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ABSTRACT: Complex dielectric constants as a function of elongational strain were 
measured over a frequency range of 102-3 x 105 Hz and a temperature range of -65-40°C 
in chlorinated polyethylene vulcanizate. The temperature and extension dependences 
of the static dielectric constants were obtained. It was found that the dependence of 
the static dielectric constants on extension was negative in the vicinity of the glass 
transition region both in the liquid and glassy state, but this dependence seemed to 
vanish in the regions far above and below the glass transition temperature. Two 
dispersion processes, the so-called a and /3 relaxation processes, were observed, and the 
temperature and extension dependences of those processes were obtained. Superpositions 
along temperature were possible both in the a and /3 process. For the a process, the 
master curve superposed along temperature changed its shape with extension ratio, and 
the superpositions could not be made along elongational strain. For the f3 process, the 
superposability along elongational strain could not be confirmed because of experimental 
uncertainties. Mobilities in molecular motions suggested by the apparent shift factors 
decreased with an increase in elongation in the a process, whereas they seemed to 
increase slightly in the f3 process. The extension dependence of the glass transition 
temperature in dielectric measurements was obtained and compared with the results 
from other methods. 

KEY WORDS Elongation / Chlorinated Polyethylene / Dielectric 
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There have been many publications on the 
dielectric properties of amorphous polymers 
under isotropic strain induced by applied 
pressure; e.g., for the a relaxation process by 
Williams, et al.,1 and Saito, et al.,2 and for the 
f3 relaxation process by Koppelman, 3 Williams, 
et al.,4 and Saito, et al. 5 The dependence of 
the a process . on elongational strain has not 
been measured by dielectricity, but by use of 
sound velocity for some rubbers by Mason6 and 
for the present sample by the authors. 7 How
ever these experiments were not sufficient to 
discuss the molecular mobility and the superposa
bility. In the present paper, we measure the 
dependence of the dielectric properties on elonga
tional strain for amorphous chlorinated poly
ethylene vulcanizate, which has electrical dipole 
moments in the chain and no side groups, and 
we attempt to clarify some of the characteristics 

of molecular motions and mobilities in the 
vicinity of the glass transition region. 

EXPERIMENTAL 

Material 
The chlorinated polyethylene sample for the 

present study is a commercial product of Showa
Denko Company,8 and contains 39.1 wt% of 
chlorine. Studies with X-ray and NMR by 
Saito9 •10 indicated that the present sample has 
no crystalline properties nor any side groups. 
The sequences of chlorine atoms on the polymer 
chains have been also studied, 10 and it was 
found that chlorinated polyethylene had only a 
few sequences of polyvinylchloride. The 
vulcanization of this material was carried out 
by using dicumylperoxide at 150°C with no 
supplementary recipes. The test specimen was 
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purified by repeating the swelling (by benzene, 
toluene and tetrahydrofuran) and extracting (by 
methanol and acetone) procedures. After drying 
up completely in a vacuum at 60°C, a static 
electric load of about 104 V/cm was applied on 
the specimen at 60°C in a vacuum for two days 
in order to remove some of the ionic impurities. 11 

Before measurements the specimen was relaxed 
at 60°C for one day at an extension ratio of 
about 2. 

Apparatus and Process of Dielectric Measurements 
The measurements were made in a three 

terminal electrode system by using a transformer 
bridge (Type TR3B, Ando Electric Co.). Figure 
1 shows an illustration of the apparatus. The 
test specimen, the electrodes, and a motor by 
which the specimen could be stretched at various 
lengths from outside were set in a chamber with 
a glass window. The chamber was immersed 
in a bath. The chamber was filled with dried 
nitrogen gas to avoid relaxations due to water 
and to prevent the specimen from oxidative 
degradation. 

