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Abstract: The effects of draw ratio and ions (K* and Ca*?) on the viscoelastic be-
havior of linear crystalline PET film in air, distilled water and ion solutions were in-
vestigated by the stress relaxation methods. The initial stress was increased with an
increase of the draw ratio due to the increase of degree of crystallization and orienta-
tion, and also was increased with concentrations of ion because of strengthening effect
of ions on the hydrogen bonds and van der Waal’s frce in PET. For the overall stress
relaxation behaviors of PET film, the relaxation rate of the initial stage was increas-
ed with draw ratio and ion concentrations whereas that of later stage was decreased
with draw ratio and an increase of ion concentration. Montgomery’s equation and “E-
quilibration theory of transient phenomena” by Eyring were applied to interpret the

stress relaxation behaviour of PET film.
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Table 1. The Initial Relaxation Stress of PET
Film (X 10* dyn/em?)

solvent 1 distilled KCl CaCl,
ratio water a¥ b* a* b*

X1.0 [4.08] 4.24 4.5014.50[4.80[4.95
x2.0|5.12] 5.36 5.42|5.53[5.45(5.57
X2.5|6.42 6.50 |6.58]6.64]6.61(6.70
x3.07.86| 7.92 |7.98]8.02|8.00]8.10
X3.5(9.05] 9.07 9.1219.20(9.17}9.50

a*:6.7x 107*M
b*:1.34 X 107'M
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Table 2. The Effect of Draw Ratio on the
Stress o, (X 10%dyn/cm?)

solvent| distilled KCl CaCl,
draw—] &IF water
ratio a* | b* | a* | b*

x1.010.8| 0.93 1.11|1.13]117| 120
x2.011.19 1.22 1.25]1.31|1.27| 1.33
xX2.5} 1.62 1.67 .74 1781 1771 1.83
X3.5(2.25 2.27 2.2812.30]12.2912.32
xX3.5]3.01 3.02 3.04]13.07]3.07] 3.17

a*:6.7 X107M
b*: 1.34 X 107'M
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Table 3. The Effect of Draw Ratio on the
Stress ¢, (X 10® dyn/em?)

solvent| | distilled | _KClI CaCl,
% water 4 L | e | b

xX1.0]319] 331 3.393.69)3.53]3.75
X2.0013.93| 4.14 4.174.22)14.1814.24
X25 |4.80; 4.83 [4.84]4.84)|4.83]4.85
X3.0}5.61 5,65 |[5.7015.72]5.71|5.78
X3.5[6.03] 6.04 6.08]6.13|6.10{ 6.33

a*: 67X 1072 M
b*: 1.3 X107 M

Table 4. The Initial Relaxation Rate r, (min™")

of PET Film
Lveny . | distilled {  KCI CaCl,
m water
ratio a* b* c* lab*

X1.0]0.057f 0.058 |0.058]0.05910.059|0. 069
X1.0(0.059| 0.062 [0.064]0.067(0.066|0. 063
X2.5(0.066[ 0.067 ]0.069]0.072]0.070(0. 075
X3.00.070{ 0.071 [0.072]0.074{0.074(0. 077
%3.510.072] 0.073 [0.075]0.078(0.077[0. 079

a*! 6. 7X10%F M
b*: 134X 107" M

Table 5. The Later Relaxation Rate r,(min™")

of PET Film
solventi -} ictilled Kcl CaCl,
draw | @F water
ratio a* b* a* b*

X1.010.0026 | 0.0024 |0.0022] 0.0019 | 0.0020 [ 0.0017
X2.0]0,0024 | 0.0023 ]0.0020| 0.0017]0.0019 0.0015
X2.5(0.0021| 0.0021 |0.0018) 0.00160.0017 | 0.0014
x3.010.0017{ 0.0016 ] 0.0014| 0.0012 [ 0.0013 | 0. 0011
X3.5{0.0013 [ 0.0012 | 0.0009| 0.0006 | 0.0008 | 0.0005

a* 6. 7X 107 M
b*: L34 X 10" M
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Table 6. The Relaxation Site, a,, of PET Film

solvent . L.
. distilled KClI CacCl,
m aur water
ratio a* b* a* | b*

X1.0|26.18] 2595 |24.38]21.67|22.41/19.29
X2.0{23.23{ 22.67 |21.49|18.44|19.71(17.74
x2.5(20.71| 19.17 |17.87)18.53|17.87|16.71
X3.0 |17.43] 16.81 |16.07|15.42|15.77|15. 24
x3.5116.24] 15.74 |15.43(14.97|14.87|14. 28

a*:16.7X 102 M
b*: 1.34 X107 M
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Table 7. The Relaxation Rate Constant,

