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Synthesis and characterization of two multicomponent mixtures, 0.8 Fe3(POy4),"4H,O -
0.2(NH4),SO,4 (FPN2A) and 0.8 Fe3(POy), -8H,O- 0.8FePO4  0.5NH4H,PO4-0.2(NH,),SO, (FPN2B) are

NH4H2PO4 :

0.8 FePO, - 2H,O - 0.5

reported. FPN2A and FPN2B mixtures have average crystallite sizes of 66.1 nm and 79.5 nm, respectively. The respective
optical bandgap of FPN2A and FPN2B are 6.02 ¢V and 5.96 ¢V with a refractive index of 1.99. Thermal analysis reveals
heat-dissipating behaviour of the mixtures with specific heat capacity, Cp (at 307K) of 0.71 Jg 'K ™! and 0.66 Jg'K ™' for
FPN2A and FPN2B, respectively. Further, temperature-frequency dependant dielectric properties of the FPN2C (obtained
by sintering FPN2B at 423K) have been investigated. The sintered mixture, FPN2C orchestrated variation in permittivity, €'
(~17 — 42) and dielectric loss, tan & (~0.04-0.08) in the frequency range of 1.0x10° Hz to 4.0x10° Hz up to 483K. AC
conductivity of FPN2C has been found to be ~ 8.96x10™ sm™ up to 483K. TG-DSC analysis reveals the thermal stability of
the FPN2C over a wide range of temperature (297K to 1267K) and heat-dissipating behaviour with a Cp of 0.62 Jg 'K
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Human race thrive with the development of advanced
technologies. As the standard of living rises, so does
their energy demand. As the world's energy demand
increases, efficient energy storage, and utilisation
become more important. Energy storage has become a
critical aspect for the proper implementation of
generated energy from immutable and artificial
sources to maintain the ecological society's
sustainable development and reduce anthropogenic
alterations'. For the storage of electrical energy,
supercapacitor, fuel cells, dielectric capacitors,
batteries are proven to be promising devices™’
Among all, dielectric materials in particular are
gaining popularity due to their rapid charging-
discharging rate, which is achieved through dielectric
polarisation and depolarisation in response to an
external electric field, rather than a chemical reaction
1013 “Several polymer dielectrics have been studied
widely as energy harvesting sources'*'®, transducers'®
'8 soft robots'®?, printable electronics™, energy
storage devices”. Although polymer dielectrics have
higher breakdown strength and reliability, they are
restricted to low operational temperatures and so
cannot fulfill the growing demand for energy’. Many
efforts have been made to increase the energy density

on dielectric materials like lead lanthanum zirconate
lead magnesium niobate, lead tantanate, since they
deliver higher charge storage density”®*. However,
lead-based materials have the disadvantage of
polluting the environment and posing a health risk to
mankind®>2. Therefore, researchers are looking for
alternative lead-free dielectric materials with higher
storage efficiency. In this regard, substantial attention
has been paid towards the research and development
of the novel dielectric materials such as Hf0,>, Al,05
. Sm,0; *°, Zn0, °°, Ti0,”, Y,0; and Si*,
CaCu,Ti, 05, *, Cu0 *°, Ln,_ySry NiO, *', NiO, **.
Over the past decade, substantial growth has been
achieved in the progress of high-performance bulk
ceramics (lead-free) dielectric materials for the
storage applications of electrical energy viz. SrTiO3,
CaTiO;, BaTiOz, BiFeO3;, AgNbO; and
NaNbO; based ceramics®. Yang et al. reported a lead
free SrTiO; based material, (1 —x)SrTiO; —
xBig 5(Nag g2Ko.18) Ti0.96Z10.02500,02 O3 Where x= 0-
0.5 with €300 — 2700 and tan 6 up to 0.12 in a
frequency range of 1kHz to 1MHz *. A
NaNbO; based ceramics, 0.91 NaNbO; —
0.09 Bi(Zny s Tips) O3 was developed by Y. Fan,
et al. with relative permittivity of 700 — 1200 and
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tan & up to 0.11 in a frequency range of 1.0x10* Hz to
5.0x10° Hz"”. A BaTiO; based ceramics stable in
the frequency and temperature range of 1 — 100 Hz
and 298 K - 373 K, respectively was developed
by Y. Lin and group™ An Sm doped
AgNbO3 (Smg g3A8091NbO3) was synthesized by
Luo et al.”" for superior energy storage. A ternary
bulk ceramic containing BiFeO; — BaTiOz;— SrTiO5
with €' 300 — 2000 and tan 6 up to 1.1 in a frequency
range of 1kHz to 1MHz was reported for energy
storage48.

