


- 80 -

4. RESULTS AND DISCUSSION

4.1. [NTRODUCTION ?

One of the goals of materials research is to create new
materials with physical properties tailored to a particular
application and to understand the physical mechanisms which

determine their properties.

The electrical conductivity of rubber composites attracts

(6,30, 81> 1,4 carbon black is

the attention of many authors
still the most common conducting filler used. In carbon black
locaded rubber composites it was found that the temperature
coefficient of conductivity ITCC] is markedly affected by

C61,82). For a

both type and concentration of carbon black
given type of black the TCC of corresponding rubber composite
alters its sign from positive to negative as the concentration
of black increases. As a rule, the conductive rubber

composites having negative TCC values can be used as heating

eloments.

It is well known that the addition of the ceramic

materials to rubber composites iUmproves their thermal
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stability§3). In section 4.2 , the effect of added

BaTiO; on the electrical and thermal properties of

conductive rubber were studied aiming to obtain heating

elemeants based on rubber composites. In section 4.3, the
effect of concentration of different types of carbon black on
the electrical and thermal properties were discussed. To
point out the best conditions at which these heating elements
can operate, the influence of some factors such as the
ambient temperature, ageing time and the sample dimensions
were studied in section 4.4. Moreover, results on ac measure-

ments were also carried out.

4.2. EFFeECT OF BaTiO, oN THE ELECTRICAL AND THERMAL
83,

EFFecTts oF CARBON BLack-LoADED ButyL RUBBER

In order to show the effect of barium titanate [BaTiO;] -
ceramics on the electrical conductivitity of the conductive

butyl rubber composites, different concenirations of Ba'l"iOa

powder were introduced into the butyl rubber containing 50 phr

of LAMP black. Such conceniration represents the percolatltion

concentration of LAMP black at which maximum <change in the

electrical conductivity, ¢, of the composite occurredcs? This

il
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means that the addition of small amount of any ingredients
affecting the electrical conductivity can be markedly
detected. |

The results of this preliminary experiment are shown in
Table 4.1.

Table 4.131 Effect of BaTiO, on the electrical conductivity of

3
50 phr LAMP black—locaded butyl rubber composites:

BaTi Oa
Cphro

o,

O ‘em

~ay 1.0:407 B.6d10°7 B.0x10° 6.0x10°® 3.0x10™° 1. 040"

It is noticed from this table that, there is a marked
increase in o upon addition of BaTiOs up to 20 phr.
Thereafter,o decreases with increasing ceramic concentration.
This behaviour could be explained as follows
i) The first addition of BaTiOs—veramic starts to Tfill
partially the free volume inside the rubber matrix forming

ordered and-sor crystalline phase. Added carbon black, in this
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case should occupy the rest of free volume forming conducting
pathways which, in turn, markedly increase the electric
conduction. This phonomena waé observed also by some authors
using a blend of rubber and crystalline thermoplastic,
namely, polyethylene§84).

ii> Upon further increase in BaTiOs concentration, the
dilution effect of carbon black takes place resulting in a

monotonic decrease in the electrical conductivity of such

composites.

Taking into consideration the obtained results of this
preliminary experiment, further study on the effect of BaTiOa
on the eiectrical and thermal performances of the investigated
samples is considered. For obtaining heating elements based
on rubber composites, the electrical measurements of . more
conducting samples containing higher concentrations of

carbon black ({100 phr]l have been performed.

One of the safty conditions to operate a heating element,
is the limitation of the heating current passing through the
sample upon increasing its temperature due to Joule heating

effect. The results obtained on investigated conductive rubber
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composites presented in the following sections satisfy this

condition.

4.2.1. Temperature dependence of the electrical conductivity:

Figure 4.1 illustrates the Ltemperature dependence of the
electrical conductivity of 100 phr black—loaded butyl rubber.
It is noticed that most of the samples show negative values
of the temperature coefficient of conductivity [TCC] over the

temperature range used.

This descending behaviour of the electrical conductivity
with temperature could be explained as follows
Let us consider the carbon black particles or aggregates as
spheres embedded into the rubber matrix at an average
separation distances of insulating rubber material. These
insulating separation distances play an important role in the
conduction mechanism. At relatively small value of the
separation distance, tunnelling conduction is most propablecas-)
Taking into account the high value of the thermal expansion
coefficient of rubber I 200x10° deg1¢8® it} respect to

87>

that of carbon black [ 1.0x107° deg™) the decrease in
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Fig. [4.1] : The temperature dependence of the electrical

conductivity for carbon black-loaded butyl rubber.
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o with temperature is due to the thermal expansion of
the tunnelling paths between the conducting carbon particles

or aggregates.

