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Supervalent cation doping and metal oxide coating are the most efficacious and popular methods to optimize the property of
LiFePO

4
lithium battery material. Mg-doped and MgO-coated LiFePO

4
/C were synthesized to analyze their individual influence

on the electrochemical performance of active material. The specific capacity and rate capability of LiFePO
4
/C are improved by

both MgO coating and Mg doping, especially the Mg-doped sample—Li
0.985

Mg
0.015

FePO
4
/C, whose discharge capacity is up to

163mAh g−1, 145.5mAh g−1, 128.3mAh g−1, and 103.7mAh g−1 at 1 C, 2 C, 5 C, and 10C, respectively. The cyclic life of electrode is
obviously increased by MgO surface modification, and the discharge capacity retention rate of sample LiFePO

4
/C-MgO

2.5
is up

to 104.2% after 100 cycles. Comparing samples modified by these two methods, Mg doping is more prominent on prompting the
capacity and rate capability of LiFePO

4
, while MgO coating is superior in terms of improving cyclic performance.

1. Introduction

As a cathode material for lithium-ion batteries, olivine-type
lithium iron phosphate (LiFePO

4
) proposed by Padhi et al.

[1] has attracted extensive attention. And its nontoxicity, flat
voltage profile, high theory capacity, high safety, and abun-
dance of raw materials have promoted LiFePO

4
to become

one of the most outstanding lithium cathode materials. But
the low electrical (electronic and ionic) conductivity limits its
electrochemical properties according to the charge/discharge
rate capability and operating temperature [2]. Decreasing
particle size [3, 4], doping supervalence metal ion [5–7],
and surface modification [8–17] are normal and efficient
ways to overcome the weakness as well as enhance the
electrochemical performance of LiFePO

4
.

Lots of work were carried out on supervalent cation
doping since Chung et al. [7] claimed that they raised the
electronic conductivity of bulk LiFePO

4
by 8 orders of mag-

nitude to 10−2 S cm−1 through low-level doping with some
super-valent cations (Nb5+, Ti4+, and W6+). Although the
origin of the increased conductivity by doping is still under

controversy, many groups have prepared LiFePO
4
positive

material with excellent property through super-valencemetal
ion doping. Surface modification is also extensively applied
to improve the electronic conductivity of LiFePO

4
, especially

carbon coating. But the tap density of active material dramat-
ically decreases after only a little amount of carbon coating
[10, 11]. Hence, researchers expect to find an appropriate
coating to wholly or partly substitute for carbon, such as
metal oxide. CeO

2
[7], V

2
O
3
[12], MgO [13], SiO

2
[14], TiO

2

[15], CuO [16] and so forth have been employed to modify
LiFePO

4
, and predominant performance was gained.

In conclusion, super-valent cation doping and metal
oxide surface modification are two efficient ways to improve
the electrochemical property of lithium cathode electrode.
The mechanism of enhancing electrode performance is dis-
similar for doping and coating as well as their promoted
aspects. Up to now, the different influence on LiFePO

4

material by these two methods using the same metal element
was not reported.

Therefore, we takemagnesiummodification, for example,
to discuss the different effects of metal ion doping and metal
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oxide coating on electrode material. Mg doping or MgO
coating has been carried out to ameliorate the electrochemi-
cal performance of LiCoO

2
[17], LiNiO

2
[18], LiNi

0.8
Co
0.2
O
2

[19], Li
3
V
2
(PO
4
)
3
[20], and LiFePO

4
[13], and excellent rate

capability or cyclic performance has been gained. It indicates
that magnesium modification is an efficient and popular
method to improve the property of lithium positive material.
Mg-doped and MgO-coated LiFePO

4
/C were prepared in

our paper, and their individual effect on electrode material
performance was, respectively, discussed to analyze how
Mg doping and MgO coating enhance the electrochemical
property of LiFePO

4
and where their protrudent part is.

