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ABSTRACT

A ball mill is equipment for milling water-insoluble chemical compound. This results in
chemical compound dispersion for mixing with latex. The ball mill consists of two components; a
shaft transmission system and a milling system. A shaft transmission system consists of six sets of
two 2.54 cm-diameter shafts (1 in.). All shafts are covered by 0.63 cm-thick black rubber (1/4 in.).
Power source is from a 746-watt (1 HP) electrical motor. A milling system includes 12.7 cm-diameter
milling reactor (5 in.) and 22.8 cm-diameter milling reactor (9 in.). The grinding media includes 3
sizes; small, medium and large having diameter of 11.0, 15.5 and 25 mm.

Milling experiment includes 4 tests. The first test was to determine the best ratio of grinding
media between small, medium and large size within 24 hours. It was found that best ratio was 1:2:1
(small : medium : large). The second test was to determine the suitable amount of chemical compound
by a volume of a 12.7 cm-diameter milling reactor (5 in.). It was found that the suitable amount of
chemical compound was 63.35 % by volume of a milling reactor. The third test was to determine the
best milling reactor size. It was found that the milling performance of 12.7 cm-diameter milling
reactor (5 in.) and 22.8 cm-diameter milling reactor (9 in.) were not different. The last test was to
milling each chemical substances to get the proportion with 1.5 micron to get time of milling list as
follow Zing oxide use of time 17.5 hours, Zinc diethyl dithiocarbamate use of time 20.5 hours,
Sulfur use of time 66.5 hours, Diphenyl Guanidine use of time 43.5 hours, Calciumcarbonate use of

time 20.0 hours, Lowinox CPL use of time 21.0 hours
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Sogria W) | Uszou,bw) | (M-8 U) | (AR/Y) (W3.) P, (WY.)
35(06C-1) | 9.52 4.78 10.2 0.33 5.08 10.13
40 (08C-1) | 12.70 7.92 17.2 0.61 7.95 14.38
50 (10C-1) | 15.88 9.53 28.3 0.98 10.16 18.11
60 (12C-1) | 19.05 12.70 38.5 1.59 11.91 2278
80 (16C-1) | 25.40 15.88 65.8 2.56 15.88 29.29
100 20C-1) | 31.75 19.05 108.9 3.78 19.05 35.76
120 24C-1) | 38.10 25.40 154.2 5.82 22.23 45.44
140 (28C-1) | 44.45 25.40 208.7 7.62 25.40 48.38
160 (32C-1) | 50.80 31.75 263.1 9.88 28.58 58.55
200 (40C-1) | 63.50 38.10 430.9 15.91 39.68 71.55
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L=y4C°—(D+d) +g (D+d)

L C
{b) Crossed belt

AN 3 ANBAUZNTINAWNIULUL Open drive 1a% Crossed drive
11: Shigley. 1986.
o ¢ ¢ S ) 4
- MSVUFIWIULUUAIDNDTINDTU (Quarter turn drive) lﬂuﬂTﬁmUﬂJ@ﬂﬁTﬂWTuﬁﬁlWﬁT

11 A9 Qs’l o
VONYLAYVIDADAIRINDU

1NN 3 MsauyududTiazanuevessenu L luuaaznsgii lalaeld

Y
qumMsnaae i

[

° o o = . Y A Y dy

FmSumsvutuula (Open drive) aunsorn laanaunsi 5, 6 uag 7 1aaadl
=

eszﬂ—Zsm e ...(5)

-1
GL =17T + 2sin — ...(6)



L:[4c2 —(D—d)z]‘/z +1(D9L +d95)

2

=).

