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Abstract The pyroelectric properties of polymer-ceramic
nanocomposites of Lithium niobate/Poly (vinylidene fluoride)
or LiNbO3/PVDF (abbreviated LN/PVDF) for thermal/
infrared sensing applications are reported in this work. The
composites are prepared by dispersing nanoparticles of
LiNbO3, with particle size in the range 45–65nm, in β-
PVDFmatrix at varying volume fractions, and cast in the form
of flexible films by solvent-cast technique. The electro-active
β-phase of PVDF is confirmed by powder X-ray Diffraction
(XRD), Fourier Transform Infrared Spectroscopy (FT-IR) and
Differential Scanning Calorimetry (DSC) analyses. The ther-
mal properties, thermal conductivity and specific heat capac-
ity, of the composites are determined by a photothermal tech-
nique. The prepared films have been poled in a high dc electric
field, and their pyroelectric and dielectric properties measured
by direct methods. From these data the pyroelectric figures of
merit of the composite films have been determined and their
values compared with corresponding values for pure PVDF
film. The Shore hardness of the films has been measured to
estimate the extent to which the flexibility of the films is
affected by the addition of ceramic. Significant enhancement
in pyroelectric sensitivity has been obtained with increase in
volume fraction of LiNbO3 nanoparticles. However, this en-
hancement is at the expense of the flexibility of the composite;
so one has to strike a balance between the two while selecting

a suitable composition for the development of pyroelectric
sensors with these materials. The results of this work provide
guidelines for this selection.
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Introduction

Even though many of the remarkable electrical properties of
pyroelectric materials have been known for years, surprising
new effects and practical applications are being discovered
with advent of materials in their nanoforms [1–6]. Among
many fundamental properties of nanomaterials, the pyroelec-
tric properties are being exploited for technological applica-
tions ranging from basic sensing and detection to security
systems. Pyroelectric materials take the most important role
as pyroelectric infrared detectors [7–9]. Under equilibrium
conditions the bound polarization charges at the surface of a
pyroelectric material are screened by (mobile) compensation
charges [10]. A temperature change results in a change in the
magnitude of polarization leading temporarily to an imbalance
between bound polarization charges and the remaining screen-
ing charges at the surface [11]. This effect is employed in
various thermal and infrared detectors whereby the pyroelec-
tric potential is converted into a current signal through the
electrical contacts at opposite surfaces of the pyroelectric ele-
ment [12, 13]. Pyroelectric single crystals, ferroelectric ceram-
ic materials as well as electro-active polymers have been used
since the 1960s for thermal and infrared (IR) detection appli-
cations [13–15]. A variety of materials used for this applica-
tion can be found in literature [15].
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Thermal detectors measure IR radiation indirectly by mea-
suring the temperature change due to absorption of radiation.
They are widely used for contactless temperature measure-
ment, security detectors (intruder alarms), human presence
sensors and thermal imaging. Although mostly promoted by
military interest in night time warfare, low-cost IR imaging
techniques based on pyroelectric detectors also have a number
of industrial, medical and other civil applications where useful
information is obtained by detecting IR radiation [15–18].
Sensor systems based on pyroelectric ceramic/polymer com-
posites have acquired popularity for the following reasons;
light weight, immunity to corrosion, performance over wide
temperature range, physical flexibility, mouldability and
higher sensitivity as compared to existing sensor materials.
A good amount of work has already appeared in literature
on the preparation and properties of such composites [19].
However, commercial detectors based on them have not yet
appeared in the market.

A survey of literature on polymer-ceramic composites for
sensor applications reveal that most of the work in this area
have been on composites prepared by mixing the polycrystal-
line ceramic with an electro-active polymer. Such composites
have many of the shortcomings of the parent ceramic, like
high hardness and brittleness; at the same time less sensitivity
due to large volume of the material occupied by the polymer
matrix. However, if the ceramic is prepared in the nanocrys-
talline form, with particle sizes typically less than 100 nm, one
can develop polymer-ceramic nanocomposites with better
sensitivity, though not as high as the original ceramic. At the
same time, such a composite has all the desirable properties of
the polymer matrix, such as flexibility, robustness and possi-
bility to cast in the form of thin sheets or even films. More-
over, since the inclusions have particle sizes in the nanometer
range, one can hope to achieve higher sensitivity at lower
concentrations of the ceramic, compared to the corresponding
polymer- polycrystalline ceramic. It is known that ferroelec-
tricity (or pyroelectricity) in a ceramic vanishes when particle
sizes are reduced to nanometer scales. However, this happens
only when particle sizes are below typically 20–10 nm, de-
pending on the material. It is only recently that scientists de-
veloped techniques to prepare pyroelectric ceramics in the
nanocrystalline form with control over particle sizes. So seri-
ous work on the development of such smart materials has
begun only recently, and commercial sensors based on them
are likely to appear shortly.

