953 4 52 1
2024 4£ 4

FEA RS
China Nonferrous Metallurgy

Vol. 53 No.2
Apr. 2024

SIRAMES R, B, AT, A A R TP OB s BTSSR (T ] A (0f 43,2024, 53(2) <13 -21.
SHENG Qikai, ZHAO Zengwu, ZHANG Yazhu, et al. Research progress on microelectrode preparation for water electrolysis

process[ J|. China Nonferrous Metallurgy, 2024, 53(2) .13 -21.

L A 7K T R P A R R 5 B 5 T

BAP, RHK, KA, KA, HEF
(L SRR BRIES IR BE, W5 13k 014010;
2. NS RHIOR S MRS e ke, WSS sk 014010)

[f 3] wfRidfEd = A0 2084 Y m b AR A8 L iE 4T, T AR R, 2 KA 8 6 A
RS EGEBATA AE R, AR A KL Al AR @ 6y R AR A A8 RO B L AL AT
TR BRNIE R B M AR B AR R, AR AR AR B AR EH N HmE R, AR
I 4] o AL T EAT KRR AR R S AR F RN, TR0 A KT A T, e
BB B LRV MBI L E R FARAR R, AR &R kT B A4
ZHENREM G LA A A I AR G R B AR e R SRR R A, A SR X U AR B AR
B EMAIRIRIATT AW, REZEHE MO T AL 27, 55 L /TIhiE; B
A1 M) B B ARAD R T 5T A A I B AT TALIL B R R R, AR R AE BALF 426 T 28R

ALY TAAL, 45 R et AL F B R R A AR F R L EL,

[ Sk ]
(B2 ]  TQL16.21; Q646
DOI;10. 19612/j. cnki. enl1-5066/tf. 2024. 02. 002

SUR A FHAEREIR A AR A ek (L RE IR
RIEEFEEA . Tlhfikk aC gfe—a
ZAF M B BUAE LR KATI IR BN 2 fi fRT F 1 1
Jridiz " UK eSS AT A R 4 L
o RE , 2 B AT HRp 2 1 20U, TR re fe 7 vl
BB S UR AR P RIBE IR RGOSR .
KA R AT A B AR sl D LA B A~
AR JEURE SRR RS P U T 233 A A
H ARG RIS (PEM) HEUAAE - H
e LA A R AT L 5 2 R 1 K Y L A
SR KA A e R RERE U H i e A K i
SERHUBLI A B A

[ ks H ] 2023-09-21 [ {&3T H 1] 2023-10-30

[FAEW] 2023-11-04 [ HfRE ] 2024-04-01

[3E—fE# ] BERIEL(1996—) 3B LA A N BT, 5055 1)
Sy R A K AT

CEAE1ES ] RWAT (1983—) , &, i Tl A, 1, Bl iz, 35
WSS T7 ) R g T AL

(R4 H ] EZEAH &R (2020YFC1909102) ; W52 1 AR
223 A Th H (2022MS05024 )

[ SCHRbR A ]

PR FAE; WK ARG AR RMG RBAER; TR
A [IEST]

1672-6103(2024)02-0013-09

HLAE A PP R AE RAT N — R L AR
FENOBFR RS R R RS
XCEEAEHT, — T 11, &0 7K L e o e o H AR Y
W5 55— T, R A RO A I R B AR AR R
TAT , D68/ NS5 s 3 e TR R 7 P AR 119 5 1L SRR AR [
S A T v s R R R S R 7, R R R AL S R )
At o S I I A P I I R LR A K
SISO R gk SRR 18 7 P 40 582 e 48 X 08 3 R i
MR R RE TR B IR EE AR

LA AR 52 B R AR TR AR R =
ZIAA R S ) = AR DX PR Pl AR KL AR
PR 2 S I =B B % AR R A S
B UL R A R R T 1 AN B o
LR eI plinicy (AN R R e a0 D) I B B
LIS , MR Al A 5 2 Rl Akt — 4
A, ST T S R 5K T I A A 2 T A
B RS I GRS AR B3, -5 A ik
FrMRI SR A R g A
(A% o A, B R AL AT o, l LA



- 14 - T E A &5 A

ER=ES

B A B v R 2 10 R % B A, A B ey A
JOH R R R B S s e el T A AR R
T b 22N [F) A% s s R i A AR 2 A
I, ARAFERS LA 3 v 19 B S A R AT AT
HERROLSE DN R AT, BT LA 8 (TR AR AR RS
B E/NTF MO DEAT SRR AT ST, 7E ] 7 E
A B AN L, AT X I A A R A R AT
W

