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A B S T R A C T

The growth of Fe2P was successfully regulated in the inner surface of LiFePO4 by the control of the reductive gas
flow rate. The as-synthesized composites were characterized by XRD, XPS, TEM, and magnetic measurements.
The experimental results indicated that the Fe2P content of the samples increases with the increasing reductive
gas flow rate. Moreover, due to the effective conductive path from Fe2P, it was found that the moderate mod-
ified-Fe2P LiFePO4 sample had an excellent rate performance and cyclic stability under a high current density. It
was also confirmed that LiFePO4 decorated with a moderate amount of Fe2P shows a lower charge transfer
resistance and higher Li+ diffusion coefficient than that of the other samples examined in our investigation.
However, excessive Fe2P modification had a negative effect on the enhancement of the electrochemical per-
formance, which was mainly attributed to the large amount of available Fe2P; its non-electrochemical activity
sacrifices the specific capacity of the LiFePO4 material. This work provides a novel method to obtain high
performance by controlling the gas flow rate to optimize the amount of conducting Fe2P. Furthermore, the
potential relationship between the LiFePO4 material’s electrochemical and magnetic properties was investigated.
It was believed that the magnetic moment is a simple and sensitive method for detecting the electrochemical
performances of LiFePO4 electrode materials.

1. Introduction

Lithium iron phosphate (LiFePO4) is an important cathode material
used for lithium ion batteries because of its excellent safety perfor-
mance and long cycle life [1,2]. It is widely used in many applications,
such as cell phone batteries, energy storage power stations in large
shopping malls, and power storage systems for electric buses [3,4].
However, this material still has some problems that need to be solved.
Because of the poor electronic and ionic conductivity induced by the
intrinsic properties of the material [5], the specific capacity of batteries
and their capacity retention are unsatisfying, especially at a high cur-
rent density. Many strategies have been adopted to ensure that each
active particle is provided with a high conductivity to effectively fa-
cilitate electron and lithium ion transportation in the electrode, such as

the application of an amorphous carbon coating [6,7] and ion doping
[8,9]. The amorphous carbon coating on the surface of a particle not
only acts as a fast channel for electron transport but also (more im-
portantly) blocks the liquid electrolyte from penetrating into the active
material’s interior and consequently alleviates the solid-liquid inter-
facial reaction, which enables an excellent cycle stability of the LiFePO4

cathode. Ion doping, like carbon modification, can reinforce the lattice
structures of materials and enhance electrical conductivity.

Selecting an iron phosphide (Fe2P) compound as the surface mod-
ification layer of a material is an effective approach to further enhance
the rate performance of a LiFePO4 cathode at a high current density.
This is because the Fe2P compound has an excellent electrical con-
ductivity at room temperature. The carbon coating, sintering tem-
perature, sintering time, and reducing atmosphere are the main factors
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that contribute to the growth of Fe2P on a particle’s surface [10,11].
There were some studies on modifying the LiFePO4 cathode material
with a Fe2P conductive substance [12–15]. For example, Yin et al. [12]
successfully synthetized Fe2P and FeP composites on the surface of li-
thium iron phosphate particles using a high-temperature solid-state
method. As a result, the tap density of the material increased and its
specific capacity was dramatically enhanced (up to 100 mAhg−1 at a
current density of 10 C). Rahman et al. [14] reported that when fer-
romagnetic Fe2P was decorated on the surface of antiferromagnetic
LiFePO4, it created a strong interface coupling effect between the two
substances (the “exchange bias” effect). This effect directly reduces the

electron transfer resistance within the electrode, consequently enhan-
cing the specific capacity of the material. However, most of the in-
vestigations focused on the improvement in the electrochemical per-
formance of LiFePO4 through controlling the carbon coating content
and sintering temperature. The literature also lacks an evaluation of the
relationship between the magnetic properties and the electrochemical
performance of LiFePO4 materials. Interestingly, in addition to the in-
fluencing factors noted above, the velocity of the reducing atmosphere
(Ar/H2) has a big impact on the formation of Fe2P compounds. As far as
we know, there are few studies that examine this impact.

