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Effect of Electrode Vibration on Bubble Dynamics in
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Abstract: To address prolonged attachment of bubbles to the photoelectrode surface of
photoelectrochemical water splitting reactor, which leads to smaller effective activation area and
lower gas production efficiency, an experimental platform was constructed for the visualization of the
dynamics of bubbles in photoelectrochemical water splitting for hydrogen production with coupled
vibration system, and a method was proposed to accelerate the detachment of bubbles from the
photoelectrode surface by applying vibrations with different amplitudes and frequencies to the electrodes
in this paper. Firstly, the electrical signals and geometrical parameters during the evolution of individual
bubbles on the stationary electrode surface were recorded. Next, the changes in the current and potential
during bubble growth at different frequencies and amplitudes were compared. Finally, the effect of
vibration on the geometrical properties of the bubbles was analyzed. The results show that the larger the
vibration frequency and amplitude, the larger the photocurrent of the reaction and the smaller the

overpotential, that is, the reaction resistance decreased. Increasing the vibration frequency and amplitude

ks H . 2024-04-11, TEZ A Bk (1986—), 5wl 4% 1 A4k B0 382088 GRASMEE) . B 342 1+ A4 S50,
rp B 2 B B RETH. BHRARPFEEES R H (52488201,52076175)
W 2% Wy RS TR] . 2024-07-12 P 2% HY R B IR : https: // link. enki. net/urlid/61. 1069. T. 20240709. 1130. 002



14 W % oz M

PN

could significantly reduce the size of bubble detachment, thus accelerating the bubble detachment. At a

vibration frequency of 70 Hz, the detachment diameter of bubbles was reduced by a maximum of 321 pm

compared with no vibration, a reduction of about 48%. After vibration application, the bubble diameter

was a power function of the growth time, and the bubble growth was controlled by inertia and chemical

reaction in turn. This study can provide insights for optimizing the design of photocatalytic water-

splitting reactors.
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Fig. 1 Schematic diagram of the photoel ectrochemical

water splitting experimental system
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Fig. 2 Schematic diagram of amplitude measurement

FEB 5T AT ik B 5|k 9 0 i U AR AR B, F R
BEHN0.10 V, 3CHIER N AEXS T 3.5 M Ag/AgCl
2 L L L b 3. 5 M 367 2 A JBE SR VR BiE R
3.5mol « L' KCLAEW Y Ag/AgCl Bt , 1EBFIEHT




16 W % oz M

PN

%59 %

ARG R B R R AR R B E N 0. 08 mA, L
Ao TAE R R 38 1 kHz, SRR R 512X
512 1 SEARAL A7 24 bit TREE KBS 1B 404 s 3
1000 Wit/ BE 8 8 AR BE Sk . SR AT A 2 72 e A 5
AR R4S B B M 2R AT e U L 5 MATLAB #4F
25 55 1) P PR AR B P EA T 50 PR A5 A T A4 381 0
A A - 7 ) I 1 3 1 K O B LA AR R A

MR LA R S 40 £ B b RO B 5 o IR BE S B i
L BhR RERAR R g N A AR ] AR A% BT
HAEN dya TR KL EHAR d, A

L
db = dpixcl ﬁ (1)

SEPHTIHRERRR TR KEY
0. 84 mm, & JH IR R AR 22 294 0. 01 mm,
BRI S AR REMR IR 22 40 2 7R,
PR 2253 N 2 I E AR BRI X R 2248 4.19 %,

2 ERMITIE

2.1 BIEBRREESENERESE
2.1.1 A R R R 8 R

F 9 L Ak 27 T 6 RS 38 LAl S 4000 7 ¢
B 8 2 A0 AR A o AR A R S, AR D' FRL U AN
FL SR b 4R A R Y A K R AT 3 Sy A% S
fEVRME R RS 3 B B,

3(a) JB/R T I H 2 0. 10 VB, DG HL
BE S ] AR e . B B 1~ 8 FoR A K
R A (] s 221 3 300 %oF o7 — A4 ] 399 P A0 A ) ) 2R
Kok, B AU R — A SR S SR B R
tE B 22 18] 1Y B B Bk A B A5 A 00 X6 B T R U B
1o TR AN A B B B2 1Ak T R A
FRi . BUE 7 SRR IR TR , AR 3R AN 7 A AR
O3 B A AECHR R R R 1 R, S B0k B L B RO, A
70 H i R R B 2 e IR, 2958 50 pAL BE
I AR S HEAT 5 RN AN A B S I A AR v B R A I B
E B S RAZ L E o T LV IE T L i 21 2 Ri4b
TixX—Br B, SO, v B BH s/ , 5 L R A W
WREZEZ 3B BRI B &R KME, AR
66 pA Bl I 4k 2L 2 K, S0 R B g R S
AR 5 B0 A R/ H AR ) Y R e 5 B R RH
HE R PRI O A A W R /S . R AR S B
AR, A R A B R T, A 2 8 s, MG,
S 65 p A RHHE R E 83 pAL B — 4~ RIE,
I 2R 06 7= A ) D DRSO A T R — 2 ol T A

zkxb. xjtu. edu. cn

FL A R T B 7 2 1 R 3 8 N R T R R VR 1) R
TE A, (1 75 PRl 2 T A9 e e BEL A A1 5 — 2 R i
P18 o0 25 A5 LBl 2 Tk 7 T RO/ L O HRL A AR
T AT R AR S

B 3(h) &5t T HIHL A A 0. 08 mA B, L 3 fifi
F ) A A f it £ . H IRTRT 0L 76 R 55 o B BB R )i
T AL ISR A S T 2 e ) F T R R T O
SR JRE G DR, Wk R BELI O, DA T e A5 ok B o fl o7 1
K. MR, B #E 0. 11 VIRGEKE 0,17 V, B
St o HEAN A B B 7E 1 B B A3 B A O A
o, (A5 B 3R TE v BE R BH R IR, A SN 2
0.13 V., anif 2 3 firs . Bl A0 R BE 1S KL 3% Ak I
RO/ A Ak st BT 2 0. 14 V, HB W T
FRE . TEL B B B, S0 00 25 P A SR 1, R AU T

Mz 0.11 V.,
h}dr’;#ftmi K l~ A 1Y)

240 260 280 300 320 340
t/s

O L FE K 0. 10 V B A 6 HL 7

0.18
JRAZ A 3] A K AN )

0.16
2
Fou 1 1

6 7
0.12 2
Jii

0‘ 10 1 1 1 1 1 1 B
200 210 220 230 240 250 260 270

t/s
(b Tl B3 A 0. 08 mA i fiy i 3
&3 A Ak By BOW R Y AR Ak 2 i 2R

Fig. 3 Electrochemical curves corresponding to the evolutionary

stages of the bubbles
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Fig. 4 Change of growth diameter of bubbles with time
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