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X @& H Structure Evolution of Polymers in Shear Flow

Since the first shish-kebab structure was observed in 1965, plenty of studies substantiated
the shish structure as the morphology of the long extended chains played an irreplaceable role
in flow induced crystallization (FIC). Unfortunately, the mechanism for the formation of the
shish structure or precursors is still unclear, especially at a high long chain concentration.
Therefore, the objects of this thesis are to figure out the appropriate parameters associated
with the formation of linear low-density polyethylene (LLDPE) precursors in a micrometer
scale and to investigate the structure evolution of the unary poly(ethylene oxide) (PEO) with a

high molecular weight in shear flow. The works in this thesis are described as follows.

In chapter 1, an overview of nucleation and crystal growth, overall kinetics of

crystallization, progress in FIC and motivations of this thesis were introduced.

In chapter 2, the relationship between the crystallization and morphology of LLDPE in
shear flow are investigated based on the relaxation time and zero shear viscosity. It was found
that precursors were unnecessary to possess crystalline structures at relatively high

temperatures and that the precursor formation underwent the entanglement and relaxation
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stages.

In chapter 3 and 4, effects of the shear temperature and rate-controlled entanglement
network deformation on the PEO structure evolution were investigated by in-situ SAXS
measurements. It was found that the deviation angle increased with an increase in the shear
temperature and rate. A shear temperature-controlled model was proposed based on
Sy = (%Z —D[28 — k(A + 22+ 22 —3)] where Sy reflecting the deviation angle was a function
of the number of entanglements (Z) determined by the shear temperature. Similarly, a shear
rate-controlled model was proposed based on AS:——%Nk(}E+%w3) where A S was a
function of the extension ratio 4. The curve of —AS/Nk matched the variation of the deviation
angle well.

In chapter 5, effects of the crystallization temperature-controlled entanglement network
deformation on the PEO structure evolution were also investigated. It was found that the

deviation angle increased with a decrease in the crystallization temperature, which showed a

same tendency to the nucleation rate expressed as

i 3 17 402
Vnuc/Ck = -T;AHf (1 —-T_’O exp(_M) exp[_ 1184)( 10 ]:n
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In chapter 6, the conclusions of chapter 2, 3 and 4 were summarized.
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