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Abstract: The relationship between the viscoelastic properties and instantaneous bending recovery (BR") was inves-
tigated for two different polyester films, PET and PEN. The former, such as a residual modulus (£,) and ratio of elastic
strain to total strain applied to films (&,4/&,.), Was determined from the stress relaxation-recovery test using a dynamic
mechanical analyzer (DMA). The latter was obtained from the radii of curvature of the films before and after bending
test. All experiments were carried out at temperature below the glass transition temperature (7,) of the films. The plots
of BR" vs. E; or &,/&, exhibited good correlation, showing that the high magnitude of elastic response or slow relaxation
during bending test plays an important role in an improvement of bending recovery. The tentative conclusion was verified
for the films which were physically aged below 7. As the degree of physical aging, which was measured from the
enthalpy relaxation endotherms, proceeded, the relaxation behavior became slow and thus significant increase in bending
recovery was achieved.
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Figure 1. (A) Apparatus for measuring the radius of curvature (o(¢))
of polymer films; (B) photograph showing the method for
calculating the radius of curvature through 3 points lying on the
cross-section of film.
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Figure 2. Temperature dependence of loss tangent (tan d) for PET
(—) and PEN (:--). The measurement was performed under the con-
ditions of 1 Hz frequency and 15 pm with a heating rate of 2 °C/min.
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Figure 3. DSC thermograms of PEN films physically aged at spec-
ified temperature and period. The numbers such as 100/96 in the
figure stand for the annealing temperature and time (h), respectively.
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Figure 4. Changes in AH, with (A) aging temperature; (B) aging
time.
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Figure 5. Results for (A) stress relaxation; (B) recovery tests of PEN films, physically aged at 100 °C for time period up to 96 h.
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Figure 6. Results for (A) stress relaxation; (B) recovery tests of PET films, physically aged at 60 °C for time period up to 96 h.
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Figure 7. Effect of duration time during stress relaxation test on the
relaxation behavior of PET (—) and PEN (---) films.
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Table 1. Relaxation Times of Polyester Films before and after
Physical Aging, Determined from KWW-model with (=0.4
and a Generalized Maxwell Model with »=3

Aging A (min)

time PEN* PET?
(b KWW g-Maxwell KWw g-Maxwell
0 280 4.01x10° 4760 13.7x10°
5 3170 16.0x10° 8130 20.6x10°
10 4940 18.3x10° 7880 15.6x10°
24 16200 21.7x10° 11700 17.7x10°
48 11100 21.6x10° 21500 22.9x10°
96 12100 22.3x10° 21300 23.0x10°

“Aging temperature=100 °C. *Aging temperature=60 °C.
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Figure 8. Curve fitting results for physically aged (A) PEN; (B) PET films, obtained using KWW-model with = 0.4 and a generalized Max-

well model with »=3.
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Figure 9. Photographs showing the effect of physical aging on the bending recovery of PEN and PET films.
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and (A) residual modulus (E,); (B) BR".
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