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ABSTRACT: The nonisothermal crystallization kinetics
of poly(vinylidene fluoride) (PVDF) in PVDF/dibutyl
phthalate (DBP)/di(2-ethylhexyl)phthalate (DEHP) blends
via thermally induced phase separation were investigated
through differential scanning calorimetry measurements.
The Ozawa approach failed to describe the crystallization
behavior of PVDF in PVDF/DBP/DEHP blends, whereas
the modified Avrami equation successfully described the
nonisothermal crystallization process of PVDF. Two
stages of crystallization were observed in this analysis,
including primary crystallization and secondary crystalli-
zation. The influence of the cooling rate and DBP ratio in
the diluent mixture on the crystallization mechanism and

crystal structure was determined by this method. The Mo
approach well explained the kinetics of primary crystalli-
zation. An analysis of these two methods indicated that
the increase in the DBP ratio in the diluent mixture
caused a decrease in the crystallization rate at the primary
crystallization stage. The activation energy was deter-
mined according to the Kissinger method and also
decreased with the DBP ratio in the diluent mixture
increasing. � 2007 Wiley Periodicals, Inc. J Appl Polym Sci
107: 2109–2117, 2008
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INTRODUCTION

In recent years, poly(vinylidene fluoride) (PVDF) has
become a favorable choice as the polymer matrix for
gel polymer electrolytes because of its appealing
properties, such as a high dielectric constant (8.4) and
strongly electron-withdrawing functional groups
(��C��F). Generally, two methods for preparing
PVDF gel electrolytes are employed. The most com-
mon approach is solvent casting.1,2 According to this
method, a mixture of PVDF, a lithium salt, and a
plasticizer is formed in a glovebox and cast to form a
gel electrolyte. On the other hand, the phase-inver-
sion technique, suggested by Gozdz and coworkers,3,4

is also a popular method for preparing PVDF gel elec-
trolytes.5–8 Compared with the solvent-casting tech-
nique, this method involves an activation process in
which a PVDF membrane is soaked in an electrolyte
solution and requires critical moisture control only at

the time of assembling the cells. In the activation
process of the phase-inversion technique, the liquid
electrolyte is trapped in the porosity of the PVDF
membrane but also swells the amorphous phase of
PVDF. The PVDF crystalline phase is retained during
the activation process and acts as a mechanical sup-
port for the PVDF gel electrolyte. The amorphous
phase of PVDF helps to entrap a large amount of liq-
uid electrolyte and contributes to preventing the leak-
age of the electrolyte. It seems that the crystallinity of
the PVDF membrane becomes a double-edged sword
for the ionic conductivity and mechanical strength of
the PVDF gel electrolyte.

In the phase-inversion technique, highly porous
PVDF membranes have been extensively prepared
by Bellcore’s technology (air casting of a polymer so-
lution),3–5 modifications of Bellcore’s technology,6,7

and immersion precipitation.8 Recently, a few stud-
ies have been reported on the preparation of PVDF
microporous membranes via thermally induced
phase separation (TIPS).9–11 TIPS has outstanding
merits12 and presents an alternate method for pre-
paring porous PVDF membranes in the fabrication
of gel polymer electrolytes. The TIPS process begins
by the dissolution of a polymer in a diluent at an
elevated temperature. The solution is then cast or
extruded into the desired shape (flat sheet, hollow
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fiber, etc.) and cooled to induce phase separation
and polymer solidification (crystallization or glass
transition).12,13 The diluent is extracted by solvent
exchange, and the extractant is usually evaporated
to yield a microporous structure. When thermal
energy is removed from the homogeneous polymer–
diluent mixture, TIPS can occur via solid–liquid (S–
L) or liquid–liquid phase separation, depending on
the polymer–diluent interaction, the composition,
and the thermal diving force. In the process of TIPS,
the crystallization of the polymer usually passes
through a primary crystallization stage and a sec-
ondary crystallization stage.14 Secondary crystalliza-
tion as a source of structural evolution has been
investigated in a variety of polymers, including eth-
ylene/octane copolymers, poly(ether ether ketone),
polycarbonate, and PVDF.15–18 In these studies, sec-
ondary crystals forming in the secondary crystalliza-
tion are described as small clusters of organized
neighboring chain segments forming bundlelike or
fringed-micellar structures with virtually no or few
reentry foldings. Obviously, these secondary crystals
contribute little to the mechanical strength of the gel
polymer electrolyte. On the other hand, these sec-
ondary crystals make the swelling of the liquid elec-
trolyte in the polymer more difficult.

