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A set of polypropylene (PP) fractions with similar molecular masses and molecular mass distributions but
different isotacticities have been investigated and their overall crystallization and crystal melting behaviours
determined by differential scanning calorimetry and time resolved small-angle X-ray scattering experiments.
The observations indicate that when the supercooling is high (AT > 48 K), only poor and imperfect
crystals can form, which are continuously annealed to more perfect crystals upon heating after isothermal
crystallization. On the other hand, below AT = 48 K, two different crystal morphologies are recognized
with their own crystallization kinetics and thermal stabilities. The Avrami treatment for the overall
crystallization kinetics of these PP fractions generally reveals a low Avrami exponent (n) compared with
the literature data. The overall crystallization and crystal melting behaviour can be correlated to the crystal
morphology change with supercooling, in particular to the ‘cross-hatching’ lamellar phenomenon uniquely
observed in the case of PP. The isotacticity effect on the overall crystallization processes and melting
behaviour are also focused upon.
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INTRODUCTION

The overall crystallization kinetics of isotactic poly-
propylene (i-PP) has been extensively studied by
dilatometry, microscopy, calorimetry, infra-red spectro-
scopy and wide-angle X-ray diffraction methods during
the last three decades. These studies all showed that the
overall crystallization of i-PP can achieve relatively high
percentages of the maximum crystallinity, and can be
best described by an Avrami expression over the
wide isothermal crystallization temperature range'=2'.
Exponents of between n =3 and n =4 were found in
most of the experiments. Furthermore, Majer® observed
that different thermal histories in the melt may lead to
a change of the Avrami exponent. By applying a
two-stage crystallization model?%23, Hoshino et al.!!
found a reasonable description for results of X-ray
experiments using an Avrami exponent n, = 3.9 for
primary crystailization, and n, = 1.8 for secondary
crystallization. Other values biased towards an Avrami
exponent of n =2, instead of n= 3, were found by
calorimetry and analysed by Godovskii and Slonimskii!?
and Godovskii!® in terms of a possible different
nucleation mechanism. On the other hand, Pratt and
Hobbs!® determined the Avrami exponent of n = 3 by
differential scanning calorimetry (d.s.c.) and depolar-
ization microscopy. Carfagna et al.’® showed that in the
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presence of unmelted materials, namely seeds, the n values
ranged from 0.5 to 1.6, which differs from typical
values?%2! of n = 3. When the melt is initially heated
to 473K and above, for suitable crystallization
temperatures, the Avrami exponent increases to n = 4,
indicating a change from an athermal to thermal
nucleation!®. With increasing the seed concentration
(seed crystallinity percentage), the Avrami exponent n
decreases. Low Avrami exponents were also found in the
crystallization of polyethylene when unmelted materials
were present?!.

The melting behaviour of i-PP crystallized from the
melt has been a complicated issue for quite some time.
This is because the melting processes are affected not
only by molecular mass and molecular mass distribution,
but also by different configurations (isotacticity and
head-to-tail sequences) and different crystal structures
(¢, B and 7y forms). Equilibrium thormodynamic
properties of i-PP are still somewhat uncertain, in
particular, the equilibrium melting temperature of the «
form in i-PP has been reported in a range between
458.2 K and 481.2 K. Two sets of data are presented: at
the lower end of this temperature range in the vicinity
of 458.2-460.7 K are the reported data of Krigbaum and
Uematsu?* (459.2 + 2 K), Miller and Seeley?® (459.2 K),
Kamide and Toyama?% (460.7 K), Martuscelli et al.?°
(458.0K), Bu et al.?” (460.7 K) and Cheng et al.?8; at
the higher end of this range an equilibrium melting
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temperature of around 481.2 K has been extrapolated by
Fatou?®. Samuels®° has found that in i-PP fibres multiple
melting peaks arise when a certain minimum orientation
of the non-crystallizable chains is achieved. The high
temperature melting peak can be extrapolated versus
chain orientation along the fibre direction to an ultimate
melting point for fully oriented chains of 493.2 K. The
low temperature melting peak yields an extrapolated
value of 458.2 K.

The establishment of the heat of fusion of i-PP also
seems to be difficult. Literature data®' range from 2.65
to 10.9 kI mol™!. The data obtained from calorimetry
are averaged from five data sources and yield a value?!
of 6.9 + 0.8 kJ mol ™!, while data from melting temper-
ature depression due to the effect of a diluent generate
a higher value for the heat of fusion®*3% (9.1 + 1.6kJ
mol~!). A value of 8.7+ 1.6kJ mol~! was proposed
recently?’, which was indirectly supported by analyses
of microhardness®>® and calculations?” of residual
entropy of amorphous i-PP at 0 K.

