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Fig. 1. Experimental measurement system diagram (1-UV
laser generator; 2-beam expander; 3-lens; 4-Ag/AgCl refer-
ence electrode; 5-platinum counter electrode; 6-nanorod
TiO, film working electrode; 7-quartz reaction cell; 8-elec-
trochemical workstation; 9-computer; 10-high speed camera;
11-micro-lens; 12-LED lighting source).

188201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 18 (2024) 188201

HL Al i 2R 45 32 P R b TR R =
W SN AR R . PSS b, B Ab2E T AR R
JEXT = R S VAR ZR N 0.1 mA fHE LR, = Hi%
RRZBEAR XM (1 cmx 1.5 emx0.02 em), TiO,
TAEE A FNEA Ag/AgCl 2 H MR 2 1, Ik e
FEAT LS . HEAS SR 25 B K L
TREH (Meryer, 99.95%) 7K i W AE Ay v i o, Hovk
JETE 0.1—2.0 mol /L JEHE . TiO, St FH# R FH K
Pk 21 4% B AE FTO 38 FIE— 2k i
AR TiOo(NR-TiO,) . T TiO, HA NBCE
KM, SEE T 4R T ZEX ] 15 B A NR-TiO, i
17 90 min FIROGHR IR, {5 R IR I SRR 22,
W5l 2 A KRR TiO, TR AR K P HCE AR IR
o b R O B AE T AR AR BT R
JEBE. UL, EROEIRSTT, LA SR E O IR
SR DX 382 ) 30 e = A SRS,

T IE R SE R LI S, TR =i
OB R G, i E RSl (Photron SA-Z) 5k
AR 500 fps, 73 HFH R B12x512 8 K ai;
45 (OPTEM Zoom 125C) 3% FH il 0 K A5 B0 A
12 ff%; LED YIRS 40 W BYZhR. S EGR 4
{14 J5E B B s 1290, 4w R R AR ML RN B Sk 5
LED SARXT AR B, I8 A 5 5 it [ 5 78 e AT
i), RIAT A5 I M A S TS AR S . e AR L
WA R RS 25 MATLAB 45 9 B4
PR PG, AT RA A Kad R rp AR IE S
B—"ER d, M 0. BRI
FRUNE 2 fr7s. - RR P A B S A5 3 B S B
PR ER S5, A X I AR ROR A e A< ELAR 5
BRI B BR KR L(pum) AR R 2 5

500 pm

N Npiser, WAERFIBCRABERCF W ERBR RN
dpixel E/‘J“j:lgi_\‘jilj\ db (Mm> %7

db = dpixel X L/Npixel~ (1)

3 HERAnitib
3.1 FEREFENSRERZEKSE

SR AL R T IR BRI, SRR b A
BN, RIS A K R T R EGT H
P SE IR 2, 3 — IG5 VA i
FEARE T R ) BT AR fL AR W 2420, 1] 3 JRAR T
fE 0.3 mol/L ¥ T.OLF (18 mW JTh#), i i
S Bl Nz ST A R R A ELAR . ST Ak
A5k 3B B, BB SRR B (a—D), X
WA KB B (b—h) AR (h i), 72U
EREBE (a—D), S XIRNE o FikEZ L T
T, IHEBAZALSE A S F i R 2, Rl
HLBELBf 2 8, o - Rp e T . — HAURSrT
FEJRFRIA BT AIRAS, B iR A e IR R T g
YA PO YR (b—c) Ja, i g i
TR SRR, AR A PR o A M
fiff S B N DX P I A SR FE AR, IR R
ST T2 R FEIX . X — 224/ T
VAS fife e B8 R 1) B i LB, Bl ST P RS
K (c—h), AR A AT [ SN A BE A4 3
R 16:22] [ psf oL AW BRF T P SR B A 8 IR g 1) A< A
P S AT SRR R Sl ) SRS BUH AR, &
SO N HU BR3P AR S B0 S R
A R A AR e ) FEL B AR R B

0

Kl 2 MATLAB R PAL S EE (o) B g MLA B “OE IR (b) H R B H —E I (o) ZERH TER LR
TR EAR MR ER AL (d) 708 0 AR IR BRI 4 M A% L ol A

Fig. 2. Bubble images processed by Matlab program: (a) Cutting bubble image; (b) converting image into a black and white binary

image; (c) identifying pixels of bubble diameter on the black and white binary image; (d) identifying contact diameter and contact

angle of bubble.
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Fig. 3. Bubble evolution corresponding to overpotential at

different moments (concentration of 0.3 mol/L).
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Fig. 4. Bubble diameter at different concentrations with growth time: (a) The linear coordinate; (b) the logarithmic coordinate.
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Fig. 5. (a) Overpotential fluctuation curves with time during bubble growth at 0.1-2.0 mol/L electrolyte concentration; (b) the rela-

tionship between steady-state oxygen concentration and steady-state overpotential.
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Fig. 6. (a) Variations of average bubble period and departure diameter with electrolyte concentration; (b) the variation of bubble

production with electrolyte concentration.
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Fig. 7. Gas evolution efficiency f, and bubble coverage @ at different electrolyte concentration: (a) The variation curves of f, and ©

with bubble growth time when the electrolyte concentration is 0.5 mol/L; (b) the variation curves of f, and © with electrolyte

concentration.
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Effect of electrolyte concentration on bubble evolution and
mass transfer characteristics on surface of photoelectrode”
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(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
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Abstract

In the photoelectrochemical water splitting reaction system, bubbles will cover the reaction area on the
photoelectrode surface, affecting the reaction impedance and gas-liquid mass transfer. A laser irradiation system
is built and it is coupled with an electrochemical workstation and high-speed microscopic imaging system. The
evolution behavior and mass transfer characteristics of single O, bubble on the TiO, photoelectrode are studied
at different electrolyte concentrations (Na,SO,, 0.1-2.0 mol/L). With the increase of electrolyte concentration
from 0.1 mol/L to 2.0 mol/L, the solution resistance and bubble additional resistance decrease, and the
overpotential in the stable growth stage of bubble decreases from 0.113 V to —0.089 V. The bubble will cause
the fluctuation of overpotential in the nucleation, growth and detachment stages, which is consistent with the
impedance change caused by the change of dissolved oxygen concentration in the liquid phase. By analyzing the
correlation between gas evolution efficiency and bubble coverage, it is found that the increase of electrolyte
concentration will lead the bubble coverage and gas evolution efficiency to decrease simultaneously. By
calculating the Sherwood dimensionless number, the results show that the total convective mass transfer
coefficient increases with the electrolyte concentration increasing. Single-phase natural convection plays a
dominant role in the process of gas product transfer, and its mass transfer coefficient is one order of magnitude
larger than that of bubble-induced convection. In summary, by adjusting the electrolyte concentration, the
bubble on the gas evolution photoelectrode surface can be effectively removed and the mass transfer of the
system can be optimized, which is of great significance in improving the efficiency of photoelectrochemical water
splitting.
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