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Photoelectrochemical performance of nano-hematite electrode and
photoelectrocatalytic activity toward oxidation of phenol
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Abstract: As the problem of environmental pollution has become increasingly aggravated, the conversion of solar
energy catalyzed by semiconductor material has caused much concern in the field of catalytic and environmental
protection. Nano-hematite electrodes with different deposition time were synthesized by electrochemical method
more quickly and effectively in this paper. X-ray Diffraction (XRD) and Raman spectroscopy confirmed that the
electrode had single phase of hematite. Morphology information was obtained by Atomic Force Microscope
(AFM). The nano-hematite had a particle size of 52.1( £1.48) nm X 50.5( = 1.49) nm, and the surface
height was concentrated in the range of 70 ~100 nm, which was consistent with the normal distribution law.
Moreover, the UV-Vis Diffuse Reflectance spectra illustrated the significant absorption of visible light from 350
nm to 600 nm, and the calculating result of band gap was about 2.0~2.1 eV. In photoelectrochemical experi-
ments, the photocurrent density-time curve and I-V curves indicated that the electrode had great photoelectro-
catalysis activity and the reaction process accorded with the Langmuir-Hinshelwood kinetics model. Further-

more, 10-minute-deposited hematite electrode was used to investigate the activity of photoelectrocatalytic degra-
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dation of phenol. The results showed that degradation rate of phenol reached 62% after 6 h under a constant po-

tential of 0.65 V versus SCE (Saturated Calomel Electrode) and the constant of reaction rate k was 0.16 h™!

(R,=0.996) when the first-order kinetics reaction model was fitted. It is thus shown that the electrochemically

deposited nano-hematite possesses satisfying conductive properties and the capability of degrading phenol and

other organic pollutions.
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PEREAE Tl A S0k i, 7 5 (1) BR85875 4 [n)
FEgE I 2. ARk, RATT G LT e oK ARG G
BT A NAT B [ T 1 £ 1) &, 17 £ S 49 B Ak
EE AW A A P T VAT B B v B A W R
A B RRTE. 1972 4F, TiO, HAROE B AHEAL AR T 1Y
KA A B RALTT 40 T 06U SR Bl ) 2 Je AT 538
20 70(Fujishima, 19725 XI5F 814, 2006). LBl TiO,
TR CAEA LG R AE A A B Gkt A 24, 05
A W) 5 A BTG B W) 55 PR LR 00 380 75 U A R e
(Philippidis et al. > 2009; Chen et al.> 2009; Shinde
et al.» 2012; Neumann-Spallart et al., 2013). %R
1M TIO, 2515 9 N 3.2 eV, Al HE R4 EHU A AT
WML D X BRI T THO, 76 W WG G A6 7 1
HTZ N (Yang et al.» 2014), BISITE R &5 & 1
C NN R A e N E T AN N A DN ES s A
HCEAE T G AR A B 1) R e 77 3K

NI e BRI LR S A b T2 A A, 3L
GG JE PRI R 5 A D238 K0T, AR BK AN
Mg W B 1 g < i R A A T T (B
S, 2000, 2015) BRI R PAETREN ;1 2 H
ot ZHEmSERDT W —, H5M4E
VIR AN v 7 A% 3 T 58 AR AN [F) R0 2 3 )2 R
(Lovley, 2008; Ren et al.» 2016). MAEN—Ff n 7
PP ARRRL, 32,2 eV R AR AT v AT AT R OK B
96 30% —40% P WG (Sivula er al.» 20115 Vura-
Weis et al.» 2013), SAEAG AR URUAL G L HEAL
T B 7] A B E v R T A R A AR B T
N (Wu ez al . » 2006 SRz HAbAr kL, ARk
W BRAN 25 15 HA A Rl WobWkcse 7, X1
AT FAE A B 5 G ) BV A A AN T A
ek