In addition to storage efficiency, effective heat
dissipation of electric equipment is essential, as heat
dissipation ability directly affects the device's life. It
is necessary to dissipate heat produced in a local area
to prevent device malfunction, poor durability, and
premature failure. Application of a cooling fan or
even a heat sink are common approaches to improve
the efficiency of heat transfer but they lead to large
volume and weight of the entire system. Thus it is
highly desirable to design materials, which can afford
low dielectric loss with the desired combination of
high energy density and reasonable heat-dissipating
behaviour.

The main objective of this work is to develop a
heat dissipating material with good dielectric
properties. In the present work, multi-component
mixture FPN2B has been synthesized as described
later and calcined at 353 K (to obtain FPN2A) and
423 K (to obtain FPN2C). A comparative study of
FPN2A and FPN2B was accomplished by various
thermo-analytical techniques. Out of the two, the
mixture with better thermal dissipating behaviour was
picked, thermally modified and then subjected to
dielectric spectroscopy.

Experimental Section

Materials

Analar grade chemicals FeSO, - 7H,0 (assay >
99%, F8263-500G) H;P0, (assay > 99%, 79622)
NH,OH (Merck) from Sigma-Aldrich were used for
synthesis purposes. Freshly prepared double-distilled
solution water was used for solution preparation. All
glass distillation system with alkaline KMnO, was
used for the second distillation.

Synthesis
The required amount of FeSO,4-7H,0 was
dissolved in double-distilled water. Thereafter, H; PO,

was added to the resultant solution in a 1:1 molar ratio
and continuously stirred at RT for 48 hrs on a
magnetic stirrer. Ammonia solution (NH,OH) was
used for neutralisation and the pH was maintained
between 7-8. The neutralised solution was kept
undisturbed for 24 hrs. After that, the precipitate was
vacuum filtered and washed a few times by double
distilled water tailed by ethanol. Then, in a desiccator
half of the precipitate was dried over silica gel and
named as FPN2B (non-calcined) mixture. The
remaining half of the precipitate was calcined in an air
atmosphere at 353 K for 6 h and named as FPN2A
(calcined) mixture.

Instrumentation

For characterization of the above mixtures (FPN2A
and FPN2B), Fourier Transform Infrared Spectroscopy
(FT-IR), X-Ray Diffraction (XRD), Scanning
Electron Microscope (SEM), Ultraviolet-Visible-near-IR
Spectroscopy  (UV-VIS-NIR), Inductively coupled
plasma - optical emission spectrometry (ICP-OES),
Elemental analysis Carbon, Hydrogen, Nitrogen,
Sulphur (C, H, N, S), Thermogravimetry-Differential
Thermal Analysis (TG-DTA), and Differential Scanning
Calorimetry (DSC) techniques were used. The infrared
(IR) spectra of the mixtures at RT were collected using a
Thermo Nicolet Nexus 670 instrument. Inductively
coupled plasma Optical Emission Spectrophotometer
(ICP-OES) using iCAP-6500 DUO ICP-OES Thermo
Scientific equipment was used to determine elements
like Fe and P. For elemental analysis, each mixture was
dissolved in 10 mL HNO; at 30% (v/v) and the volume
was made up to 100 mL using HPLC (high-performance
liquid chromatography) grade water. FLASH EA 1112
series C—H—N-S analyser was used for the determination
of sulphur, nitrogen, and hydrogen percentage. All
DSC measurements were carried out in a normal
atmosphere in an aluminium crucible at a heating rate of
10 K min' using DSC Discovery 250 equipment.
Thermogravimetric (TG) and differential thermal
analysis (DTA) of all mixtures in the temperature range
of 298 K to 1565 K were performed using an alumina
crucible in a normal atmosphere by a TAQ600 thermal
analyser. For X-ray diffraction (XRD) analysis, a
PANalytical Empyrean XRD was used. Bruker AXS D8
Advance was used to find out the FWHM (full width at
half maximum) of the peaks for the mixtures. The
optical properties of the mixtures were studied by a
Varian Cary 5000 spectrophotometer in an ultraviolet-
visible-near-infrared (UV-Vis-NIR) region ranging
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from 229 nm to 2500 nm. The morphology of the
samples was analysed by using a FESEM (field
emission scanning electron microscopy), JEOL JSM-
7610F microscope. All the characterizations were
carried out in SAIF-CUSAT, Kerala, and CSIR-IICT,
Hyderabad.