Tag

[

@ 1 1de & =
9 YNFTURNTTWWNIUVDINLTAUAN (t138u)

»
o))

[T 1

o yududaaemuveyadei lua) (siReu)

1 4 a 1 o

' -4

& U © @
)

D) 2D

4 1 ] a
(3] Ligf}uINTHﬂuﬂﬂﬁNWW‘:ﬁmﬂﬁmmﬂﬁﬁiﬁiy (FURNUNT)

a 1T i dy 3 a
3] LigfjungmEJﬂﬂNWVlGﬁﬂlaml,aETmmﬂ (¥ UaLNNT)

4
v A

= 9 v o Jdo ~ Y
ﬂ'l'i“l’i'l!lﬁi\WNcluﬁ'lEJWWU ﬁ'liJ'liE]W'lhlﬂFl]'lﬂﬂ'ﬂiJﬁ'llWl!‘ﬁﬂ\?fﬁJﬂ'li‘ﬂ 8 Vlﬂﬂ\‘]u

Taeh

A =3 Y = a o
A9 UIIAIVDIT YN IUAIUAL (UIAU)

A =3 Y ] a o
AD UIIPVDIT YN IUAMUKIDU (UIAU)

o3|

S}

= 1 o a Q{ =
flo maudszansanudeanIu

D T

A [ =
A9 YUAUNTTIINIY (151a81)

!,Li\iﬁﬂlﬁﬁ]ﬂiﬂﬂﬂlﬁlﬁx‘lﬂlﬂﬂﬁTﬂ‘V\ﬂu mmiawﬂéfmﬂmmﬁu

T=(F-F)r

=).

Tag
A a a o

A9 LIIUA (UIAU-UANT)

A = 9 = a o

A9 UIIAITYWIUATUAN (UIAU)

A = Y (] a o
A9 UIIAITYWIUATUHIDU (UIAU)

= 1

[ (4
0 IANVDINLAY (1UAT)

-
o))

'
v Jdo ~

WUTAITUNITN 9

13

(7

.(8)

9

Taeatl

.9



14

' v
v Jdo ~

ANueMANTa o laannanudunusasannsn 10 laaatl

Taeh

=

o

&= O O

(D-d)*

4C

Lp=2C+1.57(D+d)+ ...(10)

A9 AMVINANTUDIAIWIU (FUALIAT)

fio 32ozrINTEHINgUINANAOAIONIU (FUAIAST)

A 9 16 o

1 4 a 4 ] 1 a
o LE‘T‘L!N1ufjfu€lﬂf1NWVl%ﬁlﬂﬂWﬂme@]’JclﬁﬂJ (B UNUNT)

9 ' J a 1do

o LﬁuNTUﬁuEJﬂﬁ”IQWT]"]?"‘]Ji’J\‘IK‘I:LﬂEJGYJmﬂ (mmﬁmm)

k

2.5.5 MyganuuuIna

AUNUDI Soderberg approach HAZNHRANUAUDDUFIGATINTON lADINaNMIN 16

E4
v A

way 17 Tdaadl

Tagdi
ds
ns
M
T
S}'
Se

iiie

[ =

d. = S — | +| — ..(16)

o VnAduRIUgUINaIINa1 (WA3)

o))

@

AnNulanane 13e Safety factor
& a o
TmuAAnA (HAU-UAT)

159U (HIAU-IUAT)

D) D) D) 2D
)] o

@

faena1n w3e Yield Strength (unnziania)

[

Y [
VANNAANUNUMUVIFUAIATOINA (WAnzAania)

)]
o]

S, =kkkkkkS ..(17)



15

=).

Tag

dlsznound e

()]

&

alszneuvuia

<

ﬁ?ﬂi%ﬂ@ﬂﬂ?"llluﬁjilﬁ‘li]

@

o

D) D D) 2D
o

d1lsznougungil

[=4
e)]

v Y ]
@115 NOUAMMAURUUY

)}
o

@

U d‘
9 MUsTnoUdU 9

_,,
o))}

1 < 1 =< ~
ANNULVALTIANTAS (1015199 n.1) (unnzagnia)

)
@

g

w o x5 5 o~ & &

Y
VATINAANUNUNUVBITFUNATDD (WNnziania)

o))
@

[

Taeh

0.5048 ¢, Sy <200 kpsi (1,400 wnnzihania)

= ...(2.18)
100 kpsi (700 MPa), S, >200 kpsi (1,400 wnnzihana)

f. ﬁ?ﬂizﬂ@ﬂﬁ?’?ﬁﬂ (Surface factor, k,)

