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Abstract This study is focused on investigating the relation between the particle size of silver flake powder and
mechanical milling parameters. Mechanical milling parameters such as ball size, impeller rotation speed and milling

time of the attrition ball-mill were controlled to produce silver flake powder. The particle size of the silver flake powder
increased with increasing ball size and impeller rotation speed. The change of the particle size of the silver flake pow-

der with mechanical milling parameters was analyzed based on balls motion in the mill container of the attrition ball-

mill. The silver flake particles were formed at the elastic deformation area of the ball due to the collision between balls.
The change of the particle size of the silver flake powder with mechanical milling parameters well consists with the

change of the collision energy of ball with parameters mentioned above.
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Fig. 1. Change of the particle size distribution of the silver
powder with milling time for ball size of 2mm and impeller
rotation speed of 400rpm.

Fig. 2. SEM mlcrographs of the silver powder with mechanical
milling time for (a) 0 hour, (b) 2 hours, (c) 4 hours and (d) 6
hours.
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Fig. 3. Changes of average particle size of the silver flake
powder with impeller rotation speed for various ball sizes.
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Fig. 4. Schematic diagram of the formation of elastic-deformation
contact area due to the collision between balls.
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Fig. 5. Photograph of moving balls in the mill container and
schematic diagram of impeller of the attrition ball-mill.

Zyzko] Z1AH DHEANAMY B it S5 F4
Ak, =3 wyly)o] 5 FAOR 3= wnkr]e] e
SAUAZE | A] &4 glo] & 87 W) 29 5

an

AU Wk 7bgsta, 2zl Wy 2AHe
2 119 $5IAE BE5)e] 2o SuE 23

ol wrk7e) I|AFFAUR = wRk7} 2=k 4
Mol AR A AZHERe] 1)) 9 Fo= F
AE AL 7Hg3tA, 2 (1)y& o83t AlLtatATH22].

1 1 Ly g ’
Kinpettor = {ERf(M,’,fM,‘ j)+g(M,_,-Li,-fM,,,-Li ,+ZMRZ)}(§—O €))

471N Rz bR A WA, M 7HEE W] A
T, Me V2N A5 A2 Fo) FEEE 2R

A, Lo 7k A o), Le 7HEE A3 A

2 So] SEHe FE o), M= AEZNE S

A, Re A= 50 REY, N2 whr] 9] 3jdg=oln}.,

olFA F 7HA WHog FE 2 £EF5 B A

AMe B TEEEE Btk 2% 601 2 mm®} 3 mm

£ Bf B 259 AFAE witr)e] 3de-soly
x<J

1.6

- r —&— 2mm ball (observation)
E 1.4 - —0— 3mm ball (observation)
~ 12 [ —&—2mm ball (rotational kinetic energy)
E’ “r —— 3mm ball (rotational kinetic energy)
] s

S 10+

E L

= 0.8 -

s L

§ 0.6 -

= L

S o04f

gn k

= 02}

- L

g 0.0 -

< |

_0.2 n 1 n 1 " 1 " 1 " 1 n
150 200 250 300 350 400 450

Impeller rotation speed (rpm)

Fig. 6. Changes of the estimated average ball collision velocity
with impeller rotation speed for various ball sizes.
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Fig. 7. Changes of the Hertz diameter (diameter of the elastic-
deformation contact area) with impeller rotation speed for
various ball sizes.
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ZFEolUix|e] W7} Baeixe] AURT SR AR
93 el eddae SHE. el 7144 2
2 Zguis] 2 B FEAUAS JE vlwsd 2uk
DRI S BELE IEEISR IER B RV e R

HHoe JriE 4 Je Ao ek,

a9 8ol A7l L F Al Bo] 4E FEA WA
B 9 G550 vuAg S45E F504A
FE0IUA) 2w)e] mHkEwl e wWsks Y.
54 eg il A& 11 7914 & 4 Qe v}
o} o] BE FENI] Zelola Yo WAl T
347 k7] wFolth, EBoA WEE 4 3)02 /)
A ATH25].

