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The crystallization of poly(ethylene terephthalate) has been followed in real time by measuring the dielectric 
complex permittivity. The measurements have been discussed by assuming the contribution to the dielectric 
losses of two types of amorphous phases: amorphous regions filling the interspherulitic space and amorphous 
regions located between crystalline lamellae within the spherulites. The deviation of the measurements 
from the calculated values assuming a simple two-phase model has been interpreted as being due to changes 
in the nature of the amorphous regions as crystallization proceeds. A phenomenological description of the 
experiments in terms of the Havriliak-Negami description permits the changes of the relaxation time 
distribution functions upon crystallization to be followed. The evolution with crystallization time of the 
derived dipole moment time correlation functions are discussed in the light of different models. 
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INTRODUCTION 

The influence of crystallinity on the molecular dynamics 
of polymers shows interesting aspects which can be 
investigated by dielectric spectroscopy 1-5. The segmental 
motions of the polymeric chain, appearing at temperatures 
above the glass transition temperature (Tg), which give 
rise to the ~ relaxation, are strongly affected by the 
presence of crystalline domains 6. On the other hand, local 
motions like those causing the /3 relaxation are less 
influenced by crystallinity 2'6. 

Poly(ethylene terephthalate) (PET) has been frequently 
used as a model system to study the influence of 
crystallinity on different physical properties 7-9. This is 
due to the fact that PET can be either obtained in the 
amorphous state or with a controlled amount of 
crystallinity. In particular, dielectric relaxation in PET 
has been the subject of a large amount of research 6'9'1°. 
Both the relaxation time distribution function and the 
central relaxation time ~o are modified as the crystallinity 
of the sample changes. Owing to the limitation imposed 
by the measuring time being comparable to the time of 
crystallization the majority of studies have been carried 
out on isothermally crystallized samples from the glassy 
state and then quenched. However, a few measurements 
have been already performed in real time for PET 9'11. 
The use of impedance analysers t2 capable of measuring 
over several decades in frequency for measuring times of 
< 1 min has allowed dielectric measurements during 
crystallization in real time to be carried out more 
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readily 13. In this paper we present dielectric relaxation 
measurements performed in real time as crystallization 
of PET proceeds from the glassy state. 

EXPERIMENTAL 

Commercial samples of PET (Hoechst AG, Germany) 
were obtained in the form of amorphous films (~  100 #m 
thick). Measurements of the dielectric complex permit- 
tivity (e*=~'- iE')  were performed in the 103-106Hz 
frequency range using a Hewlett-Packard impedance 
analyser (HP 4192A). Films were provided with circular 
gold electrodes (3 cm diameter) obtained by sputtering 
the metal in both free surfaces. 

The specimens were placed between two gold-plated 
stainless steel electrodes. The dielectric cell was intro- 
duced in a home-made furnace operating in a temperature 
controlled air atmosphere. For isothermal crystallization 
measurements the sample was introduced in the furnace 
previously heated at the selected crystallization tempera- 
ture (To) above the T~ of PET (T~75°C). Under these 
conditions a heating rate of ~ 2°C min-~ was obtained. 
After reaching the selected To, e* measurements were 
performed in the 103-106Hz frequency range as a 
function of the crystallization time. Each measurement 
required 40 s. In the range of T¢ values investigated the 
sample was heated up above Tg for 15-17min before the 
selected T¢ was reached. The experimental conditions 
were chosen to avoid significant precrystallization effects 
of the sample during the heating process on the bas~s of 
previous crystallization experiments performed with 



different techniques 7'~4. At the end of each crystallization 
experiment the sample was rapidly cooled down to room 
temperature. 

THEORETICAL 

The description of dielectric relaxation in terms of the 
Havriliak-Negami (HN) empirical equation x5 for the 
dielectric permittivity 8" has been shown to be of great 
use in dealing with polymeric materials 2. For the case in 
which two relaxation processes are involved it reads: 

8" = (As*)~ + (As*) a + (8oo)a (1) 

with 

As* - 80 - 8 o0 (2) 
[1 + (ifnzo)b] c 

for each relaxation process, where % and Coo are the 
relaxed and unrelaxed dielectric constant values, z o is the 
central relaxation time and b and c are parameters which 
describe the symmetric and the asymmetric broadening 
of the relaxation time distribution function, respectively. 
Equation (2) can be used to derive the corresponding 
analytical expressions of the real and imaginary part ~s 
which read: 

d = (% - 8oo)r-~ cos(c~k) + e ~o (3) 

d'  = (80 - -  8 ~ ) r - ~  sin(c~O) (4 )  

with 

and 

r 2 = 1 + 2(O)Zo) b cos(bn/2) + (O)Zo) 2b (5) 

