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1. Introduction 

The emerging energy storage technology 

such as Li-ion batteries allows the rapid 

development of advanced vehicles and 

renewable energy. Current efforts to 

improve the performance of Li-ion batteries 

have aimed to widen its application in 

several areas, specifically high duty 

applications. Nowadays, the main challenge 

in the development of high-performance 

energy storage systems is to provide 

batteries with high energy density with high 

safety aspects. Currently, LiFePO4 is 

considered the safest Li-ion cell . It utilizes 

LiFePO4 and graphite or Li4Ti5O12 (LTO) as 

the cathode and the anode material. 

However, the cells suffer from low energy 

density and low ionic-electronic 

conductivity[2]. 

LiCoPO4 is isostructural to LiFePO4. It has 

an olivine-type structure with considerably 

good safety aspects and thermal stability 

due to a strong P-O bond[5]. Theoretically, 

it has a similar specific coulombic capacity 
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to LiFePO4 but a significantly higher 

operating voltage of >4.8 V. This can result 

in a high energy density Li-ion battery. In 

comparison to LiCoO2 with Co as the sole 

transitional metal, LiCoPO4 has lower Co 

content and higher safety. Therefore, the 

overall production cost is far less expensive. 

To improve the overall production cost of 

material, the simplicity of material 

processing is highly necessary[12]. 

There are several techniques to prepare 

LiCoPO4 such as solid-state reaction, 

hydrothermal, molten salt, solvothermal, 

sol-gel, spray pyrolysis, and precipitation. 

The precipitation route is the simplest 

techniques compare to other solution route 

methods. It does not require sophisticated 

apparatus, the starting material is not 

limited to decomposable salts such as 

nitrates and acetates, and delivers a 

homogenous particle with narrow size 

distribution[7,10]. 

In this paper, LiCoPO4 is synthesized via 

a precipitation process to obtain the 

precursor as cobalt phosphate or Co3(PO4)2. 

The solubility product constant of Co3(PO4)2 

is ~2 x 10-35 which shows that it is easy to 

be precipitated. The LiCoPO4 can be 

obtained via solid-state reaction between 

the precursor, lithium, and phosphate 

sources at high temperatures. The as-

prepared powders are analyzed thoroughly. 

In the end, this study provides the 

groundwork for the development of 

LiCoPO4 material on at a large scale. 

2. Materials and Methods 

2.1.  Synthesis of LiCoPO4 

Cobalt sulfate heptahydrate was used as 

a source of Co. 1 mole of CoSO4.7H2O was 

dissolved in demineralized water to obtain 1 

M CoSO4 in a beaker glass. Separately, 1 mole 

of H3PO4 was dissolved to obtain a 1 M 

solution. The cobalt sulfate solution was 

continuously stirred at a speed of 300 rpm 

using a magnetic stirrer. The phosphoric 

acid solution was transferred into a cobalt 

sulfate solution containing a beaker. 1 mole 

of NaOH was dissolved in demineralized 

water, and reacted with cobalt phosphate 

solution until the pH number 4 and 6 to 

obtain Co3(PO4)2 powder samples labelled 

as Co3(PO4)2 A and Co3(PO4)2 B, 

respectively. The solution is stirred for 60 

minutes and the formed precipitates are 

allowed to settle. The precipitates were 

filtered and washed for three times using 

deionized water to eliminate dissolved 

impurities. The as obtained precipitate was 

dried in an oven for a night. Lithium 

carbonate (Li2CO3) is added to dry cobalt 

phosphate powders and mixed with mortar 

and pestle, then sintered in a box furnace at 

600 oC for 4 hours under atmospheric air. 

2.2. Characterization of LiCoPO4 

The cobalt phosphate precipitates and 

LiCoPO4 was characterized using X-ray 

diffractometer (MD-10 mini diffractometer) 

at diffraction angle of 17<θ<71° and CuK-α 

wavelength of 1.5418 Å), Fourier’s 

transformed infra-red (FTIR) spectroscopy 

(Shimadzu, Japan). The morphology of the 

cobalt phosphate and LiCoPO4 powders is 

investigated by scanning electron 

microscope (SEM JEOL Japan). 