Experimentally observed melting behaviour of meta-
stable i-PP crystals commonly shows multiple melting
peaks. The appearance of this phenomenon has been
attributed to such factors as two different crystal
structures>34-3% two different crystal sizes** and
recrystallization and perfection during heating®’.
Recently, it was reported that double melting peaks may
be attributed to the recrystallization of less ordered «,
form with a random distribution of up and down chain
packing with methyl groups to a more ordered «, form
with a well-defined deposition of up and down helices in
the unit cell*®~*°, This process of ordering (x; to a,)
transition at crystallization temperatures in excess of
420 K leads to a continuous change from one form to
the next.

In this paper, we attempt to correlate the overall
crystallization with melting behaviour through the
knowledge of crystal morphology for a set of
polypropylene (PP) fractions with similar molecular
mass and molecular mass distributions, but different
isotacticities. Combined with our previous studies on
their thermodynamic properties, linear crystal growth
rates and morphologies*!**2, we hope to achieve a better
understanding of crystallization and melting behaviour
of these PP fractions.

EXPERIMENTAL

Samples and materials

The PP fractions studied have been designated as
PP(X-20), PP(Y-17), PP(Y-9), PP(X-6) and PP(X-3).
Detailed information about their molecular masses,
molecular mass distributions, isotacticities and equi-

librium thermodynamic properties are given in Table 1.
The structure analysis has been described previously*!+42.

The dried PP samples were ready for ds.c.
measurements with a typical sample mass of 0.5-1.0 mg.
The weights of the reference and sample pans were
controlled to within +0.002 mg. The PP samples were
enclosed in hermetic aluminium pans. All ds.c.
experiments were carried out under a dry nitrogen gas
purge of flow rates 40-60 mlmin~!. The dried PP
fractions of about 40 mg each were put into aluminium
cups for small-angle X-ray scattering (SAXS) measure-
ments. The samples were melted on a hot plate in vacuum
at 478 K for Smin and cooled to room temperature
before experiments.

Instrumentation and experiments

A DuPont 9900 thermal analysis system was used for
d.s.c. measurements and the isothermal crystallization
exotherm of the PP fractions was analysed. The samples
were heated to 20 K above their respective melting
temperatures (see Table 1) on a hot stage and held there
for 5 min. The samples were then quickly shifted to the
d.s.c. cell where a predetermined crystallization temper-
ature, T,, was maintained. The exothermic processes were
recorded, and then integrated at various crystallization
times, t.. At high crystallization temperatures where the
crystallization processes are slow, instead of recording
the exothermic processes with respect to time, the
isothermal crystallization was interrupted at various
crystallization times. They were then heated to 20 K
above their respective melting temperatures without
prior cooling. The endothermic peaks were used for the
kinetic analyses. In order to study the thermal history
effect on crystallization, the samples were heated to
different temperatures in the melt, as well as different
residence times at these temperatures. The selected
residence temperatures were 1 K, 10 K and 40 K above
the respective melting temperatures (7able 1), and the
selected times were 1 min, 10 min and 20 min. The d.s.c.
was calibrated according to the standard procedures.

SAXS experiments were conducted on a Cu K, X-ray
source generated by a Rigaku 12 kW rotating anode. The
X-ray beam was monochromatized with a graphite
crystal. A SAXS goniometer was used with a 50 cm
vacuum chamber and a positional sensitive detector
(Braun OED 5cm) attached to the end of the
goniometer. Lorentz corrections of the SAXS data were
conducted by multiplying the intensity, I (counts per
second ), with s? (s = 2sinf/4, where A is the wavelength
of the X-ray, 1.54178 A). A hot stage was attached on
the sample holder. For isothermal measurements,
thermal treatments of the samples were the same as
described in the d.s.c. experiments.

Table 1 Molecular characteristics and thermal properties of the PP fractions

Assignment M, x 1073 M, /M, [sotacticity T, (K) AH; (kJmol™1)?
PP(X-20) 202 2.6 0.988 457.0 8.68
PP(Y-17) 159 23 0.978 456.0 8.66
PP(Y-9) 189 3.0 0.953 4534 8.61
PP(X-6) 209 1.8 0.882 446.2 8.47
PP(X-3) 190 1.6 0.787 436.2 8.28

“Data taken from references 41 and 42

POLYMER, 1992, Volume 33, Number 4 729



Isotacticity in polypropylene fractions: J. J. Janimak et al.

