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ABSTRACT: The morphology, formed as a combined effect of crystallization and liquid-liquid phase
separation in a binary blend of poly(e-caprolactone) (PCL) and polystyrene oligomer (PSO) at various
trystallization temperatures and compositions, is investigated by means of small-angle X-ray scattering
(SAXS). This PCL-PSO system shows an UCST-type phase separation. The observed shape of the SAXS
curve and the angular position of the intensity peak varied significantly with the PCL composition in the
blend, but slightly with the crystallization temperature. Parameters characterizing the morphology, such as
lamellar thickness and amorphous layer thickness, are evaluated by employing the Hosemann—Tsvankin
model and the Vonk-Kortleve model. These results can be successfully explained in terms of the phase
diagram consisting of the binodals and melting points of PCL.

Introduction

Crystallization and liquid-liquid phase separation are
dominant factors to produce the morphology in polymer
blend systems.! The systems usually used for the study
of phase separation are blends of noncrystalline polymers
in order to exclude the morphology based on the crys-
tallization of constituent polymers.23 Inthe morphological
studies by crystallization, on the other hand, compatible
blend systems over the whole composition range are used
to avoid morphology formation owing to the phase
separation between components.* In practical cases, in
which the blend systems are made up of more than two
components, crystallization will take place simultaneously
with phase separation over the temperature range we are
interested in. The phase diagram for polymer blends
exhibiting both crystallization and phase separation has
been theoretically predicted.>7 Burghardt,” for example,
calculated the phase diagram of such systems on the basis
of the Flory-Huggins theory. Morphological control by
these two phase transitions was also performed in a poly-
propylene/ethylene-propylene copolymer system by Hash-
imoto et al.8® Thus, two kinds of phase transition may
introduce an additional complexity to the morphology of
such polymer blend systems. Another example of the
competition of two phase transitions is the combination
of macro- and microphase separations recently studied
theoretically!® and experimentally!t!2 for a block copol-
ymer-homopolymer system. Inthesestudies, complicated
morphology due tothe cooperation of two phase transitions
is also predicted. The phase diagram of such a system is
not merely the sum of the contributions from the two phase
transitions, and additional features appear in it.12

Wehave recently investigated the morphology produced
in a binary blend of poly(e-caprolactone) (PCL) and
polystyrene oligomer (PSO) at various PCL compositions
(¢pcL) by small-angle X-ray scattering (SAXS) when
PCL crystallized at room temperature (25 °C).13 This
system has an UCST-type coexistence curve with the
critical composition about ¢pcr = 0.2, and PCL crystallizes
below 60 °C in the blend. The crystallization of PCL in
the blend was accompanied by the phase separation even
for the blend quenched into the region outside the
coexistence curve, and consequently a complicated mor-
phology was built up, which was intimately dependent on
¢pcr. Tanaka and Nishil415 observed spherulite growth
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in a PCL-PSO blend by optical microscopy, and showed
that at a high crystallization temperature (~50 °C), the
PSO-rich phase came out from the spherulite to make a
macroscopic phase on the boundary of the spherulite, while
at a low temperature (~35 °C), the PSO-rich phase
remained within the spherulite to make the microscopic
picture of the spherulite complicated.

In the present study, the morphology of a PCL-PSO
system with various PCL compositions is investigated by
means of SAXS when PCL crystallizes at various tem-
peratures spanning from room temperature to 45 °C. The
parameters characterizing the morphology, such as lamel-
lar thickness and amorphous layer thickness, are evaluated
by employing the Hosemann-Tsvankin model'® and the
Vonk-Kortlevel model.'” The bulk crystallinity of the
blend is independently measured by differential scanning
calorimetry (DSC). The dependence of such parameters
on the crystallization temperature and PCL composition
is discussed on the basis of the phase diagram of this
system.

Experimental Section

1. Materials and Sample Preparation. The poly(e-capro-
lactone) (PCL) used in this study was supplied by Scientific
Polymer Products Inc. and was fractionated with a benzene-
methanol system. The weight-average molecular weight M, was
13 700, and the ratio of My, to number-average molecular weight
M., M,/M,, determined by gel permeation chromatography was
1.44. Polystyrene oligomer (PSQ) was purchased from Tosoh
Corp., and M,, and M, /M, were stated to be 950 and 1.13,
respectively.

