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SUPANONT JAMORNSURIYA : STRUCTURES, DYNAMICS, SURFACE AND
CRYSTALLIZATION CHARACTERISTICS OF SOME MODIFIED POLYOLEFINS.
THESIS ADVISOR : ASSOC.PROF. VISIT VAO-SOONGNERN, 147 PP.

Keyword: Molecular simulation, polymer surface, crystallization, synchrotron SAXS,

polyethylene, poly(propylene-ran-ethylene)

Chemical and physical modification of polymer chains at the molecular level
can give new and better properties of polymeric materials. In this work, molecular
simulation and experimental techniques were employed to gain more understanding
of the correlation between structure and property relationships of modified polymers.
There are four main parts in the thesis to investigate the bulk, surface and
crystallization properties of modified polymer by means of molecular simulation and
experiment. For the first part, molecular and surface properties of poly(ethylene-ran-
propylene) free-standing thin films were studied. When the ethylene fraction was
increased, it led to denser film structures, chain ends became more abundant in the
surface region, the bonds oriented in a direction more parallel to the surface and
significant changes in molecular shape and size were observed as a function of
ethylene content. The largest molecular axis was oriented in a parallel direction to the
film surface, and changed toward random orientation when the ethylene content was
decreased. The second topic is to study the effect of comonomer composition and
specific sequences on structure and dynamics of bulk ethylene propylene random
copolymer melts. The results suggest the tendency of faster diffusion for block-like
pattern than other sequences at low to intermediate ethylene content, due to the
interchain interaction. For high ethylene content, the intra-chain interaction likely to
have more influence on the chain mobility. The third part is to study the effect of few
ethylene defects on the crystallization characteristics of isotactic poly(propylene) by
experiments. Investigation of the kinetics and crystal morphology was performed by

in-situ isothermal crystallization with simultaneous synchrotron small-angle X-ray
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scattering (SAXS). The induction period for the crystallization of isotactic
poly(propylene) takes about 10 min. For the sample with ethylene defects, the
induction period can be decreased to 3 min. Data was analyzed by the paracrystalline
model and 1-D electron density correlation function. For high ethylene content (0.59%
PE) sample, the average long period distance (Lp) and the average crystal lamellar
thickness (L) are 18.36 nm. and 6.35 nm. Compared to the sample with lower ethylene
defects (0.09% PE), these parameters become larger ie. Lp = 18.46 nm and L. = 6.76
nm. These results suggest that smaller crystal lamellae are formed at higher ethylene
defects. The final part is the study of crystallization characteristics of cyclic in
comparison to linear polyethylene models. Some properties evaluated from
simulation to indicate crystallization are the fraction of trans conformation, orientation
correlation function and evolution of the scattering structure factor. It is more difficult
for cyclic polymer to form an ordered phase considered by the evolution of
intermolecular orientation correlation function, (S). Although the trans fraction for
both systems are quite high, the S¢ values are significantly different i.e., about 0.7 and
less than 0.1 for linear and cyclic PE, respectively. By careful inspection for cyclic chain
system, it was observed that crystal may be able to form with multiple domains in

different orientation.
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