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ABSTRACT: The crystallization kinetics of pure poly
(e-caprolactone) (PCL) and its blends with bisphenol-A
tetramethyl polycarbonate (TMPC) was investigated iso-
thermally as a function of composition and crystallization
temperature (T,) using differential scanning calorimetric
(DSC) and polarized optical microscope techniques. Only a
single glass-transition temperature, T,, was determined for
each mixture indicating that this binary blend is miscible
over the entire range of composition. The composition de-
pendence of the T, for this blend was well described by
Gordon-Taylor equation with k = 1.8 (higher than unity)
indicating strong intermolecular interaction between the
two polymer components. The presence of a high T, amor-
phous component (TMPC) had a strong influence on the
crystallization kinetics of PCL in the blends. A substantial
decrease in the crystallization kinetics was observed as the
concentration of TMPC rose in the blends. The crystalliza-
tion half-time (5 increased monotonically with the crystal-

lization temperature for all composition. At any crystal-
lization temperature (T.) the tys of the blends are longer
than the corresponding value for pure PCL. This behavior
was attributed to the favorable thermodynamics interac-
tion between PCL and TMPC which in turn led to a
depression in the equilibrium melting point along with
a simultaneous retardation in the crystallization of PC.
The isothermal crystallization kinetics was analyzed on
the basis of the Avrami equation. Linear behavior was
held true for the augmentation of the radii of spherulites
with time for all mixtures, regardless of the blend compo-
sition. However, the spherulites growth rate decreased
exponentially with increasing the concentration of TMPC
in the blends. © 2006 Wiley Periodicals, Inc. ] Appl Polym Sci
103: 3307-3315, 2007

Key words: isothermal crystallization kinetics; Avrami
approach; growth rate

INTRODUCTION

The crystallization behavior of blend containing at
least one semicrystalline polymer component is not
only of theoretical interest for understanding poly-
mer morphology, but also of basic importance in
practical operations such as in plastics fabrication as
extrusion and spinning of molten polymers. The
crystallization and melting behavior of crystalline
polymers are often influenced by the presence of other
components. It is well established that the structural
parameters such as lamellar thickness, crystal inter-
phase, and spherulitic growth rates are substantially
modified by further components.'™ Moreover, from
the thermodynamic point of view, a depression in
the equilibrium melting point would occur as a
result of specific interaction between the two compo-
nents of the blend and also because of changes in
the free energy required in the formation of crystals.
Determination of the interaction parameters between
two polymer components is crucial to understand
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the phase behavior and miscibility of the mixtures.
Special attention has been paid to evaluate the inter-
action parameter from the melting point depression
of crystalline polymer blends.

A huge number of literature studies for the influ-
ence of amorphous polymers on the crystallization
behavior of crystalline polymers have been re-
ported.*"* Ullmann and Wendorff* have shown that
the lamellar thickness of poly(vinylidene fluoride)
(PVDF) decreases with increasing the concentration
of poly(methyl methacrylate) (PMMA) in the blend.
The radial growth rate of poly(ethylene oxide) (PEO)
spherulites decreases and its half-time of crystalliza-
tion increases at a given crystallization temperature
in the PEO/PMMA and PEO/poly(vinyl acetate)
(PVAc) blends.> Many authors have also reported
the depression of the melting lpoints for crystalline/
amorphous polymer blends.®

