A SCNARE R (FE30)

i 22 FEA% REBSTHMIRE
HEHBITS: 5 g
Ko A B ‘

o E H Structural Formation under Polymer Processing Relevant Conditions
(BOFRIEM LY v & RCIEWEET TOREEAR)

Semi-crystalline polymers are now a widespread class of basic materials with a variety of
applications. The internal characteristics of polymers such as mechanical and optical properties
are strongly affected by the degree of crystallinity (e.g., the crystalline component imparts
strength, whereas the amorphous component imparts flexibility). The processing procedures
such as extrusion, injection, and fiber spinning are necessary during the fabrication of polymer
products, which have a dramatic impact on final morphology and properties. Different from
the spherulitic morphology, in which there is a 3D random growth of folded chain crystals
(FCCs), when polymers are subjected to external fields such as shear and elongation,
hierarchically the subnano- to microscale crystalline structures demonstrate a distinct scenario.
Nucleation as well as crystal growth is enhanced in flow-induced crystallization (FIC), as
reported in numerous studies since the 1960s. The morphology alters that of the well-known
“shish-kebabs”, which are composed of the highly extended long filament (shish) as a
backbone on which disk-like fold chain lamellae (kebab) grow epitaxially. However, the nature
of shish-kebabs, especially the structural formation in a very early stage of flow-induced
crystallization, has not been well-understood because of its nonequilibrium property.

Recently, with advanced characterization techniques such as time-resolved
theo-X-ray/neutron scattering, several authors have obtained some new insights into
flow-induced precursors (FIPs), which could be a key to clarify the molecular origin of
shish-kebabs. Our previous works demonstrated flow-induced macroscale precursors in
isotactic polystyrene (iPS) at temperatures above the nominal melting temperature after
applying a short-term shear flow. These macro-FIPs had a very long lifetime (primarily
dependent on temperature, flow, molecular weight, etc.), although initially they dissolved
partially after cessation of flow. However, the nature of these precursors from the nano- to
microscale was still unclear despite considerable efforts.

Moreover, the structural formation (i.e., FIPs) during and immediately after shearing has
been less studied because of the fast dynamics of FIPs, which necessitates high time
resolution for precise in situ observations. In this thesis, we performed a series of
measurements involving high spatial resolution with a high-speed polarized microscope and
synchrotron X-ray scattering with a fast imaging detector to probe the formation process of
FIPs during and immediately after shearing.
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