In this work, investigations have been carried out on the
development of LN/PVDF nanocomposites with high enough
pyroelectric figures of merit and low enoughmechanical hard-
ness to keep the material flexible so that mouldable thermal
and infrared detectors can be developed for commercial
applications.

LiNbO3 (LN) is a well known ferroelectric material with
very wide technological applications for its interesting

physical properties like birefringence, high piezoelectricity,
pyroelectricity, and acousto-optic, electro-optic as well as
photo-elastic coefficients [20–23]. Compared to other com-
monly used pyroelectrics like Triglycine sulfate, Barium tita-
nate, or Lead-based titanates or germanates, the rare combina-
tion of several material properties and technological advan-
tages make LN the most favoured material for a variety of
applications in technology. The material can be prepared in
the laboratory without much difficulty, it is non-toxic, insolu-
ble in water, and its polarization is highly stable even in uni-
directional poled material at nanometer scales. LN is a natu-
rally stable material because it has no phase transition below
its high Curie temperature (1200 °C) [24]. At room tempera-
ture it has a rhombohedral symmetry with space group R3c.

PVDF is a semi-crystalline polymer with at least four crys-
talline phases [25, 26]. These phases include the nonpolar α-
phase, polarβ and γ phases and the δ phase. Only theβ-phase
exhibits the pyro, piezo, dielectric and related properties. An
easy method to obtain the β-crystalline phase of PVDF films
is mechanical stretching. Also, use of certain solvents like
Dimethyl sulfoxide (DMSO), Dimethylformamide (DMF)
etc. results in β-phase PVDF films after casting. The β-
phase PVDF is currently available commercially as thermal
and strain sensors which respectively employ the pyroelectric
and piezoelectric properties of this material. Being a represen-
tative ferroelectric electro-active polymer with inherently high
pyroelectric and piezoelectric properties and with high dy-
namic response for use in touch/tactile sensors, infrared detec-
tors and vidicon/imaging devices, Poly (vinylidene fluoride)
or PVDF is selected as the host polymer in this work [27, 28].
Nowadays, high efficiency becomes a prerequisite in many
application fields such as sensors, information storage, etc.
To meet this end it is very easy to prepare thin films of PVDF
containing high content of β-phase. This is also a reason for
selecting PVDF as the polymer matrix in this work.

As polymers possess high strength, good flexibility,
easy processing, and low cost, combining LN with poly-
mers like PVDF would be promising for the development
of sensor materials [29]. The present work aims at the
preparation of ceramic/polymer nanocomposites of LN/
PVDF by dispersing nanoparticles of LN in PVDF, with
varying concentrations of LN, and measuring their struc-
tural, dielectric, thermal, mechanical and pyroelectric
properties, and estimating their pyroelectric figures of
merit. The objective of preparing LN as nanoparticles is
to attain better flexibility without compromising on the
detection sensitivity for lower concentrations of the ce-
ramic. Procedures followed to prepare the samples and
experimental methods employed to study their properties
are outlined below. Results of these investigations as well
as the pyroelectric figures of merit of the prepared com-
positions are presented and discussed in the following
sections.
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Experimental

Materials

In order to prepare LN nanoparticles, analytically pure Nb2O5

(99.999 %, Sigma Aldrich), Hydrofluoric acid (HF) (40 %
v/v), standard Ammonia (25 % v/v), Ammonium oxalate
(99.99 % w/w, Sigma Aldrich) and Li (OH) (Sigma Aldrich)
were used as the starting materials. The polymer matrix used
in this study was commercially available PVDF (Sigma Al-
drich) with average molecular weight ~534,000. In order that
the β-phase of PVDF was formed upon casting to solid, the
polymer was dissolved in DMF.