Poly(e-caprolactone) (PCL) represents an important
class of semicrystalline polymers as a potential re-
placement for conventional polymers because of
its biodegradability, favorable miscibility with other
polymers, and low-temperature adhesiveness.'* Numer-
ous studies have been carried out for modifying PCL
by blending or copolymerization with other poly-
mers.">?* The miscibility of PCL/poly(styrene-co-acry-
lonitrile) (SAN) blend and the influence of acrylonitrile
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(AN) content in the copolymer upon blend miscibility
have been studied by Chiu and Smith.** They found
that SAN and PCL are miscible when the AN content
in SAN ranges from 8 to 28 wt %. Savoboda et al.*'**
studied the morphology of PCL/SAN blend via competi-
tion with spinodal decomposition. The kinetics of spino-
dal decomposition was quantitatively evaluated using
V, light scattering technique. Vanneste and Groeninckx>
investigated the miscibility and phase behavior of PCL/
SAN/poly(styrene-co-maleic anhydride) (SMA) ternary
blend by means of visual observation, light transmission,
differential scanning calorimetry (DSC), and dynamic
mechanical thermal analysis. The competition between
crystallization and phase separation of PCL/PS blend
has been investigated using small-angle X-ray scattering
by Li and Jungnickel. *

The isothermal crystallization kinetics can ade-
quately be described by Avrami analysis, which
remains the most popular method for obtaining in-
formation about bulk crystallization kinetics.”*" The
nonisothermal crystallization is rather complicated
and can be described either by a modified Avrami
analysis which considers the isothermal process as a
sequence of infinitesimally small isothermal stages®®
or by Ozawa analysis which uses the cooling rate
instead of the crystallization time in the Avrami
equation.’’”* All methods provide qualitative infor-
mation about bulk crystallization kinetics and should
be complemented by microscopic investigations.

The objective of the present work was to investi-
gate the influence of a high T, amorphous compo-
nent (bisphenol-A tetramethyl polycarbonate (TMPC)
with T, = 190°C) on the isothermal crystallization
kinetics of PCL in the blends using DSC and polar-
ized optical microscope. The crystallization kinetics
will be investigated as a function of TMPC composi-
tion at different crystallization temperatures. The
data will be analyzed on the basis of Avrami ap-
proach for the isothermal crystallization kinetics. In
addition the Hoffman-Weeks plot will be employed
to evaluate the equilibrium melting point for differ-
ent blend compositions. Consequently, the thermo-
dynamic interaction parameters will be obtained
from the melting point depression based on Flory—
Huggins approach. The crystal growth rates meas-
ured by polarized optical microscope as the radial
growth rate of spherulites will be analyzed as a
function of blend composition.

EXPERIMENTAL
Materials and sample preparation

The PCL used in this work was a commercial one of
Union Carbide Corporation, USA (PCL-767, M,, =
40,400 g/mol, M,,/M, = 2.61). TMPC was obtained

Journal of Applied Polymer Science DOI 10.1002/app

MADBOULY

from Bayer, Leverkusen, Germany; the molecular
weight (M,,) of TMPC is 40,000 g/mol.

The PCL and TMPC blends were prepared by dis-
solving the two polymer components in toluene. The
blend solutions were then cast onto Petri dishes and
left to dry at room temperature for about 3 days,
and after that, complete drying of the blends until
constant weight was accomplished under vacuum
for another 3 days at 80°C.

Optical microscope

The spherulitic morphologies of PCL in the blends
were observed with an Olympus BH-2 equipped
with polarizer, a video recording system, and an
exposure control unit (Olympus PM-20). The blends
were melted at 100°C for 5 min to erase the previous
thermal history and then were quickly quenched to
the crystallization temperature (T, = 40°C).

Thermal analysis

The calorimetric measurements were carried out using
a DSC Seiko Instrument EXSTAR 6000 in the atmos-
phere of dry nitrogen. The instrument was calibrated
with In, Sn, and Pb standards. The calorimetric glass
temperatures of the blends (T,,) were determined at
10°C/min heating rate. The T, was defined as the
temperature of the half of the step height in specific
heat curves.

The isothermal crystallization process can be sum-
marized by the following four experimental steps:

1. Rapid heating of the sample to the melting tem-
perature, T,, = 100°C (T,, is higher than the
upper limit of the melting endotherm).

