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In this research, the thermal and electrical characteristics of a polymer matrix composite with polyvinyl
alcohol as a constituent (PVA) integrated with nanoscale silver particles (Ag NPs) were studied. The PVA-
Ag NPs composite samples were meticulously fabricated through the casting process, incorporating varying
weight percentages of nanosilver 0 %, 1 %, 3 %, and 5 %. The experimental findings reveal intriguing trends.
Specifically, as the applied electric field's frequency increases, the dielectric constant of the PVA-Ag NPs
composite decreases while the dissipation factor increases, indicative of altered electrical behavior. Further-
more, there is a noticeable augmentation in AC electrical conductivity. Notably, as the concentration of Ag
NPs increases, the composite's dielectric constant and dissipation factor show a proportional rise, unveiling

the interplay relationship between silver nanoparticle content and these characteristics.
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1. INTRODUCTION

Composite substances, a group of engineering materi-
als are created by mixing a number of different materials
in a specific weight or volume ratio. To create a homoge-
neous material, the supporting components are thor-
oughly blended with the base material, and each material
keeps its original fundamental characteristics [1]. It is im-
portant to remember that the base material and the filler
material do not fulfill their fundamental functions if there
is not a strong relationship between them. If both of these
materials are employed, the final material will have prop-
erties that differ from the constituent elements' proper-
ties, especially for its low weight and high durability. As
a result, choosing the elements of a composite material is
crucial for their final properties to complete one another
while still having significantly different properties [2].
The enhanced physical, thermal, and other properties of
the Nanocomposites can be manufactured by using easy
and affordable methods, and their properties are superior
to those of traditional micro scale composites. Materials
with unique colors, electrical qualities, high mechanical
strength, and low weight, and superior dependability in
harsh environments are needed for a variety of energy-
efficient applications varying from electronic packages to
automobile or aircraft components. An electronic package
polymer composite needs to be electrically insulating, but
an aircraft component may need to be electrically conduc-
tive to dissipate charge from lightning strikes. [3, 4].

Water can dissolve the crystalline vinyl polymer
known as polyvinyl alcohol (PVA). It is a long-chain mol-
ecule with hydroxyl groups (-OH) bound to the carbon
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atoms. Several noteworthy properties of polyvinyl alco-
hol (PVA) include its exceptional optical transmission,
non-corrosiveness, biodegradability, biocompatibility,
and chemical and thermal stability [5].

The hydrogen bonding between PVA and other sub-
stances is facilitated by the presence of -OH groups on
the carbon backbone of PVA. The formation of complexes
or the blending of PVA with other polymers are facili-
tated by these bonds. [6-8]. Polyvinyl alcohol (PVA) is
very desirable due to its cost-effectiveness, widespread
availability, abundance of volatile functional groups, hy-
drophilic nature, exceptional charge storage capability,
and significant dielectric strength [9-11].

2. EXPERIMENTAL WORK

The (PVA) matrix and nano silver particle filler are
the materials used in this work. Distilled water was
used to dissolve the (PVA) and remove aggregates and
ensure a better dispersion in the solvent, the nanosilver
was added to the polymer matrix in various weight per-
centages (0 %, 1 %, 3 % and 5 %) by weight. The nano-
composites were prepared using the casting technique.
Once solvent-free nanocomposites were obtained, the so-
lutions were placed in dry glass Petri dishes to allow the
evaporation process to occur at room temperature. Cir-
cular disc samples were then prepared with smooth sur-
faces and positioned between two parallel plated elec-
trodes in order to use a (LCR) meter (Agilent Impedance
Analyzers 4294A) to analyze the samples' dielectric
properties. The computer was linked to the (LCR) meter,
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and data was gathered in relation to various frequen-
cies. The thermal conductivity was conducted using the
Lee's Disc method at frequencies ranging from (50 Hz)
to (6 MHz) at room temperature.

The dielectric constant, was determined utilizing
equation (1), which provides a capacitor's capacitance
ratio filled with dielectric to a capacitor with no dielec-
tric (C0). Equation (2) was used to calculate the dissipa-
tion factor (tan) using the dielectric constant that was
measured and dielectric loss, whereas equation (3) was
used to determine the AC. electrical conductivity (AC)
subsequent to replacing the measured values [12].
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The thermal conductivity was determined using
Lee's disk method wusing equations (4) and (5),
respectively:
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which Ta, TB, Tc represent the temperatures between
the disks A, B, and C and room temperature; ds, dC, dA,
and dB represent the thicknesses of the sample, disks A,
B, and C, in that order; V represents the potential dif-
ference across the heater; I represents the current flow-
ing through it; and e represents the energy emitted from
the surface (measured in joules).

3. RESULTS AND DISCUSSION
3.1 AC Electrical Characteristics

PVA-Ag NPs composites' AC electrical characteris-
tics were investigated at frequencies between 100 Hz
and 5 MHz. One of the most crucial aspects of an AC
system. Figure (1) demonstrates that for all samples, the
PVA-Ag NPs nanocomposites' frequency increases cause
the dielectric constant decreasing. It can be also ob-
served that at low frequencies, all samples had high val-
ues of higher frequency, and the dielectric constant,
there is a significant and abrupt decrease in the dielec-
tric constant values. This can be accounted for the real-
ity that at low frequencies, there is enough time for the
molecules to organize and move in the direction of the
electric current flowing between the two poles. Addition-
ally, the polarity of the electrodes and the existence of
interfaces between the Ag and the polymeric material
are to blame for the large values of the dielectric con-
stant at low frequencies. According to the characteristics
of the sample, the polarization that results from the elec-
trodes closely relates to the formation of the charge of
the sample between the two electrodes [13, 14].
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Fig. 1 — Variation of PVA-Ag NPs' Dielectric Constant with
different frequencies

