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Development of high performance heat resistant transparent polyimides based
on trans-1, 2, 3, 4-cyclopentanetetracarboxylic dianhydride
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Recently, much attention has been paid to transparent engineering plastic for optical applications, such
as touch panel substrates, flexible circuits, flexible display substrates, LED and lens materials. Polyimides
prepared from alicyclic diamines and/or dianhydrides generally have good transparency in the visible re-
gion. In general, there is a trade-off between heat resistance and solubility of such polymers. The most of
semi-aromatic polyimides show excellent solubility and transparency, but they lack some of the useful fea-
tures of fully aromatic polymers. In this paper, we report the properties of semi-aromatic polyimides synthe-
sized from trans-1, 2, 3, 4 -cyclopentanetetracarboxylic dianhydride (¢-CPDA). These polyimides show high
heat resistance (Tg>350 C), combined with good solubility, low thermal expansion (<10 ppm/C) and
low water absorption. Polyimides derived from #-CPDA are considered to be suitable materials for flexible
transparent substrates.
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Figure 1 Coloration of polyimide by charge-transfer absorption.

Table 1 Combinations of monomers in the polyimide

Aromatic Semi-Aromatic Alicyclic

Dianhydride Aromatic Aromatic Alicyclic Alicyclic

Diamine Aromatic Alicyclic Aromatic Alicyclic
Tg O O O A
Transparency X~ A O O
Polymerizability O A @) A
Solubility X~ @) O O
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Top view

Side view

Figure 2 Ball and stick structure of alcyclic acid-dianhydride optimized

with the MM2 force-field simulation.
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Figure 3 Oak ridge thermal ellipsoid plot (ORTEP) drawing of the mo-

lecular structure of bisimide.
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Table 2 Physical properties of the semi-aromatic polyimides

Optical Thermal Mechanical

properties properties properties
N e e crw T Hewin Sl sy

Dianhydride  Diamine  [%] (%] [T] [ppm/T] [MPa] (%] [GPa]

CBDA BAPP - - >350 - - - insoluble
t-CPDA BAPP 89 0.3 >350 120 82 3.5 soluble
TCA BAPP 89 0.2 280 108 66 2.5 soluble
H-PMDA BAPP 90 0.2 260 90 49 2.7 soluble

1)JISK 7361-1 2)CTE (coefficient of thermal expansion) measured by thermomechanical analysis at heating rate of

20 C/min under nitrogen.
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Figure 4 Prediction of activation energies for imidization calculated using the B3LYP functional and 6

-31G(d) basis set.
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Figure 5 Relationship between the imide content and the water absorption of

the PI films examined.

*1)JIS K 7209:24 h, Film size:50 mm[], thickness:20 um
*2) Thermal imidaizattion, 350 T/1 h.
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DATA | Aromatic Colorless polyimides
polyimides
H o o r o CTE [x10°%°C]
! 2 6 [ ppm/C ] 20 [ppm/C]J
HZNON*QOC*NONHZ L7, frrio Wavelength at
o H ) 0.1% Transmittance
TFMB-amide
CF; " ° CF;
! 2 27 [ppm/C] 35 [ppm/C]
F3C F3C !
DABA 3
o i| 4 [ppnvCJ 18 [ppm/C] 35 [ppm/C]
H2N4©7C7N4©7NH2 ' 417 nm 360 nm 331 nm
H :
TFMB
CF; !
HaN O O NH, H-10 [ppm/C] 50 [ppm/C]
390 nm 290 nm
F3C
BAPP
CHs . e
HZNQOOCOoONHZ 56 [ppm/C] 63 [ppm/C]
CH; 292 nm 290 nm

PMDA

Figure 6 Relationship of CTE and transparency

polyimides.
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Transparency: Wavelength at 0.1 % transmittance of 20 um films.
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