The mesoscopic-sized Fe2P compound on the surface of LiFePO4 was
fabricated in situ by adjusting the reductive gas flow rate. It was needed
to tailor the reducing atmosphere flow rate for the optimization of the
material’s electrochemical behavior. The experimental results revealed
that the appropriate Fe2P surface modification can induce a dramati-
cally improved rate performance and cycling stability of the material’s
cathode. Combined with the results of the electrochemical testing, the
detailed structural and morphological characterization indicate that the
content of the Fe2P production is proportional to the flow rate of the
reductive gas. Unlike the residual amorphous carbon that adhered to
the outer surface of the particles, the Fe2P compound was located on
the inner surface of LiFePO4. Fe2P provided a faster transfer channel for
electrons and later improved the electrochemical kinetic behavior of
the as-synthetized composite. Through the employment of different
reductive gas flow rates, we easily realized controllable Fe2P growth on
the surface of LiFePO4. It was distinct from the earlier study, where the
controlled growth of Fe2P required cumbersome crafting and high-en-
ergy consumption. The in situ mesoscopic size decoration of Fe2P on the
surface of LiFePO4 at 700 °C was simply accomplished by adjusting the
reductive gas flow rate rather than using the complicated carbon con-
tent control approach. This work provides insight into how the re-
ductive gas flow rate can affect the magnetic and electrochemical

Fig. 1. XRD patterns of LFP-AH16, LFP-AH40, LFP-AH60, LFP-AH120, and LFP-
AH160.

Fig. 2. Morphologies of the samples with (a) LFP-AH16, (b) LFP-AH40, (c) LFP-AH60, (d) LFP-AH120, and (e) LFP-AH160; (f) distribution ratio of each element for
five samples.
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performances of materials and offers guidance for the design of poly-
anionic electrode material preparation.

2. Experimental

2.1. Preparation of material

The LiFePO4 powders were synthesized using a solid-state reaction
route, where C2H3O2Li⋅2H2O, FeC2O4⋅2H2O, and NH4H2PO4 were used
as starting materials with a nonstoichiometric molar ratio of 1.02:1:1,
and 5 wt% sucrose (C12H22O11) was added as a reducing agent and
carbon source. First, the mixture materials were dispersed in acetone,
and then were milled for 48 h with a rotation speed of 400 rpm. To
remove excess acetone, the resultant product was dried in an oven at
60 °C. Subsequently, the dried mixtures were pre-treated by heating at
350 °C for 6 h and then calcined at 700 °C for 12 h under a shielding
gas. The protective and reducing gas consisted of 95% Ar and 5% H2.

The same heat treatment procedure was adopted for the preparation
of LiFePO4/Fe2P/C, where the mixed gas flow rates of 16, 40, 60, 120,

and 160 mL/min were applied; the obtained samples were marked as
LFP-AH16, LFP-AH40, LFP-AH60, LFP-AH120, and LFP-AH160, re-
spectively. A heating rate of 3 °C min−1 and natural cooling were used
in the calcination process.