One of the important parameters governing the wvariation
of the electrical conductivity, o, with temperature,T, is the

temperature coefficient of conductivity [TCC)] where:

TCC = So 7 o 6T (4.1

The addition of 20 phr of BaTiOs affects both the
electrical conductivity and TCC of the above conductive
composites as shown in figure 4.2. Generally speaking, the
addition of 20 phr BaTiOa increases the electrical
conductivity and also decreases the values of TCC which even
approaches zero value for GPF and SRF filled composites.
Increasing the carbon black concentration up to 100 phr
enhances the formation of stable conducting pathways of
carbon black particles or aggregates. Consequently, detectable
increase in the electrical conductivity occurs. In.addition.
the nearly temperature independent behaviour of the

electrical conductivity of some types of carbon black, could
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be explained as a result of competition of two conduction
mechanisms. The first one is the decrease in the welectrical
conductivity upon the thermal expansion of the hopping
and-or tunnelling paths and the second mechanism 1is the
thermally activated electrical conductivity of the
semiconducting black filler.

Table 4.2 illustrates the calculated val ues of
ITCClmcx_and the corresponding temperatures attained of this

rubber composite.
The improvement obtained in both o and TCC upen the
addition of BaTiOs, allaws us to carry out further study on

the I—V-T characterisitic curves of the above composites.

4.2.2: Current-Voltage—Temperature Characteristics 3

In order to use these conducting composites as heating
elements, it is useful to follow up the wvariation in the
sample temperature ,due to Joule heating, upon increasing
the applied electric power. For this purpose, the Current -
Voltage — Temperature [I-V«T) characteristics of such

composites were evaluated.
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Table 4.2t The calculated values of [TCC]mu for carbon
black—loaded butyl! rubber composites with and

without BaTiOs.

Sample T % > [TCCl _ Cdeg '
H10 50 0.012
G10 80 0. 030
s10 80 0. 040
L10 80 ©.100
CH10 Q0 0.014
Ce10 40 5. 0x10™"
CS10 35 5. S04
CL10 50 0.013




Figuer 4.3 illustrates the I-V-T curves for 100 phr
black — locaded butyl rubber composites. The solid curves
represent the I—V dependence, while the dashed ones represent
the variation of the ultimate temperature [Tm]l with the
applied wvoltage. It was observed that for low wvalues of
electric power, the Ohmic behaviour is predomenant without
any remarkable change of tLthe sample temperature. Increasing
the electric power above a certain limit [>0.1 wattscm ]
lsads to an increase in the Joule heating effect and
conseguently increase in the sample temperature. As a result
a deviation of I—-VY characteristic from the Ohmic behaviour
is cbserved. This syub—Ohmic behaviour obtained upon Joule
heating could be understood by taking into consideration the

negative value of the TCC of these cbmposites {Cf. Table 4.2].

Figure 4.4 illustrates the reproduced data of the I-V-T
characteristic for the above composites containing 20 phr
BaTiOa. It was noticed that the addition of barium titanate
increases the ultimate temperature, produced by Joule heating
for the same applied electiric potential.

Figure 4.5 shows the variation of the electrical

conductivity, o, with the temperature produced by Joule




CURRENT, I (Amperes)

Fig. [(4.3) 1 I-V-T curves for carbon black-loaded butyl

10

o > e =
<
)
il

{a)

100
APPLIED VOLTAGE, V (Volts)

rubber wvulcanizates.

70

60

50

40

30

20

ULTIMATE TEMPERATURE, T(°C)




Cb./(11R+ 20 BaTiQ,) 170

e« HAF r )
— -1 —
v 10 460G
g S
E —
—— b uj.
— o
’:-Z: -— 50%
ld‘:J -2 w
a 10 N a.
o =
o (]
’-
40
| amd
L
=
1 5
) =2

10 {30

(a)
-~ 20
-4
10 i ]
1 10 . 100

APPLIED  YOLTAGE, V(Volts)

Fig. [4.4)] 3 I-V-T curves for carbon black-loaded butyl rubber

vulcanizates containing 20 phr BaTi0s.




