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LiNi0.5Co0.2Mn0.3O2 (NCM-523) cathode material is coated with 2.0, 4.0 and 6.0 wt% of LaPO4 via 

liquid phase coating method. The structure, morphology and electrochemical properties of surface 

modified LiNi0.5Co0.2Mn0.3O2 materials are characterized by X-ray diffraction (XRD), scanning 

electron microscopy (SEM), electrochemical workstation, inductively coupled plasma emission 

spectrometry (ICP), and constant current charge and discharge test. The consequence indicates that the 

structure of the materials is not transformed significantly before and after coating. The cycling 

performance and rate capability of the coated samples are improved significantly. The capacity 

retention of 4 wt%-coated NCM-523 sample at 1 C and 5 C are 95.17% and 93.71% between 2.8 and 

4.2 V after 100 cycles, respectively. The Correspond to capacity retention of pristine sample at 1 C and 

5 C are only 77.25% and 73.16%. It can be ascribed to that LaPO4 coating layer can effectively avoid 

the side reaction between active materials and electrolytes. Furthermore, the LaPO4 coating layer can 

effectively reduce the dissolution of transition metal elements in electrolyte and the deposition of high 

impedance metal fluorides on the electrode surface. 

 

 

Keywords: LiNi0.5Co0.2Mn0.2O2; cathode; coating; co-precipitation method 

 

1. INTRODUCTION 

As for high capacity, long service life, green environmental protection and other advantages, 

lithium-ion batteries (LIBs) have been widely used in portable electronic products and hybrid field. 

Nonetheless, the cathode material is one of the key factors that determine the properties of lithium-ion 
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batteries [1-4]. Compare to the currently commercial cathode materials (LiCoO2 and LiFePO4) [5,6], 

LiNi0.5Co0.2Mn0.3O2 (NCM-523) has higher specific discharge capacity, higher voltage platform and 

higher energy density, as well as high conductivity, which is considered to be one of the ideal materials 

for the high power batteries [7-10]. While the capacity of materials decreases rapidly after long cycles 

under high currents, with impoverished cycle performance [11,12]. The capacity loss of materials is 

because of the side reaction between active materials and electrolytes, which bring about the electrode 

material erodes. On the one hand, the transition metal elements are dissolved in the electrolyte, on the 

other hand, the high resistance metal fluorides are easily deposited on the surface of electrode [13-15]. 

In previous reports, surface modification can reduce the side reaction between active materials and 

electrolytes, and effectively ameliorate the cycle life of the batteries [16-18]. 

The materials such as Li3VO4 [19], Al2O3 [20], LiAlO2 [21], Li2SiO3 [22], SiP2O7 [23] have 

been reported to be used to coat NCM-523 cathode materials to improve its electrochemical properties. 

Liang et al. [24] synthesized Li3PO4 coated NCM-523 cathode materials by solid phase method, which 

improved the high temperature cycling performance of the material (the capacity retention of 97.4% 

after 50 cycles at 55 °C). Bai et al. [25] reported that FePO4 coated NCM-523 cathode materials 

showed significantly increased specific capacity as well as the rate capability under high cut-off 

voltage (the capacity retention of 91.2% after 50 cycles at 1C under a high charge cut off voltage of 4.6 

V). In addition, Cho et al. [26] demonstrated that the thermal stability of Mn3(PO4)2 coated NCM-523 

cathode materials are enhanced, compared with pristine sample (the bond energy of P=O bond is 

strong, and the structural stability of the material is improved). All of the results mentioned above 

show the cathode effects of coating on the cathode materials for lithium-ion batteries. In literature 

report, the strong covalent interaction between PO
3-

 4 group and metal ion can improve the thermal 

stability of the coating material [27]. Moreover, as a solid electrolyte, LaPO4 has good ionic 

conductivity and strong P=O bond, which can boost the diffusion ability of Li
+
 between electrode and 

electrolyte interface [28]. 

In this work, we have attempted to synthesize the different contents of LaPO4-coated NCM-523 

particles by the liquid phase coating method. Furthermore, the effects of LaPO4 coating layer amount 

on the structure, morphology and electrochemical properties of NCM-523 cathode materials are 

investigated. 

 

2. EXPERIMENT 

2.1. Preparation 

Spherical Ni0.5Co0.2Mn0.3(OH)2 precursors was synthesized by co-precipitation method. 

