.3 BEFSEBEKEIS

[i] A S A P A A R ] A4S Bl B A D AR o
HAT 5 v 1 3 Ra e MR Ak 2 R e DL 2 600
1000 C ) TARIREE , — M FHAE 5 6 Ja fh A 75 1 F
FERCR BRI AT I 90%, A2 HL AR R B 1) — Fli o

RS MR R E RS TS
SO AR, I BAE sl R U T AR E
P1E, BABSNESEEMNMGEE. Bar, FR
FIHFN Y05 FaE ZrOy(YSZ)M kL, HAE IR
(600~800 C) TAf 244 T B ML S 2 T7 A A BURS

Fh2s (8], A8 [ A S A A F AR T S BRI 9 A 22 1
ZrO, FEHAR M EL. CeO, FEFAFAM AL, BirO; 3
HLR AR LaGaO, LR AR . X T CeO, 2
U, Forh i Ce* 57 SOEC Iy H IR 26 1 T
WJEN e, BRARME M AP RE, ZrO, 2 LT B
ARG R, HHAFAE 1 3R TR
I [A) PRI LI BT H 3 8 A T ) P 1 A )
) i, Kumar 2525# 1 Yb. Gd 258 1+ 764 Sc,05
FOEM ZrOy AT B 4%, WHFLRM: 1E 1% (BE/R7
) Yb/Gd B R L S R R ), (HEZ N 2T



. 2340 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(9): 2334-2348

2023 4F

B EARHE SR T, 945 22K 1 0 2
2% PUJ5AH L&A TE G, R T B 40t s S
RANFEE PR .

DRI [E] A S8 A 40 FE fA R T AR IR v . N Bh
AR, nr AR A AR S SR A R BRI R AS, (BT
5 TF R THT TG 1 o v M A Rt o B R ) P A
Bl 75 HE AR FE AR AR, — A IR A4S Ni 5
YSZ AT R 4 e B S BA A% Bl T3 2 SOEC 1)
L TSR o A BH AR AR A A 2k, L T ) R
AR B BHAR R AL 7 I & 2 SOEC T I Y Hk ik
H A 6 A0 61 1 DA R G 480 B8 4% 5 R 0 1Al 4 2K
B WA RN, Kim PO 5 KA ksl 1
%} Lag »SrosCo0s-s A1 Lag sSr sCo0;-5 K] B fi7 Fe #4)
AR, WFFLRB, Fe M4 Co REFEUKMA L
A, A O R SO AR, (RS
AN Z, RN R T R X Sk
Bl e VERT A EE A rIREE e, DFT #Higit
55 Fe 5449025 FARFF 5. Zhao 7 i fij 2
[ IR T M B T LagsSro2Co0;3 5/Gdg2Ceo 025
(LSC/GDC)57 i #-1 LSC/GDC 4N Kk 1 2E K32 3]
Z FVBE ST R REAS , A AR ) AL s PR T R AR
FIABREF, REFIAE TRREE RIS T Ak fn g
AR I PR A s DA TR G LA 2 T A, G S P A AR )
TR B LS 557 mA/em®, G TAESE LSM—
YSZ Z S Ak, 1E 1035h fAzsE sl A 100 X

(a) SEM surface morphology of
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(b) SEM surface morphology of
pristine PTFE/LDH-3
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(c) Polarization curves of the pristine PTFE,
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(d) Durability test of the commercial FAA-3-50 and PTFE/LDH-3 composite membranes at 500 mA/cm®
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Fig. 3 Morphology and electrolyzer tests for PTFE/ LDH composite membranes
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(a) SEM and TSEM images of Pt/N-KB 600 C

(b) Polarization plots of Pt/KB, Pt/N-KB
200 C, and Pt/N-KB 600 C

(c) Voltage losses over degradation of Pt/KB, Pt/N-KB
200 ‘C, and P/N-KB 600 C

(d) Schematic illustration of the Knudsen resistance for oxygen transport within the catalytic layer for different distributes ionomer layers

K4 PYN-KB 600 CHESi. PUKB Al PYN-KB 200/600 C HLith 4 Bt % i M A B 5 A Mk RE AR TH /s 7 2
Fig. 4 Morphology of Pt/N-KB 600 C, fuel cell tests for Pt/KB #1 Pt/N-KB 200/600 C, and schematic diagram for superior

performance®”
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(a) Schematic illustration to fabricate a single cell with the infiltrated CFL

(b) Polarization plots of the infiltrated
CFL and traditional CFL cells

(c) Durability of the infiltrated CFL cell

Bl 5 B TI05 db i B b b 4% o i P B T M i R A

Fig. 5 Schematic illustration to fabricate a single cell with the infiltrated CFL and cell performance test™**!
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