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Abstract

Lithium titanate nanoparticles Li,Ti;O,, NPs were prepared by the solid-state reaction method using a stoichiometric ratio of
lithium carbonate Li,CO; and titanium oxide nanoparticles TiO, NPs. X-ray diffraction (XRD) analysis confirmed the forma-
tion of Li,Ti;0,, NPs. High-resolution transmission electron microscope showed like—cube shape of Li,Ti;O,, NPs with an
average particle size 42 nm. Poly(vinylidene fluoride) (PVDF) and poly(ethylene oxide) (PEO) (80/20 wt/wt%) blend doped
with concentrations 0.5, 0.7, 1.0, 2.0, 5.0 and 7.0 wt% of Li,TisO,, NPs were prepared using casting technique. Structural,
optical and thermal properties of polymer nanocomposites were investigated using XRD, high-resolution scanning electron
microscope (HRSEM), energy dispersive spectrophotometer (EDS), Fourier transform infrared (FT-IR), ultraviolet—visible
spectroscopy (UV-Vis) and differential scanning calorimetry (DSC). The XRD and FT-IR data showed that there was an
interaction between the blend sample and Li,Ti;0,, NPs. Also, the addition of Li,Ti;O,, NPs decreased the degree of crys-
tallinity of the blend sample. HRSEM images revealed that the presence of Li, Ti5;O,, NPs changed the surface morphology
of the nanocomposites and gave rise to crystalline domains up to 5 wt% Li,TisO,, NPs, then deteriorations was occurred.
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1 Introduction

Polymer blending is one of the most important methods to
build up new polymeric materials. In fact, it is a valuable
and an easy method for designing materials with different
physical properties [1-5]. Poly(vinylidene fluoride) (PVDF)
is a semicrystalline polymer with repeating unit (CH,—CF,).
It has high importance in the scientific and technological
research due to its unique electrical, pyroelectric, ferro-
electric and piezoelectric properties [6]. PVDF has vari-
ous applications because it has good mechanical strength,
stability against vigorous chemicals, good thermal stability
and exceptional biocompatibility contrasted with other poly-
meric materials [7-9]. Poly(ethylene oxide) (PEO) is a sem-
icrystalline polymer which has high chemical, thermal and
electrochemical stability [10—12]. It can be used as a long
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fiber dispersing agent in the manufacture of paper and adhe-
sives, as a friction reduction, flocculating or thickening agent
as lubricants and possesses a variety of further applications
[13]. PEO is a simple chain polymer with etheric linkages.
The C-O bond in the linkages will be one of the least reac-
tive and sensitive bonds [14].Both of the PVDF and PEO
are soluble and miscible in dimethyl sulfoxide (DMSO).
So blending PEO with PVDF may reduce its crystallinity
and increase its ionic conductivity. The interaction between
C-O-C group of PEO and CF, group of PVDF makes these
two polymers to be compatible with each other [15]. Many
researchers reported that (80/20 wt/wt%) of PVDF/PEO
is the best ratio for compatibility and miscibility between
PVDF and PEO homopolymers [16-20].

Metal nanoparticles combined with polymers are greatly
attractive because of the various applications offered by
these materials [21-24]. More development of the nano-
composites properties can be enhanced by loading nano-
filler materials with aspect ratio [25]. Li,TisO,, has spinel
structure which is applied to the negative electrode in the
lithium ion secondary battery. The properties of Li,TisO,
are hardly expanded by the overcharge and high stability in
cycles of discharging and charging [26, 27].
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The present work aims to prepare Li,TisO;, NPs via
solid-state reaction method using Li,CO; and rutile TiO,.
Rutile TiO, was more desirable in acquiring high purity
Li,TisO, than anatase due to the anatase to rutile phase
transformation, which was found to be more rigid in the
solid-state reaction than the intact rutile phase [28]. Nano-
composite films of (80/20 wt/wt%) PVDF/PEO doped with
different concentrations of Li,Ti;O,, NPs were prepared to
study the effect of Li,Ti;O,, NPs as filler on the structural,
thermal and optical properties of PVDF/PEO blend by using
suitable techniques.