NiSO4·6H2O, CoSO4·7H2O and MnSO4·H2O were mixed in deionized water (n(Ni): n(Co): n(Mn) = 5: 

2: 3). The mixtures were heated at 70 °C in the reaction still, NH3·H2O (5 wt%) and NaOH (5 mol/L) 

were added to the solution to control the pH value at 10-11. After that, a mixture of dehydrated 

Ni0.5Co0.2Mn0.3(OH)2 and Li2CO3 (n(Li): n(Ni0.5Co0.2Mn0.3(OH)2) = 1.05:1) was preheated at 500 °C 

for 6 h and then heated at 900 °C for 10 h in air. 

http://xueshu.baidu.com/s?wd=paperuri%3A%285e035fa1ec0a51b264c0b7e5aaba1763%29&filter=sc_long_sign&sc_ks_para=q%3DImproved%20Rate%20Capability%20and%20Thermal%20Stability%20of%20LiNi0.5Co0.2Mn0.3O2%20Cathode%20Materials%20via%20Nanoscale%20SiP2O7%20Coating&sc_us=979017903568507627&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8
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The coated materials were prepared by the following procedure. La(NO)3·6H2O and 

(NH4)2HPO4 were dissolved in deionized water (n(La(NO)3·6H2O): n((NH4)2HPO4) = 1: 1) and NCM-

523 material was added to the solution. NH3·H2O (5 wt%) were added to the solution to control the pH 

value at 10-11 and then continuous stirring for 3 h at 70 °C. Next, the obtained precipitate was filtered 

and dried at 80 °C for 8 h. After that, the precursor was calcined at 500 °C for 5 h in air. By adjusting 

the content of LaPO4, 2 wt%, 4 wt% and 6 wt% LaPO4-coated NCM-523 materials are synthesized, 

which was labeled as 2.0 NCM-523, 4.0 NCM-523 and 6.0 NCM-523, respectively. The whole 

synthesis process was shown in Fig. 1. 

 

 
Figure 1. Coating process of LiNi0.5Co0.2Mn0.3O2 with LaPO4. 

 

2.2. Characterization 

The crystal structures of all the samples were characterized by X-ray diffraction (XRD, 

D/MAX-2200 X) equipped with Cu Kα radiation under test in the range of 10-80
o
 at a scan speed of 

10
o
 min

-1
. The surface morphology and internal structure of the pristine and LaPO4-coated materials 

were observed by scanning electron microscopy method (SEM, JEOL JSM-5600LV). The elemental 

content of the samples before and after coating is analyzed by inductively coupled plasma atomic 

emission spectrometry (ICP). 

 

2.3. Electrochemical measurements 

The electrochemical performances were performed using a standard CR2025 coin cell. The 

working electrodes were composed of active materials, carbon black and PVDF (8:1:1 in weight) on 

Al foil. Battery assemblies were conducted in an argon-filled glove box using lithium metal foil was 

used as anode, a Celgard 2400 polypropylene film as the separator and 1 M LiPF6 in ethylene 

carbonate (EC), dimethyl carbonate (DMC) and ethylmethyl carbonate (EMC) (1:1:1 in volume) as the 

electrolyte. The charge/discharge properties were tested using a CT-3008 battery test system 
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(Shenzhen Newware Electronics, Ltd.) between 2.8 and 4.2 V (vs. Li/Li
+
). Moreover, the cyclic 

voltammetric curve and the electrochemical impedance were measured on a CHI 720B electrochemical 

workstation. 

 

 

3. RESULTS AND DISCUSSION 

The XRD patterns of pristine and LaPO4-coated NCM-523 samples are presented in Fig. 2. All 

diffraction peaks of materials can be indexed on the basis of a layered structure of α-NaFeO2 (space 

group: ) [29]. The clear split of the (006) / (102) and (108) / (110) for all the samples indicates the 

formation of a well ordered layer structure. [30]. The specific lattice parameters are calculated in Table 

1. It is noted that the lattice constants of LiNi0.5Co0.2Mn0.3O2 are similar to the values reported 

previously [31], which indicates that the LaPO4 coating layer has no obvious effect on the α-NaFeO2 

structure. Usually, the intensity ratio of (003) characteristic peak and (104) characteristic peak (R=I003 / 

I104) is used to measure the degree of cation mixing in the material, and the larger of R value, the lower 

of mixing degree, it is also believed that the mixing degree of cations is very low when R is higher 

than 1.2 [32,33]. As can be seen from Table 1 that the R is higher than 1.2 for all the samples, which 

indicates that all the samples have a regular cation display, the 4.0 NCM-523 exhibits the lowest cation 

mixing degree. 