(O)Zo) b sin(bn/2) 
tan qJ - (6) 

1 + (e)Zo) b cos(bg/2) 

The relaxation process can also be described in terms of 
a relaxation time spectrum t6 by using the equation: 

8"-8~ _ ~ o~ F(T/~o_____)) d 
ln(z/Zo) (7) 

e o - e ~  J_~o l +iogz 

The associated relaxation time spectrum is given by: 

1 (Z/Zo) b~ sin(c0) 
F(z/Zo) = (8) 

[(r/zo) 2b + 2(Z/Zo) b cos(nb) + 1] c/2 

being: 

. I sin(nb) I 
0 = arctan - -  (9) 

(Z/Zo) b + cos(rob) 

In the case of two different processes (~ and fl) by 
considering that A8~=8o-8®~ and A e # = e o ~ - e ~  one 
obtains16: 

A8* = f ~ Ae~ F=(z/z°) d ln(z/z o ) (10) 
J - o~ 1 + i o 9 %  ° 

and 

Ae~ = ['j oo A8# Fd\v,z/%) d ln(z/Zo) (11) 
- oo 1 + iogz B 

By substituting the two last expressions into equation (1) 
we obtain for the complete relaxation process: 

8 * - - e ~  _ I ~° F~+~z/z°=) dln(z/Zo ) (12) 
8o~--8~ 3-~o 1+io0% = 
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with 

Ae~ Ae~ 
F~+#(Z/Zo)= F ~ ( z / Z o ) + - - F g z / % )  (13) 

80~ - -  8o~ ~ 80~ - -  8oo ~ 

after considering that d ln(z/Zo=) = d ln(z/%). 
It has been shown that the HN equation with two 

parameters, b and c, describes satisfactorily frequency 
domain data in a great variety of systems. Recently, 
SchSnhals and Schlosser proposed a model which relates 
the b~ parameter to large scale motions and the value of 
c~b~ to small scale motions 17. Experimental evidence for 
the model has been presented for different systems 
including low molecular weight glass forming liquids and 
polymers 10As,19. 

The dielectric complex permittivity e* is related to a 
relaxation function, ¢(t) by a pure imaginary Laplace 
transformation 2°-22 of the form: 

8" 
- ~q~F - d4~(t)l = exp( -ko  0 (14) 

8m 

eo-em L dt J dt _] 

The knowledge of ¢(t) over the entire time range makes 
it possible to derive values of (e* - e ~ ) / ( % -  e~). Inversely, 
it can be shown that: 

¢(t)= cos(a)t) do) (15) 
x do \Co-- coo/ o) 

The relaxation function ¢(t) is approximately the same 
as the dipole moment time correlation function which 
has been related to the elemental dipole moment at a 
given time, its(t), in a polymeric chain 21 by: 

E~ ~jv(iti(0)&(t)) (16) 
¢(t) = E~ E~(it,(0)it,(0)) 

Experimentally the shape of ~b(t) has been described in 
terms of the stretched exponential function of Kohlrausch- 
Williams-Watts (KWW)22: 

q~(t) = a exp[ -- (t/ZKWW) ~] (17) 

where ZKWW is a characteristic relaxation time and fl takes 
values between 0 and 1. The mean relaxation time with 
this representation is given by: 

< O  =r'Kwwr(~)]L~ (18) 

where F is the Gamma function. 
The KWW stretched exponential describes with a 

single parameter, r, time domain experiments. The 
relationship between the b and c parameters of the HN 
formulation, which describes a relaxation process in the 
frequency domain, and the corresponding fl parameter, 
which describes the same process in the time domain, is 
of great interest 23'24. 

The coupling theory 25, which considers the material 
as composed of relaxing units coupled to a complex 
system, predicts a KWW stretched exponential function 
for the dipole moment autocorrelation function with 
fl = 1 - n. Here n is a new parameter which indicates the 
degree of coupling. 