Results and Discussion

Structural analysis

XRD and FT-IR analyses were used to characterise
the structural properties of FPN2A and FPN2B. Fig. 1
manifests the FT-IR spectra of both FPN2A and
FPN2B. The stretching vibration of the hydroxyl
group (O—H stretching) is represented by vibrational
bands at 3480 cm ' in both the mixtures. The band
around 3170 cm' is attributed to the asymmetric
stretching vibration of N—H group. The bending mode
of N-H group (narrowband) is assigned around 1400
cm '. The asymmetric stretching vibration of P03~
ion was observed at 1045 cm . One-shoulder peak is
observed around 815 cm ', owing to the symmetric
stretching of PO3~ . The bending mode of PO}~ is
assigned to band near 545 cm'. The vibrational
band near 480 ¢cm! is assigned to the v, modes of
PO3~ ion. These vibrational bands are ascribed
according to published literature®>*. Table-SI
(supplementary table) summarizes the vibrational
bands of both the mixtures. Fig.2 (a and b) depict
PXRD patterns of synthesized multicomponent
mixtures, FPN2A and FPN2B, along with their
reference for comparison.

The PXRD results show that the diffraction pattern
of FPN2A found congruous with the references
pattern of Feg (PO,),-4H,0 (96-900-9878) *°,
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Fig. 1 — FTIR bands of FPN2A and FPN2B

FePO,-2H,0 °°, NH,H,P0,(01-078-2414) *,
(NH,),S0,(98-003-9035)*.  Similarly, the PXRD
pattern of FPN2B was found congruous with the
references pattern of Fes (PO,), - 8H,0 (96-001-
7476)*°, FeP0,(98-007-7817)*°, NH,H,P0,(01-078-
24147 (NH,),S0,(98-003-9035)*.  From the
Williamson-Hall (W-H) plot (Supplementary figures
Fig.S1 and Fig.S2), the crystallite size of FPN2A and
FPN2B was calculated to be 66.1 nm and 79.5 nm,
respectively. Phase quantification of both the mixtures
are displayed in supplementary figures Fig.S3 and
Fig.S4.