HAT AR ERAT AR T % 79240 K 332 (Sue e
al . » 2010 W5 55 Af# 1L (Cesar et al . » 2006 W45
Wb v (Miller er al . » 2004) &k K12 (Park e

al .» 2009 HLUTRV% (Kleiman-Shwarsctein ez al . »
200955, (ERER G BT VA #R A7 A LE VB . AN SO
Tk A7 BR R KO AL 2E A T 1 AE FTO (Fluorine-
doped Tin Oxide) F{LH% -1l % y-FeOOH Hif g 44, 3B -k
b B S5 ARATF A K AR A S P AR, 3 I Ol 1% 2 4 T
BORAE I 344 8 P, DOt sk 22 M 58 A [\ it
AR ] R 2R B AT LB ' v e A e 1 2 S, 00 i ok
s FEL AL AE v 1R R 3E — D AR U FE AR O FL A A B A
R IE R, VRO T AR RN H AR AT LG G HLAHE b A R
5evg B ) 4 37 ) AT AT M, IR AR — e B B R
T IBEH W) 24 W Tk s

1 SERAPRLRUTVA

1.1 RTRET B &

FIH H AR 27 5 5 A oK A B LR ( Spray
and Choi, 2009). B /E& i y-FeOOH i 9844, K H
AR A R B A F A 2R vk S LR A 213 T4 H AR
(1 emX 1 e Z HHACN 4 mol/L KCI Ag/ AgCl HL
e TAE R FTO HA%(2.5 em X 2 em)s FTO 1
FRTH IR L I e K L 25 3 7K R Uk 30
min( Hsu ez al.» 20120, M JUH WM 75C 1 0.02
mol/L FeCl, ¥, pH=4. 1.2 V vs. Ag/AgCl fHE
HL 34 H A2 TAE S CCHI 760E, Fifg i A #8517 B
o al D ORI ] 23 93 24 54104 15420+ 25 mins
Hil#3 v-FeOOH R 9K A4 AR G A A+, JE & T
P 520°C FA455 F AR K 30 min AT AN [A] J5 B2 A 4k
A
1.2 PRFET BIRRES S

YK AR AR AR AL A 50 K 2% 43 B I b
Lo X B2k i AT 5 A (Rigaku Dmax-2400, JAPAN)
M 2 Hr, WAL 40 KV, B 100 mA, X 3 £k I8
4 Cu B Kay (A =1.540 6 A)ST2E, 25K 0.02°, H
I EE 4°/min, HHETEH 20°~80°-



% 6 3]

FRREV A% GRIRERAT AR HL AR PR P B AR M B At 3 F 5 827

IR HL AL 26 AF B b UK e Bk
2% (R B2 2 B S s AR rp O B A A O B Bl i
{%(Renishaw inVia Reflex, UKD K4E, M ] 50 x 4
BeRAEAGS . WOLWEK N 532 nm  BWOGIREE 5% K
PEEARZY 1 pm G2 400212k HLIREEDG 1 s Bt S
e

INERAT PRI T 3 R BE K v FE AR R AT AT AE 5t K
2 BR  2% R) o} 2 25 e A I o J5 7 ) SR R
(Bruker Dimension ICON, USA) Ml &, £ =
ScanAsyst Air» 7E 8 it F14i ( ScanAsyst Mode) B0 T
PAFTEI G, [R5 NanoScope Analysis 34T
FEL AR 2 TR I 8 % o FE e vk 40 T o

SRA AT DL 2 SRR A B E b K 22 20 b DU
W B Ah - ] WL - R 2 A IR i AX
(UV3600PLUS, JAPAN) X4, Ll BaSO, ¥ K 4 %
LR B KV LR 350~ 1 000 nms, T A3 £is B 0B
T H FTO B2 .
1.3 RBEAeFMNKFIER

