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(ABSTRACT)

The morphology, crystallization and melting behaviors of a series of ethylene/αolefin copolymers were investigated as a function of comonomer content, comonomer
type and processing conditions, including crystallization temperature and time. This was
achieved by using a combination of techniques such as Nuclear Magnetic Resonance
Spectroscopy (NMR), Differential Scanning Calorimetry (DSC), Atomic Force
Microscopy (AFM) and Fourier Transform Infrared Spectroscopy (FTIR).
The results from the thermal analysis studies clearly indicated the existence of
two distinct regions of crystallization, demarcated by a cross-over temperature, T*. The
high temperature region (above T*) displayed cooling-rate dependence as well as
significant hysteresis in crystallinity between cooling and heating processes, similar to
that observed in linear polyethylene. This implied that the crystals associated with this
region were formed via chain-folded lamellar growth. However, the lower temperature
region (below T*) exhibited reversible changes in crystallinity between cooling and
heating, and was found to be independent of the cooling rate.
The temporal evolution of secondary crystallization in the copolymers was
studied for times ranging from 100-106 min, at different crystallization temperatures (Tx).
Two distinct melting endotherms were discerned at crystallization temperatures below
T*. A higher melting endotherm that remained invariant with crystallization time (t x)
was associated with lamellar crystals that were formed during primary crystallization. In
contrast, both the positions as well as the magnitude of the lower temperature endotherm
were found to vary systematically with log (tx). The peak positions of the low
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endotherm, i.e., the melting temperature of the secondary crystals, were found to
consistently extrapolate to the crystallization temperature at very short times. Based on
this and other considerations, the secondary crystals were associated with the melting of
thin stacks of polymer chains aggregated in the form of "fringed-micelle"-like bundled
crystals.
The temperature dependence of the kinetic parameters (derived from Avrami and
other analyses) above T* and their invariance below T*, suggested that the
transformation in morphology from lamellar to bundled crystals was gradual and
systematic, as the branch content was increased or as the crystallization temperature was
lowered. Further verification of this result was obtained via AFM experiments. A
systematic variation in morphology from lamellar to spot-like (lamellae were less clearly
visible) was clearly discerned on increasing the comonomer content. Furthermore, a
second morphological feature represented by bridge-like links between the lamellae, and
approximately perpendicular to them, was also observed for some copolymers. This
feature was correlated with the bundled crystals discussed above.
The presence of an alternate crystal structure, in addition to the usual
orthorhombic crystal form expected for linear polyethylene, was also established from the
results of the FTIR studies. The relative proportions of the second crystal form in the
copolymers as a function of branch content and temperature were modeled and estimated
via mathematical deconvolution and curve-fitting processes. Comparing the results to
those of the hexagonal rotator phase of n-paraffins, it was proposed that the second
crystal structure in the copolymers could be assigned to a hexagonal type unit cell
structure.
Furthermore, the crystallization and melting behaviors of all three types of
copolymers studied - ethylene/1-butene, ethylene/1-pentene and ethylene/1-hexene - were
found to be identical to each other, suggesting that the crystallization process examined
was independent of branch type for the ethyl, propyl and butyl branches examined. Since
the lengthy butyl branch (in the ethylene-hexene copolymers) is not likely to be
accommodated in the crystal, it was concluded that all three branch types were
predominantly excluded from the crystal structure.
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Based on the results from these studies, a new model for the crystallization
mechanism in these copolymers was proposed and could be further extended to other
semicrystalline polymers such as PET, PEEK, PVC, PBT, i-PS and polycarbonate. In
this model, the primary and secondary crystallization stages were redefined on the basis
of the chain-folded lamellar growth process. According to the model, secondary
crystallization involves the generation of the bundled crystals that may be viewed as
physical cross-links in the amorphous phase. Therefore, it may provide a means of
correlating the temporal evolution of secondary crystallization to the time and
temperature dependence of the physical properties of semicrystalline polymers, above
their glass transition temperatures.
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