Methods

LN nanoparticles were prepared following a chemical route.
Stoichiometric amount of Nb2O5 was dissolved in minimum
amount of HF after heating in a hot water bath at 98 °C for
20 h. The ratio of Nb2O5 to HF was taken as one. It was then
mixed with 1.2 mol/l Ammonium oxalate solution by keeping
the ratio Ammonium oxalate: Nb2O5 (V/W)=5 l: 1.5 mol.
During addition of Ammonia solution Nb(OH)5 began to pre-
cipitate. This precipitate was washed several times with dilute
Ammonia solution and plenty of hot water. This filtered cake
was then dried in an oven at about 65 °C for 2 h. Then the two
hydroxides Li(OH) and Nb(OH)5 were taken in stoichiometric
ratio and mixed, ground well several times in an agate mortar
using acetone as grinding medium for 2 h. Finally the mixture
was heated at 850 °C for 4 h. Powder XRD (Make: Bruker,
Model: AXS D8 Advance) was employed to characterize the
prepared powder. XRD patterns were recorded for LN nano-
particles sintered at various temperatures.

A solvent cast technique was adopted for fabricating films
of pure PVDF as well as LN/PVDF nanocomposites [30]. In
order to investigate the variations in properties of the compos-
ites with concentration of LN, different volume fractions of
LN (0.001, 0.01, 0.05, 0.09, 0.15 and 0.25) were dispersed in
PVDF matrix so as to synthesize LN/PVDF nanocomposites.
A sample of pure PVDF film was also synthesized for com-
parison with the composites. The pure PVDF film was also
characterized using XRD, FT-IR (Make: Thermo Nicolet,
Model: Avatar 370) and DSC (Make: Mettler Toledo, Model:
DSC 822e) to confirm the β-phase of PVDF. Films with vol-
ume fraction only up to 0.25 of LN could be fabricated due to
problems of particle agglomeration and nonuniformity at
higher inclusion concentrations.

For dielectric and pyroelectric measurements small pieces
of dry composite samples were coated with a thin layer of
silver paste The dielectric constant (ε′) and dielectric loss
(ε′) of the samples were measured with an Impedance analyz-
er (Make: Hioki, Model: IM 3570) in the frequency range
100 Hz–5 MHz.

The pyroelectric coefficients p(T) of the nanocomposite
films were measured by the Byer and Roundy method
[31]. This method is a more straight forward one than
the dynamic or charge integration technique. The working
principle of thermal/pyroelectric IR detectors is that the
absorbed heat energy results in a corresponding increase
in temperature (dT) and spontaneous polarization of the
material. Changes in polarization alter the surface charge
of the electrodes and to keep neutrality charges are ex-
pelled from the surface which results in a pyroelectric
current in an external circuit. The pyroelectric current de-
pends on the temperature change with time. The pyroelec-
tric current I is proportional to the electrode area A of the
sample and the rate of change of temperature (dT/dt),
from which the pyroelectric coefficient can be obtained as

p Tð Þ ¼ I

A
� 1

dT=dt
ð1Þ

In all our measurements the sample heating rate was kept at
2 °C/min.

The pyroelectric properties of PVDF and its co-polymers
can be enhanced by poling. Poling is a process of converting a
multi-domain single crystal to a single domain one with ap-
plication of an external electric field far greater than the coer-
cive field in the direction of polarization axis. The PVDF
material can retain its pyroelectric properties only up to a
certain value of the electric field. Beyond this it gets de-
poled (loses its pyroelectric/piezoelectric properties). Poling
can be done either by contact poling, where the electric field
is directly applied across the film through two contact elec-
trodes, or by corona poling, in which the film has an electrode
fixed only to one side and a sharp needle placed at a certain
distance away from the other side.When a very high voltage is
applied across the needle and the bottom electrode, ionization
of air occurs around the needle and the generated charges get
accumulated on the film surface establishing a poling electric
field in the film [32, 33]. In the present investigations we have
adopted the corona technique for poling the samples. All the
samples in circular shape having diameter 4 cmwere uniform-
ly poled by a single corona point under a field of 23 MV/m at
80 °C for 1 h.

