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Abstract The changes in crystalline phase of poly
(butylene naphthalate) (PBN), poly(diethylene naphthalate)
(PDEN) and poly(thiodiethylene naphthalate) (PTDEN)
upon thermal treatments were evaluated by X-ray diffrac-
tion technique. The melting behavior and the crystalliza-
tion kinetics of the polymers under investigation were
investigated by means of differential scanning calorimetry.
Multiple endotherms were evidenced in PBN and PTDEN,
due to melting and recrystallization processes. By applying
the Hoffman—Weeks’ method, the 7,,,° of PBN, PDEN, and
PTDEN was derived: the introduction of ethero-atoms
along PBN polymer chain causes a decrement of 7;,° value.
The isothermal crystallization kinetics was analyzed
according to the Avrami’s treatment: the presence of ether-
oxygen or sulphur atoms in the chain deeply reduces the
PBN ability of crystallizing. Finally, no interphase was
evidenced both in PDEN and PTDEN.

Keywords Poly(butylene naphthalate) - Diethylene
glycol - Thiodiethylene glycol - X-ray diffraction -
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Introduction

In order to improve the heat resistance of phenyl polyes-
ters, some naphthyl polyesters have been developing, such
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as poly(ethylene 2,6-naphthalate) (PEN) and poly(butylene
2,6-naphthalate) (PBN). In particular, PBN is characterized
by excellent mechanical, thermal, gas barrier, and electrical
properties, which permit its use as biaxially oriented films,
fibers, connectors, switches, coil bobbins, ignition coils
fuel sensors, fuel tanks, and hoses. PBN is a linear aromatic
polyester whose chemical structure is characterized by
flexible butylene groups and stiff naphthalate rings, which
can undergo strong interchain interactions. It is semicrys-
talline with a glass transition temperature (7,) of about
323-355 K (the wide range of values is due to the difficulty
of obtaining samples in a completely amorphous state) and
a melting temperature of about 513 K [1-5]. It has been
reported that PBN possesses two crystalline structures («
and f) and that the transition between these two phases can
take place reversibly by mechanical deformation [6]. Ju
et al. investigated the crystalline forms of PBN samples
obtained by different thermal treatments in bulk: the o form
develops by annealing a quenched sample in the solid state
or by crystallizing PBN from the static melt at temperatures
lower than 498 K. On the other hand, an exclusive 8 form
is generated by performing non-isothermal crystallization
from the melt at extremely low cooling rate (0.1 K min_l).
This thermally prepared [ form is characterized by
WAXD profile similar to that of the i form obtained by
highly mechanical deformation, except for the substantial
d-spacing deviation in (0-11) and (010) planes [7]. Nev-
ertheless, if PBN is melt crystallized at high T, both o and
p forms are obtained simultaneously, and their relative
ratio is dependent on the adopted crystallization
temperature.

Recently, poly(butylene naphthalate) (PBN), poly(thi-
odiethylene naphthalate) (PTDEN), and poly(diethylene
naphthalate) (PDEN) samples were synthesized in our
laboratories and characterized in terms of molecular,
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thermal, and mechanical properties, to analyze the effect of
the presence of sulphur or ether-oxygen atoms along the
PBN chains [5].

It is well known that the morphological structure (size,
shape, and perfection orientation of crystallites), which is
formed by crystallization from the molten state influences
strongly the properties of a polymeric material. Therefore,
the behavior of polymers during isothermal crystallization
from the melt has a relevant technological importance to
optimize process conditions and control the properties of
the final products. Moreover, it has to be emphasized that
in recent years, the study of the rigid-amorphous phase
present in some polymers has aroused a growing interest.
In general, the structure of most semicrystalline polymers
cannot be simply described by means of a two-phase
model, consisting of crystalline and amorphous phases. As
a consequence, a third phase, the so called “rigid-amor-
phous phase” (RAP) or “inter-phase” between crystalline
and amorphous layers has to be taken into consideration in
these structures. In this view, herein the melting behavior
and the isothermal crystallization kinetics of PTDEN and
PDEN were investigated and the results compared with
those concerning homopolymer PBN. Finally, differential
scanning calorimetry (DSC) as well as X-ray diffraction
(XRD) measurements were used to determine the possible
existence of a rigid-amorphous fraction both in PTDEN
and PDEN.

