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ABSTRACT

from viewpoint of properties of uniform distribution in different points of
rubber parts and reducing the curing time that affects the quality and the
final price of the product. Morphology of alumina powder obtained from spray
pyrolysis technology is suitable, so it could be considered as an efficient filler for tyre
compounds.

Methods: Morphology, composition and crystal size of a novel powder were
investigated using SEM and XRD and dispergrader, respectively. The powder was
added to a SBR/BR-based tyre tread formulation and the curing and mechanical
properties as well as heat conductivity behavior were determined. Heat diffusivity
properties were calculated by Abaqus simulation software with the aid of an

experimental temperature profile in the center of the rubber part
Findings: It was observed that the heat conductivity of the rubber was improved
; at 3 phr alumina, which was attributed to the improvement of phonon transport
nanomaterials, phenomena in rubber matrix in the presence of heat conductive filler besides carbon
heat conductivity, black. A considerable improvement in DeMatia crack growth behavior of the
rubber, compound was also observed in the presence of the new filler. The other mechanical
properties experienced no significant changes, except tear resistance. The rheometry
results showed that the curing rate of the compounds decreased in the presence of
heat diffusivity coefficient powder, which was attributed to the surface acidic nature and the presence of surface
hydroxide groups. So, it is necessary to do a comprehensive study to investigate the

potential of this filler in reducing tyre curing time.

l l ypothesis: Increasing the heat conductivity of rubber compounds is important

phonon transfer,
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Table 1. Formulation and mixing conditions.

Ingredient Amount (phr)
Styrene butadiene rubber (SBR) 85
Cis butadiene rubber (BR) 15
Carbon balck (N330) 53
Aromatic Oil 27
Zinc oxide (ZnO) 2
Stearic acid 1
Protectors 4
Sulfur (S) 1.5
Accelerators 1.3
Mixing conditions
t: 6 min, T: 150-
Internal mixer*
155°C, V: 40 rpm
Two rolls mill
t: 10 min, V: 50 rpm

* t: Mixing time, T: Dump temperature, and V: Speed.
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Fig. 1. XRD pattern of SP AL powder sample.
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SP ] Delta | Scorch | Optimum | Curing rate Mooney
Compound Torque (lbf-in) ' - _ - Density
AL torque time curing time (Lbf-in/ viscosity
code Minimum | Maximum (g/em’)
(phr) (Ibf-in) (s) (s) min) ML(1+4)100°C
Al 0 0 7.46 31.78 24.32 86 167 26.3 47.6 1.148
Al 1 1 7.34 32.57 25.23 85 179 24 47.5 1.151
Al 3 3 7.21 32.29 25.08 79 178 22 49.6 1.158
Al 5 5 7.13 29.48 22.35 79 176 17.5 50.2 1.162
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Fig. 6. Effect of SP AL on hardness and resilience of rubber

compound.
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Table 3. Heat diffusivity coefficients calculated from Abaqus
software (the models are presented in Fig. 10).

Compound code ax107 (m?%s)
Al 0 1.19
Al 1 1.90
Al 3 2.45
ALS 1.72
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Fig. 11. Schematic illustration of the heat conductivity mod-
els in composites containing: (a) single filler, (b) two hybrid

fillers, and (c) three hybrid fillers with different sizes [17].
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Fig. 9. Effect of SP AL on tearing force of rubber compound.
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Fig. 10. Temperature-time profile in center of rubber sample

in oil bath for rubber samples.
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