2 Experimental Work
2.1 Preparation of Li,Ti;0,, Nanoparticles

Ten millilitre of titanium tetrachloride (TiCl,, 98% purity,
Fluka) was slowly added to 100 ml distilled water in an ice
cool bath (due to the reaction is exothermic). The beaker
was taken from ice bath to room temperature and kept in
a magnetic stirrer to make homogenous solution at 100 °C
till forming white precipitate. The obtained precipitate was
dried at 100 °C for 12 h. For further phase transforma-
tion, it was calcined at 500 °C for about 3 h to obtain TiO,
nanoparticles.

0.4 gm of prepared TiO, and 0.147 gm of Lithium car-
bonate (Li,CO;, M,, = 73.89, 99% purity, Aldrich) were
mixed in ceramic mortar for about 15 min. Then add drops
of distilled water to the mixture to create slurry. The mixed
slurry was dried at 60 °C and calcined for 5 h at 800 °C to
obtain the final Li,TisO, nanoparticles.

2.2 Preparation of PVDF/PEO/Li,Ti;0,,
Nanocomposite Films

Both PVDF (M,, = 543.000, Aldrich) and PEO [M,, ~
600.000, ACROS] powders were dried at 60 °C in a vac-
uum oven about 1 h to remove any moisture. (80/20 wt/wt%)
PVDF/PEO was dissolved in dimethyl sulfoxide (DMSO)
then the polymer blend solution was stirred continuously
until homogeneous viscous liquid was formed. Li Ti50,
NPs were also suspended in DMSO using sonicator about
30 min. Li,Ti;O,, NPs solution with mass fractions 0.5, 0.7,
1.0, 2.0, 5.0 and 7.0 wt% was added drop by drop to the
polymer blend solution. For a good dispersion, the resulting
solution was sonicated to approach homogeneity and good
wet ability. Then the solution was cast onto Petri dishes and
kept in a vacuum oven at 70 °C about 12 h until the solvent
completely evaporated. After drying, the films were peeled
from Petri dishes and kept in a vacuum desiccator until uses.

@ Springer

2.3 Measurement Techniques

The X-ray diffraction (XRD) was performed using
PANalyticalX’Pert Pro target Cu-Ka with secondary mon-
ochromator Holland radiation (A=0.1540 nm, the tube
operated at 45 kV, scans were collected over a 20 range
of 5°-60°). High-resolution scanning electron microscope
(HRSEM) with EDX detector was performed using SEM
Model Quanta 250 FEG. High-resolution transmission
electron microscope (HRTEM) was performed by JEM-
2100F electron microscope with accelerating voltage of
200 kV. Fourier transform infrared (FT-IR) measurements
were taken using JASCO, FT/IR-6100 in the spectral range
of 4000-400 cm™!. Ultraviolet—visible absorption spec-
tra (UV-Vis) were measured in the wave length region of
200-800 nm using UV-630 (Shimadzu) UV-VIS-NIR spec-
trophotometer. Differential scanning calorimetry (DSC) of
the prepared samples was carried out using (DSC-50, Shi-
madzu, Japan) with measuring temperature range from room
temperature to 200 °C and the heating rate was 10 °C/min.

