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ABSTRACT

three eight-chain constitutive equation, Bergstrom-Boyce relation and Ogden-

Roxburgh stress softening model (Mullins effect) was selected to study the
mechanical behavior of various SBR/CB (carbon black) filled rubber compounds.
Methods: Three rubber compounds based on E-SBR were prepared using different
carbon black contents (20, 40 and 60 phr) and cured into rubber sheets. The rubber
test specimens (ASTM D412 C) were then cut and underwent cyclic tensile tests at
two extension rates of 500 and 100 mm/min. In order to show the stress softening
behavior, three cycles were selected in a way that the maximum stretch at each cycle
was increased consecutively. The volumetric tests were also carried out to determine
the bulk modulus of the samples. The stress-strain data were calibrated using
MCalibration software in which three different optimization algorithms were utilized
Keywords: to compute the parameters of the models.
Findings: Very good agreements were found between experimentally measured and
predicted stress-strain data for low and medium CB filled compounds. However, for
highly filled compounds there were some discrepancies at higher extensions, which
may be due to the formation of a strong filler network and percolation threshold. This
indicates that we may need another modeling component to be incorporated into main
model for the description of the mechanical behavior of the filler-filler network itself.
Moreover, it is found that there is good correlation between variation of the model
parameters and filler content.

l l ypothesis: A three-component material model based on the combination of
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Table 2. Compounds formulations.

(o 55 dls do (sl 4 Coannd) Lae el (stud 50 3 =) Jsd

Compound code (phr)
Ingredient Chemical/Trade Name Supplier
SE20 SE40 SE60
SBR 137 137 137 Emulsion SBR 1712 (oil extended with Bandar Imam, Iran
37.5 phr aromatic oil)
ZnO 5 5 5 Zinc Oxide Pars Oxide, Iran
St. Acid 2 2 2 Stearic acid RheinChemie
6PPD 2 2 2 N-(1,3-dimthylbutyl)-N-phenylenediamine Duslo, Slovakia
(Dusantox)
™Q 1 1 1 Poly(1,2-dihydro-2,2,4-trimethyl-quinoline) Duslo, Slovakia
TBBS 1.5 1.5 1.5 N-tert.-butyl-2-benzothiazyl sulphenamide Henan Kailun
TMTD 0.5 0.5 0.5 Tetramethylthiuram disulfide Henan Kailun
Sulfur 2 2 2 Sulfur Tesdak, Iran
Black Filler 20 40 60 Carbon black (N-330) Iran Carbon Co.
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Fig 1. Orientation of 8 rubber chains in a cubic cell.
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Table 2. Computed parameters of three-component model (eight-chain/Bergstrom-Boyce/Ogden-Roxburg) for compounds.

Compound code | p (MPa) A K (MPa) s ® m Ty & r B U (MPa)’
SE20 0.556 1.93 378 096 | -0.88 | 7.11 1.2 0.04 | 3.56 0.21 0.41
SE40 0.92 1.76 295 2.6 -1.0 5 0.24 0.03 | 2.08 0.14 0.63
SE60 1.35 1.68 212 3.93 -1.9 8.8 0.52 | 0.001 | 1.83 | 0.015 0.95

* Unit of strain energy density: N.mm/mm?.

WA YLT— a0 € 0 lasd qogan 9w Juworasky $399iss 9 pole (sale alzo \K34



by 033k 33SBR (5929315 Asly 3 SV (5L jaoT (yinis o5 Sudbye 33 9 wlwaslis'9 3315 sl YD) w21

5
SE40-R100
SIM

4 4 EXP e o e

Engineering stress (MPa)

0 0.4 0.8 1.2 1.6
Engineering strain
oyl Glp (o) (pdign (155 o 2 (oilige 50 SO
Avrmm/min LS Ce w55 SE40
Fig. 5. Engineering (nominal) stress versus strain for SE40 at

extension rate of 100 mm/min.
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Fig. 6. Engineering (nominal) stress versus strain for SE40 at

extension rate of 500 mm/min.
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Fig. 3. Engineering (nominal) stress versus strain for SE20 at

extension rate of 100 mm/min.
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extension rate of 500 mm/min.
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extension rate of 100 mm/min.
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