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Research subject:

Bladder is a rubber part used in tyre curing process. Increasing the
thermal conductivity of this rubber piece is important for the purpose
of reducing the final tyre price through reducing the tyre curing time.
In this study, the use of a powder containing alumina and aluminum
sulfate on thermal conductivity of carbon black filled butyl rubber
used in tyre curing bladder was investigated.

Research approach:

The above filler was added to the bladder mixture by 1.5 %wt. The
mixtures were prepared in internal mixer and their curing behavior,
mechanical/aging properties and thermal conductivity were
measured. To determine the thermal diffusion coefficient of the rubber,
the specimen immersion method was used in oil bath and computer
simulation of heat transfer using a guess and error approach. Also, the
effect of this increase in thermal diffusion coefficient on the internal
temperature changes of the tire was studied by selecting a simplified
geometry from the tire profile in near-tire curing conditions and
by simulating two-dimensional heat transfer behavior in ABAQUS
software.

Main results:

It was observed that the thermal diffusion coefficient of the mixture
increased from 1x107 m?/s to 1,3x107 m?/s, without altering the
mechanical and aging properties of the rubber compound. The
simulation results also showed that the temperature of different tire
points is affected by the increase in thermal conductivity of the bladder.
Therefore, there is a good potential for reducing tire curing time.
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(a)The carbon black filled reference compound (b) the carbon black /SP AL filled compound
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Table 1. The mechanical, rheometry and aging properties of reference compound and SP AL filled

compound
Reference SP AL
Density(cured) 1.134 1.138
Tensile(MPa) 10.2 10.1
Elongation 193.05 187.9
M100(MPa) 5.40 5.50
Tear(kN/m) 16.6 17.20
aged Tensile 9.89 9.36
aged Elongation 175.9 182.40
K 0.89 0.89
Hardness(Shore A) 74 74
ML(Ibf-in) 5.22 5.21
MH (1bf-in) 38.02 36.9
DH(Ibf-in) 32.89 31.69
SC02(s) 63 52
TP90(s) 180 149
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Fig. 4: Central point temperature variations of rectangular immersion sample(made of bladder
compound) in oil bath and simulator model in ABAQUS software based on thermal diffusion coefficient
(four different iterations)
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Fig. 5: Central point temperature variations of rectangular immersion sample(made of bladder compound
with SP AL heat conductive filler) in oil bath and simulator model in ABAQUS software based on thermal

diffusion coefficient (four different iterations)
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Table 2:The heat diffusivity coefficients of curing bladder (reference and SP AL filled), tread and layer tyre

compounds
compound ax107
(m%/s)
Layer of tyre compound 1.34
Tread of tyre compound 1.66
Reference bladder compound 1.00
SP AL filled bladder compound 1.30
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Fig. 6: The temperature variation of a point inside of tyre(bladder and layer boundary) at real conditions
obtained from thermocouple and temperature recording(points) and simulated results with a=1x10"7
(bold line) and a=1,3x107 (dash line)
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Fig. 7: The temperature variation of a point inside of tyre( tread center) at real conditions obtained from
thermocouple and temperature recording(points) and simulated results with a=1x107 (bold line) and
a=1,3x107 (dash line)
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Fig. 8: The temperature variation of a point inside of tyre( tyre layer) at real conditions obtained from
thermocouple and temperature recording(points) and simulated results with a=1x107 (bold line) and
a=1,3x107 (dash line)
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Fig. 9: Simulated temperature variations of the tyre profile over time
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