3 Results and Discussion
3.1 X-Ray Diffraction (XRD)

Figure 1a shows the XRD pattern of TiO, NPs. It shows
diffraction peaks at 20 values of 27.3°, 36.2°, 39.1°, 41.2°,
44.0°, 54.2° and 56.5°. These peaks correspond to (110),
(101), (200), (111), (210), (211) and (220) planes respec-
tively. All the diffraction peaks matched well with the tetrag-
onal rutile TiO, according to the standard pattern (JCPDS
card No. 01-089-0552).
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Fig. 1 XRD patterns of (a) TiO, and (b) Li,TisO;, nanoparticles
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The half-width of peaks is related to the crystallite dimen-
sions. The average particle size was estimated from the
Scherrer equation on the rutile phase diffraction peaks (the
most intense peaks) [9].
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where D is the crystal size, 4 is the X-ray wavelength, f is
the full width at half maximum (FWHM) of the diffraction
peak (radian), K is a constant (0.89) and 0 is the diffraction
angle at the peak maximum. The calculated average crystal
size of rutile TiO, NPs was found to be around 20 nm.
Figure 1b shows the XRD pattern of Li TisO,,NPs. All
diffraction peaks matched with standard Li,TisO,, JCPDS
Card No. 01-072-0427). The sharp and well resolved peaks
obtained at 20 values of 18.3°, 35.6°, 43.2°, 47.3° and 57.2°
indicate the high crystalline nature of Li,Ti;O,,NPs. These
diffraction peaks correspond to (111), (311), (400), (331)
and (511) planes of cubic spinel Li, Ti;O,, NPs, respectively.
The calculated average crystal size of Li,TisO,,NPs accord-
ing to Scherrer equation was found to be around 36.7 nm.
Figure 2 shows the XRD patterns of PVDF and PEO
homopolymers at room temperature. Pure PVDF has dif-
fraction peaks at 20 values of 18.1°,20.2°, 36.1°and 39.3°.
These peaks correspond to (020), (110), (200) and (002)
planes respectively [29-31]. While pure PEO has diffraction
peaks at 26 values of 19.1°, 23.3°, 26.5°, 27.2° and 39.9°
which correspond to (120), (112), (222), (111) and (118)
planes respectively [32, 33]. The XRD patterns indicate the
semicrystalline structure of PVDF and PEO homopolymers.
Figure 3 represents the XRD patterns of PVDF/PEO
blend films undoped and doped with different concentrations
of Li,Ti;O, NPs in the scanning range 5°< 20 <60°. Spec-
trum (3a), for undoped blend sample, shows well defined
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Fig.3 XRD patterns of PVDF/PEO blend sample doped with:
(a) 0.0, (b) 0.5, (¢) 0.7, (d) 1.0, (e) 2.0, () 5.0 and (g) 7.0 wt% of
Li,Ti50,, nanoparticles (the inside arrows clarify the undissociatied
of Li,Ti5O,, nanoparticles)

diffraction peaks at 20 values of 20.2°, 26.6°, 36.1° and
39.3°. The characteristic diffraction peaks of pure PEO were
disappeared in undoped blend sample, which means that
PEO incorporates into PVDF indicating the homogeneity
between PVDF and PEO. However, the peak at 20 =20.2° is
related to PVDF, suggesting that the semicrystalline nature
of PVDF is still kept up in the blend. The spectra (3b-3 g)
show XRD patterns of blend sample doped with different
concentrations of Li,TisO;, NPs. The intensity of the peak
at 20 =20.2°decreases randomly with various concentra-
tions of Li,TisO,, NPs. Also, the peak broadening slightly
increases with increasing Li,Ti50,, NPs concentrations with
respect to the undoped blend sample. These results confirm
that the addition of Li,Ti;O,, NPs decreases the degree of
crystallinity of the blend sample. Contribution to the broad-
ening can be due to lattice distortion, structural disorder as
well as instrumental effects. On the other hand, all peaks of
Li,Ti5O,, NPs disappeared in doped samples with Li,Ti;O,,
NPs content < 1.0 wt%. This shows the complete dissolu-
tion of nanoparticles in amorphous regions of the polymer
blend. It is noticed that the diffraction peaks at 26=18.3°,
35.6°,43.2° and 57.2° that appeared at concentrations > 2.0
wt% Li, TisO,, are assigned to Li,TisO,, NPs. Also, their
intensities increase with increasing Li,Ti;O,, content in the
blend sample.

