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ABSTRACT : Rebound, storage and loss modulus, and tan 8 were investigated on cured rubbers
with various ratios of sulfur to accelerator and the volume fraction of carbon black in the cured
rubbers. The rebound was increased as the sulfur to accelerator ratio and the volume fraction of
carbon black decreased. The storage modulus decreased as the loading of carbon black and the
strain increasad regardless of the cure systems. The network structure formed by filler-filler in-
teraction was destroyed above 6% strain regardless of the loading of carbon black, because con-
stant storage modulus was shown at the higher strain than 3% for 4 0~50 phr loading of car-
bon black and at the higher strain than 6% for 60 phr and above loading of carbon black. Little
effect on loss modulus was found at the low loading of carbon black, but the peak of loss
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modulus was shown at 1% strain as the loading of carbon black was increased. Tan § increased

as the loading of carbon black and the strain were increased regardless of the cure system, and

maximum tan & was shown at 2% strain regardless of the loading of carbon black.

Keywords : viscoelastics properties, styrene-butadiene rubber, carbon black loading, cure system.
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Table 1. Recipe of Rubber Compound

Ingredient phr Range
SBR 1500 100 Fixed
ZnO 3 Fixed
Stearic acid 1 Fixed
Carbon black Varied 40~ 70phr
Sulfur Varied 0.6~2.25phr
Cure NS Varied 0.7~3.5phr

& Az3lo] A|Hd vertical steel ball- Fa}A|A %
B2 gedd 1579 SARAE dPERH A 87 (steel
ball rebound tester, USA)& o)83}e} 2As}qc}.
A A4 Mol $298 B8R0 7}
Aoe o dehbe $9E B AHHAAF
(GABO Qualimeter, Eplexor-150, Germany)<- o]
85to) ASTM D2231-87 upo 2 2344 11hg, &
% 30°C, strain 0.2~8.0%°lM AFRER~, £4
LEHA 9 &4 T8 250}, @H sjud
S 7Y 25T n-decane §o) 29 ot
WAAA D58 179 S olfete] 2,
ABRE AR o9 AL Porter'! 4 (1)3 7}
FnPe AT 14 BeAel o7 E3HE kel
= Mullins'? #HA44 (2)& o gato] Fakgion, 7}
359 b4 (C )= Waston® 4] (3)% o143}

of 7atsict.
V.V, = 056 x Exp(-z) + 0.4 (1)

V,, . corrected volume fraction of the rubber
network
z . weight fraction of carbon black in the sam-
ple

ln[ ( 1- Vm) +Vm+ er02

CV 3-V./2
2 1 od(vfr{oT 0/) (2)

C, : elastic constant
¥ * Interaction parameter({ ~0.43)
V¢ . molar volume of n-decane(194.9ml/mole)
R : gas constant(8.31 x 107, dyne ml/cm? mole
deg K)
T : room temperature(298.15 deg K)
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Fig. 1. Rebound as a function of volume fraction
of carbon black at various ratios of sulfur
to accelerator.
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Table 2. Crosslink Density and Mooney-Rivlin
Constant of Rubber Compounds at 160°C

Carbonl|Crosslinking density|Mooney-Rivlin constant
black | ( * 107* gmol/ml) |  ( * 10% dyne/cm?)
loading S/A ratio! S/A ratio
(phr) { 3.21 073 0.17) 321 073 017

40 |1.75 1.79 147 457 477 414
50 | 1.69 1.74 147 | 453 4.64 410
60 |1.61 1.70 148 | 411 441 4.04
70 1147 164 1.44| 398 411 395

. Sulfur to accelerator ratio.
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Table 3. Rebound for Various Cure Systems and Carbon Black Loadings
40phr 50phr 60phr 70phr
ITEM S/A ratio! S/A ratio S/A ratio S/A ratio
321 073 017 | 321 0.73 017 | 321 0.73 017 | 321 0.73 0.17
1st rebound, % 37.1 384 41.1 | 335 345 359 | 306 316 322|294 30.6 311
2nd rebound, % 142 152 159 | 11.2 121 131 9.3 10.1 10.2 8.8 95 10.0
1st—2nd, % 383 396 411 | 334 351 365|304 320 317 299 311 322
3th rebound, % 5.3 5.4 5.9 3.8 4.2 4.3 2.7 2.9 3.3 2.2 2.7 3.1
2nd— 3th, % 373 355 349 | 339 339 328|290 287 324250 284 310
1. Sulfur to accelerator ratio.
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ratio(2.25/0.7=3.21).
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Fig. 5. Storage modulus as a function of carbon
black loadings at the sulfur to accelerator
ratio(1.35/1.85=0.73).
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Fig. 6. Storage modulus as a function of carbon
black loadings at the sulfur to accelerator
ratio(0.6/3.5=0.17).
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Fig. 7. Loss modulus as a function of carbon black
loadings at the sulfur to accelerator ratio
(2.25/0.7=3.21).
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Fig. 8. Loss médulus as a function of carbon black
loadings at the sulfur to accelerator ratio
(1.35/1.85=0.73).

A 2RA7 25 £4€ o vander WaalsFel
93 YHHE AT PATEE N W R
AAe] g 3 Feulo] AAo) HHe] 6% o
£ Aohe A gujdit). e A3
QA7 AFRE WHo] 5~6% oldold 33
Grpe Payned) 0|23} 24X ¢ 4 Aok"

e o o
o,
B
H
B3P
fitul



AGALY ME7} AR Fe) FRAA S46) olAE &3} 17

A RS L TA WA 92 AR o]
WY F719 duAEAst Fae] glon
Tan g9} 2] frejdolexels Aghe viehict.

