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Abstract 
Flame Spray Pyrolysis is a method used in the synthesis of LiFePO4 with subsequent heat treatment in tubular furnace for Li-ion 

battery application as cathode material.  The crystal structure, morphology of LiFePO4 synthesized by Flame Spray Pyrolysis was 

studied by X-ray diffraction (XRD) and Field emission scanning electron microscopy (FESEM). From the Debye-Scherer equation, 

LiFePO4 particles obtained by this method are pure, homogeneous and well-crystallized with size ranging from of 25 – 60nm. FESEM 

data reveal that the particles are in spherical morphology with primary particle size ranging from 15-75nm. 
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1. INTRODUCTION 

In our day to day life, the demand for energy is growing due to 

which the utilization of non-renewable energy resources is 

increasing. But these fuels are predicted to decline steadily at 

about 2-3% a year. So it is crucial for human to pursue 

technological development that utilizes limited energy 

resources to reduce the burden on environment. Batteries are 

one such alternate energy sources, secondary batteries like Li-

ion batteries have a wide range of applications in domestic 

purposes like portable electronics, electric vehicles, power 

grids, etc. Li-ion batteries are superior to conventional 

secondary batteries as they are lighter, have superior energy 

density, lower self-discharge (5% per month), no memory 

effect, high electrochemical potential, high capacity, durability, 

flexibility in design, prolonged service life, larger number of 

charge/discharge cycles, better environmental friendliness, and 

higher safety when compared to other batteries[5]. Lithium 

metal being an alkali is very active and has low density, large 

specific capacity, high electrochemical potential, high electro 

negativity, high energy density [16].  First commercial lithium 

ion battery was released by Sony Energy Tec Inc. in 1991[8,12] 

using LiCoO2 as cathode and commercial graphite as anode. Li-

ion batteries are used in Hybrid Electric Vehicles, Plug-in 

Hybrid Electric Vehicles and Electric Vehicles. Among various 

alternative cathode materials, lithium iron phosphate (LiFePO4), 

discovered by Good enough in 1997[17] can be effectively used 

from very small particles down to the nano size because its 

reactivity. The batteries we are using in our present day life are 

all cobalt- based [6,19] but they are limited to portable devices 

due to capacity limitation, cost, safety, environmental issues. 

To overcome these limitations new advanced high capacities, 

low cost and environmental safe materials are needed. Olivine 

LiMPO4 (M = Fe, Mn, Co and Ni) materials acts as alternative 

cathode material because of their thermal/chemical stability and 

low cost [20].  LiFePO4 has a high theoretical capacity 

(170mAh/g) and operates at a cell voltage of 3.4V vs Li. 

However electronic conductivity is relatively low (10
-9

S/Cm) 

which can be increased by doping LiFePO4 with supervalent 

cations [3,21], coating LiFePO4 with conductive materials such 

as carbons from organic precursors [11,18], and decreasing the 

particle size of LiFePO4[4,13]. LiFePO4 can be synthesized by 

various methods like High temperature solid state method [1], 

Co Precipitation [1], Mechanochemical activation [16], 

Carbothermal reduction [16], Template method [2], 

Hydrothermal [7], Flame Spray Pyrolysis [15], Spray Drying 

[10], Sol-Gel Spray Drying [9], Microwave heating [16], etc. A 

relatively flat discharge profile can be obtained using LiFePO4. 

