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The grinding rate of gibbsite in tumbling and rocking ball mills using fins was well correlated with the spe-

cific impact energy of the balls calculated from Discrete Element Method simulation.

This relationship was successfully used for the scale-up of a rocking ball mill, and the optimum design and

operating conditions for the rocking ball mill could be estimated by the specific impact energy of the balls cal-

culated by a computer simulation.
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(b) Shear force

(a) Compressive force

BEEE Model of interactive forces between two
balls

m=nm4uﬂbmAmﬁr@+nté@§}@} (Eq. 2)
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K= —— 7 Eq.3
" 3T[E55+5j] ri+ 1 (Ea. 3)

Kniw:%m/ﬁ5i15w Eq- 9
5i= 111:;’1% (Eq. 5)
5= %ﬂﬂu (Eq. 6)
8 = ;an; (Eq.7)
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1155 Physical properties for DEM simulation

Young’s modulus [Pa] 3.5x 108
Poisson’s ratio [-] 0.23
Frictional coefficient [-] 0.8
Density of balls [kg/m?] 3452
Time step [us] 10.0
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PBEE  Schematic diagram of the rocking ball mill
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60 g
N, = 9%V Eq. 11
e nj/sz (Eq. 11)
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1154 Mill configuration and experimental condi-

tions
60L mill 300L mill
Pot diameter [mm)] 344 590
Pot depth [mm] 690 1185
Height of fin [mm] 20 40
Swing speed [spm]* 12 12
Critical rotational speed [rpm] 72 55
Number of balls [-] 7870 39120
Weight of gibbsite [ke] 10.2 51

* spm : frequency of swing per minute
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BGEEEN  Relation between specific impact energy
and frictional coefficient of 60L tumbling

mill without fin
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BGEEW  Relation between specific impact energy
and frictional coefficient of 60L tumbling
mill with fin
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1158 Snapshots of the motion of balls in the
tumbling mill (Experiment and DEM simu-
lation results)
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11528 Snapshots of the motion of balls in the rocking mill (Experiment and DEM simulation results)
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% = exp (K1) (Eq. 12)
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BGEEEEN Relation between normalized median di-
ameter of the gibbsite and grinding time at
60L tumbling mill
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BGEEMN  Relation between normalized median di-
ameter of the gibbsite and grinding time at

60L rocking mill
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BGEEEE  Relation between specific impact energy
and relative rotational speed
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1):1s)[2053  Calculation conditions

Ball diameter Number of balls

10mm 26560
15mm 7870
20mm 3320
30mm 984
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IEEEEN Relation between the height of fin and spe-
cific impact energy
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