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Prediction of Long-term Viscoelastic Performance of PET Film
Using RH-DMA

Sun Ho Choi*, Sung Ho Yoon™'

ABSTRACT: A single frequency strain mode test, a stress relaxation mode test, and a creep test using RH-DMA were
performed to investigate the effects of relative humidity and temperature on the viscous properties of PET film. The
relative humidity was 10%, 30%, 50%, 70%, and 90%. The temperature was considered to be 30~95°C for single
frequency strain mode tests, 30°C and 70°C for stress relaxation mode test, and 5~95°C for creep test. According to
the results, higher relative humidity results in lower storage modulus and loss modulus, but the maximum value of the
loss modulus is not significantly affected by changes in relative humidity and is almost constant. Relaxation modulus
decreases rapidly at the beginning and becomes constant, and as the temperature increases, it is susceptible to changes
in relative humidity. Strain recovery also increases rapidly at the beginning and is susceptible to changes in relative
humidity as the temperature increases. In addition, as the temperature increases, the degree of increase in creep
compliance increases, and as the temperature rises above the glass transfer temperature, the degree of increase
becomes very large. The master curve determined by the time-temperature superposition provides the information to
predict the long-term performance under operating conditions such as relative humidity and temperature.
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Fig. 1. Overview of RH-DMA equipment
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Table 1. Test conditions for single frequency strain mode test

RH Temp. range
10%
30%
50% 30 ~95°C 1 Hz
70%
90%

Frequency Amplitude

15 um

Table 2. Test conditions for stress relaxation mode test

Stress Strain

RH Temp. relaxation | recovery Strain
time time

10%

30%

50% 30/70°C 30 min 120 min 1%

70%

90%

Table 3. Test conditions for creep test

RH Temp. range | Stabilization time Stress
10%
30% 10 mi
————— 5~95°C, 10°C mn
50% . after 10 °C 10 MPa
increment i
70% increment
90%
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Fig. 2. DMA results of single frequency strain mode at RH of 90%
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Fig. 3. RH-DMA results of single frequency strain mode test with
respect to relative humidity
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Table 4. T of PET films with respect to relative humidity

RH 10% 30% 50% 70% 90%

T, >95°C 95°C 92°C 89°C 82°C

Table 5. Measured values of E' and E" with respect to relative
humidity and temperature

Temperature
0 0, 0,
RH 30°C 60°C 90°C
£ IR E £ £ £
(MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa)

10% 2850 61 2619 57 2029 155
30% 2807 51 2505 61 1769 182
50% 2747 53 2439 69 1502 193
70% 2634 59 2312 75 1395 191
90% 2556 60 2225 90 1092 167
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Fig. 4. Plots of relaxation modulus versus time with respect to
relative humidity at 30°C
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Fig. 5. Plots of relaxation modulus versus time with respect to
relative humidity at 70°C
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Fig. 7. Plots of strain recovery versus time with respect to rela-
tive humidity at 70°C
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Table 6. Prediction of creep compliance with respect to relative
humidity at a reference temperature of 30°C

Creep compliance (1/GPa)
RH(%)
Starting point | 1 year later 10 years later
10 0.38 0.46 0.51
30 0.42 0.54 0.68
50 0.43 0.65 0.87
70 0.43 0.88 1.32
90 0.44 1.74 2.44
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