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ABSTRACT

This study have investigated the effect of various factors related to the physical properties of
vulcanizated rubber compdunds. rubber type, carbon black type and carbon black loading were
selected as main factors and evaluation were tested by tables of orthogonal arrays with 3 fac-
tors and 3 levels. rubber types have affected cure time, tensile strength, and Ty as main factor
and carbon black loading have affected viscosity, scorch time, maximum torque, hardness, 300%
modulus, rebound, heat build-up, 0 & 60°C tangent delta, PICO and CUT/CHIP loss as main
factor but the effects of carbon black type have affected only bound rubber content.
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Table 1. Materials

Ingredients Description Source
NR SMR CV60 Malaysia
SBR Styrene-butadiene- F3AH-3}8

rubber(SBR 1500)
BR Cis 1,4 polybutadiene 3 EP
(cis 96%)
Zinc oxide  Special grade(99%) ¥t doleds}
Stearic acid Acid no. 200 LGz}
Sulfur — o} AL

Cure NS  N-tert-butyl-2-benzot- g3}t
hiazol sulfenamide

SRB B4 Carbon black Cabot
SRB C5 Carbon black Cabot
SRB E4 Carbon black Cabot

Remarks) SRB : standard reference black
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Table 2. Characteristics of rubber

ITEM SMR CV60 SBR 1500 BR-01

Viscosity 58 52 44
Mn 272,000 191,000 258,000

Tg, °C -62 -45 -98

Styrene, % — 235 -

Table 3. Characteristics of carbon black

 ITEM SRB B4 SRB C5 SRB E4

I,NO - 79.3 . 121.1 36.0
N>SA/I,NO 0.94 1.01 0.96
DBP 100 113.7 90.4
CDBP 86.6 98.7 75.7
TINT 98.5 117.5 55.2

Remarks)1. [;NO-lodine adsorption number, mg/g
2. N,SA-Nitrogene surface area, m2/g
3. DBP-Dibutylphthalate adsorption
number, cc/100g
4. CDBP-Crushed DBP, cc/100g
5. TINT-Tinting strength, %

Table 4. Tables of orthogonal arrays(Le/(34%))

No. of column Test
Test No. 1 2 3 4 condition Data
1 0 0 0 0 A o Yooo
2 0 1 1 1 AdBG You1
3 0 2 2 2 A¢B:C, Yooe
4 1 0 1 2 ABKL, Y10z
5 1 1 2 0 AB,Co Yi1o
6 1 2 0 1 A,B:C, Yiz1
7 2 0 2 1 A;BoC, Yzo1
8 2 1 0 2 ABC, Y212
9 2 2 1 0 ABCo Y220
Arrays A B e C Total
Remarks)

Ao SMR CV60 A, : SBR 1500 A, : BR-01
: SRB C5 B,:SRBB4 B,:SRBE4
Co 120PHR G, :40PHR C,: 60 PHR

gebsly) g8t LTSS, JREESAST, JHEEY
g 3017k 35F AR DY o}43te] AlFE
Al dton, 7 Qapd & rubber type(Aq :

SMR CV60, A; : SBR 1500, A, : BR-01), carbon
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black type(By : SRB C5, B:i: SRB B4, B;: SRB
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Table 5. Basic recipe for testing

Ingredients T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-§
SMR CV60 100100100 — — — — — -—

SBR1500 0 — — 100100100 — — -
BRO1 - — — - — — 100100100
Zincoxide 8 — « = — = = — «

Searicacid 1 «~ &~ « «— +— +— « «

SRBC5 20 60 40

SRB B4 40 20 60
SRB E4 0 60 40 20
Sulfur 175 « « « — —« — « «
Cure NS 1l =« « « « « = « «
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Table 6. Analysis of variance for cure properties

Item Factor S ¢ V Fo F(0.05)Remarks
A 1963 2 981 11.2

Viscosity B 1906 2 953 10.9 19
C 7085 2 3542 40.6
E 175 2 87 —
A 1760 2 880 12.7
Scorch B 461 2 230 3.3 19
time C 1973 2 986 14.3
E 138 2 63 —
A 249 2 1241033
Cure B 3 2 2 14 19
time C 31 2 16 13.0
E 2 21 -
A 46 2 23 21
Max. B 17 2 8 08 19
torque. C 653 2 327 30.3
E 22 2 11 —

Remarks)S ;| Factor variance ¢ . Degree of free-
dom V:S/¢ Fo.Va/Vg
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Table 7. Total sum of each factors for cure properties