10

TEMPERATURE, T( C)

(a)
) ’\\\‘\.\‘_‘
10 b
e "‘“‘-~1L\‘\\\\4Li
o %n\
£ ~o
§ _3 . HAF
b10 - s GPF
. a LAMP
> o SRF
>
E .
810 - | L i |
=z
o
© (b)
-
<
o -1 - . ——
E}O [~ .-.‘I\-‘-:F . ——
5 — -—a
Ul
el
w
[»]
Ll TESmgo—g——
10 |-
| I |
10 ' '
20 30 40 50 60

Fig. (4.5] 3 The variation of the electrical conductivity

with temperature {(produced by Joule effect)

for

carbon black-loaded butyl rubber composites.

Ca) without BaTiOs and (b) with 20 phr BaTiOa.




- 04 -

heating and deduced from the previocus figuers. The decrease
in o with temperature confirms the thermal expansion of the
hopping and-sor tunnelling paths between either carbon-carbon
particles or aggregates. The increase in temperature may be
either‘externatly {Figs. 4.1 and 4.2] or internally due to

Joule heating, [Fig. 4.51].

Table 4.3 summer izes the calculated values of the
[TCClmau obtained from figure 4.5. These data are in a good
agreement with that obtained previocusly in section 4.2 for

the role of the addition of BaTiOs.

Figure 4.6 illustrates the dependence of the ultimate
temperature, Tm, of the sample on the applied electric power,
P, deduced from the above data. The Tm— P dependence can be
represented by the following empirical formula :

b
T =a (PP 1 + T c4.20
m o o
where To is the room temperature, a and b are fitting
parameters, and P° is a reference power taken as unity.

Equation 4.2 represents a straight 1line relationship




Table 4.3: The calculated values of [TCC]W from

Fig. 4.95.
Sample T ¢°C > { TCC) Cdeg ™
max .
H10 pr) 0. 060
G10 35 0.110
S10 32 0.140
L10 36 0.115
CH10 A2 0. 021
CGLO 28 0. 0S80
C&10 25 0. 021
CL1O 35 0.016
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bet.ween [Tm—Tol and P on the log-log scale I[not mentioned
herel with slope equals b and intersection equals log a.
The parameter a represents the difference in temperature

produced by Joule heating when P = Po =1 watt.

Table 4.4 summerizes the calculated values of Lthe fitting
parameters a and b for the investigated rubber composites.
From this table it is shown that the addition of barium
titanate increases, in general, | the temperature difference

produced by Joule effect per watt.

4.2.3 ¢t Temperature-time Characteristics 3

In order to calculate some useful thermal parameters such
as the specific heat and the amount of heat transfered by
radiation and convection, the surface temperature of the
rubber samples was recorded as a function of time during the
heating and equilibrium temperature. In addition the cooling
curve, after the cut—off of the electric power, was also
obtained.

Figure 4.7 presents the temperature—time {T—tJ] characteristics

of the above composites at initial wvalue of the electric




Table 4.4 : The calculated values of the fitting
parameters, a and b.

Sample a (degd b
H1i0 22. 4 0. 858
G10 i9.0 0.93
S10 18,1 0. 68
L10O 23.5 0. 80
CH10 26.0 1.14
CG10 18.0 0. 88
Cs10 31.6 1.00
CL10O 25.5 0.97
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power equals 1 watt. After attaining equilibrium temperature
the power was cut—off and the temperature decay was recorded
with time. It is obvious, again, that the ultimate temperature
value per watt depends on the type of carbon black used as

well as the presence of BaTng.[Cf. Table 4.4).

The curves showing the temperature — time [(T-t]
characteristics for all investigated composites can be

divided into three regions, namely ;

1> the temperature growth [heatingl region,
1> the equi librium [ultimatel temperature region, and

i11> the temperature decay [coolingl region.

Figure 4.8 illustrates the general feature of these three
regions ([solid curvel in addition to the variation of the
conduction current inside the test sample [dashed curvel for

conductive rubber sample [100 LAMP/CIIR + 20 BaTiOs)l.

In region I, the temperature growth with time for an
initial power IOVo can be represented by an exponential

growth function as
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TCLY) — T =CT — T2 [ 1 —expl— trr D1 C4.30
© m ° g
where To and Tm are the ambient and the ultimate temperatures
respectivily, and Tg is the time constant depending on the
type of carbon black as well as the addition of BaTiO;

ceramics [Cf. Table 4.5].