Compositional analysis

Compositional analysis of both mixtures was
accomplished by CHNS analysis (qualitative and
quantitative) and ICP-OES (quantitative). The atomic
composition of constituent elements Fe, P, Na, H, S
were determined in both FPN2A and FPN2B. The
chemical composition (elemental) and molecular weight
of FPN2B are 0.8 Fe; (PO,),-8H,0-0.8 FePO,
0.5 NH,H,PO, - 0.2 (NH,),SO, and 605.89 g/mol
respectively. Similarly, the composition and molecular
weight of FPN2A is 0.8 Fe; (PO,), - 4H,0-
0.8 FePO, - 2H,0 - 0.5 NH,H,PO, - 0.2 (NH,),SO0,
and 577.06 g/mol respectively. Experimentally
measured elemental atomic composition of the mixtures
found consistent with theoretically calculated
composition. Table 1 summarizes the measured and
calculated atomic percentage of constituent elements in
both mixtures.
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Fig. 2 — (a) PXRD pattern of FPN2A with references, (b) PXRD
pattern of FPN2B with references
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Table 1 — Atomic % of elements in the mixtures
S.No. Elements Calcd (%) Measured (%) Elements Calcd (%) Measured (%)
(FPN2B) (FPN2A)
1 Fe 29.49 28.56 Fe 30.97 31.62
2 P 14.83 14.21 P 15.57 14.62
3 N 2.08 1.74 N 2.18 1.74
4 H 2.39 2.88 H 2.48 2.49
5 S 1.05 0.30 S 1.11 0.38
o vs Weiol 's Wei ss (FPN2B
100 Temperature vs Weight loss (FPN2A) 0.20 100 Temperature vs Weight loss (FPN2B) 0.10
(2) (b)
95 015 954 L 0.05 -
= k=
o0 £ o] 2
90 W _ F0.00 2
S 005 § 3 DTG £
> 2 T8 £
= 85- 0.00 2 £ .
c DTG g 5 gl il
S 0052 % 2
80 - £ 0.10 §
00 7] TG i
y =}
= TG 0.15 70 4 0.15
70 4—3BLULK . . . —L-0.20 65 40443K i . . —L 020
305 s05s 705 905 1105 1305 1505 305 505 705 905 1105 1305 1505
Temperature (K) Temperature (K)
Fig. 3 — TG-DTG profiles of (a) FPN2A (b) FPN2B
Optical behaviour 05 -
UV-Vis-NIR spectra of both mixtures are Temperature (K)

manifested in Fig.S5. The absorption maxima for both
FPN2A and FPN2B were found 206 nm and 208 nm
respectively. The respective calculated optical
bandgap of FPN2A and FPN2B are 6.02 eV and 5.96
eV which was calculated by tauc plot (Fig. S6, Fig.
S7). The bandgap of FPN2A was found similar to the
bandgap of AIN (6.02 ¢V)°'. Refractive index (n)
linkage bandgap of both FPN2A and FPN2B were
calculated by moss equation® and found to be 1.99.

Thermal analysis

Thermal analysis was employed for both FPN2A
and FPN2B to investigate the thermal stability and
behaviour over a wide range of temperatures. The
thermal properties of the mixtures were monitored
against temperature which includes TG-DTG, DTA,
and DSC analysis.

Fig. 3 manifests the TG-DTG profiles of FPN2A
and FPN2B mixture.TG-DTG curve of FPN2B
revealed a single step decomposition at 403.43K. The
% of mass loss at 403.43K is 9.85. This
corresponding mass loss is due to the removal of 3.2
mol of hydrated water from the mixture. A mass loss
of 6.29% at 387.11K, was observed from TG-DTG

0.0 T T T
1105 1305 1505

-a—opuy Exo—»

0.5 -
AH =-37.29 J/g

-1.0

-1.5 4

Temperature difference

-2.0

-2.5 4

FPN2A
FPN2B

-3.0 -

Fig. 4 — DTA curves of FPN2A and FPN2B

curve of FPN2A owing to the removal of water
adsorbed by the mixture while cooling post
calcination.

Fig. 4 depicts DTA curves of FPN2A and FPN2B.
DTA curve of both mixtures revealed exothermic
behaviour in a wide temperature range. Change in
enthalpy for FPN2A is —9.77 J/g and for FPN2B is —
37.29 J/g.DSC curves of FPN2A and FPN2B are
displayed in Fig. 5.

In an air atmosphere, both mixtures were heated
from 297.95K to 770.86K at a heating rate of 10
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Fig. 5— DSC curves of FPN2A and FPN2B
K/min. Both mixtures were found exothermic

throughout the whole heating cycle. The specific heat
capacity of FPN2A and FPN2B were found to be 0.71
Jg'K™" and 0.66 Jg'K'. Hence, both mixtures can
be used as heat-dissipating materials. The Cp
values (where, Cp = heat flow / heating rate) were
determined by using well known sapphire method. A
blank aluminium crucible followed by sapphire were
run in the same method as the sample, following
which both the sapphire and sample were blank
subtracted. Then, Cp value was calculated from the
resultant curve using the software package available
with the instrument.