2. Holding the molten sample at T,, for 5 min.

3. Rapid cooling at 70°C/min from T,, to the crys-
tallization temperature (7).

4. Isothermal crystallization of the semicrystalline
component in the blend at T = T..

The crystallization process was completed within
2-60 min according to the values of crystallization
temperatures. The optimum crystallization tempera-
ture range for pure PCL and blends was T, = 35—
45°C.

The melting points (T,,) for the blends that were
completely crystallized at different T, were also deter-
mined at 10°C/min heating rate.

RESULTS AND DISCUSSION
Glass-transition temperature

The prepared samples of PCL/TMPC were opti-
cally clear, and no structure was observed under the
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Figure 1 Calorimetric Ty, of the blends as a function of
composition (@). The dashed line is the calculated line
using Fox equation; while the solid line is the fitting line
given by Gordon-Taylor equation.

microscope even at very high temperatures (T <
280°C) above the melting temperature of PCL. The
calorimetric glass-transition temperatures Tg, of the
blends determined by DSC as a function of composi-
tion are demonstrated in Figure 1. Only one com-
mon T, was observed and its value was located
between the T, of the pure components, i.e., the two
components are miscible over the entire range of
composition. A number of empirical models were
proposed to predict the composition dependence of
glass-transition temperatures in miscible polymer
blends. The simple mixing rule, Fox and Gordon-
Taylor equations are some of those empirical mod-
els.**** This blend shows a negative deviation from
the linear mixing rule as observed in some other
polymer blends such as TMPC/ PS®*® and PaMSAN/
PMMA.*® The composition dependence of T, for this
blend can not be given by Fox equation which is
commonly used to describe the T, versus ¢ in many
polymer blends™:

1 w1 wr

T, Ty - T @
where w; and Ty; are the weight fraction and glass-
transition temperature of component i, respectively,
while T, is the glass-transition temperature of the
blend. The line (dashed line in Fig. 1) calculated from
the above equation is clearly deviated from the experi-
mental data and somewhat locates at lower tempera-
tures. This deviation from Fox equation may be attrib-
uted to the favorable interaction between the two
polymer components which leads in turn to higher T,
than that estimated by Fox equation. For this reason
we checked Gordon-Taylor equation®® to represent
the composition dependence of T, for this blend:

w1 Tgl + szng
g = T 1o

)

w1 + kw;

with k = AC,» /AC,1, where AC,» and AC,: are the heat
capacity change for pure PCL and TMPC, re-
spectively. This equation was derived based on ther-
modynamic arguments for the entropy of mixing of
two polymers, assuming temperature-independent
heat capacity increments and also assuming that mis-
cibility approached the segmental level. The value of k
is correlated to the intensity of the interaction between
the two polymer components. The solid line passes
through the values of the T, in Figure 1 is the calcu-
lated line using the above equation with k = 1.8 (the
best value obtained from the fitting). It is obvious that
Gordon-Taylor equation (solid line) gives a better rep-
resentation of the data than that given by Fox equa-
tion (dashed line). The value of k is higher than unity,
indicating that the two components are favorably
interacted with each other. This favorable interaction
is the direct reason for the negative deviation of T,
versus composition from the simple mixing rule. This
behavior suggests that when the intimate mixing takes
place, PCL molecules are more mobile than TMPC
because of the very low T, of PCL compared with that
of TMPC (Fig. 1). The molecules of PCL component
are then driven by this interaction force to surround
the TMPC monomer units. The presence of a high
number of PCL monomer units neighboring TMPC
monomer units as compared with simple mixing rule
would explain the observed negative deviation of T,
versus composition.