2.2. Characterization of the material and cell fabrication

The crystalline phase of the synthesized samples was identified by
powder x-ray diffraction (XRD) with Cu Kα radiation
(λ = 0.15406 nm). The morphologies of the powders were observed
with a scanning electron microscope (SEM, Hitachi SU8010) using en-
ergy dispersive spectroscopy (EDS). The amount of carbon in the
powder sample was obtained by a thermogravimetric analyzer (Netzsch
STA409PC TA instrument) at a scanning rate of 5 °C min−1 with an air
flow of 40 mL min−1 from room temperature to 800 °C. The chemical
valence states of the as-prepared composites were analyzed by x-ray
photoelectron spectroscopy (XPS, Thermo Fisher ESCALAB 250Xi) with
an Al-Kα (1486.6 eV) excitation source. The Raman technique (Bruker
SENTERRA with 532 nm laser excitation) was used to obtain the spectra
of the samples’ surface. Magnetization measurements were performed
with a VSM (LakeShore EM7037/9509-P, USA), and the investigation
was conducted at 300 K on freeze-dried samples with applied magnetic
fields up to 0.9 T. The electrochemical measurements were carried out
using an assembly of 2025 coin-type cells, where the lithium metal was
treated as the anode and lithium iron phosphate was used as the
cathode. The work electrode was made by mixing the active material,
Super P, and polyvinylidene fluoride (PVDF) in a weight ratio of 8:1:1.
The electrolyte was 1 M LiPF6 in EC/DMC (1/1) solution. All cells were
assembled in an Ar-filled glove box. For the cycling test, the batteries
were charged at 10 C to 4.3 V and then discharged to 2.5 V at 10 C. The
rate performance evaluation of the sample was implemented at various
current densities. The electrochemical impedance spectroscopy (EIS)
was carried out in a frequency range from 10 mHz to 100 kHz with an
AC signal of 5 mV. All tests were performed at room temperature.

3. Results and discussion

The XRD patterns of the as-prepared samples are shown in Fig. 1.
The main diffraction peaks of the samples are in accordance with or-
thorhombic LiFePO4 (JCPDS Card No. 40-1499, space group Pmnb(62),
a = 6.018 Å, b = 10.347 Å, c = 4.703 Å) [16]. Evidently, there is a
weak peak at 40.1° for sample LFP-AH40 besides the typical LiFePO4

peaks, which is indexed to the Fe2P phase [17,18]. Fe2P has a high-
electronic conductivity of 10−1 S cm−1 [19]. It was suggested that the
formation of Fe2P at the grain boundaries of LiFePO4 can demonstrate a
remarkable increase of the electronic conductivity of LiFePO4 materials
[20]. Furthermore, it can be seen that the amount of Fe2P increases
with the gas flow rate by comparing the test results. When the gas flow
rate is up to 120 mL/min or 160 mL/min, a considerable amount of
Li3PO4 and FeP impurities appear in the final product.

The morphologies of the LiFePO4 calcined at different gas flow rates
are shown in Fig. 2(a)−(e), respectively. The SEM images illustrate that
the particle size and morphologies of the LiFePO4 material have no
major changes, even at different gas flow rates. All samples display a
homogeneous size in the range from 1 µm to 2 µm. Moreover, Figs. 1
and 2 show that the increase of the gas flow rate can effectively con-
tribute to the formation of Fe2P, while the morphologies of the LiFePO4

material mainly do not change. The content of the residual carbon on
the surface of materials was confirmed by thermogravimetric analysis.
As shown in Fig. 3(a), the residual carbon content in the final product is
about 3.1 wt%. Covering the surface of particles with residual carbon is
conducive to suppressing the overgrowth of the LiFePO4 particle size,
which plays a significant role in enhancing the electrical conductivity
and lithium ion diffusion [21,22]. Fig. 2(f) displays the distribution
ratio of each element for samples LFP-AH16, LFP-AH40, LFP-AH60,
LFP-AH120, and LFP-AH160. Compared to LFP-AH16, LFP-AH160
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Fig. 3. (a) Thermogravimetric curve of LiFePO4 material; (b) Raman spectra of
LFP-AH16, LFP-AH40, LFP-AH60, LFP-AH120, and LFP-AH160.
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shows more Fe-rich and P-rich regions, indicating the presence of more
Fe2P.

The Raman spectra of LFP-AH16, LFP-AH40, LFP-AH60, LFP-
AH120, and LFP-AH160 shown in Fig. 3(b) were used to evaluate the
structural properties of the residual carbon coating on the surface of
composite material. The two main double peaks observed at
1339.2 cm−1 and 1598.5 cm−1 are assigned to the D-band (K-point
phonons of A1g symmetry) and G-band (E2g phonons of C sp2 atoms),
respectively [23]. The G-band is associated with the existence of gra-
phite carbon, whereas the D-band is attributed to disorders or defects in
the graphite structure. The intensity ratio between the D peak and G
peak can be used to determine the graphitization degree of the carbon
material. By comparison, the Raman peak intensity ratio of each sample
has no evident difference, implying that the as-prepared samples have a
similar carbon structure.