R B A AT O i 2 A R AT Rk
F-BUATIES , I, i 2R T AR i A 2 i B A
E HA IV A A, ENS R L T 2
Foft 7= A B A P i AR R AR A R A I FIF
FE R AR R B QR R AR KB sl . EEAYTT
BRI AN AW NEIE eI AL =2 3L TR
ARk AR BRI BRI A AR IA S . TR R
FEAE IR A B T R O M AR R, A
SNES I TR A o R R AR ) 5 ik B E B
AR TR AR ) R ST R B

1 BAZZ i N E R

FEAT T TR AR R T ARAG BN, SR PR
1 PR /N 8 5 R i 8 Bl H R, R S i 3ok B 22
HRAFRE A 19 7 R L, 3 A G AR AR, W
SR 718, 52 BWR 227 W5 bR, MO Ao
L FH T B AR K R B BRI R

1964 4 Glas 251 Fi] i S A0 T 1) s o 45 5
AR B UM L R v A A KRR AT T S
WHoE. TAERBR A ek — AR N B
BB~ DM E D, LRP IR KN
1 ~2 atm (H5 R, #2115 2 R % Y
0.01 ~0.12 A/em® , G ZE40 B A AN fa AR b A=
WA A H, 0, CL 1 CO, , S50 & B, S A i
VEHE K % 5 Scriven'®’ #1 Buehl"" L }% Westwater''™!
R BB TITI — 205 S MLEEEI Y 600 A, 42 fih
FA R AHR & AN 5E 19, A R TE O ~ 100° i [l A
e — M ER 59948 . Brandon 251 5@ i |
RTT A AR E H, 0,71 CLEYAE B 77,
I BRS-GBS AE R A, (1) o

R(t) =pt* (1)

2R AR, pm; B R RE mes T 5
BRI TA] s 500 Ry I [] 2R 580

Yang 2610215 F Rk (0 45 B AT

PE B0 22 FH IR AU NS 3% B 7E B AR B8 A o, el 1
JI7R , 9K 5 #4000 2% 4 WITS 4870 1 wm 43 K7 4l
e, LI FIREAS B TR A K AR, R
WG R (1) oc 00 2 e HE BT 173, ZHAN
212220 G R SR FAH 2240 A\ BRI BS 1 12 4% 1
HUAR , (ELH B S0 0 Bl A DA 5 5% ) TS IR i )
WAL RS, A AR AR 2 TR . SRR
3 R AT TR AT 2 b e 4% 194 7 2SR
TR A K AT, IR 3 TR, TE LR B T
0.8 A/em’ [FEBLTF, AL B AR R BEA: K1) ¢
AL R 45 R R (1) =0.250%, 5 2 fij2¢
FHILEE AL 5 SEUs HR W K OFFITE B b R
T A KB AR R R (1) oot i

A

Bea

X LR (FA22)

45 mm

TAE B (122 A
HEG )

v A M
10 mm
B1 =t fbieae s

Fig.1 3-electrode electrochemical setup
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Fig.5 Overpotential fluctuations corresponding

to the growth of a single hydrogen bubble on

a microelectrode
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Fig.7 Schematic diagram of photolithography electrochemical deposition process
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Research progress on microelectrode preparation for water electrolysis process
SHENG Qikai' , ZHAO Zengwu’, ZHANG Yazhu', HUANG Bowen’, CHEN Zhenyu'

(1. Inner Mongolia University of Science and Technology, School of Energy and Environment, Baotou 014010, China;

2. Inner Mongolia University of Science and Technology, School of Materials and Metallurgy, Baotou 014010, China)
Abstract; The bubbles generated during the water electrolysis process can affect the stable operation of the
electrolytic cell. Understanding the nucleation, growth, and detachment of bubbles is a prerequisite for effectively
managing them. Bubble growth is a mass transfer process through the phase interface. Simulating the evolution of
bubbles at the single bubble scale can help us to deepen our understanding of the gas-liquid mass transfer process
on the electrode surface, as well as the relationship between bubble generation and its impact on the local flow field
and concentration field. This can help achieve the stable operation of the electrolytic cell, reduce energy
consumption, and improve current efficiency. Visualizing the growth behavior of single bubbles is essential, and the
preparation of microelectrodes is indispensable for this purpose, as microelectrodes can stably and periodically
produce individual bubbles. Currently, the main methods for preparing microelectrodes include platinum wire
embedded in epoxy resin, photolithography and electrochemical codeposition, nanodisk electrode method, and
printed circuit board method. This paper elaborates and analyzes the research status of these microelectrode
preparation methods. Experimental conclusions on the preparation of microelectrodes by different scholars differ and
require experimental verification. Currently, microelectrode preparation technology still cannot visualize the
nucleation stage of bubbles. In the future, the visualization of the nucleation process of bubbles under
electrochemical control and the use of faster electrochemical instruments to study the nucleation kinetics of bubbles
will be the focus.

Key words: microelectrode; single bubble; electrolyzed water; gasevolution; bubble nucleation; bubble growth;

visualization research