RESULTS 

Dielectric loss (e") values corresponding to the initial 
amorphous sample are represented versus temperature 
for various frequencies in Figure 1. In accordance with 
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Figure 1 Dielectric loss, e", for initial PET amorphous sample as a 
function of temperature at different frequencies: (0) 103; (O) 10+; (&) 
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(a) Real time evolution of the dielectric loss during isothermal 
crystallization (T~=ll0°C) as a function of frequency at selected 
crystallization times. (b) Real time evolution of the dielectric constant 
during isothermal crystallization (To = 110°C) as a function of frequency 
at selected crystallization times 

previous studies 6 two main dielectric relaxations can be 
distinguished in this investigated temperature range: the 
lower temperature relaxation, fl, due to the local motion 
of the -COO groups attached to both sides of the 
benzene ring2'6'26; and the higher temperature relaxation, 
~, associated with long range motions appearing in the 
polymeric chain at temperatures above Tg. The real time 
variation of e" and e' with frequency at T= l l0°C is 
illustrated in Figures 2a and b for different crystallization 
times. The values of the logarithm of the frequency of 
maximum loss, Vmax, and the ratio e~ax(t)/e~,~(O ) have been 
represented as a function of the crystallization time for 
two selected temperatures in Figures 3a and b. The 
experimental error in the determination of both magni- 
tudes is estimated as the size of the data points. It can 
be seen that the variation rate of both magnitudes 
becomes smaller as T~ is reduced. Furthermore, at both 
temperatures the relative changes of e ~  and Vm~ with 
time are different from each other. At the beginning of 
crystallization while Vm~ stays constant e ~  immediately 
shows a clear decrease. According to Figure 3b, primary 
crystallization could be close to completion at ~ 20 min. 
However, while the intensity levels at this time, Vmax still 
continues shifting to smaller frequencies (Figure 3a). 

DISCUSSION 

Dielectric relaxation in terms of  a two-phase model 
The experiments carried out during the crystallization 

process of PET permit the changes of the molecular 
dynamics of polymer chains from the glassy state to be 
monitored in real time. It is known that PET crystalliz- 
ation from the glassy state gives rise to spherulitic 
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Figure 3 (a) Relative variation of the frequency of maximum loss 
values, v . . . .  as a function of the crystallization time. (b) Relative 
variation of the maximum dielectric loss values, e,...(t)/ema.(0), as a 
function of the crystallization time 
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morphologies 27'2a. At the crystallization temperatures 
investigated of 105 and 110°C there is a net decrease of 
amorphous material which is related to the e~a. decrease 
with time presented in Figure 3b. In addition, if one takes 
into account that (2~ZVmax)-I is an average relaxation 
time 3, the observed decrease of Vma x in Figure 3a suggests 
a slowing down of the chain mobility as crystallization 
evolves. 

For  a more quantitative discussion we have to consider 
the mechanism of crystallization in more detail. It is 
generally accepted that during isothermal crystallization 
first spherulites or other morphological units are growing 
until they impinge on each other and fill the sample 
volume completely. This process is called primary 
crystallization. Each spherulite consists of lamellar stacks 
of crystals and amorphous regions. In addition to the 
growth of spherulites an increase of the degree of 
crystallization within the spherulites takes place. This 
process is called secondary crystallization. As first 
proposed by Tidy and Williams 3'11, dielectric relaxation 
of PET during primary crystallization can be qualita- 
tively explained considering the influence of two different 
kinds of amorphous regions which coexist during primary 
crystallization: (i) the amorphous regions between the 
spherulites which are very large compared to the length 
of the molecules and, therefore, should not be very 
sensitive to the spherulite formation process. As a 
consequence, the dielectric loss curves arising from these 
regions should have similar shape to that corresponding 
to the completely amorphous material; (ii) the amorphous 
regions between the crystals within the spherulites. These 
regions consist of short chains, the ends of which are 
likely to be attached to the crystal surfaces. 

According to Figure 2a, the loss curve at t = 0  
corresponding to the amorphous sample has its maximum 
at 63 x 103 n z  while that for the sample crystallized at 
110°C for 21 min [which, according to the variation of 
em~x(t)/~mx(0 ) in Figure 3b, can be considered to be filled 
almost completely by spherulites] has its maximum at 
5 x 10 a Hz. In addition, the curve of the crystallized 
sample (t = 21 rain) is broader than that of the amorphous 
sample. These differences can be attributed to the fact 
that the amorphous regions in the crystallized sample 
consist of short chains, the ends of which are attached 
to the crystal surfaces. Furthermore, the volume available 
to these chains is restricted by the neighbouring crystals; 
usually these amorphous regions have a thickness of only 
5-10 nm. All these factors restrict the mobility and cause 
a shift of the maximum to lower frequencies. As these 
restrictions may strongly vary from chain to chain the 
curve also becomes broader. 