For deeper insights into the microstructure of the composite mate-
rials, the TEM images of the LFP-AH40 were evaluated, as shown in
Fig. 4(a) and (b). The lattice fringe of LiFePO4 is clearly distinguished in
the magnification of the local area. Its interplanar distance is 0.34 nm,
corresponding to a (1 1 1) crystallographic plane. A layer of amorphous
carbon with a thickness of about 2 nm is observed on the surface of
LiFePO4 particle. In addition, the electron diffraction (SAED) pattern in
the selected area of the sample exhibits distinct diffraction spots, re-
vealing the LiFePO4 particle is characteristic of a single crystal. In the
inner part of the LiFePO4 particle surface, the spacings of the lattice
fringe are 0.22 nm and 0.19 nm, respectively. They correspond to the
(1 1 1) and (2 1 0) crystallographic planes of the conductive phase Fe2P,
respectively (marked with green and purple). The formation of these
nano Fe2P particles is mainly due to the inner surface of LiFePO4 being
reduced via the cooperation of the reductive gas and carbon coating.

The XPS technique is a suitable characterization tool for in-
vestigating the chemical valence state of the material. Due to the spin-
orbit coupling, the Fe2p spectrum displayed in Fig. 5(a) splits into two
peaks at 710.2 (Fe2p3/2) (marked as peak 2) and 723.0 eV (Fe2p1/2)
(marked as peak 4), and is accompanied with the corresponding sa-
tellite peaks at 713.5 (marked as peak 3) and 727.0 eV (marked as peak

5), which is consistent with the observed spectra of the LiFePO4

[24,25]. Moreover, Fig. 5(b)−(e) shows that the intensity of the peak at
707.4 eV (marked as peak 1) corresponds to the phase of Fe2P [10], and
it is being gradually enhanced with the increasing reductive gas flow
rate. By calculating the peak area ratio of Fe2P (707.4 eV) and LiFePO4

(including Fe2p3/2 (710.2 eV) and Fe2p1/2 (723.0 eV)), the content of
Fe2P in LFP-AH40, LFP-AH60, LFP-AH120 and LFP-AH160 were iden-
tified. The calculated results indicated that the ratios of the Fe2P phase
generated on the surface of samples LFP-AH40, LFP-AH60, LFP-AH120,
and LFP-AH160 are about 2.62 wt%, 3.19 wt%, 4.13 wt%, and 9.55 wt
%, respectively. Moreover, notable changes are also observed in the P2p
spectra with the increasing reductive gas flow rate. As shown in
Fig. 5(f)−(j), the peaks located at 133.0 eV and 134.0 eV correspond to
phosphate. The peaks at 128.5 eV and 130.1 eV belong to phosphide.
The intensity of the peaks related to phosphide is evidently enhanced
with the increasing gas flow rate, indicating the increased content of
Fe2P. This is consistent with the result in Fig. 1.

Fig. 6(a) exhibits the charge–discharge profile of LFP-AH16, LFP-
AH40, LFP-AH 60, LFP-AH120, and LFP-AH160 at 0.2 C (1 C = 170
mAhg−1). When the samples were tested at a low current density, the
charge/discharge curves showed flat plateaus around 3.48 V vs. Li/Li+,
which corresponds to the characteristic charge/discharge work voltage
of LiFePO4. The discharge capacities for LFP-AH16, LFP-AH40, LFP-
AH60, LFP-AH120, and LFP-AH160 are 149.8, 155.8, 141.9, 100.7, and
96.2 mAhg−1, respectively. These results were attributed to the low
density current, and the polarization phenomenon of the samples was
not prominent. In comparison with the other samples, LFP-AH40 dis-
plays an enhanced capacity due to the involvement of the Fe2P con-
ductive phase. However, the modified LiFePO4 exhibits a considerable
loss of capacity with the further increase of the Fe2P content. Excessive
Fe2P modification has a negative effect on the enhancement of
LiFePO4′s electrochemical performance.