A B C
Ag Ay A; By By B, Gy G, C;
Viscosity 160224 268 268224 161 121 195 330
tb 52154111 76116126163101 54

S

Cure
t90 17 55 30 31 35 35 41 32 28
L max. 133149138146139136111137173
400
as0 L ‘ W Viscosity
Scorch time(t5)
300 |- Cure time(t90)
[Z5) Maximum torque

Total sum of each factors

Factor level

Fig. 1. Effect of factor and level for cure properties.
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Table 8. Analysis of variance for tensile properties

Item Factor S ¢ V Fo F(0.05) Remarks
A 38 2 19 24
24 2 12 15
891 2 445 549
2
2

Hardness 19

16 8 -
3575 2 1787 1.2
2194 2 1097 0.8
36934 2 1846712.8
2881 2 1440 -
50721 2 25360 6.6
12121 2 6060 1.6
1942 2 971 0.3
7633 2 3816 —
38006 2 19003 4.5
4327 2 2163 0.5
85595 2 42797 10.1
8448 2 4224 —
8 2 44 33
320 2 160 121

2
2

300%
modulus

19

Tensile

19
stremgth

Elongation 19

Bound
rubber

19
143 71. 54
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Table 9. Total sum of each factors for tensile prop-

erties and bound rubber

A B C

i Ay Ay A, By Bl B, G G G

Hardness 182 194 180 191 186 179 150 183 223

300% modulus 358 421 275 417 311 326 146 309 605
Tensile  Tensile 948 710 398 2828 668 560 625 702 729
Elongation 170615111231147915651404179415631091
Boundrubber 81 71 58 88 75 46 60 63 &7

1100
1000 -

W Hardness
300% modulus
FZ7 Tensile strength

Totat sum of each factors

Factor leve!

Fig. 2. Effect of factor and level for tensile properties.
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Table 10. Analysis of variance for dynamic properties

Item Factor S ¢ V  Fo F(0.05) Remarks
A 299 2 149 115 o
59 30 23
467 2 233 179
26 13 -
71 36 3.0
14 706
88 4 38
23 2 12 -
0.005 2 0.0024 19.7
0.001 2 0.0003 2.1
0.007 2 0.0035 285
0.0002 2 0.0001 —
0.006 2 0.0028 8.3
0.002 2 0.0009 2.6
0.007 2 0.0034 9.9
0.001 2 0.0003 —
5467 2 2733 1562
313 2 156 09
033 2 016 0.1
350 2 175 —

Rebound 19

Heat

. 19
buile-up

DN NN NN

07 tang 19

60°C tand 19

Tg

mOaOw>@EaW>EOQEPEHOW>EOQE
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Table 11. Total sum of each factors for dynamic
properties
A B C
Ao Ay A; By B B, G G G
Rebound 162 127 165 143 150 162 180 147 128
Heat build-up 58 74 77 70 75 66 57 74 79
] 0cC 0.28 0.45 0.36 0.39 0.36 0.34 0.26 0.36 047

7.

554

SMC 60 017035028029 03 021 0.17 0.27 037
Tg  -154-111-285-186-182-182-183-184-183
250
° 200# 5:::?:::6—up
g
8
]
3
(<}
€
5 7
l

A0 Al A2 80 B1 B2 co c1 c2

Factor level

Fi

g. 3. Effect of factor and level for dynamic prop-
erties,

06

05 L S O C tangent defta
60 C tangent delta

Total sum of each factors

Factor level

Fig. 4. Effect of factor and level for tangent delta.
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Table 12. Analysis of variance for PICO and other
properties

Item Factor S ¢ V  Fo F(0.05) Remarks

A 29110 2 14555 7.7
DSR B 14361 2 7180 3.8 19
C 30027 2 15013 7.9
E 3800 2 190 -
A 67 2 33 0.6
Dispersion B 15 2 57 10 19
C 248 2 124 22
E 115 2 57
A 471 2 236 13.3
B 664 2 332 18.8
PICO C 1377 2 689 38.9 19
E 3% 2 18 -
A 4 2 176 7.0
CutT/ B 5 2 243 97 19
CHIP C 6 2 291 116
E 1 2 025 -

Table 13. Total sum of each factors for PICO and
others properties

" A B C
T ¥ Ay AL A; B B1 B, Gy Gy C,
DSR 217563 593 595 475 303 274 409 690
PICO/ Dispersion 241 251 231 229 239 255 227 233 263
Others PICO 136 97 85 82 94142155 97 66
CUT/CHIP 6.4 10.4 6.4 5.6 6.810.811.06.7 5.4
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