3.2 Morphological Properties

Figure 4 shows HRSEM and HRTEM images of Li,Ti;0,,
NPs. The HRSEM image of Li,Ti;O;, NPs exhibits uniform
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Fig.4 a HRSEM and b HRTEM images of Li,Ti;O;, nanoparticles

particle distribution with different particle sizes, while
HRTEM image of Li,TisO,, NPs shows a nearly cubic shape
with average particle size in nanometer scale (42 nm). This
value is larger than that obtained from XRD results because
XRD gives the crystallite size whereas TEM gives the parti-
cle size that may consist of more than one crystallite.
Figure 5 shows HRSEM images of PVDF/PEO blend
undoped and doped with different concentrations of
Li,TisO,, NPs. HRSEM micrographs show the changes
in the surface morphology. As seen in Fig. 5a the surface
is smooth with some irregularly shaped clusters regarding
to the nature of PEO. The distribution of Li,TisO;, NPs
inside the PVDF/PEO blend is seen in Fig. 5b—g. Li,Tis0,
NPs appeared as small white particles that dispersed on the
surface of the blend with some agglomerations. Li,TisO,,
agglomerations increase with increasing Li,Ti50,, content
and the blend surface appears as separated domains until
concentration 5 wt%Li,TisO, NPs. Whereas at concentra-
tion 7 wt% Li,TisO,, NPs the film is seen to be deteriorat-
ing. Figures 6 and 7 show the element mapping and cor-
responding EDS analysis of samples 0.5 and 2.0 wt% of
Li,Ti5O,,NPs. These figures confirm the well distribution of
Li,Ti;O, NPs on the surface of PVDF/PEO blend sample.

3.3 Fourier Transform Infrared Analysis (FT-IR)

Figure 8 shows FT-IR spectra of TiO, NPs and Li,TisO,NPs
were measured at room temperature from 4000 to 400 cm™ .
In both spectra, the bands at 3436 and 1631 cm™! are attrib-
uted to O—H stretching and bending vibration mode for TiO,
NPs and Li,TisO,,NPs, respectively [34, 35].The absorption
bands at 523 and 645 cm™" in TiO, NPs and Li,Ti;O,,NPs
respectively are attributed to Ti-O stretching vibration [36].
In Li,TisO,, NPs spectrum, the band at 462 cm™" is assigned
to the Li—O vibration.
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FT-IR spectra of PVDF, PEO homopolymers and PVDF/
PEO blend sample are shown in Fig. 9. The position and
the assignments of the vibrational bands of pure PVDF and
PEO are organized in Table 1 which matched with previous
results [6, 37—41]. The FT-IR spectrum of PVDF/PEO blend
film shows a new peak at 1728 cm™! which may be related to
the interaction between the fluorine in PVDF and the carbon
of PEO. The absorption bands at 1464 and 1342 cm™' that
corresponded to CH, scissoring and wagging mode in PEO
homopolymer are disappeared. Also, the band at 1092 cm™!
is shifted to 1102 cm™". These changes in the blend spectrum
compared to the individual polymers spectra confirm that
there is an interaction between the PVDF and PEO homopol-
ymers. Figure 10 represents the FT-IR spectra of PVDF/PEO
blend films doped with different concentrations of Li,Ti;O,,
NPs. The absorption band at 1728 cm™! becomes faint and
the bands at 1102 cm™ is shifted to 1110 cm™! with adding
Li,TisO,, NPs. The FT-IR study declares the possibility of
the interaction between the Li,TisO;, NPs and the PVDF/
PEO blend due to the changes in the fingerprint regions of
FT-IR spectra. This result confirms what has been observed
with XRD investigation.