Fig. 6(b) shows the rate capability of LFP-AH16, LFP-AH40, LFP-
AH60, LFP-AH120, and LFP-AH160 at room temperature. The rate ca-
pacity of LFP-AH40 reaches 155.8, 152.3, 144.9, 137.1, 124.9, and 115
mAhg−1 at 0.2 C, 0.5 C, 1 C, 2 C, 5 C, and 10 C, respectively. By

Fig. 4. (a) TEM image of LFP-AH40, (b) area enlargement of a TEM picture of LFP-AH40, (c) electron diffraction (SAED) pattern of the selected area, (d) (1 1 1) and
(e) (2 1 0) crystallographic planes of Fe2P.
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comparing these results to those of the other samples, there is no doubt
that LFP-AH40 has a better rate performance. It is further suggested
that a suitable Fe2P modification has a favorable effect on improving
the rate capability of the LiFePO4 materials, resulting from the effective
conductive network provided by Fe2P. However, the excessive Fe2P
formation on the surface of LiFePO4 is detrimental to the material’s
electrochemical performance. This outcome is mainly due to the non-
electrochemical activity of Fe2P, which can lead to the specific capacity
decrease of the material. As a result, LFP-AH160 exhibits a lower spe-
cific capacity than that of pure LFP-AH16. In addition, it was found that
LFP-AH160 maintains a good rate performance at a high current den-
sity, which is due to the superior conductivity of Fe2P. Apparently, the
introduction of Fe2P with its excellent electronic conductivity con-
tributes to an enhanced rate capability of the composite material.

As shown above, the enhancement of the material’s electrochemical
performance is associated with the Fe2P decoration, which offers
abundant channels for electron transfer. To estimate the effect of the
conductive improvement on the cycle performance of the sample at a
high current, we displayed the long-term cycle life performance of LFP-
AH40 at the 10 C charge/discharge rate (Fig. 6(c)). LFP-AH40 has a
superior rate performance with a stable cycle. The capacity of the
composite electrode shows almost no loss, even after 300 cycles at a 10
C charge/discharge rate, which is similar to the previous experimental
results where Fe2P improved the cycling performance and rate cap-
ability [26,27]. The existence of a small amount of Fe2P on the surface
of particles could effectively improve the cycling life of the LiFePO4

material.
The typical impedance spectra of samples LFP-AH16, LFP-AH40,

LFP-AH60, LFP-AH120, and LFP-AH160 cycled at 25 °C and 2 C in the
fully discharged state are shown in Fig. 7(a). In the figure, a depressed
semicircle and a straight line make up the Nyquist plot. The intercept of
the depressed semicircle in the high-frequency region is indicative of
the surface resistance, which is associated with lithium ion migration
through the SEI film (Rsf). The depressed semicircle intercept in the
medium frequency region directly points to the charge transfer re-
sistance at the solid-film interface (Rct). The straight line in the low

frequency region refers to the Warburg impedance. A simulation of the
equivalent circuit (inset of Fig. 7(a)) was used to obtain the fitted re-
sults of Rs (solution resistance), Rsf, and Rct listed in Table 1. Re-
markably, the Fe2P modified samples have lower Rsf and Rct values than
the pure sample, indicating that the Fe2P composite introduction favors
the decrease of the charge transfer resistance of the material due to its
excellent conductivity. However, the Rsf and Rct values of the decorated
composite gradually become larger with the increasing amount of Fe2P.