 

This paper deals with synthesizing cathode material LiFePO4 by 

using Flame Spray Pyrolysis method. The Flame spray 

pyrolysis is specifically chosen because of the possibility of 

obtaining nano sized particles, due to which the diffusion length 

decreases thereby facilitating easy Li-ion mobility from the 

active material. Three reaction steps occur during the 

electrochemical process: Li ion diffusion within solid state 

electrode material, a charge transfer reaction at the interface 

between the electrode and electrolyte, and Li ion movement in 

the electrolyte. Among these 3 steps, the first step, Li ion 

diffusion within the solid state electrode material is keen in 

enhancing the kinetic properties by decreasing the diffusion 

length in the material which can be done by making the 

material down to nano-size dimensions [14]. But the composite 

LiFePO4 electrode material acts like an insulator because of its 

poor electronic conductivity which affects the electrochemical 

performance of the battery. To overcome this defect of poor 

conductivity, carbon coating can be done across the particles 

which would ultimately result in increased conductivities of the 

composite material. 
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2. Synthesis of LiFePO4 by Flame Spray Pyrolysis 

Method 

2.1 Experimental Procedure 

Flame Spray pyrolysis is a generic process which has good 

control in particle morphology and can produce a wide array of 

high purity nanopowders. The principle followed in Flame 

Spray Pyrolysis is that the particles are produced by 

decomposing precursor molecules at high temperatures which is 

similar to that of combustion. A typical flame spray pyrolysis 

system [15] is composed of a precursor solution reservoir, 

droplet generator/atomizer, reactor, and collection unit. 

Precursor solutions of aqueous/non-aqueous solvents in which 

the liquid feed containing metal precursors are dissolved and 

carried by an oxidizing gas into a reactor/flame zone in which 

droplets are evaporated and decomposed into solid particles. 

The unit set up at the ARCI is capable of producing oxide 

nanopowders at a rate of 1 kg/h. The unit setup and the 

schematic diagram is shown in Fig.1. 

 

 
Fig 1: Flame Spray Pyrolysis unit 

 

 

In the present synthesis, the precursor solution consists of metal 

nitrates LiNO3, Fe (NO3)3.9H2O and H3PO4 (1:1:1M) dissolved 

in the organic solvents like ethanol/methanol, precursors are 

well mixed on magnetic stirrer till all the nitrates were 

dissolved. In this pilot flame spray pyrolysis plant, optimized 

conditions are followed for the synthesis of LiFePO4. The 

precursor feeding range was 2-12 kg/h, an optimum of 8kg/h 

was delivered to the capillary of a two-phase atomizer (Series 

970, Du¨sen-Schlick, Germany Capillary of 0.8mm dia.) with a 

microgear pump (HNP Microsysteme, Germany). The 

precursor feed was dispersed by using oxygen as dispersion gas 

at 80 l/min (60-120 l/min) at 2-3bar pressure drop. The 

supporting flame (diffusion flame) surrounding the nozzle was 

fed with methane at 5l/min (inner annulus) and oxygen at 

5l/min (outer annulus). All these flow rates were controlled 

using calibrated mass flow controllers (Bronkhorst, 

Netherlands) and are reported at 25
o
C and 1 atm. With progress 

in the process the metal precursor is sprayed with an oxidizing 

gas into the flame region, the sprayed droplets is combusted and 

is finally converted to nano sized metal composite which was 

sent for downstream operations. The temperature of the so 

formed nanoparticles was decreased by means of passing 

filtered ambient air so that the particles entering the bag house 

casing is maintained at a temperature of around 200
o
C. By 

passing the pressurized air undergoing periodic pulses to a 

commercial bag-house filter (Mikropul, Germany) which 

contains 71 filter bags were automatically cleaned and due to 

which particles are collected at the bottom of the casing in to 

the particle collector of 257-mm diameter provided. The off-gas 

was passed through a HEPA police filter to prevent 

nanoparticle release into the environment. 

 

The as synthesized LiFePO4 powders heat treated in tubular 

furnace under inert atmosphere (Ar gas) at 600ºC for 6 h and 

thoroughly grounded in mortar, to yield crystallized LiFePO4 

particles. The XRD patterns of these samples were recorded 

using Cu-Kά (λ=1.5418 Aº (in 2θ)) radiation of an X-ray 

diffraction (XRD, Bruker D8- advance, Germany). The 

morphology of the powders was observed on a field emission 

scanning electron microscope (FE-SEM; Hitachi’s, S-4300 

SE/N). 
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3. RESULTS AND DISCUSSION 

3.1 X-ray Diffraction Analysis 

The crystallinity and the phase information of LiFePO4 

prepared by flame spray pyrolysis have been confirmed with the 

X-ray diffraction (XRD) method, as shown in Fig - 2. The as 

prepared powder (fig. 2c) shows no reflection indicates 

amorphous nature of the material. All the reflections (fig.  2b)  

can be attributed to the olivine structured LiFePO4 (triphylite) 

(JCPDS no. 01-076-6355) that lacks any impurity phase after 

heat treatment. 

