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Abstract — Recently in various industrial processes, the need for fine particles especially submicron particles has been
increased in preparation field of raw powders such as fine ceramics and high technical products. The grinding by a stirred ball
mill to submicron range has been achieved commercially in many cases. A series of grinding experiments using a vertical
stirred grinding media mill and inorganic powders such as calcite, pyrophyllite and talc as test samples were carried out to clar-
ify the grinding mechanism of the stirred grinding media mill. The effect of experimental conditions such rotation speed of stir-
rer, ball filling ratio, ball diameter and slurry concentration on the power inputted in the stirred media mill were measured and
the quantitative relationship between them was proposed with multiple regression analysis. The relationship between the exper-
imental factors and the comminution consumption power could also be regressed as a power-law and effect of grinding aids on
particle size distribution and on grinding efficiency defined as the increase of specific surface area per the specific grinding
consumed energy was investigated. In this study it can be concluded that the grinding energy efficiency using grinding aids was
improved about 13.1% than no aids experiment. And the effect of grinding aids on grinding rate constant K was investigated.
Also the relationship between grinding rate constant K and experimental conditions including the effect of grinding aids was
examined and it is confirm that the grinding rate can be improved in the degree of the maximum of 25.6% compared with with-
out grinding aids.
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Fig. 1. Dimensions and shape of grinding mill pot of experimental stirred
media mill.
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Table 1. Summary of experimental conditions

Item Experimental condition

300, 500, 700 [rpm]
0.30, 0.50,0.70 [-]
@1.0, 2.0, @3.0 [mm]
10.0, 20.0, 40.0 wt%
room temperature
Alumina(Al,O;)

Rotation speed(n)

Filling ratio(J)

Size of grinding media(dy)
Slurry concentration(C,)
Temperature

Material of grinding media
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Fig. 2. (a) The effect of rotation speed and ball filling ratio on power

input. (b) The effect of peripheral velocity of stirrer and ball fill-
ing ratio on power input.
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Sample Model Source Regression coefficient t-statistics Significant level R?
Calcite (1) Constant 0.402 -3.603 0.001 0.8810
Speed n(rpm) 0.906 23.335 0.000
Ball filling ratio(-) 0.096 2461 0.016
Ball size(mm) 0.076 2.583 0.013
Conc. Cs(wt%) -0.050 -2.019 0.047
2) Constant 0.233 -5.941 0.000 0.8990
Speed n(rpm) 0.906 24.078 0.000
Ball filling ratio(—) -0.316 —-8.408 0.000
Ball size(mm) 0.031 1.073 0.287
Conc. Cs(wt%) -0.110 -4.614 0.000
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S, =S
W = -Kt 14
Swoo - SwO exp( ) ( )
Sw = Swoo[ 1- exp (_Kt)] + SwO exp (_Kt) (15)
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Fig. 12. Change value S,, vs. t for various rotation speed(Exp. conds.:
pyrophyllite, J=0.7, dz=1.0 mm, C,=40 wt%).
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Fig. 13. K vs. n for various test samples (Exp. conds.: J=0.7, dz=1.0 mm,
C,=40 wt%).
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Fig. 14. K vs. C; for various rotation speeds(Exp. conds.: calcite, J=0.7,
dp=1.0 mm).
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Table 3. Summary of parameters of grinding rate equation(2) for test
material

n C s Sw() Sw 00 K

S 2
(tpm)  (Wt%) (m’/g) (m’/g) (min™) K

Sample

Calcite 300 10 1.31 376 0.0628  0.9856
20 0.0615  0.9916

30 0.0374  0.9910

40 0.0307  0.9880

50 0.0183  0.9622

60 0.0157  0.9971

700 10 1.31 376 01384  0.9220

20 0.1355  0.9938

30 0.1380  0.9840

40 0.0550  0.9851

50 0.0727  1.0000

60 0.0580  0.9887

Calcite 300 40 142 3.04 0.0073 0.9954
500 0.0198  0.9895

700 0.0244  0.9955

Pyrophyllite 300 40 1.49 353 00034 09770
500 0.0069  0.9813

700 0.0177  0.9905

Talc 300 40 0.57 2.32 0.0007  0.8308
500 0.0019  0.8379

700 0.0041  0.8545
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Fig. 15. S,, vs. t for exp. conds(Exp. conds.: calcite, n=700 rpm, J=0.7,
dz=1.0 mm, C ;=12 wt%).
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Fig. 16. K vs. C; for exp. conds(Exp. conds.: calcite, n=700 rpm, J=0.7,
dz=1.0 mm, C,;;=1.2 wt%).
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C,us : grinding aids concentration based on weight [wt%]
C, : slurry concentration based on weight [wt%]
dg : grinding ball diameter [mm]
E : grinding consumption energy [MJ]
E, : specific grinding consumption energy [MJ/kg]
J : ball filling ratio [-]
K : grinding rate constant [—]
n : rotation speed of stirrer [—]
P : power consumed to grinding [W]
q3 : frequency percent under particle size [%/Um]
S, : specific surface area based on weight [m%/g]
S,., :limit specific surface area based on weight [m*/g]
t : grinding time [min or h]
v, : peripheral velocity of stirrer [m/sec]
W, : mass of sample in mill chamber [kg]
W, :total mass in mill chamber [kg]
X : particle diameter [m]
X1 : 10% particle diameter [m]
Xs50 : median diameter [pm]
Xgq : 90% particle diameter [Um]
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AS,, :increase of specific surface area based on weight [m%/g]
n : grinding energy efficiency [m/kJ]
Ps : density of grinding ball [kg/m3]
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