EHCEAE ©| BRI

K, (min™") of PET Film

Solvent . distilled KCl CaCl,
r
draw ratio water a* b* a* b*
X10 1.3x1071° 2.53X107'° | 3.71x107'° | 6.79% 107 |6.01x107° | 1 30%x10"°
X20 2.25%107° 4.01x107° 8.03%x10°* 1.10x107% §9.73%x107® 2.77X107*
X 25 2.00x107® 2.81x10°* 5.99%x 1078 9.76X107%  |9.04x107® 2.37%1077
X 30 7.78x 1078 1.01x1077 3.11X1077  16.74X1077 | 4.31x1077 | 7.99x 107
X35 2.20x1077 2.78X 1077 4.36X107 | 7.73X1077 | 6.79%X1077 | 4.40X107®
a*.6.7x102 M
b*: 1.34X107' M
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PET Film. (min) v ion Bl A FAKEEE AL gziet 4
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g 2= el ¢ ols B R o Mg
2] jon olet &zl film NEL 2| stress ol 4=
ooJgkS o)A},

2) BRI S8 S I EE 2L RIVBEK 2]+
iﬂkii o] BEEE ¢ dow K& Sl ENE
JIE ) 0, , 0, & MfHtLol =el sl ol=
FEERILEE 2 FCMIRE of s el 7llgbel, gk,
ion @ 9 ion WfF o] v oy, 0, 2] B &
4-2- PET 7 AFel®] KFEHi{y =l van der
Waal’s force 5ol ffgHzh4 7t fEH = 971 =i
—“’rOIr,}

3) BREREF R = EREINC A s ok
ion (;;%XOH whel Hhsh (K, r i) Efg
W) el = W gbel (g, ).

4) SRR o) 7)< I tt, ion #EE ol =
gl W skgleh

Appendix [

A3)ell A(4)F Yol kel In & Fekd X
(a) 7} =},

Inc=In(qe '+ g, e Y (a)

Fig. 4~79] log(stress) vs. time ¢ f&
JIREFN AR - ISR o A = I 22 e}
wheh oy 7)ol A e b Febar g sk (a) ©
A5 gke] oke] B D) ool dgkd vz
oA sk webA A (a) =

Ino=1Ino, — rut (b)
2 =k

A gBdAe BFoR Jdelde 5 S
4 604 Ltg R Abol gl ekddck ey HEBR
Hiif o 28 e] HEfE-2 Lo od= HALZ ofF 1T
Aol ng s 2A ALt o, 9k rp s TEFL 0]
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= (a)dl {CAShod KBy s,

In(o-o e*rbt)*lnd,—rft (c)
2 =l (o)l 4 o= ‘E%{é & 05, rp= (b)
off olabe] ket ghe 2w g Kol 4 o}
Mg R s 3 T2,
o, < initial stress g, o4 o, W gto 2

% 4 ek,

In(o—o,e oY) &

Appendix I .
BJHET © 2 relaxation #)M] ol A 1=,
_d_[‘:i(tL/f_o)‘:Kfemf/f" (d)

7} B ghe)

A (d) = AR 7H R PRIRAES ol %ol In f
vs time ¢| graphol|4] 244 o]&x ¢t B
Holl 4 par ks Aolch wel4 AFEBR AL
54 LIF 2 #1l data & s Hgteh, A (d) el A
£/fy Al of 0y & (KA WX (e) 7h "k

dt
o= BN O] B OB o (1) 2 LR (e)
= Aelske okﬂﬂoﬂ In |3},

=K, e® /0 (e)

d lna o(t)
A AR b O
o] xlc}. Jg@gu Jel& FIH, datas 10Rc}sl
LM 2 o] #frelw,
dlno(t) . _In(ty) —In(ty)
ﬂ T
- ty = 4
2
(8, 0<y -t <10¥)
ty/t o
o] i geh o Zlell A a(t), —((2”2:—;1)’ =

sl zA abste] Ky, a5 Kok

Zhabel wheE DA %R t~ 198434;1 (EJUNES S
| =gl od 75 5o 5| ol 7)ol 2hA| 7| el
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