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PEO-PVDF composite binder was used to prepare lithium manganate positive pole piece and its phase
and morphology were characterized by X-ray diffractometer (XRD) and scanning electron microscope
(SEM). At the same time, CV, AC resistance and charge-discharge tests are used to perform
electrochemical performance tests. The results appearanced that the specific discharge capacity of the
battery declined from 113mAh / g to 88mAh / g after 150 cycles, and the Coulomb efficiency remains
at about 99%. And the CV curve almost coincides with 100 times, which indicates excellent cycle
performance.
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1. INTRODUCTION

Lithium-ion batteries have the advantages of large specific capacity, good rate performance, high
operating voltage, long cycle life, good safety performance, and ring mirror friendly. They are widely
used in 3C electronic products, electric vehicles, and new energy storage[1-5]. Spinel lithium manganate
(LiMn20s) has a three-dimensional tunnel structure and good lithium removal performance. It has rich
manganese resources, high discharge voltage, long cycle life, simple synthesis process, and good safety
performance. This is considered to be the cathode material of choice for large-scale lithium-ion battery
applications[6-9]. In the preparation of lithium batteries, the type and performance of the binder is critical
to the performance of the battery. Binder is one of the important auxiliary materials for lithium ion
batteries, which is mainly used in the preparation process of battery electrodes, and its dosage accounts
for 5% to 10% of the positive and negative active materials[10-12]. The role of the binder is to ensure
the uniformity and safety of the active material during the pulping process. Maintain the adhesion
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between the active material particles and the current collector, so that it can be wetted by the organic
electrolyte. The binder has good processing properties and is not easy to burn. It is stable to electrolyte
and has high electron ion conductivity. Low price and easy availability of raw materials are one of its
rare advantages[13-15]. In terms of the effect of binders on the safety of lithium-ion batteries, studies
have shown that when a slurry made of various binders is coated on copper foil without additives, the
effect varies depending on the binder. If the adhesive is not good, the black film will fall off in a large
area, which will seriously threaten the safety of the battery[16-17]. At present, polyvinylidene fluoride
(PVDF) is widely used in the industrialization of oil-soluble binders. In recent years, the application as
a binder in lithium batteries is the reason for its rapid growth in market consumption[18-19]. Factors that
affect the performance of PVDF homopolymer binders for lithium batteries include the molecular weight
and amount of PVDF added, the viscosity of the oil-soluble binder, the type of solvent, and the amount
of coupling agent added[9].

Among them, the important factor affecting the performance is the molecular weight of
PVDF[20]. If the molecular mass is too small, the amount of adhesive required will lead to poor bonding
performance; If the molecular mass is too large, the solubility in the dispersion solvent is not good, the
viscosity of the resulting slurry is too high and it is easy to form a gel, which is not conducive to mixing
and coating. Therefore, in the case of ensuring normal dissolution and operating without violating
regulations, high molecular weight PVDF should be used as much as possible. The average relative
molecular mass of PVDF for lithium-ion batteries is preferably greater than 100,000[21], which can
effectively reduce the amount of binder and improve the resistance of the electrode to the electrolyte
corrosion, thereby enhancing the performance of the battery. At present, the research focus of the
industrial application of oil-soluble binders is the modification of PVDF. The main modification
methods are the copolymerization method and the blending method. The copolymerization method uses
a small amount of second and third monomers to copolymerize with vinylidene fluoride (VDF) to
improve the performance of PVDF[22]. For example, monomers such as chlorotrifluoroethylene or
hexafluoropropylene are copolymerized with vinylidene fluoride. The blending method uses a mixture
of two or more polymers as a binder for lithium-ion batteries. This method mixes polymers with good
flexibility and viscoelasticity with P\VDF to make up for their deficiencies[23]. No matter what method
is used, it is mainly to reduce crystallinity, improve adhesion and appropriate molecular weight, and
solve the problem of electrolyte swelling. The blending method is simpler than the copolymerization
method, but selecting a second polymer with suitable properties matching the slurry system is the key to
success. Ningbo Institute of Materials Xue Lixin et al. conducted research on polymer blending of ionic
polymers PFSiLi and PVDF, and tested performance with lithium iron phosphate as the cathode material.
The cathode shows better reversibility due to the ion composite binder, which improves the high-rate
capacity and higher potential of the discharge platform at elevated temperature[24]; Zhejiang University
Xie Jian et al. used PANi / PVDF composite binder with CoShz as the active material. The results show
that the CoShs electrode with binary binder has a higher reversible capacity than the single PVVDF binder
in the initial cycle[25].