2. Experiment

2.1. Synthesis of Material. Iron oxide (Fe
2
O
3
) and lithium

dihydrogen phosphate (LiH
2
PO
4
) with Li : Fe : P molar ratios

of 1 : 1 : 1 were mixed with citric acid through a balling process
for 5 h, followed by calcining at 700∘C for 12 h under pure
nitrogen to obtain LiFePO

4
powders. Different amounts

of magnesia (with LiFePO
4
:MgO molar ratios of 1 : 0.025,

1 : 0.05) were dissolved in 20mL citric acid solution to prepare
magnesium citrate complex and mixed with LiFePO

4
pow-

ders through balling for 5 h after drying at 150∘C. Finally, all of
them were calcined at 700∘C for 4 h under inert atmosphere
to obtain MgO-coated LiFePO

4
/C, referred to as LFP/C-M

𝑥

(𝑥 = 2.5, 5).
Mg-doped samples are prepared by the same steps except

the order of adding MgO. Iron oxide (Fe
2
O
3
), lithium dihy-

drogen phosphate (LiH
2
PO
4
), and magnesia (MgO) were

mixed with Li :Mg : Fe : P molar ratios of 1 − 𝑦 :𝑦 : 1 : 1 (𝑦 =
0.015, 0.03), and they were prepared through the above
procedures to gain Mg-doped LiFePO

4
/C, referred to as

L
(1−𝑦)

M
𝑦
FP/C.

2.2. Characterization of the Samples. The crystallographic
structural characterization of samples was analyzed by X-ray
diffraction (XRD, Rigaku D/max-2500/pc, CuK radiation).
The particle morphology and surface texture of samples were
observed with field-emission scanning electron microscope
(FE-SEM, S-4800) and transmission electron microscope
(TEM, JEOL, JEM-2010).

2.3. Electrochemical Measurements. The electrochemical per-
formance of magnesium modified LiFePO

4
/C and pristine

cathode materials was evaluated by using columnar cells.
Active material powder (80wt%) was mixed with acetylene
black (10wt%) and poly(vinylidene fluoride) binder (10 wt%)
in N-methy1-2-pyrrolidone (NMP) to obtain slurry. The
slurrywas coated onto an aluminum foil and dried under vac-
uum at 120∘C for 12 h. Finally, the laminate was cut into round
dics (1.0 cm in diameter) to be used as working electrode.
The electrolyte was 1mol L−1 LiPF

6
dissolved in the mixture

of ethylene carbonate (EC) and diethyl carbonate (DMC)
with volume ratio of 1 : 1. Histogram cells were assembled
in the glove box filled with argon gas. Charge-discharge
tests were conducted on a battery test system (CT2001A,
LAND, China) with cutoff voltages of 2.4V and 4.2V (versus
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Figure 1: XRD patterns of pristine and modified LiFePO
4
/C.

Table 1: Lattice parameters of pristine and Mg-doped LiFePO4/C.

Sample a (Å) b (Å) c (Å) V (Å3)
LFP/C 10.349 6.015 4.697 292.36

Li0.985Mg0.015FP/C 10.379 6.031 4.713 295.06

Li0.95Mg0.05FP/C 10.387 6.033 4.723 295.94

Li/Li+) at different current rates at room temperature. Cyclic
voltammetry (CV) measurements were performed on an
electrochemical working station (LK2005, LANLIKE, China)
at a slow scanning rate of 0.1mV s−1 within a voltage range
of 2.4–4.2 V. And electrochemical impedance spectroscopy
(EIS) was employed to characterize the interfacial resistance
of cathode using a Chenhua CHI660A electrochemical work-
station over the frequency range from 1MHz to 0.01Hz with
amplitude of 10mVms−1 at room temperature.

