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Abstract. LiFePO4 precursor is produced in planetary milling with 
LiOH·H2O, H3PO4, Fe2O3 and sucrose, which is characterized by X-ray 
diffraction, scanning electron microscope(SEM), laser particle size 
analyzer (LPSA). The results showed that the particle size was submicron 
level, the LPSA data showed that there was double peak of the sample, 
which the big one appeared around 0.66 �m and the small one appeared 
around 1.71 �m and the positions did not change with the change of 
parameters. The mixture was conductive to obtain narrow-size-range 
LiFePO4. 
Keywords: Precursor of LiFePO4, Planetary ball milling, LiFePO4, 
Particle size distribution. 

1 Introduction 

Olivine lithium iron phosphate (LiFePO4, LFP) is used in lithium-ion batteries as cathode 
material[1,2]. LFP holds the desirable merits of abundant raw materials, non-toxicity, high 
thermal stability, suitable voltage of 3.4 V (vs Li+/Li) and theoretical capacity of 170 
mA·h/g[3,4]. It meets both demands of high energy density and environmental friendliness 
and is an adequate cathode for power battery and stationary storage of electrical energy 
generated by renewable power[5,6,7]. However, the electronic conductivity of LFP ranges 
from 10-9 to 10-10 s/cm and the lithium-ion diffusion rate at 1.8×10-14 cm2/s which is low 
and determine its poor electrochemical performance under high rates[8,9]. Presently, these 
disadvantages are overcome by carbon coating, metal-ions doping and nano structure[10,11,12]. 

Generally, mechanical activation was realized by high-energy ball milling. The milling 
worked by using mechanical force to refine the particle size, increase the contact area and 
makes the lattice occur defects. At the same time, it fully mixed materials so that it 
promoted the carbon-thermal reduction reaction. The precursor, produced by mixing 
lithium source, phosphorus source, iron source and carbon source, was heated in inert 
atmosphere and finally became carbon-coated LFP cathode material[13]. The performance of 
the sample will be better with the morphology becoming more uniform and the particle size 
decreasing[14,15,16]. But so far there has been few researches reported the milling process 
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effect on the precursor. The milling effects on the crystal form, morphology, particle size 
and distribution of LFP are analysised in the paper. 

2 Experiment 

2.1 Preparation of materials.  

Ceramic balls of different dimension were used, including the big ball of 9 mm diameter, 
the medium ball of 6 mm diameter, and the small ball of 5 mm diameter. The number ratio 
of the small-milling-ball, medium-milling-ball and big-milling-ball was 1: 1: 1. Volume of 
the stainless steel milling tank is 75 cm3. The milling medium was ethanol. LiOH·H2O, 
H3PO4, Fe2O3, sucrose and ethanol were purchased from Chengdu Kelong Chemical 
Reagent Factory. All reagents were of analytical grade and used as received without further 
purification. 

2.2 Experimental Procedure. 

 Certain amount of LiOH•H2O, H3PO4 and Fe2O3, which were mixed in an agate 
mortar with ethanol, were weighed according to molar ratio of 1.1: 1: 0.5. The mixture was 
heated in 100 °C vacuum oven. The precursor was obtained by milling the mixture and 
some sucrose. The milling parameters were preliminarily determined as followed: ball-to-
powder weight ratio of 6: 1, milling for 3 hours (milled for 20 min, paused for 10 min, 
milling and reversing, 9 cycles), 350 r/min. One of the parameters for the test was changed, 
while the other parameters unchanged. 

2.3 Experimental device and testing equipment. 

 A single tank planetary high energy ball mill (Pulverisette-6, FRITSCH, Germany) was 
used to mill samples. A laser particle size analyzer (BT9300H, Dandong Better Instrument 
Co., China) was used to test the samples’ particle size and distribution. The test range was 
from 0.1 �m to 100 �m. A cold field emission scanning electron microscopy (JSM-6360LV, 
JEOL, Japan) was used to observe morphology of samples. An X-ray diffraction (Ultima-
IV, Rigaku, Japan) was used to analyze crystal structure with K� and wavelength for 
0.5146 nm. 

3 Results and discussion 

Fig. 1 presented XRD patterns of the precursor and carbon-coated LFP produced by 
roasting precursor at 700 °C for 9 hours in nitrogen atmosphere. Fig. 1(a) showed that there 
were sharp diffraction peaks at 2�=24.14°, 33.17°, 35.59°, 40.83°, 49.41°, 54.09°, 62.48°, 
64.03°, which indicated that crystallization degree of Fe2O3 (JCPDS card number 87-1164) 
was deep. Materials had not changed, because milling only mixed materials, grinding and 
other physical changes, without chemical change. The crystal growth did not occur in 
H3PO4 and LiOH, so there were not diffraction peaks in the XRD patterns. Fig. 1(b) 
showed that there were sharp diffraction peaks at 2�=17.09°, 20.80°, 22.61°, 25.58°, 29.73°, 
32.27°, 35.59°, 36.59°, 42.19°, 52.56°, 61.86°, which meant that crystallization degree of 
LFP (JCPDS card number 40-1499) is high. Diffraction peak obtained by test is the same as 
the one that was listed in the X-ray powder diffraction data file, which showed that olivine-
type LFP was obtained and the crystallinity was excellent. Diffraction peak of carbon was 
not shown, which pointed out that residual carbon was amorphous phase. 
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Fig. 1 XRD patterns of the precursor and carbon-coated LFP (700 °C, 9 h) 

Fig. 2 showed SEM patterns of the precursor and LFP. From Fig. 2, after milling, 
precursor micro-morphology is uniform, submicron and spherical particle and slight 
agglomeration existed. The particle size of LFP was close to the size of precursor, which 
indicated that the carbon limited growth of LFP crystal and made morphology of LFP 
uniform. 

 

 
Fig. 2 SEM patterns of the precursor and LFP a,b. the precursor, c,d. LFP 

Fig. 3 is a group of patterns of the particle size of the precursor. The three figures 
demonstrated that the particle size distribution presented something interesting with varying 
parameters: the particle size mainly concentrated in 0~4 �m. When particle size smaller 
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than 2.5 �m, the double peak occurred of which the big one appeared around 0.66 �m and 
the small one appeared around 1.71 �m and positions did not change with the change of 
parameters, which indicated that the particle size distribution was in relative steady state 
and particle fragmentation and agglomeration was competitive. The result of the 
competition was that particle size concentrated to 0.66 �m and 1.70 �m. When the particle 
size was bigger than 4 �m, the distribution curve became flat and low. 
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Fig. 3 patterns of the particle size of the precursor produced in the different parameters 
a. changing ball-to-powder weight ratio, b. changing milling time, c. changing speed 

4 Conclusion 

The particle size of the precursor was submicron by planetary ball milling which can 
make the carbon source uniformly mixed with the precursor. So that, the product can 
completely react during heated. The morphology of precursor was spherical after milling, 
and olivine LFP could be produced by heating the precursor. 

There were following characteristics of particle size distribution: the size of material 
was in the range of 0~4 �m. The distributed curve became flat and low when the size was 
bigger than 4 �m. The particle breakage and agglomeration competed for the result of 
particle gathered in the size of 0.66 �m and 1.70 �m, so the particle size distribution was in 
a relatively stable state. 
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