It was found, by curve fitting, that the conduction

current varies with time as follows:
ICL) — I =¢I —-ID0 10 TCL + 7)) C4.4)
C o c L8 L
where T, is the current time constant depending on the type
of carbon black as well as the presence of BaTiC; ceramics

{Cf. Table 4.5].

The conservation law of energy, in region I, requires

that ;
ICLI V ¢ = mC CT —TD> + Ach +hD2 ITCtS —T11 4.5
o C P m -3 r c o

where tc is the time at which the current reaches its steady
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state value CIc); Cp is the specific heat of the specimen; m
its mass, hr and hc are the amount of heat transfer
per unit area per degree per second by radiation and

convection respectivilygea).

and A 1is the area of the
specimen in m2. Substituting from eguations 4.3 and 4.4 in

equation 4.5 one obtain :

t t

04 c
fIced vV dt = uC €T — T D+ACh + h 2CT — T >f 11— expC—t/T >1dt
° ] p m o r < m 4 g

and,

¢ =ImCcT—T )1—1[ v ¢I —IDT, 1n ICt +r D7)+ VI L~
P m © = o L= i < 1 1 o T C

A Ch + hc)(Tm—To) It~ T, ll—exp(—t.c/'rg)l]]

From equation 4.7 the specific heat of the composites

can be calculated from region I

Region 11 represents the equilibrium region and the

conservation law of ihe energy can be written as follows :
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I V = ACh +hD>C(T—-TD 4.8
o r c m o

In region III, during which the working power is switched
off, the specimen is left to cool down by radiation and
convection according to Newton’s law of cooling. The

temperature varies with time as follows
TCLD ~— To = CTm” To) exp [-—'L/‘rd] C4.90

where T, is a time constant which depends also on the type of

carbon black and on the addition of BaT:lCtzll ceramics. [Cf.

Table 4.95].

The conservation law of energy, in region III, gives the

following equation
m¢C CT—TD2 = ACh+hD I[TCt) — T 1 C4.10)
p m o r c o

Substituting from equation 4.9 in equation 4.10 one obtains

te
mC CT — T D =ACh+h)CT-—T)J'exp[-t,/‘r]dt C4.11D
P m =3 r C m © -4 ‘ d
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where t.o is the time required for the temperature of the

sample to attain To.
Thus, we get :

Cp - [1/ml[ A Ch + hd Tg[ 1 —exp [ — to/rgl]] C4.12D

From which cne can again calculate the specific heat of the

composites from region IXIX.

Table 4.5 illusirates the calculated values of the time
constants Tg,Ti. and Td, the specific heat, Cp, [from region
I and region I1I1 , and the amount of heat +transferred by
radiation and convection, [hr+ hcl, for the different types
of carbon black . From this table it is shown that the
calculated values of the specific heat are in good agreement
with the published data obtained by Wood and Bekkedaht®®
during their calorimetric measurements on large number of

polymeric materials.

In addition the calculated values of Cp obtained from

the different regions, I and III, which are approximately




Table 4.8 :
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The calculated values of the time constants
Tg,'ri_. and Ty specific heat and the amount of

heat transferred by radiation and convection.

for the investigated rubber composites.

T T, c c Ch + hD
v pI Prix T €

Sample ¢mind Cmind <(mind [J-gm.degl [J-gm. degl [J/m.zdeg. sec]
Hi0 2. 50 0.4 3. 60 3.04 3.97 36.2
G110 2. 44 0. 30 2.95 3.03 2. 324 28.1
Si0 3.00 0.18 3.80 5. 00 6. 40 38.7
L10O 2.00 0.32 2.80 4.12 4.21 39. 8
CH10O 2.17 0. 87 2.70 3. 95 2. 75 35.4
CG10 3,33 0.37 3.85 4.17 5.18 55.6
C=10 2. 70 0.27 2.70 4.14 3. 37 44.1
CL10O 3. 00 0.14 2. 85 3.25 2.85 £8. 4
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the same which confirm the mathematical treatement suggested
for the {T-t] characteristics. From the calculated values of
the amount of heat transfer per unit sample area per degree
per second (hr+ hc)’ one can determines the optimum working
conditions to warm a givén volume at a given initial boundary

o
conditions O?