In order to test quantitatively the validity of the above 
two-phase model we can consider, based on the Onsager 
equation 29, to a first approximation that: 

g' = eel , , . . ,  + (1 - ¢ )~ [  (19) 

where @ is the mass fraction of amorphous material in 
the spherulites normalized to the total amount of 
amorphous material, and e's,o,, and e" are contributions 
of the intraspherulitic and interspherulitic amorphous 
regions, respectively. 

Figure 4 shows the dielectric loss curves generated by 
application of equation (19) after considering the initial 
curve at t = 0  as e" and the curve at t=21  as e~ ..... and 
changing the parameter @. By comparing the calculated 
ratio e~,,(tI))/e~,ax(0) with the experimental values of 
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Figure 3b an estimation of the crystallization time can 
be made. The existence in Figure 4 of an isosbestic 
frequency at which e" is independent of @ is a consequence 
of the assumption that the contribution of the amorphous 
regions within the spherulites at a given time, eas, 
coincides with e~ ..... . The absence of such an isosbestic 
frequency in the experimental values of e" shown in 
Figure 2a seems to indicate that eas is time-dependent. 
Comparison of the calculated and experimental Vma X 
values as a function of the crystallization time is shown 
in Figure 5. 

One can see that, with increasing time, the measured 
Vma x data gradually shift to smaller values whereas the 
calculated ones remain constant up to almost the end of 
crystallization. From this we conclude that the shape of 
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the loss curve arising form the amorphous regions within 
the spherulites, e','~, is not the same at all times and, in 
particular, is not identical with the shape of e~,~,~,. Instead, 
in order to generate the measured curves one has to 
assume that the maximum of the curve e~ shifts to lower 
frequencies with increasing time. In other words, this 
result suggests that during the initial stages of crystalliz- 
ation, the appearance of incipient spherulitic domains 
does not significantly disturb the average chain mobility 
in the amorphous phase. Only after the crystalline phase 
has achieved a significant volume fraction, is the material 
in the amorphous phase affected by the rigid molecules 
of the crystalline phase. 

How can this shift of Vm~ ~ be explained? If the 
amorphous regions between the crystals within the 
spherulites were very large, the mobility of the chains in 
these regions would not be influenced by the presence of 
the crystals and e,'~ would have the same shape as e~. The 
smaller these regions become the more restricted is the 
mobility of the chains and, as a consequence, the smaller 
becomes the value of Vm~ at which the maximum of e~ 
appears. Therefore, we conclude that at the beginning of 
crystallization the distances between the neighbouring 
crystals within the spherulites is comparatively large. 
With increasing time, new crystals are formed between 
the already existing ones (secondary crystallization) and 
the amorphous regions thus become smaller. This model 
for the process of crystallization corresponds to the view 
proposed by Schultz 3° according to which 'loose' spheru- 
lites are first formed and become 'dense' spherulites in 
later stages of crystallization. Such a model is also 
supported by our previous investigations involving 
simultaneous measurements of wide- and small-angle 
X-ray scattering during isothermal crystallization of 
PET 31. 

Dielectric relaxation in terms of the phenomenological 
description of Havriliak and Negami 

The HN approximation, which has been previously 
applied to isothermally crystallized PET 6, has been used 
here in an attempt to describe the present real time 
experiments. However, due to the fact that the experi- 
mental frequency range does not cover, at the T~ of 
interest, the complete/~ relaxation process, this must be 
simulated in order to fit the e* experimental data to 
equation (2). The extrapolation procedure of Coburn and 
Boyd has been employed 6 to fit the results shown in 
Fioures 2a and b. The parameters characterizing the // 
relaxation process for the PET amorphous sample were 
fitted to equation (2) for the lower temperature region. 
Then by assuming that these parameters are linearly 
dependent on temperature they were extrapolated to 
higher temperatures. This procedure was performed for 
the initial amorphous sample and for the same sample 
after the crystallization experiment. In this way the 
parameters of the/ /process can be directly obtained for 
the initial and final crystallization time. For crystal- 
lization times in between, the fitting parameters were 
allowed to vary between the limiting values obtained. A 
subroutine based on the Newton method n was modified 
to fulfil our requirements and used in the fitting under 
the condition %p= e~,. 