Equilibrium melting point and
interaction parameter

The depression in the melting point of crystalline
component in amorphous/crystalline polymer blends
can reveal important information about miscibility
and polymer—polymer interaction parameters. This
depression in the melting point can be related to
morphological and thermodynamical effects. The
morphological effect can be easily eliminated by using
the equilibrium melting point instead of the melting
point. Many authors use the Hoffman-Weeks®” plot to
obtain information on the equilibrium melting temper-
ature T, from measurements of T, for the sample that
was crystallized at different constant temperatures, T..
According to this procedure, the intersect of T, versus
T,, with the line defined by T. = T,, should yield T,%.
Typical Hoffman-Weeks plots for the pure PCL and
different blend compositions are shown in Figure 2.
Obviously the values of TY are strongly influenced by
composition, i.e., decrease with increasing the con-
centration of TMPC in the blend. The equilibrium melt-
ing points obtained by Hoffman-Weeks plots are
shown as a function of composition in the inset-plot of
Figure 2. The equilibrium melting point decreases line-
arly with increasing the concentration of amorphous
component (TMPC) in the blend.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 2 Hoffman-Weeks plots for PCL/TMPC blends.
The inset-plot shows the composition dependence of equi-
librium melting points T, obtained by Hoffman-Weeks
plots.

The melting point depression of the crystalline
polymer component in blend depends on the strength
of thermodynamic interaction between the two com-
ponents. Generally, for immiscible or partially misci-
ble polymer blends, there is no any depression in
the equilibrium melting point of the crystalline poly-
mer component. The depression in the equilibrium
melting point is typically observed in miscible blends
because of the favorable interaction between the
crystalline and amorphous components. The stronger
the interaction the higher the depression in the equi-
librium melting point. Study of the melting point
depression of the crystallizable component in a
binary polymer blend can lead to an assessment
of the Flory-Huggins interaction parameter y between
the blend components. This parameter results from
the condition that the chemical potential of the poly-
mer be identical in the melt and in the pure crystal-
line state.

One can evaluate y from the melting points T,
(mixture) and TU (pure substance) using Nishi—
Wang equation®® which was originally based on the
Flory-Huggins theory””*:

1 1 RV, {ln(pZ ( 1

T, T9  AH/V;

1 o2
"y P T APY

my a m_l
(©)

where the subscript 1 stands for the component,
which does not crystallize within the temperature
range of interest (TMPC) and 2 represents the crys-
tallizable polymer (PCL). V; and V, are the molar
volumes of the repeating units, ¢ stands for volume
fractions, m is the degrees of polymerization, and R
is the universal gas constant. AHy signifies the heat
of fusion of PCL per monomeric unit.

In the case of polymer/polymer mixtures, where
my and m, are very large, Eq. (3) reduced to the
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= 4

The Flory-Huggins interaction parameter y bet-
ween the two components can be easily derived from
Eq. (4) if one knows the equilibrium melting point
depression for a given composition (see the inset-plot
of Fig. 2). According to the original ideas of Flory and
Huggins, the interaction parameters should be inde-
pendent of composition. Under these conditions the
slope of the straight line passing through the origin of
the relationship 1/T,, — 1/T? versus ¢? should yield
x. The evaluation of the present data according to
the above relation (Fig. 3) clearly demonstrates the
breakdown of the simplifications. This breakdown
may suggest also the remaining of entropy effect. On
the basis of the aforementioned data it appears that
the equilibrium melting point depression for PCL/
TMPC blends result from extrapolating Hottman-—
Weeks plots, revealing the presence of interactions
between both components. The existence of such inter-
actions is also concluded from the composition de-
pendence of glass-transition temperature.
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Figure 3 Evaluation of melting point depression for
PCL/TMPC blend according to Eq. (4). For mathematical
reasons the function must pass through the origin. The
straight line shows how the experimental data strongly
deviated from Eq. (4).