In this paper, lithium hydroxide (LiOH-H20) and manganese acetate (CsHsMnO4 - 4H,0) are
used as precursors to prepare LiMn2O4 cathode material by high temperature solid-state method. Using
PVDF binder and PVDF / PEO as composite binder to prepare two kinds of positive electrode sheet
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respectively. And through X-ray diffraction (XRD, D8Advance type, German Bruker company)
spectrum, scanning electron microscope (SEM, ZIGMA type, German Zeiss company), AC impedance
(EIS, CH1660E type electrochemical workstation, Shanghai Chenhua Instrument Co., Ltd.) spectrum,
Cyclic voltammetry (CV, CH1660E electrochemical workstation, Shanghai Chenhua Instrument Co.,
Ltd.) and battery tester (BTS4008W, Shenzhen New Will Electronics Co., Ltd.) analyzed the
electrochemical performance of PVDF and PVDF / PEO binder impact and its causes.

2. EXPERIMENTAL

Synthesis of spinel lithium manganate by high temperature solid-state method. Use lithium
hydroxide (LiOH-H20) as the lithium source and manganese acetate (CsHsMnOs - 4H,0) as the
manganese source. Weigh according to the stoichiometric ratio of LiMn2Os. Dissolve these in an
appropriate amount of deionized water, and then put them into a ball mill ball milling. Finally, the ball-
milled powder was placed in a muffle furnace and heated to 800 ° C at 5 ° C / min. Constant temperature
for 24 hours, after the temperature was cooled to room temperature, the powder was taken out and ground
to obtain spinel lithium manganate active material. Lithium manganate material, binder and conductive
carbon black are mixed in an appropriate amount of NMP (N-methylpyrrolidone) at a mass ratio of 8: 1:
1, where the binder PVDF and PVDF / PEO blend polymer ratio is 8: 2. After stirring uniformly, the
slurry is evenly coated on the aluminum foil current collector. The coated aluminum foil was dried in a
vacuum oven at 80 ° C for 12 hours to obtain an electrode sheet. And use the electrode sheet as the
working electrode, the lithium sheet as the counter electrode, and the cellgard 2400 polypropylene
microporous membrane as the separator. Using a mixed solvent of LiPFs + EC/EMC/DMC (volume ratio
1: 1: 1) with a composition of 1mol / L as an electrolyte, assemble a CR2016 type button cell in a glove
box filled with argon. The battery test system is used to test the charge and discharge performance of the
button battery. The voltage range is set to 3-4.3V, and the charge and discharge test is performed at 0.2
C current.

3. RESULTS AND DISCUSSION

3.1 Phase composition and morphology analysis

Using X-ray diffraction method to conduct phase analysis on the electrode sheet made of PVDF,
PEO and LiMn204, the XRD pattern of the scanning angle is set to 10° ~ 90°. It can be seen from Figure
1 that the characteristic peaks of the spinel LiMn2Oy4 electrode sheet are completely consistent with the
standard card PDF35-0782, and there are no PVDF and PEO peaks and other heterogeneous peaks. This
phenomenon indicates that the addition of PEO as a binder has been completely dissolved in the NMP
solvent. At this time, the low crystallinity of PEO did not affect the crystal structure of the LiMn204
electrode material, and thus did not affect the conductivity of the active material.
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Figure 1. X-ray diffraction pattern of electrode sheets made of PVDF, PEO and LiMn2Oa4.