The test specimen was cut from a sheet 
0.0988 cm thick into a shape 10 cm in length 
and 5 cm in width. Eight parallel lines were 
marked on the sample using a felt-pen; these 
lines were used, to measure the extension ratios 
with the aid of a traveling microscope. The 
extension ratio at 20°C was determined by 
averaging the eight lengths of these lines on 
various parts of the sample; 

After the specimen had been clamped and 
stretched to the desired extension ratio, the 
temperature was raised to the highest tempera
tures at which the dielectric measurements were 

7 

to be made. At this length and temperature, 
the stress produced was relaxed for one day 
before each measurement. Then, in the liquid 
state, the temperature was lowered succesively 
in an interval of about 7°C, with the complex 
dielectric constants being measured after the 
specimen had been allowed to relax and reach 
a practically accessible thermodynamic equili
brium at each given temperature. In the glassy 
state, the measurements were performed under 
continuous cooling at a rate of about 0.1 °C/min. 
The complex dielectric constants were measured 
in the frequency range of 102 -3 x 105 Hz, the 
temperature range of -65-40°C and the ex
tension ratio range of 1-2. 

Dilatometric Measurement 
For the unstretched specimen, the thermal 

expansivities for the liquid and glassy state and 
the glass transition temperature T g were measured 
by dilatometry at a cooling rate of 0.3°C/min. 

RES UL TS AND DISCUSSIONS 

1. Thermal Expansivity and Correction Factors 
For the unstretched specimen, the values of 

the volume-temperature coefficient, (oV/oT)p, 
were obtained as 6.31 4 x 10-4 and 2.263 x 10-4 

cm3/gK in the liquid and glassy state respective
ly, at a cooling rate of 0.3°Cjmin. The 
dilatometric glass transition temperature, Tg, 
was -20.1 °C. Temperature effects on the 
dielectric constants because of the thickness of 
the sample were corrected using these values. 

The extension correction factors for dielectric 
constants were calculated disregarding any volume 
change due to elongational strain. The value 

6 
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Figure 1. Apparatus for the measurement of the dielectricity: (1), sample; (2), main 
electrode; (3), sub electrode; (4), guard electrode; (5), motor; (6), glass window; 
(7), bath; (8), screw; (9), controller. 
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Figure 2. Variation of e" with temperature for constant length at 30 kHz. The extension 

ratios at 20°C were O, 1.00; EB, 1.22; ._, 1.56; e, 1.95. 

of the volume-extension ratio coefficient, 

(a ln VjaJ.)PT, Was reported to be in the Order Of 

10-4-10-3 in the liquid region, 12 ' 13 and the 

change in volume with extension might be 

neglected in the liquid region. In the glassy 

region, however, the extension dependence of 

volume might be affected considerably by the 

glass forming conditions, i.e., cooling rates and 

extension ratios. Thus, the values of dielectric 

constants in the glassy region were the apparent 

ones, because of the lack of exact correction 

factors. 

2. Temperature Dependence of Dielectric Loss 

Figure 2 shows the plots of dielectric loss .'' 

for several extension ratios as a function of 

temperature at 30 kHz. Pronounced loss peaks 

were observed at about 270°K. These large 

peaks are the so-called a relaxation processes. 

It was found that the maximum value of .'', 

s~ax, decreased with an increase in extension 

ratio, and the temperature T max at which s" 

reaches s~ax increased with increasing extension 

ratio. The T max for the extension ratio of 1.95 

was higher by about 2 °C than that for the ratio 
of 1.00. 

So-called /3 relaxation processes were observed 
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in the range of 195-230°K. The s::ax for the 

/3 relaxation process also decreased with an 

increase in extension ratio, but the dependence 

of T max on extension was not clear in the plots 
of s" vs. temperature. 

3. The f3 Relaxation 

3-1. Static Dielectric Constants. Static dielec

tric constants in the glassy state, s20 , and instanta

neous ones, soo, were obtained from c' -s" plots. 

OJ 0 248.1 K 

255.1 K 

w 

E' 

Figure 3. Complex plane plots in the f3 process 
at the extension ratio of 1.95. 
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Figure 4. Variation of the static dielectric constant 
I 

O in the glassy state and the instantaneous one O 
• I 

at constant length as a function of temperature. 
The extension ratios at 20°C were O, 1.00; EB, 1.22; 
_., 156; ., 1.95. 

An example of the c' -z" plots is shown 
in Figure 3. The temperature dependences of 
e20 and z= are shown in Figure 4 for several 
extension ratios. The z= depended only slightly 
on temperature but depended considerably on 
the extension ratio, as shown in Figure 3 and 4. 
The z20 changed linearly with temperature, and 
the slopes of these lines decreased with increasing 
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Figure 5. Variation of the apparent extinction 
temperature of the f3 process with extension ratio. 

extension ratio. The above relations on e20 and 
e= are expressed by these empirical equations: 

where 

A20 =0.0112-0.0009(,l-l) (3-3) 

and T 0 is the temperature at which e20 reaches 
e=- T0 as a function of extension ratio is shown 
in Figure 5. The apparent extinction point of 
the process, T 0 , decreased slightly with an 
increase in extension. ratio. 