 

From the Debye-Scherer equation, the crystallite sizes were in 

the range of 25 – 60nm which are consistent with FESEM 

images. Therefore, a pure, homogeneous and well-crystallized 

LiFePO4 composite is indicated for all the parameters discussed 

in experimental method. 
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Fig 2: XRD pattern of LiFePO4 sample (a) Standard data 

(JCPDF 01-076-6355) (b) Heat treated LiFePO4 (c) As 

prepared LiFePO4 by FSP 

 

3.2 Morphological Analysis 

Fig - 3. (a-f) shows the FESEM images of the LiFePO4 samples 

synthesized by flame spray pyrolysis method by keeping the 

parameters constant at a precursor concentration of 1M, 

precursor feeding rate of 8kg/h and O2 dispersion rate of 

80l/min. The FESEM data reveal that the particles are in 

spherical morphology with primary particle size ranges from 

15-75nm. As the particle size decreases, the diffusion path 

length decreases resulting in easy diffusion mechanism of 

lithium ion and electron through the interphase during 

electrochemical reaction, thereby improving the performance of 

the cell. 

 
Fig 3:  FESEM images of as prepared LiFePO4 cathode 

prepared by FSP (a-c) As synthesized (1M - Concentration, 

precursor feeding rate - 8 kg/h and O2 dispersion - 80 l/min) 

and (d-f) heat treated LiFePO4 (Tubular furnace – Ar 

atmosphere at 600
o
C for 6h) 

 

Bulk scale synthesis was done for 40 litres of precursor solution 

and produced LiFePO4 powder of 0.75kg. The XRD profiles 

and FESEM data showed similar strategies as that for test run. 

Fig -4,5 represents the XRD profiles and FESEM data for the 

bulk produced LiFePO4. 
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Fig 4: XRD pattern of LiFePO4 sample (Bulk Production) (a) 

Standard data (JCPDF 01-076-6355), (b) Heat treated 

LiFePO4 (c) As prepared LiFePO4 by FSP 
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Fig 5: FESEM images of as prepared LiFePO4 cathode (Bulk 

production) prepared by FSP (a-c) As synthesized (1M - 

Concentration, precursor feeding rate - 8 kg/h and O2 

dispersion - 80 l/min) and (d-f) heat treated LiFePO4 

(Tubular furnace – Ar atmosphere at 600
o
C for 6h). 

 

3. CONCLUSION 

From this study, it is seen that Flame Spray Pyrolysis can be 

regarded as one of the most effective technique in producing 

LiFePO4 nano particles down to 15nm size. As LiFePO4 nano 

particles are used in Li-ion battery application as a cathode 

material this size reduction decreases diffusion length which 

would thereby easily facilitate Li-ion mobility from the active 

material cathode to anode and vice versa in a battery assembly. 

X-ray diffraction analysis also revealed that the LiFePO4 

particles obtained by this method are pure, homogeneous and 

well-crystallized with size ranging from of 25 – 60nm. 

 

Abbreviations and Acronyms 

FSP - Flame Spray Pyrolysis 

FESEM - Field Emission Scanning Electron 

Microscopy 

XRD - X-Ray Diffraction 

JCPDF - XRD Software reference for LiFePO4 

JCPDS - XRD Software reference for LiFePO4 

HEPA - High Efficiency Particulate Air 

ARCI - International Advanced Research Centre for 

Powder Metallurgy and New Materials 
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