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Measurement of Coefficients of Thermal Expansion of Fully Aromatic Polyimides by Variable
Temperature — Wide Angle X-ray Diffraction
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Abstract: Highly crystalline polyimide (PI) particles of poly(p-phenylene pyromellitimide) (PMDA-PDA) and
poly(4,4’-diaminophenylether pyromellitimide) (PMDA-ODA) were synthesized. The coefficient of thermal
expansion (CTE) of these Pls and poly(4,4’-diphenylene pyromellitimide) (PMDA-BZ) fiber were measured
along their crystalline axes by using variable-temperature wide angle X-ray diffraction. All Pls show coefficients
of volumetric expansion (CVE) of over 100 ppm K*. PMDA-ODA shows a highly anisotropic expansion profile
where a-axis has negative CTE and b-axis a large positive CTE. The rigid-rod chains of PMDA-PDA and
PMDA-BZ are orientated along the c-axis. PMDA-ODA has a bent ether linkage with plain parallel to the a-axis.
Due to the very small CTE along the c-axis and the large anisotropy in CTE between a- and b-axes, as the crystal
expands, the chain librates along the c-axis. As the plain of molecule rotates randomly in the unit cell, the
average value of a-axis length would decrease, while an increase would be observed in the b-axis length.
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