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Abstract

Electrocatalysis water splitting is an important way for large-scale hydrogen production. In order to
reduce the anode and cathode overpotential to save energy consumption, it is of great significance to
research and develop electrode materials with low overpotential and high catalytic activity. The
main factors affecting the catalytic activity of electrode materials are structural factors and energy
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factors. In this paper, the basic principle of electrolysis of water and the research status of electrode
materials are summarized, and new electrolysis hydroelectric electrode materials with low over-
potential, high catalytic activity and high stability are expected to be developed in the future.
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FEBBE, A BAAREIIRED BT A A & 2R 5156 58 I ) 525 20

BARF TR LA T RS, ARG BRSAE. Hik, Anatnd &S Ko g4 e
3], AEZ TSI OB BRAN ) 20, AR OR I ) 20 U RETT ACRUR T R OGBSl Bk 2
A UIRREIE . A SRR AR BT RBH BEGAR K i SURT R K R S

7K P g2 i) S RIDR A e RS /K EAT HU R P AR R S A A SR L, AR K S BR
FEROR BRI AT, AR 2 e i, H& TER M, P aoSREfn, aQEm ashit
REREw, TV, i, mTULSEEL A s tbizmi[2]. smRK s SR T H AT sEIR LA
MBI RE LE KR, BAFEREIRR, RN AR, RBEHRIRIRIRE. KA. DR
SEHRTT AR SR AL, AL b PR A K o) S i A7 I P RS K — ik, ot H R R I — R BB A (1
BRI AT %, WSEHL TR AE B AR . BEAh, SR T SRR G AL VF 2SI T 164
AL DR A = F B R R BOAR . AU RE rh e SR PR B [ AR AT S B AR AT S8 RIS A, i
MR BT, BT BRI H AL AT BIARASRE AN BRSO A R T R K i S AR 2R SR B L

2. EffkbISEARE
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Figure 1. Schematic diagram of electrolytic water principle
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Figure 2. Catalytic activity diagram of Ru, Ir, Pt bulk materials and nano
materials for oxygen evolution (scan rate 6 mV/s, 0.1 M HCIO,)
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Figure 3. Synthesis schematics of RuO, and IrO, in rutile phase and corresponding transmission electron
microscopy (TEM) images
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Figure 4. Construction schematic diagram of NiFe-LDH/CNT and corresponding TEM photographs and performance
comparison diagram with commercial Ir catalyst
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Figure 5. Oxygen evolution reaction properties and Raman
monitoring diagram of Ni-Fe Oxide thin films
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Figure 6. SEM images: (A) (B) Co3;0, nanowire array; (C) (D) (E) (F) Ni,Coz_,O4 nanowire

200 nm
. |

ol

arrays doped with different nickel contents; (G) STEM image of Ni,Co;,O, nanowire array;
(H) HRTEM image of Ni,Cos_,O,4 nanowire array
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Figure 7. Schematic diagram of enhanced catalytic performance
of anode activation for oxygen evolution
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Figure 8. Schematic diagram of the reaction path of cobalt-based catalyst (CoCat)
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Figure 9. Structure of perovskite composite oxide
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Figure 10. Volcanic diagram of perovskite-type oxygen evolution catalyst
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MR R[37]:

HLAL 2220 B (Volmer [ 3%7): HO™+e+M—MH+H,0 (2141 i)
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K11 RN EGEYER “ KB [35]. MEIHRTDUE i, B 48 5 4 18] 0 2 1T VR P 4 e 3
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Figure 11. Volcanic curve of hydrogen evolution material based on M-H
bond energy as logi0 value
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PEE AR, VR R RIS HE AT T 18Rt (B UCRBEE PR R b, HERM IR,
IHR A F SR ECT Pt RIS F, M58 2 FPRASAR, 5Em 7 AR AT EUR B TG [42] -

a

K2PdCla Pd H2PtCle Pt

— —_—

DOI: 10.12677/aac.2021.113022 209 TR


https://doi.org/10.12677/aac.2021.113022

WK, B

L E‘WU@

Figure 12. Construction diagram of Pt-Pd-Graphene material and corresponding
TEM analysis images
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Figure 13. Schematic diagram of catalytic hydrogen production mechanism of Li*-Ni(OH),-Pt composite hydrogen evolution
catalyst
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B M A AR RE, S B2 (1072 Raney-Ni B, FL7E B4 20 4848, M. Raney 25 At &30
Ni-Al B¢ Ni-Zn &8 72 Al 8L Zn TCERFTZRUY Raney-Ni A2l 45 T &S S0E A 4:[45] - Raney
Ni BT 2 LR A Mh A BRI R TR, EATEUR SIS FR 2 DAASE s (0 I % B AT R, SRl
Y FELIR 35 FE e 0 B 25 (RO BRARG, BT IR I FR AR P . (T ISR AR A AN LR 22 . BTk 45kamait
R, ERMDESEMRG, 2SR, TEHEALS AR IR . T i — 2% Raney Ni
PERE, WFFCE46]1EHI &R TAIN Mo, Co 264 @K RaneyNi-Mo &4, KILHMR M EMELIE PE
PAR AR E MG 2 T B R GE, H AT s e M SR N B & SRS B AR N 1 fR:

