
Effect of TiO2 contents on the crystallization kinetics of PVDF in
PVDF-diluent-TiO2 blends

Yuxin Maa,*, Fengmei Shib, Jun Mab,

aCollege of Architecture and Civil Engineering, Heilongjiang University, Harbin 150080, China, Tel./Fax: +86 451 86604021;
email: oucmyx@126.com
bState Key Laboratory of Urban Water Resource and Environment, School of Municipal and Environmental Engineering, Harbin
Institute of Technology, Harbin 150090, China, Tel./Fax: +86 451 86283010; emails: ocean-water@126.com (F. Shi),
majun@hit.edu.cn (J. Ma)

Received 28 November 2013; Accepted 22 June 2014

ABSTRACT

Effect of TiO2 contents on the non-isothermal crystallization kinetics of poly(vinylidence
fluoride) (PVDF) in PVDF-diluent–TiO2 blends was studied via differential scanning calo-
rimetry method. Non-isothermal crystallization of PVDF was investigated by Jeziorny analy-
sis and crystallizability analysis. Studies showed that the crystallization peak temperature of
the blends increased from 363 to 375.6 K and the Avrami exponent decreased from 4 to
2.68, with the increase in TiO2 content from 0 to 3.0 wt%. Higher TiO2 content could hinder
the growth of PVDF crystals in the blends. The blends with the TiO2 content of 0.45% had
the largest crystallization rate (Zc= 0.97) and the maximum crystallizability (GR= 1.05).
Hopefully, the introduction of TiO2 to the membrane mixture would be applied to control
and adjust the structure of the membrane prepared.
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1. Introduction

Crystallization plays an important role in the mem-
brane formation process via Thermally Induced Phase
Separation (TIPS) method, and has a great impact on
the structure and performance of the membrane pre-
pared. Many factors that influence the crystallization
process such as quenching temperature [1], cooling
rate and polymer-dilute composition [2] were studied
in the polymer-dilute binary system. The increase in
cooling rate resulted in the increase in crystallization
rate [1,2]. Slower cooling rate favoured the growth
and mature of the crystals, and lower quenching tem-

perature, which was below the monotectic point, led
to higher crystallization rate and crystallinity. β-phase
poly(vinylidence fluoride) (PVDF) could be obtained
by quenching PVDF–dimethyl phthalate (DMP) blends
in liquid nitrogen and α-phase PVDF was formed by
quenching PVDF–DMP blends to different tempera-
tures above 40˚C from melting at high temperature
[1]. The viscosity of the system, the interaction
between polymer and diluent, and the varying compo-
sition of polymer and dilute affected the crystallizing
rate. Higher viscosity restrains the polymer molecule
segments moving towards the crystal’s surface [2].

PVDF is a semi-crystalline material suitable for the
fabrication of ultrafiltration and microfiltration mem-
branes. In order to meet the needs of special uses or*Corresponding author.
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to improve its innate hydrophilic properties, many
inorganic or organic materials such as polymethyl
methacrylate (PMMA) [3,4], polyvinyl alcohol [4], SiO2

[5], CaCO3 [6] and TiO2 were introduced into the
PVDF membranes [7–9]. Cui et al. [3] found that the
addition of PMMA could increase the porosity and
decrease the crystallinity of PVDF. The PMMA was an
amorphous polymer that acted as a diluent because of
its good compatibility with PVDF molecules [4].
PMMA could hinder the crystallization of PVDF dur-
ing the crystallization process of PVDF. The addition
of SiO2 and CaCO3 could influence the formation of
PVDF crystals and affect the morphology and proper-
ties of membranes prepared via TIPS method [5,6]. In
our previous studies [8,9], the introduction of TiO2

could have an impact on the morphology, perfor-
mance, thermal and mechanical properties of PVDF
membranes, and the quenching temperature plays an
important role in the formation of spherulitic crystal
in the TIPS process. The nano-TiO2 particles added to
the PVDF–DMP mixtures affect the crystallization tem-
perature, the melting temperature and the crystallinity
of hybrid membranes prepared. Crystal nuclei are
formed by homogeneous nucleation for PVDF mem-
brane and by heterogeneous nucleation for PVDF/
TiO2 hybrid membranes. The addition of TiO2 parti-
cles affect the number and the size of the spherulites
in the membranes and could accelerate the crystalliza-
tion rate and restrain the growth of (020) plane of
PVDF. Spherulitic crystal formed in the membrane for-
mation process would affect the structure and perfor-
mance of the membrane prepared (summarized in
Table 1). In fact, the PVDF crystals formed in the
PVDF-diluent–TiO2 blends were different from those
of the PVDF-diluent binary blends. It was necessary to
study the effect of TiO2 particles in the crystallization
process of the ternary blends, which could understand
the nature of the PVDF/TiO2 membrane formation.