The solvent-casting method was employed to prepare blends
with various ¢pcL ranging from 0.55 to 1. PCL and PSO were
dissolved in a common solvent, benzene, at a polymer concen-
tration less than 15%. The solution was cast on a glass plate,
and the solvent was evaporated under vacuum at 80 °C for more
than 40 h. The blends thus prepared were kept until use at a
temperature above the melting temperature of PCL (T, ~ 60
°C) to prevent crystallization of PCL.

2. Differential Scanning Calorimetry (DSC) Measure-
ment. A Perkin-Eimer Model 4 DSC was used to determine the
melting temperature of PCL and the crystallinity of the blend.
The sample, first annealed at 100 °C for 1-2 h, was crystallized
by quenching at the maximum rate (=500 °C/min) to the
crystallization temperature T, ranging from 25 to 45 °C, followed
by heating at a rate of 10 °C/min. The quench process was
completely finished before PCL started to crystallize. The
crystallinity and the melting temperature of PCL in the blend
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were evaluated from the peak area and peak position of the en-
dothermiccurve. The exothermic heat flow during crystallization
was also monitored to ensure the end of crystallization at each
T

3. Small-Angle X-ray Scattering (SAXS) Measurement.
SAXS measurement was performed with an Anton Paar small-
angle camera equipped with a Kratky collimation system and a
step-scanning scintillation counter.’® The radiation used was
Cu Ka (A = 1.542 A) monochromatized by a Ni filter. The
entrance and counter slits were 100 and 75 um in width, and the
distance between the sample and the plane of registration was
21.7 em. The X-ray intensity scattered from each blend was
measured after the blend was quenched from the melt and
completely crystallized in the sample cell of the SAXS apparatus
at temperatures between 25 and 45 °C. The time necessary for
each measurement was ca. 12 h, during which the sample was
kept at each T within the fluctuation of 0.5 °C.

The correction for the slit-width and slit-length smearing was
made by Glatter’s algorithm!8 to obtain the desmeared intensity
Iieee The background intensity Ipsk, which represents the
deviation from Porod’s law,!®, was estimated by the relation

Ides(s) = As_4 + Iback (1)

in an intermediate range of s, where A is a constant and s = 2
sin 8/, 28 being the scattering angle. After extrapolating the
corrected intensity to smaller and larger angles by Guinier’s and
Porod’s laws, respectively, the one-dimensional correlation
function y(x) was evaluated by the relation

J;’sﬁd,. cos (27xs) ds

j; "2 4en ds

4. Analysis of SAXS Curve. The SAXS curve obtained
was analyzed by means of two models: (1) the Hosemann—Ts-
vankin model (H-T model)!¢ and (2) the Vonk-Kortleve model
(V-K model).'” Inthe H-T model, which is based on a paracrys-
talline model, each crystalline domain consists of N alternating
stacks of lamella and amorphous layer. The one-dimensional
scattered intensity i(s) («s2l4e) calculated from this model is
given by

o 1-£)u —f,,))
i(s) = {Re (N—Tf‘f:— +

1-£,\2
Re [ f,(l — J.) [1- (/™M ]}Z(s) /(27%% (3)

where Z(s) represents the profile of the transition layer between
the lamella and amorphous layer,? N is the mean number of the
repeating unit of the lamella and amorphous layer within a
crystalline domain, and /. and f, are the Fourier transforms of
the thickness distribution functions h.(x) and h,(x) of the lamella
(with mean thickness /) and amorphous layer (/,) given by

hyx) = —1 (— G- lf) @
¢ 3c(27")1/2 exp 26,2

hy(x) = — G-t 5
T g em TP\ g ®

Equation 3 was fitted with the experimentally observed s2/4e(s),
and the parameters included in the model were evaluated as a
function of both ¢pcr, and T.. The fit was achieved by the Gauss—
Newton algorithm. The estimation of the best values of the
parameters, I, l,, and N was relatively easy, and their values
were not much affected when a fairly wide latitude was given to
the choice of other parameters. In contrast, meaningful values
of the parameters 8. and 3, were difficult to evaluate, and therefore
no attempt has been made to interpret them.