s L AN SIS 25 T A ST T AR A B RO (S
emX 5 em X 5 em), HUE TR 80 mL, SL50 74 R ik
= AR AR 2R HR Ok 213 BT AR 2 L R
PRLRAH 7R M B AR AR WA Ol 2 Bk AT FTO FL ).
JEHL U 2 - I TE) il £k B T WO 0.1 mol/L
NaOH % # (Liu er al.> 20120 LA & 0.1 mol/L
NaOH + 1 mol/ L & W FUAR A s B FE 2057l 3100 i
2 0+0.2.0.4.0.6~0.8+1 mol/L &HE +0.1 mol/L
NaOH HLfif# . 1 L' G AT A B3 11 116
LED(Light Emitting Diode) G HE 4L, &5 R H 5 1
X IEEIE, 4R R E R 60 mW/ em?, @ I BH A G5 %
D FE AN 7 A Ot HL g — I T ol e, R AR A T AR I
0.65 V(vs. SCEMHHH(Liu ez al., 20120, LHH
FTCHRERR UL, A AR T A R Ak .
1.4 FEALBEXBERRBRARTE

Ty P A PR A S 1 266 T Dk TG A 2R DY 3 & 4
(Polytetrafluoroethylene, PTFE) & o 1 7 A3 bR A7 3
SV FEF 30 mL, SEK R NV 25 mL, BN
HRURE SR 4-%0 36 22 85 LobR & M 5 o 0K 19y 25 &
(Chen er al., 1998), ffi F 25 #h v] WL 23 0% O B2 vt
(Evolution 220, Thermo Scientific)ll X 510 nm bW
FEREVE SR Ty B AR L. FTARHE A0 R = (¢ —
CO/Cyx100% 5 ¢ N 218 Wy FE R (R, L
R~Cy(mg/L)~ C (mg/ L) 73 5l AR 3 B filt 2 W Uiy i)
ZIZRTG AR BE AN ¢ B R0 R iR B o o At T 2 B A T

— W IFERRI A In(C/Cpd) = — bt Wtre
2 R 5

2.1 HRTRET BARYE R SIREFE

XRD 73 87 AR B0 AR = A W) A R AR kT
(Fe,03)5 XRD Kl 24.14°.33.15°.35.61°.43.52°.
49.48°64.0° 73 X N AR (012 (104D (110
(2020 (024> (30006 ™4%f fE A7 5 & 10 ( PCPDF:
33-0664). BT WA FTO KA RS 5,
TE A % T ) AH VA, FLRE FEL AR 22 PURL I ()
IR 5 VAT S B D

L]
o ¥ 't wR T
* . ® FTO
# * * A .
25 min e | .
20 min A\
. | I
15 mml
_ | S
5 min
: ]
I— r{')n 1 L 1 L 1 i 1 i 1
20 30 40 50 60 70 80

20/(°)

1 AFEVORIN R RS R XRD K1
Fig. 1 XRD patterns of hematite electrode with different

deposition time spans
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Fig. 2 Raman spectrum of hematite electrodes
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Fig. 3 AFM graph hematite electrode (a) and height distribution maps of hematite electrode (b)
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Fig. 4 Upv-vis diffuse reflection absorption spectrum
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Table 1 Photocurrent density of electrodes under light and

dark conditions in alcohol solution

FTO 5 min 10 min 15min 20 min 25 min

HrEm 2.7 140.6  143.8 150.7 146.8 133.2
R 2.9 166.6 179.1 176.8 180.5 163.8
R 0.2 26.0 36.3 26.1 33.7 30.6
WEKE/% 107.4  118.5 124.5 117.3 122.9 123.0
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Fig. 5 Photocurrent density-time curve of hematite electrode with different deposition time spans (a) and current-voltage curve

under light and dark conditions (10 min) (b)
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Fig. 6 Photocurrent response of hematite in the presence of
alcohol with different concentrations (Insert photo: The plot
of the reciprocal photocurrent as a function of the reciprocal

alcohol concentration)
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Fig. 7 Kinetic curves of phenol photoelectrochemical degradation (a) and pseudo-first order kinetics plots curves with
and without light irradiation (b)
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degradation for phenol by hematite electrode

The schematic diagram of photoelectrocatalytic
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