The relaxation intensity of the process, 
z20 -e=, changed almost linearly with extension 

• + 

-

-

I I I 

3 4 5 6 
log 

Figure 6. Master curves of (s'-s=)/(s2o-soo) and s"/(s2o-s=) in the f3 process as 
a function of frequency at extension ratios of ..._, 1.00; +, 1.45, O, 1.95. The 
reference temperature is 211.5°K. 
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Table I. Static dielectric constants at the glass 
transition temperature 

Tg•,°K 253.1253.4253.7 254.1 254.2 254.6 254.7 

,'l 1.00 1.06 1.22 1.45 1.56 1. 78 1.95 
em 6.70 6.86 6.72 6.33 6.42 6.25 6.03 
e20 3.45 3.67 3.39 3.24 3.32 3.25 3.08 
.de 3.25 3.19 3.33 3.09 3.10 3.00 2.95 
eoo 2.56 2.53 2.47 2.34 2.41 2.37 2.31 

• Obtained as described in the text. 

ratio, and the value of s20 -s"" for every tem
perature decreased slightly with increasing ex
tension ratio. The numerical results of the ex
trapolated values of soo and s20 at T g are listed 
in Table I. 

3-2. Superpositions and Shift Factors. The 
frequency plots of (s' -soo)/(s20-soo) and 
e" /(e20 -eoo) at temperatures sufficiently below T g 

for the same extension ratios fell on a master 
curve within experimental errors. Thus super
positions along temperature were possible in the 
f3 process. Figure 6 shows some examples of 
the master curves superposed along temperature, 
where the reference temperature is 211.5°K. 
The value of s',;,ax/(e20 -soo) of the master curve 
for each extension ratio was different, but the 
shapes of the master curves for each extension 

0 

* a -0.5 

4.4 4.6 4.8 5.0 
1 IT X !03 (K-1) 

Figure 7. Variation of the apparent shift factor in 
the fJ process at constant length as a function of 
reciprocal temperature. The extension ratios at 
20°C were O, 1.00; EB, 1.22; ~. 1.56; e, 1.95. 

Polymer J., Vol. 6, No. 4, 1974 

15 
I 

"is 
.§ 
1'l ~o 0 

.::: 10 -
"5::: 

0 u -u, 

'<;J 

\o 
I 

1.5 2.0 
7'. 

Figure 8. Variation of the activation enthalpy in 
the fJ process with extension ratio. 

ratio were rather similar. 
Figure 7 shows the apparent shift factors a* 

against reciprocal temperature for several ex
tension ratios. a* for the same extension ratio 
are the usual shift factors aT for the time tem
perature superposition, but the a* between 
different extension ratios are only apparent ones 
because the values of a* were obtained by 
shifting the master curves so that they had the 
same f max• a* varied linearly with reciprocal 
temperature for each extension ratio. With 
respect to the extension dependence of a*, 
noticeable uncertainties were observed and it 
was scarcely possible to see any pronounced 
dependences of a* on extension. However, at 
the lower temperatures, the a* decreased slightly 
with increasing extension ratio. In Figure 8, 
the activation enthalpy £1H* is shown as a func
tion of the extension ratio. The £1H* decreased 
slightly with increasing extension ratio. 

3-3. Discussion. Observations with respect to 
the temperature dependence of the /3 process 
may be summarized as follows: 

(1) The static dielectric constant in the glassy 
state, e20 , increased linearly with increasing 
temperature, as shown in Figure 4 and eq (3-2). 

(2) Superpositions of the reduced values of 
e' -eoo and s" by e20 -soo along temperature were 
possible, as shown in Figure 6. 

(3) The activation enthalpy £1H* did not 
change with temperature in the region measured, 
as shown in Figure 7. 

(4) The relaxation strength of the /3 process 
seemed to vanish at a low temperature, as ex
pressed by eq (3-2). 