3.4 Ultraviolet-Visible Spectroscopy (UV-Vis)

The UV-Vis spectra measurements were taken at room
temperature in the range of 200-800 nm as shown in
Fig. 11. The spectrum (11a) of undoped blend sample
shows an intense band at 215 nm as a result of 1 — "
electronic transition [42, 43]. This band attributed to the
chromophoric groups of PVDF and PEO. The spectra
(b—g) of the blend samples doped with various concentra-
tions of Li,Ti;O,, contain an additional band at 283 nm
which attributed to Li,Ti;O, NPs. The intensity of the
band at 215 nm increases with increasing Li Ti;O;, NPs
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Fig.5 HRSEM images of
PVDF/PEO blend sample doped
with: 2a0.0,b 0.5,¢0.7,d 1.0,
e2.0,f5.0and g 7.0 wt% of
Li,Ti5O,, nanoparticles
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Element Weight % Atomic % Net Int. Net Int. Error
CK 41.98 52.92 923 0.01
OK 6.83 6.47 184 0.02
FK 50.81 40.49 256.5 0
TiK 038 0.12 31 013

Fig.6 HRSEM images and element mapping and corresponding EDS analysis of PVDF/PEO blend sample doped with 0.5 wt% of Li,TisO,,

nanoparticles

content up to 1.0 wt% then decreases after that. A new
band appears at 242 nm at concentration 5.0 and 7.0 wt%
of Li,TisO,, which are due to the undissociated Li,TisO,
NPs in the blend sample. These results confirmed that
there is an interaction between the polymer blend and the
nanofiller. For all samples, there are no absorption bands
in the visible region because of the transparency of the
prepared films.

The feature of the optical transition in the investigated
films can be demonstrated by the dependence of the absorp-
tion coefficient (a) on the photon energy (hv). The absorp-
tion coefficient (a) is related to the absorbance (A) by the
following relation [44]:

where /) and [ are the intensities of the incident and the
transmitted radiation respectively, d is the thickness of the
sample.

Figure 12 shows the relation between o against hv for
PVDF/PEO blend films undoped and doped with different con-
centrations of Li,TisO,, NPs. The extrapolations of the linear
portion of the curves with x- axis are used to estimate the val-
ues of the absorption edge which are tabulated in Table 2. It is
clear that the values of the absorption edge for doped PVDF/
PEO films decreased with increasing Li,Ti5;O;, content. So,
the degree of crystallinity of the blend sample decreases by
doping with Li,TisO,, NPs. This attributed to the change in the
number of final states and/or the formation of localized states
within the band gap because of the compositional disorder.

I'=1, exp(—ad) &) The values of o for all samples are relatively small indicat-
Hence; ing the weakly absorbing of the materials. In the exponent
2303 I, 2303 edge where (1 <a< 104) o is restricted by an empirical relation
a== log 7)= TA (3)  due to Urbach [45].
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2 Element Weight % Atomic % NetInt. Net Int. Error
" i CcK 433 5421 947 ()}

161x| oK 797 7.49 203 001

1 FK 48.14 3811 2226 ()}
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Fig.7 HRSEM images and element mapping and corresponding EDS analysis of PVDF/PEO blend sample doped with 2.0 wt% of Li,TisO;,

nanoparticles

ho
E

e

a(v) = ay exp ( 4)
where « is a constant and E, is the width of the tail of the
localized states in the band gap. The estimated values of
theband tail E, for the investigated samples were determined
from the reciprocal of slopes of linear portions of the plot
between In a versus ho see Fig. 13. The values of E, for
all samples are recorded in Table 2. From the data, we can
see that the band tail values increase with increasing the
concentrations of Li,;TisO, NPs in the blend system. This
means that the cluster size of Li,Ti;O,, NPs increase i.e.
there is rise in atomic densities due to the bonding between
Li,TisO;, NPs and PVDF/ PEO film. However, the forma-
tion of the dopant aggregates leads to increase the defect size
and a modified band form could be considered.

