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In order to study the influence of mechanical and chemical treatment on the performance of SiO2 negative 

electrode materials, this paper prepares SiO2 negative electrode materials by mechanical ball milling. The 

nanopowder of different ball milling periods is analyzed by X-ray diffraction (XRD), field emission scanning 

electron microscope, and constant current charge and discharge test and other methods. The XRD analysis 

shows that the crystallization of SiO2 increases with time which changes completely to amorphous state after 

80h. According to the SEM observation, the SiO2 particle size decreases and becomes more uniform with the 

increasing ball milling time. According to the electrochemical test, the reversible lithium storage capacity of 

SiO2 increases with the increasing ball milling time, of which the sample after 80h of ball milling has the best 

comprehensive electrochemical performance with the 1st lithium storage capacity under current density of 

100mAg-1 up to 1440.7mAhg-1 and the 1st coulomb efficiency of 53.8%. After 100 cycles, the reversible 

capacity increases from 188.4mAhg-1 of the pristine SiO2 to 571.4mAhg-1. 

1. Introduction 

With the increasing shortage of traditional energy and the increasingly serious environmental problems today, 

"substitute electricity for oil" is one of the effective ways to solve the above problems and achieve "low-carbon 

lifestyle". With high energy density, long cycle life, low self-discharge and other advantages, lithium-ion 

batteries are of great importance in solving the energy crisis and environmental pollution, becoming the focus 

of power materials research and development all over the world (Anders et al., 2017). Negative electrode 

materials are the core component of lithium-ion batteries and one of the key factors that directly determine the 

electrochemical performance of lithium-ion batteries (Dong et al., 2016). In recent years, silicon receives 

extensive concern due to its high specific capacity as a cathode material, but its cycle performance is poor for 

it may break and fall off due to volume effect in use (Espinoza-González et al., 2016). Whereas SiO2 has the 

advantages of all silicon-based materials without the volume effect, it is gradually becoming a highly potential 

negative electrode material. 

Mechanical and chemical synthesis method is to form superfine powder by interaction between different 

elements or compounds through high energy ball milling (Esrin, 1984), which is a new method mainly used in 

the preparation of immiscible alloy (Ezrin, 1984), amorphous materials and nanocrystalline materials (Kim et 

al., 2014). Its characterized by introducing plenty of strains and defects in the mechanization process to make 

it transformed to metastable structures far from the equilibrium state (Ghahrizjani et al., 2016), which is 

different from regular solid reaction (Gulyakova et al., 2017). In recent years, mechanical chemistry theories 

and technology are developing rapidly presenting shows a tempting prospect in the theoretical research and 

new material development with mechanical and chemical methods widely used in the preparation of high-

performance lithium ion structural materials (Rao et al., 2016). 

2. Experimental method 

2.1 Raw materials and equipment 

The materials for the experiment were commercial SiO2 (purity: analytically pure), argon (purity: 99.99%) and 

anhydrous alcohol (purity: 99.99%), etc. The ball miller is of planetary type with stainless steel ball mill tank 
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and milling balls of GGr15 (Laurita et al, 2017). Milling balls of 6mm, 10mm and 15mm were mixed in the ratio 

of 20:10:1(Lee, 2017). Other equipment involved in the experiment were vacuum drying oven, vacuum glove 

box, electronic scale, etc. 

2.2 Experimental procedure 

First, dry 2g SiO2 powder in the vacuum oven at 80 °C for 4 h, and then put it into an 80ml ball mill tank with a 

milling ball around 50:1 to the material in mass (Lenoir, 2017). Next, transfer the ball mill tank to a Braun glove 

box with Ar atmosphere of high purity for sealing (Li and Wan, 2017). To control the ball mill atmosphere (Lin, 

et al., 2017), the partial pressures of H2O and 2 were both lower than 1ppm in the glove oven (Liu et al., 2017). 

In the ball milling, alternate forward and reverse operation was adopted with a fixed speed of 500r/min. 

Operation of 30min was followed by a pause 10min in each ball milling cycle, after which another cycle was 

initiated for the reverse operation to ensure the ball milling temperature is close to the room temperature (Mai 

and Wang, 2014). The total ball milling duration ranged from 10h to 80h. After that, take out the samples of 

different ball milling durations for later test (Meshginqalam and Alaei, 2017). 