RESULTS

Overall crystallization

Typical d.s.c. melting traces for the fraction PP(X-6)
are shown in Figure 1. The sample was crystallized at
400.2 K, corresponding to a supercooling of approxi-
mately 46 K, for different crystallization times. Two
endothermic peaks can be clearly distinguished. With
increasing time, both peaks develop with their own
kinetics. All other PP fractions exhibit similar double
melting peak endotherms as shown for PP(X-6) in
Figure 1. This double melting behaviour appeared wih
greater clarity in the lower isotactic PP fraction and was
extensive over the temperature range studied. The
experimental heats of fusion for these fractions have been
converted to plots of volume fraction crystallinity v° (p.,
p. and Ak are quoted from references 41 and 43).

Figure 2 shows the Avrami plot based on the data from
Figure1 for PP(X-6). The Avrami exponents of
crystallization for the two melting peak materials are
slightly different. This has been denoted as n,(h) and
n,(I) for the high and low melting peak materials,
respectively, in the initial stages of crystallization with
Avrami exponent n,. The Avrami exponent for the low
melting peak material in this case is found to be
n,(!) = 1.86 while the Avrami exponent, n,(h), is 1.36.
The overall Avrami exponent 7, has also been analysed
from the records of the exothermic crystallization peak
with time at this crystallization temperature. The value
for the Avrami exponent of n,, which is a combined
contribution of the low and high melting peak materials,
is found to be n, = 2.0 for PP(X-6). In general, the
Avrami exponents for these fractions are between 1.8 and
3.2 over the crystallization temperature range studied. A
tendency of increasing values of n with decreasing
supercooling is apparent. At a constant supercooling, on
the other hand, this value decreases with isotacticity.

t.(h)

Endotherm

13

1 l ]
400 410 420 430

Temperature (K)

Figure 1 Dusc. heating traces for PP(X-6) after isothermal
crystallization at 400.2 K (AT = 46 K ) at different times without prior
cooling
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Figure 2 Avrami plots of degree of crystallinities for both low (A)
and high (@) melting peak developments with time for PP(X-6)
crystallized at 400.2 K. Data are from Figure 1

Figure 2 also shows that at approximately the same
crystallization time, a secondary crystallization process
is observed in each of the two cases. However, the levels
of crystallinity where these secondary crystallization
processes start for the low and high melting peak
materials are different. In the case of the low
melting peak material, the volume fraction crystallinity
approaches approximately 25% prior to the initiation of
the secondary crystallization process. This is contrasted
with 14% volume fraction crystallinity attained for the
high melting peak materials. After approximately 13 h of
crystallization time at T, =400.2K for the above-
mentioned fraction, the secondary crystallization process
is initiated. This phenomenon is recognized by the
distinct change in slope as shown in Figure 2. The Avrami
exponent of n, (1) and n,(h) for both low and high melting
peak materials have been found to be very small, in the
range 0.2-0.4. Kinetic data for PP(Y-17), PP(Y-9) and
PP(X-3) are shown in Figures 3a—c, and are represented
in the form of Avrami plots based on the data of the
exothermic crystallization processes. With increasing
isothermal crystailization temperature, one finds that the
Avrami exponent n, slightly increases while the intercept
logK decreases. It has been found that when the volume
fraction crystallinity reaches 25% for PP(X-3), 39% for
PP(X-6),43% for PP(Y-9), 53% for PP(Y-17) and 65%
for PP(X-20) at the same degree of supercooling, the
secondary crystallization process is initiated which leads
to a gentler increase in the Avrami plots (Figures 2 and
3).

Values of n, for the initial stage of crystallization for
these PP fractions also appear to be independent of melt
residence temperature and time as shown in Figure 4.
PP(Y-9)fraction was kept in the molten state at different
residence temperatures (1 K and 40K above its
melting temperature) and different residence times
(1 min, 10 min and 20 min) before it was crystallized at
400.2 K. The crystallization kinetic data all fall onto the
same line within a margin of +5% error. Of particular
interest is the time at which the transition between the
different crystallization processes occurs, which for these
fractions corresponds to the times of spherulitic
impingement (spherulitic morphology as observed from
polarized light microscopy*?). It is also noted that at the
spherulite impingement times, these fractions exhibit
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Figure 3 Avrami plots between log[-In(1-v°)] and log t, for (a)
PP(Y-17), (b) PP(Y-9) and (c) PP(X-3)

different crystallinities. This would seem to indicate that
the secondary crystallization process associated with n,
proceeds on a finer textural scale within spherulites.