In order to find the optimum concentration for each
type of carbon black yeilds the maximum amount of energy
transfer, different concentrations from <each tLype of carbon

black were introduced into rubber matrisx.

4.2.4 : Thermal Conductivity :

The thermal properties of polymers are observed when
thermal energy Cheatd is added to or removed from a material.
These properties include thermal conductivity and thermal
diffusivity which is the ability to move heat (i.e. the rate
of heat transfer by conductiond.

In order to confirm the results obtained before, an
alternative method was used for measuring specific heat, Cp
and also the thermal conductivity, A and thermal diffusivity,
&$. This method was generally called “flash method", in which
one surface of the sample was irradiated by a heating pulse
for a short time and the temperature is monitored on the rear

face of the sample (Cf. sec. 3.4D.
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Az shown by Parker et al. » the temperature history

of the rear face of a sample of length L is glven by:

TCL, L) = [¢ / pCp L ] [1 + a'ﬁ 42" exp [<n*n® & t)/Lz]].,.
n=1

where ¢ is the heat energy per unit area falling on the front

surface and p is the sample density. This can be expressed in

dimensionless form as a fraction of the maximum.temperature

Tmax of the rear surface:

o8 n 2 2 2
TCT, L/ TmaxCT, 3= 1 + 2 £ €137 exp [<n®r®6 ¢ 217 ...

n=41

The graphical representation of eq. 4.14 is shown in figure
4,90,

As long as heat losses are negligible, the tangent to
the temperature—time curve at the point of maximum gradient
can be extrapolated to the time axis where the intercept, as
shown in figure 4.9 , occure at n°é ts L% = 0.48 from
which

& = co.48 LBan® w0 L. C4.15)
where +tx is the +time axis intercept of the measured

temperature—time curve,

If the energy absorbed by the front face is known, then
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the specific heat of the sample is given by
Cr = ¢ ~C p L Tmax2  ..... C4.16>
and the thermal conductivity (AD can be evaluated from the
following relation:
N=pCp S e C4.17>
Alsc by knowing the information about a standared
sample (weight, dimensions and Cpd, we can find out the
specific heat of the sample under investigation accordin to
the relation

[ M1Cp1CdT1/dt,‘)] s A= [ Mszz(de/dt.z)] s A, C4.18d

then,

Cp Csampled =[[ M Cp <dT, sdt 3]~/ Az] 2 [ a | M1CdT1/dt1)]]

where, M:’ Cpi, dTi/dt,1 and A are the mass, specific heat,
temperature gradient and area of the sample under
investigation respectivily. Mz .sz ,de /dtz and A are the
mass, specific heat, temperature gradient and area of the

standered Cu sample.

Figure 4.10 illustrates the general feature of the
temperature—-time curve for an investigated sample, using the

flash method technique, taken as an example to illustrates
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Fig. [4.10] : The temperature-time curve for an investigated

carbon black-locaded butyl rubber composite.
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the temperature response of the rear face of the sample.
Table 4.6 summerizes the calculated values of the thermal
conductivity, thermal diffusivity and specific heat for the
samples without and with 20 phr BaTiOs. From this table its
noticed that the addticn of BaTiOs rises, in general, the
values of thermal conductivity. This may be attributed to the
higher values of the heat capacity of ceramic materials.
These data are in good agreement with that obtained by HNands

and Hosjfat t(QE) for some polymeric materials.
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Table 4.6: The calculated values of the thermal conductvity
A, thermal diffusivity &, and specific heat Cp

for the investigated rubber composites.

Sample X & Cp
{Watt m deg.] tem® sec. ] [ J-gm. deg. ]

H10 0. 597 1.540 > 3. 201
G10 0. 401 1.4>40° 3 2. 311
510 0. 486 1.85A0 > 2. 8632
L10O 0. 429 1.50 2 2.326
CH10 0. 725 1.3d0 3 4.00

ceL0 0. 437 1.1x10 > 2. 321
CS10 0. 728 1.4x10 3 3. 960
CL10O 0. 540 1.5x40 > 2,734
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4.3: ErFect ofF CaArBON Brack CONCENTRATION ON THE

ELECTRICcAL AND THERMAL EffFecTs oF CARBON

BLack-Loabpep ButyL RUBBER 3

In the present section, the effect of carbon black
concentration on the electrical properties and the thermal
parameters of BaTi 03-—1 caded butyl rubber composites was
studied. Different concentrations of four types of carbon
black HAF, GPF, SRF, and LAMP black were introduced in the
rubber matrix. These four types differ from each other by
their surface area, particle size, and consequently other
physical properties.