Observation (2) indicates that the mechanism 
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and the distribution of relaxation times of the 
fi process might not change with temperature. 
The following observations with respect to the 
extension dependence of the fi process are given: 

(5) coo depended on extension ratio, as shown 
in Table I and Figure 4. 

(6) c:20 -c:oo decreased with increasing extension 
ratio. 

(7) Superpositions along extension ratio 
seemed not to be possible, as shown in Figure 6. 

(8) a* decreased slightly with extension ratio. 
(9) JH* decreased with extension ratio, as 

shown in Figure 8. 
(10) T0, at which c:20 seemed to coincide with 

coo, decreased with increasing extension ratio. 
The observed extension dependence of coo 

exceeds the amount of the correction for density 
which is presumed by the extension dependence 
of the volume in styrene-butadiene copolymer 
in the glassy state. 14 One reason for Observa
tion (5) is thought to be that contact conditions 
of the test specimen with the electrodes might 
change slightly every time that the extension ratio 
was changed. This slight change in the contact 
conditions might be one of the causes of the 
fact that the experimental values as a function 
of extension ratio were all scattered, and, 
moreover, might be one of the obstructions in 
investigating the superposability of the fi process. 
There was nor essential difference between the 
shapes of the master curves for different ex
tension ratios, as shown in Figure 6. If c' ';c'r:/,_ax 
is plotted against frequency, it is expected that 
the frequenpy plots at all extension ratios fall 
on the same curve within experimental errors. 

The (s20 -coo)/coo ratio decreases with increasing 
extension ratio, similar to c: 20 -c:oo in Observation 
(6), in the temperature range measured. While 
Observation (10), moreover, indicates that 
(c:20 -soo)/coo should increase with increasing ex
tension ratio at least near T0 • These observa
tions suggest that an inversion in the extension 
dependence of (s20 -s=)/coo may occur at about 
190°K. It is not clear whether this inversion 
has physical meaning or has merely arisen from 
the experimental uncertainties mentioned above. 

Observations (8), (9), and (10) suggest that the 
stretch of the polymer chain facilitates the fi 
process, and the molecular mobility in the 
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glassy state increases with increasing elongational 
strain. These observations may be due to the 
increase in the free volume with elongational 
strain. It is not clear, however, whether such 
a free volume concept is also able to explain 
the extension dependences of c:20 -c:= and 
(c20-coo)/coo-

4. The a Relaxation 
4-1. Static Dielectric Constants. Static di

electric constants in the liquid state, c:10 , were 
obtained from c' -c:" plots. Figure 9 shows the 
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Figure 9. Variation of the static dielectric constant 
in the liquid state at constant length as a function 
of temperature. The extension ratios are at 20°C 
were 8, 1.06; EB, 1.22; e, 1.31; O, 1.45; O, 1.78; 
., 1.95. 

plots of c:10 as a function of reciprocal tempera
ture for several extension ratios. It was found 
that c:10 changed linearly with reciprocal tempera
ture. In the high temperature region, the plots 
of c:10 for the higher extension ratios deviated 
slightly downward from the linear line, and the 
curvature was opposite in sign to that estimated 
from the experimental equation of Ferry, et al. 16 

The empirical equation for the static dielectric 
constant in the liquid state, c:10 , is 

(4-1) 

where 

A10 = 1.397 -0.173(,l-l) X 103 (4-2) 

B10= 1.386 -0,160(,l-l) (4-3) 

The numerical extrapolated values of s10 at Tg 
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Figure 10. Variation of s10-soo with extension 
ratio at constant temperature. 

are shown in Table I. Figure 10 shows the 
dependence of s10 -s= on extension, where the 
soo are the ones in the glassy state, which 
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depended only slightly on temperature in the 
glassy state, as seen in Figure 4. The value of 
e10 -e= for each temperature decreased consider
ably with an increase in extension ratio in a 
linear fashion, though noticeable uncertainties 
were observed. 

4-2. Superpositions and Shift Factors. The 
frequency plots of e' ';.',;,ax at all temperatures 
for the same extension ratio fell on a master 
curve in the liquid state. Thus the superposi
tions along temperature were possible in the a 
process. Figure 11 shows the master curves of 
e' '/s',:,ax obtained by the superpositions along tem
perature for the extension ratio of 1.00 and 1.95, 
where the reference temperature was 273.5°K. 
The shape of the master curve depended on 
extension, i.e., the curve broadened with in
creasing extension ratio, and the superpositions 
along extension ratio were not possible in the 
liquid region, as shown in Figure 11. 