Experimental
Materials

PBN, PTDEN, and PDEN were synthesized according to
the well-known two-stage polycondensation procedure, as
previously reported [5], starting from 2,6-dimethylnaphth-
alate (DMN) and the appropriate glycol (1,4-butanediol
(BD), diethylene glycol (DEG), and thiodiethylene glycol
(SDEG)), according to the kind of polyesters to be pre-
pared, with titanium tetrabutoxide (Ti(OBu)4) as catalyst.
The monomeric units can be represented as follows:

0
0 |
i @ C—0—CH,CH,CH,CH, PBN
—C

n

0
o) [
i C—O—CH,CH,—O—CH,CH,
-0
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The polymers were previously characterized by some of
us from the molecular and thermal point of view [5]. The
chemical structure was confirmed by means of 'H-NMR,
and the number average molecular mass was determined by
GPC. The molecular and thermal characterization data are
reported in Table 1.

Calorimetric measurements

The isothermal crystallization behavior of PBN, PDEN,
and PTDEN was investigated with a Perkin-Elmer DSC7
calorimeter. The external block temperature control was set
at 213 K. All the measurements were carried out under a
nitrogen atmosphere to minimize the oxidative degrada-
tion. The instrument was calibrated with high-purity stan-
dards (indium and cyclohexane) for melting temperature
and heat of fusion. Heating rates of 5, 10, 20, and
40 K min~" were used whenever needed. Relatively small
size samples (ca. 5 mg) were used to minimize the effect of
the thermal conductivity of the polymer; a fresh specimen
was used for each run.

To erase the previous thermal history, the samples were
heated to about 40 K above fusion temperature at a rate of
20 K min~", held there for 3 min, and then rapidly cooled
by liquid nitrogen to the predetermined crystallization
temperature 7,.. The T. range was chosen to avoid crys-
tallization on the cooling step and to obtain crystallization
times no longer than 60 min. The heat flow evolving during
the isothermal crystallization was recorded as a function of
time, and the completion of the crystallization process was
detected by the leveling of the DSC trace. For a better
definition of the starting time (fy,,), for each isothermal
scan a blank run was also performed with the same sample
at a temperature above the maximum of melting endotherm
at which no phase change occurred [8]. The blank run was
subtracted from the isothermal crystallization scan and the
start of the process was taken as the intersection of the
extrapolated baseline and the resulting exothermal curve.
The isothermally crystallized samples were then heated
directly from T, up to melting at 10 K min~". The melting
temperature (7,,) was taken as the peak value of the
endothermic phenomenon of the DSC curve.

The melting enthalpy of samples with different crys-
tallinity degree was measured with the aim of obtaining
information about the possible presence of a crystal—
amorphous interphase. In order to obtain samples charac-
terized by different crystal/amorphous ratios, the polymers
were partially melted in DSC by heating to various
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Table 1 Molecular and thermal characterization data

Polymer M, M, /M Ist scan 2nd scan

TS/K AHS /T g7 ! TY/K Achi g ' K! TYK AHYT g™ ! T/K AH /T g7!
PBN 23,000 2.13 513 57 352 0.104 - - 513 50
PDEN 35,000 1.98 452 56 331 0.368 - - - -
PTDEN 16,000 2.25 433 40 320 0.343 409 3 433 3

? Number average molecular mass

" Polydispersity index

¢ Melting temperature

4 Heat of fusion

¢ Glass transition temperature
T Specific heat increment
€ Crystallization temperature

Heat of crystallization

temperatures in the melting range, quickly cooled inside
the instrument below the glass transition temperature and
reheated at 20 K min~".