 

 
 

Figure 2. The XRD patterns of (a) pristine and LaPO4-coated samples (b) 2 wt%, (c) 4 wt%, (d) 6 

wt%. 
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Table 1. Refined lattice parameters of pristine and LaPO4-coated NCM-523 samples 

 

Sample a / (Å) c / (Å) c / a I(003)/I(104) 

The pristine 2.862 14.247 4.9780 1.2434 

2.0 NCM-523 2.862 14.245 4.9773 1.2482 

4.0 NCM-523 2.864 14.248 4.9747 1.2593 

6.0 NCM-523 2.863 14.249 4.9769 1.2517 

 

Fig. 3 illustrates the SEM images of pristine and LaPO4-coated NCM-523 samples at low and 

high magnifications. Obviously, the fundamental particles of NCM-523 have irregular polyhedron 

structure with a particle size of about 0.5-1 μm, and the secondary particles agglomerate into class 

spherical with a particle size of 10-15 μm, the secondary size of samples coated with LaPO4 are not 

changed significantly. Moreover, Fig. 3(b-d) clearly indicates that LaPO4 is coated on the surface of 

NCM-523 particles, and the coating on NCM-523 particles becomes intensive with the increase of 

coating amount. 

 

 
 

Figure 3. The SEM images of pristine (a), and LaPO4-coated samples (b) 2.0 wt%, (c) 4.0 wt% and (d) 

6.0 wt%. 

 

For the purpose of examining whether LaPO4 nano particles are coated successfully, the 

composition and distribution of elements on the surface of 2.0 NCM-523 sample are examined by 

energy-dispersive X-ray spectrometer (EDS). The EDS mapping (Fig. 4) results show that the elements 

(La and P) are homogeneous distribution on the surface of 2.0 NCM-523 sample, indicating that the 

LaPO4 particles are successful coated on the surface of NCM-523 samples.  
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Figure 4. The EDS mappings of 2.0 NCM-523 sample. 

 

In order to examine the electrochemical properties of the coated material, the electrochemical 

tests are conducted. Fig. 5 exhibits the initial charge/discharge curves of pristine and LaPO4-coated 

NCM-523 samples between 2.8 and 4.2 V at 1 C (1 C = 180 mAh g
-1

). In the course of charging, for all 

the samples, there is a voltage plateau around 3.65 V. After that, the curves linearly increase to 4.2 V, 

which corresponds to the oxidation reaction of Ni
2+

→Ni
4+

. In the course of discharging, for all the 

samples, there is a voltage plateau around 3.55 V when the voltage drops rapidly. After that, the curves 

linearly decrease to 4.2 V, which corresponds to the oxidation reaction of Ni
2+

→Ni
4+

 [34,35]. The 

relevant charge/discharge data are shown in Table 2. It noted that the first charge and discharge 

capacities of pristine NCM-523 are 172.2 and 155.1 mAh g
-1

, respectively. The initial coulombic 

efficiency is 90.07%. However, the initial coulombic efficiencies of 2.0 NCM-523, 4.0 NCM-523 and 

6.0 NCM-523 are 92.89%, 94.21% and 92.34%, respectively. Which indicates that LaPO4 coating 

layer can improve the initial coulombic efficiency of NCM-523 samples. The discharge capacity of 

LaPO4-coated samples is slightly lower than that of the pristine sample because the ratio of the active 

material is decreased upon surface coating [36]. 

