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Fig.6  (a) EIS profiles of LFCP/C-FP and LFCP/C-FO samples, the inset shows an equivalent circuit;

b) Relationship between Z,. and o™'? at low frequenc
p q Yy

impedance (Z,). The Nyquist plots are fitted by using
an equivalent circuit as inserted in Fig.6(a). A constant
phase element (CPE) is placed to represent the double
layer capacitance and passivation film capacitance™.
The calculated values of R, and R, for LFCP/C-FP
and LFCP/C-FO are listed in the Table 1. It seems
that the R, value of LFCP/C-FO (5.83 ()) is similar to
that of LFCP/C-FP (6.17 ). The main difference
between these two electrodes is the charge transfer
resistant (R,). The value of R, for LFCP/C-FO (48.75
Q) is much lower than that of LFCP/C-FP (110.9 (}),
which can be attributed to the uniform and full carbon
coating layer in the surfaces of primary particles. It
reveals that on one side, the higher specific surface
area is beneficial for the electrolyte to thoroughly
contact with the particle surface, which will facilitate
the Li* to travel from the electrolyte to the solid
material. On the other side, there are still connected
points between the primary particles (due to the
formation of the secondary particles), resulting in a
facile transfer of Li* and the electron in the solid
active material*!. Thus, it is also one of the main
reasons for the improved rate capability of LFCP/C-
FO. The lithium ion diffusion coefficient can be
Table 1 Electrochemical Kinetics parameters
obtained from the equivalent circuit
fitting of the EIS for the LFCP/C-FP
and LFCP/C-FO electrodes

Sample R.1Q R./Q D/ (cm?+s™)
LFCP/C-FP 6.17 110.9 2.08x10™
LFCP/C-FO 5.83 48.75 6.39x10™

calculated according the following equations™*:
D=(R’T"/(2A°n*F'C?0?) 1
Z.=R AR +ow™? (2)
Where D is the Li* diffusion coefficient (cm®+s™), R is
the gas constant (J-mol™-K™), T is the absolute temp-
erature (K), A is the contact area of the electrode (m?),
n is the number of the electrons per molecule, F' is
the Faraday constant (C-mol™), C is the concentration
of the lithium ion (mol-L™), Z,. is Li* diffusion resis-
tance in the electrode material (the real part of cell
impedance, ()), @ is angular frequency, and the o is
the Warburg coefficient which is equal to the slope of
the straight line as illustrated in Fig.6(b). The diffusion
coefficient (Table 1) is calculated to be about 2.08x10™
cm?+s™ for LFCP/C-FP and 6.39x107™ ¢cm?+s™ for LFCP
/C-FO, respectively. Therefore, it is reasonable to
conclude that the improvement of the electrochemical
reaction activity and ion diffusion are responsible for

remarkable rate performance and good cycle stability

of the LFCP/C-FO sample.
3 Conclusions

In conclusion, LiFey;CoosPOJ/C composites were
prepared by a facile rheological phase method via two
kinds of Fe sources of FePO,+4H,0 and FeC,0,+2H,0,
respectively. The as-obtained LiFe,5Co,sPO/C compo-
sites can be indexed as the typical olivine structure
without impurity phase. Benefiting from the smaller
average particle size and better dispersibility, the
specific surface area of LiFeysCoysPO/C applying
FeC)0, +2H,0 is up to 44 m?-g~', which implies a
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higher interfacial contact area between the active
particles and the electrolyte, as well as an increase in
its capacitance capability. Besides, it has fine carbon
coating effect with a uniform and full carbon layer of
~2.5 nm on the surface of nanoparticle, consequently
resulting in enhanced electrical conductivity of
materials and formation of a good protective layer
between active material and electrolyte. Therefore, as
cathode materials for LIBs, the sample via FeC,0, -
2H,0 as Fe reactant exhibits more excellent electro-
chemical properties, i.e., a high capacity of 137.5
mAh g™ at 0.1C and better cycle life. Based on this
study, it is demonstrated that the great effect of Fe
sources for the properties of LiFe(sCoysPO,/C compos-
ites. This report would provide critical guidance for the

preparation of LiFe Co, PO, solid solution materials.
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