From the above literatures, the introduction of
inorganic additives could affect the morphology and
properties of the membranes prepared. The effect of
the addition of inorganic particles on the PVDF
crystallization should be considered in the PVDF-
dilute-inorganic particle ternary system.

In this study, PVDF–DMP–TiO2 blends and PVDF/
TiO2 hybrid membranes were prepared with different
nano-TiO2 contents. Effects of nano-TiO2 contents on
the PVDF crystallization in the ternary mixtures were
studied. The information gained from this study
would be useful for the fundamental knowledge nec-
essary to prepare PVDF porous hybrid membranes via
TIPS method.

2. Experimental

2.1. Materials

PVDF (FR-904) (Mn= 380, 000) was purchased from
Shanghai 3F new materials Co. Ltd Anatase titanium
oxide (TiO2) nanoparticle (average diameter 20 nm)
was obtained from Meidilin Nanometer Material Co.
Ltd. DMP was obtained from Shanghai Bio Life Sci-
ence & Technology Co. Ltd. Ethanol used in the study
was of AR grade.

2.2. Samples and membranes preparation

The preparation of PVDF–DMP–TiO2 blends and
hybrid membranes with different contents of nano-
TiO2 particles was presented in our previous study
[8].

PVDF–DMP blends and neat PVDF membrane
preparation: Measured amount of PVDF was added to
70% DMP in a beaker at the ambient temperature and
mixed for seven minutes at 100 rpm of rotating speed.
The beaker was mounted on an oil bath at 473 ± 5 K
and the mixture was stirred for four hours at 50 rpm
of rotating speed to form homogenous solution. The
beaker was quenched in an ice-water bath for 10min
and a solid polymer–diluent sample were formed. The
solid sample was chopped into small pieces and
placed in a tailor-made steel plate, reheated to 473 K,
and pressed into flat-sheet membranes. The membrane
was quenched at 273 K ice–water bath. The diluent in
the membrane was extracted by ethanol for 12 h and
repeated for three times.

PVDF–DMP–TiO2 blends and hybrid membrane
preparation: Measured amount of TiO2 nanoparticles

Table 1
Composition of the blends and the characteristics of the membrane prepared

Blends
Membranes
prepared

PVDF
(wt%)

TiO2

(wt%)
DMP
(wt%)

PWF
(L/m2/h)

Porosity
(%)

Tensile
strength (Mpa)

Elongation at
break (%)

PDT-0 PT–0 30 0 70 63.44 58.83 1.4 16.5
PDT-0.45 PT–0.45 29.55 0.45 70 105.08 70.2 7.25 33.5
PDT −1.5 PT–1.5 28.5 1.5 70 86.369 52.88 5.47 12.4
PDT −3 PT–3 27 3 70 72.99 49.6 2.43 6.6
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was pre–dispersed in DMP in a beaker and sonolyzed
for 10min. The measured amount of PVDF was then
added to TiO2–DMP mixture at ambient temperature
and then mixed for seven minutes at 100 rpm of rotat-
ing speed. The other procedures were same to the
PVDF–DMP blend and neat PVDF membrane samples
preparation. The prepared blends and membrane sam-
ples were used for testing and subsequent character-
ization. The composition of the blends was presented
in Table 1.

2.3. Samples and membranes characterization

A NETZSCH STA 449 C differential scanning calo-
rimetry (DSC) analysis was used to study the melting
and crystallization behaviour of the blend samples.
The solid samples used in the study were cut from the
central part of the blends, which were representive of
PVDF–DMP or PVDF–DMP–TiO2 mixtures. The tem-
perature and energy scales were calibrated with the
standard procedures. Blend samples were heated to
473 K first at a rate of 10 K/min in nitrogen atmo-
sphere and held there for 10min. Then, it was cooled
to 298 K in nitrogen environment at the same rate.
Crystallization parameters were obtained from cooling
process.