 

 
 

Figure 5. The initial charge and discharge curves of the pristine and LaPO4-coated NCM-523 samples 

between 2.8 and 4.2 V at 1 C. 
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Table 2. The initial charge and discharge data of pristine and LaPO4-coated NCM-523 samples at 1 C 

 

Sample Initial charge capacity 

(mAh g
-1

) 

Initial discharge 

capacity (mAh g
-1

) 

Initial coulombic 

efficiency (%) 

The pristine 172.2 155.1 90.07% 

2.0 NCM-523 159.1 147.8 92.89% 

4.0 NCM-523 153.7 144.8 94.21% 

6.0 NCM-523 152.9 141.2 92.34% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The cycling performance of pristine and LaPO4-coated samples between 2.8 and 4.2 V at (a) 

1 C and (b) 5 C. 

 

 

Fig. 6 (a) and 6 (b) shows the cycling performance of pristine and LaPO4-coated NCM-523 

samples between 2.8 and 4.2 V at 1 C and 5 C, respectively. The relevant cycling performance data are 

shown in Table 3. The result indicates that all the coated samples exhibit higher discharge capacities 

and capacity retention than the pristine one, and the 4.0 NCM-523 sample exhibits the favorable 

cycling performance. The discharge capacity of the pristine sample decreases sharply from 154.3 to 

119.2 mAh g
-1

 at 1C after 100 cycles, only 77.35% discharge capacity left. Furthermore, the capacity 

retention of the pristine sample is only 73.16% at 5 C after 100 cycles. For the 4.0 NCM-523 sample, 

the capacity retention of 95.17% and 93.71% at 1 C and 5 C after 100 cycles, respectively. The 

excellent capacity retention of 4.0 NCM-523 sample may be attributed to the surface modification of 

LaPO4. The LaPO4-coated NCM-523 samples can effectively inhibit the side reactions between active 

materials and electrolyte caused by HF etching. [37,38]. 

We compared the cycle performance of LaPO4-coated NCM-523 cathode materials with other 

similar compound-coated NCM-523 cathode materials. The relevant comparison data is shown in the 

Table 4. It is noted that the LaPO4-coated NCM-523 cathode material exhibits good capcity retention 

(95.17%) compared to other similar compound-coated NCM-523 cathode materials. It is proved that 

the coating modification of LaPO4 is an effective method to improve the cycling performance of 

NCM-523 cathode material. 
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Table 3. The cycling performance data of pristine and LaPO4-coated NCM-523 samples at 1 C and 5 

C 

 

Sample The pristine 2.0 NCM-523 4.0 NCM-523 6.0 NCM-523 

1 C-Initial discharge 

capacity (mAh g
-1

) 

154.3 147.8 144.8 141.2 

1 C-100th discharge 

capacity (mAh g
-1

) 

119.2 137.3 137.8 129.8 

 1 C-capacity retention 

after 100 cycles (%) 

77.25% 92.89 % 95.17% 92.05% 

5 C-initial discharge 

Capacity (mAh g
-1

) 

115.3 109.5 106.2 101.9 

5 C-100th discharge 

Capacity (mAh g
-1

) 

84.36 100.2 99.52 92.80 

 5 C-capacity retention 

after 100 cycles (%) 

73.16% 91.51 % 93.71% 91.06% 

 

The rate capacities of pristine and LaPO4-coated NCM-523 samples between 2.8 and 4.2 V are 

shown in Fig. 7. It is noted in Fig. 7 that the capacity of pristine NCM-523 sample decreases rapidly 

with the cycles and the increase of current density, while the LaPO4-coated NCM-523 samples 

obviously exhibits better rate capability than uncoated one at the higher current rates. The relevant rate 

capacities data are shown in Table 5. Noticeably, the discharge capacities of pristine NCM-523 sample 

are 170.8 mAh g
-1

, 160.1 mAh g
-1

, 149.5 mAh g
-1

, 135.2 mAh g
-1

, 119.1 mAh g
-1

 and 89.6 mAh g
-1

 at 

0.1 C, 0.2 C, 0.5 C, 1 C, 2 C and 5 C, respectively. 

 

 

Table 4. The comparison with the cycling performance of similar cathode materials 

 

Coating materials of NCM-523 Capcity retention and discharge capacity (mAh g
-1

) 

after several cycles at certain rate 

LaPO4 (our work) 95.17%, 137.8 mAh g
-1

, 100 cycles, 1 C 

Li3VO4 [19] 83.54%, 137.1 mAh g
-1

, 100 cycles, 1 C 

LiAlO2 [21] 91%, 202 mAh g
-1

, 100 cycles, 1 C 

Li2SiO3 [22] 83%, 149.82 mAh g
-1

, 100 cycles, 0.2 C 

SiP2O7 [23] 91%, 165 mAh g
-1

, 40 cycles, 0.5 C 

FePO4 [25] 91.2%, 185.9 mAh g
-1

, 50 cycles, 1 C 

Mn3(PO4)2 [26] 92.6%, 153 mAh g
-1

, 50 cycles, 0.5 C 
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Figure 7. The rate performance of the pristine and LaPO4-coated NCM-523 samples. 

