ISSN 2288-8403(Online)

{Research Article)

OFTAEIZE HZE CHEY Lpc

X & Abjato

J. Surf. Sci. Eng.
Vol.56, No.4, 2023.
https://doi.org/10.5695/JSSE.2023.56.4.265

o
=

Ae| 240 IE

—_ —

Photoelectrochemical performance of anodized nanoporous iron oxide based
on annealing conditions

Dongheon Jeong, JeongEun Yoo', Kiyoung Lee’

Department of Chemistry and Chemical Engineering, Inha University, Incheon, 22212, Korea

(Received 21 July, 2023 ; revised 11 August, 2023 ; accepted 11 August, 2023)

Abstract

Photoelectrochemical (PEC) water splitting is one of the promising methods for hydrogen production
by solar energy. Iron oxide has been effectively investigated as a photoelectrode material for PEC water
splitting due to its intrinsic property such as short minority carrier diffusion length. However, iron
oxide has a low PEC efficiency owing to a high recombination rate between photoexcited electrons
and holes. In this study, we synthesized nanoporous structured iron oxide by anodization to overcome
the drawbacks and to increase surface area. The anodized iron oxide was annealed in Ar atmosphere
with different purging times. In conclusion, the highest current density of 0.032 mA/cm? at 1.23 V vs.
RHE was obtained with 60 s of pursing for iron oxide(Fe-60), which was 3 times higher in photocurrent
density compared to iron oxide annealed with 600 s of pursing(Fe-600). The resistances and donor
densities were also evaluated for all the anodized iron oxide by electrochemical impedance spectra

and Mott-Schottky plot analysis.
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Fig. 1. Top and cross—sectional SEM images of anodic iron oxide; (a) before, and (b-
f) after anealing at Ar atmosphere for different purging times of (b) 10 s, (c) 30 s, (d)

60 s, (e) 300 s and (f) 600 s.
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Fig. 2. XRD patterns of Fe foil and anodized iron oxide
layers after annealing in Ar atmosphere at different
purging times of 10's, 30 s, 60 s, 300 s, and 600 s.

SO A yetde d A= 34 e-Fe,0;
(hematite)@} Fe;0, (magnetite)®] & 7}A]
Z9| Ao R &A% dAYHE e E A
SHE2 hematite®} magnetite T 3E FA|f 2+
1! Qlt}. Hematite?] XRD SHE 24.2°, 33.2°,
43.5°, 57.7° 2 ol= 27+ (012), (104), (113),
(211) ZHHS YerATE Magnetite? XRD 3
H230.1°, 35.4°, 37°, 62.5° &} &2 #3E Y
BRI ZH7F (114), (122), (204), (440) 28 WS
olm|gttt. o]& Fof vFE F=4tst H &
=2 dAE Bl 243t 7hsotthe A
& 4= At

Fig. 3 (= €A=4 & At gd7dx
£ "G ZAEA] (100 mW/em?, Xe HAIL)E
ol-gsto] 4% LSV A+ Hepdtt LSV &4
Al AHEE A2 1 M KOHS Asid, Pt A=,
Ag/AgCl 3 M KCD9] 7|&dF0o8 4= 3.
Ag/AgCl9] 7|&dF0o8 Z43 FE2 Nernst
TAE AMEste] 71 4 HS(RHE)LE A%

sfo] Lotk

o 2 o

ERHE:EAg/AgCl + EOAg/AgC] + 0059 pH (1)

2] (D)OllA Epyp= RHEZ H3E A, Eyynec
= Agoz &4 AU, B, = Ag/AgCl (3
M KOH)9] 7]&x 0] 25 ColA 7HA= A
OS24 0.209 V9 #< 7M. FHFEE S5
AT} Fe-60 AZ0] 1.23 V vs. RHEAIA 0.032
mA/cm®S] 7F £ FJHFUEE Hol:= AL
5}o1519it}. o] Fe-300 &K} oF 2 oulj7}
=11 Fe-600 A1EH ot oF 3871 =2 FHFY
Lol

AME9] FAFUEL} donor Ut RS



268 Dongheon Jeong et al./]. Surf. Sci. Eng. 56 (2023) 265-272

Fig. 3. (a) LSV curves under light (100 mW/cm?, Xe Lamp) and (b) Mott-Schottky plots
measured at 1.23 V vs. RHE at dark condition for anodic iron oxide layers purged for different

times of 10s, 30 s, 60 s, 300 s, and 600 s.
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Table 1. Photocurrent densities, donor densities and charge transfer resistances of the anodic iron oxide layers with

different purging times of 10 s, 30 s, 60 s, 300 s, and 600 s.

Sample Fe-600 Fe-300 Fe-60 Fe-30 Fe-10
current density
(1.23 V vs RHE) 0.01 0.017 0.032 0.013 0.011
(mA/cm?)
N, (cm?) 1.21 x 107 1.72 x 107 1.75 x 107 1.54 x 107 1.24 x 107
R, k9) 11.7 5.77 4.23 11.68 19.3

Fig. 4. (a) EIS Nyquist plots and (b) EIS Bode plots measured under light (100 mW/cm?, Xe
lamp) at 1.23 V vs RHE for the anodic Fe,O; layers purged for different times of 10 s, 30 s,

60 s, 300 s, and 600 s.
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