4 4
AvesFuunadou Tasmsvyuag ldasumsiaed1alsidia Tasmsvansigatiozda
d‘i 19 Y a = [] a 9 lt:y A 1 o 9 A
amnerie lldinasesladiuluiamadusonds uasuauaiee ldamnsoim Idmion

tg’ Y ~ a 9 ~
FUIMUNATDU Iﬂﬂﬁﬁﬂi%ﬂﬁ]ﬂﬂﬂmiﬂ‘ﬂﬂﬂ k, ‘Viﬂﬂ“’lﬂﬂﬂﬂ/‘m 4

1.0
r 17 ]
Polished Groung
08 !
0.8
—, — Mochined or cold drawn
0.7 fay —
-
= 06 .
=
8 i ™
- 0.5 ‘\ ———
1'? 0a ] F Hat rolled
3 :
g As forged [
0.3 — ]
"""'-1--..__._._'_h__-.|
&2 =
0.1
0 . . .
0.4 0.8 a8 1.0 1.2 1.4 1.6

Tensile strength 5,,,. GPa
i 4 adenaud luanyluG e

11 : Shigley. 1986.
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v, f1lsznouvadan (Size factor, k,)

[

1 [ 1o o 2/1 9 v 9 @ 4 Y dy
ﬂ’lﬂﬂ’llll,lfll\?lli\illiJﬂWﬂﬂﬂiﬂ"U@Q\ﬂu ﬁlmmgﬂﬂiumﬂmﬂ‘izﬂaml,ﬂllﬁummlum N

-

0.869d_0'097 0.3<d<10 in

kp =91 ,d<8 mm or d<0.3 in ...(19)

-0.9
1.189d / ,8<d <250 mm

\

Taeh

= 9 1 4 Aa A
d A9 [E@UNIUFUINATUND (Vaang)

a. milszneun1u1iele (Reliability factor, k)

Y [
u@ﬂmﬂmﬁwmmnﬂ1ialeff’ﬂ1mm1Jaaﬂﬁmgaz@1qﬂTi1%’@114mawumuﬁaammmgé’a
[ Q' 1 4 q'./ 1 a d A an 1Y
ENE"ﬂllTiﬂLW11ﬂ1ﬂ’J”IlJL%@Nuiuﬁ’JUﬂ’J"liJéJ"IllﬁTﬂEJﬂﬁ’JLﬂiT%TiL%Qﬁﬂ@lll’JﬂﬂllWﬁiﬂﬂﬂﬁ‘ﬂﬂﬁ@ﬂ

v Il ¥ v Y
gaaaaluasnan 3 Faldannudesiudaua 50-99.999999 o

g3 3 adeanulingdald

Reliability Standardized variable Z_ Reliability Factor, k_
0.5 0.000 1.000
0.9 1.288 0.897
0.95 1.645 0.868
0.99 2.326 0.814
0.999 3.090 0.753
0.999 9 3.719 0.702
0.999 99 4.265 0.659
0.999 999 4.753 0.620
0.999 999 9 5.199 0.584
0.999 999 99 5.612 0.551
0.999 999 999 5.997 0.520

117: Shigley. 1986.
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3. alsznougungil (Temperature factor, k,)

A~ ay Aq ¥ ~ a Y o Y
mEmmi@ammu“}mmﬁ@uﬂﬂmumqmwmqq i]%@]@ﬂ‘l/nﬂ“li%ﬂﬁﬁ)‘]ﬂuﬁ’E]Q‘]/]ﬂﬁﬁ]\‘l

U

o

' AA o Y a A o ' v Y Y ' Y
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Y A

voviaganas nagsh ldinailyinsasy (Creep) 1ipennanudunen awsama k, 1aen

auMmsn 20

k, = 1o T < 350°C

Haz 0.5 119 350°C < T < 500 °C ...(20)

9. A2152NOUANUNUIIUY (Stress concentration factor, k)

2 ] v 1 H
FudIuveunseddninainazly sosu1n nieanuaiudue Fedwnuaniilding

4 H
A A U

E4
ANUIAUGIGAT 150071 Stress riser VSIUAAAANWAUGIT 58071 ANWAUAUMUY (Stress

U Q

concentration)