The Kortleve-Vonk model is characterized by the infinite
number of alternately repeating units of the lamellae dnd
amorphous layers. The one-dimensional correlation function

y(x) = 2)
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Figure 1. Lorentz-corrected X-ray intensities, scattered from

blends crystallized at 33 °C containing 100, 90, 85, 80, 70, and
60% poly(e-caprolactone), are plotted against s (=2sin8/)\). The
plots for data with PCL/PSO = 90/10, 85/15, 80/20, 70/30, and
60/40 are shifted upward successively for legibility.

derived from this model is expressed as

y(x) =

X 1 ®
= X(F S 05 e+ Py + Prgge - 1)

(6)
where x. is the linear crystallinity defined as x. = l./(l. + {,) and
the terms P, indicate convolution products of the type q.hahe
.. g¢ in which

00 = fhix)/x.dz, ™

Four parameters, I, la, B¢, and B,, were determined by curve fitting
with the information about the long period L (=[; + [,) determined
from the first maximum of the experimental correlation function.
Two parameters, . and /,, were sensitive to the shape of the
correlation function experimentally obtained and therefore can
be easily determined.

Results

1. Scattering Curves. The phase diagram of the PCL-
PSO system, the cloud point curve and melting points of
PCL, is shown in Figure 1 of our previous paper.l3 This
system has an UCST-type coexistence curve with the
critical composition in the vicinity of ¢pcL = 0.2. The
melting temperature of PCL in the blend decreases steadily
with decreasing ¢pcL and intersects with the cloud point
curve at about ¢pcL = 0.5.

Figure 1 shows the Lorentz-corrected X-ray intensity
scattered from various blends crystallized at T, = 33 °C,
where the abscissa is the wavenumber s = 2 sin 8/X with
20 being scattering angle. The angular position of the
intensity peak, which is ca. 0.07 nm™! for pure PCL (¢pcL
= 1), shifts toward smaller s with decreasing ¢pcL and is
invarizble (s ~ 0.06 nm-!) for the blends with ¢pcr < 0.7.
Another characteristic feature of Figure 1 is the appearance
of the scattered intensity at smaller s, which is insignificant
for ¢pcr > 0.85 and hence not detectable, but becomes
more significant with decreasing ¢pcr. The SAXS in-
tensity for ¢pcr < 0.85 looks like the superposition of the
two scattered intensities, one having a peak at s ~ 0.06
nm!and arising from the crystalline domain which consists
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amorphous domain

crystalline domain

Figure2. Schematicillustration of the two-phase structure based
on the one-dimensional model of Hosemann. The size and
proportion of the amorphous domain will change significantly
with PCL composition ¢pcr. and crystallization temperature 7.
The lamella and amorphous layer repeat alternately within the
crystalline domain.
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Figure 3. Lorentz-corrected X-ray intensities, scattered from
the blend containing 55% PCL and crystallized at 33, 38, 42, and
45 °C, are plotted against s.

of the alternating stacks of the lamella and amorphous
layer,and another increasing intensity as s — 0, suggesting
its peak is probably located at s = 0. In our previous
study,!3 the second component of the scattered intensity
was attributed to the two-phase structure of the system
consisting of the crystalline domain (with the lamella and
amorphous layer) and amorphous domain. At pure PCL,
the system is a mosaicstructure of the crystalline domains.
As the PSO component increases, the amorphous domain
appears among crystalline domains (Figure 2), and even-
tually the amorhpous domains develop into a matrix phase
by connecting to each other. The average electron-density
difference between two domains makes the scattered
intensity at lower angles. The amorphous domain is rich
in PSO and is produced by the combined effect of the
crystallization and liquid-liquid phase separation when
PCL crystallizes in the blend. The mechanism for the
formation of this amorphous domain will be discussed later.

Figure 3 shows the Lorentz-corrected intensities for the
blend with ¢pcL = 0.55 crystallized at the various tem-
peratures indicated. The angular position of the peak is
ca. 0.06 nm for all T, while the second component of the
scattered intensity appearing at smaller s decreases in
magnitude with increasing T. compared to the first
component scattered from the crystalline domain. This
decrease could be observed for all samples that have a
pronounced second component of the scattered intensity.
The intensity change with T, observed in Figure 3 is
probably explained by two factors: (1) composition change
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Figure 4. Correlation length £, evaluated from the Debye-
Bueche relation, is plotted against crystallization temperature
T. (0) PCL/PSO = 70/30; (@) 55/45.

of the amorphous domain and of the amorphous layer
between lamellae within the crystalline domain during
the course of crystallization, which will be discussed later,
and (2) temperature dependence of the thermal expansion
coefficient, which is generally larger for the liquid state
than for the solid state. That is, the electron-density
contrast between two domains (crystalline and amorphous
domains), which yields the SAXS intensity at smaller s,
is strongly dependent on the temperature compared to
that between the lamella and amorphous layer within a
crystalline domain.

