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4-factor 2-level full factorial experiment was designed (RPM, Time, Ball to powder
ratio, medium to powder ratio) and then performed to find main effects and
interactions for crystallite size, span (D90-D50/D10), and contamination level. 20:80
Silicon/Graphite powders were used as pristine material and experiments were
carried out in a WC jar with ø2mm WC balls in ethanol medium.

It was found that RPM(A), Time(B), and interaction of RPM/Time(AB) are the most
effective parameters with ball to powder ratio (D). According to regression models,
contour plots were drawn for weighted crystallite size and contamination level. By
using the regression model, optimized small crystallite size powder (C3) was
produced without contamination (<1 wt%) and moderate crystallite size.

CRYSTALLITE SIZE SPAN CONTAMINATION 

Solid ratio of the slurry is decisive for the viscosity, material mass loading and
porosity of the electrode. Specific surface area of the powders which depends on
crystallite size or particle size is the main parameter to obtain a castable slurry. It
was found that the optimal viscosity interval is 2500-4500 mPa·s-1 and there is a
negative correlation between crystallite size and solid ratio (90.89 %R-sq).

Slurries were prepared via different Si/Gr powders, carbon black, and PVDF in
NMP solution with different dry compositions. The resulting ink was cast onto Cu-
foil using a Dr. Blade. Films were dried in a vacuum dryer for 24 hours at 100°C
and then punched as 18 mm diameter circle. It can be seen that smaller crystallite
size causes lower mass loading due to its low solid ratio. Likewise, the porosity of
the electrode was higher when high amount of solvent is used.

For electrochemical tests, Li metal was used as counter electrode. LiPF6 in
EC/EMC 50:50 (v/v) electrolyte was added. Galvanostatic charge-discharge tests
were performed at different current densities (0.2 A/g to 4 A/g) between 0.05-1.5
V Li/Li+ voltage window. Specific discharge capacity calculated by active material
mass.

• Main effect and interactions were found, pareto charts were plotted and regression models were
created for crystallite size, SPAN, and contamination level with 93.00 %, 90.52 % and 91.67 %
R-sq(adj) respectively.

• It was proved that RPM, Time and interaction of RPM/Time are the most effective parameters for all
characteristics, particularly for the crystallite size.

• Optimal viscosity interval was 2500-4500 mPa·s-1 and a negative correlation between crystallite size
and solid ratio (90.89 %R-sq) was found.

• It was shown that lower solid ratio causes higher porosity with low material mass loading.
• Galvanostatic charge-discharge tests were performed at different current densities with different

anodes which have different crystallite sizes and it was found that smaller crystallite size shows
greater capacity, particularly at low current densities.
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Ball milling is an effective and low-cost production technique to obtain composite
materials. However, adjusting the various milling parameters is quite important to
prevent contamination formation due to jar-balls. Design of experiment (DOE)
technique is the best way to find the effect of inputs and to optimize the
parameters. In this study, the effect of ball milling parameters on powder properties
was investigated statistically and regression models were created. Furthermore, the
effect of powder properties on slurry viscosity, material loading, and porosity of the
electrode were examined.