3 9 1 v A
mﬂizﬂam«nmmuwumuu “Vi‘"lulﬂmﬂﬁ’llﬂ"liﬂ 21

k,=— .21

J 1 1 a ! 9 A
AR AT 0d (@) ansaienlaTasldaunsi 22

(Kf - 1)
q=—1—= .(22)
(K, -1
A91U
Ke=1+q(K, 1) .(23)
Taeii

K, A9 AMueusanuniuiiodnnanual
1 1 1 a J
K, Ao Mvueusanumiuaiag

A ' e . £ 9y =
q e anuliresesmz (Notch sensitivity) #9911 1@91n0 0N 5 uag 6
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117: Shigley. 1986.
2. dlszneudu 9 (Miscellaneous effect, k)
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36.59 N
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UNS SAE Processing | Tensile Yield Elongtion | Reduction | Brinell
NO. And/or Strength | Strength In2in In Area | Hardness
AISINO. (S, (S, % %
Kpa(kpsi) | Kpa(Kpsi)

G10060 1006 HR* 300 (43) | 170 (24) 30 55 86
CD** 330 (48) | 280 (41) 20 45 95

G10100 1010 HR 320 (47) | 180(26) 28 50 95
CD 370 (53) | 300 (44) 20 40 105

G10150 1015 HR 340 (50) | 190 (27.5) 28 50 101
CD 390 (56) | 320(47) 18 40 111

G10180 1018 HR 400 (58) | 220(32) 25 50 116
CD 440 (64) | 370(54) 15 40 126

G10200 1020 HR 380(55) | 210(30) 25 50 111
CD 470 (68) | 390 (57) 15 40 131

G10300 1030 HR 470 (68) | 260 (37.5) 20 42 137
CD 520 (76) | 440 (64) 12 35 149

G10350 1035 HR 500 (72) | 270 (39.5) 18 40 143
CD 550 (80) | 460 (67) 12 35 163

G10400 1040 HR 520 (76) | 290 (42) 18 40 149
CD 590 (85) | 490 (71) 12 35 170

G10450 1045 HR 570(82) | 310 (45) 16 40 163
CD 630 (91) | 530(77) 12 35 179

G10500 1050 HR 620 (90) | 340 (49.5) 15 35 179
CD 690 (100) | 580 (84) 10 30 197

G10600 1060 HR 680 (98) | 370 (54) 12 30 201
G10800 1080 HR 770 (112) | 420 (61.5) 10 25 329
G10950 1095 HR 830 (120) | 460 (66) 10 25 248

*HR: Hot Rolled

**CD: Cold Drawn

11 Shiglay. 1986.
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dlsenoy U sz (un)
1. mamdunin 318U 660.00
2. mannaNay 218U 900.00
3. 110159 205 26 %A 3,120.00
4. 1oa Ty 16 A7 5,600.00
5. Taf U3 40 10 1 1,500.00
6. Voo Lo 10 2 300.00
7. g1 uIWa 12 %A 960.00
8. 818U B 51 218w 102.00
9.610W1U B 49 1 1du 49.00
10. 188 4 1in 3 120.00
11 9jidd 5 fin 1/ 130.00
12. 186 6 fin 161 134.00
13,88 711 162 145.00
14. 4186 2 i 167 80.00
15. Yooy 1 3,000.00
16. 105NN 1607 120.00
17. ool 11U 10.00
18. Anguaziin 2 %A 34.96
19. @ 1 nyziloq 300.00
20. 1&n 187 30.00
21. gnuA 3 YA 800.00
2. faua 5 1 6 1u 360.00
23. fa19 9 17 6 1u 420.00
24, MATNIATIEHVNADYNIA 2,700.00
258U 9 1,000.00
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22,574.96
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yavesasaiifiua’ld o nade g (lunseu)
aait 4 42T g lue | 1240Tus | 1642Tue | 2092Tws | 24 92 Ta
1 7.56 5.64 4.76 2.54 1.35 1.23
2 8.65 6.53 4.36 3.54 1.98 1.56
3 3.53 2.35 2.39 2.68 2.56 1.84
4 3.44 3.29 2.87 5.68 0.94 3.24
5 7.83 5.69 2.56 3.94 2.15 2.4
6 5.96 6.89 3.57 1.11 2.89 1.57
7 6.66 8.74 5.68 1.68 2.67 1.64
8 4.53 9.86 5.67 6.89 5.46 1.12
9 4.68 13.2 9.5 4.23 4.58 1.32
10 9.56 9.5 8.42 2.14 3.24 1.56
11 11.3 3.25 4.39 2.36 2.89 1.27
12 2.5 2.45 10.86 2.22 1.36 1.56
13 3.87 4.56 2.11 2.14 1.85 1.2
14 2.56 3.98 1.26 3.96 1.54 1.11
15 4.63 4.58 4.88 3.13 1.11 0.97
16 6.54 4.76 3.67 2.11 0.81 1.01
17 8.67 4.01 4.68 2.47 0.46 2.54
18 7.85 6.23 2.11 3.12 1.12 2.34
Lﬂéﬂ 6.13 5.86 4.65 3.11 2.16 1.64
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A % '
GUUTQElIENﬁ'ﬁLﬂlIVHJ@]lﬂ WU AN 9 (]'lllﬂﬁau)