The morphologies of spherical crystals were
observed from the cross section of the membranes pre-
pared because the growth of spherical crystals in the
membrane surface was refrained by the moulds. The
morphologies of spherical crystals were observed by a
FEI Phenom Deskcope SEM. Membranes were frac-
tured in liquid nitrogen and coated with a thin layer
of gold by sputtering before observation.

A wide-angle X-ray diffraction (XRD) study of the
membranes was conducted with a Dmax-rB X-ray dif-
fractometer under a voltage of 40 kV and a current of
30mA using Cu Kα radiation (λ = 0.154 nm). All sam-
ples were analysed in continuous scan mode with the
2 theta from 10o to 80o.

3. Result and discussion

3.1. Crystalline study

PVDF membranes fabricated by TIPS method in
this study were isotropic. Crystalline studies could
provide information about the crystallization process,
crystal morphology, the melting or crystallization
enthalpy, crystallinity, etc., which was important for
PVDF membrane preparation.

In order to investigate the effects of TiO2 contents
on the crystallization process of PVDF, the blends
with 0, 0.45, 1.5 and 3 .0 wt% TiO2 contents were

heated quickly to 493 K, and then cooled at the rate of
10 K/min to the ambient temperature. The DSC ther-
mograms of PVDF–DMP–TiO2 blends with different
TiO2 contents were shown in Fig. 1. The relative crys-
tallization parameters obtained from Fig. 1 were
shown in Table 2. Ton was the onset point of crystalli-
zation and Tc was the peak point of crystallization.
The enthalpy of PVDF (ΔH) in the cooling process was
calculated as

DH ¼ DH1=U (1)

Where ΔH1 was enthalpy obtained from DSC cooling
diagram, J/g. Ф was the weight fraction of PVDF in
the blends. It could be seen that the peak temperature
of crystallization (Tc) of PVDF appeared at higher tem-
perature with the increase in TiO2 content from 0 to
3.0 wt% at the same condition. The overall crystalliza-
tion kinetics of polymer was mainly affected by nucle-
ation rate and crystal growth rate during polymer
crystallization process. Tc was mainly determined by
the crystal growth rate and could attest the nucleating
impact of nucleating agents on polymer by shifting to
high temperature [10]. In the ternary system, when
TiO2 was at high weight fraction, it was difficult for
crystals to grow faster resulting from activated poly-
mer molecules at higher temperature and the hin-
drance of TiO2 particles. The heterogeneous nucleation
could explain the increase in Tc of PVDF–DMP–TiO2

blends. It was consistent with the results of the other
studies [11,12]. ΔH had little change for the blends
with the TiO2 content increased from 0 to 1.5 wt% and
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Fig. 1. DSC thermograms of PVDF–DMP–TiO2 blends with
different TiO2 contents.
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decreased for PDT-3.0. When the TiO2 content was
lower, nanoparticles were well distributed in the poly-
mer matrix and the nuclei function was dominant.
When the TiO2 content was higher, TiO2 agglomera-
tions were found in the PVDF matrix and became a
barrier to the growth of crystallization and hindered
the arrangement of PVDF molecular chains. Higher
content of TiO2 particles hindered the growth of PVDF
crystals.

PVDF crystal morphologies were obtained from
the cross-sectional SEM images of the membranes. The
PVDF crystal morphologies of the hybrid membranes
with different TiO2 contents were shown in Fig. 2. It
could be seen that PVDF crystals in the membranes
were spherical crystals which had sponge-like struc-
ture. The diameter of the crystals varied from 3–10 μm
for PT-0 membrane to 3–5 μm for PT-0.45 membrane,
then increased to 3–8 μm for PT-1.5 and 8–10 μm for
PT-3. The pore sizes in the spherulites had no obvious
change at the range of 0.2–0.8 μm. The PVDF crystal
size of PT-0.45 membranes was more uniform than the
others. The ultimate morphology of the crystals
depended on the kinetics of nucleation and growth of
the crystals. When there was no TiO2 addition, the
crystal nuclei were formed by homogeneous nucle-

ation. The crystal nuclei that formed earlier grew to
large crystals and the diameter of the crystals were
not uniform. With the addition of TiO2, the crystal
nuclei were formed by heterogeneous nucleation. TiO2

particles acted as crystal nuclei. With the increase in
TiO2 content, more nuclei were formed, and the diam-
eter of spherulites decreased and became more uni-
form. When the TiO2 content was high, TiO2 particles
aggregated in the polymer matrix even as a continu-
ous phase. Growth of the crystallites was refrained by
the aggregation of TiO2 particles [8]. The addition of
the nanoparticles affected the crystallization process
and had an impact on the crystal size, so the mem-
brane structure was influenced and the membrane
prepared had distinct porosity (Table 1), which would
affect their performance in the application process.