The possible use of polymer nonisothermal crys-
tallization in the TIPS process has been demon-
strated only with S–L phase-separation TIPS.19,20 The
purpose of this work is to determine a proper
nonisothermal crystallization model to describe the
overall nonisothermal crystallization kinetics of
PVDF in PVDF/dibutyl phthalate (DBP)/di(2-ethyl-
hexyl)phthalate (DEHP) blends with only S–L phase
separation during the TIPS process and to examine
whether secondary crystallization of PVDF exists
and how the diluent and cooling rate affect the
kinetics of crystallization. The information gained
from this study will be useful for determining the
conditions of membrane fabrication via TIPS.

EXPERIMENTAL

Materials

The PVDF (number-average molecular weight 5
59,000, weight-average molecular weight/number-
average molecular weight 5 2.88) used in the study
was provided by Solvay Silexis (Brussels, Belgium)
(1012) with a melt flow index of 1.5. DBP and
DEHP, supplied by Guangdong Guanghua Chemical
Factory Co., Ltd. (Guangdong, China), and Shanghai
Chemical Reagent Co., Ltd. (Shanghai, China),
respectively, were used for preparing the diluent
mixture without further purification. Both DBP (bp
5 3408C) and DEHP (bp 5 3868C) have boiling
points much higher than the melting point of PVDF

(1748C) and dissolve in each other to become a ho-
mogeneous diluent mixture.

Preparation of the PVDF/DBP/DEHP
blend samples

Diluent mixtures (DBP/DEHP) of known concentra-
tions were prepared beforehand. Because PVDF
hardly dissolves in pure DEHP at a higher tempera-
ture (2408C), diluent mixtures with the ratio of DBP
to DEHP over 27.5 : 72.5 (w/w), in which PVDF dis-
solves more quickly to form a homogeneous solution
at 2408C, were chosen as the latent diluents for this
study. PVDF and the diluents were mixed at an ele-
vated temperature (2408C) under a nitrogen atmos-
phere for at least 3 h in a glass vessel with a stirrer.
Then, the glass vessel was quenched in liquid nitro-
gen to solidify the sample and broken open to obtain
the solid polymer–diluent sample. Homogeneous
samples of a 30 wt % PVDF blend with diluent mix-
tures of various DBP ratios were prepared; the
details are given in Table I.

Observation of the phase separation

The type of phase separation for different systems
was observed with optical microscopy. The prepared
sample was heated slowly to 2508C and held at that
temperature for 1 min to ensure complete dissolu-
tion. Subsequently, the sample was cooled to a
required temperature at 108C/min to give rise to
phase separation. Four systems (S40, S50, S80, and
S100), which had only S–L phase separation under
observation, were chosen to study the nonisothermal
crystallization behavior of PVDF in diluent mixtures.

Nonisothermal crystallization process

The nonisothermal crystallization behavior of PVDF
in diluent mixtures was studied on a PerkinElmer
(Waltham, MA) DSC-7. All differential scanning cal-
orimetry (DSC) measurements were performed
under a nitrogen atmosphere, and sample weights
varied from 4 to 7 mg. To reveal the nonisothermal
crystallization kinetics, the sample was first heated
to 2508C and maintained at this temperature for 5
min to erase the thermal history, and then the sam-
ple was cooled at rates of 5, 10, 20, and 308C/min
to the final temperature of 408C. The exothermic

TABLE I
Compositions of Various PVDF/DBP/DEHP Blends

Number PVDF (wt %) DBP/DEHP (w/w)

S40 30 40 : 60
S50 30 50 : 50
S80 30 80 : 20
S100 30 100 : 0
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curves of heat flow with different cooling rates were
recorded and investigated.

RESULTS AND DISCUSSION

Nonisothermal crystallization

Figure 1 shows typical DSC curves of heat flow as a
function of temperature at different cooling rates for
different PVDF/DBP/DEHP blends.

In nonisothermal crystallization, the onset temper-
ature of crystallization (To), the end temperature of
crystallization (Te), and the exothermic peak temper-
ature of crystallization (Tp) were determined from
curves, and the results are shown in Table II. All
these parameters (To, Te, and Tp) shifted to lower
temperatures with the cooling rate increasing. This
observation is typical and common for most semi-

crystalline polymers while crystallizing nonisother-
mally. When the polymer was undergoing crystalli-
zation at a lower cooling rate, it remained for a lon-
ger time within a specific temperature range to
promote sufficient mobility of segments for the
growth of crystallization. When it was cooled at a
relatively rapid rate, however, segments were frozen
before the formation of regular crystallization, and
this reduced the crystallization temperature.