Table 1. Nickel-based alloys and nickel-based non-metallic materials commonly used for hydrogen evolution reaction

1 BRTERNMRESSMREIFESEME

s - EJmk - JEemE
Ni-Co, Ni-Ti, Ni-Fe
W Ni-Cr, Ni-W, Ni-Sn, Ni-Mo Ni-S, Ni-P, Ni-C
Ni-Zn, Ni-V, Ni-La
Ni-Fe-Mo, Ni-Mo-Co, Ni-P-La, Ni-Co-P, Ni-S-La,
=JC Ni-Co-Cr, Ni-Mo-W, Ni-Co-Cd, Ni-Mo-P, Ni-Fe-C, Ni-Zn-P
Ni-La-Al, Ni-Fe-Zn, Ni-Co-Zn Ni-Ce-P, Ni-S-Co, Ni-W-P
2t Ni-W-Fe-La Ni-Co-S-Mo

2015 4 Jiao Feng i1 Chen Jingguang G. &{E[47]HIEE T B A s tb mAa e i & MR 2 L Cu-Ti W4
@A AT, AR PYC MIWifh, Wil 14, REE Cu M Ti T &R, (HAEFK Cu R Ti 454
IR Cu-Ti &4 B4 Cu-Cu-Ti iGN &, HEA A PtAHSSULA AR BE, BEAM R KB A FLER 48]
BET REMNEMERTD, J7E 7SS .

bR T AEsh, BBy, A R AL EDE BN S S B s SR SE N, I
H e s mt 5E[49]

- a 3 v 4 3 4. o
Figure 14. (a) Bimetallic active site; (b) TEM images of Cu-Ti alloys and its
corresponding surface scanning energy spectra; (c, d) SEM images of Cu-Ti
alloy
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3.2.3. HHEMH
FHSEERTRISE 7 AT 2 560, JCHARALER . 2007 4E Chorkendorfflb /NH[501#9 2 T ARG KA
MoS,, KT AuFL, BFRIRT T HAT SR AL S AL T AR A B [51], 15,

(b)

Figure 15. Scanning tunneling microscope image of MoS, based on Au: quenching temperature (a) 440°C, (b)
(c) 550°C
15. Au £JE MoS, Wi ERMER A (a) 440C; (b) (c) 550°C

N T TR A T e PER AT S AR AR, B T A EE S [52] [53], FHIFN B 5T 1 FH AR ik
54]. BACPI[S5]. B ALA[56] [5715, LA, B, S RIE ), IR A
BHE R E & 22 k48] [53]-[61], HuxUepprligR I T s it PE e A AR e 1 [58].

Thomas F. Jaramillo /N[5 K- 51 N B BEALEH(MOP) & 1, #7 T MoP|S fEALF, FHI 7 HArE
AL TEE . 2SO, VB3 KDL, AL T 2RI B0, MoP|S AL FRIE R T 8 Ak & T A AR e
AR 2 DR -5 Tl 1) b R0 47 R X B B A 3 1 AR KR

Lain-Jong Li A1 Jiaxing Huang /NH[60] 4 1F K MoSx 181 5 #8498 1 5545 Th RE Ak iR A 2 1 (W P 16 Al
17), M A A S50 D) REAG B AT SCHE MoS, AR, B 1 5 IR BRI 1 5 i Sl AL s A RS e
PE[61], HEE G MIES— B MoSy, MH#AN 0.3 V (vs. RHE)I, &1 J5 I A 58075 D R A AR LR
S AT LA F] 220 mA/em?,
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(i) Dip coat (i) Anneal Testing
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Figure 16. (a) Schematic diagram of MoS, formation supported by carbon cloth, (b) schematic
diagram of MoS, formation supported by graphene functionalized carboncloth
[ 16. (a) AW ZIEMN MoS,FERREE, (b) AZRHINEELIRTE ZIEHN MoS, ERE
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EKEE, EHUE

Figure 17. (a) (b) SEM images of MoS, supported by carbon cloth and corresponding EDS spectrum, (c) (d)
SEM images of MoS, supported by graphene functionalized carbon cloth and corresponding EDS spectrum

B 17. (a) (b) W7 <Y MoS, SEM BB R Rt RAY EDS BEiE, (c) (d) AR ZIER MoS,
SEM B K xR HY EDS RETE
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