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LiFePO4 is one of the most widely used cathode materials for lithium ion batteries. LiFePO4 prepared 

by hydrothermal method has the advantages of good consistency, small particle size, controllable 

morphology and accurate chemical ratio. In this paper, LiFePO4 was prepared by hydrothermal method, 

and the effect of particle size of Li3PO4 as reaction raw material was studied. It is found that the particle 

size of Li3PO4 could affect the morphology and properties of LiFePO4. Among the samples, the porous 

spherical structure of LiFePO4 particles can be obtained by using 2 μm Li3PO4, which is assembled from 

nanoparticles. This LiFePO4 has the best comprehensive performance and high vibration density.  
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1. INTRODUCTION 

 

LiFePO4 has been widely used as a cathode material for lithium-ion batteries since it was 

discovered by Goodenough's research group [1]. It has the advantages of high specific capacity (170 

mAh/g), excellent stability, non-toxicity and low cost [2]. With the development of new energy vehicles 

and energy storage market, the LiFePO4 will usher in further growth in the future. At present, the 

preparation methods of LiFePO4 mainly include solid phase method [3-5], hydrothermal method [6-8], 

sol-gel method [9-11], coprecipitation method [12-14], etc.  Among them, hydrothermal method is a 

common method to prepare nanometer particles [15]. It has the advantages of low reaction temperature, 

uniform mixing of raw materials, controllable particle size from nanometer to micron, and uniform and 

easy to control morphology [16]. It is expected to become one of the main methods for industrial 

production of high-performance LiFePO4.   
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FeSO4, LiOH and H3PO4 are commonly used as raw materials for the preparation of LiFePO4 by 

hydrothermal method [17, 18]. The mixing of precursors involves multi-step reaction, and its complex 

reaction process increases the difficulty of reaction control and affects the consistency between batches 

of products. At the same time, because of its closed environment and high temperature and pressure, it 

is difficult to observe the material reaction process intuitively, and the reaction mechanism is still fuzzy. 

Therefore, to simplify the reaction process, in this paper, Li3PO4 as raw material is used to prepare 

LiFePO4 by hydrothermal method, and the influence of Li3PO4 with different particle sizes on the 

product LiFePO4 is studied. 

 

 

 

2. EXPERIMENTAL SECTION 

2.1 Materials and Methods 

The raw material of Li3PO4 was self-made. The standard solutions of LiOH with concentrations 

of 0.6, 1.2 and 2.4 M were added to the corresponding quality of H3PO4 respectively, keeping the molar 

ratio of P to Li at 1:3. After stirring vigorously for 20 minutes, the white suspension was obtained, 

namely Li3PO4 suspensions with concentrations of 0.2, 0.4 and 0.8 M, respectively. The Li3PO4 solid 

particles in 0.2, 0.4 and 0.8 M suspensions were abbreviated as 1-LP, 2-LP and 3-LP. 

LiFePO4 was prepared by hydrothermal method. FeSO4·7H2O and ascorbic acid (VC) were 

added to the lithium phosphate solution of 1-LP, 2-LP and 3-LP, respectively. The molar ratio of FeSO4 

to Li3PO4 was 1:1, and the reaction concentration of FeSO4 after mixing was 0.2 M. VC was 10 wt.% of 

the theoretical yield of LiFePO4. After sufficient stirring, the mixed solution was transferred to the 

hydrothermal reactor and reacted at 200℃ for 10 hours. After the reaction, the product was filtered, 

washed and dried. The obtained samples were thoroughly ground and mixed with 10 wt.% sucrose, and 

annealed at 650℃ for 10h in H2/Ar (5 vol.% H2) protective atmosphere to obtain LiFePO4/C, which was 

named 1-LFP, 2-LFP and 3-LFP respectively. 

 

2.2 Characterization 

The crystal structure of the samples was analyzed by X-ray diffractometer (XRD, Bruker D8 

Advance X-ray diffractometer). The surface morphology of the samples was observed by field emission-

scanning electron microscope (SEM, Hitachi FE-SEM-4800). The tap density of the samples were tested 

by tap density tester (LABULK 0335). 

 

2.3 Electrochemical measurements 

The battery performances of the samples were tested through assembling the sample into 2032-

coin cell. First of all, the cathode slurry was configured according to the weight ratio of samples, PVDF 

and acetylene black at 8:1:1, and mixed evenly with NMP as the solvent. The mixed slurry was spread 

evenly on an aluminum foil and dried at 80°C for 12 hours. After that, the aluminum foil with the slurry 

was compacted and cut into an electrode with a 12 mm diameter. The prepared electrode was assembled 
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into 2032-coin cell in the glove box, with lithium metal plate as the negative electrode, 1 mol/L LiPF6 

dissolved in ethylene carbonate (EC)/dimethyl carbonate (DMC) (1:1 v/v) as the electrolyte and Celgard 

2250 as the separator. After the assembly, the cell was stand for 12 hours to be tested. All the constant 

current charge and discharge test were measured between 2.0 and 4.2 V (versus Li+/Li) by battery 

measuring systems (NEWARE CT3008 multichannel battery measuring device) at room temperature. 