It was also evident that with an increasing DBP ra-
tio in the diluent mixture, all the parameters likewise
decreased. The overall feature in Table II is analyzed
in terms of the interaction between PVDF and the
diluent mixture and the viscosity of the system. The
estimated interaction parameter (v*), typically used
to interpret the interaction between the polymer and
the diluent, was estimated from the difference of the
solubility parameters between the polymer and the
diluent with the following expression:21

v
� ¼ Vm

RT
½½dd1 � dd2�2 þ ½dp1 � dp2�2 þ ½dh1 � dh2�2�

where Vm is a reference volume that equals the
molar volume of the specific repeating unit size of
the polymer; dd and dp are the dispersive and polar
terms of the solubility parameter, respectively; dh is
the hydrogen-bonding contribution to the solubility
parameter; 1 and 2 refer to the diluent and polymer,
respectively; R is the ideal gas constant; and T is the
absolute temperature. From the Hansen solubility
parameters of PVDF, DBP, and DEHP summarized
in Table III,22 it was found that the differences in the
Hansen solubility parameters (Ddd, Ddp, Ddh, and Dd)
between PVDF and DBP were much smaller than
those between PVDF and DEHP, which showed that
DBP had better interaction with PVDF than DEHP.
As a result, the interaction between PVDF and the
diluent mixture was enhanced by the DBP ratio
increasing in the diluent mixture. On the other hand,

Figure 1 DSC curves of the nonisothermal crystallization
of PVDF/DBP/DEHP blends at different cooling rates: (1)
5, (2) 10, (3) 20, and (4) 308C/min.

TABLE II
Nonisothermal Parameters for PVDF in PVDF/DBP/DEHP Blends Determined from

DSC Exotherms

Cooling
rate (8C/min)

Crystallization
parameters (8C) S40 S50 S80 S100

5 To 149.4 146.0 136.6 132.5
Te 141.5 134.0 119.6 115.4
Tp 146.5 142.7 132.5 128.5

10 To 146.2 142.7 133.1 129.7
Te 137.1 132.3 115.9 110.2
Tp 142.7 139.4 128.7 125.4

20 To 142.3 139.1 129.2 127.6
Te 130.7 128.2 113.0 108.2
Tp 138.8 135.7 124.7 122.0

30 To 140.7 137.2 126.7 125.3
Te 128.8 124.8 110.5 107.6
Tp 137.1 133.2 122.3 120.8
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DBP possesses a higher viscosity than DEHP [DBP,
163 mPa s (208C), and DEHP, 80 mPa s (208C)], so
the viscosity of the system increased with the DBP
ratio increasing. These two factors led to lower mo-
bility of the polymer segments and prevented crystal
nucleation and growth of PVDF as the DBP ratio
increased. As a result, the system needed deeper
supercooling to form the crystal nuclei of PVDF, and
the crystallization temperature decreased as the DBP
ratio increased.

The determination of the absolute crystallinity is
not required for the analysis of crystallization
kinetics, and the relative degree of crystallinity as a
function of temperature [X(T)] is defined as follows:

XðTÞ ¼
R T
T0
ðdHC=dTÞdT

R T‘

T0
ðdHC=dTÞdT

(1)

where T0 and T‘ are the onset and end crystalliza-
tion temperatures, respectively, and dHC/dT is the
heat flow rate. In nonisothermal crystallization, time
t is related to temperature T as follows:

t ¼ T0 � T

U
(2)

where T is the temperature at time t, T0 is the tem-
perature at which the crystallization begins (t 5 0),
and F is the cooling rate. The development of the
relative crystallinity with the time for PVDF/DBP/
DEHP blends is shown in Figure 2.