A R34 H3lE Fig. 7, 8 2 9l vhellgle). £4
PRz #Agle] THEEY Hrlepol
S7Hdel met Bk 2l RAA FAA Y 4
ZA730) BoHA At whde] F718l7) W] d)a
HA2Tt gobA dluAEAe] 2 vehtn olg
Al

7REE Aleke] W $E(40~50phr) o HE
0 st wfe} 7)e) el glovt, Wiere] L
T (60phr ool 1.0% WHA Hujzhs
BoF Wyo] 713kl wzh dekelA Zhasty gE
& Sick WY b obe AT wET &4
AES vl |y Ws 6% 7 g Wy
A g Wi} o A el 9s o
itk o2fd A AL} feldelir of
olojAl 7he & Arkek Fbell me} qixizke] HA

TR g 2] A% A& HT) o)
7] g o2 Azge}.

Hoox —r oft L o

—0— 40 phr loading
—O-— 50 phr loading

G" @ 30°C[loss modulus, MPa]

8 —A— 60 phr loading
-7~ 70 phr loading
6 -& :VV
Vw
V\v
. —Me A A \7\V
S __ o T
@00 0 A A
2 O‘O*o‘o\o_\o\o
Em:tlu a D_D_D*D———D‘D a
0 1 1 L 1 1
0.0 15 3.0 4.5 6.0 75 9.0
Strain, %

Fig. 9. Loss modulus as a function of carbon black
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Fig. 10. Tan & as a function of carbon black load-
ings at the sulfur to accelerator ratio(2.25
/0.7=3.21).
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Fig. 11. Tan & as a function of carbon black load-
ings at the sulfur to accelerator ratio(1.35

Tangent delta @ 30°C

/1.85=0.73).
0.5
——40 phr loading
0.4 -0~ 50 phr loading
T —A— 80 phrloading
—7— 70 phr loading
03} —— e,
2% o= s S S G—
5 o o-0—0—0—0——0——p
0.2 *» g g O-g—o—0——0———10 a
01k
0.0 I 1 - T " —l

0.0 1.5 3.0 45 6.0 7.5 8.0

Strain, %
Fig. 12. Tan § as a function of carbon black load-

ings at the sulfur to accelerator ratio(0.6/
5=0.17).

49 299 dshdert I ohie) WA AR
& ez 982 ¢ 4 Ak
v.2d =
e B3, 2040 98 3 el 2 WY

QAW A 34F A1 3E, 1999

b

so 2 7MY FASAE Wiy, A%
A &4, tan § WIS F3le] 2 W
e 2R o § Fepal) s, AR

0 7}%%%] AAEEo] YeTE A ey
AR RAEE JREEY ks Y] K
T8 WA debidel. 58 71289 i) W 7
F(40~50phr) ol A HF 3% ol wito]
F& $E(60phr oPd) oA WY 6% ol delA o
A AR S Holx gl ARkl FYEE

W4, R
b

aul

i

u

-ﬂlﬂ

FEFEE 0% okl 4N 43T 9 ¢
o &4 BHEE 3T Pl e $24
& ure vfm floth, ¥ 2L 1% 93

A Hoighs Bel F gabs] 7astyct. Tan 6&
71BAAR T gEAE oksht FREED HrhR
9 Wy wisle) we} 2A W A tan i

2% WA Jepton 1 olge] Yo dA
& & FAs s

I S

Mo
rok

1. D. A. Meyer and J. G. Sommer, Rubber Chem.
Techno., 44, 258 (1971).

2. A. Voet and F. R. Cook, Rubber Chem.
Technol,, 41, 1215 (1968).

3. L. P. G. Treloar, “The physics of rubber elas-
ticity”, 3rd ed., Clarendon press, Oxford, 1975.

4. S. Shen, D. A. Mcquarrie and J. L. Jackson, J.
Appl. Phys., 38, 791 (1967).

5. L. Mullins, Rubber Chem. Technol., 42, 339
(1969).

6. J. T. Byers, “Tire Tech. International '93”, #
58, 1993.

7. E. A. Meinecke, “Textbook for the Intermedi-
ate Crossespondence Cource(II)”, Stephens,
ACS Rubber Div., 1985.

8. J. D. Ulmer, V. E. Chirico and C. E. Scott, Rub



AgAsY WL AR ARAH B4 mAE 1t 19

ber Chem. Technol., 46, 897 (1973).

9. A. I. Medalia, “Akron Rubber Group Meet-
ing”, January 26, 1973.

10. P. P. A. Smit, Rubber Chem. Technol., 41, 1194
(1968).

11. M. Porter, Rubber Chem. Technol, 40, 996
(1976).

12. L. Mullins, J. Appl. Polym. Sci., 2, 1 (1959).

13. B. Saville and A. A. Waston, Rubber Chem.
Technol., 40, 100 (1967).

14. J. T. Byers, “Tire Tech. International '93”, #

58, 1993.

15. A. R. Payne and R. E. Whittaker, Rubber
Chem. Technol., 44, 440 (1971).

16. R. F. Ohm, Rubber & Plastic News, p. 43,
May, 1991,

17. Ph. Cochet, L. Barriquand, B. Dejean and Y.
Bomal, “Tyre Tech Asia ’96”, # 13, Singapore,
June, 1996.

18. S. D. Patkar, J. E. Bice and T. A. Okel, “Rub-
ber Division Meeting”, #40C, 153th, ACS, An-
aheim, June, 1996.

Elastomer Vol. 34, No. 1, 1999



