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2 o: B A7 SAe SR WG @8, JEA U ARAAY W] B2 HFgzTe 7
TUE R 3FUANE ZAHTA sholch. ARRFRL GTIF SR Adu} Fhgel
e} FAstdort, FARUEE AYnTR Sl w2 sk ABNE SEASE HRE
9 ARAA st WA A3 e, B9 AFeo) A G2AE ehhelch 1%
3] BASPIU A SR Wlakel B EC A18AAde] A48 MYRT BE eed 3§
Flepel A3 CC AARAxge] A48 NPT £7 vehsich 429 HFnFF A B 5
AU FHLES Prlge] AR sJRA2EF CC lEAAe] A48 WHFTFAA vhehate
o, EC 7HAAge] o% $7hudse] Fog ¥she e s9keh. Mooney-Rivlinaje] &g
A Ee BYGSE RS Arbeke] M3, SEC 7HRAlARe] A MFRTelA vehict.
BEHAE MGTIF B Priake] Fo10el @ Fvlshden, AN Fe SEC>
CC>EC A2®] o2 A vielyr).

ABSTRACT : The purpose of this study was to investigate the crosslinking density and rein-
forcement of rubber compounds with various carbon black loadings, cure systems and cure tem-
peratures. Bound rubber content increased with volume fraction of carbon black in rubber com-
pounds, but total crosslinking density decreased with increasing the bound rubber content. Rate
constant of cure reaction was changed significantly by cure system and cure temperature, espe-
cially it showed strong dependence on the cure temperature. High activation energys of cure re-
action were shown in the rubber compound with high loading of carbon black under EC system
and in the rubber compound with low loading of carbon black under CC system. High total
crosslinking density of vulcanized compounds appeared in the rubber compound with low load-
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ing of carbon black and CC system among cure systems. Typical change of total crosslinking
density by EC system was not shown. The highest elastic constant by Mooney-Rivlin equation
was shown in the rubber compound with low loading of carbon black and SEC system. Modulus
increased as increasing the loading of carbon black in the rubber compounds and showed the
order of SEC, CC, and EC system for cure system.

Keywords : crosslinking density, reinforcement, cure system.
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Table 1. Formulation of Rubber Compounds With Cure System
Materials A-1TA2[A3[B1[B2[B3][C1][C2][C3]|D1]|D-2]D-3
SBR 1500 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
ZnO 3 3 3 3 3 3 3 3 3 3 3 3
Stearic acid 1 1 1 1 1 1 1 1 1 1 1 1
N234 40 | 40| 40| 50 | 50| 50 | 60 | 60 | 60 | 70 | 70 | 70
Sulfur 2.25 | 135 | 0.6 | 225 | 135 | 06 | 225 | 1.35 | 0.6 | 225 | 1.35 | 06
Cure NS 0.7 | 1.85 | 35 1 07 | 185 | 35 | 07 |185| 35 | 07 | 1.85 | 35
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W, . weight of the rubber network
W, - weight of unswollen sample
WF(m) . weight fraction of rubber network

V., =W/d, (5)

V, : volume of rubber network
d,  density of rubber network (assumed to be
0.93g/ml)

Vy= (Ws_wo)/(dd) (6)

V. : volume of decane in the swollen sample
W, : weight of the swollen sample

W, : weight of the original sample

d4 : density of n-Decane(0.73gm/ml)

e Vr/(vr+vd) V (7)
v, . volume fraction of rubber network
v,/V, = 0.56 X EXP(—z)+0.44 (8)

v,, . corrected volume fraction of the rubber
network

z . weight fraction of carbon black in the
sample

-mul—wg+mﬁmvﬁl

R
ZC? V,,d( ];T -V./2) 9)

C, : elastic constant
¥ . interaction parameter(assumed to be (.43)
- V4. molar volume of n-decane(194.9ml/mole)
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g

R :gas constant(8.31x10%, dyne ml/cm’®
mole deg K)
T :room temperature(298.15 deg K)

a
—(C,—b)+SQRT[(C,—b)*+c]
(10)

| {1/2Mc} =

2181918 b:65894x10° c:3.7771x 10"

a9 sjeade) g8 2Fup AR 2gLT
e A (1)& ol$ake 2850,

A% = Ve ()

W, : weight of dried sample after swelling

W, : weight of sample before swelling

M, :loading of filler(inorganic+carbon black)
in compound .