The crystallization half-time (t1/2) is defined as the
time at which the relative crystallization degree is
50% completed. t1/2 is usually used to present the
overall crystallization rate. Figure 3 shows the de-
pendence of t1/2 on the DBP ratio in the diluent mix-
ture and the cooling rate. t1/2 increased as the DBP

TABLE III
Hansen Solubility Parameters of PVDF, DBP,

and DEHP at 258C

Substance
dd

[(MPa)1/2]
dp

[(MPa)1/2]
dh

[(MPa)1/2]
d

[(MPa)1/2]

DBP 17.8 8.6 4.1 20.3
DEHP 16.6 7.0 3.1 18.2
PVDF 17.2 12.5 9.2 23.2

Figure 2 Development of the relative crystallinity with the crystallization time for (a) S40, (b) S50, (c) S80, and (d) S100.
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ratio in the diluent mixture increased. The overall
crystallizing rate is controlled by two factors,
namely, nucleation and growth. The increase of DBP
in the diluent mixture increased the viscosity of the
system and the interaction between PVDF and the
diluent mixture; this not only prevented crystal
nucleation but also lowered the transference ability
of polymer segments. On the contrary, increasing the
cooling rate could raise the nucleation ability and
cause the reduction of t1/2, as shown in Figure 3.

Ozawa analysis of nonisothermal crystallization

Ozawa24 extended the Avrami equation to noniso-
thermal crystallization processes by assuming that a
sample is cooled at a constant rate, and Evans23

proved the application through mathematical analy-
sis. However, there must be many restricting condi-
tions in applications. For example, not only are the
secondary crystallization and the dependence of the
fold length on temperature ignored, but exponent m
is assumed to be a constant independent of tempera-
ture. According to the Ozawa theory, X(T) at tem-
perature T and cooling rate F is given by

1� XðTÞ ¼ exp½�kðTÞ=Um� (3)

where k(T) is the cooling function of nonisothermal
crystallization at temperature T and m is the Ozawa
exponent, depending on the nucleation mechanism
and the growth dimension. Equation (3) can be
rewritten as follows:

log½� lnð1� XðTÞÞ� ¼ log kðTÞ �m logU (4)

m and log k(T) can be easily determined from the
slope and intercept on the basis of the linear rela-
tionship between log{2ln[1 2 X(T)]} and log F.

For all blends, Ozawa plots of log{2ln[1 2 X(T)]}
against log F are shown in Figure 4. Although the
plots show some linearity, some curvature is also
present. The change in the slope indicates that m is
not constant with temperature, and cooling function
k(T) cannot be determined. The most likely reason
for this may be the occurrence of secondary crystalli-
zation in the cooling process. The failure of the
Ozawa model to describe the nonisothermal behav-
ior of PVDF in the PVDF/DBP/DEHP blends prob-
ably lies in ignoring secondary crystallization and
the variable value of the cooling function over the
entire crystallization process.

Avrami analysis modified by Jeziorny

Avrami analysis modified by Jeziorny25 has also
been used to describe the nonisothermal crystalliza-
tion kinetics of polymers. The dependence of the rel-
ative crystallinity as a function of crystallization time
t [X(t)] for nonisothermal crystallization processes is
calculated with a modified Avrami equation shown
as eq. (5) or eq. (6):

XðtÞ ¼ 1� exp
�� Ztt

n
�

(5)

log½� lnð1� XðtÞÞ� ¼ n log tþ logZt (6)

where n is the Avrami exponent, a mechanism con-
stant depending on the nucleation type and growth
process; Zt is the Avrami rate constant, involving
nucleation and growth parameters; and t is the crys-
tallization time. Considering the process to be noni-
sothermal, Jeziorny suggested that rate parameter Zt

should be corrected by the influence of cooling rate
F. The final form of the parameter characterizing the
kinetics of nonisothermal crystallization (Zc) is given
as eq. (7):

logZc ¼ logZt

U
(7)

If eq. (6) adequately describes the nonisothermal crys-
tallization behavior of a polymer, the straight-line
relationship of log{2ln[1 2 X(t)]} versus log t would
give the values of n and Zt or Zc from the slopes and
intercepts, respectively. The Avrami plots of log{2ln[1
2 X(t)]} versus log t for PVDF/DBP/DEHP blends are
shown in Figure 5. The initial and final relative
degrees of crystallinity used in Figure 5 are approxi-
mately 2 and 99.6%. The linearity of the plots is poor,
and each plot presents two obvious sections corre-
sponding to the primary crystallization stage and the
secondary crystallization stage. It is also clear that
when the DBP ratio increases in the diluent mixture,
the plots show a larger portion for the secondary crys-
tallization stage. These results indicate that the

Figure 3 t1/2 in the nonisothermal process at different
cooling rates for the systems with different DBP ratios.
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secondary crystallization of PVDF existed in the
process of nonisothermal crystallization and was
enhanced by an increase of DBP in the diluent mixture.

