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This manuscript describes the experimental results of the potassium nitrate (KNO3): polyvinyl alcohol (PVA) composite thick
films. To explain the nature of ferroelectric phase (phase 1ll) of potassium nitrate (KNOs3), the composite films of potassium
nitrate with polyvinyl alcohol containing equal weight percentage have been prepared by solvent-cast methods.
Temperature dependence characteristics of the dc electrical conductivity of these samples have been investigated. The
Current versus Voltage (I-V) characteristics exhibit the polarization current at room temperature, which reveals the
existence of ferroelectricity in these composite films. Current versus Temperature (I-T) measurements have been performed
to identify the ferroelectric phase transition in KNOs: PVA composite films.
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1. Introduction

Ferroelectric composite films especially ferroelectric
ceramic-polymer composites in the range of nanoscale
characterization have remarkable applications in
multidirectional fields of engineering, science and
technology [1]. To study the ferroelectric, pyroelectric,
piezoelectric and dielectric behavior of the ferroelectric
materials; the composite films have better performance [2-
8]. The composite materials have been produced using
mixtures of ceramic as filler in polymer matrix. The fillers
are included in the matrix in order to modify its physical
properties in a high range. The filler such as PZT, BaTiO3,
PbTiO; SBT, BST, SBN, BFO, BST/G, KNbO3, NaNO,,
CsNO3& (NH,)0.30Ko6:NO3 ceramics are currently in
current focus and their composite films with polymers
such as PVDF, PVF & PVA have been prepared and
investigated in past [9-16].Composite materials with
piezo-, pyro- properties have been gain enormous attention
due to the potential to produce these films with tailored
properties such, enhancement of ferroelectricity, lowering
of operating voltage, flexibility etc. Therefore, the
polymer-ferroelectric composite materials are emerging as
a new class of electronic and dielectric materials. These
composites can find vast tremendous and technological
applications; such as ferroelectric capacitor, MEMS,
ferroelectric memory devices etc. [2-16].

Recently, the ferroelectric properties of composite
films have gained much interest due to the formation of
thin and large area composite films [1-16]. Potassium
Nitrate (KNO;) is well known ferroelectric materials and

to study the stability of ferroelectric phase (phase IlI), the
extensive research work have been carried out [9, 10, 17-
23].

Polyvinyl Alcohol has amorphous nature as well as in
semi crystalline form depending upon the method of
preparation. It reported x-ray diffraction peaks at 20=11.4,
19.4 and 40.4° corresponds to the crystalline phase [9, 10].
It has crystallinity due to the strong intermolecular
interaction and hydrogen bonding between the PVA chains
[24-30]. Development and characterization of PVA based
ferroelectric composite films have been found an emerging
method to improve the properties [9-16, 30]. KNOs: PVA
composite films with improved electrical properties may
offer a viable alternative for the applications in the field of
memory devices, ferroelectric capacitor, MEMS etc.
Earlier, the ferroelectric properties of KNO;: PVA
composite films have been studied by our research group
[9-16].

PVA and KNOj; both are soluble in water; therefore,
we focused on the composite films of both the materials by
the solvent cast method, which is commonly used for the
fabrication of ceramic/polymer composite  films.
Comparison to the results obtained in pure PVA and
KNO; revealed that the ferroelectric phase (phase IlI) in
KNOs is stable at room temperature due to admixture of
KNO; at50 wt. % ratio in PVA. Hence, we intend to
investigate the thermal effect on the electrical properties of
KNOs;: PVA composite films.

Preparation of the solvent-cast composite film: The
purified powders of potassium nitrate (Aldrich USA) and
PVA were used for the preparation of composite films. For
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a particular composition (50% by weight), the composite
powder mixture of an equal amount weighing (100mg)
was dissolved in double distilled water and stirred well
while being heated at 40°C on a hot plate magnetic stirrer
[9, 10, 32]. The composite solution of PVA and KNO; was
spread onto the ultra clean glass plate and covered by a
glass bell jar for four days for drying. After the solvent
cast composite film has formed, it was easily removed
from the glass plate and kept in a vacuum oven for 6 hrs at
60°C to remove the excessive moisture from the
composite film. Further to remove the wrinkles and for the
homogeny, the composite film was pressed in a stainless
steel die at 100°C and stress 250 Kg/cm?® for 60s and
cooled down to room temperature using melt-press
techniques. The thickness of the composite film was
measured to be 30-60um. The circular indium electrodes
having an area of ~0.25 cm?® on both the sides of the
composite film were deposited in a chamber at the
pressure of 2x10°mbar. The prepared composite film
were poled at the following poling conditions for better
performance i.e. poling temperature (T,)=130 °C, poling
voltage (V)= 30 V and the poling time (t;)= 20 min.

2. Results and discussions

2.1 DC Electrical Conductivity of KNO3: PVA
Composite

The dc electrical conductivity variation with
temperature has been found to provide knowledge of the
phase transition in KNO; [33-37]. The dc conductivity
studies on single crystal KNO3 shown anomalies at about
130°C on heating and about 124°C and 108°C on cooling.
These measurements gave the activation energies of phase
I, I1and Il as 0.89, 1.38 and 0.78 eV respectively [37, 39].