Accordingly, different characteristics either electrical or

thermal for the same concentration can be expected.

Figure 4.11 illustrate the temperature dependence of the
clectrical conductivity of [IIR + 20 BaTi Os] composites
loaded with different concentrations of carbon black ;

ad GPF, b> HAF, D LAMP, d> SRF.

It is noticed, in general, that most of the investigated

samples posses a negative values of the temperature



Fig. [4.11]1:

The temperature dependence of
the electrical conductivity of
butyl rubber composites loaded
with different concentrations

of carbon black.
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coefficient of conductivity [TCC] for the temperature range

used.

The results illustrated in figures 4.12 - 4.15 summerize
the Current—Voltage—Temperature [I—V-T1 characterisitic curves
as well as the dependence of the ultimate temperature {Tm] on
the working power [P 1 for the above rubber composites. It is
noticed from these figures that the I — V characteristic
curves deviate from the Ohmic behaviour in case of HAF more
than in case of GPF or SRF. This deviation being very large

in case of LAMP black.

Each point on the Current-—Voltage-Temperature [I—V—T]
characteristic curves was cbtained by recording the ultimate
temperature attained after the power onset for sufficiently
long time. Figures 4.16 -~ 4.19 present the temperature—time
characteristic curves of +the above composites. After
equilibrium the power was cut off and the temperature decay
was recorded with time. It is obvious from these figures
that the value of the ultimate temperature per watt depends
on the type and concentration of carbon black.

Table 4.F illustrates the calculated values of the
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Table. 4.7 ¢ The calculated value=s of the time constants
Tg,Tt, and Ty specific heat and the amount of

heat transferred by radiation and convection.

T T, T, C c Ch _+ h D
Sample g v P, Prrr rz €
Cmind Cmind C(mind (J /gm.deg)l [Jrgm.degl ([(J-m. deg. sec]

CH10 &2.17 0.87 2.70 3.9%8 2.78 36. 4
CHs 2.50 0.27 3.85 3.21 4.70 34.0
CH7 2.67 0.14 2.78 3.88 4.16 48.0
CHE . 2.80 0.29 2.885 4.42 4.94 44.4
CHS 2.33 0.18 2.10 2.13 3.19 43.4
CH4 2.8 0.20 2.90 4.10 5. 80 47.5
cG10 3.33 0.37 3.85 4.17 5.18 55. 6
olc:] 2.70 ©0.37 3.70 3. 46 4.80 42.8
CGB 4.55 0.15 3.57 3. 36 3.75 37.0
ces 3.47 0.11 2.94 2.43 3.75 43.0
T 2.20 0.13 1.60 1.54 1.71 28. 2
cs10 2.70 0.87 2.70 3.14 3,37 44.1
css 2.63 0.23 3.23 32.00 4.00 48.0
cse 2.90 0.40 2.88 3.51 3.83 46. 5
CSS 4.8% 0.186 B5.00 4.17 4.24 55. O
CL10 3.00 0.14 2.85 3.25 2.65 ‘ 28. 4
cL8 5.00 0.04 4.40 2.88 3.64 22.8
cL? 3.10 0.23 4.40 3.32 3.87 24.2
cLB 4.65 0.08 3.00 2.95 4.41 42.0
cLS 5.00 0.10 3.33 3.72 3. 64 32.0
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specific heat I Cp and C 1 for different +Lypes and
1 I3

concentrations of carbon black as well as the time constants

{ . ,vr , and 7.1. The average specific heat [t € + C 1~ 2 ]
v d Py Prix

were plotted agéinst the carbon black concentration, as
shown in figure 4.20
It is clear from this figure that as the carbon black
concentration increases the specific heat of their
corresponding composites decreases. This decrease in the
specific heat with increasing carbon black concentration
may be attributed to the fact that specific heat of rubber

[ ~1.7 Joulesgm.deg.15>> is higher than that of carben

black [2 1.258 Joule~ gm.deg.lca).

The heat produced, by Joule effect, per watt is
plotted as a function of carbon black concentration.
Figure 4.21 represents the dependence of AT/P on the
concentration for the different types of carbon black. From
this figure it may be concluded that there is a certain

concentration for every type of carbon black at which maximum

value of AT-P is obtained.