The calculated values of n, Zt, and Zc are listed in
Table IV. At the primary stage, Avrami exponent n1
lies between 4 and 5. Linares and Acosta26 reported
that the values of n for PVDF ranged from 2.3 to 3.6
in the process of nonisothermal crystallization.26 The
larger values of n (>4) in this study implied a more
complicated crystallization mechanism of PVDF in
the diluent mixture, which is difficult to explain at
present. The values of crystallization rate parameter
Zc1 were comparable for every sample. At a specific
cooling rate, the values of Zc1 for PVDF decreased
with the DBP ratio in the diluent mixture increasing.
DBP exhibited higher viscosity and stronger interac-
tion with PVDF than DEHP, which brought resistance
for the transport of the polymeric segments to the
growing crystal surface and reduced the rate of crys-
tal growth. At the same time, the values of Zc1

increased with the increase in the cooling rate.
Increasing the cooling rate provided the system with
more energy to improve the activity of chain seg-
ments, thus resulting in the increase in crystallization
rate parameter Zc1. At the secondary crystallization

stage, Avrami exponent n2 ranged from 2.1 to 4.3 and
decreased with an increase in the DBP ratio in the dil-
uent mixture. The smaller values of n implied that
the crystallization mechanism became simpler. Espe-
cially for S100, n2, ranging from 2.1 to 2.4, indicated
that the form of spherulite growth transformed into
two-dimensional or lamellar-like crystal growth.

Combined Ozawa–Avrami approach

By combining eqs. (4) and (6), Mo et al.27 derived
another kinetic equation for nonisothermal crystalli-
zation behavior to relate the crystallinity to cooling
rate F and crystallization time t (or temperature T).
The relation between F and t was defined for a
given degree of crystallinity:

logZt þ n log t ¼ log kðTÞ �m logU (8)

or

logU ¼ log FðTÞ � b log t (9)

The parameter F(T) 5 [k(T)/Zt]
1/m is the value of the

cooling rate, which has to be chosen at the unit of

Figure 4 Ozawa plots for nonisothermal crystallization of (a) S40, (b) S50, (c) S80, and (d) S100.
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crystallization time when the measured system
amounts to a certain degree of crystallinity. The
smaller the value of F(T) is, the higher the crystalli-
zation rate becomes. Therefore, F(T) has a definite
physical and practical meaning. Parameter b is the
ratio of the Avrami and Ozawa exponents; that is,
b 5 n/m. From eq. (9), it follows that, at a given
degree of crystallinity, the plot of log F versus log t
should be a straight line with an intercept of log
F(T) and a slope of b. From the obtained plots for
PVDF/DBP/DEHP blends given in Figure 6, it is
clear that there is a good linear relationship between
log F and log t for all plots.

Because the maximum of crystallization used in
this study was 80%, the Mo approach just analyzed
the kinetics of primary crystallization. The values of
F(T) and b for the blends are listed in Table V. The
value of F(T) increased with the crystallinity increas-
ing and also with the DBP ratio in the diluent mix-
ture increasing. In other words, the increase in the
viscosity of the system and the interaction between
PVDF and the diluent mixture could reduce the
crystallizing rate, and this was consistent with those
analyzed with the Avrami model modified by

Figure 5 Plots of log {2ln[1 2 X(t)]} versus log t for nonisothermal crystallization of (a) S40, (b) S50, (c) S80, and (d)
S100.

TABLE IV
Kinetic Parameters for PVDF in PVDF/DBP/DEHP

Blends from the Avrami Analysis

Sample

Cooling
rate

(8C/min)

Primary
crystallization stage

Secondary
crystallization

stage

n1 Zt1 Zc1 n2 Zt2 Zc2

S40 5 4.8 0.398 0.832 3.9 0.449 0.852
10 4.9 3.258 1.125 4.3 2.805 1.109
20 5.0 53.951 1.221 2.9 15.849 1.148
30 4.9 338.065 1.214 3.2 63.096 1.148

S50 5 4.9 0.130 0.665 2.8 0.331 0.802
10 5.0 2.735 1.106 3.9 1.955 1.072
20 5.0 52.240 1.219 3.6 18.408 1.157
30 4.7 322.107 1.212 3.3 61.944 1.147

