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Abstract The current research aims to synthesize LiFePO,4 nanoparticles as common cathodic materials used
for lithium-ion batteries through the solution combustion synthesis method using a mixture of different types of
organic fuels such as CetylTrimethylAmmonium Bromide (CTAB)-Glycine (CG), CTAB-Citric Acid (CCA),
and CTAB-Urea (CU), considering the effects of fuel contents with the oxidant ratio of 5. The low rate of
combustion reaction led to direct formation of LiFePO,4 phase which was accompanied by some impurity phases.
According to the results from the X-ray powder diffraction, single-phase LiFePO4 powders can be obtained
followed by calcination at 700 °C for three h under the 95 % Ar + 5 % H, atmosphere. The functional groups of
the LiFePO, powders were characterized based on Fourier Transform Infrared (FTIR) spectroscopy. In addition,
small particles (~ 100-400 nm) with spherical morphologies as a function of fuel type were detected in Scanning
Electron Microscopy (SEM) images. The electrochemical properties confirmed that the highest discharge
capacity could be obtained using a mixture of CTAB and citric acid fuels (at the rate of 0.2 C, 127 mAh g)

characterized by high crystallinity and small particle size.
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1. INTRODUCTION

LiFePO, with an olivine structure is an interesting
cathode material that is widely used in Lithium-Ion
Batteries (LIBs) owing to its high theoretical capacity
(170 mAh g, high safety, abundant resources, low
toxicity, environmentally-friendly nature, and excellent
thermal stability [1]. However, its low electronic and
ionic conductivity is a challenge to commercial
applications that demands carbon coating, cation
doping, and downsizing of particles. Therefore, it can be
concluded that the electrochemical performance of
LiFePOs cathodes, especially their capability rate,
strongly depends on their purity, particle size, and shape,
which are tunable by taking control over the synthesis
methods. The LiFePO4 powders with different particle
shapes are mainly prepared by solvo/hydrothermal
routes [2]. However, these methods are sometimes
difficult to apply. For example, they usually require
expensive solvent and complicated equipment, and they
are very time-consuming. For these reasons, many
efforts have been made so far to develop other low-
temperature chemical routes such as coprecipitation,
spray pyrolysis, and solution combustion synthesis.
Among different wet chemical routes, solution
combustion that functions based on an exothermic
reaction is widely used for preparing the nanostructured
metals, alloys, oxides, and sulfides due to its simplicity,
flexibility, and high product yield. The precursor

solution is prepared by mixing a suitable amount of
metal precursors and organic fuels in water solvent [3].
Burning of organic fuels would release sufficient heat
for the exothermic reaction to proceed as a self-
sustaining process. The final products can be directly
obtained followed by calcination at low temperatures as
a consequence of the molecular-level mixing of cations
and high combustion temperatures. Furthermore, the
as-combusted products are usually spongy with high
pore volumes and large specific surface area due to the
liberation of a large volume of combustion gases [4].
The amount and type of the consumed fuel are crucial
factors that determine the phase, microstructure, particle
shape, and size of the as-combusted products. Among
different organic fuels, Cetyltrimethylammonium
Bromide (CTAB) is considered a suitable organic fuel
for SCS of LiFePO; mainly because the CTAB
molecules can prevent violent combustion of lithium
nitrate (LiNOs3), thus yielding great amount of powder
after the combustion reaction [5]. Furthermore, the
CTAB as a cationic surfactant can act as a soft template
for modifying the microstructure of the obtained
powders. However, the combustion reaction rate of
CTAB fuel is quite low due to its long hydrocarbon
chain, favoring to combine it with other common
organic fuels such as glycine, citric acid, and urea.

2. EXPERIMENTAL PROCEDURE
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In this study, LiFePO4 nanoparticles were synthesized
based on the solution combustion synthesis method
using a mixture containing different types of organic
fuels such as cetyltrimethylammonium bromide
(CTAB)-Glycine (CG), CTAB-Citric Acid (CCA),
CTAB-Urea (CU) at a fuel-to-oxidant molar ratio of 5.
The combusted powders on a hot plate were calcined at
at 700 °C for three h under a 95 % Ar + 5 % H;
atmosphere. The obtained LiFePO, powders were
analyzed using the X-ray diffractometry, thermal
analysis, Fourier —Transform Infrared (FTIR)
spectroscopy, and Scanning Electron Microscopy
(SEM). Moreover, the LiFePO4 powders were coated on
an Al foil and cut to assemble the coin cells (2016) in an
Ar filled glovebox. The electrochemical tests including
the galvanostatic charge/discharge, capability rate, and
cycling performance were performed on a BTS 10
mAS5V NEWARE station.

3. RESULTS AND DISCUSSION

The slow rate of combustion reaction led to direct
formation of LiFePO, phase with some impurity phases
followed by the combustion reaction. Based on the XRD
patterns, it can be deduced that followed by calcination,
LiFePO4 powders become single-phase, irrespective of

fuel type. However, the crystal quality including the
lattice constants and crystallite depend on the fuel type.
For example, the CG fuel ensures higher crystal quality.
The functional groups of the LiFePOs powders were
characterized by FTIR spectroscopy to confirm the high
crystal quality of the prepared LiFePO4 powders. Small
particles (~ 100-400 nm) with spherical morphologies
are observed in the SEM images as a function of fuel
type. The CG fuel has larger particles while the CU fuel
has smaller particles due to its lower combustion
temperatures. There are charge and discharge voltage
plateaus about 3.4 V vs. Li/Li" in the LiFePO4 powders
due to the phase transformation between the LiFePO4
and FePO4 phases. The difference between charge and
discharge voltage plateau as a criterion of electrode
polarization decreased from 45 to 38 and 25 mV for CG
to CU and CCA, respectively. The electrochemical
properties showed that the highest discharge specific
capacity of 127 mAh g! at the current rate of 0.2 C was
obtained using the CTAB-citric acid mixed fuels. The
discharge specific capacity for the CG and CU fuels
decreased by 70 and 50 mAh g'!, respectively. Finally,
after 30 cycles at the current of 1C (Figure 1), the CCA
powders exhibited high cycling performance with the
capacity retention of 99 %.
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Figure 1. Capability rate, cycling performance, and microstructure of the as-calcined LiFePO4 powders

4. CONCLUSION

Single-phase LiFePO4 powders were successfully
prepared through the solution combustion synthesis
method using LiNOs, Fe(NOs);, NH4H,PO4 as the
oxidants and mixtures of Cetyltrimethylammonium
Bromide (CTAB) and citric acid, CTAB and glycine,
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and CTAB and urea as the fuel. The mixed fuels had low
combustion rates, thus leading to the high yield
products. The particle size and shape were dependent on
the fuel type. The CTAB-citric acid mixed fuel led to the
highest discharge specific capacity of 127 mAh g! at the
current rate of 0.2 C. The discharge specific capacity of
the CG and CU fuels decreased by 70 and 50 mAh g,
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respectively. The LiFePO4 powders prepared by CTAB-
citric acid mixed fuels exhibited higher cycling
performance with the capacity retention of 99 % after 30
cycles at the current rate of 1C.
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