The specific heat increment Ac,, associated with the
glass transition of the amorphous phase, was calculated
from the vertical distance between the two extrapolated
baselines at the glass transition temperature. The heat of
fusion of the crystal phase developed in spite of the melt
quenching was approximately calculated from the differ-
ence between the enthalpy associated with the melting
endotherm and the cold-crystallization exotherm.

Wide-angle X-Ray scattering measurements

XRD patterns were carried out using a PANalytical
X’PertPro diffractometer equipped with a fast solid state
X’Celerator detector and a copper target (A = 0.15418 nm).
Data were acquired in the 5°-60° 20 interval, by collecting
80 s at each 0.08° step. In situ XRD analysis was also
performed using an Anton Paar TTK-450 sample stage. The
sample was melted in the stage at 40 K above the melting
temperature, kept at this temperature for 3 min, and then
cooled at very fast speed to 273 K. Subsequently, the tem-
perature was increased at 20 K min~!, and the data col-
lection was performed at fixed temperatures by scanning
from 6 to 40° 20 degrees counting 20 s each 0.1° step (the
features of the X’Celerator detector each scan was com-
pleted in 40 s). The indexes of crystallinity (y.) were
evaluated from the X-ray powder diffraction profiles by the
ratio between the crystalline diffraction area (A.) and the
total area of the diffraction profile (A,), y. = AJ/A;. The
crystalline diffraction area has been obtained from the total
area of the diffraction profile by subtracting the amorphous
halo. The incoherent scattering was taken in the due
consideration.

Results and discussion

Preliminarily, the nature of crystalline phase present in the
three homopolymers under investigation has been evalu-
ated. The XRD patterns of the as-prepared PBN, PDEN,
and PTDEN are shown in Fig. 1, as it can be seen, in all
cases the reflections are large, revealing the small dimen-
sions of ordered domains and moreover some of them are
the result of several convoluted peaks. Nevertheless, the
shape of the profiles are characteristic of each polymer; in
particular, PBN shows the diffraction peaks characteristic
of the a-form [6]. Since at present the crystalline structures
of PDEN and PTDEN have been not yet described in the

Intensity/a.u.

PDEN

20/°

Fig. 1 X-ray diffraction patterns of the “as prepared” samples
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PTDEN
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PDEN
443 K

As prepared

20/°

Fig. 2 XRD patterns of the “as prepared” and well-crystallized
samples for PTDEN and PDEN

literature, and several trials were carried out to increase
their pattern quality.

The better patterns obtained are reported in Fig. 2.

The best pattern for PTDEN was obtained by melt iso-
thermal crystallization at 416 K. The reflections became
very sharp and resolved and were found at the 260 angles
6.2°, 17.9°, 18.9°, 20.7°, 21.5°, 23.1°, 24.4°, 26.9°, 27.8°,
and 28.9°. Annealing for 24 h at 443 K of PDEN caused
only a modest increase in crystallinity and peak resolution.
The corresponding pattern shows the main reflections at
9.6°, 21.5°, 22.3°, 26.9°, 30.3°, and 42.4°, and two others
having very weak intensity also at 14.6° and 17.1° and
many others at the highest angles. The isothermal crystal-
lization process at 416 K of PTDEN was observed by in
situ XRD analysis: the data collected are shown in Fig. 3.
After 20 min, some peaks rose from the amorphous halo.
Their intensity increased with time up to get the maximum
value 80 min after the starting of the process.

As far as PDEN homopolymer is concerned, samples
isothermally crystallized from the melt at different tem-
perature have been investigated: the corresponding WAXS
patterns are reported in Fig. 4.

As can be seen in Fig. 4 and from the data shown in the
inset, the crystallinity increased from 17 to 26%, even
though there was only a modest improvement of the pattern
quality and resolution respect to the “as prepared” sample.