In order to study the effect of the composite binder PVDF / PEO on the spinel LiMn2O4electrode,
a field emission scanning electron microscope was used to analyze the LiMn;O4electrode. It can be seen
from Figure 2 (a) that the sample particles all have a regular octahedral geometry, and the particle surface
Is smooth and round. This indicates that the lithium manganate prepared by the solid phase sintering
process has a good crystal structure and good conductivity. Figure 2 (b) shows that the LiMn2O4
electrode is relatively uniformly coated on the surface of the current collector, and micropores are
observed. This is mainly due to the evaporation of the solvent during the drying of the pole piece. The
addition of the polymer PEO connects the microstructures of the active materials to each other, thereby
improving the ionic conductivity. Research by Sajid Hussain Siyal et al. also showed that the addition
of PEO can improve the ionic conductivity and cycle stability of lithium-ion battery materials.[26]
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Figure 2. (a) SEM image of LiMn204electrode prepared with PVDF binder, (b) SEM image of LiMn204
electrode prepared with composite binder PVDF / PEO.

At room temperature, use a battery tester to test the charge and discharge of the assembled button
battery. The charge and discharge current density are set to 0.2C, and the charge and discharge cutoff
voltages are 4.3V and 3V, respectively. Figure 3 (a) shows the first charge-discharge curve of LiMn204
battery using PVDF binder and PVDF/PEO mixed binder. It can be seen from the battery charge and
discharge curve of the PVDF type binder that the first charge and discharge voltage platform is relatively
stable, and the platform appears at 4.2V. The first charge-discharge specific capacity was 97mAh/g and
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93.7mAh/g, and the charge-discharge efficiency was 96.5%. The higher charge-discharge efficiency
may be due to the sufficient contact between the electrolyte and the active material, resulting in a more
stable SEI film to ensure that the crystal structure of spinel LiMn204 is not easily collapsed when Li™ is
deintercalated, preventing irreversible cycling. Figure 3 (a) also shows that the LiMn2O4 battery with
PVDF/PEO hybrid binder has better first-time charge-discharge performance, the discharge specific
capacity is 112mAh/g, and the charge-discharge efficiency is 93%. During the discharge process, the
voltage slowly dropped, and the discharge curve began to steepen after 3.9V, and then the termination
voltage reached quickly, indicating that the battery has a high discharge voltage(>4.2V) and a good
discharge platform.It is consistent with the phenomenon that the electrochemical stability window of the
PVDF/PEO binary binder was observed in literature[24,27] is above 5.0 V. This is higher than widely
commercial application (4.2 V) for lithium ion batteries.

In order to verify the cycle performance of the battery, the assembled battery was tested for 150
charge and discharge cycles at a current of 0.2C at room temperature. Figure 3 (b) shows that the initial
discharge specific capacity of the PVDF binder battery is 93mAh/g, which is only maintained at
66mAh/g after 150 cycles, and the Coulomb efficiency remains at about 96%. However, after 150 cycles
of PVDF/PEO hybrid binder battery, the discharge specific capacity is reduced from 113mAh/g to
88mANh/g which implies that the reversible capacity of the binary binder PVDF/PEO is higher than that
of the single type PVDF[25], and the Coulomb efficiency is maintained at about 99% that is consistent
with the research conclusion of literature[28].This shows that compared with PVDF, the battery using
PVDF / PEO hybrid binder has more excellent cycle performance. It can be seen that the cycle
performance of the PVDF type battery is poor, which may be due to the decrease in the bonding strength
of the binder as the number of battery cycles increases. The shedding of the active material of the positive
electrode severely leads to a sharp increase in the internal resistance of the battery, resulting in a rapid
decline in the cycle specific capacity of the battery.