 

Furthermore, the capacity retention relative to 0.1 C is 93.76%, 87.49%, 79.17%, 69.66% and 

52.42% at 0.2 C, 0.5 C, 1 C, 2 C and 5 C, respectively. However, the discharge capacities of 4.0 NCM-

523 sample are 163.5 mAh g
-1

, 158.6 mAh g
-1

, 149.3 mAh g
-1

, 140.6 mAh g
-1

, 128.5 mAh g
-1

 and 

102.7 mAh g
-1

 at 0.1 C, 0.2 C, 0.5 C, 1 C, 2 C and 5 C, respectively, and the capacity retention relative 

to 0.1 C is 96.95%, 91.28%, 85.96%, 78.54% and 62.80% at 0.2 C, 0.5 C, 1 C, 2 C and 5 C, 

respectively. Compared with pristine NCM-523 sample, the capacity retention of LaPO4-coated NCM-

523 samples is obviously increased, which indicates that the surface coating modification of LaPO4 

can improve the rate capacities of NCM-523 samples. The improvement of rate capacity may be 

attributed to the fact that LaPO4 coating layer display good ionic conductivity, which enhances the 

diffusion capacity of Li
+
 between the electrode and the electrolyte interface, and finally improve the 

electrochemical reversibility of active materials [39]. 

 

Table 5. The rate performance data of the pristine and 4.0 NCM-523 samples  

at different rates 

 

Sample  0.1 C 0.2 C 0.5 C 1 C 2 C 5 C 

The pristine Discharge capacity /(mAh g
-1

) 170.8 160.1 149.5 135.2 119.1 89.6 

Capacity retention (Relative to 

0.1 C) 

 93.76% 87.49% 79.17% 69.66% 52.42% 

4.0 NCM-

523 

Discharge capacity /(mAh g
-1

) 163.6 158.6 149.3 140.6 128.5 102.7 

Capacity retention (Relative to 

0.1 C) 

 96.95% 91.28% 85.96% 78.54% 62.80% 
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Figure 8. Cyclic voltammograms (CV) of (a) pristine and (b) 4.0 NCM-523 samples between 2.8 and 

4.2 V. 

 

The cyclic voltammograms (CV) of pristine and 4.0 NCM-523 samples between 2.8 and 4.2V 

after 1st, 5th, 10th cycles at a scan rate of 0.1mV/s are shown in Fig. 8(a) and 8(b), respectively. 

Obviously, all the samples have a pair of apparent redox peaks in the range of 2.8-4.2 V, which 

corresponding to the redox reaction of Ni
2+

 / Ni
4+

. The electrochemical reversibility of the electrode is 

generally reflected by the redox reaction gap (V) between the anodic peak and cathodic peak [40]. For 

the pristine sample, the Lithium stripping oxidation potential of Ni
2+

→Ni
4+

 sample are 3.906 V, 3.857 

V and 3.839 V after 1st, 50th, 100th cycles, respectively. Furthermore, the lithium intercalation 

reduction potential of Ni
4+

→Ni
2+

 are 3.686 V, 3.675 V and 3.652 V, respectively. The redox reaction 

gaps (ΔV) of 4.0 NCM-523 samples are 0.188, 0.14 and 0.128, respectively, which are reduced than 

the uncoated one. The result indicates that the polarization of active materials after LaPO4 coating 

layer is inhibited and the reversible property is enhanced effectively. 