2. Analysis with the Hosemann-Tsvankin Model.
For blends containing a large amount of PSO (smaller
¢pcL), the curve fitting with the theoretical intensity (eq
3) becomes impractical because of the presence of the
extraneous component of the scattered intensity at smaller
s, as shown in Figures 1 and 3. This scattered intensity
was assumed in our previous paper!? to arise from the
two-phase structure with the crystalline and amorphous
domains (Figure 2) and was approximated by the Debye-
Buecherelation,?! which is generally applicable and widely
used for the scattered intensity from the two-phase
structure on the assumption that the X-ray intensity
scattered from the crystalline domain is negligibly small
at smaller s

K - 2\ 43
Tole) = 1P )€ ®
(1 + 4r%s%?)
where p; and pg are the electron densities of phases 1 and
2, £ is the correlation length of the electron-density
fluctuation, and K is a constant. The equation can be
rewritten as

1 - 4rlEls? + 1
Uaeel®)1Y? Koy~ 012 [K((p, - p2>2>531’/‘z’9

)

Therefore, the plot of 1/[l4es(s)]1/2 against s? should be
linear at smaller s. An example of such a plot is shown
in Figure 5 of our previous paper.!3 Every SAXS curve
that has the pronounced second component of the scattered
intensity shows a straight line at smaller s, and the
estimation of the best values of the parameters £ and K-
{(p1~ p2)?) was relatively easy from the slope and intercept
of the line. The plot of ¢ thus evaluated is shown in Figure
4 as a function of T, where { is ca. 9.5 nm irrespective of
T. and ¢pcL, though the data points are somewhat
scattered. This £ value is larger than /. and I, (described
below), suggesting that the blend has another superstruc-
ture in addition to the repeating structure of the lamella
and amorphous layer within a crystalline domain.
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Figure 5. Lamellar thickness /., evaluated through the curve
fitting with the theoretical intensity based on the Hosemann-
Tsvankin model, is plotted against T, (a) and ¢pcr (b).
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Figure 6. Amorphous layer thickness /,, evaluated through the
same procedure as described in Figure 5, is plotted against T (a)
and ¢pct (b).

The I, and I,, evaluated by employing the Hosemann-
Tsvankin model (H-T model), are plotted in Figures 5
and 6. Figure 5a shows the T, dependence of [, and Figure
5b the ¢pcL dependence of I, where [, increases linearly
with T,, while it is invariable against ¢pcr. Figure 5
suggests that the size of the PCL lamella formed in the
blend is significantly affected by the crystallization
temperature but not by the existence of the amorphous
component, PSO, in the system. Figure 6 shows the T
and ¢pcr dependence of [, where [, changes smoothly with
T., while it shows a complicated change against ¢pcy; s
increases linearly as ¢pcL deviates from 1, with the slope
being larger as T, decreases, and levels off over the
intermediate range of ¢pcL. This variation of [, reflects
the ¢pcrL dependence of the peak position of the SAXS
intensity shown in Figure 1 and was previously interpreted
by the combined effect of the crystallization and liquid-
liquid phase separation during the process of morphology
formation in the system.!3 When PCL crystallizes in the
blend, the amorphous component, PSO, is rejected from
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Figure7. Average number N of the repeating unit of the lamella
and amorphous layer within a crystalline domain is plotted against
T. (a) and ¢pcr (b).

the lamellae to be accommodated in the amorphous layer
between lamellae. This PSO makes I, larger with de-
creasing ¢pcr. For further decrease of ¢pcr, liquid-liquid
phase separation takes place in the amorphous layer to
make another new domain which is rich in PSO. The
difference in the average electron density between the new
domain and the crystalline domain (consisting of the
lamella and amorphous layer) brings about the increasing
SAXS intensity at smaller s. When the phase diagram of
this PCL-PSO system is taken into account, the mech-
anism of this morphology formation may be slightly
modified. The details will be mentioned in the Discussion.

