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Abstract

LiNi,;Mn, ;O, (LNMO)/poly(3,4-ethylenedioxythiophene) (PEDOT) compo-
site cathode materials were prepared through in-situ polymerization of thio-
phene monomer (EDOT), with ammonium persulphate (APS) as oxidizing
agent, p-toluenesulfonic acid (PTSA) as dopant. The morphology, amount of
PEDOT coating, electrochemical properties of LNMO/PEDOT were characte-
rized by scanning electron microscopy (SEM), thermogravimetric analysis
(TGA) and galvanostatic charge and discharge tests. The results show that the
composite materials show better cycle performance than bare LNMO.
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1. Introduction

Rechargeable lithium-ion batteries are now expected to put into use in hybrid
electric vehicles (HEVs) and electric vehicles (EVs) [1] [2]. Unfortunately, the
specific energy density of the present commercialized lithium-ion battery can
hardly meet the requirements for practical applications [3]. In the current stu-
died cathodes for lithium-ion batteries, the LiNi,;Mn, ;O, which owns high op-
erating voltage (4.6 - 4.8 V), high theoretical capacity (147 mAh/g), high energy
density (658 Wh/kg) and good thermal stability [4] [5]. However, the high oper-
ational potential will cause the reactions between electrolyte and LNMO, and
form solid electrolyte interphase (SEI) layer, which will increase the cell imped-

ance and limit lithium ion diffusion resulting in capacity decline with cycling. In
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addition, Mn*" is apt to dissolve in the electrolyte at high potential, which leads
to structural instability of electrode materials [6] [7]. PEDOT has been consi-
dered as another type of potential additive to improve the cycling stability and
rate performance in lithium ion batteries due to the high electronic conductivity
and stability [8] [9]. Hereupon, we have prepared LNMO with PEDOT coating
that have better cycle performance through in-situ polymerization in an aqueous

solution.

2. Experiment Section

2.1. Preparation of Material

Firstly, a certain amount of EDOT was added to the p-toluenesulfonic acid solu-
tion with continuous stirring for 2 h. Then, in protection of nitrogen, the LNMO
and APS were added respectively into above solution and stirred for 12 h at 0°C.
During the synthesis process, the PEDOT layer was prepared through the oxida-
tive polymerization of EDOT using the APS as oxidant. Finally, the powder was
washed several times with distilled water and ethanol, and dried at 80°C over-
night to obtain the PEDOT/LNMO composite.

2.2. Materials Characterization

Thermogravimetric analysis (TGA, TA corporation Q60, heating rate is
10°C/min) was used to determine the PEDOT content. The crystal structures of
LNMO and PEDOT/LNMO samples were investigated by X-ray diffraction pat-
terns (XRD, Bruk-D8X with CuKa) at a scan rate of 3°/s from 10° to 90°. The
morphologies of the samples were observed by scanning electron microscopy
(SEM, HITACHI S-4800), the electrochemical properties were tested by con-
stant-current charge-discharge (LAND CT2001A) at 3 - 49 V.

2.3. Electrochemical Measurements

The electrochemical properties of the cathodes were tested by using CR2016 coin
cells. The electrode slurries were made by fully mixing 80 wt% active material, 10
wt% super-p, and 10wt% poly-(vinylidene fluoride) (PVDF) binder in N-Methyl
pyrrolidone (NMP) solvent. Lithium sheets, 1.2 M LiPF6 in 3:7 ethylene carbo-
nate—ethyl methyl carbonate (v/v), and micro-porous polypropylene film (Cel-
gard 2400) were used as anode, electrolyte and separator respectively. The coin

cells were cycled in the voltage range between 3 V and 4.9 V at 0.2 C at room.

3. Results and Discussion

The PEDOT content in the composite was determined by thermogravimetric
analysis is 1wt% [Figure 1(a)]. The samples were heated from 50°C to 700°C at
a rate of 10°C/min. The X-ray diffraction (XRD) data obtained from the bare
LNMO and the LNMO-PEDOT composites are displayed in Figure 1(b). The
LNMO and PEDOT/LNMO materials exhibit the same characteristic Li-
Ni,;Mn, ;O, peaks that two-theta are 18.7, 36.4, 38.0, 44.2, 48.5, 58.6, 64.4 and
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Figure 1. TGA curves, with the inset showing an enlargement of the indicated region (a);
X-ray diffraction patterns (b) of the samples.

67.7 contacted with crystal plane of (111) (311) (222) (400) (331) (511) (440) and
(531) respectively. There are not obviously different in the XRD images between
the bare LNMO and the PEDOT-coated LNMO composites was observed, de-
monstrating that the PEDOT wrapping layer does not change the spinel crystal-
line structure of LNMO.

Morphology of PEDOT/LiNi,;Mn, ;O, and bare LiNi,;Mn, O, was investi-
gated by SEM in Figure 2. It was seen that the surface of bare LNMO material
are very clean and smooth, and scanning electron micrographs show that this
sample is a well-crystallized spinel in Figure 2(a). By comparison, some layered
material on the surface of the 1 wt% PEDOT/LNMO composite was observed
[Figure 2(b)]. And the surface of the composite material is very rough. This in-
dicates that a relatively uniform PEDOT layer had been coated successfully onto
the outer surface of the LNMO.

Figure 3 compares the cycling performances of the bare LNMO and
PEDOT/LNMO electrodes at the 0.2 C rate and room temperature (25°C). The
bare LNMO suggests a discharge capacity of 125 mAh/g at the first cycle. The
discharge capacity continuously decreases and drops to 98.4 mAh/g after 100
cycles, so that only 78% capacity retention is achieved. In contrast, the discharge
capacity of 1wt-PEDOT/LNMO is 114 mAh/g after 100 cycles. There is 91.2%
respective capacity retention that takes on better cycle performance than bare
LNMO. It was demonstrated that PEDOT is an effective additive for improving
the electrochemical performance of the LNMO cathode material. The promising
electro-chemical performance of PEDOT/LNMO would be ascribed to two rea-
sons: 1) PEDOT is a conductive polymer and can work as a conductive additive,
thus improving the conductivity of LNMO; 2) The dissolution of transition met-
als into the electrolyte can be suppressed by the PEDOT layer.

4. Conclusion

LiNiysMn, ;,O, (LNMO)/PEDOT composite cathode materials were prepared by
in situ polymerization. After 1 wt% PEDOT coating, spinel crystalline structure
of LNMO is not changed. Discharge capacity continuously decreases and drops

to 98.4 mAh/g for bare LNMO. In contrast, reversible discharge capacities of
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Figure 2. SEM images of bare LNMO (a) and 1 wt%-PEDOT/LNMO (b).

140

120 _M\
= 100 My,
=z
ER A LNMO
%‘ e 1wt%-PEDOT/LNMO
o
S 60
o
<
® 40
Q.
w

20

o] T T T T g T T T T
0 20 40 60 80 100

cycle number

Figure 3. Cycle life of LNMO and 1wt%PEDOT/LNMO composites at the 0.2C rate.

114 mAh/g can be obtained for composite materials with 1 wt% PEDOT after
100 cycles at room temperature. It is suggested that the LNMO with 1 wt%
PEDOT coating shows better cycle life than bare LNMO.
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