For more precise we measured the reflectance (R) to
compute the refractive index (n) for the different samples
(see Fig. 14a), the refractive index can be determined by the
following relation [23]:

n=(1+R"?)/(1-R?) )

Figure 14b shows the dependence of the refractive index
on the wavelength in the range 400—800 nm for undoped
and doped samples with different concentrations with
Li,TisO, NPs. From the figure, we can see that the values
of (n) decrease slowly with increasing wavelength. At long
wavelengths the change becomes insignificant. The nearly
constant values of the refractive index (n,) at long wave-
lengths with Li,Ti;O,, NPs content are listed in Table 2.
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Fig.8 FT-IR of (a) TiO, and (b) Li,TisO,, nanoparticles
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Fig.9 FT-IR absorption spectra of (a) pure PVDF, (b) pure PEO
and (c¢) PVDF/PEO blend (the inside arrow related to a new peak at
1728 cm™)

The relatively high values of (n;) of the samples may be
related to the increasing in the valance density of charge
carriers and increasing the scattering of the incident light
[23]. The production of high refractive index in transparent
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composite films is essential for the development of many
photonic applications such as ultra-low loss optical wave-
guide and more efficient given for nonlinear devices.

3.5 Differential Scanning Calorimetry (DSC)

Figure 15 shows the DSC thermograms of PVDF and PEO
homopolymers from room temperature to 200 °C. Only one
endothermic peak was detected corresponding to the melt-
ing temperature of PVDF and PEO. The melting tempera-
ture T, is found to be 157 and 69 °C for PVDF and PEO
homopolymers, respectively. Figure 16 shows the DSC ther-
mograms of PVDF/PEO undoped blend sample and doped
with different concentrations of Li,Ti;O,, NPs. All samples
show endothermic peak at ~ 162 °C which corresponds to
the melting temperature of PVDF that is above the melting
point of pure PVDF. Also, this endothermic peak is more
broadening than that of the pure PVDF which indicating the
reduction in crystallinity of nanocomposite samples. This
indicates the compatibility between PVDF and PEO. The
values of T, for PVDF/ PEO undoped blend sample and
doped with different concentrations of Li,TisO, NPs are
listed in Table 3. The data show that the melting temperature
of the doped samples increases irregularly with respect to
the undoped sample.

The degree of crystallinity (Ax) of PVDF is measured
from the heat of fusion at melting for PVDF as the ratio
between the heat of fusion of PVDF and the heat of fusion
of 100% crystalline of pure PVDF (AHj o5, =104.6 J g™ h
[46] by the following Eq. [47].

AH;

Ax =
AHj 100,

x 100 6)

The degree of crystallinity values of PVDF after adding
Li,TisO;, NPs to the blend film are recorded in Table 3.
It is clear that the values of degree of crystallinity change
irregularly but still lower than that value of the undoped
blend sample.

4 Conclusion

Li,TisO,, NPs were prepared using the solid-state reaction
method with an average particle size 42 nm and like cube
shape. System of PVDF/PEO undoped blend sample and
doped with different concentrations of Li,Ti;O,, NPs was
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Table 1 The assignments

. . PVDF PEO
of most intense absorption
bands for PVDF and PEO Wave num- Assignment Wave number (cm™) Assignment
homopolymers ber (cm™")
1404 CH, wagging mode 2884 CH, stretching mode
1237 CF out of plane 1464 CH, scissoring mode
1167 CF, asymmetric stretching mode 1342 CH, wagging mode
1066 CH, wagging 1246 CH, twisting mode
880 C—C-C asymmetrical stretching vibration 1143 and 1092 C-O-C stretching mode
839 CH, rocking 962 CH, rocking and
C-O-C vibration
mode
478 CF, bending mode 839 CH, rocking
528 C-O-C bending
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Fig. 10 FT-IR absorption spectra of PVDF/PEO blend sample doped
with: (a) 0.0, (b) 0.5, (¢) 0.7, (d) 1.0, (e) 2.0, (f) 5.0 and (g) 7.0 wt%

of Li,Ti5O,, nanoparticles
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Fig. 11 UV-Vis spectra of PVDF/PEO blend sample doped with:
(a) 0.0, () 0.5, (¢) 0.7, (d) 1.0, (e) 2.0, (f) 5.0 and (g) 7.0 wt% of

