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Abstract

Title Study on the sequence control and hybridization of aromatic polyimide

(800 words)

Polyimides (PIs) are important class of aromatic polymers with remarkable heat resistance
and superior mechanical, electrical, and durable properties. Because of their excellent properties,
PIs have been used in the aerospace, electronics, and various high-tech industries. In the past
decade, significant efforts have focused on synthesizing polyimides with further enhanced thermal
and mechanical properties. In this study, I prepared aromatic PIs using three methods, sequence
control, lowering of the imidization temperature, and hybridization of polysiloxanes.

This paper consists of seven chapters.

In chapter 1, background and aim of this thesis are described.

In chapter 2, soluble PIs which keep high heat resistance were prepared by controlling the
molecular structure and sequence. The PI was named 6,6-PI. The meaning of 6,6-PI is the number
aromatic rings by using of six first and second steps. The mechanical properties of the 6,6-PI film
were as high as those of the existing PI. 6,6-PI also has other advantages as follows. 6,6-PI can be|
prepared even in the presence of small amount of water, the vanish is stable and preserved at the
ambient atmosphere, and films can be processed using the stable imidized form in a short time.
Thermal properties were also excellent with high glass transition temperature (7%, though initial
weight loss was slightly larger than existing PI because of the methyl group.

In Chapter 3, the problem of blushing of PI coating fluid typical for soluble PIs was examined.
To solve this problem without changing the solvent and without lowering the heat resistance of
the soluble PIs, structure control method and additive method were examined. The Solpit-S
structure is a typical structure in 6,6-PIs. In the structure control method, hydroxyl groups were
found to be effective, and we succeeded in preparing blush resistant 6,6-PIs by introducing
Bis(3-amino-4-hydroxyphenyl) Sulfone (HOSO2AB). Blushing time was extended to more than 20
minutes and 7y was higher than 350 °C. In the additive method, DBU type of catalyst (X) was
most effective, and the Solpit-S solution containing 10 wt% X showed blushing time more than 30
minutes. The Solpit-S film with 10 wt% X exhibited the same thermal and mechanical properties|
as the pristine Solpit-S film.

In chapter 4, lowering of the imidization temperature was attempeted by adding various type
of plasticizers such as phthalate, phosphate, and polyether. Among them, polyethylene glycol
(PEG) was found to be the most effective additive to lower the imidization temperature. Though
the imidization of poly(amide acid) (PAA) without plasticizer required high temperature up to 350
°C, in the presence of 5 wt% of PEG, the imidization almost completed at 200 °C. The PEG was
removed at around 250 °C, giving pristine PI film. The PI film with 5 wt% PEG, after cured at 250
°C, exhibited the same thermal and mechanical properties as the pristine PI film cured at 350 °C.

In chapter 5, PI / polydimethylsiloxane (PDMS) hybrid was prepared by sol-gel method to
disperse PDMS into PI. The method of preparing the PI / PDMS hybrid by combining the in situ
sol—gel reaction of precursor PDMS and the thermal imidization of PAA are shown. The obtained
hybrid films were transparent when the PDMS content was less than 3 wt%. The hybrid films
with up to 3 wt% PDMS showed higher tensile strength and elongation at break than those of]
pristine PI due to the toughening effect of PDMS. Interestingly, the tensile modulus also increased
by the increase of PDMS content up to 3 wt%. The thermal stability of the hybrids also increased
with the PDMS content, as evidenced by TGA. In the present chapter, the binary PI / PDMS




with the PDMS content, as evidenced by T'GA. In the present chapter, the binary PI / PDMS
hybrid containing 3 wt% PDMS showed the best balance of properties including transparency,
modulus, toughness, and thermal stability.

In chapter 6, polysiloxanes having phenyl group such as polymethylphenylsiloxane (PMPS)
and polydiphenylsiloxane (PDPS) were used to prepare PI / polysiloaxne hybrids. The method of
preparing the PI / polysiloxane hybrid and properties of the hybrid film are shown. Tensile
strength and thermal stability of PI were increased by the addition of small amount of
polysiloxane. The effect of structure of the polysiloxanes on the hybrid films was investigated. The
compatibility of hybrids were increased by using PMPS and PDPS than PDMS. In the present
chapter, PI / PDPS hybrid showed the highest of properties including transparency and thermal
stability.

In chapter 7, summary of this thesis is described.