Mix the ball mill powder, the conductive agent (acetylene black) and the binder (sodium carboxymethyl 

cellulose) in the mass ratio of 60:30:10 (Ng et al., 2017) and then put them into a magnetic stirrer for intense 

stirring for 1h before applying it on copper foil for vacuum drying at 120°C for 12 hours (Rao et al., 2017). After 

the electrode was dried, soak it in the electrolyte for 12 hours. As with the button battery assembly, the order 

from the bottom to the top was positive electrode shell -cathode -diaphragm - lithium tablet- collector - 

supporting chip - negative electrode shell (Suganya et al., 2017). Let the battery stand for one day before 

further tests. 

2.3 Sample testing method 

Cu-Kα radiation source with a wave length of 1.5406Å was adopted in the X-ray powder diffraction experiment 

(XRD) to continuously scan to collect data (Sultana et al., 2017), with a 2θ range of 10-80°, tube current of 

40mA, tube voltage of 40kV, scan rate of 20°/min and scanning step length of 0.033°. Morphology of SiO2 

materials prepared in different conditions were observed and analyzed in the field emission scanning electron 

microscope experiment (SEM) (Suzuki et al., 2017). In preparing samples, mix appropriate powder materials 

with alcohol solution in a certain proportion for ultrasonic dispersion, then suck up the suspension and drop it 

on the aluminum test-bed for drying before further tests (Yao et al., 2014). The constant current charge and 

discharge test took the lithium tablet as the electrode with a charging and discharging range of 0.01-3.0V and 

time interval of 5min (Yao et al., 2015). The current density of the constant current test was 100mAg-1, and 

that of the multiplier performance test 100-2000mAg-1(Zheng and Moskal, 2012)). The scanning voltage 

range of the cyclic voltammetry test was 0.0-3.0V with a scan rate of 0.1 mV/s and test temperature 30°C 

(Zheng et al., 2017). 

3. Experiment result 

3.1 Phase analysis 

Figure 1 shows the XRD patterns of pristine SiO2 and its milled products of different periods. It can be seen 

from the figure that pristine SiO2 has the smallest semi-height width and the strongest peak strength. After the 

20h of ball milling, the XRD diffraction peak intensities weakens obviously with the semi-height width starting 

to widen and this continues with time. When the ball mill time is extended to 40h, the diffraction peak intensity 

of the sample stops changing significantly, since it has changed to an amorphous state.  

3.2 Morphology analysis 

Figure 2 shows the SEM images of pristine SiO2 and samples milled for 12-72h. As shown in Figure 2 (a), the 

pristine SiO2 material are particles with irregular appearance with particle sizes above 5μm as well as some 

small particles with particle sizes of 200-500nm. After 20h of ball milling, large particles of the material began 

to split to smaller pieces, resulting in a small proportion of large particles. Among them, larger particle size 

ranges from 2-4μm and smaller particle size from 200-500nm, as shown in Figure 2(b). When the ball milling 

period is increased to 80h, the overall dispersion of particle size begins to become uniform and stable, with 

most of the particle sizes within the range of 200-300nm, as shown in Figure 2(c). It can be quantitatively 
determined from the size change of the particles that with the decreasing material particle size and particle 

concentration of larger particles, the specific surface area of the material is constantly increasing accordingly. 

Therefore, the SiO2 material of submicron structure with uniform appearance and most particle sizes below 

300nm is prepared by mechanical ball milling. 
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Figure 1: XRD patterns of pristine SiO2 and its milled products of different periods 

 

(a) SiO2                                (b) SiO2-BM20h                     (c) SiO2-BM80h 

Figure 2: SEM images of pristine SiO2 and samples milled for different periods of time 

3.3 Electrochemical performance analysis 

Voltage profiles of 1st cycle for pristine SiO2 and samples after different periods of milling is shown in Figure 

4.3. It can be seen from the figure that 1st discharge capacity of the pristine crystalline SiO2 is less than 

300mahg-1, but the material presents a higher initial discharge capacity after being milled for some time. As 

the ball milling time increases from 10 to 40 h, the 1st reversible capacity of the material increases gradually, 

which is 387.7mAhg-1 at 10h, 532.1mAhg-1 at 20h and 834.4 mAhg-1 at 40h, but after 80h it begins to 

decrease to 783.2 mAhg-1. As the ball milling time increases, the 1st Coulomb increases from the 40.5% at 

10h and reaches 53.8 at 80h. See Table 1 for detailed initial charge and discharge capacity of pristine SiO2 

and materials after different periods of milling and initial Coulomb efficiency. 

