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ABSTRACT : Order of reaction, rate constant, activation energy for vulcanization reaction,
crosslinking density, and elastic constant of the network produced by sulfur curing were investi-
gated on the SBR/BR blends containing silica and carbon black under same cure system. The
reaction order was shown to be first order regardiess of filler types. The carbon black filled rub-
ber compounds showed higher rate constant compared to silica filled compounds. But activation
energy appeared to be same regardless of filler type and rubber blend ratio. The crosslinking
density and elastic constant is higher in the carbon black filled compound compared to silica
filled compounds because of strong interaction between rubber and carbon black. On the other
hand, crosslinking density and elastic constant were decreased with increasing the butadine rub-
ber content in rubber blends. From the comparison of combined sulfur content in the vulcanized
rubber, sulfur content in the silica filled compound become constant 20min later after reaction
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initiates but sulfur content in the carbon black filled compound become constant 10min later
after reaction starts. The silica compound has a longer induction time(t;) and optimum cure
time(tg,) compared to those of the carbon black filled compound.
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Table 1. Formulations of Rubber Compounds

Ingredients A}{B|C|D,E | F
SBR 1500 100| 80 | 60 | 100 | 80 | 60

BR-01 — (20|40 | — | 20 | 40
Zn0 3 3 3 3 3 3
Stearic acid 1 1 1 1 1 1
Carbon - | - | = 501 50 | 50
Silica 50150 (50— 1| — | —

Sulfur 1.75]|1.7511.75|1.75|1.75 | 1.75
Cure NS 2.0 [2.0 {2.0 {2.0 |2.0 |2.0
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V,/V, = 0.56 x Exp(-z) +0.44 0))

V,, . corrected volume fraction of the rubber
network

z . weight fraction of carbon black in the
sample
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C, : elastic constant

X | interaction parameter(assumed to be 0.43)

V,; . molar volume of #-decane(194.9ml/mole)

R : gas constant(8.31 x 107, dyne ml/cm* mole
K)

T : room temperature(298.15K)
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Fig. 1. Combined sulfur content and torque as a
function of cure time in silica and carbon
black containing SBR compounds at 160°C.

Table 2. Torgeu Change of Silica and Carbon
black Filled SBR Compounds(cure tem-
perature . 160°C)

Cure time(min)
5110]15[20/25]30]35

11.5|20.0{27.632.6|35.3|36.5|36.9

Item

Silica compound
(Ib. in)
Carbon black
compound(Ib. in)

5.7|26.0|31.2|32.6/32.8|32.5/31.9
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Fig. 2. Rate constant(k) as a function of reaction
temperature of carbon black(C/B) and sili-
ca filled rubber compounds.

Table 3. Rate Constant and Activation Energy of Rubber Compounds

Rate constant(s™!)

ftem A B C C E F
Cure temperature 160 0.00345 0.00394 0.00401 0.00610 0.00703 0.00781
. 180 0.01012 0.01139 0.01523 0.02260 0.02820 0.03513
) 200 0.04592 0.04734 0.04975 0.07463 0.08303 0.09047
Activation energy (KJ/mol) 107.5 104.3 103.2 104.0 102.6 101.7
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Table 4. Cure properties of Rubber Compounds
Obtained from Rheometer at Various
Cure Temperatures

Item A|B|CI[DI|E F
Viscosity [125C} 109|110 | 110 | 55 | 55 | 56
Max. [160°C|{37.2] 37.4| 35.9| 34.0| 36.6| 38.5
torque [180°C|35.2| 33.6| 32.4| 32.8| 34.3| 35.3
(Ib.1n) |200°C|32.9} 32.8| 32.1| 32.2| 33.8| 34.2
160°C|4.23| 2.68| 2.43} 2.72} 2.90| 2.92
180°C|1.03| 0.92| 0.72| 0.75| 0.77| 0.83
200°C|0.42} 0.37| 0.35) 0.35{ 0.37| 0.42
. 160°C}23.0(13.42(13.02{12.28{12.0311.72
(m?:x.) 180°C|5.28| 5.02| 4.40] 3.38] 3.30| 3.28
2007C|1.42| 1.32| 1.17| 1.10| 1.08| 1.05

ts,
(min.)
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Fig. 5. Crosslinking density as a function of cure
time in SBR compound at 160°C.
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