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Abstract Comminution is the reduction of solid materials from one particle size to a smaller particle size
by impact and compression and is an important unit operation of chemical engineering, food
engineering, mineral processing, ceramics, electronics manufacturing, and particle technology. Aluminum
oxide (alumina) is an electrical insulator with relatively high thermal conductivity for a fine ceramic
material. The particle size distribution was obtained using a particle size analyzer and Mex program from
an SEM image. This study examined the size reduction of alumina by ball milling. Comminution occurred
within a 10% volume-filling rate of the ball and alumina. Agglomeration was observed over the 10 %
filling rate. In the ball mill operation, RPM and operation time (24 hours, 12 hours, and 6 hours) had
a slight effect on the particle size reduction and particle size distribution. The optimal operation
conditions were 500RPM and 12 hours. Dispersion agents (sodium tripolyphosphate, sodium
polyacrylate, and Brij(R)35) were used to inhibit agglomeration. Sodium tripolyphosphate was found to

be a good dispersion agent.
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Fig. 1. Main stress types in mills. (a. compression, b.

shear(attrition), c. impact (stroke), d. impact
(collision), m1: mass of media, m2: mass of
material charge, v: velocity, b: acceleration, u(v):
friction coefficient)
Representation of mechanisms of particle fracture
and the resulting product size distributions.
(e. Abrasion (Localized Stressing), f. Cleavage
(Compression), g. Shatter (Impact), h. About
a, b, c Particle Size Distribution.)[10]
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Fig. 2. (a) Effect of electrostatic effects (b) Effect of
steric hinderance

Drive, DAEGA), A28 B Jar(31:1343.91cr), Al
=5 EHol] Y3t Ceramic Ball2 #4= o] 2t
Ball®] 272 3.0m, 5.0m, 10.0mE AR ot 9
o] AT JHE Fig. 32 A SFA

Model No. BM-0102-70-1000

Date 2018 Jan

220V1e

Power

Motor 0.75KW

size(em) 1125-570-1105

waight 110ks

Serial Number 171211A068

Fig. 3. Ball Mill image and Simple Information.
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Fig. 4. SEM image of raw material (alumina)[13]
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Fig. 5. SEM image of alumina raw material 80% filling

in ball mill.
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Table 1. characteristics of dispersion agents.

Sodium Sodium
Tripolyphosph Polyacrylate Brij(R)35
ate
chemical C12H25(0OCHC
formular NasP5Oi0 (CsHsNaO)n Hy)230H
molecular
weight(e/mol) 367.861 unstable 1199.56
contain salt sodium salt sodium salt no salt

232 N22 Z0| M2 YTER o5

300RPM BOORPM

100RPM

Fig. 6. Average particle size change of alumina 50g by
variation of ball size and RPM after start-up 24hours.

(@ b ©

Fig. 7. Particle Size Distribution change and SEM
image of Alumina 50g by various of Ball Size
at RPM. (a) 100rpm, (b) 300rpm, (c) 500rpm.
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Fig. 10. Average particle size change of alumina 100g
by 5mm ball and 500RPM after start-up
24hours and 12hours.

Fig. 11. Particle size distribution image of alumina(50g)
by change of Ball Size at Time. (a) 24h, (b) 12h.
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Fig. 9. Particle Size Distribution change and SEM
image of Alumina 100g by variation of Ball
Size at RPM. (a) 100rpm, (b) 300rpm, (c)
500rpm.

2.3.3 ZAAZI0| T2 YEEE

Fig. 107} Fig. 11 4% 500RPM, 5mm

gge 2
2 AMgStol ZYATHG 2441 12417 ZUSHAS o

692

7.48

4.014

Sodium Polyacrylate

Erij(R) 35

Sodium Tripolyphate

Fig.

12. Weight mean particle size change by

dispersion agents.



Ed(Ball Mil)s o]-&3 FFHLLe] 24

(a) (c)

Fig. 13. Particle size distribution change of Alumina(50g)
by various ball size and dispersion agents. (a)
Brij(R) 35, (b) Sodium Polyacrylate, (c)
Sodium Tripolyphosphate.

Fig. 14. SEM image of Alumina(50g) by dispersion agents
(a) Brij(R) 35, (b) Sodium Polyacrylate, (c)
Sodium Tripolyphosphate.
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