3. Results and Discussion

3.1. Structural Analyses. XRD patterns of selected samples
are shown in Figure 1. Obviously, the crystal phases of all
the samples are to be an ordered olivine structure indexed
orthorhombic Pnmb, and no extra reflection peak from
impurity is observed, indicating that a small amount of
magnesia or magnesium does not destruct the lattice struc-
ture of LiFePO

4
. Table 1 shows the corresponding lattice

parameters of the pristine and Mg-doped LiFePO
4
/C. The

lattice parameters and unit cell volume slightly increase after
dopingMg.This result is attributed to the larger ionic radii of
Mg2+ compared with those of Li+.

SEM images of LiFePO
4
/C and modified LiFePO

4
/C are

shown in Figure 2. The LiFePO
4
/C particles are spherical or

elliptical, and the size ranges from nanometer to micrometer,
which is beneficial to high tap density. Low level magnesium
doping and coating do not make apparent changes on the
morphology, as shown in Figures 2(b) and 2(d). But the
morphology changes a lot when the magnesium content rises
up to a high level (Figures 2(c) and 2(e)). Small particles
aggregate with each other to decrease surface energy in
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Figure 2: SEM images of LFP/C (a), LFP/C-M
2.5
(b), LFP/C-M

5
(c), L
0.985

M
0.015

FP/C (d), and L
0.97

M
0.03

FP/C (e).

sample LFP/C-M
5
, which prevents electrolyte from penetrat-

ing through electrode and encumbers the Li-ion diffusion.
And it is shown that high level magnesium doping destroys
the spherical structure, and the shape of particles becomes
irregular in Figure 2(e). Mg steps into LiFePO

4
lattice and

substitutes Li site, which is expected to change itsmorphology
more or less.

Figure 3 shows TEM images of sample LFP/C-M
2.5

and
L
0.985

M
0.015

FP/C, both presenting a typical core-shell struc-
ture with an amorphous carbon wrapping and connecting
out of particles. As shown in Figure 3(b), several dark grains
with well-crystallized structure are observed around the
LiFePO

4
particles, and the gap between every two parallel

fringes is measured to be 0.242 nm, which corresponds to the
interplanar spacing distance of (111) planes of MgO crystals.
MgO comes from the decomposition of magnesium citrate
complex, distributing on the surface of LiFePO

4
particles

in magnesium-coated samples. As shown in Figure 3(d), the
thickness of the carbon layer is about 2–3 nm in sample
L
0.985

M
0.015

FP/C, which is favorable to enhance the conduc-
tivity but does not affect intercalation/deintercalation of Li+
because Li+ can readily penetrate through the thin carbon
layer.

3.2. Electrochemical Performances. The first discharge curves
of LiFePO

4
/C and magnesium modified LiFePO

4
/C elec-

trodes at 1 C-rate are shown in Figure 4. According to results,
propermagnesiummodification efficiently enhances the spe-
cific capacity. Among all samples, sample L

0.985
M
0.015

FP/C
shows the best discharge property, whose first special capacity
is up to 163mAh g−1 much higher than the pristine one,
only 126.5mAh g−1. And the superfluous electrons, supplied
by Mg ion, increase the amount of electrons in electrode
material and advance the electronic conductivity in a further
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Figure 3: TEM images of LFP/C-M
2.5

(a) and (b), and L
0.985

M
0.015

FP/C (c) and (d).
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Figure 4: The first discharge curves of LiFePO
4
/C and magnesium

modified LiFePO
4
/C electrodes at 1 C.

step. Hence the electrochemical performance of LiFePO
4
/C

is improved by Mg substituting Li-site. But the negative
influence is gained when the doping level is high. The first

discharge capacity of L
0.97

M
0.03

FP/C is only 120.3mAh g−1. It
possibly owns to the replacement ofMg ion, which handicaps
Li+ diffusion when superabundant Mg2+ occupied lithium
channels [21].