Finally, the behavior of the parent homopolymer PBN
was also investigated to confirm the results reported in the
literature [7]. In Fig. 5, the XRD patterns of PBN samples
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Fig. 3 XRD patterns of PTDEN collected during the isothermal
crystallization at 416 K

TIK Xol%
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443 24
438 26

453 K

PDEN

447 K

443 K

438 K

Intensity/a.u.

20/°

Fig. 4 XRD patterns of PDEN samples isothermally crystallized
from the melt at the reported temperatures. In the inset the
crystallinity index values are reported

isothermally crystallized from the melt at different tem-
peratures are shown: as it can be seen, in all cases, the
phase which developed is o phase, but at 498 K two very
small reflections, located at angles where f-phase has the
most intense reflections, appeared.
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Fig. 5 XRD patterns of PBN samples isothermally crystallized from
the melt at the reported temperatures; asterisks indicate the position of
the two most intense reflections of -PBN

PBN
Cooled RT
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20/°

Fig. 6 XRD patterns collected during the isothermal crystallization
of PBN at 508 K and after the sample was cooled at room
temperature. Asterisks indicate the position of the most intense
reflections of f-PBN

To verify the coexistence of o and f§ forms at temper-
atures higher than 493 K, PBN was isothermally crystal-
lized from the melt at 508 K and XRD patterns were
collected during the isothermal crystallization process as
shown in Fig. 6, the contemporary crystallization of o- and

f-PBN phases occurred. Moreover, the /o ratio was found
to increase with crystallization time, but it reverse going
back to room temperature.

Melting behavior

Afterward, the melting behavior of the samples isother-
mally crystallized from the melt was considered. Figure 7
shows some typical calorimetric traces of PBN, PDEN, and
PTDEN, isothermally crystallized at various temperatures
(T,.) according to the thermal treatment described in the
“Experimental” section.

In the case of PBN, all the DSC curves are characterized
by multiple endotherms, which have been labeled as I, 11, *,
and III, respectively. Melting peak I is present at all the
T.’s investigated and appears as a small peak at a tem-
perature which is about 5 K higher than 7. Melting peak II
is also always present: its position shifts to higher tem-
perature and its magnitude increases with increasing T..
With respect to melting peaks * and III, they appear at all
the 7.’s investigated and their position remains unchanged
with T.. As clearly shown in Fig. 7, the ratio of the area of
melting peak * to that of melting peak III decreases as T is
increased. Multiple endotherms appear also in the ther-
mograms on heating of PTDEN, whose peaks have been
labeled with roman numerals from I to III in order of
increasing temperature. In this case too, a dependence of
the position and intensity of the endotherms on temperature
can be observed: in particular, endotherm I temperature is
approximately 5 K above T,; the position of melting peak
II shifts to higher temperature and its magnitude increases
with increasing the crystallization temperature. As regards
endotherm III, its position remains unchanged, whereas the
magnitude decreases with increasing 7... Both for PBN and
PTDEN, the observed dependence of the multiple endo-
therms on the crystallization temperature permits to
hypothesize the origin of each peak. In particular, peak I
can be considered the typical “annealing peak” and can be
associated with the melting of poorer crystals that grow at
T, between the larger crystals. Endotherm II can be ascri-
bed to the fusion of crystals grown by normal primary
crystallization during the isothermal period at Tg; its
dependence on the crystallization temperature, in terms of
both peak position and area, suggests that thicker crystal-
line lamellae develop with increasing 7.. The high tem-
perature melting peak (* and III in the case of PBN and III
for PTDEN) can be explained as the result of the melting of
crystals of higher stability and perfection, grown during the
heating run as a consequence of recrystallization or reor-
ganization of crystals initially formed during isothermal
crystallization. Finally, in the case of PDEN, only the
“annealing peak” and the endotherm due to the fusion of
normal primary crystals are observed. In general, there are
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Fig. 7 DSC melting PBN PDEN PTDEN
endotherms after isothermal
crystallization at the indicated 1 — 1 43 1 419
T.’s (heating rate: 10 K min~") ° ws O °
° % e e 4115
T 1l 0 I 408 I} 1
Il 483 "
| | 393 \//I_/\/\\_‘mi
T T T T T T T T T T
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TIK TIK TIK
Fig. 8 DSC melting PBN PTDEN
endotherms of PBN and PTDEN
scanned at the indicated heating
rates after isothermal T ’]‘ .
crystallization at 495 and 8 40 K min™' S 40 K min
410 K, respectively. The curves 5 20 K min™" S 20 Kmin "
have not been corrected for f m 10K min™ /\M
changes in the instrumental /I__/\/L’_LKF“L_L f/!’/“\/\—_’sm
signal with heating rate
I I I I I I I I 1
500 510 520 530 410 420 430 440 450
TIK TIK

