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Ef fect of Dif ferent Binder Proportions on Properties of 
Silicon-based Anode Materials

Abstract: With the development of lithium-ion battery technology, silicon anode is deemed as an ideal next-generation anode materials 
by virtue of its extremely high specific capacity. Nevertheless, higher requirements are raised for the properties of the binder owing 
to the high volume change rate of silicon anode during charging and discharging and the thickening of SEI film. In respect of the 
binders such as polyacrylic acid (PAA), polyvinyl alcohol (PVA), sodium alginate (Alginate), sodium carboxymethylcellulose (CMC) in 
possession of large-scale application value, this paper studies the effects of different binders and mixed binders with different ratios on 
the properties of silicon anode materials. As a result, it is suggested that the binders acquired when PAA:PVA=9:1 can render it possible 
for the electrode to be provided with better charge-discharge cyclic performance.
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Introduction
With regard to the key factor influencing the development of the 
properties of lithium batteries, it is attributable to the development 
of anode and cathode materials [1-3]. On the anode side, traditional 
graphite electrodes will produce no volume effect during charge 
and discharge, and the properties of binders exert no significant 
influence on the charge-discharge cyclic performance [4-6]. With 
the development of high-capacity silicon materials, silicon-based 
materials have aroused more and more concern and a large amount 
of research has been carried out, but there is a huge volume effect 
in silicon materials [7-9]. Thus, silicon-based materials raise 
comparatively high requirements for binders; with an intent to gain 
stable cyclic performance of silicon materials, it is requisite to explore 
and study silicon-based binders [10,11].

In view of the fact that traditional binders, such as PVDF, can no 
longer be in line with the application requirements of silicon-based 
materials. To address this problem, upholding the concept of green 
environmental protection and abandoning the dependence on the 
binder of organic solvent system, this experiment chiefly probes into 
water-based binders; NanoSi and graphite are taken as active materials, 

and acetylene black is regarded as conductive agent. With reference to 
previous literature research, water-based binders studied by researchers 
currently include polyacrylic acid (PAA), polyvinyl alcohol (PVA), 
sodium alginate (Alginate), sodium carboxymethylcellulose (CMC), 
guar gum, xanthan gum, etc.; in comparison with the traditional 
binder PVDF, the cyclic performance of these binders is enhanced to 
varying degrees [12-14]. Enlightened by previous literature, the above-
mentioned binders will be used alone in this paper, or two kinds of 
binders with different properties and different functional groups are 
mixed in a certain proportion as a new composite binder and mixed 
with active materials for coating, and then the effects of different 
binders on electrode performance are compared, with a view to find a 
binder that can effectively alleviate the volume effect of silicon-based 
materials and enhance their cyclic performance.

Results and Discussions
With NanoSi/graphite as active material and acetylene black as 
conductive agent, in this experiment, it is required to study the effect 
of different binders on the cyclic performance of active materials 
when such binders are mixed with the above-mentioned materials 
respectively. The material composition in the electrode is stated 
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below: nano Si/graphite active material: conductive agent of acetylene 
black: binder =7:1.5:1.5, and the particle size of nano Si is less than 
200nm; therein, in the nano Si/graphite active materials, the mass 
ratio of nano-Si and graphite is 28.57% and 71.43%, respectively. The 
binders used in the experiment are polyacrylic acid (PAA), polyacrylic 
acid and polyvinyl alcohol composite binder: polyacrylic acid 
(PAA): polyvinyl alcohol (PVA)=9:1, PAA:PVA=8:2, PAA:PVA=7:3, 
PAA:PVA=6:4 (weight ratio), sodium alginate (Alginate), sodium 
carboxymethylcellulose (CMC), PVDF. 

