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Abstract

Lately, aggregates of block copolymers have attracted extensive attention based
on their potential applications as nanoreactors, nanomaterials, drug delivery systems,
polymeric tissue scaffolds and so on. Preparation of block copolymer aggregates
always involves some types of phase separation technique during the self-assembly
process. Among them, the vapor-induced phase separation (VIPS) is widely applied to
manufacturing porous membrane and/or other polymer materials. Water is always a
preferential nonsolvent in a VIPS process. However, water is immiscible with many
organic solvents, which restricts the application of VIPS. In this work, methanol
and/or ethanol were used as nonsolvents instead of water. The phase separation
behaviors of block copolymer solutions induced by the nonsolvent vapor have been
investigated. During this process, the solvent evaporation cooling of block copolymer
solution would induce condensation of methanol or ethanol vapor, which would lead
to the phase separation of the polymer solution. Simultaneously, the shearing caused
by the Marangoni convection has been combined in order to understand the
mechanism of phase separation of polymer solution. Then, the separated phases
would be sphered due to the interfacial tension during solidification. Based on the
VIPS, polymer microspheres, hollow TiO, microspheres, controlled-release
microspheres and superhydrophobic membranes were prepared, respectively. The
specific researches are as follows:

Preparation and characterization of block copolymer microspheres induced
by vapor phase separation

Star-shaped poly(styrene-block-butadiene) copolymer was dissolved in toluene,
with a typical concentration in solution of 1 wt%. The polymer solution was cast onto
glass substrate in a static methanol vapor atmosphere. After the complete evaporation
of toluene and methanol, a thin layer of polymer microspheres was obtained. The
microspheres were observed by optical and scanning electron microscopes. It shows
that microspheres present good spherical structure with smooth and compact surfaces,
and range from several hundred nanometers to several micrometers in diameter. A
real time observation of the formation of microspheres was carried out. Those results

indicated that solvent evaporation cooling would lead to condensation of methanol
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vapor, which would result in thermodynamically worse solvent of the polymer
solution system gradually. Along with the Marangoni convection, macroscopic phase
separation occurred. With the continuous evaporation of solvent and condensation of
nonsolvent, the separated phases would form spherical micro-droplets due to
interfacial tension, and then solidify to form the final microsphere product.

Preparation and characterization of hollow TiO, microspheres using novel
polymer microsphere templates and their photocatalytic degradation of methyl
orange

In this work, composite microspheres were prepared by casting a toluene
solution of tetrabutyl titanate and poly(styrene-block-butadiene) copolymer in a static
methanol vapor atmosphere. After evaporation of toluene and methanol, the obtained
composite microspheres were subjected to a water vapor phase hydrothermal
treatment to completely hydrolyze tetrabutyl titanate. Then, the composite
TiO,/polymer microspheres were calcined in air at 550 ‘C to remove the polymer;
thus, hollow TiO, microspheres were fabricated. The SEM images of microspheres
indicate that the morphology of microspheres has changed a lot after a series of
experimental treatments. The final TiO, microspheres are mostly with cracks, and the
shell is rough with a thickness of approximate 80 nm. The shell exhibits a porous
texture because of the removal of the polymer. The elemental distribution in the as-
prepared tetrabutyl titanate/polymer composite materials was examined with the
energy dispersive spectrometer (EDS). It has been found that Ti element exists in all
regions including microsphere’s surface, microsphere’s crack and the substrate, which
confirms the diffusion of tetrabutyl titanate in the whole solution. The photocatalytic
activity of the hollow TiO, microspheres was studied by measuring the photo-
degradation of methyl orange. The degradation kinetics of the methyl orange aqueous
solution exhibited pseudo-first-order behavior and the apparent degradation rate
constant was determined to be 0.085h™.

Preparation and characterization of PLGA microspheres and their
sustained release performance in vitro

Ibuprofen-loaded poly(lactide-co-glycolide) (PLGA) microspheres were
prepared by casting a tetrahydrofuran solution of ibuprofen and PLGA in a methanol
vapor atmosphere. The morphology of the microspheres was investigated by scanning
electron microscope. The surface is smooth and some microspheres stack together.

The drug loading efficiency and encapsulation efficiency were determined to be
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6.08% and 20.9%, respectively. PBS buffer solution with a concentration of 0.1 mol/L
was used as a releasing media in vitro, and UV-visible spectrophotometer was used to
measure the ibuprofen during the release process. In the first 10h, an initial burst
release was observed, 75% ibuprofen was released. Subsequently, drug release
dramatically slowed down. The accumulative release ration was up to 80% after 3
days. The result shows that PLGA is an appropriate controlled-release material.

Preparation and characterization of a block copolymer surface with
superhydrophobicity and high adhesive force via vapor-induced phase
separation

Poly(styrene-b-butadiene-b-styrene) was dissolved in selective solvent methyl
ethyl ketone. Micelles were formed with the inner polybutadiene blocks while the
shell of polystyrene blocks. Phase separation occurred as solidifying the micellar
solution in a static ethanol vapor, resulting in a polymer surface with
superhydrophobicity and high adhesive force. The SEM images of the resultant
membrane exhibit that small spindle-like protrusions in micron size connect together
and cover the surface, and such membrane is totally built up by a bi-continuous
network with polymer matrix and interlinked grooves. Water contact angle (CA) was
measured by using sessile drop method with a water droplet of 5 uL. Water CA of the
membrane is higher than 150< which can be defined as superhydrophobic surface.
The water drop could be pinned on the membrane when the substrate was tilted even
when it was turned upside down, which showed the high adhesive force of the surface.
We attributed the observation to the mixed Wenzel and Cassie model. The as-

prepared membrane was used as a “mechanical hand” to carry out water transport. A

10 x 10 cm? membrane was fabricated by the same method to expand the application

of the membrane.
in this thesis, the preparation and characterization of the composite microspheres

and membranes are original researches.

Keywords: vapor-induced phase separation; polymer microspheres; formation

mechanism; novel preparation
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