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Abstract

It was the objective of this research to develop high temperature and high
performance polyimides that also display (a) thermal stability; (b) crystallinity in the
initial material and ability to crystallize from the melt; (c) fast crystallization kinetics and
(d) melt processability. This unique combination of properties is presently unavailable in
any other polyimide. In this regard, the present work investigates the crystallization,
morphology and thermal stability of two novel semicrystalline polyimides based on the
same diamine, 1,3-bis (4-aminophenoxy) benzene (TPER), but two different
dianhydrides, 3,3',4’,4’-biphenyltetracarboxylic dianhydride (BPDA) and 3,3,4,4-
benzophenonetetracarboxylic dianhydride (BTDA). Phthalic anhydride was used as an
endcapper to improve the thermal stability of the polyimides. The BPDA based
polyimide was also tested extensively as a structural adhesive using Ti-6Al-4V coupons.
Additionally, these polyimides are based on monomers, that are presently commercially
available.

The bulk thermal stability of the polyimides was first evaluated using dynamic
and isothermal thermogravimetric experiments. DSC was utilized to test the ability of the
polyimides to crystallize from the melt after exposures to varying melt times and
temperatures. Exceptional thermal stability was demonstrated by BPDA based polyimide
with no change in the melting behavior after 40 min at 430°C or 30 min at 440°C. The
semicrystalline morphology of the material was studied using hot stage polarized optical
microscopy (OM) and atomic force microscopy. The spherulitic growth rates were



determined as a function of crystallization temperature after quenching from various melt
times and temperatures. The effect of crystallization temperature, previous melt time and
melt temperature on the morphology was considered. The spherulitic growth rates
increased with increasing undercooling in the temperature range studied (nucleation
controlled), while the growth rate at a specific crystallization temperature decreased on
increasing the previous melt time and temperature. The melting behavior was studied
after different crystallization times and temperatures and also as a function of different
heating rates. Crystallization kinetics was followed both isothermally and non-
isothermally using DSC and OM. Avrami analysis was performed for TPER-BPDA and
the obtained results were correlated with microscopic observations. Melt viscosity
measurements were carried out as a function of melt temperature, melt time and
frequency. The adhesive investigations for TPER-BTDA utilized lap-shear test, wedge
test and double cantilever beam tests. The durability of the adhesive and the fracture
surface was studied after exposure to various solvents and after high aging and testing
temperatures. The polyimide demonstrated very high average room temperature lap-
shear strengths (8400 psi or 59 MPa), excellent solvent resistance and durability of
strengths at high aging and testing temperatures.
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