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Abstract : One of the main challenges of electrochemical water splitting technology is to
develop a high performance, low cost oxygen-evolving electrode capable of substituting a noble
metal catalyst, Ir or Ru based catalyst. In this work, CoFe,O, nanoparticles with sub-44 nm-
size of a inverse spinel structure for oxygen evolution reaction (OER) were synthesized by the
injection of KNO; and NaOH solution to a preheated CoSO, and Fe(NOs;); solution. The syn-
thesis time of CoFe,O, nanoparticles was controlled to control particle and crystallite size.
When the synthesis time was 6 h, CoFe,O, nanoparticles had high conductivity and electro-
chemical surface area. The overpotential at current denstiy of 10 mA/cm® and Tafel slope of
CoFe,O, (6h) were 395 mV and 52 mV/dec, respectively. In addition, the catalyst showed
excellent durability for 18 hours at 10 mA/cm?.
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Fig. 1. SEM images of (a) CoFe precursor and CoFe,0, nanoparticles synthesized with different time of the synthesis: (b)
1 h, (c)3 h,(d) 6 h, and (e) 9 h. (f) Mean sizes of CoFe,0, nanoparticles.
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Fig. 2. (a) XRD patterns of CoFe,O, nanoparticles
synthesized with different time of the synthesis, and (b)
the selected scan range of CoFe,0, (311).
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Fig. 3. Comparison of electrocatalytic properties of CoFe,O, nanoparticles synthesized with different time of the
synthesis. (a) OER polarization curves measured in 1.0 M KOH at a scan rate of 5 mV/s and room temperature with iR
compensation. (b) Overpotentials required to obtain current density of 10 mA/cm?
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Fig. 4. (a) Tafel plots, (b) Nyquist and (c) Bode plots of CoFe,O, nanoparticles synthesized with different time of the

synthesis.

g I
g

33 A7k W2 CoFe,04
S 545 Wit 7] siek SS9l
SHE EES glass carbon Aol ZEFle] H
7}sl4th OFR &8 &8 1 mg/em’Z2H 351,
oA 1.0M KOH #3sl&d % reversible
hydrogen electrode (RHE) scale®l*] 5mV/se] 2=
N &2 23U Fig. 3a & T4 A7
E84709] thE Zvl9] OER 5 FX& HojFErh
A AZel 1, 3, 6, 7, 8, 9% 10he] FHjE<)
AF DX 10mA/em® o] e 7} 432,
416, 395, 401, 407, 427 4294 428 mVE e}
WAt (Fig. 3b). CoFe,O4 W= fAFe] A Al
7ol 6h A wf 7PY w2 UGS 2he AS g
Adsiit. Aoz FAE CoFe204 WieY=te]
AL olde BRI HAZWAN 2 FEA T
(441 mV*Y = 441 mV*?), metal-organic
complex B FAE] (443 mV)P FE 2 I
(410 mV),* = aerosol-assisted chemical vapour

97kl OER

deposition 2 FAzZ] (490 mV)» T2 tiE Wi
o= FdH CoFe,0, BT} $58 OFR 4| &
A 2k RS ERIEHiTh

Fig. 4a2] CoFe,O, &1 % UlZHOoZ A
7ZF 1, 3, 6 2 9h 59| Tafel plots Tafel
equation [n=b log(j) +a, ©] oA n= ALY,

j= AFUE, b Tafel slope o]t} #40jef] 2]3t
OER®] £=A4GAE vehditt. 44 AlZke] 6h

9] CoFe,04 Zm|2] 3 Tafel slopex= 52 mV/
dec & 1h (74mV/dec), 3h (68 mV/dec), %
9h (80 mV/dec)e] tF2 T Al7rollA2] CoFe,0,4
o} vl 75k, @4 Alkel 6 he] CoFe04 F
W7} =2 OER ®HS £E8 zhe A& ERIss
ot 7] S AW ¥kE FTHE 2ARP] 918,
OER #}& z7dstollA 93 A7l o 4le] Zuf
E9°| tI3t electrochemical impedance spectroscopy
(EIS) 413131t Fig. 4b¢}t 9] CoFe,0, W&
of tidt Nyquist ¢ bode plotE FZ<t



A73)8kE)A]|, A 23¢9, A 435, 2020 101

a 0.04
:;\0.03-
L
L
(@)
— 0.02
0.01-
1h 3h 6h 9h
Catalyst
0.008
C —a4amV
0.004
£ 0.000
=
-0.004
LG -0.04-0.02 0.00 0.02 0.04
Potential vs OCV (V)
0.008
e —4amV
—3a&mV
0.004f —12mv
—16mV

0.004}"

-0.008 -0.04-0.02 0.00 0.02 0.04

Potential vs OCV (V)

b 0.008
0.004
< 0.000
=
-0.004
000 -0.04-0.02 0.00 0.02 0.04
Potential vs OCV (V)
d 0.008
—AamV
—3mV
0.004} —12mv _.:—*;_%
< 0.000 o~
=
-0.004
=105 20.04-0.02 0.00 0.02 0.04
Potential vs OCV (V)
f 0.005
«=1h
0.004f = 3h
+ 6h
z0.003} - 9h
£
-20.002}
0.001} &=
B 4 8 12 16 20 24

Scan rate (mV/s)

Fig. 5. (a) TOF calculated by current density at 1.7 V with total number of metal sites. (b) CV curve of CoFe,0, catalysts
synthesized with different time of the synthesis: (b) 1 h, (c) 3 h, (d) 6 h, and (e) 9 h. (f) Current versus scan rate plots for
CoFe,0, catalysts synthesized with different time of the synthesis.
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Fig. 6. (a) Chronoamperometric curve recorded with an applied constant current density of 10 mA/cm? for 18 h without
iR compensation. (b) Durability test for CoFe,O4 (6 h) comparing polarization curves before and after 18 h in 1 M KOH.
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