two main reasons for the appearance of multiple melting
endotherms. More than one DSC endothermic peak can
result from the melting of different crystal types within the
samples, each present before thermal treatment [9-11].
Multiple endothermic peaks can also be due to partial
melting of some or all of the original material and its
reorganization into higher ordered material during the
thermal analysis before finally melting [12, 13]. In order to
confirm the possibility of melting-recrystallization pro-
cesses in the samples under investigation, the effect of the
heating rate on the melting phenomenon was evaluated. As
shown in Fig. 8, the magnitude of melting peak due to the
primary crystal increases as the heating rate is increased,
contrarily to the highest temperature melting peak, the
intensity of which regularly decreases with the heating rate.

The higher value of the heat of fusion of the melting
peak of the primary crystal at the faster heating rate indi-
cates that the crystals formed at 7. do not have enough time
to melt and recrystallize, confirming therefore a mecha-
nism based on melting and recrystallization of less per-
fect crystallites into thicker crystals melting at higher
temperature.

In addition, it is worth remembering that the multiple
melting endotherm phenomenon observed in PBN has been
already subject of intense studies and has been ascribed to
melting/recrystallization processes taking place during the
DSC scan [14-17]. In the case of PTDEN too, it is plau-
sible to ascribe the multiple melting peaks to melt-recrys-
tallization processes occurring during the DSC scan.

In order to compare the crystallization rates of the
samples under investigation, it is of great importance the
measurement of the equilibrium melting temperature (7,,°)
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to establish the rate of crystallization dependence on the
degree of undercooling, AT = T,,° — T.. One of the most
commonly used procedures to determine 7,,,° is the Hoff-
man—Weeks method [18]. The popularity of this approach
is due to its simplicity, needing only the experimental
melting temperature of the crystallites formed at 7. Nev-
ertheless, recently, Marand and co-workers [19, 20] dis-
cussed the validity of the assumption that represents the
basic premise of the linear Hoffman—Weeks treatment, i.e.,
the thickening coefficient for lamellae, y, taken as inde-
pendent of T, and time. As demonstrated by some results
that appeared in the literature [19-24], the linear extrapo-
lation, when carried out for lamellar crystals exhibiting a
constant y value, invariably underestimates 7;,° and leads
to an overestimation of the y value. In fact, the Hoffman—
Weeks procedure does not account for a significant con-
tribution to the difference between melting and crystalli-
zation temperatures arising from both the temperature
dependence of the fold surface free energy and the thick-
ness increment above the minimum (thermodynamic)
lamellar thickness. Neglecting this contribution causes an
underestimation of the equilibrium melting temperature
and an overestimation of the thickening coefficient. Not-
withstanding the above limitations, the experimental
melting temperatures (7,,) of PBN, PDEN, and PTDEN
crystallized at different 7.s were used to obtain information
on the equilibrium melting temperature (7,,°) by means of

the Hoffman—Weeks’ relationship [18]:
T =To(1 = 1/79) +Te/y (1)

where 7 is a factor which depends on the lamellar thick-
ness. More precisely y = I/I* where [ and [* are the
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Fig. 9 Peak temperatures of 575 PBN
(filled circle) 11 and (filled
square) 111 endotherms as a
. . 550
function of T, and linear
. . X
extrapolation according to the =
£ 525
Hoffman—Weeks treatment =~
|
500

913
470 | PDEN 465 | PTDEN
460 — 450
X X
S €
= 4501 = 44
440 420

475 500 525 550

T /K

thickness of the grown crystallite and of the critical crys-
talline nucleus, respectively. Note that Eq. 1 correctly
represents experimental data only when 7y is constant and
the slope of the curve in a plot of T, versus T, is
approximately equal to 0.5.