Changes in lamellar long spacing during crystallization
Time resolved SAXS experiments for these PP fractions
crystallized at different temperatures lead to the
observation of changes in lamellar long spacing with time.
Figures 5a and b show the SAXS curves for PP(X-20)
crystallized at 4242K (AT=36K), and PP(X-6)
crystallized at 390.2K (AT=56K), respectively, as
examples. For all five fractions, we have carried out
isothermal crystallization SAXS measurements in the
temperature ranges equivalent to the study in overall

crystallization kinetics and crystal melting (supercooling
range between 90 K and 36 K ). In the whole temperature
range studied, disregarding different isotacticities of the
samples, it is interesting to note that at short
crystallization times the first scattering peak from SAXS
observations generally shows relatively large lamellar
long spacings. With increasing time, and at low
crystallization temperatures as shown in Figure 5b, a
decrease of the spacing is evident by a broadening of the
scattering peak. This leads to a gradual decrease of the
lamellar long spacings. In the case shown in Figure 5b,
the initial lamellar long spacing is 28.9 nm. After
complete crystallization, it decreases to 28.0 nm. On
the other hand, at high crystallization temperatures
(Figure 5a), the appearance of the second scattering peak
with smaller lamellar long spacing (30.4 nm) appears
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Figure 4 Avrami plots of the isothermal crystallization of PP(Y-9)
at T, = 400.2 K for different residence temperatures (solid symbols,
459 K ; open symbols, 498 K) and times: O, 1 min; A, 10min; O,
20 min
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Figure 5 Time resolved SAXS curves for isothermal crystallizations
of (a) PP(X-20) at T,=4422K (AT=36K); (b) PP(X-6) at
T.=3902K (AT= 56 K)
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much later in comparison with the first scattering peak
(40.3 nm). The two peaks merge only after prolonged
times where, again, the secondary crystallization process
starts. The difference between two lamellar long spacings
thus increases with crystallization temperature, as shown
in Figures 5a and b.

Crystal melting

As described above, two melting peaks can be observed
during heating after isothermal crystallization. At high
supercooling (AT> 48 K) the low melting peak is
generally broad, and usually starts only a few degrees
above the crystallization temperature. The high melting
peak is, however, quite sharp and relatively narrow. It
is interesting to pursue the change in heats of fusion for
these two melting peak materials with supercooling at a
heating rate of 10 K min~!. Figure 6 shows that in a
supercooling range of about 60 K the ratio, R, of
Ahe(1)/Ah(h), changes with supercooling. Here Ahg(l)
and Ah¢(h) represent the heats of fusion of the low melting
peak and the high melting peak materials, respectively.
For these fractions, the parameter R initially increases
with decreasing supercooling and reaches a maximum.
As much as a factor of two exists between the lowest and
the highest isotacticity fraction at a constant supercooling
in this region. Further increase in crystallization
temperature reduces the value of R (see Figure 6). The
crystallization temperature where the maximum R
appears is different for each fraction. Nevertheless, the
degree of supercooling which corresponds to these
temperatures is essentially the same: 48 + 2 K. Further-
more, below AT = 48 K, the absolute value of R seems
to be still dependent upon isotacticity. For PP(X-20)
and PP(Y-17), with higher isotacticity content, R is
generally greater when compared with those fractions of
lower isotacticity content.

To study the relationship between these two melting
peak materials, different heating rates were applied for
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these fractions crystallized at constant supercooling, and
Figure 7 shows linear relationships between the para-
meter R and logarithmic heating rate for four fractions
crystallized at AT = 56 K. Surprisingly enough, the value
of R decreases with increasing heating rate, indicating
that a higher heat of fusion for the high melting peak
material is observed at a faster heating rate. Again, the
change in absolute value of R accelerates with decreasing
isotacticity. For each particular fraction, on the other
hand, this change slows down with increasing crystal-
lization temperature (or decreasing supercooling ). Below
AT =48 K the change of R with heating rate vanishes
or even reverses, i.e. the value of R increases with heating
rate, as illustrated in Figure 8 for PP(Y-17) fraction.
Figure 9 shows the relationship between the meiting
and crystallization temperatures of PP(Y-17) and
PP(X-3), as examples. For all the fractions two melting
peaks are observed, and their corresponding melting
temperatures are designated to be T(I/) for the low
melting peak temperature, and T, (k) for the high melting
peak temperature, respectively. It is clear that T, (/)