 
Figure 1. Synthesis of LiCoPO4 powder 

3. Result and Discussion  

3.1 Cobalt Phosphate Characterization  

 
(a) 
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(b) 

Figure 2. X-ray diffraction spectra of cobalt 

phosphate powders 

Figure 2a shows the XRD pattern of the 

Co3(PO4)2 A precursor and Figure 2b shows 

the XRD pattern of the Co3(PO4)2 B precursor 

through the precipitation pathway. Cobalt 

phosphate precursor material has peaks in 

the diffraction pattern according to the 

diffraction peaks of Co3(PO4)2 JCPDS 70-

1795. However, in cobalt phosphate with a 

pH number of 6, there are only a few peaks 

that similar with JCPDS. This indicates that 

the cobalt phosphate A precursor material 

has been formed, the peak in the narrow 

diffraction pattern indicates that the crystal 

size formed is larger and the pure phase. 

Deep analysis in order to understand the 

precipitation reaction is performed by the 

FTIR characterization[3,4]. 

 
(a) 

 
(b) 

Figure 3. FTIR spectra of cobalt 

phosphate powders 

FTIR analysis was used to determine the 

groups formed on Co3(PO4)2 particles. Figure 

3 show FTIR spectra from Co3(PO4)2 A 

particles, H2O bonds appeared in the 

antisymmetric stretching mode range of 

3810 – 3095 cm-1. The vibrational band at 

689 cm−1 is ascribed to the V4(F2)PO4
3− mode 

of the phosphate (PO4) group. The broad 

characteristic peaks at 1017 and 1400 cm−1 

are attributed to the survival of the P=O 

stretching vibration in PO4
3− and the P–O–P 

stretching vibration in the HPO4
2− group, 

respectively. However, in Co3(PO4)2 B 

material, there is no P–O–P stretching 

vibration. To ensure that the material that 

has been formed, the SEM-EDX 

characterization have been carried out. This 

shows that in higher pH level, the cobalt is 

precipitated in hydroxide form[6]. 
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Figure 4. SEM images and EDX results of 

cobalt phosphate powder with pH 4 (up) and 

pH 6 (bottom) 

Figure 4 shows an electron microscope 

scan (SEM) image of a cobalt phosphate 

powder sample. The morphological shape 

between the 2 samples is different from 

cobalt phosphate with a pH number 4 is in the 

form of nanoflakes particle. Compared to 

those with a pH number of 6, have a flower 

like morphological shape. but have almost the 

same particle size of about 5 microns. Cobalt 

phosphate A has a higher purity as evidenced 

by the EDX characterization in Table 1 

compared with cobalt phosphate B which has 

some impurities could be caused by the 

addition of NaOH. It is predicted that in the 

cobalt phosphate sample processed at pH 6 

there is still unreacted cobalt sulfate, and 

contain sodium cobalt phosphate mixture[8]. 

Table 1. EDX Analysis of Co3(PO4)2 at 

pH 4 and 6 

Co3(PO4)2 pH 4 Co3(PO4)2 pH 6 

Ele

me

nt 

Mass

% 

Atom

% 

Ele

me

nt 

Mass

% 

Atom

% 

O 56.58

±0.95 

79.35

±1.33 

C 4.72±

0.35 

9.03±

0.66 

P 12.00

±0.41 

 

8.69±

0.30 

 

O 40.43

±0.91 

58.06

±1.30 

Na 11.20

±0.56 

11.20

±0.56 

Co 31.42

±1.53 

11.96

±0.58 

P 9.78±

0.38 

7.26±

0.28 

S 3.83±

0.24 

2.75±

0.17 

Tot

al 

100.0

0 

100.0

0 

 

Co 30.04

±1.52 

11.71

±0.59 

Tot

al 

100.0

0 

100.0

0 

3.2 LiCoPO4 Characterization 

 
(a) 

