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W X & H Fundamental Study on Structural Formation of One-dimensional Polymer

Nanostructures Fabricated by Thermal Nanoimprint Process

Polystyrene (PS), polyethylene (PE), polypropylene (PP) are the widely used plastics in
the global market. However, major function used of these polymers are still focusing on
packaging and automotive applications in the production of injection molding, blow molding,
flexible films, and sheets. To create the high-value-added products of these plastics, novel
application used is important for the future business model and sustainable development of
plastics industry.

One-dimensional (1D) nanostructures have attracted considerable attention because of
their versatile applications such as self-cleaning, dry adhesive, bacteria killing, nanosensing,
energy storage, etc. Recently, fabrication techniques of 1D nanostructures are focusing on
solvent and melt wetting methods, which conflicting with environmental issues (harsh
chemical used), low productivity (long annealing time), and high-cost (post-cleaning
process). For these reasons, thermal nanoimprint has been proposed for micro-/nanostructures
fabrication technique with benefits of simple process, low-cost, high-throughput, and
high-resolution.

In this thesis, principle structural formation of 1D polymer nanostructures of PS, PE,
and PP fabricated by thefrmal nanoimprint process using cylindrical nanopore of anodic
aluminum oxide (AAQO) templates has been investigated. This study comprises the following
chapters.

Chapter 1 describes the research background, fundamental theories and recent progress
in structural formation of 1D nanostructures.

Chapter 2 presents the principle structural formation of 1D nanostructures of PS
(amorphous polymer) and PP (semi-crystalline polymer) fabricated by thermal nanoimprint
process. Influences of imprinting conditions (temperature, time and pressure) and pore size of
AAO (50-100 nm) on the length of fabricated 1D nanostructures were clarified.
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Chapter 3 presents the fabrication of 1D PS/graphene nanoplatelets (GNPs) composite
nanostructures. The effect of adding GNPs on the change in flowability and properties of PS
were clarified. The evaluated properties including surface wettability, friction coefficient,
mechanical durability, surface hardness and modulus, and thermal conduction.

Chapter 4 clarifies the structural formation of mesoscale pore 1D nanostructures by
surface-induced nanoscale phase separation of polymer blends at the interface with AAO pore
wall. In this chapter, pore forming agent is polyvinyl alcohol (PVA) and mixed with PS, and
high-density polyethylene (HDPE) matrices, respectively. Porous 1D PS and HDPE
nanostructures can be obtained after selective removal of PVA segment.

Chapter 5 presents the green annealing process using supercritical carbon dioxide
(s¢COy2) fluid to enhance the forming ability of mesoscale pore 1D nanostructures of the
imprinted PS/PVA blend.

Finally, general conclusion of this thesis are given in chapter 6.
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