Ln (heating rate)

Figure 8 Relationships between R and logarithmic heating rate for
PP(Y-17) crystallized at AT=46K (A, A) and AT=36K (@).
Changes of Ah(l) with heating rate are also included
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Figure 9 Relationships between T,, and T, for PP(Y-17) (@) and
PP(X-3) (A)

increases with crystallization temperature at a faster rate
than T,(h) in the temperature range studied. Both
peaks may eventually merge at certain supercoolings.
Decreasing the supercooling further leads to the
reappearance of double melting peaks.

DISCUSSION

The major concern in this paper is the establishment of
a relationship between overall crystallization and crystal
melting behaviour with prior knowledge of the crystal
morphology. However, a new proof of the equilibrium
melting temperature of i-PP is discussed first.

Recently, a set of PP oligomers with very narrow
molecular mass distributions and high isotacticities was
synthesized**. The melting temperatures of these
oligomers were measured after synthesis and precipi-
tation from solution. The d.s.c. heating traces showed
that their melting peaks were quite narrow and sharp.
Also, premelting behaviour was apparent in these
oligimers*®. We estimate that up to a molecular mass of
2040 (extended chain length of 10.5 nm) extended chain
crystals can be formed. Based on Pino’s data** and our
own, one can extrapolate the melting temperature of i-PP
to an infinite chain length. If a linear relationship between
T,, and 1/x is applied, the extrapolated value is 457.4 K,
where x is the degree of polymerization. When a more
complicated function is used, it fits to

T,, = 460.8(x — 4.893)/(x + 0.807 Inx — 3.109) (1)

with the equilibrium melting temperature of 460.8 K. The
latter extrapolation yields a better fit with a standard
deviation of 0.72%. This type of extrapolation leads to
a value at the lower side of the reported equilibrium
melting temperature range of i-PP?*~28, Many years ago,
Flory proposed a thermodynamic theory to describe
equilibrium melting temperatures for pure oligomeric
compounds and fractions*®. However, it is difficult to
apply his theory to illustrate this case due to unknown
surface free energy contributions and premelting
phenomena on the chain end surfaces, as indicated
recently in the case of n-alkanes and low molecular mass
polyethylene fractions*’,

Turning to our major concern, what are the causes of
the multiple melting peaks? From Figure 7 it is evident

480

that the observations reported here contrast with those
reported in the literature®” 83!, To explain the
phenomenon shown in Figure 7, one expects that crystals
grown during isothermal crystallization at high super-
coolings (AT > 48 K ) are small and imperfect, and their
metastabilities are low. Melting temperatures of these
crystals should not be very much above their
crystallization temperatures. After isothermal crystal-
lization, a heating process without prior cooling perfects
the crystals continuously, which leads to a higher melting
temperature. However, as soon as these imperfect crystals
are annealed, further perfections become increasingly
difficult. Since a slower heating rate allows the imperfect
crystals to be annealed over a relatively longer period of
time compared with faster rates, the crystals can
consequently attain a certain degree of perfection, and
thus gain a certain degree of stability (a decrease of Gibbs
free energy). As a result, they maintain that metastability
for relatively long times and melt at lower temperatures.
On the other hand, a faster heating rate may not allow
much time to anneal these crystals, while the imperfect
crystals, at least part of them, may easily be reorganized
and/or recrystallized at higher temperatures to form
more stable crystals which have high melting peaks. The
experimental evidence is shown in Figure 6, where the
values of R increase with decreasing AT. This explanation
is also supported by the observation in broadness of the
low melting peaks, by the linear relationship between R
and logarithmic heating rate, from SAXS measurements
(Figure 5b) where a relatively broad scattering peak is
observed, and by transmission electron microscopy
observations where both radial and tangential lamellae
have the same lamellar thicknesses*?. This indicates that
in this supercooling region, the multiple melting peaks
observed are caused by perfection and/or recrystal-
lization of imperfect crystals initially grown during
isothermal crystallization. Interestingly enough, as
illustrated in Figure 7, the change of R with logarithmic
heating rate decreases with increasing isotacticity. On the
other hand, at a constant supercooling the value of R
increases with the isotacticity (Figure 6). Namely, the
heat of fusion attributed to the low melting peak materials
increases with the isotacticity. This reveals that imperfect
crystals with a relatively high isotacticity are less easy to
anneal further compared with those with low isotacticity
after they reach a certain metastability.

