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Abstract

Abstract

Organic/inorganic hybrid material has attracted more and more attentions in
recent years, because of its combination of organic components of light, good
processability, flexibility, etc. and inorganic components of good thermal stability,
oxidation resistance, etc.. It is no doubt that this field of research has become the
hottest area in polymer science. Apparently, continuous work in the preparation and
application of organic-inorganic hybrid material is very meaningful. Our work in this
thesis is all about POSS-based block copolymers. We studied the synthesis of
POSS-based block copolymers with P4VP block via RAFT polymerization and their
self-assembly behaviors. Besides, we studied the improvement of the compatibility of
epoxy/POSS blends by using POSS-based block copolymers with PMMA block as
compatibilizer. The main achievements of our work are shown as below:

1. The synthesis of PMAiBuPOSS-b-P4VP diblock copolymers and
PMAiBuPOSS-b-PS-b-P4VP triblock copolymers and their self-assembly behaviors.
In this part, the synthesis of PMAiBuPOSS-b-P4VP diblock copolymers and
PMAiBuPOSS-b-PS-b-P4VP triblock copolymers via RAFT polymerization were
investigated seriously, furthermore, the structure and thermal properties of these
products were characterized by NMR, GPC, TEM and TGA. Results of these
characterizations showed that the PMAiBuPOSS-b-P4VP and
PMAiBuPOSS-b-PS-b-P4VP have been synthesized successfully, which has not been
reported by other researchers yet. As we know, studies in the self-assembly behaviors
of pure organic polymers are abundant, but studies about the self-assembly behaviors
of organic-inorganic hybrid block copolymer are still few. Herein, we prepared the
aggregates of PMAiBuPOSS-b-P4VP and PMAiBuPOSS-b-PS-b-P4VP in aqueous
solution, and carefully investigated the critical aggregate concentration (CAC), pH
sensitive behaviors and self-assembly morphology by fluorescent spectrometry, DLS,
TEM, etc.. It was shown that CAC was influenced by the chain length of hydrophilic

and hydrophobic chains directly. With the increase of pH, the size of aggregates
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would firstly decrease and further increase in aqueous solution. Size decrease was
supposed to be caused by the shrink of P4VP chain at higher pH value, but the
subsequent increase of aggregate size was caused by m-m stacking interaction of
pyridne ring, which made much more molecules aggregate as a result. We were also
surprised to find special dot-like phase separation in aggregates of block copolymers
at pH=1, which was considered to be the POSS-rich area formed after the hydrolysis
reaction of ester group of block copolymer. Certainly, our work enriched studies about
self-assembly behaviors of block copolymer in solution.

2. The blending modification of epoxy resin based on POSS-based block
copolymer. First, we successfully synthesized the POSS-based block copolymer with
PMMA block: PMAiBuPOSS-b-PMMA (BCP). Aiming to overcome the
shortcomings brought by bad compatibility of epoxy/POSS blends prepared by
blending methods, BCP were creatively used as compatibilizer to improve the
compatibility of epoxy resin and POSS. We found that the number of micro
aggregation areas of POSS decreased with BCP content, whereas the number of nano
aggregation areas of POSS increased. For example, all the aggregation areas of POSS
were in nano size when the content of BCP was 10 phr and POSS monomer was 5 phr.
It indicated that POSS were distributed in epoxy matrix in nano size uniformly.
Therefore, it was confirmed that BCP could effectively improve the compatibility of
epoxy resin and POSS utilizing its amphiphilicity in DGEBA, which was provided by
PMMA block and PMAiBuPOSS block. It was also found that the fracture behavior
transformed from brittle fracture to ductile fracture gradually with the increase of

BCP content, but the T, and E"decreased.
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