Table 4.8 shows the calculated values of the thermal
conductivity, A, thermal diffusivity, &, and specific heat, Cp

for different types and concentrations of carbon bl ack—loaded




bl
o
T

")

, Cp (Joule-gm deg
o~
o
l

2 3.0
L
I
O o HAF
T o SRF
i LAMP
e n
V20
1.0 1 | 1 | ] I 1 l 1 I 1 l ] l 1 |

L0 50 60 70 80 90 100

CARBON BLACK CONCENTRATION “(phr)

Fig. [{4.20) : The dependence of the specific heat on carbon

black concentrations.




-1

w
o

)

N
o

AT/ P (deg-watt

20

15

10

] ] I ] ] I i

Ay

30 40 50 60 70 80 90 100

CARBON BLACK CONCENTRATION, (phr)

Fig. {4.21] ¢ The dependence of AT/F on the carbon black

concentrations.




Table 4.8

- 1i29 -

: The calculated values of the thermal conductivity

N, thermal diffusivity and specific heat Cp for

the investigated rubber composites.

Sample A & Cp
{Watt.m deg.) [em? sec. ] [ J-gm. deg. ]

CH10 0. 725 1.3x10°° 4.00
CHs 0.3 1.2xt0™ 2. 00
CH7 0.310 1.2x10°° 2. 00
CHSE 0. 604 1.4x107° 3. 40
CHS 0. 385 1.1x10”° 2.83
CH4 0.617 8. 810 * 8. 70
CGLO 0. 437 1.1>40"® 2.32
ces 0. 457 1.1x10° 3. 00
cee ©.318 1.0x107° 2.50
CcGs 0. 564 1.1>107° a.12
CcG4 0. 399 1.0:40 " 3.24
CS10 0. 728 1.4x10°° 3.93
cse O. 438 1.4>x10 ° 2.41
CS6 0. 370 g. 7540 3. 00
CSs 0. 780 1.2407° S, 23
cs4 0. 366 g.3x10°* 3.26
CL10O 0. 840 1.5xa07° 2.73
cLe 0.313 1.6510° 1.850
CL7 0. 380 1.2d0 ° 2.32
CLB 0. 4186 1.2xa07° 2.82
CLS 0. 608 8.1x107* 6. 00
CL4 0. 528 1.1>402 3.02
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butyl rubber composites. Its noticed from this table that,
the comparison of the data for the specific heat, Cp
calculated by the flash method {Tables 4.6 and 4.8B1 are in a
good agreement with that calculated before [Cf. Tables 4.5

and 4.71].
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4.4: OTHER FACTORS AFFECTING THE ELECTRICAL AND THERMAL

ErFecTts ofF CArRBON BLAcCKk-LOADED ButvL RUBBER :

For obtaining the optimum conditions required for these
heating elements some jfactors affecting the electrical
and thermal parameters of conductive butyl rubber composltes
were studied. These factors are the ambient temperature,
the sample dimensions. Measurements using the alternating
current as convential power main. and ageing of the samples

under continuous electric power application, up to 6 months

were made.

4.4.1 : Effect of the Ambient Temperature :

In order to show the effect of the ambient temperatures,
on the thermal performance of the rubber heating elements,
the T-t characteristic curves for composites containing 100
phr carbon blacks/L{IIR + 20 phr BaTiOs]l at different ambient.
temperatures were obtained.

The ambient temperature was controlled by using an
ultrathermostate in the range from O to 70°C .

Figure 4.22 illustrates the the difference in temperature—
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time [AT+] characteristic curves for +the different tLypes
of carbon black at different ambient temperature . From this
figure it is clear that the variation in the ambient
temperature markedly affects the difference in temperature
[AT] produced by Joule heating. Figure 4.23 summerizes
the dependence of the ultimate temperature difference on the
ambient temperature. It is obvicus from this figure that a
maximum value of AT was produced, in general, at ambient
temperature of 10°¢.

In other words the quantity of heat transfer per unit area
per degree has its maximum value at ambient Lemperature equal

1 0°¢.

These results were confirmed by the measurements of the
specific heat, CP, at different ambient temperatures, [figure
4.241. In +this case the minimum value observed in the
specific heat is attained at 10°C for all types of conductive

rubber composites.

