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Abstract : Currently graphite is used as an anode active material for lithium ion battery. However, since the maximum theoretical
capacity of graphite is limited to 372 mA h g'l, a new anode active material is required for the development of next generation
high capacity and high energy density lithium ion battery. The maximum theoretical capacity of Si is 4200 mA h g”', which is
about 10 times higher than the maximum theoretical capacity of graphite. However, since the volume expansion rate is almost
400%, the irreversible capacity increases as the cycle progresses and the discharge capacity relative to the charge is remarkably
reduced. In order to solve these problems, it is possible to control the particle size of the Si anode active material to reduce the
mechanical stress and the volume change of the reaction phase, thereby improving the cycle characteristics. Therefore, in order to
minimize the decrease of the charge / discharge capacity according to the volume expansion rate of the Si particles, the improvement
of the cycle characteristics was carried out by pulverizing Si by a dry method with excellent processing time and cost. In this
paper, Si is controlled to nano size using vibrating mill and the physicochemical and electrochemical characteristics of the
material are measured according to experimental variables.
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Figure 1. Particle size change of Si after milling and classification
process.
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Table 1. Average particle size and BET analysis after ball milling

of Si
. Steel ball Time D50 SSA
il (kg) b | @m | mg)
100 3 8 0.297 9.3
100 45 12 0.455 15.6
110 3 8 0.334 7.8
250 45 12 0.452 9.0
250 45 12 0.374 9.3
250 45 12 0.356 9.6
Average 0.378 10.1
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Figure 2. Particle size distribution of Si after ball milling with
different material ratios: (a) Si 50 g/ steel ball 3kg/ 8 h,
(b) Si 100 g/ steel ball 3 kg/ 8 h, (c) Si 110 g/ steel ball
3kg/8h,(d)Si250 g/ steel ball 4.5 kg /12 h.
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Figure 3. Analysis of Si particle after ball milling, (a) XRD pattern,
(b) SEM image.
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Figure 4. Particle size distribution of Si after (a) 1st pulverization,
(b) 2nd pulverization, (c) classification.

Table 2. Comparison of Si particle size before and after classi-

fication
%Tile Before (um) After (um)
10.00 0.135 0.122
50.00 0.269 0.187
90.00 2.426 0.315

201 &} A7) & Dso=0.187 pm,
o} B3 Sio] i3t o B4 B

3l 3k 99.9%S Eoldlglil BB o AR Fel 0.04%,

K& 0.002% 183 Mne 0.001% 3Fo-2Fe Ueluigloh.
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Figure 5. SEM images of Si particles: (a) before and (b) after
classification process.
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Figure 7. Charge/discharge curves of Si anodes with particle size of
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Figure 6. Electrochemical capacity and coulomb efficiency characteristics of secondary pulverized Si up to 10 cycles.



Table 3. Electrochemical properties of second pulverized Si and
commercialized Si

Do — A D L
50 =

company | company | company
0.297 pm product | product | product

Initial charge

capacity (mAh g™) 3631 3354 980.6 976.8

Initial discharge

capacity (mAh g™) 3250 2472 151.9 296.3

Initial coulombic

efficiency (%) 89.5 73.7 15.5 303
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