Fig. 7(b) presents the relationship between Z′ and ω−1/2 at a low
frequency at 25 °C for LFP-AH16, LFP-AH40, LFP-AH60, LFP-AH120,
and LFP-AH160. The lithium ion diffusion coefficient (DLi) was ob-
tained using the following theoretical Equations ((1) and (2)):

′ = + + −Z R R σω ,ct e
1/2 (1)

=D R T
A n F C σ2

,Li
Li

2 2

2 4 4 2 2 (2)

where Z′ indicates the total resistance of the charge transfer resistance
(Rct) and solution resistance (Re); σ refers to the Warburg factor; ω
stands for the angular frequency; R signifies the gas constant; T re-
presents the absolute temperature; n is the number of electrons per
molecule during the redox process; and A, F, and CLi denote the surface
area of electrode, the Faraday constant, and the concentration of the
lithium ion, respectively. The DLi values of LFP-AH16, LFP-AH40, LFP-
AH60, LFP-AH120, and LFP-AH160 are shown in Table 1. Compared to
the other samples, LFP-AH40 has the highest Li diffusion coefficient,
indicating the involvement of a moderate amount of Fe2P contributes to
the improvement of the lithium ion transfer kinetics in the electrode.
When the sample is modified by too much Fe2P, the Li+ diffusion
coefficient of the composite is reduced. Therefore, the superabundant
Fe2P decoration is not conducive to Li+ transfer.

The magnetization M(H) is the superposition of two contributions,
which are the intrinsic part (χmH) and extrinsic component (Mextrin):

= + =M H χ H M M Nnμζ ξ( ) ; ( )m extrin extrin (3)

Here, ζ ξ( ) is the Langevin function, and N is the number of magnetic
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clusters. Each cluster is made of n magnetic moments μ. The non-line-
arity of the M(H) curves is a signature of the ferromagnetic impurities
[28,29]. Fig. 8(a) shows the hysteresis curves of LFP-AH16, LFP-AH40,
LFP-AH60, LFP-AH120, and LFP-AH160 at 300 K. The hysteresis curves
of the other four samples at 300 K are clearly seen in the figure, except
for that of LFP-AH16. The hysteresis curve in the present case indicates
the existence of ferromagnetism, which results from maghemite (Fe2P).
Moreover, the moment of pure LFP-AH16 is near 0, while the moments
of the other 4 samples increase gradually with the increasing reductive
gas flow rate, indicating the enhancement of the Fe2P content. LFP-
AH40 displays the best electrochemical performance, which is due to
the presence of moderate Fe2P in the composite material that provides a
conductive path for the effective transfer of electrons. However, too

much Fe2P modification has a negative effect on the amelioration of the
material’s electrochemical performances. On the one hand, lots of Fe2P
generation can sacrifice the specific capacity of the material; On the
other hand, it is possible that excessive Fe2P modification impedes the
migration of lithium ion, leading to the degradation of the battery
performance. Therefore, it is imperative to eliminate excessive mod-
ification. In the reducing gas with 95% Ar and 5% H2, the magnetic
moment of the prepared samples is highly sensitive to the produced
magnetic substance (Fe2P), even though this substance’s magnetism is
very weak. The magnetization measurement indicates the accurate
regulation of the Fe2P content in the sample can be easily achieved,
which means that our approach is an effective method to prepare the
optimum LiFePO4 electrode materials. Therefore, it is significant that,
by measuring the moment of the LiFePO4 composite material, the op-
timum in-situ Fe2P surface modification can be sensitively controlled to
optimize the material’s performance.

Fig. 8(b) shows the schematic illustration of the Fe2P decorated
LiFePO4. Fig. 4(b) shows that Fe2P homogeneously appears in the inner
surface layer of the LiFePO4 material. The effective electric conductive
pathway exists between active particles, contributing to the enhance-
ment of the material’s electrochemical performances at a high current
density. The introduction of a moderate amount of Fe2P is beneficial to
the transfer kinetics of the lithium ion within the electrode. However,
the superabundant Fe2P in the material’s inner surface has a negative
impact on the material performance, which is reflected in LFP-AH160′s
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Fig. 7. (a) Typical impedance spectra of LFP-AH16, LFP-AH40, LFP-AH60, LFP-
AH120, and LFP-AH160 cycled at 25 °C and 2 C in the fully discharged state; (b)
Relationship between Z′ and ω−1/2 at the low frequency at 25 °C for LFP-AH16,
LFP-AH40, LFP-AH60, LFP-AH120, and LFP-AH160.

