Korean Chem. Eng. Res., 57(6), 804-811 (2019)
https://doi.org/10.9713/kcer.2019.57.6.804
PISSN 0304-128X, EISSN 2233-9558

A MSEe 44X 24 ZH0AM S 0HH 2| HS2t DEM A|Z2[0[H2
H| Q4+

B2 Qiziehhrs - KEUAIOIEE HEERIZ *++ - OJRf #++ - F[B st

“Aosta WZlERY A §EHEAA] ATAIE (ERC)
51140 7 Al o7 gz 20
#FAheln ekl FH5AALA T8
51140 7 394 o3 FAdig = 20
sty welggoiet WrkeEeete)
51140 7 A o3+ FAdie= 20
(20199 39 279 A4, 20199 89 14U F9E A, 2019d 92 29 A=)

A Comparative Study for Grinding Media Behavior and DEM Simulation at Actual
Grinding Zone on a Traditional Ball Mill

Amgalan Bor***, Battsetseg Jargalsaikhan***, Jehyun Lee*** and Heekyu Choi***%%

* Engineering Research Center (ERC) for Integrated Mechatronics Materials and Components, Changwon National University,
20, Changwondaehak-ro, Uichang-gu, Changwon-si, Gyeongsangnam-do, 51140, Korea
**Graduate School of Material Science Engineering, Changwon National University,
20, Changwondaehak-ro, Uichang-gu, Changwon-si, Gyeongsangnam-do, 51140, Korea
***Department of Mechanics Convergence, College of Engineering, Changwon National University,
20, Changwondaehak-ro, Uichang-gu, Changwon-si, Gyeongsangnam-do, 51140, Korea
(Received 27 March 2019; Received in revised form 14 August 2019; accepted 2 September 2019)

2 o

QT Y AFUHE 2 W)l Ao B 2% AR5 sletel, A7 Ade] 27 T 3
714 E5e] RAWAE o1, HAL] $H9S A AT DEM AEAOIAS Wasle] ulam ATsIgich. Al
oJHE o] SA%E, iAol A, vl 5, oiAs FE wuivtel vl 58 A4 A¥xdda §
Aspl AL BEGIT. TR FHE) RaAAL $490L A BYR AR 8 AEol eI A 2k A}
20 glol, 1 Aol Aolek RaS Agalo] ApHTto A 1 ke Ao SHIT). e, RO 5
A ot FAARS wake B5E BRsle] 1 RS AESKIch tebd 57 ABadeld Eadl 7h
2 e Fu A AYaHE A skt sk,

Abstract — This study was performed the real motion and DEM simulation of ball motion using three different types of
grinding media with different size and materials in media formation for optimization of process conditions in a traditional ball
mill (media ball mill). In the simulation, the rotational speed of the mill, the material of the medium, the velocity of the
medium, and the coefficient of friction between the media and the wall of pot were fixed into the actual experimental
conditions. The motion of various kinds of grinding media was quantitatively measured by setting the grinding zone
defined in the present study on the photographs taken and the snapshot images analyzed in the simulation. In addition,
we observed the quantitatively measured value and the changed morphology of the sample and examined the correlation.
Therefore, it is suggested to optimize the grinding media which has the greatest influence on the grinding zone under
specific experimental conditions.
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Fig. 2. The procedure of image analysis of the ball motion in a tra-
ditional ball mill [13].

Table 1. Experimental conditions

Experimental conditions

Rotation speed [rpm] 100, 300, 500
Milling time [h] 24
BPR [based on wt%] 10:1
Ball filling ratio [-] 0.3

Material of pot stainless steel

Material of media alumina, zirconia, stainless steel

 of medi Alumina 4.36
Density o 3m cdia Zirconia 6.22

[g/em’] .
Stainless steel 7.95

Size of media [mm)] 1,3,5,7

Fig. 1. SEM photograph shows the starting materials employed in this study.
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Table 2. Simulation parameters

