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ABSTRACT : The needs for the ultra fine particles have been increased in preparation field of raw
powders such as fine ceramics and high functional products. In this study, a series of wet grinding
experiments were carried out on inorganic powders such as calcite, pyrophyllite and talc by a stir-
red ball mill. The particle size distribution of ground products of each test material for a given
grinding time was found to be expressed by the grinding rate (selection function) which was ob-
tained from the grinding kinetics analysis. The median diameter decreased from 6.49 to 0.47 pm in
calcite, and decreased from 391 to 1.14 um in pyrophyllite. However, in talc, median diameter
was decreased a little bit from 10.30 to 6.67 um. The grinding rate changing on calcite and pyri-
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phyllite were similar at the same conditions. However, in the case of talc, it was observed that the
grinding rate was not increased compared to other samples.

Key wonds : fine grinding, stirred ball mill, inorganic powder, grinding kinetics, selection function
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Table 1. Chemical component of each sample

S . .
Component(% ample calcite pyrophyllite talc
o

AlLO; 0.50 19.92 0.02
SiO; 1.50 74.06 59.39
Fe 03 0.25 0.21 0.34
CaO 53.5 - 1.36
MgO 1.50 0.17 29.63
KO - 0.16 -

Na,O - 0.09 0.01

Vst AFFEZHN EH7 gold £=9
wet g9y 7bA A BAE AxHY g
AEE T o =3, dof Za ugEE, 1%
204 7§ 2€}E(high alumina castable), W3}
A Fog g ol mW AAH BIL A
2, 17 59 FAA, 3HEFY FFAZ &
M, IHE 53 A dF ALHT o] Yo
T2 BY 59 2XuFUEE ALEY 5
3 AR 94 Aol HwH & Holo
A aAE s st

g4e AHdZA mpRAo] Ao e ¢ty o
2 2% #YE Y 5o oM aglo}
47 g FER dA] Bo| ALHIL Yt} £
BgHqo R o]g A YEIL vi§ FaAA He
b, 4¥A 02 300~325 mesh A& Fojof &
Aol 8 T & vt = Ax L, AA L)
AESte BTEMY Agde 49 dAan
b ZFAAEG, B3 BAL] 54, 37 Z
289 A, J1AY #AuiA, =5, BA g,
e &, 3AE 98, FHEAZ 2oj1 9
o, 283, 52 4549 did gAY 1L
A L ANAYH 2 e FAEHE Y
Blls Aol o nFaddA e} 2 H7)
£ A7) Foll 222 ti(www.wangpyo.co.kr).

F 13 20 & AFe AgHE 7 AIRY 35
A e E94 E4LS Y, 7 AR
FEY EA 9 qUY FoF 2ANRTAAA
] A7, www.kigamrekn) e &3 2o

ol

r{o

A3

A
U Gaks Bk 75% olde A

= 342 20008 ol F Ak A4t

1) W3l 258 YA JEE st TH

Wl g, Bae B A RASSE0 BB 97 - A9¥LY 13

33l gl ol& AWE F% 7H5E°] IMF ©

Ha 7] Zoth. FHHAY AFH e
=4, 484, g4 92 37 Y(coquina)FE
3t 9oy FHA U (coquina)e A AHE R
I Y AT, H T AWE 958, A
g 191 gEgor AgH

gL AR FAZE w2t §oj7}
Gy el AgHVE gk @ o, WE yE
02 3 Fart 2A IR §loy,
e uA 2249 AtE 1 ot AAE 4
483 9em, 2 A48 FoE AEYL

£

jor

! FRlE, TUEF SFHAAZ AE3}D
o o7t A2 F/ska e @
o] Eopdd ue} A9 £Q
q 2718 A0 % oidHT U A4
B FEd EFS) Fxako] o &4
A Augsy o s Hdo] of
o}, 20008 = FAFL oF 1009 ¢ = A
o diusiA 203%4 S7HAH. SYEL F
2 AANGOE ALHATW, AM 9&E A9
FAAZE ALH Ao YR dE = A
AL E ALHAD, A FHE 549 FAA
2 AEHIT oSS, 2002).

A

o rr 2 g

_ﬁnﬂﬁﬁ

o, rx 4T NE
rf

-}
2

_
rg

o

L olrle rlr m> ¥
>

ANE

SE=FSON

wgrEd

a3 19 AgATE £48 fAF zud
(ZE 247, KMD-1B, d&3)9 AQ3 x5
o} BRFE =ste AA wurlddE A4
0.0 mm, Z2°] 780 mme 4 A9 ¥45F =

1

g0l o Ao, B4 HE&AL 095 L0
a, wEb7)e] Aaa Z44 utgAold e 5.0
mm 359 AL FEE HASHATHH I+,
HE4, 2002). B B Fde WFE &
TASE 9] sl H 871 F9 el water jaket
& MdA3e YAE ¢ JEF FHT

A of &

=]
fun
B s geed <201k (aluming, 95

— 137 —



HE 5t - A 1A
Table 2. Physical properties” of samples used
Sample . .
Property calcite pyrophyllite talc
Chemical formula CaCO3 Alei4010(OH)2 Mg3Si4010(0H)2