At 4 2T 8 #1749 24T | 6% T | 204Tue | 249970
1 7.57 3.21 3.24 231 1.19 1.23
2 5.69 2.56 3.87 4.69 1.86 0.97
3 5.32 4.68 4.26 3.57 1.23 0.86
4 6.45 5.98 2.19 5.26 2.45 0.78
5 421 5.46 3.22 2.03 2.13 1.26
6 4.86 4.66 5.63 3.11 0.86 1.97
7 3.21 5.39 2.73 2.01 1.13 2.08
8 5.47 2.14 3.46 2.58 2.08 2.06
9 2.34 3.82 6.81 6.79 3.26 1.34
10 4.86 8.95 4.99 2.26 2.43 0.82
11 9.87 4.62 5.63 1.13 2.34 0.43
12 7.65 5.87 2.76 1.76 1.96 1.22
13 5.68 7.49 3.56 2.45 1.42 1.57
14 5.47 5.89 5.41 0.95 1.22 1.56
15 4.23 5.46 4.35 1.97 1.65 2.03
16 8.95 4.69 5.02 2.07 1.78 2.01
17 4.67 7.65 4.48 1.83 1.23 1.28
18 5.98 3.45 4.12 2.44 2.01 1.65

e 5.69 5.11 421 2.73 1.79 1.40
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A v '
GUUTQElIENﬁ']jLﬂNVHJ@]lﬂ WU AN 9 (]'lllﬂﬁau)

At 4 52T g4 lus | 1292Twe | 164Tue | 2090Tua | 24 §2Tua
1 6.53 523 2.6 3.14 1.98 0.86
2 5.62 5.12 2.48 3.89 1.86 0.43
3 4.89 2.46 5.9 5.64 2.34 2.43
4 3.67 3.56 421 2.34 1.56 2.24
5 4.89 6.35 6.75 2.56 2.46 1.89
6 8.76 6.24 3.21 4.68 0.64 1.24
7 7.6 2.56 2.14 3.42 1.23 342
8 3.46 8.46 3.56 2.18 2.43 2.11
9 6.81 4.01 2.89 2.01 2.01 1.97
10 4.99 3.21 4.86 1.46 1.28 1.19
11 5.63 3.46 2.11 2.34 3.42 2.05
12 432 3.83 2.88 3.22 2.14 2.14
13 3.56 4.06 1.56 3.76 2.64 1.56
14 4.68 2.14 1.79 2.16 1.56 1.99
15 4.35 3.75 2.43 2.78 2.78 2.08
16 5.02 2.65 2.86 3.15 2.64 1.35
17 4.65 3.14 2.75 3.77 1.68 1.65
18 2.78 421 3.04 2.84 2.01 1.47
mae 5.12 4.14 3.22 3.07 2.04 1.78
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~ Aa A 9 o ] I ]
M3 1.6 Minaaevlszaninmgnua laglednsraiugnua 1:1:1 (@n:nans: 1na))

A Y 1
ﬂ]u1ﬂm93ﬁ15lﬂﬂﬂﬂﬂ1ﬂ WU IATNN 9 (]‘lllﬂj'ﬂu)