Figure 7 shows the T, and ¢pcL dependence of N, where
N represents the average number of alternating units of
lamellae and amorphous layers when they are approxi-
mated to be perfectly arranged within a crystalline domain.
The value of N increases with T, suggesting that the
packing of the lamellae within a crystalline domain, and
thus the crystallinity within the domain, becomes more
perfect with increasing T.. The ¢pcL dependence of N
can be interpreted in terms of the ¢pcL dependence of /.
N decreases linearly as ¢pcr deviates from 1, which reflects
the distortion of the repeating unit of the lamella and
amorphous layer because of the intervention of PSO in
the amorphous layer. Further decrease of ¢pcr, results in
a constancy of N, in agreement with the fact that the
characteristic sizes within a crystalline domain, such as
the lamellar thickness and amorphous layer thickness, do
not change with the decrease of ¢pcr.

3. Analysis withthe Vonk-Kortleve Model. Figure
8 shows the T, dependence of [, evaluated on the basis of
the Vonk—-Kortleve model (V-K model). This /.increases
certainly with increasing T and is invariable against ¢pcL,
though the data points are somewhat scattered. Figure
9 shows the ¢pcr dependence of [,, where the variation of
la against ¢pcL is the same as that in Figure 6b; first [,
increases with decreasing ¢pcr, and then it levels off at
intermediate ¢pcr. The T. dependence of I, cannot be
clearly observed in Figure 3. The V-K model includes
four parameters, [, l, 8¢, and B,, to be adjusted, in which
only [, and [, affect so much the shape and maximum
position of the correlation function. This means that a
small change in the shape of the experimental correlation
function, which may happen during the SAXS measure-
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Figure 10. Linear crytallinity x, evaluated through the curve
fitting with the theoretical intensity based on the Hosemann—
Tsvankin model, is plotted against ¢pcL. Thesolid line represents
the bulk crystallinity x’ measured by DSC. The T, dependence
-of x’ is negligibly small.

ment and data processing, seriously affects the final values
of I and [, and therefore leads to scattering of the data
points.

4. Comparison of Crystallinity by SAXS and DSC.
Figure 10 shows the ¢pc1 dependence of linear crystallinity
x, defined by x = I/ (Il + [.) and evaluated from the curve
fitting of the SAXS intensity with the H-T model, and
bulk crystallinity x’ estimated from the DSC measurement.
x decreases as ¢pcy, deviates from 1 and becomes invariant
over the intermediate range of ¢pcr. It reflects the
complicated change of [, against ¢pcL, as shown in Figure
6b. x increases with increasing T, mainly resulting from
the fact that the lamella becomes thicker with increasing
T.(Figure 5a). x’ decreases linearly with decreasing ¢pcL,
and the T, dependence was negligibly small.

The difference in the ¢pcL dependence of x and x’ can
be qualitatively explained by taking account of the
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difference of the two methods employed for the crystal-
linity measurement. The SAXS intensity reflects only
the structure within the crystalline domain and is inti-
mately dependent on the values of /; and /,. This means
that x is independent of the existence of the amorphous
domain outside the crystalline domain. The DSC ther-
mogram, on the other hand, reflects the whole crystallinity
of the system; the larger the portion of the amorphous (or
PSO-rich) domain becomes, the smaller x’ is, Thus the
large difference in the ¢pcr, dependences of x and x/,
especially over the intermediate range of ¢pcL, indicates
the complicated morphology formed by the combined
effect of the crystallization of PCL and liquid-liquid phase
separation in this PCL-PSO system.

Discussion

The SAXS curves obtained from the present PCL-PSO
system consist of two components of the scattered inten-
sity; one has a peak at ca. s = 0.06 nm™! and arises from
the crystalline domain consisting of alternating stacks of
the lamellae and amorphous layers, and the other increases
in intensity with decreasing s probably with the peak at
s =0and arises from the average electron-density contrast
between the crystalline and the amorphous domains
(Figure 2). The SAXS curve shows that the second
component of the scattered intensity grows steadily with
decreasing ¢pcr, (Figure 1), suggesting that the proportion
of the amorphous domain increases with decreasing ¢pcL.
The morphology formed in the system is strongly depen-
dent on ¢pcr, of the system; [, is invariable against ¢pcL
(Figure 5b), while [, and N change significantly with ¢pcL
(Figures 6b and 7b). The linear crystallinity, evaluated
from [, and l,, depends strongly on ¢pcL in accordance
with the ¢pcL dependence of [, while the bulk crystallinity
measured by DSC linearly decreases with decreasing ¢pcL
(Figure 10). The morphology formed in the system, on
the other hand, is not so sensitive against T, though [,
and therefore the linear crystallinity increase linearly with
increasing T..