Based on the above ratio, weigh all kinds of materials, grind, mix 
and coat them. The vacuum drying process of the coating with the 
composite binder of polyacrylic acid and polyvinyl alcohol is divided 
into two stages: dry it at 100°C for 5h and then dry it at 150°C for 1h, 
so that the carboxyl groups of polyacrylic acid and hydroxyl groups of 
polyvinyl alcohol react to form ester bonds. Assemble all types of pole 
pieces into batteries to test all types of electrochemical properties, and 
compare the effects of different binders on the cyclic performance of 
silicon-based materials, as presented in Figure 1. 

Figure 1: Comparison of cyclic performance of different binder with 
NanoSi/graphite as active material.

Figure 1 is a comparison chart of cyclic performance of different 
binders with nano-Si/graphite as active material. Table 1 indicates 
reversible capacity and first coulombic efficiency of different binders 
with nano-Si/graphite as active materials. As the content of Si in 
nano-Si/graphite active materials is 28.57%, and the proportion of 
graphite is 71.43%, the theoretical capacity of the composite material 
is calculated to be 1467.1mAh/g. Figure 1 indicates that when PVDF 
is used as a binder in combination with nano-Si/graphite active 
materials, the cyclic performance is distinctly inferior to other water-
based binders, and the capacity is only 111.9mAh/g after 50 cycles, 
while the binding performance of pure PAA as a binder is similar to 
CMC; when PAA and PVA are compounded in a certain proportion, 
the cycle performance of the electrode will be obviously enhanced, 
because they will be combined with each other by ester bond after 
being compounded at a certain temperature, and the hydroxyl group 
of polyvinyl alcohol will form hydrogen bond with the surface of 
nano-silicon, so that the binder and nano-Si will be firmly combined; 
therein, when the ratio of the composite binder PAA-PVA is 8:2 and 
7:3, the bonding capacity is similar to that of sodium alginate (Alg). 
When the ratio of PVA in the composite binder PAA-PVA is further 
increased, that is, PAA:PVA=6:4, although the electrode shows 
good cyclic performance before 20 cycles, the subsequent capacity 
will decrease sharply; this is because PVA itself is brittle, and when 
the proportion of PVA in the composite binder is too high, it will 
reduce the flexibility of the composite binder, make the binder lose 
its capability to buffer the volume expansion of silicon, and shorten 
the cycle life of the electrode. In comparison, when PAA:PVA=9:1, the 
composite binder boasts the best cyclic performance, and the capacity 
is 365.1mAh/g after 50 cycles of charge and discharge. At this ratio, the 
composite binder is characterized by the best flexibility and viscosity, 
and the binder network formed by PAA and PVA through ester bond 
can form the best contact state with nano-Si. 

Table 1: The reversible capacity and initial coulombic efficiency of different binder with NanoSi/graphite as active material.

 PAA 09:01 08:02 07:03 06:04 Alg CMC PVDF

1st cycle (mAh/g) 1119.3 1016.5 994.1 1070.3 1147.2 1036.5 1190.4 673.9

50th cycle (mAh/g) 241.2 375.9 265.8 313.3 71 345.6 261.3 111.9

Initial coulombic efficiency (%) 74.4 72.2 74.5 66.4 71.8 72 74 63.5

Figure 2 is the charge and discharge curve of different binders with 
nano-Si/graphite as active material in the first three cycles, Figure 2a is 
a charge-discharge curve of PVDF as binder for the first three cycles, 
and the binder used in Figure 3b is at a ratio of PAA:PVA=9:1. It can 
be learned from Figure 2a that a comparatively long voltage platform 
appears around 0.5V during the first discharge cycle, and this voltage 
platform disappears in the subsequent cycle, thus corresponding to 
the formation of SEI film on the material surface; Figure 2b reveals 
that the discharge voltage platform appears at about 0.2V in the first 
cycle, and this platform disappears in the subsequent cycle, which also 
corresponds to the formation of SEI film on the material surface. It can 
be observed from the figure that the charge capacity undergoes obvious 
changes in the first three cycles when PVDF is taken as binder, and the 
charge capacity does not change basically in the first three cycles when 
PAA:PVA=9:1 is used as binder, which suggests that PAA:PVA=9:1 can 
make the electrode provided with stable electrochemical performance.