Table 1
Values of Rs, Rsf, Rct, and DLi for LFP-AH16, LFP-AH40, LFP-AH60, LFP-AH120,
and LFP-AH160.

LFP-AH16 LFP-AH40 LFP-AH60 LFP-AH120 LFP-AH160

Rs 6.73 Ω 2.85 Ω 4.19 Ω 4.5 Ω 4.64 Ω
Rsf 3.9 Ω 3.26 Ω 6.85 Ω 10.3 Ω 53.2 Ω
Rct 498.9 Ω 96.81 Ω 249.4 Ω 252.3 Ω 269.4 Ω
DLi 1.38e−14 4.9e−14 2.82e−14 0.76e−14 0.077e−14

-20000 -10000 0 10000 20000

-1.0

-0.5

0.0

0.5

1.0

M
om

en
t (

em
u/

g)

Magnetic Field (Oe)

 LFP-AH16
 LFP-AH40
 LFP-AH60
 LFP-AH120
 LFP-AH160

(a)

(b)

(c)

Fig. 8. (a) Hysteresis curves of LFP-AH16, LFP-AH40, LFP-AH60, LFP-AH120,
and LFP-AH160 at 300 K; (b) Schematic illustration of the Fe2P decorated
LiFePO4; (c) Phenomenological resistance model image of the composite ma-
terial modified by Fe2P. (RLFP, RC, and RFe2P are indicative of the LiFePO4

material’s resistance, carbon resistance, and Fe2P resistance, respectively.)
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low specific capacity at a high current density. This is because a large
amount of non-electrochemical activity from Fe2P can sacrifice the
specific capacity of the LiFePO4 material. In addition, superabundant
Fe2P decoration may hinder the lithium ion diffusion path, contributing
to the poor electrochemical performances. Magnetic measurement is a
feasible technology to monitor the growth of Fe2P within the LiFePO4

material and effectively avoid excessive Fe2P modification that affects
the electrochemical performance of the material. Fig. 8(c) exhibits the
phenomenological resistance model image of the composite material
modified by Fe2P. RLFP, RC, and RFe2P are indicative of the LiFePO4

material’s resistance, carbon resistance, and Fe2P resistance, respec-
tively. The total resistance relies on the low resistance component in the
parallel circuit model. The total resistance of the LiFePO4 composite’s
value is reduced by the presence of Fe2P with its low conductivity. This
is also a reasonable explanation for the improvement of LFP-AH40.

4. Conclusions

The LiFePO4-Fe2P composite was prepared by controlling the flow
rate of the reductive gas. As confirmed by TEM, the conductive phase of
Fe2P was formed in the inner surface of LiFePO4 due to the common
reduction of the reductive gas and carbon coating. In addition, the
growth of Fe2P occurred rapidly as the amount of reductive gas in-
creased. However, not all Fe2P modification contents are helpful due to
its non-electrochemical activity. When the reductive gas flow rate was
40 mL/min, the modified LiFePO4 displayed a higher specific capacity
and lower charge transfer resistance, indicating that the introduction of
suitable Fe2P with a high conductivity was beneficial to the establish-
ment of a high-efficiency conductive network. As shown in the ex-
perimental results, it is imperative to eliminate excessive Fe2P mod-
ification to further improve the performances of the material. The
magnetization was highly sensitive to magnetic substances, and Fe2P is
a ferromagnetic substance, so the accurate regulation of the Fe2P con-
tent in the samples was easily realized by magnetic measurement.
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