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Preparation of Nano-Crystalline Perovskite-Type LaFe,_ Ni,Os(x=0~1.0)
and the Electrochemical Properties under UV Excitation
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Abstract: LaFe, Ni,0; (x=0, 0.2, 0.4, 0.6, 0.8, 1.0) nano-crystalline powders were synthesized by sol-gel method.
The phase structure, morphology and composition of the LakFe, Ni,O; were characterized by X-ray diffraction
(XRD) and transmission electron microscopy (TEM). The charge-discharge performance and electrochemical
kinetics properties of the oxides in alkaline solution were characterized by electrochemical methods, meanwhile
the electrochemical behavior of the electrodes before and after UV excitation was comparatively studied. It was
found that single phase nano-crystalline perovskite-type LakFe; Ni,O; composite oxides was obtained by sol-gel
method with nitrate as raw materials. As the substitute amount x increasing, the phase structures of LaFe, Ni,O;
transform from orthorhombic to rhombohedral type, the both molecular volumes and the grain sizes decreased.
Electrochemical experimental results show that, with increasing x of Ni doping, the discharge capacity of
LaFe; .Ni,O; electrodes increased gradually before the UV excitation, while the discharge capacity and the
exchange current density /, significantly enhanced under visible light irradiation. After the UV excitation, the
largest discharge capacities could be up to 483.1 mAh-g™ and the exchange current density I, increased by a
wide margin from 3.54~11.58 mA g™ before the UV excitation to 8.37~40.11 mA-g™".
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Table 1

R 1 MEEJSE LaFe, Ni,Oyx=0~1.0)E I BAM K RBIEHE RS H

Phase structure and crystal structure paramaters of the calcined LaFe, Ni,O:(x=0~1.0) powders

Lattice constants

Unit cell

Molecular

Crystallite

Samples Structure Space group a/ nm b/ nm ¢/ nm volume V /nm*  volume V,/nm’  dimension / nm
x=0 Orthorhombic Pnma(62) 0.55647 0.78551 0.555 60 0.242 86 0.06072 25.1
x=0.2 Orthorhombic Pnma(62) 0.554 85 0.78401 0.554 95 0.24141 0.06035 18.1
x=0.4 Orthorhombic Pnma(62) 0.54907 0.778 30 0.55278 0.23623 0.05906 17.2
x=0.6 Rhombohedral R3¢(167) 0.55047 0.55047 1.32642 0.34808 0.05801 114
x=0.8 Rhombohedral R3¢(167) 0.54670 0.54670 1.31694 0.34087 0.05681 12.9
x=1.0 Rhombohedral R3¢(167) 0.54570 0.54570 1.31460 0.33907 0.05651 10.7
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Fig.5 Electrochemical impedance spectra of the

LaFe, Ni,O;(x=0~1.0) electrodes before(a) and

after(b) the UV excitation

%2 H EDSIZSE8 LaFe, Ni,O;x=0~1.0)FHETEEFESI
Table 2 Atomic percentage of the elements in LaFe, Ni O;(x=0~1.0) powders obtained by EDS spectra

Elements / at% x=0 x=0.2 x=0.4 x=0.6 x=0.8 x=1.0
La 21.14 19.80 20.05 18.76 20.34 20.41
Fe 20.49 13.24 10.85 6.29 3.79 0
Ni 0 3.72 7.48 10.40 14.94 19.24
0] 58.37 63.24 61.62 64.55 60.93 60.35
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Fig.6  Linear polarization curves of the LaFe, Ni,O;
(x=0~1.0) electrodes before(a) and after(b)
the UV excitation

# 3 LaFe,_NiO;x=0~1.0)ERZF LM LBENENZTHRERZE I RTHEHD
Table 3 Exchange current density /, and diffusion coefficient D of the LaFe, Ni Ox=0~1.0)

electrodes before and after the UV excitation

Samples x=0 x=0.2 x=0.4 x=0.6 x=0.8 x=1.0
before the UV excitation 11.58 8.46 6.81 4.38 4.77 3.54
I/ (mA-g™)
after the UV excitation 40.11 30.30 25.46 20.32 13.93 8.37
D/ (enfes) before the UV excitation 1.961x10™ 2.210x107' 2.467x107 2.567x107° 2.576x10™" 2.601
cmots
after the UV excitation 3.159x107' 3.202x107'° 3.562x107'° 3.850x107' 4.035x107 4.050
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Fig.7 Potentiostatic discharge curves of the LakFe, Ni,O;
(x=0~1.0) electrodes before(a) and after(b) the

UV excitation
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