A low positive Cp of 0.37 Jg'K ™" and 0.04 Jg 'K
was observed for FPN2B and FPN2A respectively at
~410 K. This low Cp values correspond to the mass
loss observed in TGA. It is worth mentioning here
that an anomalous Cp value is observed in certain
exceptional case, when a thermal event is
accompanied by mass®>*,

From the TG-DTG result, it was observed that only
one decomposition step occurred at 404.43 K in
FPN2B mixture. But to make the material amenable to
high temperature applications, it was calcined at 423 K
for 5 hrs after synthesis and the resultant mixture,
FPN2C was obtained. The particle size of FPN2C was
found to be 89.9 nm (Fig. S8). Again, a combined TG-
DSC (Fig. 6) analysis was performed for FPN2C to
study the thermal stability and properties.

No thermal decomposition was observed in the
wide temperature range of (297 - 1267K) except
drying of adsorbed water molecules by the mixture.
DSC analysis revealed the exothermic behaviour of
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Fig. 6 — TG-DSC curve of FPN2C

the mixture with a net specific heat capacity of 0.62
Jg 'K

Thermal investigation revealed that the FPN2C
mixture is stable across a wide temperature range and
exhibits exothermic behaviour on heating. As a result,
at higher temperatures, this mixture can be employed
as a heat-dissipating material.

Thermal behaviour

For all mixtures, specific heat was found positive.
In DSC, these mixtures were subjected to a heating
cycle. So, the positive specific heat can be explained
by considering a system coupling with a heat bath.
These phenomena were studied for both coupled and
uncoupled systems in terms of partition function®®’.

Let us consider these mixtures as particle
oscillators. Say mixtures are contained in a system ‘S’
and coupled by a heat bath ‘B’ (Fig. S9). To obtain a
well-defined partition, function its motion restricted to
a region.

The partition function is given by

1

7 =——'5~ (1
2sin h(hBTm) ( )
1
f\z .
Where w = (ﬁ)z , 1s frequency
B = L, is inverse temperature
KpT
Specific heat capacity can be calculated by relation ®
2 0?

By substituting equation 1 in equation2
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h
C = Kpg (%) .(3)
Specific heat capacity of the system
hBw
Cs = Kpg (22) (4

Specific heat capacity of system coupled with heat
bath

Csg = Kpg (hﬁzwo) -(5)

Where wg, is frequency because of escalation of
heating at a rate of 10 K/min

Specific heat capacity of system coupling with heat
bath

C= CSB - CB (6)

C = Kpg (") — Kpg (22) (7

wq is significantly larger than ® because of
heating. As wy > w , the specific heat capacity in the
above case will be positive.

Morphology

The morphology of both mixtures was analysed by
scanning electron microscope analysis. Fig. 7
manifests SEM images of FPN2A and FPN2B.
Morphology of all the mixtures exhibit a hail flake
laden surface appearance.

Stoichiometric calculation

The homogeneous solution containing H;PO,4 and
FeSO,4-7H,0 in a 1:1 molar ratio was neutralised by
ammonia solution. The neutralization reaction occurs
as follows

20kV  X10000 1um 0095 1534 SEI

20KV X10000 1pm 0095 1534 SEI

-
3

P 0
20kV  X1,500 10pm 0095 1534 SEI

Fig. 7— SEM images of FPN2A, FPN2B and FPN2C

4FeS0,.7H,0 + 4H3P0, — Fe;(P0,),.8H,0 +
FePO, + PO3™ + 4503~ + 12H* + 20H,0 .(8)

PO3~ + 4502~ + 12H* + 20H,0 + 9NH,OH —
NH,H,PO, + 4(NH,),S0, + H* + 29H,0  ...(9)