Table 1: Electrochemical properties of pristine SiO2 and samples after different periods of milling 

Time 

(h) 

First Li / Li removal capacity 

(mAhg-1) 

First Coulomb efficiency 

(%) 

Capacity of 50 cycles 

 (mAhg-1) 

Capacity of 100 cycles 

 (mAhg-1) 

0 295.6/163.3 55.2 194.3 188.4 

10 952.3/387.7 40.5 432.8 380.6 

20 1220.5/532.1 53.9 530.1 410.3 

40 1742.5/834.4 47.2 599.4 508.1 

80 1440.7/783.2 53.8 625.3 571.4 
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Figure 3: Voltage profiles of 1st cycle for pristine SiO2 and samples after different periods of milling 

Figure 4 shows the cycle performance of pristine SiO2 and SiO2 after different periods of ball milling. It can be 

seen from the figure, the material capacity gradually tends to be kept at a higher level as the ball milling time 

increases, especially the sample after 80h of ball milling, which is significantly improved compared with the 

pristine sample. Although the pristine SiO2 material and SiO2 material after 10h’s ball milling excels in capacity 

retention, the lithium storage capacity remains in a lower level due to failing in or incomplete lithium 

intercalation in the material itself. The discharge capacity of the pristine SiO2 sample after 50 cycles is 

194.3mAhg-1 and 188.4mAhg-1 after 100 cycles. The discharge capacity of the SiO2 sample with 10h of ball 

milling after 50 cycles is 432.8mAhg-1 and 380.6mAhg-1 after 100 cycles, which are still significantly lower 

than those of samples with longer ball milling. The SiO2 materials after 40h and 80h of ball milling both suffer 

greater capacity loss within the first 30 cycles before maintaining a higher level. The capacities are 

599.4mAhg-1and 625.3mAhg-1 respectively after 50 cycles and 508.1mAhg-1 and 571.4mAhg-1 after 100 

cycles. 

 

Figure 4: Cycling performance of pristine SiO2 and samples after different periods of milling 

4. Analysis and discussion 

It can be seen from the 1st discharge curve of Figure 3 that there is a gentle slop at around 0.7V during the 

1st discharge process, which is resulted from the electrolyte decomposition and the SEI film formation. There 

are also tilting platforms at 0.1- 0.4V for SiO2 electrode materials with different ball milling periods. This part of 

capacity is resulted from SiO2 lithium-intercalation reaction, which is probably caused by the formation of Li2O, 

Si and LixSi alloy. 

For the cycle performance difference, the pristine SiO2 material has larger particles with uneven distribution, 

resulting in fewer lithium ion channels while the SiO2 material after 10h of ball milling still has a greater 

proportion of particles unevenly distributed than refined particles. Since there is crystalline phase scattering 

inside both samples, the stress at various directions are uniform, which buffers the volume expansion during 

the charge and discharge of the materials to a certain extent. Therefore, the cycle stability of both samples at 

early stage is better than that of the samples with longer milling periods. SiO2 materials after 40h and 80h of 

ball milling both present high cycle stability even after 100 cycles. But due to their complete amorphization, the 
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buffer phase within the materials decreases, resulting in rapid capacity loss in the early stage. In contrast, the 

sample after 40h of ball milling has remaining Crystalline phase, so the capacity loss in the first 15 cycles is 

slower. 

5. Conclusion 

With commercial SiO2 as the raw material, this paper prepares SiO2 powders of different particle sizes by ball 

milling. The influence of milling periods on particle size, morphology and distribution of the materials are 

systematically studied, revealing the mechanism of how they affect the electrochemical lithium storage 

performance of SiO2 materials. As ball milling time increases, the particle size of the pristine SiO2 material 

decreases and the specific surface area gradually increases. The material was basically in the crystalline state 

within 10h of ball milling, which was low, though higher than that of the pristine SiO2 material. After the 20h 

and 40h of ball milling, most materials began to transform into amorphous state. The particle sizes of the 

materials were further decreased with the electrochemical properties improved significantly. After 80h of ball 

milling, the materials were completely transformed into amorphous state with uniform particle size distributing 

basically within 300nm. The capacity of SiO2 increased significant with the increasing ball milling time from 

less than 200mAhg-1 of the pristine material after 100 cycles to 571.4mAhg-1 after 80h of ball milling. The rate 

capability was also significantly improved. The performance improvement is mainly due to the ball milling 

which reduces the particle size of the materials, narrows the distance of lithium ion dispersion and increases 

the paths, relieving the volume effect during the charge and discharge processes to some extent. 
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