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Abstract. The polylactide and carbon addition to LiFePO4 have been studied to investigate the 

behavior of LiFePO4/C composite. The cathode material of LiFePO4 was prepared by 

coprecipitaion of LiOH.H2O, (NH4)2HPO4 and FeSO4.7H2O solution. The resulting LiFePO4 was 

mixed with biodegradable polymer PLA in the concentration of 6, 8, 10, 12 % weigth of polymer. 

Heat treatment was done by heating the precursor at 700 o C for 4 hour. The physical chemistry 

properties of cathode materials analized by using Simultaneous Thermal Analysis (STA), X-Ray 

Diffractometer (XRD), Scaning Electron Microscope (SEM), and Particle Size Analizer (PSA) 

methods. High Precision LCR-meter  was used to perform conductivity measurement, in which the 

LiFePO4/C powder samples were prepared by using 200 kg/cm2 hydrolic press. TG analysis inform 

gradually weigth decrease at LiFePO4 temperature formation of 470 oC and pyrolisis of remaining 

PLA occur at 600 oC. From all samples XRD data indicate pure phase of LiFePO4. SEM image 

shows the uniform distribution particle of sample with 6 % PLA content with conductivity of 1.99 X 

10-2 Scm-1. 
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1. Introduction 

Rechargeable lithium batteries are being developed for portable power applications such as 

electric vehicles, partly because of their high specific energies in the range 100–150 Whr/kg and 

theoretical specific energies in the range 425–890 Whr/kg. In recent years, olivine LiFePO4 is very 

extensively studied as a cathode material for Li-ion batteries because of its high theoretical capacity 

(170 mAh/g), stable, cheap and environmentally friendly. However, the poor level of performance 

has limited its application. The main factor for the poor level of performance is the capability 

associated with poor intrinsic electronic conductivity [1]. The behavior of LiFePO4/C composites 

depends on the phase purity of the active ingredient, particle size, additive carbon structure, total 

carbon content, form of carbon contact and mixing and sintering recipe. [2]. Phospho-olivine type 

LiFePO4 has a P-O-Fe structure linkage which results in a Fe3+ / Fe2+ redox reaction with an energy 

of 3.4 V compared to Li / Li+. LiFePO4 has a three-dimensional structure that contains pathways 
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for lithium ions, but has a high reversible current density capacity so that there is a loss in current 

density. This high discharging inability to LiFePO4 is associated with low electronic conductivity 

and slow Li+ diffusion at the interface [3]. Diffusion of Li+ at the LiFePO4/FePO4 interface, causes 

the concentration of Li+ moving through the interface to decrease, thereby being insufficient to 

maintain the current and thereby causing a rapid decrease in capacity [4]. 

Two approaches have recently been tried to address the above problem. One approach is to 

increase the electronic conductivity by adding a conductive additive, i.e., a carbon layer through the 

synthesis of a LiFePO4/C composite [5-9] , or by the addition of a supervalent cation-selective 

material [5-6]. The second approach is, controlling the particle size by optimizing the synthesis 

conditions [10]. It has been reported that the addition of carbon has solved the problem. The addition 

of carbon prior to the formation of the crystalline phase suppresses particle growth during the 

sintering process and increases the electronic conductivity through the contact between the particles 

[11]. 

Various carbon sources have been reported to fabricate LiFePO4/C composites, for example, 

naphthalenetetracarboxylic dianhydride [12], hydroxyethylcellulose [13], resorsinol-formaldehida 

gel [14], white sugar [15], black carbon [16], polypropylene [17] , and sucrosa [18].  Recently, it 

has been reported that the residual carbon structure of the LiFePO4 particles is an important 

determinant of the electrochemical performance of these materials. This confirms that carbon 

coating with sp2 outer electron character causes relatively high electronic conduction compared to 

LiFePO4 particles with sp3 outer electron character, which results in increased electrochemical 

performance [19]. 

Poly(lactic acid) or polylactide (PLA) are thermoplastic aliphatic polyesters derived from 

renewable resources, such as corn starch (in the United States), tapioca products (yam, or starch in 

Asia) or sugarcanes (worldwide). PLA can decompose under certain conditions, such as the 

presence of oxygen, and is not difficult to recycle. In this study, PLA was used as a carbon source 

and the heat treatment applied in preparing the LiFePO4/C composite material was determined by 

TG thermogravimetric analysis. 