The XRD patterns of TiO2, PVDF membrane and
PVDF/TiO2 hybrid membranes with different TiO2

contents were presented in Fig. 3. For neat PVDF
membrane, three discernible diffraction peaks
appeared at 18.20˚, 19.78˚ and 26.16˚ with reference to
the diffractions in planes (020), (110) and (020) of α
phase PVDF, respectively. The XRD curves of the
PVDF/TiO2 hybrid membranes had the well-defined
peaks of α–phase PVDF [13–15]. The addition of

Table 2
Crystallization parameters of PVDF–DMP–TiO2 blends with different TiO2 contents at cooling rate of 10˚C/min (Data
obtained from Fig. 1)

TiO2 content (wt %) PDT-0 PDT-0.45 PDT-1.5 PDT-3.0

Ton (˚C) 99.23 101.59 107.55 113.02
Tc (˚C) 90.06 95.29 99.38 102.57
△H (J/g) −47.68 −47.91 −47.81 −25.71

Fig. 2. PVDF crystal morphologies of hybrid membranes with different TiO2 contents.
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nanoparticles did not affect the crystalline phase of
PVDF/TiO2 hybrid membranes. The relative intensity
ratios of (110) to (020) plane of α-phase for PVDF
membranes with different TiO2 contents were com-
pared in Table 3. The relative intensity ratios of (110)
to (020) plane of α-phase for PVDF and PVDF hybrid
membranes were about 1.2 when the TiO2 content was
lower than 0.9 wt%, and increased with the further
increase in TiO2 content. It could be seen that the
higher TiO2 content restrained the growth of (020)
plane of neat PVDF and hybrid membranes.

3.2. Non-isothermal crystallization analysis

Many models derived by extending the Avrami
equation were proposed by Ozawa [16], Jeziorny [17],
Ziabicki [18] and Liu [19] et al to interpret the non-iso-
thermal crystallization kinetic of polymers. Among
these models, Ozawa and Mo model could acquire
crystallization kinetic parameters from several DSC
curves [19]. It was difficult to obtain the crystallization
rate parameters from Ozawa’s equation because of the
complexity of the crystallization rate function. It was
very convenient to obtain crystallization kinetics
parameters from one DSC curve of polymers using
Jeziorny or Ziabicki model. In this paper, Jeziorny and

Ziabicki methods were chosen to analyse the effect of
TiO2 contents on the crystallization kinetics such as
crystallization rate and crystallizability of PVDF in
PVDF-diluent–TiO2 blends.

3.2.1. Jeziorny analysis

Jeziorny [17] used modified Avrami analysis to
describe the non-isothermal crystallization kinetics of
polymers. The relationship between relative crystallin-
ity (XT) and crystallization time (t) for non-isothermal
crystallization is shown as Eqs. (2) or (3).

XT ¼ 1� expð�Ztt
nÞ (2)

log ð� lnð1� XTÞÞ ¼ n log tþ logZt (3)

Here n is the Avrami exponent, a mechanism constant
depending on the nucleation type and growth process;
Zt is the Avrami rate constant, involving nucleation
and growth parameters; and t is the crystallization
time. Considering the process to be non-isothermal,
Jeziorny [17] suggested that rate parameter Zt should
be corrected by cooling rate (R).

logZc ¼ logZt=R (4)

Here Zc is the corrected crystallization constant.
When XT = 50%, Eq. (3) can be written as Eq. (5)

and be used to calculate the crystallization half-time
(t1/2) values.

t1=2 ¼ ðln 2=ZtÞ1=n (5)

While the relative crystallinity (XT) was calculated
according to Eq. (6) [20].

XT ¼
R T
T0
ðdHc=dTÞdTR T1

T0
ðdHc=dTÞdT

� 100% (6)

Here T0 and T∞ were onset and end crystallization
temperature, respectively. dHc/dT was the heatflow
rate.
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Fig. 3. XRD diffractograms of TiO2, PVDF membrane and
PVDF/TiO2 hybrid membranes with different TiO2

contents.