M, : loading of rubber in compound

W, : total loading of compound
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Fig. 1. Bound rubber content as a function of the
volume fraction of carbon black at differ-
ent cure system.
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Table 2. Rate Constant and Activation Energy of
Rubber Compounds at 140°C, 160°C, and

180°C
Rate constant Activation
Compound 3 a
No (1073 sec.™) energy
" | 1407 | 160°C | 180°C | (KJ/mol)

A-1 1.31 2.57 8.16 47.2
A-2 1.99 5.81 | 20.6 59.3
A-3 1.72 448 | 155 56.0
B-1 1.31 2.58 8.47 48.2
B-2 2.04 5.20 | 20.3 58.8
B-3 1.64 4.50 | 14.75 55.6
C-1 1.15 2.21 6.91 46.5
C-2 1.98 6.18 | 23.4 62.3
C-3 1.73 5.04 | 16.2 56.5
D-1 1.10 2.14 6.25 44.7
D-2 2.07 6.78 | 24.2 60.9
D-3 1.75 5.64 | 185 58.4
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Fig. 2. Arrhenius plot for reaction temperatures
obtained from rheographs at 60phr carbon
black.
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250

N}
[=3
o
T

R=0.53
Y =-161.8 - 9.26X o

(43
o

200% modulus{kg/cm?}
o>
o

o
o

20 24 28 32 36 40

Bound rubber content{%]

Fig. 8. Plot of 200% modulus to bound rubber con-
tent at various carbon black loadings.

of dig % HE&E E/‘]E}% 7}% A ﬁslj_.rak
o g 1*2 Flg 73} 8ol ehuloick. 71
ﬁi}lﬂt"%ur “}ZWWE 7+

Elastomer Vol. 33, No. 5, 1998



322 o]
250
E ~g-40gnr
~0~50 pir
200+ ~4-60 phe
o . & ~0--10 pir
o
g /
;: 10 o® /AA
3
= & .
‘g 100
g0 : o——f—a———‘o/o a
Q
& sl e
0 L
1.3 1.4 1.5 18 1.7 1.8 1.9

Crossllnkmg density[10**gmol/mi]

fFlg 9. Plot of 200% modulus to crosslink density
at various carbon black loadings.

rEYAE A vehdon, 59 713AA
FHREY wigede] M E £ BEY
Urﬁhﬂaiv} olg 7l EY Wi ST E
Fartel MR ez Fe-3hAl Aaatdol
AgnFedo) 717 dieR 444
k2 Al Fig. 8o et 9l REE~
9} AguFee] JFe 14 v & 4 Q)
&4 ZEag 7ladd ddt 13 A7) e
< Fig. 98 *—M B 71t 2EYaE 7}
e % A7kepo] Y& Afole 7tuds Wstol ulz}
aié H3he Wox 9lA gou}, FIRE

& Aol rtaiss) FHEE 5
& BEAAE epholdh 22 Fig. 13} Fig. 4°!1
et ode AX3 sHEY Wlge) MEeE

FRALe Asatge) o AFunFepe —ﬂm
AEUEE 3ge7] did J13E wgtate 25
HAE 71EgEd] % gRARE HEY W
g3} Z2Ae g 3 vEE FAHE /329
o =& 924 2 ok # 4 9t

l%u:_n.;’f
nm(mé—.._
7

|

[

oo
rN
J*_‘L

;‘\3 X3

iy

L

v. 2 &
7HEEd Wi, 71324 s e W

dgAEw A 334 A5E, 1998

Ad

s

739 Jluds g 3R diste] 1Ae A3
ohS3} o] Yehde), AT BT ke
29 AE-gd gzl Frkstgen Z2FaTgol
F1SE hadss 22sst 713 S5
e 712 4 7es wet 24 Hege
a2 FANE 7HeEd o 2 &S dehidet
g 7hhkgd oy BASRE ABEAF
EC systemol A= 7}a-2dl wlgteko] £848, CC
systemelAle 71284 JESE A7 vt 7}
#3579 7175 E3A gt & ulge] W2
27X irﬂ 3kg uhz) dgton, 23049 o

& 3 ujgo] ¥& 27 ME FEED wiete] W
$42 xo Zjlyuc S vehyth. Mooney-Rivin

Aol o3t el LR B wfiege] A E ¥
A vehton, 718zAZ| A= SEC systemol 4]
W A et 2T HE REAE TR
3 wigede] F7HE4E Skt en, 713 EF
A SEC>CC>EC system £2.2 7 Vel

- 1. D. Pal, B. Adhikari, D. K. Basu and A. K.

Chaudhuri, Rubber Chem. Technol.,
(1983).

2. P. K. Das, R. N. Datt and D. K. Basu, Rubber
Chem. Technol., 61, 760 (1988).

3. E. Morita and E. J. Young, Rubber Chem.
Technol., 36, 844 (1963).

4. A. Y. Coran, “Science and Technology of Rub-
ber”, F. R. Eirich, Ed., Academic press, New
York, Ch7, 1978.

5. N. J. Morrison and M. Porter, Rubber Chem.
Technol., 57, 63 (1984).

6. F. P. Baldwin and G. Ver Strate, Rubber Chem.
Technol., 45, 709 (1972).

7. M. R. Krejsa and J. L. Koenig, Rubber Chem.

56, 827



a

78 EZE et studee} aF-R3Age & AT 323

Technol., 66, 376 (1993). (1979).

8. R. W. Layer, Rubber Chem. Technol., 66, 211 10. C. E. Decker, R. W. Wise and D. Guerry, Rub
(1992). ber Chem. Technol., 36, 451 (1963).

9. S. Wolff, Kautschuk Gummi, Kunstst., 32, 312 11. J. Lal, Rubber Chem. Technol., 43, 664 (1970).

Elastomer Vol. 33, No. 5, 1998