Thermal properties of LN/PVDF nanocomposites were
measured following a photothermal technique, with a pyro-
electric detector used as the thermal detector [34]. The basic
principle of the technique is that, when a periodically modu-
lated light beam from a light source impinges on the surface of
the sample, the sample absorbs part of the incident energy. The
sample undergoes a non-radiative de-excitation process and
gets correspondingly heated. This periodic temperature varia-
tion in the sample can be directly detected with a sensitive
pyroelectric transducer kept in intimate contact with the
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sample. In the present work, a 120 mW He-Cd laser of wave-
length 442nm, intensity modulated by a mechanical chopper,
was used as the optical heating source. A nickel-chromium
coated PVDF film of thickness 28 μm, and pyroelectric coef-
ficient 30 μCm−2 K−1was used as the pyroelectric detector.
The sample-detector assembly was mounted on a thermally
thick backing. The modulation frequency of light was kept
above 60 Hz to ensure that the detector, the sample and the
backing were thermally thick during measurements. The

output signal was measured with a dual-phase lock-in ampli-
fier (Make: Stanford Research Systems,Model: SR830).Mea-
surement of amplitude and phase of the output signal enabled
us to determine the thermal diffusivity (α) and thermal
effusivity (e), from which the thermal conductivity (k) and
volume specific heat capacity (C) of the sample could be
obtained.

The Shore D hardness values for the samples, including
pure PVDF, were measured following indentation method,

Fig. 1 X-ray diffraction patterns
of LN nanopowders sintered at
different temperatures (Step size:
0.020°, Step time: 31.2 s)

Fig. 2 X-ray diffraction pattern
of (a) pure PVDF film, (b) LN
nanopowder, (c) LN/PVDF
nanocomposite with volume
fraction 0.05 of LN (Step size:
0.020°, Step time: 31.2 s)
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measuring the penetration depth of a durometer indenter with
a Shore hardness meter (Make: Hardmatic Mitutoyo, Model:
321JAA283).

Characterization

The powder XRD patterns for the LN nanoparticles sintered at
different temperatures are shown in Fig. 1. The powder XRD
pattern of pure PVDF sample (Fig. 2a) shows a major peak at

20.5° (corresponding to the (200) plane), which is the prom-
inent peak for the β-phase of PVDF [35]. The FT-IR spectrum
of pure PVDF sample is shown in Fig. 3. Here the absorption
peaks at 511 and 840 cm−1 are the characteristic ones for β--
PVDF [35, 36]. From the figure it is clear that the character-
istic peaks corresponding to α-phase (766, 795, 856 and
976 cm−1) and γ-phase (778, 812 and 834 cm−1) of PVDF
are absent in the FT-IR spectrum [36]. This shows that PVDF
formed is predominantly β-phase. From the DSC curve

Fig. 3 FTIR spectrum of pure
PVDF film

Fig. 4 DSC curve of pure PVDF
film during heating cycle
(Heating rate 10 °C/min)
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(Fig. 4) it is found that the melting point of the PVDF film cast
from DMF solvent is 161.18 °C. No other transition peak is
found in the temperature region of the measurements.

The X-ray powder diffraction patterns of the newly pre-
pared samples show only the reflection peaks of the hexagonal
LiNbO3 structure. All the d-line patterns match with reported
values (JCPDS-20-631) (Fig. 2b). As can be seen in Fig. 1, the
beginning of crystallization can be detected starting from
400 °C, and at 650 °C all reflections are observed. The inten-
sity of the reflections increases with increasing sintering

temperature which indicates a higher degree of crystallinity
for the material and maximum observed at 850 °C. The aver-
age particle size obtained using the Debye - Scherrer formula
is in the range 45–65 nm.

Each of the LN/PVDF nanocomposite films has also been
subjected to powder XRD measurements. The XRD pattern
for one LN/PVDF composite sample (with volume fraction
0.05) is also shown in Fig. 2c. Peaks in the XRD pattern for
this sample confirm the presence of LN nanoparticles in
PVDF matrix.

Fig. 5 Variations of theoretical
and experimental densities of LN/
PVDF nanocomposites with
varying volume fractions of LN

Fig. 6 Variations of dielectric
constant with frequency for
different LN/PVDF
nanocomposites
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Results and discussion

A comparison of the theoretical and experimental densities of
the composites with varying volume fractions of LN are
shown in Fig. 5. Theoretical densities of the composites are
calculated following the rule of mixtures. Densities have also
been measured directly. It can be inferred that the density
increases with filler concentration, and it is slightly lower than
the theoretical density in all cases. This could be due to the
possible presence of voids and defects in the composites dur-
ing preparation. At high filler loadings, certainly there is a
possibility for the ceramic particles to form aggregates, which

may tend to settle. This may cause nonuniformity in the den-
sity of the samples, reducing the density in the upper regions
of the cast films. However, all of the prepared samples have
attained a density in the range 95–90 % of the theoretical
density as the filler volume fraction increases from 0 to 0.25.

