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Abstract: The effect of chain orientation and relaxation on the characteristics of poly(ethylene naphthalate) (PEN) flex-
ible substrate has been studied. It was found that the coefficient of thermal expansion (CTE) of PEN under 100 °C
decreased as low as 20 ppm/°C due to the lowering of chain mobility by chain orientation. The thermal shrinkage was
found to appear near glass transition temperature because of chain relaxation. It could be minimized by thermal anneal-
ing but CTE increased again up to 70 ppm/°C which was 65% of intrinsic CTE of PEN. Unstrained thermal annealing
made possible to avoid the thermal shrinkage with maintaining low CTE obtained by chain orientation. Chain ori-
entation did not affect the optical transmittance; however, thermal annealing caused the decrease of optical trans-
mittance up to 5%. This was understood by the minor crystallization due to the thermal annealing near glass transition
temperature.

Keywords: poly(ethylene naphthalate), flexible substrate, coefficient of thermal expansion, chain orientation, thermal
annealing.
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Figure 1. TMA thermal spectra of oriented PEN films stretched at
(a) 150°C; (b) 170 °C.



Ake wjo] EE|elgdvzgeolE) A7 54

Holl wpet o] FASA dojuh frElxdol =21 140 °C
ool o oide] FAS o] dojubA] LSS & &
AT} o] 23} AbHo] L5491 fEjHol 2Tl PENS A}
o] FAQJo] BusiA AlRtE|o] 2A o] dojup wp
2 dge] 257t S7tEE ddo] dojuA Hr). o]2gt
WA SE PENS] 74 A&e] g4 o] s e
O =S AYHA o ol dojuiA] g2 & = Atk
ol Zxehs Y] A2olA 100 °C7HA] Aoz
Ze e he e mo M PENS| AlEo] 3¢S on
ataL o= ALEATE fE ek Fo Hlgke] B2 bonding
energyS 7HA 3L 9lo] W Lo E 29 Ftd) o)&)
o AREe] RAQdo] S ofvlgitt. AX1E PENS] A4,
%14l Ae] PENe] H]&le] 100 °C o]l A -2 Atz o
2 RS 4 ey A A FEaks 9] 120°CHF
B o] dojuby o) Aalu|r) F71ERE A 257}
SSrE O ARE & F AUtk S, A6 oste] v
PENS] ¥4 AR A4 (rigidity)o] S71=0] v &%
qre] Ak FZQde] AlgkET o]} F 2&7t frElFel
252 Fsh =W ik Aed el Ade o5t
HIFE AlEo] o]ghE]o] 5ol dolu| He Ao At
Hr}, o] 3t 752 PEN9| feE|xlo] 27k Za = F
ol EE AUAA] ujgel] o] ARzo|¢to] ghn ol w
2} 71521 PEN®| 3§ 54 Fof 3Rl s3] thA] o
oJub 9141 A PENHL} Thh =8 w04 o|zdh 3Fo)
A=ES & 5 Uk

Figure 20 4] (1)2%-€] A4k PEN €&9] CTES Y}
Wik Zlollx] B upel o] 533 el oJste] As A}
< ujgo] Yojupxl ke PEN ZE¢] CTEE 110 ppm/ CE
Kol wkA | ¢AAlo)| o]3le] CTEZ} 4 20 ppm/C7HA] Bt
ol F ARSI F ATk HelA AFH vpet o] §7]

E<l PENS A& 02 2 covalent bondingS 7FA| 3L Q)

140
Temperature (°C)
2 ol o 1
‘S A 170
£
= 100
= -
S92
S g 80Ff
= =
S 60F
= =
=° 40 F
=
o
=
= 20
0 1.0 1.2 14 1.6
Draw Ratio

Figure 2. Thermal expansion coefficient of oriented PEN films as
a function of draw ratio.
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Figure 3. Effect of strained chain relaxation on TMA thermal spec-

tra of oriented PEN films(draw ratio=1.7) by annealing at (a) 110 °C;
(b) 150°C.
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