1d=§7—{<5m)3{ S2E }dﬁi}s 3)

53] AP A -5 1Z]a O]%O}Oq —r’x‘l"‘?l' -
7HA 25 3 mm/200 rpme] 7A-$-7} 2 mm/400 rpme] 73
SR e FEAUA AEE YER o], 17 39 A
Azd E#ola 29 HadA}t =27] Astel sdg 4
o UERIITE = 19 39 71A1A EE 3RSl o

£ Felola & $ue) QA=) Weke, U TPl
W2 2 FEoluAle] W olEsis AL & 4 AUtk
webd 248 muks We7lE ALgel $4 217l
A Edlola mee) & B A2 Bdola dAE

Sk 2o Buy AETolN FYHT, YA B
Aol 9] F7le 2ol SRR s Ao

2 goEg

Vol. 21, No. 4, 2014



312 oldz -

AR de oz

A SR A=) RES AAE Bdola mope] &
P Az AEE Eelola & we] Yxjar]
£ Uy7le) assr} 3k B S0} 31esE
Z7h5He ATL Uehiglt. B 45119 S8 o3 @
Y AET FEAA LS A8, 71AH 9
WS W] WE oled Fefola R QA
7 WEE siastch Az & Seola B g4
e

(

o orr

-
rlo L S

AARRe e 27)
YAk 714 AP
3 A5Ro BEHE A
w4e] Walol] He Zeol=
Bo] FEoIAe] WalASY

0%

o

e B FEA FAEE 2o BgE A
g— 12
Al
] O

ot 1o

fr o (&
oZi

[1] J. Oprosky and D. Stotka: USA, US 5,346,651 (1993).

[2] R. G. Reed: USA, US 4,964,948 (1989).

[3] N. L. Liu and R. Meer: USA, US 4,566,990 (1983).

[4] S. M. Towlson: USA, US 5,653,918 (1996).

[5] V. Paneccasio and M. P. Chasse.: USA, US 6,013,203 (1998).

[6] H. W. Cui, D. S. Li, Q. Fan and H. X. Lai: Int. J. Adhes.
Adhes., 44 (2013) 232.

[7] H. H. Lee, K. S. Chou and Z. W. Shih: Int. J. Adhes. Adhes.,
25 (2005) 437.

[8] H. W. Cui, Q. Fan and D. S. Li: Int. J. Adhes. Adhes., 48
(2014) 177.

[9] H. W. Cui, A. Kowalczyk, D. S. Li and Q. Fan: Int. J. Adhes.
Adhes., 44 (2013) 220.

[10] D. Lu and C. P. Wong: Int. Sym. Adv. Packag. Mater., 10
(1998) 48.

[11] D. L. Markley, Q. K. Tong, D. J. Magliocca and T. D. Hahn:
Int. Sym. Adv. Packag. Mater., 12 (1999) 16.

[12] W. Songping: J. Mater. Sci. Mater. Electr., 18 (2007) 447.

[13] C. Suyanarayana: Prog. Mater. Sci., 46 (2001) 1.

[14] ASM International Handbook Committee: ASM Hand-
book Vol 7 Powder Metal Technologies and Application,
ASM International, Ohio (1998) 134.

[15] J. Kano and F. Saito: Powd. Tech., 98 (1998) 166.

[16] A. Theodore, K. J. Jeon and C. Y. Wu: Kona, 24 (2006) 83.

[17] P.R. Santhanam and E. L. Dreizin: Powd. Tech., 221 (2012)
403.

[18] R. Watananbe, H. Hashimoto and G. G. Lee: Mater. Trans.
JIM, 36 (1995) 102.

[19] G G Lee, D. W. Lee, G H. Ha and B. K. Kim: J. Jpn. Soc.
Powd. Met., 43 (1996) 1253.

[20] D. W. Lee, B. K. Kim, G. G. Lee and G. H. Ha: J. Kor.
Powd. Met. Inst., 3 (1996) 159.

[21] S. H. Hong and B. K. Kim: Mater. Lett., 51 (2001) 139.

[22] R. A. Serway and J. W. Jewett: Physics for Scientists and
Engineers with Modern Physics, 6th Ed., Cengage Learn-
ing Korea Ltd., Seoul (2005) 292.

[23] H. Hashimoto, T. Shinozaki and S. Yashima: J. Chem. Eng.
Jpn., 20 (1987) 380.

[24] S. P. Timoshenko and J. N. Goodier: Theory of Elasticity,
3rd Ed., McGraw-Hill, NewYork (1970) 420.

[25] K. S. Venkataraman and K. S. Narayanan: Powd. Tech., 96
(1998) 190.

Journal of Korean Powder Metallurgy Institute (J. Kor. Powd. Met. Inst.)