This study reports the addition of polylactate and carbon to LiFePO4 precursors to study their 

effect on the behavior of LiFePO4/C composites. A coprecipitation method was adopted to prepare 

LiFePO4 and its composites by addition of carbon. In order to obtain a uniform distribution of 

carbon, the polymer additive was dissolved in a solvent to form a solution and then homogeneously 

mixed with the amorphous LiFePO4 particles before the final heating step during composite 

synthesis. 
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2. Methods 

The materials used are LiOH.H2O (Aldricht), (NH4)2HPO4 (Aldricht) and FeSO4.7H2O 

(Aldricht), Polylactide Acid (PLA, MW 30000) commercially purchased from Wako Japan is used 

without treatment. 

A mixture of LiOH.H2O, (NH4)2HPO4 and FeSO4.7H2O liquid solutions was deposited with 

pH control. The precipitate was then filtered, then washed with distilled water to obtain a mixture 

of Fe3(PO4)2 and Li3PO4. After that, stirring at high speed while nitrogen gas was flowed, the 

precursor obtained was then washed and filtered again. LiFePO4 cathode material was mixed with 

biodegradable PLA polymer at various weight ratios of 6, 8, 10, 12% polymer. Heat treatment was 

carried out by heating once at 700 o C for 4 hours to obtain LiFePO4. 

The physical properties of the cathode material were analyzed using Simultenously Thermal 

Analysis (STA Setaram. France), X-Ray Diffractometer (XRD Shimadzu XD 610, Japan), Scaning 

Electron Microscope (SEM JEOL JSM 6510, Japan), and Particle Size Analizer (PSA). For 

conductivity measurement using a High Precision LCR-meter HIOKI 3532-50, China, the cathode 

composite was prepared by pressing LiFePO4 / C powder with a hydraulic press of 200 kg/cm2. 

3. Results and Discussion 

This study aims to determine the effect of polymer as a carbon additive source on the 

electrochemical performance and physical properties of the LiFePO4/C composite. Figure 1 shows 

the thermogravimetric graph (TG) and thermal analysis (DTA) of the LiFePO4/C composite with 

the addition of 6% PLA. 

Thermogravimetric analysis (TG) was used to determine the proper temperature in the heat 

treatment. The TG curve of the PLA containing precursor (Fig. 1) is typical of a powder mixture 

consisting of Li2CO3, FeC2O4.2H2O, and NH4H2PO4 to react to give LiFePO4 [14]. In addition, it 

has been previously reported [12] that the pyrolysis of PLA in a nitrogen gas stream occurs at a 

temperature of 300-425o C and that only a small amount of residue persists at temperatures up to 

450o C. The LiFePO4 precursor with the addition of PLA contains aqueous crystals of FeC2O4.2H2O 

and NH4H2PO4 which decomposes at a temperature of less than 250o C. In the temperature range of 

350-420o C, there is a decrease in weight due to the decomposition of FeC2O4 and the reaction with 

NH4H2PO4 while PLA is rapidly decomposed. After the formation of LiFePO4 at 470oC, the product 

weight decreased slightly and was very gentle. 
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Figure 1. Graph of thermogravimetry (TG) and thermal analysis (DTA) of LiFePO4 / C 

composite with the addition of 6% PLA. 

Gradual weight loss was observed above the LiFePO4 formation temperature where the 

pyrolysis of the remaining PLA continued up to 600oC. The TG pattern also showed that LiFePO4 

formation and PLA pyrolysis occurred in the same temperature range. This indicates that there is a 

possibility of carbon coating along with the decomposition of PLA and the formation of LiFePO4 

powder. There was no significant difference in the TG/DTA pattern for the addition of PLA up to 

12%. 

To confirm the results of the TG analysis, XRD analysis (Figure 2) was carried out on the 

sintered LiFePO4 powder containing 6, 8, 10 and 12% PLA, as shown in Figure 2 (a-d). Most of the 

samples providing XRD data are consistent with pure single-phase LiFePO4 with a slight impurity 

phase pattern, which is iron phosphide (Fe2P). The presence of Fe2P impurities may be caused by 

the high carbon content combined with high temperatures causing Fe and P to form active Fe2P 

[13]. The main peak of LiFePO4 diffraction occurs at an angle of 2Θ = 17.04o; 20.7o; 24o; 29.6o; 

30.98o; 35.5o and 42.2o correspond to crystal planes [020], [011], [101], [200], [210], [201] and 

[112]. While the main peak of Fe2P occurs at an angle of 2Θ = 25.748o; 31,287o; 40.317o; 44.225o; 

47.347o corresponds to the crystal planes [001], [101], [111], [201], [210]. Carbon C from PLA 

combustion has a main peak of 2Θ = 26,403o; 44.43o and 54.591o correspond to the crystal planes 

of [002], [101] and [004]. 
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Figure 2. XRD pattern of sintered LiFePO4 powder with PLA content of 6% (a), 8% (b), 10% (c) 

and 12% (d). 