Isothermal crystallization kinetics

Figure 4 represents a typical isothermal crystallization
process for PCL/TMPC = 80/20 blend at different
crystallization temperatures. The sample was melted
at T, = 100°C for 5 min and then rapidly quenched
to the crystallization temperature, T.. Obviously, the
crystallization process is strongly influenced by the
value of T,, i.e., the higher the value of T, the slower
the crystallization process. The isothermal crystalli-
zation kinetics can be analyzed using Avrami



ISOTHERMAL CRYSTALLIZATION KINETICS OF PCL/TMPC BLENDS 3311

Heat Flow

t'min

Figure 4 DSC thermograms for the isothermal crystalliza-
tion of PCL/TMPC = 80/20 blend at different crystalliza-
tion temperatures T.. The sample was melted for 5 min at
T,, = 100°C and then rapidly quenched to T,.

approach.”?® According to this theory the overall
crystallization process given by

Xy =1—exp(—kt") 5)

where X, is the weight fraction crystallized at a time
t, k is the rate constant (depending on the crystalliza-
tion temperature), and n is the Avrami exponent.
The rate constant k includes the combined effects of
nucleation and growth while n describes the crystal
growth geometry and nucleation mechanism.

X; can be obtained from the DSC signal recorded
during the isothermal crystallization process accord-
ing to the following equation:

t
x, = v dt ©
% d
Jo Gt

where the integral in the numerator is the heat gen-
erated at time f and that in the denominator is the
total heat generated up to the end of crystallization
process. The parameters n and k can for instance be
obtained from double logarithm plots of In(1 — X;)
versus t. An example for such an evaluation is shown
in Figure 5. From this figure one can evaluate
directly the crystallization half-time f;5 as the time
required for X; = 0.5. The value of ty5 or 1/ty5 is
normally used to describe the overall rate of crystal-
lization process. The value of fy5 as functions of
blend composition and crystallization temperature
will be discussed later.

Figure 6 shows the Avrami-type plot for PCL/
TMPC = 80/20 blend at different T,. The plot is
linear during the initial stage of the crystallization
process. A clear deviation from linearity is observed
later on. This behavior may be due to the change in

20 30 40 30
t/mim

Figure 5 Relative crystallinity X; as a function of crystalli-
zation time t for PCL/TMPC = 80/20 blend at different
crystallization temperatures T..

the crystallization mechanism from primary crystalli-
zation to secondary crystallization. The Avrami equa-
tion is based on the assumption that the radial
growth of the crystals occurs at a constant velocity,
which means that impingement of crystals with one
another does not occur. As a result, only the portion
of the crystallization isotherms associated with
primary crystallization (the first linear part or the
crystallization prior to impingement) was used for
the determination of the Avrami parameters.' The
effect of blend composition on the crystallization
kinetics can be simply represented in Figures 7 and 8
at constant T, = 40°C. Obviously the isothermal crys-
tallization kinetics greatly influences by the presence
of TMPC, i.e., the process slowed down with increas-
ing the concentration of TMPC in the blend. The val-
ues of n and k as functions of composition and tem-
perature are represented in Table I. The values of n in
most cases being nonintegral around 3 indicates an
athermal nucleation process followed by three-dimen-
sional crystal growth.*” However, the nonintegral
value of n suggests that n cannot be used to make
predictions concerning crystallization mechanisms.

log(-In(1-X}))

04 00 04 08 12 16 20
log(t'min)

Figure 6 Avrami-type plot for PCL/TMPC = 80/20 blend
at different crystallization temperatures T,.
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Figure 7 Relative crystallinity X; as a function of crystalli-
zation time ¢t for different PCL/TMPC blend compositions
at T, = 40°C.

The value of n is dependent on the molecular weight.
Other reasons for this anomalous value of n could be
isothermal thickening, molecular weight fractionation,
and so forth.*'*** The condition employed here
(crystallization temperature T, = 35-48°C) could favor
isothermal thickening. According to this measure-
ment, the rate constant k decreases strongly with
increasing the crystallization temperature and concen-
tration of TMPC in the blend. This behavior suggests
that the crystallization rate decreases greatly with
increasing T. and concentration of TMPC in the
blend. In agreement with current practice, the dimen-
sion of k (based on min) is omitted.