Figure 3 is cyclic voltammetry (CV) curve of nano-Si/graphite as 
active material with different binders in use. Figure 3a shows a weak 
reduction peak at about 1.29V and a comparatively wide reduction 
peak at about 0.54V during cathode scanning with binder PVDF from 
2.74V(vs.Li/Li+) to 0V in the first cycle. The reduction peaks at 1.29V 
and 0.54V disappear during the subsequent cycle, corresponding to 
the formation of SEI film on the surface of the material while the 
oxidation peak appears at about 0.37V, which corresponds to the 

lithium removal process of active materials. In Figure 3b, binder is used 
with PAA:PVA=9:1, and the reduction peaks appear at about 0.66V 
and 0.17V during the cathodic scanning from 2.0V(vs.Li/Li+) to 0V 
in the first cycle, and the two peaks disappear during the subsequent 
cycle, corresponding to the formation process of SEI film of solid 
electrolyte. Oxidation peaks at about 0.30V and 0.50V correspond to 
the lithium removal process of active materials. 
Figure 4 is the AC impedance spectrum of nano-Si/graphite as active 
materials using different binders. The cell impedance (Rcell) of Li-ion 
battery includes electrolyte impedance (Rs), charge transfer impedance 
(Rct or electrochemical reaction impedance) at the interface between 
electrode and electrolyte, and diffusion Warburg impedance (Zw) of 
lithium ions near the interface between electrode and electrolyte. 
Wherein, the reaction at the interface of Li-ion battery will incur 
the increased battery impedance and the decreased capacity of 
anode materials. It can be learned from Figure 4 that the impedance 
spectrum of the composite electrode is made up of a semicircle in the 
high frequency zone and a diagonal line in the low frequency zone. To 
be specific, the intersection of impedance spectrum curve and Z’ axis 
in high frequency zone is Rs, the semicircle in high frequency zone 
stands for Rct, and the diagonal line in low frequency zone corresponds 
to Zw. The Rct of PVDF with nano-Si/graphite as active materials and 
PAA-PVA 9:1 as binder electrode is 38.6Ω and 44.0Ω respectively. 
Thus, different binders exert no distinct impacts on the charge transfer 
impedance.

https://doi.org/10.51626/ijeti.2021.02.00011
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Figure 2: The first three charge–discharge curves of binder(a)PVDF (b)PAA-PVA 9:1 with NanoSi/ graphite as active material.

Figure 3: CV curves of binder (a)PVDF (b)PAA-PVA 9:1 with NanoSi/ graphite as active material.

Figure 4: Typical Nyquist plots of binder (a)PVDF (b)PAA-PVA 9:1 with 
NanoSi/graphite as active material.

Conclusion 
Silicon materials are characterized by both high specific capacity and 
enormous volume effect simultaneous. With an intent to cater to these 
characteristics of silicon materials, this chapter probes into the binders 
suitable for silicon-based materials, and also studies water-based 
binders in the concept of green environmental protection.

 Taking nano-Si/graphite as active materials, the researcher compares 
the cyclic performance of different binders. The binders used in the 
experiment are polyacrylic acid (PAA), polyacrylic acid and polyvinyl 
alcohol composite binder: polyacrylic acid (PAA):polyvinyl alcohol 
(PVA)=9:1, PAA:PVA=8:2, PAA:PVA=7:3, PAA:PVA=6:4 (weight 
ratio), sodium alginate (Alginate), sodium carboxymethylcellulose 
(CMC), PVDF. The above binders are respectively mixed with active 
materials for coating; and by comparison, it can be learned that when 
PAA:PVA=9:1, the binders acquired by means of compounding can 
enable the electrode to be provided with the best charge-discharge 
cyclic performance. Hence, the sample used under the condition that 

PAA:PVA=9:1 is expected to become a binder suitable for silicon-
based materials on the strength of further research and improvement.
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