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Thermally stable polymers with high insulation property are quite important for miniaturization down-sizing of semi-conductor 
devices. Polyimides (PIs), one of the representative super engineering plastics, exhibiting high thermal stability with good and 
mechanical and insulation properties have been widely used as interlayer dielectrics and substrates for flexible printed circuit boards. 
We have recently reported that immiscible PI blends containing of fluorine- and sulfur containing PIs with selectively dispersed 
pyramidal shaped zinc oxide (p- genously 
dispersed p-ZnO. In the present study, we synthesized needle-shaped ZnO particle (n-ZnO) having high aspect ratios (L/D 10) 
using microwave-irradiation method and then evaluated the relationship between the thermal conductivity of PI blend films 
containing n-ZnO and the degree of orientation of n-ZnO in the PI blend film. The thermal conductivity of the PI blend films is
significantly higher than that of PI blend films containing p-ZnO particles and homo-PI films containing p- and n-ZnO particles.
From the SEM images and WAXD patterns the vertical double percolation (VDP) structure was successfully formed in the blend 
film, and n-ZnO was selectively incorporated in the fluorinated PI phase. In addition, the orientation of n-ZnO particles became more
isotropic in the blend film with increasing the n-ZnO content. We concluded that the significant enhancement of thermal conductivity 
in the blend film is attributable to the partial out-of-plane orientation of n-ZnO originating from the formation of the VDP structure.
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Fig. 1. Molecular structures of immiscible matrix 
polyimides (a) BPDA-SDA (SD) (b) BPDA-TFDB (TF). 
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Fig. 2. (a) Optical microscopic photograph of top surface and 
(b) SEM images of cross-sectional fracture surface of a SD/TF 
blend film. 
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Fig. 3. Enhancement of thermal conductivity in PI films or
PI blend film with an increase in ZnO content. 
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Fig. 4. The orientation analysis of n-ZnO in PI films by 
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NOMENCLATURE 
D : Thermal diffusivity in the out-of-plane direction, m2/s

: Thermal conductivity in the out-of-plane direction, W/mK
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