Fioure 6 shows the evolution with time of the dielectric 
relaxation in the form of Cole-Cole plots during 
crystallization. The continuous lines correspond to the 
calculated fittings according to equation (1) where the 
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Table 1 Ae~, b~, c= and (%)= obtained from the fitting of equation (1). 
The extrapolated parameters corresponding to the/~ process are denoted 
by Ae~, b~ and (Zo)~ 

t (min) Ae~ b~ c~ (%)= Aea b~ (Zo)a 

0 1.97 0.74 0.30 8.83 x 10 -6 0.55 0.46 1.89 × 10 - 9  

6.2 1.56 0.61 0.41 1.05x 10 -s 051 0.51 2.7× 10 -9 
12.4 1.24 0.45 0.57 2.29x 10 -s 0.55 0.47 2.5× 10 -9 
15.5 1.29 0.34 0.75 2.46x 10 -5 0.45 0.51 4.6x 10 -9 

individual ~ and/~ relaxation processes have been also 
represented. The corresponding parameters are shown in 
Table 1. For the initial amorphous sample at t = 0 (i.e. 
after reaching T~ from room temperature at a heating 
rate of ~ 2°C min-1) results are in good agreement with 
those previously reported 6'1° for amorphous PET. This 
result indicates the absence of significant crystallization 
during the initial heating process. It is noteworthy that 
the dielectric strength (Ae)~ decreases and the central 
relaxation time (Zo)~ increases as crystallization proceeds. 
On the other hand, the squeezing parameter c~ increases 
from 0.3 to 0.75 as a function of crystallization time. 

It is interesting to compare the relaxation strength of 
the amorphous region and of the crystalline sample. 
According to Table 1, (Ae)~ is reduced to ~65% after 
crystallization for 15.4 rain. From corresponding density 
measurements it is known that the amorphous fraction 
of a sample crystallized under such conditions only 
decreased to 75%. From this it follows that the fraction 
of less mobile chains is higher than those forming the 
crystalline phase. Similar results have been obtained by 
other authors 3'9. 

In order to follow the change of the dipole moment 
time correlation function corresponding to the ~t process, 
equation (15) has been numerically solved. The e"(o9) 
values were generated from equations (4), (5) and (6) 
considering the c~ and b~ parameters corresponding to 

2604 POLYMER Volume 35 Number 12 1994 



0,9 

0.8 

0.7 

0.6 

¢ ( t )  0.5 
0.4 

0.3 

0.2 

0.1 

-14  -12  - 1 0  - 8  - 6  - 4  - 2  0 

L o g  [ t ' S  -1] 

Figure 7 Normalized dipole moment  time correlation function, t~(t) 
(symbols) and best fit (Table 2) to a K W W  stretched exponential (solid 
lines) corresponding to the crystallization times of Figure 6: ((3) 0; (@) 
6.2; (A) 12.4; (A)  15.5min. The • values correspond to b~=0.28 and 
c~= 1. % =  1 x 10 -3 values were taken from reference 6 (see text). The 
best fit to a K W W  stretched exponential for this case gives f l=0.19 

0 .110  

o.o~ t=O 
0 . 0 6 6 ,  

0 .044  • 

0 . 0 2 2 .  

0 .088  ~ -  . 3 -h 

0 .066  

0.044 

0.022  

I , , I 

0.086 t = 1 2 . 4  ~ a 

0.066  

0 044 

0.022 

o.o~ t 155 
0 .066  

0.044 

0.022 

0 . 0 0  I1 14 -,8 -~, 4 ,  42 -',, - o 2, J6 _', -6 -6 _ -'3 -'2 2, 

Log [ ' r .  s - 1 ]  

Figure 8 Distribution of relaxation times of PET (T c= 110°C) at the 
labelled crystallization times 

Table 2 Fitting parameters fl and rKw w corresponding to the K W W  
stretched exponential and calculated [equation (18)] mean relaxation 
time (z )  

t (min) fl r•w w (z )  