Table 1. The activation energies calculated for different
phases during heating and cooling modes in the
composite films.

Temperature | Phase Activation
Mode | Range () Energy (eV)
Heating | 37.5 —»128 | 11 0.14~0.72
Heating | 130°—155 Il ~0.55
Cooling | 107 —90 11l ~0.85
Cooling | 60 —37.5 H+111 0.18~0.48
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Fig. 1. DC conductivity versus 1000/T plot of the
composite films.

The electrical conductivity in KNO3: PVA composite
was calculated using the relation:

Id .
0c=-3 )
Where, o,I,d,AandV are the electrical conductivity,
current, sample thickness, electrode area and applied
voltage respectively.

The conductivity was evaluated after the application
of 10 V dc as a function of temperature for 50wt.% KNOs:
PVA composite sample for both the heating and cooling
modes. The temperature of the sample was varied at
constant heating rate of 5°C/min using a temperature
programmer attached to specially designed furnace. Fig. 1
depicts the plot of log o versus T™.

Initially the composite is assumed to contain mixed
phases Il and 111 of KNOj as revealed by the X-ray and
Raman studies [40-44]. During heating cycles both the
phases 11 and 111 seem to coexist up to about 58°C and in
the temperature range 58 to 117°C, phase Il converts to
phase Il and exists up to temperature 128°C. Further
heating converts phase Il to phase | in the temperature
interval 128 to 135°C [45]. At temperature 130°C the
ferroelectric to paraelectric transition occur as obtained by
DSC measurements. It is envisaged that during the cooling
mode, phase | converts to phase Ill in the temperature
range 107 to 58°C. The phase Il seems to exist in the
temperature interval 98 to 55 C. However, the curve again
shows a sharp drop in conductivity in the temperature
range 58to 37°C, which may indicate that some of phase
Il is converted to phase Il and then up to room
temperature both the phases Il and Il coexist. The Raman
studies on KNOj in the past also show similar temperature
ranges of the phase transformations and the coexistence of
phases Il and I11. The thermal expansion studies on KNOj3
films also showed a transition peak of phase Il to phase Il
near 62°C [37-39].
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Table 2.DSC parameters of pure KNO;, pure PVA and
composite films.

Heating Modes Cooling Modes
(Endothermic Reactions) (Exothermic
Reactions)
Phase Phase
Sample Trans. | AH Trans. AH
Temp. | (mJ/mg) | Temp. (mJ/mg)
(O O
Pure 132.1 +61.1 114.4 -31.8
KNO; 100.8 -18.8
94.9
Pure PVA | 218 +21.7 178.2°C -18
KNOg: 132.4 +22.8 114.3 -12.1
PVA film | 210.4 +19.9 176.6 -10.2

Table 2 shows the results of DSC measurements of
PVA film, KNO; powder and PVA: KNO; composite film
for heating and cooling cycles. The DSC scan of the
composite film shows two peaks appearing at 132.4 Cand
210.4°Cin the heating mode. The 132.4 Cpeak corresponds
to the conversion of phase-II to phase-1. This matches with
the single peak at 132.4°C in the DSC scan of KNO;3,
which is known to occur due to the transition of phase Il
and / or phaselll to phase | [22]. The peak at210.4'C
corresponds to the melting of PVA [9, 10, 30]. The
transition observed at 114.3°C can be attributed to the
transformation of phase | to phase Il of KNOs as in case
of other composites. The exothermic DSC measurements
indicate that the composite samples with composition <
50wt. % KNO3z mainly possess ferroelectric phase 111 near
room temperature. The nucleation of phase Il from phase
11 of KNO; in the composite is suppressed due to the
presence of PVA.

The composite may contain crystallites of different
sizes and in all probability some of the small crystallites of
phase Il may convert to phasell. Therefore possibly the
phases Il and phase Ill coexist in the lower temperature
range. The X-ray experiments also support the existence of
crystallite distribution in the composite. The DSC
endothermic experiments also show transition peak of
phase Il to phase | at 130°C during heating [22, 31]. On
the other hand, the exotherm DSC experiments shows
peak of phase | to phase Il in the temperature interval 107
to 90'C. This temperature range of the exothermic DSC
experiment is different from that observed from

conductivity experiment. This may be due to different
nature and sensitivity of the experiments; however, both
the experiments do show the existence of phase transitions
in the composite sample. The temperature dependent of dc

electrical conductivity (04, ) and activation energy (E,)

can be expressed by the following Arrhenius equation [36,
38],

E
Odc = 0Oo€Xp <_ k_tl) (i)
T

Where,o, k;, and T are pre-exponential factor, Boltzmann
constant, and temperature respectively. The activation
energies were calculated in different temperature ranges of
the log o versus T in KNOgPVA composite film as
shown in Fig. 1 during heating and cooling modes and the
corresponding results are shown in Table 1. These values
are lower than observed by other workers in pure KNO;
[36, 38]. The different form of phases assumed to be
present in various temperature ranges are also given in
Table 2. Several reports indicate that oxygen vacancies are
mobile charged point defects in bulk perovskite titanate
materials. The activation energies ~ 0.6 eV for oxygen
vacancy migration have been reported [44]. The electrical
conductivity studies also exhibit the temperature ranges of
the phase transformations as obtained in the DSC and the
dielectric investigations [22, 31]. The electrical
conductivity studies also support the coexistence of phases
I and phase 111 in the composite films.