Fig.3 (c) (d) shows the AC impedance spectrum of the battery of PVDF type and PVDF / PEO
mixed binder respectively. The illustration is an equivalent circuit diagram for fitting the impedance and
analyzing the diffusion performance of the battery impedance. Among them, the straight line with a
slope of 45° in the low frequency region represents the diffusion impedance of Li*, which is mainly used
to evaluate the diffusion of Li* during battery charging and discharging. The semicircle from the high
frequency to the low frequency region represents the electrochemical transmission impedance, mainly
due to the impedance of the SEI film formed by the chemical reaction at the interface between the
electrode and the electrolyte. The semi-circular arc of higher frequency is the electrode reaction
impedance, and the intercept of the intersection point of the semi-circular arc at the high frequency end
and the real axis is the ohmic impedance of the battery. Figure 3 (c) shows that the ohmic resistance of
PVDF cells at 100 and 150 cycles is 962.7Q and 985.23Q, respectively. Figure (d) shows that the ohmic
resistance of the PVDF / PEO hybrid binder battery at 100 and 150 cycles is 37.13Q2 and 49.9Q,
respectively, and the impedance of the PVDF / PEO battery is significantly smaller than that of the PVDF
battery. In Figure (d), there are two semi-circular arcs, which are mainly caused by the blending of PEO
and PVDF polymer. The connection of the polymer chain provides more channels for Li* transportation,
which improves the migration efficiency of Li*.Consistent with the research conclusion of literature[29].
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Figure 3. The (a) first charge discharge curve (b) 150 charge discharge cycle test curve and (c)(d) AC
impedance spectrum of LiMn2Og4 battery prepared by PVDF binder and PVDF / PEO mixed
binder at 0.2C ratio.

Cyclic voltammetry is commonly used to study the redox process in electrode systems. The
electrochemical window of the electrode, the position of redox and the corresponding peak value can be
obtained by analyzing the CV curve to further evaluate the performance of the binder. Figure 4 (a) (b)
shows the cyclic voltammetry curves of LiMn2O4 battery with PVDF and PVDF / PEO binder
respectively. The scanning range of CV is 3.0 ~ 4.3V at 0.1mV / s. From Figure 4 (a) (b), we can see
that two redox peaks appear in the battery during the cycle, which correspond to the change of Mn®*
valence state. When the battery is in 100 cycles, Figure 4 (a) shows that the battery using PVDF binder
has oxidation peaks and reduction peaks around 3.9V / 4.1V and 4.1 / 4.24V, which indicates the process
of Li* detaching and inserting from the cathode material during charging and discharging of the battery.
From Figure 4 (b), the oxidation peak of LiMn2O4 battery with P\VDF/PEO binder appears around
4.0V/4.18V, and the reduction peak appears around 4.1V/4.22V. In contrast, the voltage platform for
battery discharge with PVDF / PEO binder has increased. After the battery has cycled 150 times, the CV
curve at 150 times in Figure (a) has a larger drop than the peak value at 100 times, indicating that its
cycle performance of the LiMn,QO4 battery with PVDF binder was not ideal. The 150-time CV curve
LiMn2Osin Figure (b) almost coincides with 100 times, indicating that the PVVDF / PEO binder LiMn204
battery has better cycle performance.
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Figure 4. Cyclic voltammetry curves of LiMn2O4 cells prepared with (a) PVDF binder and (b) PVDF /
PEO mixed binder at 0.1 mV /s.

4. CONCLUSIONS

Using PVDF / PEO as a composite binder to prepare a cathode using lithium manganate as the
active material, and compared with the ordinary cathode. The polymer chain of PEO does not have a
crystalline phase and does not affect the transmission of lithium ions. The presence of PEO not only
plays a role in enhancing the transmission of lithium ions, but also plays a role in interface protection.
The increase of the voltage platform and the improvement of the cycle performance both benefit from
the two benefits of PEO. The ohmic resistance of the PVDF / PEO hybrid binder battery at 100 and 150
cycles is 37.13Q and 49.9Q, respectively. The impedance of the PVDF / PEO battery is significantly
lower than that of the PVDF battery, thanks to the connection of the polymer chains produced by the
blending of PEO and PVDF polymer. This connection provides more channels for Li* transportation,
thereby improving Li* migration efficiency.
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