Simulati diti Traditional ball mill
Hmuation conctions Ball to ball Ball to wall
Alumina media 2.0 0.1 3, Zdup 4 it
Friction coefficient [-] Zirconia media 1.0 0.5
__Suinless siecfmedia 03 ol 2 9e olAY ABRAN 39 A4S 915 A
Rotation speed [rpm] 100, 300, 500 P B EN N\oh Ao e A Zme
Ball diameter [mm] 1,3,5,7 Aol kel s A, 2719} A =37
I mm 12376 TauiAl o] 52 S Al vt e &9 B DEM AlEdEoldS &
H 2510 Es 2l o)z} FAF
Number of media 3mm 582 &l 3yato] vla B, 1 AdE B 7 T A B
> 3 spoll v BH2A] JTE dopsiet Fajulale] 2712 A)
mm
Alumina 436 s dysto] 1 A%E *‘d_”‘;i--_6 R 2L B Aol A = v
Densd e Zirconia 622 Aol 2719, Wrestel ola) §15)0] ekA, wan o) 2g
Stainless steel 795 = A 3 A %, FANIAH kA 3, 7 A%
Ball filling ratio [-] 0.3 HE 335} 14} 31}
Alumina ball Zirconia ball Stainless steel ball
0= 44.60% 0= 3942% 0= 2719%

O = 79.98% O=7686%

= 55.91%

500 rpm

Fig. 3. Simulation and real snapshots of ball motion with SEM images (a) Alumina ball (b) Zirconia ball (c) Stainless steel ball, (Ball size 1 mm) [6].
Korean Chem. Eng. Res., Vol. 57, No. 6, December, 2019
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Fig. 4. Simulation and real and snapshots of ball motion with SEM images (a) Alumina ball (b) Zirconia ball (c) Stainless steel ball, (Ball size

3 mm) [6].
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0= 2450%
F
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Fig. 5. Simulation and real snapshots of ball motion with SEM images (a) Alumina ball (b) Zirconia ball (c) Stainless steel ball, (Ball size 5

mm) [8].
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Alumina ball

0= 50.07%
-~
100 rpm
0= 67.04%
300 rpm
500 rpm

Zirconia ball
0= 4576 %

Stainless steel ball

0= 5027%

Fig. 6. Simulation and real snapshots of ball motion with SEM images (a) Alumina ball (b) Zirconia ball (c) Stainless steel ball, (Ball size 7

mm) [8].
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o}, Begk 2| 2 F o A ] A E AHESIE 735, 100 rpm
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AE3R= o] Al =oky, ARl A Al o] Bl S AR
3k 9o+ 100 rppmOIA 7 mm, 300, 500 rpmIA = 3 mme] 7
Soll Eell Asshe E-&o] AU =3k

TS QA1 o] wigks A R, w2 334 =100 rpm), T1F
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Table 3. Comparison of the ball motion with various experimental conditions

Ball si Ball fraction Particle Morphology Ball fraction Particle Morphology Ball fraction Particle Morphology
Al size [%] Before milling After milling [%]  Before milling After milling [%]  Before milling After milling

Ball material

[mm]
100 rpm 300 rpm 500 rpm
1 44.60 spherical 86.44 spherical 0 no change
. 3 40.52 plate 7433 plate 0 no change
Alumina ball
5 55.40 plate 67.36 plate 0 no change
7 50.07 plate 67.04 plate 0 no change
1 39.42 spherical 79.98 spherical 5591 slightly plate
. . 3 30.28 Massive plate 49.11 Massive plate 79.28 Massive plate
Zirconia ball
5 29.92 type plate 28.18 type plate 50.85 type plate
7 45.76 plate 36.53 plate 39.07 plate
1 27.19 spherical 76.86 spherical 57.95 slightly plate
Stainless 3 24.75 plate 38.63 plate 36.16 plate
steel ball 5 24.50 plate 3331 plate 29.39 slightly plate
7 50.27 plate 38.88 plate 30.03 slightly plate
[ Alumina ball . [ Alumina ball
I Zirconia ball : I Zirconia ball

Stainless steel ball Stainless steel ball

Ball fraction [%)]

(@)

Fig. 7. Ball fraction for the different size and material of the milling media in the grinding zone (a) view from the top (b) view from the side.
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o el 7H7ke- S| = WskE ). A o] 27gle] 300 rpm oA L3l A] 2] AF S o] AlY
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