 

 

 

3. RESULTS AND DISCUSSION 

 

Figure 1. XRD pattern of the as-prepared Li3PO4 samples. 

 

The XRD pattern of the as-prepared Li3PO4 was analyzed. As shown in Figure 1, the peak 

position and relative strength of the diffraction peak of the sample are basically consistent with the 

standard spectrum of Li3PO4 (PDF No. 25-1030), and there are no obvious impurity peaks, indicating 

that pure Li3PO4 has been prepared. By comparing the XRD pattern of three samples, it is found that the 

peak strength and half peak width are different. 3-LP prepared at high concentration has lower diffraction 

peak intensity and wider half peak width than 1-LP prepared at low concentration. According to Scherer's 

formula, the wider the full width at half maximum is, the smaller the particle size of the sample is [19]. 

The intensity of XRD diffraction peak is lower, the crystallization of the sample is worse [20]. Therefore, 

it can be inferred that the particle size of Li3PO4 prepared at high concentration is small, while that 

prepared at low concentration is large.  

The morphology of the samples was observed by SEM, as shown in Figure 2. All the Li3PO4 

samples are uniform spherical secondary particles composed of nanoparticles. The particle size of 

spherical secondary particles increases with the decrease of reaction concentration. The secondary 

particle size of 1-LP, 2-LP and 3-LP are about 2 μm, 1 μm and 200-300 nm, respectively. The primary 

particle size also has similar phenomenon. The primary particle size of 1-LP, 2-LP and 3-LP are about 

80 nm, 50 nm and 20 nm, respectively. The result is consistent with the result of XRD. 
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Figure 2. SEM images of (a, b) 1-LP, (c, d) 2- LP and (e, f) 3-LP. 

 

 

 

Figure 3. XRD patterns of the as-prepared LiFePO4 samples. 

 

 

Figure 3 shows the XRD patterns of LiFePO4 prepared by 1-LP, 2-LP and 3-LP, and the standard 

XRD patterns of LiFePO4 (PDF No. 40-1499). All diffraction peaks of the as-prepared samples are 

indexed to LiFePO4, and no impurity phases could be observed, indicating that LiFePO4 has been 

successfully prepared. By comparing the XRD patterns of 1-LFP, 2-LFP and 3-LFP, it can be seen that 
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the diffraction intensity is different, which indicates that the grain orientation of the samples is different, 

which can be further proved by SEM. 

 

 

 

 

Figure 4. SEM images of (a, b) 1-LFP, (c) 2-LFP and (d) 3-LFP. 

 

 

Figure 4 is the SEM diagram of the as-prepared LiFePO4. The morphology of LiFePO4 samples 

prepared by Li3PO4 with different particle sizes are different. 1-LFP is a porous spherical structure about 

2 microns in diameter, composed of 100-200 nm particles. 2-LFP is a short rod of 0.5~1 μm. 3-LFP has 

a plate structure with a thickness of 200-300 nm. 

After mixing Li3PO4 and FeSO4, Li2SO4 and FePO4 will be form, and two thirds of the Li3PO4 

reactant will be consumed. The chemical reaction equation is as follows: 

Li3PO4 + FeSO4 → Fe3(PO4)2↓+ Li2SO4 (1) 

The LiFePO4 will be synthesized by hydrothermal treatment [21], according to the following 

reaction: 

Fe3(PO4)2 + Li+ → LiFePO4↓ (2) 

It can be speculated that 1-LFP basically maintains the spherical structure of 1-LP, due to the 

large size of 1-LP, which causes the reaction process of dissolution-reaction-precipitation react mainly 

at the surface of Li3PO4 [22, 23]. For the plate structure of 3-LFP, 3-LP has small size and disperses 

homogeneously during the reaction process, which could be approximated as a liquid phase. It can be 

known that LiFePO4 prepared by hydrothermal method can easily form this structure [24, 25]. Between 

the above two cases, 2-LP is not enough to maintain its original morphology during the reaction, and 2-

LFP forms a rod-like structure. 
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Figure 5. (a) Charge–discharge curves of the samples at a rate of 0.1 C and (b)the magnified image of 

the flat regions. 

 

 

The charge and discharge test of the samples at 0.1C rate is shown in Figure 5a. The specific 

capacity of 2-LFP is the highest, which is 119.0 mAh/g. The specific capacity of 3-LFP was the lowest, 

97.7 mAh/g. The specific capacity of 1-LFP is 112.4 mAh/g. Compare the potential difference of the 

charge and discharge platform as shown in Figure 5b, the potential difference of 2-LFP is the largest, 

indicating that its polarization is the largest. In general, nanocrystalization helps improve the lithium ion 

mobility of LiFePO4, but too small particle size can be not good at carbon coating and the formation of 

conductive networks. Therefore, all aspects must be considered to obtain the best comprehensive 

performance. 