Table 3
The relative intensity ratios of (110)–(020) plane of α phase for PVDF membrane and PVDF/TiO2 hybrid membrane
prepared with different TiO2 contents

Hybrid membranes with different TiO2 contents (wt%) 0 0.45 1.5 3.0
Intensity ratios of (110)–(020) plane 1.22 1.30 1.32 1.39
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The values of n and Zt or Zc could be obtained
from the slopes and intercepts of the straight-line of
log (−ln (1 −XT)) vs. log t, respectively. The modified
Avrami plots of log (−ln (1 −XT)) vs. log t the plots
for PDT-0, PDT-0.45, PDT-1.5 and PDT-3.0 were
shown in Fig. 4. The values of n, Zt, Zc and t1/2
obtained from Fig. 4 were summarized in Table 4. The
Zc values of PDT-0.45, PDT-1.5 and PDT-3.0 blends
were larger than that of PDT-3.0 blend. At the same
cooling rate, the Avrami exponent n decreased with
the increase in TiO2 content. For PDT-0, n was about
4. It meant that the PVDF crystals grew in three-
dimension (sphere geometry) corresponding to spo-
radic nucleation, while n was about 3 for PDT-0.45,
PDT-1.5 and PDT-3.0 corresponding to three-dimen-
sional growth (sphere geometry) for predetermined
nucleation. With the TiO2 content increased, the hin-
drance of TiO2 agglomerations became more serious,
and the growth of some crystal planes was refrained,
which was also reflected in the XRD diffractograms
(Fig. 3), so the n value decreased.

The values of Zc increased from 0.78 to 0.97 with
the TiO2 content increased from 0 to 0.45 wt% in the
blends and attained its maximum value, then
decreased with the further increase in TiO2 content. It
took PDT-0.45 blends the shortest time to complete
the crystallization process. The crystallization time
became longer with the further increase in TiO2 con-
tent. TiO2 particles could accelerate the formation of
PVDF crystals at lower content, but higher content of
TiO2 particles would form the TiO2 agglomerations,
which could restrict the movement of the polymeric
segments to the growing crystal surface and reduce

the growth rate of PVDF crystals. The crystallization
process was decided by the acceleration function of
TiO2 particles as crystal nuclei and the hindrance
function of TiO2 agglomerations. The result was con-
sistent with the crystal morphology study. More nuclei
were formed in the quenching process for PDT-0.45
blends, and the blends formed more uniform crystal,
so the crystal size was smaller and the crystallization
time was shorter. For blends with higher TiO2 content,
the TiO2 agglomerations affected the growth of PVDF
crystal, the crystal size was irregular and the crystalli-
zation process was prolonged. The α-phase PVDF is
stable at room temperature and could be transformed
to β-phase PVDF via mechanical deformation, while
the β-phase PVDF could be changed to α-phase PVDF
under thermal treatment [21]. The PVDF molecules
were not stretched or oriented during the TIPS pro-
cess, so the PVDF crystalline phase was not changed.

3.2.2. Kinetic crystallizability analysis

For a given cooling condition, Ziabicki[18] pro-
posed a parameter kinetic crystallinity G to describe
the crystallizability over the entire crystallization pro-
cess. On the basis of Ziabicki model, Jeziorny [17] sug-
gested that the crystallization rate function K(T) could
be described by a Gaussian function of the following
form:

KðTÞ ¼ Kmax exp
�4 ln 2ðT � TmaxÞ2

D2

" #
(7)

where Tmax was the temperature at which the crystalli-
zation rate is maximum, Kmax was the crystallization
rate at Tmax and D was the width at half-height of the
crystallization rate–temperature function. With the use
of the isothematic kinetic approximation, integration of
Eq. (7) over the whole crystallizable range of tempera-
tures (Tg< T < Tm

0), for a given cooling condition, led to
an important characteristic value for the crystallization
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Fig. 4. The log (−ln[1 −XT]) vs. log t plots for PVDF–-
DMP–TiO2 blends with different TiO2 contents at 10˚C/
min cooling rate.

Table 4
The crystallization kinetics parameters of PVDF–DMP–-
TiO2 blends with different TiO2 contents at 10˚C/min cool-
ing rate (obtained from Fig. 4)

PVDF–DMP–TiO2

blends n Zt Zc

t1/2
(min)

PDT-0 3.97 0.08 0.78 1.72
PDT-0.45 3.00 0.71 0.97 0.99
PDT −1.5 2.73 0.57 0.94 1.07
PDT −3.0 2.68 0.33 0.89 1.32
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ability (G) of a semi-crystalline polymer, which was
defined as.