Variations of dielectric constant and dielectric loss with
frequency for samples with different concentrations of nano
LN in PVDF are shown in Figs. 6 and 7. It can be seen that
both dielectric constant and loss increase at all frequencies as
the LN content in the matrix increases. Dielectric constant
varies from 10.19 to 15.53 as the volume fraction of LN in-
creases from 0 to 0.25 at 1 kHz, whereas the corresponding

Fig. 7 Variations of dielectric
loss with frequency for different
LN/PVDF nanocomposites

Fig. 8 Variations of pyroelectric
coefficient of LN/PVDF
nanocomposites with temperature
for heating and cooling
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variations in dielectric loss are from 0.034 to 0.318. The re-
ported value of dielectric constant for pure PVDF film is 11 at
1 kHz [13]; in our measurements it is 10.19, which is rather
close to the reported value. It is found that both dielectric
constant and loss decrease as frequency increases, but above
1 MHz the dielectric constant and above 100 kHz the dielec-
tric loss show a slight increase. It can also be noticed that the
dielectric constant decreases sharply as the frequency in-
creases for higher filler concentrations, but in the high fre-
quency region, the decrease is much less. More or less similar
variation occurs for dielectric loss as well.

The increase in dielectric constant with increase in LN
content can be attributed to an enhancement in internal polar-
ization of the samples. At lower frequencies (say, below
1 kHz) the dielectric constants of the nanocomposites are
higher than the expected values for higher filler concentrations.

So it is clear that there must be other contributions to polariza-
tion, which enhance the dielectric constant at low frequencies.
The observed extra polarization might be from space charge
effects [37, 38].

The quantity of accumulated charges depends on the polar-
ity of the polymer. When LN nanoparticles are added to
PVDF, the polarization of the composites increase compared
to PVDF due to the dipolar contribution from LN. Enhance-
ment in pyroelectric coefficient is obtained for the composite
films after poling. Pyroelectric coefficients for all the samples
(having area 1 cm2 and thickness ranging from 55 to 80 μm)
were measured and verified on heating as well as cooling
(Fig. 8). During heating, in addition to the pyroelectric current,
a small current due to the release of trapped space charges will
be present. But in the case of cooling the presence of depolar-
ization currents can be eliminated. Figure 9 shows the

Fig. 9 Variations of pyroelectric
coefficient (cooling cycle) and
Shore D hardness of LN/PVDF
nanocomposites with volume
fractions of LN

Fig. 10 Variations of thermal
conductivity and specific heat
capacity of LN/PVDF
nanocomposites with volume
fractions of LN
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variation of pyroelectric coefficients during cooling for vary-
ing volume fractions of LN/PVDF nanocomposites. It is
found that the average value of pyroelectric coefficient in-
creases from 31 μCm−2 K−1 to 127 μCm−2 K−1 as the LN
concentration in the PVDF matrix increase from volume frac-
tion 0 to 0.25. At higher volume fractions of LN, the pyro-
electric coefficient increases because of the presence of a
higher proportion of pyroelectric material and increased like-
lihood of ceramic paths connecting the upper and lower elec-
trodes of the sample.

It is found that thermal conductivity of the nanocomposites
increase from 0.2 Wm−1 K−1 to 0.47 Wm−1 K−1 with increase
in filler concentration, whereas the specific heat capacity de-
creases from 1428 Jkg−1 K−1 to 1210 Jkg−1 K−1. The varia-
tions of thermal conductivity and specific heat capacity with
filler concentration are shown in Fig. 10.

The important properties to look for in a thermal/infrared
sensor material are, low dielectric constant and loss, high py-
roelectric coefficient, low specific heat capacity and thermal
conductivity. The important figures of merit for infrared py-
roelectric detector materials are [39–42],

FI ¼ p Tð Þ
C

ð2Þ

FV ¼ p Tð Þ
Cε

ð3Þ

FD ¼ p Tð Þ
C

ffiffiffiffi

ε0
p ð4Þ

where FI, FV, FD and ε′ are the figures of merit for high current
sensitivity, high voltage responsivity and high detectivity re-
spectively. These have been calculated for each of the LN/
PVDF nanocomposites and in the calculations the values of
the dielectric constant and dielectric loss at 1 kHz were used. It
is found that the figures of merit increase with increase of filler
concentration. Variations of the above figures of merit for
varying volume fractions of LN are tabulated in Table 1. The-
se figures of merit have been compared with the correspond-
ing values reported in literature on other comparable compos-
ites [43]. It is found that FI, FV and FD for the present LN/
PVDF nanocomposites are higher than the values reported
earlier for different composites of this class, made by dispers-
ing polycrystalline ceramic particles in polymer matrix

