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MAGNETIC PROPERTIES/ELECTROCHEMICAL PROPERTIES/SIMPLE

SOLUTION METHOD/BiFei«MxO3 (M = Co, Ni, Cu) NANOPARTICLES

In this work, BiFe;xMxO3 (M = Co, Ni, Cu) nanoparticles with x = 0, 0.05, 0.1,
0.2, and 0.3 were synthesized by a simple solution method. The nanoparticles were
characterized by XRD, SEM, XANES, and Gas absorption. The magnetic and
electrochemical properties of the nanoparticles were studied by using VSM and CV,
GCD, and EIS, respectively. The XRD results indicated the main phase of BiFeOs in
all samples and impurity phases of BioFesQo, CoFe;O4, Co304, and NiFe;04 in some
samples. Increasing of Co, Ni, and Cu doping concentration led to the decrease of the
crystallite size and particle size of BiFeOs-based nanoparticles. The XANES results
indicated that the valence states of Bi, Fe, Co, Ni, and Cu were in the Bi**, Fe**, Co*",
Co’*, Ni?*, and Cu’*. The study of the magnetic properties revealed that the increases
of Co, Ni, and Cu doping concentration at Fe site of BiFeOs caused the increase of Ms
due to effect of particle size reduction resulting in the increase of surface-volume ratio
and the contribution of uncompensated spin at the surface to the total magnetic moment
of the particle. Increasing of Co, Ni, and Cu doping concentrations can improve the He
values due to the decrease of the crystallite sizes of the BiFeOs-based particles.

Moreover, the presences of secondary phases of the CoFex0s, Co304, and NiFe;O4
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nanoparticles affected the Ms and Hc values in Co and Ni-doped BiFeOs; samples,
respectively. The hysteresis loops of undoped BiFeQOs, Ni, and Cu-doped BiFeO;
samples exhibit a weak ferromagnetism at 50-350 K, except Co-doped BiFeQ3 samples
are ferromagnetic. This corresponds to the Curie-Weiss’s law fitting results, which
indicates that all magnetic ions in all samples are in the high spin configuration.
Antiferromagnetic interactions were observed in all samples, except some Co doping
samples. The M, Hc, and M, values in the doped samples increased with decrease of
temperature. The results of temperature dependence of the ZFC and FC magnetization
showed that T of all samples are higher than 350 K, except undoped BiFeOs and
BiFeo.95Cu0.0503 samples (Ts ~ 250 K). The study of the electrochemical properties of
the fabricated nanoparticles electrodes showed that all electrodes exhibited
pseudocapacitor behavior. The BiFegosCuoosOs electrode showed the improved
performance with the highest specific capacitances of 451.82 F/g and 233.41 F/g for
the CV and GCD measurements, respectively, energy density of 73.03 Wh/Kg and
power density of 6413.41 W/Kg. Moreove;', the Co and Ni doping with x = 0.05 and

Cu doping with x = 0.05-0.2 can improve capacity retention. However, the specific

capacitance, energy and power density of fabricated Co, Ni, and Cu doped BiFeOs;
electrodes decreased with increasing the doping concentration, scan rate and current

density. This is possibly resulted in the reductions of capacitive behavior, number of

active sites of redox reaction, diffusion coefficient, increase of mesopore size, and

presence of the secondary phase in the samples.
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