Figure 12 shows the extension dependence of 
the apparent shift factors a*. The values of a* 
between different extension ratios were obtained 
by the shifts of f max of the master curves at 
273.5°K. a* increased with an increase in ex-

0 '---=----1----L----'-----'-----L___ __ ____j ___ ----±-6---_j 
-1 0 2 3 4 5 7 

log f 

Figure 11. Master curves of s"/s':iax in the a process as a function of frequency at extension ratios 
of O, 1.00 and e, 1.95. The reference temperature is 273.5°K 
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Figure 12. Variation of the apparent shift factor 
in the a process at constant temperature as a 
function of extension ratio. 

tension ratio. The slope of the lines of log a* 
vs. A (extension ratio at 20°C) decreased with 
increasing temperature, as shown in Figure 13. 
In Figure 14, two examples of the temperature 
dependence of ,JH* are shown. The LJH* 
increased with increasing extension ratio over 
the entire temperature range above T g· 

4-3. Discussion. The following observations 
with respect to the temperature dependences of 
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Figure 13. Variation of the magnitude of the 
strain dependence of the apparent shift factor in 
the a process as a function of temperature. 
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Figure 14. Variation of the activation enthalpy in 
the a process at constant length as a function of 
temperature. The extension ratios at 20°C were 
0, 1.00 and •, 1.95. 
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Figure 15. Variation of the static and instantaneous dielectric constants with 
temperature at the extension ratio of 1.00. The O and • indicate the experi
mental values and the calculated values as shown in the text, respectively. 

Polymer J., Vol. 6, No. 4, 1974 



Strain Dependence of Dielectricity 

the a process in the liquid state can be made: 
( 11) The statistic dielectric constant in the 

liquid state, s10 , increased linearly with increasing 
reciprocal temperature, as shown in Figure 9 
and eq (4-1). 

(12) Superpositions of the frequency plots of 
c' ';c',/,_ax along temperature were possible for the 
same extension ratio, as shown in Figure 11. 

The relaxation strength of the a process is 
considered to be s10 -soo or s10-s20 • If we regard 
the coo in the glassy state to be identical with 
that in the liquid state, we obtain the value of 
s10 -soo for every temperature. However the 
frequency plots s" /s10 -soo for every temperature 
do not fall on a curve. On the other hand, if 
we extrapolate the linear line of s20 vs. tempera
ture to the liquid region, we obtain the value 
of s20 for every temperature. However, the 
frequency plots of c''/s10 -s20 for each tempera
ture also do not fall on the same curve. There
fore, superpositions along temperature cannot 
be applied to the a process in terms of s" /s10 -soo 

and s" /s10-s20 • In other words, neither s10 -soo 

nor s10 -s20 is competent to express the relaxa
tion strength of the a process. If we assume the 
relaxation strength to be s10-s21 , we can calculate 
the value of s21 from the temperature dependence 

of c~ax, because the superpositions of c' '/s~ax 
were possible, as shown in Observation (11). 
In this case, the s21 no longer has a linear 
dependence on temperature, as shown in Figure 
15, which indicates a static dielectric constant 
map in the glass transition region at il = 1. A 
high frequency experiment is needed to verify 
the existence of such s21 in the liquid state. 

, The master curves of c''/s~ax in Figure 11 
were broader than those of other typical 
amorphous polymers. One of reasons for this 
fact may be due to the wide distribution of the 
sequences of chlorine atoms. 10 

Observations with respect to the extension 
dependences of the a process may be summariz
ed as follows: 

(13) The values of s10 -soo depended on ex
tension, i.e., these values decreased with in
creasing extension ratio in the whole tempera
ture range studied, as shown in Figure 10. 

(14) Superpositions of c'';e';,.ax along extension 
ratio were not possible, as shown in Figure 11. 
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(15) The apparent shift factor a* increased 
with increasing extension ratio, as shown in 
Figure 12. 

(16) The activation enthalpy tlH* increased 
with increasing extension ratio, as shown in 
Figure 14. 