To further examination the electrochemical properties of LaPO4-coated NCM-523 cathode 

material. The electrochemical impedance spectroscopy (EIS) spectra of pristine and LaPO4-coated 

samples have been measured between 2.8 and 4.8 V (after 1 cycle, 50 cycles and 100 cycles), as shown 

in Fig. 9. It is noted that all EIS curves are made up of the semi-circle of the high to medium frequency 

region and the oblique line of the low frequency region. The semi-circle of the high to medium 

frequency region represents the charge transfer resistance (Rct), and the oblique line of the low 

frequency region corresponds to the Warburg impedance (Wo) [41,42]. The EIS maps are simulated by 

the equivalent circuit (Fig. 9c) and the fitting values data of Rct and Rs are listed in Table 6. The Rct 

value of the pristine sample increased from 55.47 V to 481.7 V after 100 cycles. However, the Rct 

value of the 4.0 NCM-523 also increased from 52.17 V to 157.3 V after the same cycles. Evidently, the 

Rct value of the pristine sample is remarkably larger than that of the LaPO4-coated samples. It can be 

ascribed to that the LaPO4 as a solid electrolyte can form a solid electrolyte interface to prevent the 

electrolyte from corroding the active material, and promote the diffusion of Li
+
 and electrons at the 

electrolyte and electrode interface. This analysis implies that LaPO4 coating layer can effectively 

inhibit the side reactions between active materials and electrolyte. Furthermore, the LaPO4 coating 
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layer can promote the efficiency of electronic transmission. Which corresponds to the previous test 

results of cycling and rate performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. Nyquist curves of (a) pristine and (b) 4.0 NCM-523.after 1st, 50th, 100th. 

 

Table 6. Impedence data of pristine and 4.0 NCM-523 after different number of cycles at equilibrium 

state 

 

Cycle 

number 

The pristine 4.0 NCM-523 

Rs/ohm Rct/ohm Rs/ohm Rct/ohm 

1st 6.620 55.47 4.322 52.17 

50th 8.871 205.9 6.916 100.4 

100th 10.49 481.7 8.645 157.3 

 

All the samples are stored in electrolyte for 15 days, and the content of LaPO4 in coated 

samples and the dissolved amount of transition metal in electrolyte is measured by inductively coupled 

plasma emission spectrometer (ICP). The ICP test data are shown in Table 7. It is noted that the 

contents of LaPO4 in 2.0 NCM-523, 4.0 NCM-523 and 6.0 NCM-523 samples are 1.726%, 3.612% 

and 5.371%, respectively, and the errors are less than 15% compared with theoretical values. In 

addition, the dissolving amount of transition metal ions of LaPO4-coated samples in electrolyte is 

significantly reduced storage 15 days compared with the pristine sample. It proves that the LaPO4 

coating layer can effectively inhibit the transition metal dissolution of the cathode materials in the 

electrolyte, thus improving the cycling and rate performance of the active material. 
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Table 7. The ICP test data of the pristine and LaPO4-coated samples 

 

Sample The 

content 

of 

LaPO4 

 The error 

of 

theoretical 

content of 

LaPO4 

Dissolved 

amount of Mn
2+

 

in electrolyte 

(after storage 15 

days ) / ppm 

Dissolved 

amount of 

Co
2+

 in 

electrolyte 

(after storage 

15 days ) / 

ppm 

Dissolved 

amount of Ni
2+

 

in electrolyte 

(after storage 

15 days ) / ppm 

The pristine  － － 247.2 176.4 384.9 

2.0 NCM-

523 

 1.726% 13.7% 88.93 65.72 136.5 

4.0 NCM-

523 

 3.612% 9.7% 55.74 38.16 88.23 

6.0 NCM-

523 

 5.371% 10.5% 52.33 36.74 82.51 

 

 

 

4. CONCLUSIONS 

In this work, LaPO4-coated NCM-523 cathode materials with different content (2 wt%, 4 wt%, 

6wt%) are successfully prepared by liquid phase coating method. The cycling and rate performances of 

LaPO4-coated samples are improved significantly. The 4.0 NCM-523 sample has the favorable cycling 

and rate performance. The capacity retention at 1 C and 5 C are 95.17% and 93.71% after 100 cycles, 

respectively. While the capacity retention of pristine NCM-523 sample at 1 C and 5 C are only 77.25% 

and 73.16%, respectively. Furthermore, the LaPO4 coating layer can effectively reduce Rct of the 

cathode materials. The performance improvement of LaPO4-coated samples indicates that LaPO4 has 

good ion conductivity which can improve the diffusion capacity of Li
+
 between electrode and 

electrolyte interface. The modification of LaPO4 is proved to be an effective measure to improve the 

cycling and rate performance of the cathode material for LIBs. This effective strategy can be applied to 

other cathode materials of LIBs for better cycle life. 
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