Table 1 Variations of pyroelectric figures of merit for IR detection for
LN/PVDF nanocomposites with varying volume fractions of LN
nanoparticles

Volume fraction of
LN/PVDF film

Pyroelectric figures of merit

FI
(×10−3μCm/J)

FV
(×10−3μCm/J)

FD
(×10−3μCm/J)

0.00 21.71 2.13 117.74

0.001 23.59 2.29 116.50

0.01 26.93 2.55 120.43

0.05 38.12 3.40 127.07

0.09 53.99 4.45 143.27

0.15 76.56 5.76 153.42

0.25 104.96 6.76 186.13

Fig. 11 Variations of normalized
pyroelectric figure of merit FD
and normalized inverse Shore D
hardness for LN/PVDF
nanocomposites with volume
fractions of LN
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[44–49]. These are also higher than the values reported for
pure PVDF and pure P(VDF-TrFE) (Poly (vinylidene
fluoride- trifluoro ethylene)) [43]. It is found that LT/PVDF
nanocomposites, where LT stands for Lithium tantalate, ex-
hibit higher figures of merit than the present LN/PVDF nano-
composites [50]. Since different authors have followed differ-
ent definitions for pyroelectric figures of merit and the con-
centrations of ceramics in the composite taken differently, a
direct comparison of the values in the form of a table is found
difficult.

Variation of the figure of merit for high detectivity, (FD),
normalized to the corresponding value for pure PVDF, plotted
against volume fractions of LN nanopowder, are shown in
Fig. 11. It can be seen that the figure of merit increases more
or less linearly with filler concentration, which is in tune with
mean field approximation [51].

Filler materials in the form of powders or fibres can be
added to thermoplastic fluropolymers like PVDF to ac-
complish improvement in specific properties like strength,
stiffness, lubricity etc. Hardness of polymers (rubbers,
plastics) is usually measured by the Shore scales. The
Shore A scale is used for ‘softer’ rubbers while the Shore
D scale is for ‘harder’ elastomers/thermoplastics. Shore
hardness is often used as a proxy to flexibility for the
specification of elastomers/plastics. For LN/PVDF nano-
composite films, it is found that the Shore D hardness
increases with increasing volume fractions of LN
nanopowder in the composite, as shown in Fig. 9. The
variation of inverse Shore D hardness, normalized to the
value for pure PVDF, with varying volume fractions of
LN is also shown in Fig. 11. Since Shore hardness scales
inversely with the flexibility of the polymer, one can no-
tice that the samples get harder as the LN concentration in
the composite increases.

From Fig. 11 it is clear that the pyroelectric figure of
merit compete with Shore hardness or flexibility of the
composite. Depending on the application, the Shore hard-
ness of the composite shall be fixed, which automatically
fixes the figure of merit or thermal/infrared detection sen-
sitivity of the material. In the case of other figures of
merit, FI and FV, similar variations were obtained. Also
it can be noticed that at the volume fraction of about 0.10,
where the Shore hardness curve meets the figures of merit
curve, the LN/PVDF nanocomposite possesses good flex-
ibility as well as good figure of merit for high current
sensitivity (FI), high voltage responsivity (FV) and high
detectivity (FD). So we can conclude that the volume frac-
tion 0.10 of LN provides the best composition for sensing
application, providing good flexibility simultaneously. So
by preparing the filler particles in the nanometer scales,
we have been able to obtain simultaneously good pyro-
electric detection sensitivity along with high flexibility for
this composite.

Conclusions

The pyroelectric coefficients and figures of merit for LN/
PVDF nanocomposite films with variable volume fractions
have been reported for the first time. LN nanopowders are
prepared following a novel technique. We have reported the
thermal conductivity, specific heat capacity, dielectric con-
stant, dielectric loss and Shore D hardness of these nanocom-
posites. It is found that pyroelectric coefficient, dielectric con-
stant and thermal conductivity increase significantly with filler
loading, while specific heat capacity decreases. All the three
relevant pyroelectric figures of merit have been evaluated
from these parameters for their possible use as pyroelectric
thermal/infrared detectors. A comparison of these with corre-
sponding Shore hardness for these materials shows that im-
provement in pyroelectric figure of merit is at the expense of
the flexibility of the sensor material. All these properties are
compared with those of pure β-PVDF film, which is commer-
cially available currently for the same application.
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