As (NH,),S0, is highly soluble in water 3.8 mol
of (NH,),SO, washed out from the mixture during
the filtration process®. Phosphates of irons are poorly
soluble in water®™’”’. The mixture was washed with
deionized water and then ethanol resulting in the
removal of 0.2 moles of both Fe" and Fe™ phosphates.
Due to the removal of (NH,),S0, and iron phosphate
the final composition of the mixture is
0.8 Fe;(P0O,),8H,0 - 0.8 FePO, - 0.5 NH,H,PO, -
0.2(NH,),S0O,. FPN2A was obtained by the
calcination of FPN2B at 353 K in an air atmosphere.
While cooling the mixture absorbed moisture
from  atmosphere and converted it into
0.8 Fe; (PO,4),.4H,0 - 0.8 FeP0O,.2H,0 -

0.5 NH4H,PO, - 0.2(NH,),S0,. Composition of
both FPN2A and FPN2B was confirmed by elemental
and thermal analysis.

Dielectric properties

The dielectric properties of the mixture were
measured at different temperatures by keeping the
mixture at their respective temperature. The hydrated
form of ferric phosphate of the mixture did not
interfere during this measurement. The hydrated ferric
phosphate is dehydrated during attending that
temperature. This is confirmed from the TG analysis.
The temperature-frequency dependent dielectric
properties of the sample, FPN2C was recorded from
303 K to 573 K with a varied frequency range of
1.0x10° Hz to 4.0x10° Hz (common high-frequency
range) for electrical characterization. It is well known
that the dielectric properties of the sample can be
studied by determining the electric parameters like
real (€') and imaginary permittivity (€"), dielectric
loss (tan &), ac-conductivity (c,c)"". Fig. 8 displays
the frequency dispersion of dielectric constant (K) at
various temperature from 303K to 573K for the
sample.

It can be seen that as the frequency increases, the
'K' value decreases. It exhibits dispersion at low
frequencies and then becomes constant at higher
frequencies, which can be explained using space
charge polarisation’>". At lower frequencies, space
charge polarisation dominates, and the dielectric
behaviour can be explained using the Maxwell-
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Frequency vs Dielectric constant
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Fig. 8 — Variation of dielectric constant against frequency at
various temperature

Wagner dielectric dispersion theory’”. It is also

worth mentioning here that there is a minor effect of
frequency on dielectric constant up to 483 K,
followed by a considerable increase in 'K' as
temperature rises. Analogous trend in variation of
dielectric constnat has been reported in other
multicomponent motifs’.

When a material is exposed to an electric field,
some of the energy is stored in the material and some
of the energy is dissipated in the form of heat. The
real part of the permittivity (€') can be used to
evaluate the amount of energy stored, whereas the
imaginary part (€') reflects energy dissipation.

The amount of energy stored in FPN2C when an
electric field is applied can be estimated using

,_ cd
€ = A_eo (10)

Cis capacitance, d is thickness, A (= mr?) is the
surface area of the pellet, €, permittivity of the free
space (8.85 x 10> Fm™). Fig. 9 and Fig. 10 display
the variation of €' and €' at various temperatures in a
frequency range of 1.0x10° Hz to 4.0x10° Hz for
FPN2C. Fig. 9 shows that €' has a slight variation of
~17-19 over a wide range of frequency upto 483 K
and after that attend higher values of 1000 at lower
frequencies and steadily decreases as frequency
increases.

This dielectric behaviour can be explained based
on maxwell-wagner model and koops theory . At
lower frequencies, it can be seen that €' increases as
the temperature rises, but it 1is temperature
independent at higher frequencies. The dissipation

Frequency vs Real permitivity
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Fig. 9 — Variation of real permittivity against frequency at
various temperature

Frequency vs Imaginary permitivity
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Fig. 10 — Variation of dissipation factor against frequency at
various temperature

factor (Fig. 10) shows a similar trend as that of the
dielectric constant.

