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Abstract

In order to study the discharge mechanism inside the plasma ball milling tank and explore the in-
fluence of the material of grinding balls added in the tank on the discharge, a two-dimensional
model of the equipment of the ball milling tank was established according to the fluid theory, and
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the discharge process in the discharge cavity of the ball milling tank was simulated under three
conditions (no filled grinding balls, alumina filled grinding balls and stainless steel filled grinding
balls) in a pulse voltage cycle. Various discharge parameters in the simulation results were com-
pared by numerical analysis, and the modeling was embodied by combining the discharge pictures
and simulation results pictures of the actual ball milling tank. The results show that the discharge
current amplitude (5.0 A) with metal grinding ball is higher than that without grinding ball (3.5 A)
and alumina grinding ball (3.7 A), and the maximum electron density in the discharge process
with metal grinding ball (2.52 e12/cm3) is lower than that without grinding ball (5.48 e11/cm3)
and alumina grinding ball (8.25 E11). At the same time, for parameters such as average power
density, electron temperature and metastable particle density, the data are the largest in the case
of metal grinding ball, followed by alumina grinding ball, and the smallest in the case of no grind-
ing ball. It can be seen that filling grinding ball can improve the discharge intensity in the ball mil-
ling tank, and this improvement is more detailed when filling metal grinding ball.
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Figure 1. Schematic diagram of model interior of plasma ball milling tank
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Table 1. Main reaction process in argon discharge (where Te is the electron temperature)

# 1 ASMETHEERNIIZ(HEHT Te HBFIRE)

Number Equation Energy /(eV) Response ratio

1 e+ Ar=>Ar"+2e 15.7 k, =1.235¢ " exp(—18.687/Te)
2 e+ Ar=>Ar"+e 11.56 k; =3.712e° exp(-15.06/Te)
3 e+Ar =>Ar'+2e 4.14 k, = 2.05e" exp(—4.95/Te)
4 e+Ar => Ar+e -11.56 k =1.818eexp(-2.14/Te)
5 e+Ar = Ar' k =2e”
6 e+ Ar+ Art =>2Ar K, =6.2¢7
7 Ar+Ar = 2Ar Ky, =3
8 Ar’+2Ar => Ar +2Ar° Ky, =1.1e7
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Figure 2. Simulation waveform diagram of discharge current under
pulse excitation voltage (from top to bottom, there are no grinding
balls, alumina grinding balls and stainless steel grinding balls)
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Figure 3. Schematic diagram of the electric field intensity (V/m) at the breakdown moment during the
discharge process in three cases during the rising edge (logarithm with the base of 10), in which (a), (b)
and (c) are the first discharge moments with lower amplitude, and (d), (e) and (f) are the second dis-
charge moments with higher amplitude
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Figure 4. Schematic diagram of electron number density (1/cm®) at the breakdown moment in the dis-
charge process during the rising edge in three cases, in which (a), (b) and (c) are the first discharge
moments with lower amplitude, and (d), (e) and (f) are the second discharge moments with higher am-

plitude, respectively
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Figure 5. Schematic diagram of ion number density (1/cm®) at the breakdown moment during dis-
charge in three cases during rising edge, in which (a), (b) and (c) are the first discharge moments with
lower amplitude, and (d), (e) and (f) are the second discharge moments with higher amplitude
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Figure 6. Schematic diagram of the space charge density (C/m®) at the breakdown moment during the
discharge process in three cases during the rising edge, where (a), (b) and (c) are the first discharge mo-
ments with lower amplitude, and (d), (e) and (f) are the second discharge moments with higher amplitude
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Figure 7. Time-averaged electron energy (eV) spatial distribution during the rising edge of three cases,
in which (a), (b) and (c) respectively represent three cases: no grinding balls, alumina grinding balls
and stainless steel grinding balls
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Figure 8. Spatial number density (1/cm®) distribution of metastable argon atoms in a whole discharge
cycle under three conditions, in which (a), (b) and (c) respectively represent three conditions: no
grinding ball, grinding ball containing alumina and grinding ball containing stainless steel
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Figure 9. Actual discharge images of prototype ball mill tank: (a). no grinding ball, (b). alumina
grinding balls, (c). stainless steel grinding balls
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