Li,TisO, nanoparticles

Fig. 12 Relation between absorbance coefficient (a) versus ho for
PVDF/PEO blend sample doped with: (filled square) 0.0 (open
square) 0.5, (filled circle) 0.7, (open circle) 1.0, (filled right point-
ing triangle) 2.0, (filled diamond) 5.0 and (open diamond) 7.0 wt% of
Li,TisO, nanoparticles

Table2 The values of the absorption edge, band tail and refractive
index (n,) values forPVDF/PEO blend with different concentrations
of Li,TisO,, NPs

Li TisO,, wt% Absorption edge Band tail (eV) n,
eV)

0.0 5.00 0.42 1.057
0.5 4.78 0.96 1.079
0.7 4.75 1.09 1.078
1.0 4.65 1.19 1.087
2.0 4.13 2.17 1.102
5.0 2.42 2.74 1.110
7.0 2.38 4.08 1.114
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Fig. 13 Relation between In () versus hv for PVDF/PEO blend sam-
ple doped with: (filled square) 0.0 (open square) 0.5, (filled circle)
0.7, (open circle) 1.0, (filled right pointing triangle) 2.0, (filled dia-
mond) 5.0 and (open diamond) 7.0 wt% of Li,TisO,, nanoparticles

prepared using casting technique method. The XRD and
FT-IR data showed that there was an interaction between
the blend sample and Li,Ti;O,,NPs. The UV-Visible
data revealed that the values of band tail increase with
increasing the concentration of Li,Ti;O,, NPs in blend
sample. This confirmed the increase in the disorder in such
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Fig. 14 Relation between a reflectance and b refractive index versus
wavelength for PVDF/PEO blend sample doped with: (filled square)
0.0 (open square) 0.5, (filled circle) 0.7, (open circle) 1.0, (filled right
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Fig. 15 DSC of (a) pure PVDF and (b) pure PEO homopolymers

system. The relatively high values of refractive index of
the prepared samples were related to the increase in the
valance density of the charge carriers and increase the
scattering of the incident light. DSC revealed the reduc-
tion of the degree of crystallinity of the polyblend sys-
tem. SEM and EDS mapping showed that Li,Ti;O,;, NPs

(b) 1.46-

145 ]
114"
143
112
IR Ca.
C 110
109
108
107

1.06 4

T = T = 1
600 700 800
Wavelength (nm)
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wt% of Li,Ti;O, nanoparticles



Journal of Inorganic and Organometallic Polymers and Materials (2018) 28:1037-1048

1047

Endo. =—— Heat Flow —— Exo.

N~ G

—
50 75 100 125 150 175 200
Temperature (°C)

Fig.16 DSC of PVDF/PEO blend sample doped with: (a) 0.0, (b)
0.5, (¢) 0.7, (d) 1.0, (e) 2.0, () 5.0 and (g) 7.0 wt% of Li,TisO,, nano-
particles

Table3 The values of T, pypr), AHgpyprpland AXpypr) for PVDF/
PEO blenddoped with different concentration of Li TisO;, NPs

Li,TisOy, wt% Tm(PVDF) 0 AHf(PVDF) d gil) AX(PVDF) (%)
0.0 162.42 33.16 31.70
0.5 164.02 25.24 24.13
0.7 162.74 28.85 27.58
1.0 164.33 32.21 30.79
2.0 165.27 27.73 26.51
5.0 166.04 27.84 26.61
7.0 165.44 22.96 21.95

are well dispersed on the surface of the blend with some
agglomerations. Also, the film surface appeared as sepa-
rated domains until concentration 5 wt% Li,Ti5O,, NPs.
Whereas at concentration 7 wt% Li,Ti;O,, NPs the film
was seen to be deteriorating.
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