4.4.2 : Effect of the Sample Dimensions :

In this subsection the effect of the dimensions of the




e HAF
25 L a GPF
o SRF
n LAMP
220
'—
<
. ]
LJ
o
S
<15} o
o
L
o
=
w
'—-
10 -
5 | | i | | ] ]

0 10 20 30 40 50 60 70
AMBIENT TEMPERATURE , T(°C)

Fig. [4.23) t The dependence of the temperature difference, AT on

the ambient temperature at initial power = 1 watt.



SPECIFIC HEAT, Cp (Joule-gm deg')

o
o
|

wn
o
I

~
o
t

o
o
I

e HAF

20 L1

Fig. [4.24) :

10 20 30 40 50 60 70
TEMPERATURE, T ('C )

The specific heat dependence on the ambient

tomperature.

80




- 136 -

electric heater on its thermal parameters was studied.
For this purpose, different test samples having different
dimensions and containing [100 phr HAF/IIIR + 20 BaTiOal]
were used.

Figure 4.25 illustrates the dependence of the temperature
difference per watt on S/V, where S is the sample surface
area, cmz. and V its volume, em”. From this figure it is
clear that the difference in temperature, AT, produced by

Joule heating effect, increases as SV increases,

In a trial to correlate the total heat capacity (M Cp ]
of the rubber composite with the heat capacities of its

ingredients , the following rule of additivity was used

M Cp = mle‘+ m, C + ..... + m C C4.130

where M Cp is the heat capacity of the composite, and

m Cpl, m, CP‘, LN l‘;‘pn are the heat capacities of

the ingredients.

Figure 4.26 shows the relation between the heat capacity

and the sample mass. The solid curve represents the values of
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the heat capacities which are preoduced by multiply every mass
of the composite by its calculated specific heat, and the
dashed line represents the values of the heat capacities
which are produced by the summations of the heat capacities
for every ingredient, {rule of additivity, eqn 4.13).

From this figure it is clear that the two values of the heat
capacities, which produced experimentally and by using the
rule of additivity, for any.mass are practically the same,
Thus, by knowing the heat capacity of each ingredient and its
concentration ., one can predict the heat content of the

corresponding composites.

4.4.3 : AC ~ Measurements :

The study in this subsection was extented to carry out
our measurements by using ac [8S0 Hz.} as a power supply.
The samples containing 100 phr of carbon black with 20 phr
BaTiO3 were used in this study. They were subjected to the
electrical and thermal measurments as shown in figure
4.27 which illustrates the current - voltage — temperature

{I — V -~ Tl characteristics as well as the temperature-
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power (TP} curves. If a comparison was made between this
.data and that of the dc—measurments, shown before ifigures
4.4 and 4.6.b), one can conclude that, the samples containing
SRF and LAMP blacks, possess higher AT in case of dc—supply
than ac-supply at the same applied eleciric power. Table
4.9 illustrates the values of the fitting parameters a and
b, from equation 4.2. From this Table it is clear that,
for composites containing SRF and LAMP blacks, the val ues
of a, [ AT at P = 1 wattl, is higher in case of dc-supply
than these in case of ac—supply. On the other hand these
values of AT remain the same for samples containing HAF

and GPF blacks independent of the type of power supply.

4.4.4 : Ageing of Samples 3

In order to study the effect of ageing on the electrical
and thermal performance of the rubber heating elemenis,
the above conductive sampls were subjected to ac — electric
power for different time intervals.

The ambient temperature was fixed at 10°C by wusing an

incubator. The I — V —= T characteristic curves were taken
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Table. 4.9 : The calculated values of the fitting
parameters a and b [from equation 4.11

in case of dc and ac—power supply.

D C AC
Sample
a (degd b a Cdegd b
CH1i0O 26.0 1.14 £25. 4 0. 86
CcCx10 18.0 0.85 18.0 0.96
cs10 3.6 1.00 23.0 0.91

CL1O 25.8 0.87 22.0 0.8
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every week with a continuous application of the heating

power .

Figures 4.28 - 4.31 illustrate the current — voltage —
temperature characteristic curves for different periods of
the working time for the four types of carbon black ; ad HAF,
b GPF, > SRF, and dy LAMP black. It is clear from these
figures that no appreciable changes in the electrical and
the thermal measurments were detected after periodes of
working time exceeding 6 months for HAF, GPF, and SRF
blacks, while for LAMP black the sample current decreases
after 3 months and consequently, the heat produced by

Joule effect was reduced.
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