It has been confirmed that the superposability 
of the a process was not affected by the isotropic 
strain in terms of elevated pressure for some 
polymers1 and the present sample, 16 i.e., the 
shape of s" /s~ax was independent of pressure. 
This fact indicates that the elongational strain 
acts on the a process in a different manner 
from other thermodynamic variables, e.g., tem
perature and pressure. 

If the function of ln a* can be considered to 
be a single-valued function of temperature T, 

pressure P, and tensile force f (this assumption 
has been used in the definition of the activation 
enthalpy), the activation length LIL* may be 
defined in the same manner as the activation 
volume: 

tlL*=RT(a In a*) =RT(a ln a*) (af)_, 
at PT ail PT ail PT 

(4-4) 

The physical meanings of tlL * is obscure, as is 
activation volume. However, the value of tlL* 

may be a measure of the ease of the relaxation 
process, and the term (a In a*/ail)n may indicate 
an extension dependence of the mobility of 
molecular motions. Since the value of (af/ail)PT 

is always positive from the thermodynamic 
stability condition, the signs of tlL * and 

· (a In a* /ail)n coincide in the liquid state. In 
the glassy state, however, the value of In a* can 
not be regarded as a single-valued function of 
T, P, and f, and it is necessary to introduce 
some new internal variables. 17 • 18 

From Observation (15), the value of (a ln a/ail)n 

is positive, and the value of tlL * may also be 
positive. Therefore the molecules may become 
more difficult to move with increasing elonga
tional strain. Observation (16) also indicates 
the difficulty of the molecular motion in the 
stretched state. The two investigations, by 
static dielectric constants and by shift factors, 
are not inconsistent with each other and indicate 
that the molecular motion with respect to the a 
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process would be restricted by elangational 
strain. The following presumptions may be 
made in the high temperature region: 

( 17) It seems that the value of ( a log a* ;a ;l) PT 
becomes zero at about 300°K by a linear ex
trapolation, as shown in Figure 13. 

(18) It seems that the magnitude of the ex
tension dependence of •10-.'° becames zero at 
about 450°K, from the estimate in Figure 10. 

The apparent approach of the nature of the 
a process to that of the f, process at higher 
temperatures was pointed out by Mikhailov, 
Hartt, Johari, and Williams, et al. 4 • 19 - 22 In the 
/3 process, the Values of (a log a* /aA)PT and the 
magnitude of the extension dependences of 
• 20-.'° were small. It is interesting to point 
out that such apparent approach is also indicated 
in the extension dependences of the shift factors 
and the static dielectric constants. 

The study of sound velocity in chlorinated 
polyethylene vulcanizate suggested that the 
situation of the molecular motion along the 
extension direction in the liquid state became 
more similar to that in the glassy state with 
increasing extension ratio. 7 The differences in 
the static dielectric constants between the liquid 
and glass at the glass transition temperature, J., 
are indicated in Table I. That difference 
decreased slightly with increasing extension ratio, 
but this decrease was much smaller than that 
of the difference in sound velocity between the 
glass and liquid. Therefore it may be said that 
the situation of the molecular motion pointed 
out in the sound velocity measurement has not 
been observed in the dielectric properties which 
are concerned in the molecular motion perpend
icular to the extension direction. 

5. Glass Transition Points 
Figure 16 shows car;a;i)Plna* as a function of 

temperature. The car;a;i)p Ina* is defined by 

The value of (aT/aA)p in a* means the extension 
dependence of the temperature at which the system 
studied has the same mobility. If (aT/aA)p1na* 
is extrapolated to the dilatometric glass transition 
temperature, we may obtain the extension 
dependence of the glass transition temperature 
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Figure 16. Variation of (oT/oJ.)Pln a* in the a 
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Figure 17. Variation of the change in the glass 
transition temperature with extension ratio in 
various methods: *1, obtained by M. Naoki and 
T. Nose in chlorinated polyethylene vulcanizate; 5 