From Figure 6, it is evident that a change in the value
of R at AT=48 K for all these fractions indicates that
the crystal melting behaviour does indeed change around
this supercooling. This can also be observed from
Figure 9. The merger of two melting peak temperatures
for these fractions is also approached in this vicinity of
supercooling. When AT < 48 K, it is found that the ratio
R is almost independent or slightly increases with heating
rate (Figure 8). Two primary crystallization processes
can be observed (Figures! and 2). This can be
understood by the fact that two populations of crystals
exist, with different thermal metastabilities in this
supercooling region. From the SAXS measurements, two
scattering peaks are clearly distinct, revealing two
different long spacings of lamellar crystals (Figure Sa).
The TEM study indicates that the lamellae grown along
the radial direction (R lamellae) usually have a thicker
lamellar thickness, compared with those grown almost
perpendicular to the radial direction (T lamellae, or
cross-hatching lamellae), having a thinner lamellar
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thickness*2. The quantitative thickness data obtained
from the SAXS measurements correspond well to the
data observed from the TEM study. Furthermore, in
Figure 6, the value of R decreases with isotacticity. This
is related to the observation from TEM where the T
lamellar population decreases with isotacticity*>. There-
fore, in this supercooling region two melting peaks are
attributed to the two different crystal morphologies,
although annealing of the low melting peak material to
the high one can still be observed. It has been reported
that further decrease in supercooling will lead to a single
high melting peak3”. This indicates that the population
of T lamellac decreases with supercooling, which is
consistent with polarized light microscopy and TEM
observations®*#32, The a, and «, forms with different
crystal symmetries can only be distinguished*®*~*° beyond
AT < 35K.

Besides the recognition of the two primary crystal-
lization processes when AT < 48 K, the Avrami exponent
(n) decreases with isotacticity at a constant AT. This
indicates that three-dimensional development of the
crystal texture is influenced by isotacticity; this is
consistent with the TEM observations*?. On the other
hand, a slight increase in the value of n for each fraction
with decreasing supercooling when AT > 48 K may be
related to high homogeneous nucleation densities and
fast crystal growth of these PP fractions. Also, in contrast
to the earlier work®!?, it is evident that no residence
temperature and time effects can be observed in these PP
fractions (Figure 4). Therefore, the relatively low Avrami
exponent, which is essentially insensitive to thermal
history, is not due to the number of primary nuclei present
but is rather a result of the polymer characteristics.
Incidentally, it is interesting to find that the change of
crystal melting behaviour at AT=48 K for these PP
fractions corresponds very well to the regime transition of
II/1I1 observed in crystal growth study*2.

It is finally worthwhile paying attention to the time
resolved SAXS observations shown in Figures 5a and b
since they may serve as a first step in the understanding
of crystal texture development. Apparently, the develop-
ment of crystal texture begins with the formation of
radially elongated leading lamellar crystals, with
subsequent growth between the leading lamellae. At high
supercoolings compact textures have been observed from
both polarized light microscopy and TEM*Z, The
subsequent growth is concomitantly within these leading
lamellae and usually occurs not far behind them. The
lamellar long spacings for both lamellae are essentially
indistinguishable. This leads to a rather broad SAXS
scattering peak as observed in Figure 5b. At low
supercoolings, more open textures appear. The sub-
sequent growth is predominantly the ‘in-filling’ type. This
type grows considerably later®334. As a result, two
distinct lamellar long spacings can be observed. The large
spacing corresponds to the growth of leading lamellae,
and the small spacing to growth of in-filling lamellae. The
cross-hatching lamellae (T lameliae) can grow from an
epitaxy either on the leading lamellae or on the in-filling
lamellae. From the TEM study, two different lamellar
thicknesses for both R lamellae and T lamellae have been
recognized when these fractions are crystallized in this
supercooling region*2. One expects that the SAXS results
shown in Figures5a and b may represent some
correlation with the development of R and T lamellae.
Nevertheless, quantitative correspondences are still
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awaited for further experimental observations in both
TEM and SAXS studies.
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