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(Abstract)

The crystallization and melting behavior of linear polyethylene and of a series of
random ethylene/styrene copolymers was investigated using a combination of classical
and temperature modulated differential scanning calorimetry. In the case of linear
polyethylene and low styrene content copolymers, the temporal evolutions of the melting
temperature, degree of crystallinity, and excess heat capacity were studied during
crystallization. The following correlations were established: 1) the evolution of the
melting temperature with time parallels that of the degree of crystallinity, 2) the excess
heat capacity increases linearly with the degree of crystallinity during primary
crystallization, reaches a maximum during the mixed stage and decays during secondary
crystallization, 3) the rates of shift of the melting temperature and decay of the excess
heat capacity lead to apparent activation energies that are very similar to these reported
for the crystal o, relaxation by other techniques. Strong correlations in the time domain
between the secondary crystallization and the evolution of the excess heat capacity
suggest that the reversible crystallization/melting phenomenon is associated with
molecular events in the melt-crystal fold interfacial region.

In the case of higher styrene content copolymers, the multiple melting behavior at
high temperature is investigated through studies of the overall crystallization kinetics,
heating rate effects and partial melting. Low melting crystals can be classified into two
categories according to their melting behavior, superheating and reorganization
characteristics. Low styrene content copolymers still exhibit some chain folded lamellar

structure. The shift of the low melting temperature with time in this case is tentatively



explained in terms of reorganization effects. Decreasing the crystallization temperature or
increasing the styrene content leads to low melting crystals more akin to fringed-micelles.
These crystals exhibit a lower tendency to reorganize during heating. The shift of their
melting temperature with time is attributed to a decrease in the conformational entropy of
the amorphous fraction as a result of constraints imposed by primary and secondary
crystals.

To further understand the mechanism of formation of low melting crystals, quasi-
isothermal crystallization experiments were carried out using temperature modulation.
The evolution of the excess heat capacity was correlated with that of the melting
behavior. On the basis of these results, it is speculated that the generation of excess heat
capacity at high temperature results from reversible segmental exchange on the fold
surface. On the other hand, the temporal evolution of the excess heat capacity at low
temperature for high styrene content copolymers is attributed to the reversible segment
attachment and detachment on the lateral surface of primary crystals. The existence of
different mechanisms for the generation of excess heat capacity in different temperature
ranges is consistent with the observation of two temperature regimes for the degree of
reversibility inferred from quasi-isothermal melting experiments.

In a second project, the chain length and temperature dependences of spherulitic
growth rates were studied for a series of narrow fractions of poly(ethylene oxide) with
molecular weight ranging from 11 to 917 kg/mol. The crystal growth rate data spanning
crystallization temperatures in regimes I and II was analyzed using the formalism of the
Lauritzen-Hoffman (LH) theory. Our results are found to be in conflict with predictions
from LH theory. The K, ratio increases with molecular weight instead of remaining
constant. The chain length dependence of the exponential prefactor, G°, does not follow
the power law predicted by Hoffman and Miller (HM). On this basis, the simple reptation
argument proposed in the HM treatment and the nucleation regime concept advanced by
the LH model are questioned. We proposed that the observed I/II regime transition in
growth rate data may be related to a transition in the friction coefficient, as postulated by
the Brochard-de Gennnes slippage model. This mechanism is also consistent with recent
calculations published by Toda in which both the rates of surface nucleation and substrate

completion processes exhibit a strong temperature dependence.
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