The peak values of endotherm II and III as a function of
T. are plotted in Fig. 9 for all the polymers under
investigation.

Endotherm 1II is clearly related to the original main
crystal population, and its location reflects the higher
perfection of the crystals grown at higher temperatures.
Melting endotherm III is observed at a rather constant
temperature characteristic of the material partially re-
crystallized into a more stable form on heating. As a
matter of fact, with the increment of 7., the originally
grown crystals improve their degree of perfection up to a
point at which no further recrystallization can occur
during the DSC run, and endotherm III disappears (see
the case of PTDEN). In Fig. 9, the linear extrapolation
of experimental data up to the T, = 7. line is also
drawn, and the 7,,° values obtained are 534, 463, and
450 K, for PBN, PDEN, and PTDEN, respectively. As
far as PBN homopolymer is concerned, 7,,° turned out
to be lower than those reported by other Authors and
this is probably due to the much lower molecular mass
of the sample under investigation [14, 15]. Moreover, the
melting point is found to be affected by the chemical
structure of the polymers and changes as follows:
T°peN > Tin°ppEN > Ti°prDEN- In order to explain such
trend, it has to be reminded that the melting temperature
value of a polymer depends on several factors, among
which chain flexibility and intermolecular bonding. The
lower melting temperatures for PDEN and PTDEN with
respect to PBN can be explained as due to the higher
flexibility induced in the polymer chain by the presence
of ether-oxygen or sulphur atoms. Finally, PDEN melts
at higher temperature in respect to PTDEN. This
behavior can be explained as due to the higher polarity
of oxygen atoms in respect to sulphur ones, which
implies stronger interchain interactions as well as to the
kind of crystalline structure and chain packing.

T T T T T T T T
385 415 445 475 400 420 440 460

T, /K T./K

Isothermal crystallization kinetics

The crystallization kinetics of PDEN and PTDEN unfor-
tunately could not be investigated because no appreciable
crystallization of the samples occurs in reasonable time.
The impossibility to investigate the melt isothermal crys-
tallization kinetics of PDEN and PTDEN indicates that the
introduction of ethero-atoms along PBN polymer chain
decreases significantly the ability of crystallizing, probably
due to high difficulties of stabilization of the required long-
range alignment.

As concerns PBN, the crystallization temperature range
where only a-phase forms were considered.

As well known, the analysis of the isothermal crystal-
lization kinetics can be carried out on the basis of the
Avrami equation [25]:

Xt =1- exp[_kn(t - tstart)n] (2)

where X, is the fraction of polymer crystallized at time , k,, the
overall kinetic constant, 7 is the time of the isothermal step
measured from the achievement of the temperature control,
ts.are the initial time of the crystallization process, as described
in the experimental section, and n the Avrami exponent, which
is correlated with the nucleation mechanism and the
morphology of the growing crystallites. X; can be calculated
as the ratio between the area of the exothermic peak at time ¢
and the total measured area of crystallization. The value of the
kinetic constant k,, is also frequently obtained by means of the
following relationship:

ky = 2/}, (3)

where t, is the crystallization half-time, defined as the
time required to reach X; = 0.5.

It is likewise worth remembering that Eq. 2 is usually
applied to the experimental data in the linearized form, by
plotting [In(—In(l1 — X;)] as a function of In(f — fgar),
permitting the determination of n and k,, from the slope and
the intercept, respectively.