At 45Tua | 84 Tua 12420 | 1647w | 2047w | 24 2w
1 4.62 4.65 231 1.66 2.13 0.88
2 4.36 4.23 2.45 2.35 1.46 0.45
3 5.63 8.65 6.23 3.56 1.86 2.31
4 2.35 7.56 421 3.24 1.44 1.56
5 8.56 2.34 1.86 5.38 2.37 1.54
6 4.56 343 2.76 2.11 2.69 1.26
7 2.89 3.46 3.46 2.87 2.15 2.16
8 4.18 4.68 3.78 2.35 1.56 2.61
9 7.65 4.23 2.15 4.89 1.2 1.88
10 8.65 5.64 2.46 8.65 5.96 2.34
11 432 2.46 5.43 1.23 2.36 1.48
12 2.68 3.55 2.36 1.68 2.1 1.59
13 5.67 5.63 6.66 2.33 1.54 1.57
14 4.59 4.57 5.37 1.87 1.44 2.65
15 5.47 4.33 2.86 2.17 2.13 2.78
16 4.82 2.34 3.76 2.3 2.08 1.24
17 5.26 3.56 4.65 2.76 1.23 0.89
18 5.36 4.45 3.04 2.04 0.89 1.47
e 5.09 443 3.66 2.97 2.03 1.70
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~ Aa A 9 o ] I ]
M3 1.7 Manaaevlszaninmgnua laglednsiaiugnua 1:2:1 (@n:nans:1na))

A 9 1
51]1!1@‘1]@\1?115&?1%1/]1_]@]1@ U IATNN 9 (lliJﬂiﬂu)

At 4 27w 8 174 24T | 169w | 2092 e | 24 27w
1 5.48 2.56 2.74 1.23 1.78 0.81
2 6.79 3.78 2.79 2.56 0.52 0.59
3 9.46 8.56 5.6 4.44 0.78 2.31
4 4.23 4.59 2.14 3.63 2.55 1.25
5 2.47 2.55 2.46 2.78 2.14 1.61
6 3.56 2.74 1.27 2.98 2.43 1.82
7 3.57 3.48 2.36 3.46 2.16 1.67
8 498 2.79 2.48 1.96 1.56 1.46
9 5.68 4.69 5.42 2.42 1.47 1.94
10 523 5.26 4.26 3.71 2.11 0.46
11 2.86 3.24 3.75 2.04 1.88 0.57
12 3.56 8.56 3.12 1.96 2.64 1.14
13 5.87 5.77 2.95 231 1.23 2.1
14 6.45 2.34 3.74 2.41 1.58 0.84
15 5.38 2.89 2.96 1.86 1.81 0.61
16 5.47 5.76 2.35 2.17 1.34 0.42
17 3.54 5.22 3.75 2.34 1.37 0.87
18 5.67 6.41 2.42 2.25 0.87 1.86
mae 5.01 4.51 3.14 2.58 1.68 1.24
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A Y 1
ﬂluTﬂGIJ@Qﬁ1ilﬂ3J1/]Uﬂ"lﬂ U IATNN 9 (lliJﬂiﬂu)

At 45T | 8daTue | 1247w 164 Tue | 2094 Tua | 24 99709
1 5.12 6.23 2.34 2.47 1.69 1.2
2 6.45 425 3.47 2.1 1.92 0.84
3 4.56 5.81 3.63 1.78 2.31 0.23
4 4.71 3.21 2.13 1.41 2.11 0.41
5 2.98 3.44 4.54 2.89 2.74 2.13
6 5.89 6.71 5.21 2.43 3.66 1.57
7 8.41 2.46 7.41 3.74 2.38 1.64
8 7.56 3.47 2.1 3.96 2.02 2.35
9 435 2.15 2.46 2.64 2.74 2.11
10 5.26 3.75 2.74 2.65 1.32 1.6
11 5.74 6.41 3.75 3.16 2.32 1.22
12 4.12 3.76 1.74 2.23 1.41 131
13 3.23 4.19 2.43 1.23 1.62 0.74
14 7.16 4.27 3.46 3.47 2.37 1.67
15 4.26 3.66 2.52 2.56 1.84 1.52
16 4.81 3.26 3.87 33 1.64 2.43
17 6.47 4.95 3.46 2.43 0.85 0.57
18 5.12 4.61 4.44 3.32 1.24 1.46
mae 5.34 4.26 3.43 2.65 2.01 1.39
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A v '
GUUTQElIENﬁ']jLﬂNVHJﬂ]lﬂ WU AN 9 (]'lllﬂﬁﬂu)