The value of €" is high at low frequencies for 543
K and 573 K, but as the frequency increases, the value
gradually decreases and becomes very small. The
temperature also has an effect on €', in addition to
frequency, there is a minor increase in €" up to 513 K,
but after that, the dissipation factor increased
significantly. The entire dielectric loss in a material
can be calculated using the loss tangent (tan o), which
is given as below’’

tand = e—
€

(1)

The dissipation factor (¢"") has a significant impact
on dielectric loss, as shown in equation 11. The
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Frequency vs Dielectric loss
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Dielectric loss (Tan &)
&
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S
1
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Fig. 11 — Variation of dielectric loss against frequency at various
temperature

dielectric loss of a material depends on synthesis
procedure, composition, structure of the material, and
temperature. In Fig. 11, the dielectric loss of FPN2C
is shown against frequency from 1.0x10° Hz to
4.0x10” Hz at various temperatures.

The variation of dielectric loss with frequency
shows a similar trend as that of the dissipation factor.
A very small ' tan § ' of ~0.04 - 0.08 is observed in the
whole frequency range up to 453 K. At low
frequency, ' tan 6 ' is large and then subsequently
decreases as frequency increases. The high value of '
tan 0 ' at lower frequency corresponds to high value of
resistivity”®. The decreasing values of 'tan &' are
attributed to prohibiting of charge carriers””. The ' tan
d ', on the other hand, is found to increase when the
temperature goes up. The dielectric loss is found to be
minimal up to 543 K, but attained maximum at 573 K.

AC-conductivity

Frequency dependant ac-conductivity of FPN2C
can be determined from dielectric data by using
equation 10 7’

Oyac = €' €y wTan é ..(12)

w (= 2mf) is angular frequency, €'is real part of
the permittivity, €, permittivity of free space, tan § is
dielectric loss.

Fig. 12 manifests the variation of ac-conductivity
of FPN2C with temperature at various frequencies. As
the temperature increases 'c,.' is found to be constant
up to 483 K and then increases with further increase

0.008

1.0 x 10°Hz
3.8 x 10° Hz
1.5x 10*Hz
) / 5.6 x 10* Hz
& 000 / 22x10°Hz

7 8.4 x 10°Hz
2.3 x 10° Hz
3.2 x 10° Hz
4.0 x 10° Hz

0.002

0.006

0.004 o 0000 —_—

G, (S/m)

483 503 523 543 563
Temperature (K)

0.002

0.000 o =———

300 350 400 450 500 550
Temperature (K)

Fig. 12 — Variation of AC conductivity with temperature

in temperature above 450K. Furthermore, 'o..' is
increased with increase in frequency which can be
described by hopping of charge carriers more
frequently with increasing frequency®. The ‘o'
shows that resistivity of the material is so high that
they are almost temperature independent from 303 K
to 483 K. The high resistivity of FPN2C revealed the
insulating property. After 483 K, conductivity of the
sample increased up to measured temperature range.
The increase in 'o,.' can be explained by the fact that
it is a consequence of thermally activated process
which can be described by Arrhenius relation

Oac = 0o (_%) ..(13)

0, 1s pre-exponential factor, E, is activation
energy, K is Boltzmann constant

Conclusions

In summary, synthesis of multicomponent mixture
FPN2B and its calcined mixtures FPN2A (353 K) and
FPN2C (423 K) have been reported. Thermal analysis
revealed heat dissipating behaviour of the mixtures.
TGA revealed thermal stability of FPN2C over a wide
range of temperature. For FPN2C, a slight variation is
observed in dielectric constant and dielectric loss over
a wide range of frequency (1.0x10° Hz to 4.0x10° Hz)
upto 483 K. The 'o,.' for FPN2C is found to be
8.96x10* S/m upto 483 K. Further, a notable 'tan &'
value of 0.04 — 0.08 is observed upto 453 K. Such
dielectric materials with a good thermal stability and
heat dissipating behaviour can be used in fabricating
selective electrical appliances to reduce their
overheating related damage.
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