2.2 Current-voltage characteristics

The I-V characteristics of the 50 wt.% composite
films have been carried out at room temperature as shown
in Fig. 2. The voltage was swept from 0 to +21 V in the
forward bias. The sharp peak was observed at + 11 V. This
sharp peak indicates the predominant switching current
due to the polarization in the composites at room
temperature. The value of initial rise in current with
applied voltage may be due to the orientation of domain
which creates the ferroelectric polarization in the field
direction. The peak voltage in the 1-V curve arises in the
vicinity of the coercive field at which the majority of the
ferroelectric domains switched in field directions. Further
then at the peak value, the decrease in current is due to the
decline in domain contribution. The voltage corresponding
to the sharp peak has been taken as the coercive voltage by
many researchers. The value of E; (= 3.2 kV/cm) obtained
from the |-V characteristics was less than the E; (= 4.62
kV/cm) obtained from the hysteresis loop measurement as
published in our previous research work [22-31].
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Fig. 2. Current- Voltage (I-V) characteristics of KNOs:
PVA composite films at room temperature.

2.3 Current vs. Temperature (I-T) characteristics
of the composite film

The temperature dependence of I-T measurements of
optimized composite film has been studied. Fig.3 shows
the sharp peak at the increased value of temperature up to
temperature (T=118°C) and the value of corresponding
current is (I=58uA)and above this temperature (T=130°C),
the value of corresponding current is (I= 40pA) during
heating mode. This indicates the transition of ferroelectric
phase in to paraelectric phase of KNO; in the composite
films. The variation of peak current of I-T characteristics
of the composite films is due to the existence of the
polarization switching current.
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Fig. 3. Current vs. Temperature (I-T) characteristics of
KNOj3: PVA composite films.

The Curie temperature obtained from the DSC
measurements strongly supports the ferroelectric peak
temperature as obtained from these measurements. In the
cooling mode, there is no peak observed at this
temperature range, it means that the co-existence of the
paraelectric and ferroelectric phase up to room
temperature.

2.4 Current vs. Temperature (I-T) Characteristics
of the pure KNOs:

The temperature dependence of I-T measurements of
pure KNO; in pellet form has been studied. Figure shows
the sharp peak at the increased value of temperature up to
temperature (T=115°C) and the value of corresponding
current is (I= 1.22pA) and above this temperature
(T=130°C), the value of corresponding current is (1= 0.52
pA) during heating mode. This indicates the transition of
ferroelectric phase in to paraelectric phase of KNOj in the
composite films. The variation of peak current of I-T
characteristics of the composite films is due to the
existence of the polarization switching current. The Curie
temperature obtained from the DSC measurements
strongly supports the ferroelectric peak temperature as
obtained from these measurements. In the cooling mode,
there is a peak observed at the temperature T=115°C, it
indicates the ferroelectric phase Il of KNOj, which is
confirmed by the DSC measurements at this temperature.
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Fig. 4. Current vs. Temperature (I-T) characteristics of
pure KNOs.

2.5 Dissipation factor (tan &) vs.
characteristics

temperature

Fig. 5 shows the variation of dissipation factor (tan J)
with temperature for the 50 wt.% composite films at the
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frequency 1 kHz. This plot indicates that the tan &
increased with rising in temperature during heating mode.

The increase value of dissipation factor of the
composite film is due to the intermolecular / interfacial
electrical polarization mechanism occurred in the
composite film. At temperature ~ 130°C, the value of
dissipation factor has been found to be 0.5 and increased
up to 6.5 at temperature ~ 150°C. In cooling mode, there is
n peak observed up to room temperature.

7
—e— Heating| 50 wt.% KNO, in PVA P
64 |—@— Cooling ce
2
54 .
Frequency 1 Khz °/
4 °?
f"‘ /.
ONN oo
g e
24 T=132°C o’o
\ .
14 [ ]
..o'J.. T=155°C
0] on-om o —0ENS

20 40 60 80 100 120 140 160 180

Temperature (DC)

Fig. 5. Dissipation factor (tan o) vs. temperature of the
composite films.

3. Conclusions

The KNO;: PVA composite films show the
ferroelectric polarization current as observed by the I-V
measurements at room temperature. |-T characteristics
indicate the ferroelectric to paraelectric phase transition
near the transition temperature of potassium nitrate in the
composite films: The results of DC electrical conductivity
supports to identify the different phases of potassium
nitrate and corresponding value of activation energies.
Dissipation factor (tan 8) plots for composite film exhibit
the phase transition.
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