Empirical formula Ca0:CO, = 56.0:44.0

Mohs Hardness 3.0
25~28
colorlessness white, pink

Density [g/cm’]
External color

Al:48i02:4H,0 = MgO:SiO:H,O =

34.7:40.8:24.5 31.7:63.5:4.8
1.5~2 1.0
28~29 27~238

white, light green white, green pink

Transparency limpidness translucency translucency
Gloss glass gloss pearl gloss pearl gloss
pH 7.8~8.5 55~8.0 8~9

*Powder property picture dictionary (The Society of Powder Technology, Japan, 1985)
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Fig. 1. Photography and schematic diagram of stir-
red ball mill (KMD-1B).
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Table 3. Summary of experimental conditions

Item Experimental condition
Rotation speed (n) 300, 500, 700 [rpm]
Filling ratio (J) 0.70 [-]
Size of grinding media (dg) ®1.0 [mm]j
Slurry concentration (Cs) 40.0 wt%
Temperature room temperature
Material of grinding media Alumina(AL,Q3)
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Fig. 2. Cumulative particle size distribution of feed and ground products under experimental conditions on

each sample (rotation speed = 700 rpm).
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Fig. 3. Median diameter showing the changes in

particle sizes with the lapse of grinding time for
each sample.

TEE YR 3

7}A & ol & & (bumodal) 2]
) @e} 7.5 minol A 30

. 244zt F7hg

min Ato]ol A o] B-& (bimodal) EE A 7}E=
d2 £ e E 4 Fo 99 o
AA7) A7 AR FEAY, 7te A &Y &
Y7t FObAL, E A Fo Fryge HAA
2 ol AlgA L ok B Akl FEEA
A#E F & 60 min o) ME E YA &9
BeEe AR, BHAEY AdxEEI}F A
22 FolA W &2 ¥ (monomodal)®] EXE Y
BT o, 849 AeE E AY HYEAA
ZF 120 min) WAl ME EH7F @ o] Fo|A] A
B2 AL Yz glo.

TAEEAT Ko 4AF ve H@-DF @-
2)9] FAEM o3 dAqd & Uk e
7tzrel BAA A4e AAAF R A
4o 2ok o] Stk ¥ 4004 B FHARA
#2 HAAE o] g BAEEAANA AF

e W@ AT YA HARN #

o to iy



20) o3 YA, WA, B B4 A BASEE B 9T - Hdge 2

Table 4. Summary of parameters n’, K’ and v of grinding rate equation for test materials by stirred ball
mill

Regression output

Exp. t K't In(K't") n' R’ K’ -
. -0y -ny InK' v R
cond.  [min]  [mn™] [ean™] [-] [%] [] A
[ m™] [-] [%]
7.5 0.0781 -2.5496 1.096 99.41 0.0078 -4.8585 1.093  99.20
. 15 0.1764 -1.7350 1.026 99.43
Calcite
30 0.2898 -1.2386 1.226 99.29
60 0.6098 -0.4946 1.289 99.27
mean 1.159
7.5 0.0627 -2.7696 0.973 98.17 0.0225 -3.7956 0456 98.15
Pyro- 15 0.0723 -2.6265 1.297 99.93
phyllite 30 0.1020 -2.2828 1.312 99.88
60 0.1475 -1.9139 1.254 99.79
mean 1.209
7.5 0.0067 -5.0045 1.240 99.64 0.0002 -8.3932 1.1530 85.63
Talc 15 0.0069 -4.9777 1.314 99.62
30 0.0072 -4.9335 1.457 99.86
60 0.0266 -3.6272 1.162 99.72
mean 1.293

Table 5. Comparison on results of particle size, X, Xso and xoo of particle size distribution measured on
each experimental sample

sample calcite pyrophyllitetalc talc
time [min X10 X50 X90 X10 X50 X90 X10 Xs50 X90

0 0.46 6.49 20.96 0.47 3.91 14.87 234 10.30 28.95
7.5 0.32 1.89 6.73 0.42 2.47 6.32 2.55 9.52 25.27
15 0.28 1.10 3.38 0.25 2.38 4.50 248 933 25.03
30 0.28 0.81 2.43 0.26 1.08 3.47 2.44 9.30 23.92
60 0.25 0.58 1.60 0.25 0.75 2.54 1.97 8.61 22.08
120 0.26 0.50 1.24 0.23 0.70 2.15 1.39 7.77 20.68
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(e) ()
Fig. 4. Scanning electron microscopy (SEM) images showing the changes in particle sizes with the lapse
of grinding time: (a) t = 0; (b) t = 7.5 min; (¢) t = 15 min.; (d) t = 30 min.; (¢) t = 60 min; () t =
120 min. (rotation speed = 700 rpm)
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Fig. 5. Variation of specific rate of breakage versus particle size on various samples for experimental
conditions.
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B(7 ,x): Breakage function of grinding [-]
c : Empirical constant [-]
D(x,t) : Cumulative under size of particle [-]
ds : Grinding ball diameter [mm]
J : Ball filling ratio [-]
K : Grinding rate constant [min"]
m, n : Empirical constant [-]
n’ =nv []
q3 : Frequency percent under particle size [%/pm]
Qs : Cumulative percent under particle size [%]
R(x,t) : Cumulative over size of particle {-]

: Selection function of grinding [min]

: Particle diameter [pum]

: 10% particle diameter based on weight [um]
: Median diameter based on weight [pm]

: 90% particle diameter based on weight [pm]
: Empirical constant [-]

: Empirical constant [-]

S(x,t)
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