The composition dependence of crystallization rate
can be well described by the calculation of fy5 at
different T.. Figure 9 represents the relationship
between the crystallization temperature (T,) and fy5
for different blend compositions. For the three sam-
ples, the ty5 monotonically increases with the crys-
tallization temperature, as in the common behavior
of crystallization rates under cooling. At any crystal-
lization temperature, the ty5 of the blends are longer
than the corresponding value for pure PCL. This
observation leads to the conclusion that the crystalli-
zation of PCL is retarded in the blend because of
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Figure 8 Avrami-type plot for different PCL/TMPC blend
compositions at T, = 40°C.
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TABLE I
Kinetic Parameters of Avrami Analyses for Isothermal
Crystallization of PCL/TMPC Blends at Different
Crystallization Temperatures

wt% PCL T, (°C) n log k
100 41 2.1 -1.3
43 2.3 —2.6
45 3 -39
48 3.3 -7.6
80 35 3.3 —0.95
38 2.9 -1.5
40 2.99 -3.1
43 2.79 —3.819
60 35 2.64 -15
38 2.7 -1.99
40 2.75 —-3.8
43 2.8 —45

the hindrance effect of TMPC for arrangement of the
crystallizable chains of PCL. These results are in
agreement with Robeson measurements*® who stud-
ied the effect of polyamide (PA) on the crystalliza-
tion of poly(ethylene terephthalate) (PET) in PET/PA
blend. The isothermal crystallization at 180°C re-
vealed that the time required reaching the maximum
crystallization rate varied from 156 s for pure PET
to more than 1800 s for the 60/40 PET/PA blend.
The difference between the ty5 of the pure PCL
and the blends becomes quite clear and large with
increasing the crystallization temperature as can be
clearly seen in Figure 9. From these results it can be
deduced that the overall rate of isothermal crystal-
lization process of PCL is greatly depressed by addi-
tion of TMPC.

40
wit%e PCL
3 o 100
o 80

a 60

t, 5/ min
H

i’ 40 42 44 46
O
T,°C
Figure 9 Dependence of the crystallization half-time ty5
on the crystallization temperature T. for different PCL/
TMPC blend compositions.
Spherulite growth rate

It is expected that the morphology and spherulitic
growth rate will be strongly influenced by the crys-
tallization temperature and by the presence of a high
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Figure 10 Micrographs documenting the growth of PCL spherulites in PCL/TMPC = 80/20 blend at T. = 40°C for different
crystallization times. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

T, polymer component in the blend. One point of
interest is how the presence of high T, amorphous
component (TMPC) affects the kinetics of spherulitic
growth rate of PCL. It is also necessary to under-
stand how the TMPC is accommodated during the
crystallization of PCL. In one extreme case the TMPC
may be segregated with the uncrystallized melt of
PCL to the spherulite growth front which leads
in turn to an increase in the concentration of the
uncrystallized component at the spherulite front and
consequently the growth rate will be decreased at
the late stage of the crystallization process. As
another extreme, the TMPC may be incorporated
entirely into the body of the spherulite in the same
concentration as in the melt; in such case there will
be no change in the concentration during the crystal-
lization and consequently the spherulitic growth rate
will be constant overall the crystallization process.
Figure 10 shows an example for the isothermal
spherulitic morphology of PCL/TMPC = 80/20 blend
at T. = 40°C for different time intervals. Figure 11
demonstrates how the radius, R, of the spherulites
depends on crystallization time at T, = 40°C for dif-
ferent blend compositions. Obviously the growth
rate increases linearly with time for all compositions,
indicating that the TMPC is incorporated entirely
into the body of the spherulite and there is no change
in the concentration of the crystallized and noncrys-
tallized component at spherulite front during the

entire time of the crystallization process. Thus the
radial diffusion of the rejected noncrystallizable com-
ponent TMPC is outstripped by the more rapid
growth of the crystalline lamellae so that TMPC is
trapped between the growing lamellae. It must be
mentioned here that the linear behavior of R versus
t (Fig. 11) is only valid until near the point where
neighboring spherulites impinge. At longer anneal-
ing times, the value of R can not be determined
accurately. This is not a general behavior for all
polymer blends; for example, nonlinear spherulite
growth rate and phase change at the spherulite