G ¼
Z T0

m

Tg

KðTÞdT ¼ p
ln 2

� �1
2 � Kmax �D

2
� 1:064KmaxD

(8)

According to the approximate theory [17], the kinetic
crystallizability (G) characterized the degree of crystal-
linity obtained when the polymer was cooled at unit
cooling rate from the melting temperature to the
glass transition temperature [17]. In the case of non-
isothermal crystallization studies using DSC where
cooling rate was variable, Eq. (8) could be applied
when the crystallization rate function K(T) was
replaced with a derivative function of the relative
crystallinity X(T) for a particular cooling rate R. The
kinetic crystallizability at unit cooling rate G could be
obtained by normalizing GR with R (GR=G/R)
[22].Therefore, Eq. (8) was replaced by.

GR ¼
Z T0

m

Tg

XðTÞdT � 1:064XmaxDR (9)

where Xmax and DR were the maximum crystallization
rate and the width at half-height of the derivative rela-
tive crystallinity as a function of temperature (T).

Table 5 summarized the values of Tmax, Xmax and
DR for PVDF–DMP–TiO2 blends with different TiO2

contents at 10 K/min cooling rate (obtained from
Fig. 4). The values of Xmax and DR were used to calcu-
late the Ziabicki’s kinetic crystallizability GR. The
values of GR were also summarized in Table 5.
The practical meaning of G is the ability of a semi-
crystalline polymer to crystallize when it is cooled
from the melt to the glassy state at a unit cooling rate.
hence the higher the G value is, the more readily the
polymer can crystallize. According to Table 5, the GR

value for PVDF–DMP blends were found to be 0.875,
while the GR values were 1.046, 0.977, 0.949 for

PDT-0.45, PDT-1.5, PDT-3.0, respectively, which were
all greater than that of PVDF–DMP blends, suggesting
that the PVDF–DMP–TiO2 blends crystallized more
easily than the PVDF–DMP blends. The crystallization
process was composed of nuclei formation and crystal
growth. A small amount of TiO2 addition meant that a
tremendous number of particles were introduced. This
introduced significant amount of surface area and
nucleated the PVDF around each particle. Therefore,
this would accelerate the nuclei formation. The addi-
tion of TiO2 beyond the 0.45 wt% formed more
agglomerations. Therefore, the PVDF crystallization
rate would decline. Higher TiO2 content would form
TiO2 agglomerations, which could refrain the growth
of crystal and lower the ability to crystallize. The
results were consistent with the Jeziorny analysis.

4. Conclusions

The effect of TiO2 contents on the non-isothermal
crystallization kinetics of PVDF in PVDF-diluent–TiO2

blends weas studied by Jeziorny analysis and Ziabick-
i’s crystallizability analysis. The results were summa-
rized as follows:

(1) The crystallization peak temperature increased
with the increase in TiO2 contents due to the
heterogeneous nucleating functions of TiO2.

(2) The TiO2 addition did not affect the crystal
phase of PVDF, but higher TiO2 content could
hinder the growth of PVDF crystals in the
blends by restraining the growth of (020)
plane.

(3) The Avrami exponent decreased with the
increase in TiO2 contents. The Avrami expo-
nent showed that the PVDF crystals grew in
three-dimensions. The crystal nuclei were
formed by sporadic nucleation and predeter-
mined nucleation for PVDF–DMP blends and
PVDF–DMP–TiO2 blends, respectively. Jezi-
orny analysis attested the heterogeneous
nucleating functions of TiO2.

Table 5
Nonisothermal crystallization parameters for PVDF–DMP–TiO2 blends with different TiO2 contents at 10˚C/min cooling
rate based on Ziabicki’s crystallizability analysis

PVDF–DMP–TiO2 blends Tmax (˚C) DR (˚C) Xmax (min−1) G GR

PDT-0 90.8 9.17 0.897 8.752 0.875
PDT-0.45 95.3 7.92 1.241 10.458 1.046
PDT-1.5 99.4 11.02 0.833 9.767 0.977
PDT −3.0 104.0 10.11 0.882 9.487 0.949
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(4) For PVDF–DMP–TiO2 blends, the crystal for-
mation was affected by the nucleation func-
tion of TiO2 particles and the crystal growth
process was also affected by the spacial
hindrance function of TiO2 agglomerations.
The blends with the TiO2 content of 0.45%
had the largest crystallization rate (Zc= 0.97)
and the maximum crystallizability (GR= 1.05).
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