The discharge capacity is also enhanced by a certain
amount of MgO coating, and it reaches 152.1mAh g−1 at 1 C
when MgO content is 2.5mol%. At the same time, MgO,
distributing on the surface of LiFePO

4
particles, prevents

electrolyte from corrupting active material and suppresses
electrolyte-induced thermal decomposition [18] to improve
the cyclic life of electrode, as shown in Figure 5.The discharge
capacity of sample LFP/C-M

2.5
does not fade after 100 cycles

at 1 C, whose retention ratio is up to 104.2%, while the
retention ratios of pristine and sample L

0.985
M
0.015

FP/C are
only 96.8% and 96.7%, respectively. But overmuchMgO coat-
ing also shows disadvantageous effect on electrochemistry
performance. The first discharge capacity is 122.7mAh g−1
when MgO content reaches 5mol%. It is conjectured that
redundant MgO should decrease Li+ diffusion rate because
Li+ has to get across the magnesia coating layer when it drills
through the interface of electrode and electrolyte.
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Figure 5: Cyclic performance of LiFePO
4
/C and magnesium mod-

ified LiFePO
4
/C electrode at 1 C.
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Figure 6: Rate capacity of LiFePO
4
/C and magnesium modified

LiFePO
4
/C at 1 C, 2 C, 5 C, and 10C.

Transport of electrons from the particle surface to current
collector is the critical step, particularly at high current
rate [22]. Therefore, the promotion effect by magnesium
modification is obvious at high current. As Figure 6 shows,
the average discharge capacity of pristine sample at 2 C,
5 C, and 10C is only 115.5mAh g−1, 82.5mAh g−1, and 32.4
mAh g−1, respectively. Both Mg doping and MgO coating
improve the rate capability of the electrode material. The
discharge capacity of sample LFP/C-M

2.5
is 145.2mAh g−1,

124.6mAh g−1, and 96.8mAh g−1 at 2 C, 5 C, and 10C,
respectively, while L

0.985
M
0.015

FP/C is 145.5mAh g−1, 128.3
mAh g−1, and 103.7mAh g−1. It indicates that Mg doping has

Table 2: Impedance parameters of samples.

Sample 𝑅ct (Ω) 𝐼
0
(mAh ⋅ g−1)

LFP/C 927.8 27.7

LFP/C-M2.5 352.3 72.9

L0.985M0.015FP/C 289.3 88.8

advantages over MgO coating in terms of improving rate
capability.

Constant current charge/discharge tests demonstrate that
the electrochemical performance of LiFePO

4
is efficiently

improved by both proper magnesium doping and magnesia
coating. Moreover, Mg doping is more prominent at prompt-
ing the capacity and rate capability of LiFePO

4
, while MgO

coating is good at improving cyclic performance.
Cycle voltammetry profiles reflect not only the electro-

chemical properties of active material, but also the activity
of the entire electrode. CV curves of samples LFP/C, LFP/C-
M
2.5
, and L

0.985
M
0.015

FP/C at a scan rate from 0.25 to 1mV s−1
are shown in Figures 7(a), 7(b), and 7(c), respectively. The
intensity and area of reduced and oxide peak increase with
the scan rate. The linear relationship of the peak current
as a function of square root of scan rate is illustrated in
Figure 7(d). Thus, the apparent diffusion coefficient can be
derived according to the following equation:

𝑖
𝑝
= (2.6 × 10

5
) 𝑛
2/3
𝐴𝐷
1/2

𝐿𝑖
𝐶
𝐿𝑖
V
1/2
, (1)

where 𝑖
𝑝
is the peak current (𝐴), 𝑛 is the charge transfer num-

ber which is one for the electrode reaction, 𝐴 is the contact
area between active material and electrolyte (approximate to
the surface area of electrode, 0.785 cm2), and V is the scan rate
(V s−1).

According to the relationship of 𝑖
𝑝
and V1/2 based on

(1), biases are painted in Figure 7(d). Apparent diffusion
coefficients of LFP/C, LFP/C-M

2.5
, and L

0.985
M
0.015

FP/C
are 2.99 × 10−11 cm2 s−1, 3.06 × 10−10 cm2 s−1, and 4.23 ×
10
−10 cm2 s−1, respectively. Sample L

0.985
M
0.015

FP/C gains the
highest value, consistent with the electrochemical perfor-
mance measurements.