 

The addition of different PLA content can affect the arrangement of LiFePO4 grains. The 

LiFePO4/C composite is black, contrasting the gray color of LiFePO4. This is as shown by the SEM 

sweep results in Figure 3. The microstructure of LiFePO4 shows that there are differences in the 

grain arrangement of different PLA contents. At 6% PLA content, it is clear that there is an even 

distribution of particles, this is because the results of the synthesis of LiFePO4 using the 

precipitation method so as to produce a uniform grain size (Figure 3). At higher PLA content, 

namely 8, 10 and 12%, the distribution of particles spreads unevenly, this is due to the inability of 

LiFePO4 particles to bind PLA in larger quantities. With 6% by weight of PLA in the starting 

material, 7.06% by weight of elemental carbon was found in the LiFePO4/C composite at a heat 

treatment step of 700oC. 

The distribution of LiFePO4 particles using volume distribution analysis from a particle size 

analyzer (PSA) is shown in Figure 4. From the volume distribution analysis, the average particle 

size is 21.9 µm. 
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Figure 3. Grain arrangement of LiFePO4 with different PLA content (a) 6% PLA, (b) 8% PLA, (c) 

10% PLA and (d) 12% PLA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Distribution volume analysis using a particle size analyzer (PSA). 

Conductivity measurements were performed using a High Precision LCR-meter connected to 

a computer for data acquisition. Measurements were carried out in a temperature range of 25 to 70 

°C. The highest conductivity of 1.99 × 10-2 S cm-1 was demonstrated by a LiFePO4-based cathode 

with a PLA concentration of 6% wt (Figure 5). However, the conductivity tends to decrease with 
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the addition of more PLA. This may be due to the limited mobility of the charge carriers and the 

formation of neutral ion pairs and ion aggregates. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Graph of the log against 1/T of the LiFePO4/PLA system. 

One of the important properties of a polymer electrode that must be studied is its temperature 

dependence on the behavior of the ionic conductivity. The graph of the log versus 1/T of the system 

is shown in Figure 5. The graph shows the conductivity values decreasing as PLA is added. The 

conductivity of LiFePO4 before adding PLA was 4 x10-4 S cm-1 to 1.99 × 10-2 S cm-1 on the addition 

of 6% PLA or an increase of almost 50 times from the initial conductivity value. The graph also 

shows that the conductivity increases with increasing temperature. The graph of the conductivity 

trend with temperature follows the empirical Vogel-Tammann-Fulcher (VTF) form, namely the 

migration of ions mainly on the segmental movement of the polymer chains in the amorphous 

region. This behavior can be explained using the free volume model. As the temperature increases, 

the polymer surface area increases resulting in a wider free volume. This results in increased ion 

mobility and segmental mobility which aids ion transport and results in an increase in conductivity. 

4. Conclusions 

From the analysis of TG/DTA water crystals of FeC2O4.2H2O and NH4H2PO4 decomposed at 

a temperature of <250oC. In the temperature range of 350-420oC, there was a decrease in weight 

due to the decomposition of FeC2O4 and reaction with NH4H2PO4 while PLA quickly decomposed. 

Gradual weight loss was observed above the LiFePO4 formation temperature at 470oC where the 

pyrolysis of the remaining PLA continued up to 600oC. Most of the samples providing XRD data 

are consistent with single-phase pure LiFePO4 with a slight impurity phase pattern, which is iron 

phosphide (Fe2P). The microstructure of LiFePO4 shows that there are differences in the 
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arrangement of grains at different PLA contents. At 6% PLA content, it is clear that the distribution 

of particles is even and uniform. At higher PLA content, namely 8, 10 and 12%, the distribution of 

particles spreads unevenly, this is due to the inability of LiFePO4 particles to bind PLA in larger 

quantities. From the volume distribution analysis, the average particle size is 21.9 µm. The 

conductivity measurements were carried out using a High Precision LCR-meter in a temperature 

range of 25 to 70 °C. The highest conductivity of 1.99 × 10-2 Scm-1 was demonstrated by a LiFePO4-

based cathode with a PLA concentration of 6 wt%. 
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