 
(b) 

Figure 5. X-ray diffraction spectra of 

LiCoPO4 powder 

Figure 5a shows the XRD pattern of the 

LiCoPO4 A and Figure 5b shows the XRD 

pattern of the LiCoPO4 B through the 

precipitation pathway. LiCoPO4 material 

has peaks in the diffraction pattern 

according to the diffraction peaks of 

LiCoPO4 JCPDS 00-085-0002. However, in 

LiCoPO4 with a pH number of 6, there are 

only a few peaks that similar with JCPDS 00-

085-0002. This indicates that the LiCoPO4 

material has been formed, the peak in the 
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narrow diffraction pattern indicates that 

the crystal size formed is larger and the 

pure phase[9–11]. 

 
(a) 

 
(b) 

Figure 6. FTIR spectra of LiCoPO4 

powder 

FTIR analysis was used to determine the 

groups formed on LiCoPO4 particles. Figure 

6 show FTIR spectra from LiCoPO4 particles 

The vibrational band at 650 cm−1 is 

ascribed to the V4(F2)PO4
3− mode of the 

phosphate (PO4) group. The broad 

characteristic peaks at 1017 and 1300 cm−1 

are attributed to the survival of the P=O 

stretching vibration in PO4
3− and the P–O–P 

stretching vibration in the HPO4
2− group, 

respectively. The SEM-EDX characterization 

have been carried out. 

 

 
Figure 7. SEM images and EDX results of 

LiCoPO4 powder 

Figure 7 shows an electron microscope 

scan (SEM) image of a LiCoPO4 powder. The 

morphological shape between the 2 

samples is different from LiCoPO4 with a pH 

number 4 is in the form of polymorph. 

Compared to those with a pH number of 6, 

have a spherical morphological shape. and 

have different particle size. The particle size 

of LiCoPO4 A is about 5 microns and LiCoPO4 

B is about 0.5 microns[12]. Both have the 

same purity as evidenced by the results of 

the EDX characterization in table 2. 

Table 2. EDX analysis of LiCoPO4 samples 

LiCoPO4 A LiCoPO4 B 

Ele

me

nt 

Mass

% 

Atom

% 

Ele

me

nt 

Mass

% 

Atom

% 

O 56.58

±0.95 

79.35

±1.33 

O 45.51

±1.19 

71.30

±1.86 

P 12.00 8.69± P 14.37 11.63
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±0.41 0.30 ±0.61 ±0.49 

Co 31.42

±1.53 

11.96

±0.58 

Co 40.12

±2.30 

17.07

±0.98 

Tot

al 

100.0

0 

100.0

0 

Tot

al 

100.0

0 

100.0

0 

 

 

 
Figure 8. Electrochemical performance 

results of LiCoPO4 powder 

Figure 8 shows the electrochemical 

performance of LiCoPO4 from various 

variations. Cells were analyzed by 

measuring the charge-discharge capacity of 

LiCoPO4 applied as the cathode. LiCoPO4 A 

shows the specific discharge capacity of 

14.2 mAh/g and LiCoPO4 B shows the 

specific discharge capacity of 9.3 mAh/g 

with voltage range 2 – 4.95 volt. 

5. Conclusion 

LiCoPO4 material was successfully 

prepared from precipitation method. All 

LiCoPO4 samples derived from precursor 

sintering at 600 oC have good crystalline 

properties. Furthermore, the SEM analysis 

indicates LiCoPO4 A have unique flaky shape 

and have same particle size of about 5 

microns. Based on the EDX analysis, CoPO4 

B have some impurities than CoPO4 A 

caused by excess of NaOH, thus the final 

product of LiCoPO4 A and LiCoPO4 B have 

different X-ray diffraction pattern. The 

LiCoPO4 material have high voltage range in 

2 – 4.95 volt. The synthesis of LiCoPO4 is 

considered promising to be further 

developed as cathode material in lithium-

ion battery cell. 
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