Figure 8 shows the electrochemical impedance spectra
(EIS) of the LiFePO

4
/C andmagnesiummodified LiFePO

4
/C

electrode material after the 5th cycle. The EIS curves are
composed of a depressed semicircle in high-frequency region
and a straight line in low-frequency region. An intercept at
the 𝑍re axis in the high-frequency region corresponds to the
ohmic resistance of the electrolyte, followed by a semicircle
in the middle-frequency range, indicating the charge transfer
resistance, and a straight line in the low-frequency region,
related to the Warburg impedance due to the diffusion of
the lithium ion in the bulk of the electrode material. The
impedance spectra can be described by the equivalent circuit
presented in the inset picture, where 𝑅

𝑠
represents ohmic

resistance, 𝑅ct represents the charge transfer resistance,
𝑍
𝑤

represents the Warburg impedance, and the constant
phase element CPE is placed to represent the double-layer
capacitance and passivation film capacitance [23]. Fitting
results were analyzed by Zview-Impedance 2.80 software,
and 𝑅ct values are listed in Table 2. The charge transfer
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Figure 7: Cyclic voltammetry of LiFePO
4
/C (a) and magnesium modified LiFePO

4
/C (b), (c) in the voltage range of 2.4–4.2 V at scan rates

of 0.25, 0.5, 0.75, and 1mV s−1; (d) the relationship of peak current (𝑖
𝑝
) and the square root of scan rate (V1/2).

resistance is related to complex reaction of charge transfer
process between the electrolyte and the active materials
[24]. Compared with the pristine, 𝑅ct is obviously decreased
by MgO coating and Mg doping. The smaller the charge
transfer resistance is, the more feasible it is for lithium-ion
and electron transformation. It indicates that magnesium
modification is beneficial for active material to overcome the
restriction of kinetics in the charge/discharge process and
improve electrochemical activity. In addition, the promotion
effect fromMg doping is more effectual than MgO coating.

The exchange current density (𝐼
0
) is an important param-

eter of kinetics for an electrochemical reaction and can

measure the catalytic activity of electrodes. It is calculated
using the following formula:

𝐼
0
=

𝑅 ⋅ 𝑇

𝑛 ⋅ 𝑚 ⋅ 𝑅ct ⋅ 𝐹
, (2)

where 𝑅 is the gas constant (8.314 Jmol−1 K−1), 𝑇 is the
temperature (298K), 𝑛 is the charge transfer number per
molecule during the intercalationwhich is 1 for LiFePO

4
,𝑚 is

themass of activematerial on electrode, and𝐹 is the Faraday’s
constant (96,500Cmol−1). The calculated results are listed in
Table 2, and it can be clearly concluded that the magnesium
modified LiFePO

4
/C electrodes exhibit smaller 𝑅ct, 289.3,
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352.3 versus 927.8Ω, than pure LiFePO
4
/C.What is more, the

L
0.985

M
0.015

FP/C sample gives the highest value of exchange
current density (𝐼

0
), which is in prefect agreement with

its excellent electrochemical performance. The EIS results
indicate that surface modifying with an appropriate amount
of magnesium can improve the electrochemical activity of
LiFePO

4
/C composite.

4. Conclusion

Mg-doped and MgO-coated LiFePO
4
/C compounds were

synthesized through a simple solid-state method, and
the differences between super-valent cation doping and
metal oxide coating on enhancing the electrochemical of
LiFePO

4
/C material were analyzed. MgO particles, dis-

tributing on the surface of LiFePO
4
, improve the cyclic

performance of electrode, and the discharge capacity of
sample LFP/C-M

2.5
does not fade after 100 cycles. The

specific capacity and rate capability of LiFePO
4
are dramat-

ically increased by Mg doping, and the discharge capacity
of sample L

0.985
M
0.015

FP/C is 163mAh g−1, 145.2mAh g−1,
124.6mAh g−1, and 96.8mAh g−1 at 1 C, 2 C, 5 C, and 10C,
respectively. Thus, Mg doping is more prominent at prompt-
ing the capacity and rate capability of LiFePO

4
, while MgO

coating has an advantage at improving cyclic performance.
CV and EIS results demonstrate that apparent diffusion
coefficients, catalytic activity, and the reversibility of LiFePO

4

are improved by both Mg doping and MgO coating.