Figure (2) illustrates the impact for various concen-
trations of nano silver particles, frequency's impact on
the dissipation factor of PVA-Ag NPs composites. The
dissipation factor declines as frequency rises, which is
caused by a reduction in the number of dipoles in nano-
composites. According to Figure (2), an increase in the
weight percentages of nanosilver particles is what
causes the electrical conductivity of the polymer matrix
to increase with an increase in the number of electrons
in nanocomposites [15, 16].
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Fig. 2 — variation of PVA-Ag NPs' Dielectric Loss with different
frequencies

Figure 3 illustrates the impact of frequency on the elec-
trical AC conductivity of nanocomposites. The electrical
conductivity in AC systems increases as the frequency of
electronic polarization and charge carrier hopping rises.
With an increase in nano silver particle concentration, AC
electrical conductivity increases [17, 18].

3.2 Thermal Conductivity

Table 1 and Figure 4 depict the relationship between
the concentration of Ag NPs and the thermal conductiv-
ity coefficient (k) (W/m-K).
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Fig. 3 — Variation of PVA-Ag NPs Electrical Conductivity with
different frequencies

It is well known that the matrix material and filler affect
the thermal conductivity of composites, so it is expected
that the A concentration, which is attributed to the
extremely high & of Ag NPs, will have a significant effect
on pure (PVA)'s thermal conductivity. The figure
demonstrate that as Ag NPs concentration is increased,
thermal conductivity slightly increases. This slight
increase in thermal conductivity is caused by the added
nanosilver particles [19, 20].

Table 1 — Thermal conductivity coefficient's value (k) (W/m-K)

NPs with | Coefficient of thermal
PVA-Ag conductivity (k) (W/m-K)

0 % 1.73 x 10-3

1% 2.05x10-3

3% 2.19x10-3

5% 2.35x10-3
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Fig. 4 — Mariation of thermal conductivity with Ag NPs

4. CONCLUSIONS

Solution casting was used to successfully prepare
PVA-Ag NPs Composites. The polymer composites' die-
lectric properties were evaluated. With increasing fre-
quency, the dissipation factor and dielectric constant de-
clined. This is because of the frequency-dependent elec-
tronic, ionic, dipolar and surface charge polarizations. It
is possible that the space charge polarization that devel-
ops at grain boundary interfaces is the cause of the large
values of dielectric constant at low frequencies. The in-
crease in AC electrical conductivity, dielectric constant,
dielectric loss, and thermal conductivity of PVA-Ag NPs
is directly proportional to the weight percentage of Ag
NPs. As the weight percentage of Ag NPs increases, all
these dielectric parameters also increase. This results in
a decline in the dielectric constant and dissipation factor
of PVA-Ag NPs, along with an increase in AC electrical
conductivity, as the frequency of the applied electric
field-rises.
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OuiHKa eJIeKTPUYHUX i TEIUIOBUX XapaKTEePHUCTUK roTOBOro kommnosutry PVA-Ag
3 HAaHOYACTUHKaMH cpilJia
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VY crarri mpencraBiieHl po3ysIbTATH JOCIIMKEHHS TEIJIOBUX TA EJIEKTPUYHUX XAPAKTEPUCTHUK IIOJIMeEp-
HOT'0 MATPUYHOI'O KOMIIO3UTY Ha ocHOBI moJrisiHioBoro cupty (IIBC), iHTerpoBaHoro 3 HAHOPO3MIPHUMU Ya-
cruakamu cpidsa (Ag NPs). Kommosurwi spasku PVA-Ag 3 manouacTuHkamu cpibiia OyJIiu BUTOTOBJIEH] B IIPO-
1eci JINTTs, BRIOYAIYN Pi3H1 BAroBl BicoTky HaHocpioaa 0%, 1%, 3% 1 5%. ExcnepuMenTaabHi pesyibTaTi
[IOKA3aJI, 1110 31 30LJIBIIIEHHAM YACTOTH IIPUKJIANEHOIO eJIEKTPUYHOIO [I0JISI IIeJIEeKTPUYHA IPOHUKHICTD KOM-
mosuty PVA-Ag NPs ameHntnyerses, a KoediIlieHT JUCHITAIII] 301JIbIITYeThC, 0 BKA3ye Ha 3MIHY eJIeKTPUYHOI
noBemiaku. Kpim Toro, crocrepiraerbes MoMITHE 301IbIIEHHS eJIeKTPOIIPOBLIHOCTI 3MIHHOTO cTpyMy. [Ipmmi-
THO, 1110 31 301/IBIIIEHHSIM KOHIIEHTPAIlli HAHOYACTUHOK Ag HieJIeKTpUYHA MTPOHUKHICTh KOMIIO3UTY Ta Koedi-
IIEHT JUCHUIALII] JIEMOHCTPYIOTh IIPOIOPIiiHE 3POCTAHHSA, 110 CBIIYATH IIPO B3a€MO3B 30K MIisK BMICTOM HAa-
HOYACTMHOK CpifJia Ta BHUIIE OIMCAHUMY XaPAKTePUCTUKAMU.

Kirouogi ciioBa: PVA, Hanouactuaru Ag, Hamorommosury, Jliesrekrpudsa IpoHUKHICT, TerIoBl Ta eJ1eKRTpIdHL
BJIACTHBOCTI.
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