*2, obtained by A. Komatsu and T. Nose in 
styrene-butadiene copolymer.16 

observed in the dilatometric time scale. Figure 
17 shows the change in the glass transition tem
perature, ,:JTg, with extension which was obtained 
by integrating the dependence of the dielectric 
glass transition points in the dilatometric time 
scale. The results of the sound velocity and 
the tensile force measurements for the present 
sample7 and that of the dilatometry for styrene
butadiene copolymer14 are also shown in Figure 
17. Except for the case of the tensile force, the 
,:JT g values were similar below the extension ratio 
of about 2. However, the curvature of the 
,:JTg vs. ;i plot obtained by dielectric measurement 
was opposite to those from the dilatometric and 
the sound velocity measurements, i.e., the former 
had a negative quadratic differential coefficient 
and the latter had positive ones. To discuss 
the slope of ,:JT g vs. ;i curve, experimental 
accuracies might be insufficient in all but the 
dielectric measurements. In the region above 
the extension ratio of about 2, large values of 
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LJT g for some rubbers were presented by Gee, 
et al. ,23 but new problems such as orientation 
or crystallization in the region may arise at such 
high extension ratios. 

In Figure 16, the value of (aT/aJ.)p In a• seems 
to reach zero at about 310°K if we extrapolate 

the dotted line to higher temperatures. This 
fact is caused by the decrease in LJL * with 
increasing temperature. If this extrapolation is 
appropriate throughout, the following situation 
may be expected: "When the sample is stretched 
at a temperature above 310°K, the glass transi

tion temperature observed in a high frequency 
measurement will either stay the same or 
decrease with increasing extension ratio. At 
that temperature we may be able to observe the 
glass transition point by that frequency measure
ment." 

The extension dependence of the freezing tem
perature T gfi of the p process may be given by 
the same manner as in the a process. It is 
supposed that the static freezing of the p process 
arises near the apparent extinction temperature 
T0 , which is indicated in Figure 5. Both values 
of (a ln a* ;aT)p and ca ln a* /aJ.)PT are negative 
in the low temperature region as shown in 
Figure 7, and consequently, it is found from 
eq (5-1) that the value of (aT/aJ.)p In a* is 
negative. These estimations are not appropriate 
for the p process as discussed above, but it 

may be supposed that the extension dependence 
of Tgfi is negative, i.e., the freezing temperature 
of the p process might be lowered by increasing 
the extension ratio. On the other hand, the 
extension dependence of T 0 is also negative, as 
shown in Figure 5. It is interesting to point 
out that these two facts, estimated in different 
manners, (i.e., one was obtained from the 

consideration of the molecular mobility and the 
other from the behavior of the static dielectric 
constants,) are not inconsistent with each other 
and may indicate that the freezing temperature 
of the p process, even if this freezing state is 
merely hypothetical, might be lowered by 

increasing the elongational strain. 

CONCLUSION 

The static dielectric constants as a function of 
temperature and elongational strain were 
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obtained in the vicinity of the glass transition 

region for chlorinated polyethylene valcanizate. 
It was found that the static dielectric constants 

increased linearly with an increase in temperature 
in the glassy state and linearly with an increase 
in reciprocal temperature in the liquid state. 
The extension dependence of the static dielectric 
constants was negative in the vicinity of the 

glass transition region, in both the glassy and 
liquid state. However this dependence seemed 
to vanish in the regions far above and below 
the glass transition temperature. 

The mobility of the molecular motions sug

gested from the apparent shift factors decreased 
with an increase in elongational strain in the a 

process, whereas it changed very little or seemed 
to increase slightly in the p process. 

The superposability along temperature was 
confirmed both in the a and p process. How
ever, the superposability along extension ratio 
was impossible in the a process and was not 
confirmed in the p process because of experi
mental errors. Therefore, the role of elonga
tional strain in the mobility of molecular 
motions was considered to be different from 
those of pressure and temperature in the a 

process. 

In the high temperature region, an apparent 
approach of the a process to the p process 
was found in some observations, i.e., in the 
extension dependence of the static dielectric 
constants and the apparent shift factors. 

The change in the dielectric glass transition 
temperature for the dilatometric time scale with 
elongational strain was obtained. It was found 

that the glass transition temperatures in the 
dielectric measurement decreased with an 
increase in elongational strain similar to the 
results of the sound velocity and the dilatometric 
measurements, but not to those of the tensile 
force measurement. This extension dependence 
of the dielectric glass transition temperature 
seemed to vanish at high temperatures. 

The apparent extinction point of the p process 
was observed. It was found that both of the 
apparent extinction temperature and the apparent 
freezing temperature of the p process would 
decrease with an increase in elongational strain. 
This behavior was different from that of the a 
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process. 
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