The above results should be explained on the basis of
the phase diagram of the present PCL-PSO system, where
two phase transitions, binodals and crystallization of PCL,
take place over the same temperature range. The typical
phase diagram of such a system frequently appears in the
fields of inorganic materials and alloys?%23 and has recently
been calculated in the field of polymer blends by
Burghardt” on the basis of the Flory-Huggins type free
energy. With the aid of the phase diagrams studied in
such fields and thermodynamic principles, a schematic
illustration of the phase diagram of the present system is
constructed in Figure 11. Here L and C represent the
disordered (amorphous) and ordered (perfect crystalline)
phases, respectively. In the region denoted by L; + Lo,
two disordered phases coexist, and in the region denoted
by L + C, the disordered phase and perfect crystals of
PCL coexist. At the temperature T}, three phases, A, B,
and C, coexist thermodynamically (eutectic temperature).
It is important to note that the blend, quenched into the
L + C region even if it is outside of the coexistence curve,
always yields two phases; one is rich in PSO and the other
consists of perfect crystals of PCL. In the case of the
crystallization of polymers, the amorphous layer of PCL
always exists between lamellae, and this layer can ac-
commodate the PSO expelled from the lamella during the
morphology formation to result in its composition vari-
ation. Therefore, it will be useful for better understanding
to add the third phase M represented by a dashed curve
in Figure 11, which represents the amorphous phase
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Figure 11. Speculative illustration of the phase diagram of the
PCL-PSOsystem. L and C denote liquid and perfect crystalline
phases, respectively, and the dashed curve represents the lower
limit of ¢pcr in the amorphous layer between lamellae.

between lamellae and may be interpreted as a limit of the
miscibility of PSO at the amorphous layer; the amorphous
layer can accommodate PSO down to the composition
represented by the dashed curve, but further increase of
PSO results in phase separation in this layer. This third
phase is not in thermodynamic equilibrium and may
change in composition according to the thermodynamic
and kinetic factors (or 7, and ¢pcL) in the process of
morphology formation, but necessarily appears in the
crystallization of polymers.

When a blend is quenched from the homogeneous state
(E) into a two-phase region (F, T = T,) denoted by L +
C, the superstructure begins to appear in accordance with
the reduction of free energy owing to the combined factor
of crystallization and liquid-liquid phase separation. That
is, the blend system has two phases in thermodynamic
equilibrium: one is amorphous and rich in PSO and the
other is pure PCL, and therefore the crystalline domain
structure (alternating structure of lamella and amorphous
layer) is favorable to reduce the free energy of the system.
The amorphous component, PSO, rejected from the
lamella during the crystallization process of PCL, is partly
accommodated in the amorphous layer between lamellae.
As a result, the blend has a morphology consisting of two
domains; one is an amorphous domain having the com-
position of ¢, and the other is a crystalline domain made
up of the lamella (perfect crystal) and amorphous layer
with the PCL composition of ¢, (Z¢.). At ¢pcL not far
from 1, the ratio of the amorphous domain to the crystalline
domain is too small to yield the X-ray intensity at smaller
s scattered from the contrast between two domains. As
¢pcr decreases further, the proportion of the amorphous
domain increases in the system, resulting in an increase
of SAXS intensity at smaller s compared to the scattered
intensity coming from the crystalline domain. Evenif the
blend is quenched to higher temperatures below the eu-
tectic temperature (F', T = T,'), the phase relation at T’
is not largely different from that at T., so that the
crystallization temperature does not significantly affect
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the morphology formed in the system and eventually does
not affect the SAXS intensity. In the practical case, the
kinetic factor intervenes into the process of the morphology
formation within the system and may dramatically change
the composition of the amorphous layer ¢,. In addition,
at low crystallization temperatures, the mobility of the
new amorphous domain is not enough to grow into a large
domain and stay near the crystalline domain. At high
crystallization temperatures, on the other hand, the
mobility of the amorphous domain is sufficient that the
domains may coagulate and grow larger. Thus, the kinetic
factor may play an important role in the process of
morphology formation in the PCL-PSO system. The
microscopic observation by Tanaka and Nishil415 in the
PCL~PSO system, for example, clearly demonstrates the
morphology difference when the blend is crystallized at
different temperatures.

The validity of the above explanation should be con-
firmed by the quantitative comparison of the experimental
data and the complete phase diagram of the system. The
speculative discussion based on the tentative phase
diagram, however, seems to be able to explain most of
qualitative features observed in the SAXS and DSC
measurements.
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