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ABSTRACT

Wet ball milling is a kind of methods grinding particles by collisions of balls in a slurry. It has been used for
producing the raw materials, intermediate-products and end-products because it has features as high versatility,
high grinding performance and easy to increase the size of equipment. However, the grinding by the wet ball
milling has been operated without enough understanding grinding mechanisms because it is difficult to observe
and analyze grinding processes. Thus, analyses by using a simulation have been introduced in order to under-
stand the grinding mechanisms. In this paper, we introduced two examples. One example is that the behavior
of particles around the balls in liquid was analyzed by the simulation method coupling DEM with CFD. The
other example is that the simulation method for representing the dynamic and breakage behavior of particles

around the balls in liquid was developed.

Copyright © 2019 The Authors. Published by Hosokawa Micron Corporation. This is an open access article under 51
BY the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).
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Fig. 1 Schematic diagram of simulation system and
boundary conditions for fluid.
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Table 1 Conditions in the simulation for analyzing the
behavior of particles.

Cell size for fluid 5.0xd, m

Time step of CFD 1.0X10° s

Time step of DEM 1.0x107 s
Fluid:

Density 1.0x10°  kg/m’

Viscosity 1.0X10°  Pas
Particle:

Diameter d, 5.0-50.0 tm

Density 3.95%10°  kg/m’
Friction coefficien 0.5

Ball:
Diameter 1.0X10° m
Initial distance between balls 1.0X10°  m
Approaching speed 0.2 m/s
Friction coefficient 0.5

Grinding ball

Ry

Ry
Particle é\\\“
SN

g Grinding
N\
~ Radius of \\\\ °ree

Grinding area R,

Grinding ball

2 MBRFEROSSH
Fig. 2 Schematic diagram of grinding area.
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Fig. 3 Snapshots of the behavior of particles around
grinding balls: particle diameters of (a), (b) and (c)
are 10.0, 20.0 and 30.0 pm, respectively.
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Fig. 4 Effect of particle diameter on the total volume

of sandwiched particles and averaged moving
distance.
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Fig. 5 Effect of grinding ball diameters on the total
volume of sandwiched particles.
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Fig. 6 Snapshots of the liquid flow around grinding balls:
ball diameters of (a) and (b) are 0.5 and 1.5 mm,
respectively.
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Fig. 8 Schematic diagram of the experimental apparatus

and definition of contact angle.

K2 PR FOEES LVHESEFHOS IaL—2 3>
BT 254
Table 2 Conditions in the simulation for representing the
dynamic and breakage behavior of a particle.

Boundary conditions: Unit [mm]

Free outflow X=20, Y=25, Z=0, Z=40
Symmetry X=0

Non-slip wall Y=0

Initial position of the center of the ball X=0, V=25, 720

(The surface of the ball is Non-slip wall.)

Time step for CFD 1.0X10° s

Time step for ADEM 1.0X10°% s
Fluid:

Density 79x10°  kg/m’

Viscosity 12%x10° Pas
ADEM parameters:

Normal joint spring constant K, ;5 9.5 X 10 N/m

Tangential joint spring constant K, ;s 9.5 X 10" N/m

Maximum strain &,,,, 0.0059 -
Particle:

Primary particle diameter 20x10% m

Particle diameter D, 20%X10° m

Density of particle 1.61x10° kg/m’

Number of primary particles 694 -
Ball:

Initial height 0.01 m

Initial speed 0.443 m/s

Friction coefficient 0.0115 -

Diameter 0.03 m

Density 7.8 kg/m’
Wall.

Friction coefficient 0.0115 -

_Grinding ball
Dba.ll=30'0 mm

Particle
Dp=2.0 mm

9 FEREHEREH

Fig. 9 Simulation system and boundary conditions.
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Fig. 10 Dynamic and breakage behavior of a particle around grinding ball in liquid: collision angles of (a), (b) and (c) are

5.2, 20.1, 27.0 degrees, respectively.
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Fig. 11 Velocity of a particle swept away by the liquid flow around a falling ball: collision angles of (a) and (b) are 20.1

and 20.7 degrees, respectively.
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