0 0.3 9 x 10 -7 8.3 x 10 -6 
6.2 0.29 1.9 x 10 -6 2 x  10 -5 

12.4 0.25 9.4 x 10 -6 2.2 x 10-'* 
15.5 0.21 2.9 x 10 -5 2.3 x 10 -3 

each crystallization time (Table 1). A subroutine based 
on the Hagenah procedure 23 was developed to solve 
equation (15). The normalized ~b(t) functions for the 
process corresponding to the different crystallization 
times are represented in Figure 7 as a function of log t. 
The continuous lines correspond to the best fit of the 
obtained values to the KWW function. The corresponding 
fitting parameters are shown in Table 2. The mean 
relaxation times obtained by means of equation (18) are 
presented in the last column of Table 2. 
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From the H N  analysis it is seen that as crystallinity 
increases a modification of the • relaxation time distri- 
bution function occurs. The total distribution time 
relaxation function, calculated according to equation (13), 
is shown in Figure 8 for each selected crystallization time 
using the parameters reported in Table 1. The distribution 
functions include the fl relaxation, at shorter times, and 
the ct relaxation at longer times. For  the initial crystal- 
lization time the distribution of relaxation times for the 

process is strongly asymmetric, as derived from the low 
value of the ca squeezing parameter, in agreement with 
other authors 6'1°. As crystallinity increases the distri- 
bution of relaxation times becomes broader and tends 
to be more symmetric as revealed by the decrease of the 
b~ value and the concurrent increase of the c, value, 
respectively. For  semicrystalline PET samples a value of 
c~ = 1 has been reported 6'x°. 

According to the model of Schlosser and Schrnhals ~°, 
the observed decrease of ~ could be interpreted as due 
to the increasing hindrance for large scale motions as 
crystallization occurs and progressively the system is 
being covered by spherulites. On the other hand, as can 
be derived from Table 1, the value ofc~b~ does not change 
significantly. This would imply that small scale motions 
are less affected by the crystallization process. 

The fl parameter of  the K W W  function 
As shown in Figure 7, the dipole moment time 

correlation function is also affected by the crystallization 
process. The ~b(t) function can be well described in terms 
of the KWW function although systematic deviations are 
observed at higher times as crystallinity increases. The 
mean relaxation time calculated from equation (18) 
increases indicating, thus, the progressive slowing down 
of the polymeric changes as crystallinity evolves. For  
comparison the ~b(t) function has been calculated for data 
reported in the literature for an isothermally crystallized 
PET sample (T~ = 115°C, tc = 20 h) 6. The same systematic 
deviation at higher times is observed. 

It has been shown that there are a set of couples b, c 
from the H N  formulation which are related to a single 
fl stretching parameter from the KWW function 24. The 
question arises as to whether the couple of H N para- 
meters which describe the ct relaxation in semicrystalline 
polymers can be described with a unique fl parameter in 
the time domain as well as it seems to occur in amorphous 
polymers 33. Irrespective of this one can use the corres- 
ponding fl parameter in a qualitative discussion. 

The calculated fl parameter decreases as crystallization 
proceeds. According to the coupling theory, proposed by 
Ngai et al. 25, a decrease of the fl = 1 - n  parameter can be 
interpreted as a strengthening of the coupling between 
the relaxing species and the medium and seems to be 
related to an overall decrease of the molecular mobility 34. 
Such a decrease of the fl parameter has been observed 
in polymeric systems at the liquid to glass transition 34. 
In our case the observed fl decrease can be qualitatively 
interpreted, in a similar way, as being due to the 
progressively higher coupling between the remaining 
polymeric chains in the amorphous phase and the 
semicrystalline system as crystallinity develops. 

CONCLUSIONS 

Dielectric relaxation measurements can be used to 
characterize the changes occurring in PET during 
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isothermal crystallization. A two-phase model  based on 
the separated contr ibut ion of  intraspherulitic and inter- 
spherulitic amorphous  phases allows experiments to be 
described qualitatively. The changes in the nature of  the 
two amorphous  regions provoking the evolution from 
loose to more  densely packed spherulites, due to 
secondary crystallization, must  be considered in a 
quantitative discussion. The changes observed in the 
dielectric relaxation process during crystallization can be 
phenomenological ly  described in terms of  the H N  
equation. The relaxation time distribution function 
reveals changes from a strongly asymmetric distribution 
towards a b road  and symmetric distribution as crystal- 
lization proceeds. This evolution has been interpreted as 
due to a restriction of  long scale mot ions  of the polymeric 
chains as the material is filled in with spherulites. The 
dipole moment  time correlation functions can be well 
described as K W W  functions. The increase of  the mean 
relaxation time suggests a progressive reduction of  overall 
mobili ty of  the polymeric chains as the system becomes 
more  crystalline. The increase of the stretching of  the 
dipole momen t  time correlat ion function can be quali- 
tatively interpreted, in terms of  the coupling model, as 
due to an increase of the coupling between the relaxing 
species in the amorphous  phase and the whole system. 
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