At #1714 g4 lus | 1292Twe | 164Tue | 2090Tua | 24 §2Tua
1 8.5 5.64 421 1.59 2 1.32
2 7.64 5.36 3.58 2.34 1.72 2.16
3 9.41 3.74 9.54 2.37 0.77 1.41
4 435 4.26 2.41 3.66 3.91 2.1
5 2.47 2.59 2.56 3.2 4.89 0.68
6 3.54 5.67 3.71 1.87 2.41 1.64
7 5.64 5.1 39 4.56 3.57 2.13
8 5.68 2.34 3.65 1.84 5.2 0.66
9 4.22 2.36 5.36 1.54 2.1 1.88
10 3.38 3.54 5.05 3.69 1.85 1.46
11 6.47 6.4 4.14 3.23 1.65 2.42
12 5.52 3.38 2.85 2.85 1.34 1.78
13 2.64 5.54 3.41 5.62 1.27 1.91
14 6.57 6.41 3.66 4.88 0.86 1.35
15 10.84 9.54 5.64 2.59 0.71 2.34
16 11.57 8.41 6.35 2.55 1.35 2.14
17 4.23 6.45 421 1.35 2.57 1.67
18 4.56 5.11 3.22 3.56 1.44 1.72

mae 5.96 5.10 430 2.96 2.20 1.71
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= o )] a 2 A ~
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meluntouaminy 55 % vo3lSuaTniioua

A Y '
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17 5.57 3.88 2.78 2.94 1.85 0.57
18 5.34 4,78 2.06 2.1 1.24 1.24
Lﬂ’éﬂ 5.00 4.54 3.25 2.54 1.57 1.10
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10 6.95 4.26 2.47 2.09 2 2.04
11 341 3.24 2.87 2.19 1.68 1.68
13 441 9.5 1.87 2.38 1.44 1.58
14 4.65 4.21 2.55 342 1.48 1.81
15 4.23 3.64 2.64 1.87 2.03 2.07
16 5.61 5.24 3.82 2.68 2.51 1.14
17 4.27 5.94 3.44 2.58 1.23 0.85
18 5.28 3.78 3.11 2.21 2.08 1.49
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At 4dTwa | 89T | 1240w | 164Tue | 2047w | 24 42w
1 5.78 5.28 2.09 2.04 2.06 1.57
2 9.57 4.02 3.49 2.88 1.54 1.56
3 6.41 2.67 5.26 3.67 1.67 0.57
4 3.57 438 2.47 1.89 1.87 0.82
5 3.15 5.89 2.71 1.52 3.24 0.67
6 5.27 6.55 3.24 3.57 0.87 1.68
7 4.58 5.87 2.85 2.22 1.57 1.57
8 4.21 3.57 2.64 2.58 3.24 1.26
9 3.68 3.26 2.77 2.64 2.06 1.41
10 5.04 4.59 5.28 1.64 1.68 2.03
11 5.99 421 2.66 3.24 1.57 1.24
12 438 3.85 2.14 2.44 1.69 1.33
13 4.66 3.58 2.06 2.03 2.06 0.87
14 5.7 3.63 3.57 2.41 2.17 0.99
15 6.07 5.85 3.84 2.38 1.56 1.27
16 5.46 4.65 3.18 1.67 1.44 1.69
17 5.08 5.37 3.36 2.37 1.89 1.64
18 4.81 4.05 3.24 2.21 2.03 1.11
e 5.01 4.51 3.14 2.58 1.68 1.24
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1 5.48 2.56 2.74 1.23 1.78 0.81
2 6.79 3.78 2.79 2.56 0.52 0.59
3 9.46 8.56 5.6 4.44 0.78 2.31
4 4.23 4.59 2.14 3.63 2.55 1.25
5 2.47 2.55 2.46 2.78 2.14 1.61
6 3.56 2.74 1.27 2.98 2.43 1.82
7 3.57 3.48 2.36 3.46 2.16 1.67
8 498 2.79 2.48 1.96 1.56 1.46
9 5.68 4.69 542 2.42 1.47 1.94
10 5.23 5.26 4.26 3.71 2.11 0.46
11 2.86 3.24 3.75 2.04 1.88 0.57
12 3.56 8.56 3.12 1.96 2.64 1.14
13 5.87 5.77 2.95 2.31 1.23 2.1
14 6.45 2.34 3.74 2.41 1.58 0.84
15 5.38 2.89 2.96 1.86 1.81 0.61
16 5.47 5.76 2.35 2.17 1.34 0.42
17 3.54 5.22 3.75 2.34 1.37 0.87
18 5.67 6.41 2.42 2.25 0.87 1.86
mae 5.19 4.52 3.16 2.41 1.90 1.29
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AuEOU 6.53 432 2.44 1.26
Diphenyl Guanidine 3.14 2.67 1.34 1.10
LARBENATLIDIUA 2.76 1.26 1.03 0.88
Lowinox CPL 2.61 1.35 1.23 1.14
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(The Design and Fabrication of The Ball Mill Model for Dispersion)
FUAYE AR
MATHIAINTTUINHATUDL DI ANZIAINTTULAZYATTNNITVNLAT VH1INedouN 1Y
A lsen yayaels
MmaImTagmans AuzImnNITuIELgAaIMNTIUINEAT WHINOIRoINTY
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msnadeumsuantsoenilu 4 msnaaey mnaaeun 1 nadeulszaninmgnuanioadiugnualutaazving wa
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MinageunyN dardugnualumsvanangalumsua 24 531w fio 1:2:1 an:na1e:1ug) Mynadeui 2 nadevUSunadisn