S80 5 4.4 0.112 0.646 2.2 0.306 0.789
10 4.6 1.298 1.028 2.5 1.122 1.012
20 4.3 25.883 1.177 2.5 6.998 1.102
30 4.4 161.436 1.185 2.8 22.284 1.109

S100 5 4.0 0.109 0.642 2.1 0.288 0.780
10 4.0 1.101 1.010 2.1 0.927 0.992
20 4.0 13.709 1.140 2.2 4.198 1.074
30 4.2 107.399 1.169 2.4 13.964 1.092
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Jeziorny. The value of b ranged from 1.29 to 1.02 and
changed little for the same sample with different
crystallinity. The combined Avrami–Ozawa equation
satisfactorily described the primary crystallization
behavior of PVDF in the diluent mixture.

Crystallization activation energy (DE)

From the variation of Tp found in differential ther-
mal analysis with the cooling rate, Kissinger28

derived DE for the transport of the polymeric seg-
ments to a growing crystal surface as the form
shown in eq. (10):

Figure 6 Log F versus log t for PVDF/DBP/DEHP blends from the combined Avrami and Ozawa equation for (a) S40,
(b) S50, (c) S80, and (d) S100.

TABLE V
Values of b and F(t) at Various Values of X(t) for PVDF

in PVDF/DBP/DEHP Blends

X(t) (%) 20 40 60 80

S40 b 1.29 1.27 1.26 1.26
F(t) 4.656 5.834 6.792 7.943

S50 b 1.08 1.08 1.08 1.08
F(t) 5.875 7.031 8.017 9.333

S80 b 1.04 1.04 1.03 1.02
F(t) 6.501 7.962 9.376 11.324

S100 b 1.10 1.08 1.06 1.02
F(t) 6.557 8.145 9.75 12.30 Figure 7 Kissinger plots for PVDF in PVDF/DBP/DEHP

blends.
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d½lnðU=T2
pÞ�

dð1=TpÞ ¼ �DE
R

(10)

The parameters have the same meaning as indicated
in the previous test. DE could be calculated from the
slopes of plots of ln(F/T2

p) versus 1/Tp, as shown in
Figure 7. As shown in Figure 7, the plots of ln(F/T2

p)
versus 1/Tp for all samples presented a good linear
relationship. The values of DE for PVDF in the dilu-
ent mixture, as calculated from the slope of the cor-
responding curves, are listed in Table VI. A decreas-
ing value of DE with an increasing DBP ratio in the
mixed diluent indicated that increasing the viscosity
of the system and the interaction between the dilu-
ent and PVDF caused the decrease in the activation
energy.

CONCLUSIONS

With the DSC data obtained at various cooling rates,
the Ozawa, modified Avrami, and Mo approaches
were used for the investigation of the nonisothermal
crystallization kinetics of PVDF in PVDF/DBP/
DEHP blends via only S–L phase separation. DSC
exotherms of nonisothermal crystallization showed
that all the crystallization parameters of PVDF (To,
Te, and Tp) decreased with the DBP ratio in the dilu-
ent mixture increasing. On the other hand, t1/2
increased as the DBP ratio in the diluent mixture
increased or the cooling rate decreased.

The Ozawa model failed to describe the noniso-
thermal behavior of PVDF in PVDF/DBP/DEHP
blends, probably because of the negligence of sec-
ondary crystallization. The Avrami equation modi-
fied by Jeziorny was successful in describing the
nonisothermal crystallization process of PVDF. It
was found that secondary crystallization existed in
the process of nonisothermal crystallization and was
enhanced by the DBP ratio in the diluent mixture
increasing. Avrami exponent n2 at the secondary
crystallization stage became smaller (2.1–2.4) when
the DBP ratio was higher in the diluent mixture, and
this implied that the crystallization mechanism
became simpler and the form of spherulite growth
transformed into two-dimensional or lamellar-like
crystal growth. The kinetics of primary crystalliza-

tion could be analyzed by not only the modified
Avrami equation but also the Mo approach. The
analysis of these two methods indicated that the
crystallization rate increased with the DBP ratio in
the diluent mixture decreasing or the cooling rate
increasing. DE of PVDF was calculated with the Kis-
singer theory and indicated that increasing the DBP
ratio in the diluent mixture caused the decrease in
the activation energy.
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TABLE VI
DE Values for PVDF in PVDF/DBP/DEHP Blends

Sample DE (kJ mol21 k21)

S40 2253.9
S50 2264.3
S80 2297.5
S100 2316.0
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