 

 

 

Figure 6. Discharge curves of (a) 1-LFP, (b) 2-LFP and (c) 3-LFP at various rates:0.1, 0.2, 0.5, 1.0 and 

2.0 C; and (d) cycling performance of the samples at a rate of 1 C. 
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Figure 6 shows the discharge curves of the sample at 0.1, 0.2, 0.5, 1.0 and 2.0 C, and the cyclic 

test at 1 C. With the increase of the rate, the specific capacity of the samples decreases, which is caused 

by the polarization. By the comparison, 1-LFP has the best rate performance, which is 97.1 mAh/g at 

the 2 C and remains at 76.5% compared with the specific capacity at 0.1 C. The specific capacities of 2-

LFP and 3-LFP at 2 C are 79.6 and 61.7 mAh/g, and the capacity retention are 66.9% and 63.1%, 

respectively. Figure 6d shows that the specific capacity of the sample does not decrease significantly 

after 100 cycles, which is determined by the stability of the crystal structure of LiFePO4 [26]. Among 

them, the capacity retention rate of 1-LFP is 98.6%. 2-LFP and 3-LFP are 97.8% and 96.2%. 1-LFP has 

the best rate performance and cycle performance. 

 

 

Table 1.  The result of tap density of the samples 

 

Sample tap density (g/cm3) 

1-LFP 1.16 

2-LFP 0.89 

3-LFP 0.98 

 

 

The tap density of LiFePO4 must be considered in industrial production. Both carbon coating and 

nanocrystalization contribute to the improvement of the cell performance of materials, but at the same 

time cause the reduction of the tap density [27, 28]. The tap density of the sample is shown in Table 1. 

The tap densities of 1-LFP, 2-LFP and 3-LFP are 1.16, 0.89 and 0.98 g/cm3, respectively. 1-LFP has the 

highest tap density, which helps to improve the energy density, due to the porous spherical structure and 

large grain size [29-31]. 

Table 2 shows LiFePO4 is prepared using Li3PO4 as raw material by different methods. It can be 

seen that Li3PO4 could be used as raw material to prepare LiFePO4, which obtain good specific capacity 

[32-35]. The hydrothermal method in literature is similar to this work, but the reaction conditions are 

different [32]. For example, Li3PO4, that has high degree of crystallinity and a fusiform shape with the 

length of 1 μm and width of 500 nm, was prepared through Na3PO4 reacted with LiCl that recovered 

from LiFePO4. Meanwhile, the synthesized LiFePO4 in literature was mixed with 12 wt.% of glucose to 

form carbon coating, which more than that in this work. The as-prepared LiFePO4/C has relatively 

regular cuboid with the length of 200 nm and width of 100 nm, which is smaller. So, due to the faster 

lithium-ion mobility and better electrical conductivity, the LiFePO4 has better electrochemical 

performance, compare to that in this work.  However, the purpose of this work is to illustrate the effect 

of particle size of Li3PO4. 
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Table 2. Preparation methods of LiFePO4 using Li3PO4 as raw material 

 

Synthesis method Sources of Li, P and Fe Specific capacity Reference 

Hydrothermal method Li3PO4 and FeSO4·7H2O 
112.4 mAh/g at 0.1 C, 

97.1 mAh/g at 2 C 

This 

work 

Hydrothermal method Li3PO4 and FeSO4·7H2O 

157.2 mAh/g at 0.2 C, 

146.2 mAh/g at 1C, 

122.4 mAh/g at 5 C 

[32] 

Solid state method Li3PO4, FePO4 and Fe powder 
About 150 mAh/g at 0.1C, 

about 110 mAh/g at 5C 
[33] 

Spray-pyrolysis method Li3PO4, Fe(NO3)3, and H3PO4 161.3 mAh/g at 1C [34] 

Solvothermal method Li3PO4 and FeSO4·7H2O 
168 mAh/g at 0.1C, 

142 mAh/g at 1C 
[35] 

 

 

 

4. CONCLUSION 

In summary, LiFePO4 was successfully prepared by hydrothermal method with Li3PO4 as raw 

material, and the particle size of Li3PO4 had an effect on the performance of as-prepared LiFePO4. By 

using different particle sizes of Li3PO4, rod-shaped, plate-shaped and porous spherical structures were 

obtained. Rod-shaped 2-LFP had small particle size and high specific capacity, but poor rate 

performance. The porous spherical structure of 1-LFP had good comprehensive performance, especially 

good rate performance and high tap density. Li3PO4 as raw material can provide lithium source and 

phosphorus source at the same time, reducing the type of reactants in hydrothermal process, and 

improving the utilization rate of raw material.  And It is expected to be widely used in the production of 

lithium iron phosphate. 
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