2 v

mnsavaldmelundeuaving 12.7 mudwas (5 17) samsnageunud Ysamsalinmunzay Ao 63.35 % lasdsuinsved

v 4 4 Vv

NHoUA MINATOUN 3 NAFDUNAANVLANANTENINHUTOUAVIIA 12.7 SUANAT (5 1) 1ag 22.8 IUANAT (9 13) WU vidleuaa

2 yadanumsalumsvalivana1adu mMsnaasun 4 nagsuanuuananlumsuamsniudazyiiald ldvnamiciy 1.5

o A a e 7 & M o o < a
Tuasen  1dnarlumsuadall Gadeen lasd [da1ua 17.50 43109 uyaddldnaiua 20.50 %1 Tua fwzduldiaiue 66.50 52 Tu9 A

da1ua 43.50 9279 teaaFeumuema l9a1ua 20.00 93134 tlagLowinox CPLI413a 110 21.00 42 114

Abstract

A ball mill is equipment for milling water-insoluble chemical compound. This results in chemical compound dispersion for
mixing with latex. The ball mill consists of two components; a shaft transmission system and a milling system. A shaft transmission system
consists of six sets of two 2.54 cm-diameter shafts (1 in.). All shafts are covered by 0.63 cm-thick black rubber (1/4 in.). Power source is
from a 746-watt (1 HP) electrical motor. A milling system includes 12.7 cm-diameter milling reactor (5 in.) and 22.8 cm-diameter milling
reactor (9 in.). The grinding media includes 3 sizes; small, medium and large having diameter of 11.0, 15.5 and 25 mm.

Milling experiment includes 4 tests. The first test was to determine the best ratio of grinding media between small, medium and
large size within 24 hours. It was found that best ratio was 1:2:1 (small : medium : large). The second test was to determine the suitable
amount of chemical compound by a volume of a 12.7 cm-diameter milling reactor (5 in.). It was found that the suitable amount of chemical
compound was 63.35 % by volume of a milling reactor. The third test was to determine the best milling reactor size. It was found that the
milling performance of 12.7 cm-diameter milling reactor (5 in.) and 22.8 cm-diameter milling reactor (9 in.) were not different. The last test
was to milling each chemical substances to get the proportion with 1.5 micron to get time of milling list as follow Zing oxide use of time 17.5
hours, Zinc diethyl dithiocarbamate use of time 20.5 hours, Sulfur use of time 66.5 hours, Diphenyl Guanidine use of time 43.5 hours,
Calciumcarbonate use of time 20.0 hours, Lowinox CPL use of time 21.0 hours
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