Acknowledgments

The authors are grateful for the financial support from
the Natural Science Foundation of Hebei Province
(B2012203069) and the support from the Education

Department of Hebei Province on Natural Science Research
Key Projects for Institution of Higher Learning (ZH2011228).

References

[1] A. K. Padhi, K. S. Nanjundaswamy, and J. B. Goodenough,
“Phospho-olivines as positive-electrode materials for recharge-
able lithium batteries,” Journal of the Electrochemical Society,
vol. 144, no. 4, pp. 1188–1194, 1997.

[2] Y. Liu, C. H. Mi, C. Z. Yuan, and X. G. Zhang, “Improvement
of electrochemical and thermal stability of LiFePO

4
cathode

modified by CeO
2
,” Journal of Electroanalytical Chemistry, vol.

628, no. 1-2, pp. 73–80, 2009.
[3] P. Gibot, C. Delacourt, P. Poizot, S. Levasseur, and C. Masque-

lier, “Room-temperature single-phase Li insertion/extraction in
nanoscale Li

𝑥
FePO

4
,” Electrochemical Solid-State Letters, vol. 7,

pp. 741–747, 2008.
[4] G. T. K. Fey, Y. G. Chen, and H. M. Kao, “Electrochemical

properties of LiFePO
4
prepared via ball-milling,”The Journal of

Power Sources, vol. 189, no. 1, pp. 169–178, 2009.
[5] J. Ma, B. H. Li, H. D. Du, C. J. Xu, and F. Y. Kang, “The

effect of vanadium on physicochemical and electrochemical
performances of LiFePO

4
cathode for lithium battery,” Journal

of the Electrochemical Society, vol. 158, no. 1, pp. A26–A32, 2011.
[6] Y. C. Ge, X. D. Yan, J. Liu et al., “An optimized Ni doped

LiFePO
4
/C nanocomposite with excellent rate performance,”

Electrochimica Acta, vol. 55, no. 20, pp. 5886–5890, 2010.
[7] S. Y. Chung, J. T. Bloking, and Y. M. Chiang, “Electronically

conductive phospho-olivines as lithium storage electrodes,”
Nature Materials, vol. 1, no. 2, pp. 123–128, 2002.

[8] J. W. Yao, F. Wu, X. P. Qiu, N. Li, and Y. F. Su, “Effect of CeO
2
-

coating on the electrochemical performances of LiFePO
4
/C

cathode material,” Electrochimica Acta, vol. 56, no. 16, pp. 5587–
5592, 2011.

[9] Y. Yang, X. Z. Liao, Z. F. Ma, B. F. Wang, L. He, and Y. S.
He, “Superior high-rate cycling performance of LiFePO

4
/C-PPy

composite at 55∘C,” Electrochemistry Communications, vol. 11,
no. 6, pp. 1277–1280, 2009.

[10] S.W. Oh, S. T.Myung, S. M. Oh, C. S. Yoon, K. Amine, and Y. K.
Sun, “Polyvinylpyrrolidone-assisted synthesis of microscale C-
LiFePO

4
with high tap density as positive electrodematerials for

lithium batteries,” Electrochimica Acta, vol. 55, no. 3, pp. 1193–
1199, 2010.

[11] G. T. K. Fey and T. L. Lu, “Morphological characterization
of LiFePO

4
/C composite cathode materials synthesized via a

carboxylic acid route,”The Journal of Power Sources, vol. 178, no.
2, pp. 807–814, 2008.

