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ABSTRACT 

The flash method is used to determine tile effect of HAF carbon-black concentration of the thermal 
properties ofbutyl rubber vulcanizates in tJ'..2 tempt-7t1ture range (30-150'C). It was found the! the thermal 
conductivity, thermal diffusivity and specif-= heal increase with carbon black loading. The rhermal con
ductivity of such composites is analyzed ir. terms of contributions from the carbon black eM the pure 
rubber. A slight discrepancy'was detected beTWeen the experimernal results and the theoretical calculations. 

KEy WORDS: Butyl rubber, carbon-black, Dermal conductivity. 

Th'TR..ODUcnON EXPERIMENTAL 

Carbon black-loaded rubbers represent a gre~l The preparalion of tbe rubber s.arnple (as iJ: ..:stratul in Table 
1) ""'OIS carried oul on 1 two-roll mill 170 mm c:i!.!Deler and 300interest from both the scientific as well as t.:x tech· 
mm long; and ge.tr ration 1.4. After preparatioD_ lhe rubber mix

nological points of view. ture was left at least 24 b before YU]C4ni:uuon. ::'0 vulcanization 
Many theories have been developed to :kscribe .preass was conducted 3t143 :!: 2"C for 20 min ~nder a pressure 

the origin of thermal C{)nductivity in polyme:k glas· of 4() i::g/cm2
• 

lses - 5 that tend to be based on either liquid, or solid 
state model; the difference being that the former as TABLE 1. Formulations of B<..tyl Rubkr Coo:.;;;oing Different 
sumes energy transfer to occur as uncc rrelatcd Concentrations of HAP Black.. 

events while the latter consider the coJlecc;ve mo
Ingredients in (plu)" CH4 CHS CH6 cm CHStions of repeating units: Moreover, some wNkers6

,7 

studied the effect of pressure on the tbeIT:'!al con
Butyl rubber 100 100 100 100 100 

ductivity of polymers in its glass state. Sturic acid 2 2 2 2 2 
Another area of C{)mmon interest is th~ inves Zno 5 5 5 5 5 

tigation of the termperature dependence of 6e tlJer BaliQ:3 20 20 20 20 20 
Pro=ing oil 10 10 10 10 10mal concluctivity of polymers8-ll. Fo]]o\lo-:ng this 
HAP 40 50 60 70 80interest \~¢ present work is aiming to study ~e ther
MB1:fi 1.5 l.5 1.5 1.5 1.5 

mal properties of butyl rubber vulcaruzates ind how Sulfur 3 3 3 3 3 
they are Jffected by the presence of diffe~,::,nt con· _ .._--_... 

centrations of HA.F carbon black in the rubber • pan per hundrc<l parts of rubber by weight 
b Dihenzthi.u:y! disu!pill1k. matrix. 
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ductivity of the r_v-phase as:;embly. This leads Lo The m3 ;:::1irude of tbe mean free path of tbe 
a value for the cc :;dUClivity of [he assembly given phonon is mHkedly affected by both the type and 

by: amount of tbe tiller t7. Taking into account the high 
value of the thermal expansion coefficient of rub

A· bcr18~( 200 x 10--6 deg-1) with respect to that of
1/4 [ (3 ~ - 1) x + 2 - 3 ~ + 

1..2 carbon black: '6t{ 1 x 10--6 deg- t), the increase of 
{[(3 ~ - 1) Xl + 2 - 3 t 12+ 8X}112] (3) i,! with temperature is due to the increase of the 

magnitude of the mean free path of the phonon. 
As can be seen from figure (1), equation (3) is Both the lhemlal dif[usivity, a, and specific hellt 

in better agreeme:.1t 'With the experimental results capacity, cp, and their dependence on temperature 
than equation (1), but in neither cases the fitting is for these composites were .examined as shown in 
:;~tisfactory. Figures (3, 4) respectively. One may conclude that 

The depender,ce of A' for different samples on the diffusivity, like electrical conductivity (for these 
the temperature is clearly observed in Fig (2). The samples) increases with tbe increase of carbon black 
addition of c.b. « 70 phr) slightly affected the i-: loading and a:so with the increase in the degree of 
versus T curves. The further addition of carbon structure of tbe carbon black20 (as was detected by 
blllck >70 phr), :!ppreciably affected tbe thermal our group21 <.vben we used another carbon black 
conductivity which may be interpreted as follows: (FEF) instead of HAP black). 
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Fig, 2, Temptra!'",,: de~nd/c<lce of, )..'. for conductive butyl rubber·loaded wi'':; differeDI CPDcenliarions or HAP hlack; 
• CH4; 0 CtiS; 0 CH6; 11 CH7; 0 CH~ 
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Fig. 3. Temperalure dependence 0[,3, (or conductive butyl r~cber·kde.d with different concentrations of HAF black.• C:i1" 
o CH5; 0 CH5. tJ Cr."'; 0 Cll8 

.--------.--~------------------. 

3 


x 


~L-~~~-L~~--~.-L I
1 

o 50 100 150 


Fig. 4. Temperature dtpendence of, Cp, for conductive bu:-:-I rut~er·loaded ",-jth different concentrations of HAf black. 
• CH4; 0 CIl5; 0 CH6; :. eH7; 0 CHS 
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