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polyethylene terephthalate as long as the fractional value of the empty space
iIsp > 0.1, p > 0.9 respectively. There were also a slow change and decrease in
the value of the thermal conductivity of the crystalline part K, when increasing

the strength of the dislocation scattering.

The study has also deal with the effect of the degree of crystallinity on the
nature of the conduction curve. It has been observed that there is a cross-over
point in the curves of every group. The value of the thermal conduction of the
amorphous structures Ky has decreased at the increase of degree of crystallinity
and the constancy of temperature; and the opposite is correct for the crystalline
structures K- . The study has shown that the reversed behavior, of K;and Ky,

with the degree of crystallinity is behind the emergence of the cross-over point.



consideration. The thermal conductivity of these structures has been computed
according to Callaway's model and Awad's formulas, respectively. Four samples
of polyethylene, with degree of crystallinity (0.914, 0.933, 0.956, 0.971), have
been used to compare the present study with another modern study, Jarad's "The
use of Awad's formulas for both crystalline and amorphous structures”. The
comparison has shown high percentage differences up to 94% between the two
studies. Seven samples of Polyethylene terephthalate with degrees of
crystallinity (0.0, 0.09, 0.17, 0.25, 0.29, 0.39 and 0.51) have been used at a wide
range of temperature to study the effect of degrees of crystallinity on the nature
of conductivity curves. The results of this part have revealed a good agreement,
in conductivity curve, between the calculated and experiential values. The
percentage contribution of amorphous structures Ky has been higher than the
percentage contribution of crystallized structures K. at low temperatures, and
the reverse occurs at high temperatures. It has been concluded that the type of
mathematic model used in calculating the thermal conductivity of amorphous
structures and the addition of conduction compound K,p have directly affected
the values of the scattering relaxation rates, and the conductive curves,
especially those percentage contribution, at the highest values of the temperature

of study.

The behavior of the scattering relaxation rates have been studied as
frequency function w. The boundary scattering has dominated at the low range
of frequencies, and the phonon scattering by dislocation has dominated in the
high degree of crystallinity samples of polyethylene at the high range of
frequencies, and the opposite was the domination of the point defect scattering,
while the scattering of phonons by dislocation has been dominated the other in

the samples of Polyethylene terephthalate.

At the constancy of temperature, it has been found that the thermal

conductivity of amorphous part extremely changed in polyethylene and



ABSTRACT

The study has presented the utility of the application of Callaway's model
for amorphous structures and Awad's formulas for crystallized structures in
calculating the lattice thermal conductivity of polymers at various degrees of
crystallinity. It has also stated the utility of adding the conduction compound
Kyp (the contribution of phonons at frequency range (w,; — wp)) in
calculating the thermal conductivity of amorphous structures. The study has

been divided into two parts:

The first part has been devoted to analyze the lattice thermal conductivity
of amorphous polymers .Samples of Polycarbonate and Borosilicate glass have
been subject to study under a temperature range (0.04-60K). The results of
analysis have revealed a good agreement between the computed and experiential

values.

The behavior of the scattering relaxation rates have been studies as
frequency function w. The results have revealed apparent domination in the
boundary scattering at low frequencies, while the empty space scattering
relaxation rates dominates over Rayleigh scattering relaxation for all the
frequency range, except some samples in which the reverse occurs at frequency

values close to w,, .

As empty space scattering has important role, the thermal conductivity
has been fully studied, as function of fractional value p, at the constancy of
temperature. The study has revealed that empty space scattering has important

roleatp > 0.9.

The second part has been devoted to study the lattice thermal conductivity
of semi-crystalline polymers. The gathering of the thermal conductivity of both

crystalline and amorphous structures has been taken into
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