[12] Y. Jin, C. P. Yang, X. H. Rui, T. Cheng, and C. H. Chen, “V
2
O
3

modified LiFePO
4
/C composite with improved electrochemical

performance,”The Journal of Power Sources, vol. 196, no. 13, pp.
5623–5630, 2011.

[13] H. Liu and J. Y. Xie, “Synthesis and characterization of
LiFe
0.9
Mg
0.1
PO
4
/nano-carbon webs composite cathode,” Jour-

nal of Materials Processing Technology, vol. 209, no. 1, pp. 477–
481, 2009.

[14] Y. D. Li, S. X. Zhao, C. W. Nan, and B. H. Li, “Electrochemical
performance of SiO

2
-coated LiFePO

4
cathode materials for

lithium ion battery,” Journal of Alloys and Compounds, vol. 509,
no. 3, pp. 957–960, 2011.

[15] H. H. Chang, C. C. Chang, C. Y. Su, H. C. Wu, M. H. Yang,
and N. L. Wu, “Effects of TiO

2
coating on high-temperature



8 Journal of Nanomaterials

cycle performance of LiFePO
4
-based lithium-ion batteries,”The

Journal of Power Sources, vol. 185, no. 1, pp. 466–472, 2008.
[16] Y. Cui, X. L. Zhao, and R. S. Guo, “Enhanced electrochemical

properties of LiFePO
4
cathode material by CuO and carbon co-

coating,” Journal of Alloys and Compounds, vol. 490, no. 1-2, pp.
236–240, 2010.

[17] M.Mladenov, R. Stoyanova, E. Zhecheva, and S.Vassilev, “Effect
ofMg doping andMgO-surfacemodification on the cycling sta-
bility of LiCoO

2
electrodes,” Electrochemistry Communications,

vol. 3, no. 8, pp. 410–416, 2001.
[18] C. C. Chang, J. Y. Kim, and P. N. Kumta, “Synthesis and elec-

trochemical characterization of divalent cation-incorporated
lithium nickel oxide,” Journal of the Electrochemical Society, vol.
147, no. 5, pp. 1722–1729, 2000.

[19] W. S. Yoon, K. W. Nam, D. Jang et al., “Structural study of
the coating effect on the thermal stability of charged MgO-
coated LiNi

0.8
Co
0.2
O
2
cathodes investigated by in situ XRD,”

The Journal of Power Sources, vol. 217, no. 1, pp. 128–134, 2012.
[20] J. Zhai, M. S. Zhao, D. D. Wang, and Y. Q. Qiao, “Effect of

MgO nanolayer coated on Li
3
V
2
(PO
4
)
3
/C cathode material for

lithium-ion battery,” Journal of Alloys and Compounds, vol. 502,
no. 2, pp. 401–406, 2010.

[21] M. Wagemaker, B. L. Ellis, D. Lützenkirchen-Hecht, F. M.
Mulder, and L. F. Nazar, “Proof of supervalent doping in olivine
LiFePO

4
,” Chemistry of Materials, vol. 20, no. 20, pp. 6313–6315,

2008.
[22] W. J. Zhang, “Structure and performance of LiFePO

4
cathode

materials: a review,” The Journal of Power Sources, vol. 196, no.
6, pp. 2962–2970, 2011.

[23] G. X. Wang, L. Yang, Y. Chen, J. Z. Wang, S. Bewlay, and H.
K. Liu, “An investigation of polypyrrole-LiFePO

4
composite

cathode materials for lithium-ion batteries,” Electrochimica
Acta, vol. 50, no. 24, pp. 4649–4654, 2005.

[24] J. L. Liu, R. R. Jiang, X. Y. Wang, T. Huang, and A. S. Yu, “The
defect chemistry of LiFePO

4
prepared by hydrothermalmethod

at different pH values,”The Journal of Power Sources, vol. 194, no.
1, pp. 536–540, 2009.



Submit your manuscripts at
http://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in 

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

N
a
no

m
a
te
ri
a
ls

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal ofNanomaterials