60

B PCL
50 1 {0%, POL
40 4
=
.30 A
Cd .
20 50% PCL
IU b (] *
0 ; : :
0 20 40 0 30

t/min

Figure 11 Spherulites radius as a function of crystalliza-
tion time at T, = 40°C for different blend compositions.
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Figure 12 Spherulitic growth rate as a function of
weight fraction of TMPC at T. = 40°C for different blend
compositions.

growth front in isotactic polypropylene/partially
hydrogenated oligo(styrene-co-indene) blend was re-
ported by Lee.*” The author found nonlinear behav-
ior of the growth rate both at the two-phase region
inside the immiscibility loop and at one-phase region
just outside the loop.”” Previously we detected non-
linear spherulite growth rate for PEO in its mixtures
with tetrahydronaphthalene and oligo(ethylene oxide-
b-dimethylsiloxane) for different concentrations.*®
This nonlinear behavior was attributed to the segre-
gation and accumulations of the noncrystallizable
components to the spherulite growth front.*®

The slope of the linear relation (Fig. 11) decreases
strongly with increasing the concentration of TMPC
in the blend which leads to the same conclusion that
the crystallization kinetics of PCL retards to a great
extent in the presence of TMPC in the blend. Figure 12
reflects this fact very clearly since the spherulitic
growth rate (G = dR/dt) decreases exponentially with
increasing the TMPC concentration in the blend. The
difference in the glass-transition temperature of the
amorphous constituent and the crystallization tem-
perature is an important factor can strongly influ-
ence the spherulitic growth rate of the crystalline
component. In the present system, the T, of TMPC
(190°C) is much higher than the crystallization tem-
peratures of PCL (T, = 35-45°C). Therefore, both the
crystallization kinetics and the spherulitic growth
rate decrease strongly with increasing the TMPC
concentration in the blend. Another factor which can
be considered as a reason for the decreasing of the
spherulitic growth rate of PCL in the blend is the
dilution of the crystallizable component produced by
adding TMPC. It is also related to the change in the
chemical potential of the liquid phase due to the
specific interaction between the two polymer compo-
nents. This specific interaction can alter the free
energy necessary for the formation of critical nuc-
leus on the crystal surface and the mobility of both
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the crystallizable and noncrystallizable components.
The influence of mobility is predominant over the
influence of the surface free energy related to some
experimental parameters such as crystallization tem-
perature, composition of the amorphous component,
or the diffusion of amorphous component, thus lead-
ing to a decrease of the spherulitic growth rate.

CONCLUSIONS

PCL forms a miscible blend with TMPC over the
entire range of composition. Only one common glass-
transition temperature was determined; its composi-
tion dependence was well described using Gordon—
Taylor relation. The isothermal crystallization pro-
cess of PCL/TMPC blends was investigated at
different crystallization temperatures for different
blend compositions using DSC technique. The crys-
tallization kinetics was found to be strongly influ-
enced by the crystallization temperature T. and
composition of TMPC in the blend. The isothermal
crystallization kinetics of PCL and PCL/TMPC
blends could be well described using the Avrami
approach. The melting point of PCL was also greatly
depressed with increasing the content of TMPC in
the blend. From the analysis of the equilibrium melt-
ing point depression data, we could obtain information
on the Flory-Huggins interaction parameter, x. The
spherulitic radius of PCL in the blends was increased
linearly with crystallization time for all different com-
positions. In addition, the spherulitic growth rate was
decreased exponentially with increasing the TMPC
concentration in the blend. These experimental facts
suggested that the presence of a high T, amorphous
component in the blend retards the crystallization
kinetics of PCL to a great extent.
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