The crystallization half-time ¢,,,, the parameter n, and
the kinetic constants k,, are collected in Table 2, as can be
seen, for all the samples under investigation, the overall
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Table 2 Kinetic parameters for the isothermal crystallization of o-

PBN
T./K t12/min n k/s™"

480 0.6 2.80 54 x 107
483 0.8 2.90 1,1 x 107°
486 1.6 2.90 3.9 x 1076
489 25 3.10 27 x 1077
492 4.1 2.90 1.1 x 1077
495 6.4 2.80 85 x 1078
498 11.0 29 43 x 1078

kinetic constant k, regularly decreases with increasing T,
as usual at low undercooling, where the crystal formation is

controlled by nucleation.

The Avrami exponent 7 is close to 3 for all the crys-
tallization temperatures investigated, indicating that the

crystallization process

originates from predetermined

nuclei and is characterized by three-dimensional spherulitic

growth.

Rigid-amorphous phase

As is well known, most of the highly ordered and rigid
semicrystalline polymers are characterized by the presence
of the so called “rigid-amorphous phase”, such as in the

Fig. 10 AH,, as a function of
(left panel) Ac,, at T, and (right
panel) X-ray crystallinity for:
upper plots PTDEN, lower plots

PDEN
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case of poly(ethylene terephthalate) [26], poly(butylene
terephthalate) [27], and poly(propylene terephthalate) [28],
to cite only the poly(alkylene phthalate)s. To the best of
our knowledge, nothing is reported in the literature on
PBN, PDEN, and PTDEN. Unfortunately, only the ethero-
atom containing polyesters could be investigated, being not
able to obtain samples of PBN characterized by different
crystal/amorphous ratio because of its very high crystalli-
zation rate.

To evaluate the existence of a rigid-amorphous phase in
the polyesters under investigation, we examined the rela-
tionship between Ac, at T, and AH,, of samples with dif-
ferent crystal/amorphous ratios. The experimental AH,,
versus Ac, data of PDEN and PTDEN, plotted in Fig. 10,
show a very good linear fit: as expected, Ac, steadily
decreases as the melting enthalpy (proportional to the
degree of crystallinity) increases. The extrapolation to
Ac, = 0 gives a value of 78 and 57 J g ! for AH,° of
PTDEN and PDEN, respectively. A different method was
also used for the calculation of AH,°. The enthalpies of
fusion of samples with different amorphous/crystal ratio,
determined by DSC measurements, were plotted as a
function of the corresponding crystallinity degree estimated
by means of X-ray analysis (see Fig. 10 right panels).

The melting enthalpy regularly increases as the crys-
tallinity increases, and the experimental data are well

100 100
80 — 80 —
T 60— T 60—
2 2
3 £
]<:1 40 — :<E1 40 —
20 —| 20 —
£ 4
0 T T T 0 T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0 20 40 60 80 100
1 -1
Ac,ld g7 K Xc
80 80
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represented by a straight line. AH,, of the perfect crystal
was obtained by extrapolation to a crystallinity of 100%.
The values of AH,,° were 80 and 65 J g~ for PTDEN and
PDEN, respectively, in good agreement with those
obtained from the AH,, — Ac, plots of Fig. 10 (left pan-
els), proving that neither for PTDEN nor for PDEN rigid-
amorphous phase has to be postulated. This result could be
related to the higher polymer chain flexibility in PTDEN
and PDEN (Tppen and Tgprpen lower than Tgpgy).

Conclusions

The data obtained display that the introduction along PBN
polymer chain of ether-oxygen or sulphur atoms lead to
significant variations in the final properties. In particular,

— the melting point decreases, due to the higher flexibility
of polymer chain and to a lower chain symmetry;

— the ability to crystallize is deeply lowered, due to a too
flexible chain in ether atoms-containing polyesters
which allow extensive convolution thereby preventing
stabilization of the required long-range alignment.

Finally, the increased chain flexibility in PDEN and
PTDEN could explain the absence of rigid-amorphous
phase in these two polymers.
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