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Nanocomposites of PVA/PEG blend doped with ZrC nanoparticles (NPs)
are fabricated by using casting process with various contents of PVA/PEG
blend and ZrC NPs. The A.C. electrical properties of PVA/PEG/ZrC nano-
composites are investigated at frequencies from 100 Hz to 5 MHz. The
experimental results show that the A.C. electrical properties (dielectric
constant, dielectric loss and A.C. electrical conductivity) of PVA/PEG
blend are increased with increase in the ZrC NPs’ ratio. In addition, die-
lectric parameters of PVA/PEG/ZrC nanocomposites are changed with rise
in the frequency from 100 Hz to 5 MHz.

HamokoMmmo3uTu cyMmiliri mosiBiHizagkoroas/moaierunenriaikoas (PVA/PEG),
snerosanoi HanouactTuakamu (HY) ZrC, BUrOTOBISIOTHCA 3a JOIIOMOTOIO IIPO-
mecy auttsa 3 pisuum Bmictom cywmimi PVA/PEG i HY ZrC. HocaimxeHo
eJeKTpuuHi BiacTuBocTi HamokommosuTiB PVA/PEG/ZrC mHa uwacrorax Bifg
100 T'm mo 5 MI'm. PesyabTaTi eKCIEPHUMEHTIB MOKA3YIOTh, IO €JIeKTPHUYHI
BJIACTUBOCTi 3a 3MIiHHOTO CTPyMy (ZieseKTpHUYHaA NMPOHUKHICTD, JieJeKTPUUYHI
BTpaTu ¥ eJeKTPOHpoBimHicTh 3miHHOrO crpymy) cywmimii PVA/PEG 36inb-
mryiothea 3i 36impinenaam mpomopiii HY ZrC. Kpim Toro, smiHiooThCcA Hmie-
JekTpuuHi mapamerpu HaHokommo3uTiB PVA/PEG/ZRC 3 migBuienHam ua-
croru Bixg 100 I't o 5 MTI'm.
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1. INTRODUCTION

In recent years, synthesis of novel materials having high dielectric
constant (&), low dielectric loss for embedded microelectronic appli-
cations is in great and urgent demand. Polymer composites are ac-
tive materials, which provide an ideal solution to combine the die-
lectric or electrical properties for the microelectronic applications.
Moreover, these can be used in a wide range of low-cost dielectric
applications. Strong efforts are being invested to find a suitable
material with & of low-cost materials [1].

Polymer nanocomposites have been widely investigated not for
their numerous applications, but to understand their physical prop-
erties. In light of these studies, it was observed that adding a small
fraction of the nanoparticles to the polymer matrix develop consid-
erable properties for several applications such as electromagnetic
shielding, electrostatic dissipation, charge storage capacitor systems
and microwave absorbers [2].

Combining organic polymers with inorganic nanomaterials opens
new applications for the host polymer [3]. In recent years polymers
have been a subject of considerable interest because of their physi-
cal and chemical properties. Polymers are widely used in insulation,
electrical industries as well as in microelectronics. Different poly-
mers films, i.e., pure and doped with different additives is used in
various medical, biological and technological applications. Among
polymer PVA films (doped and undoped) have been the subjects of
several investigators, because it has many applications in industry
due its low cost and excellent durability. It is used in various appli-
cations including polymerization aid to make polyvinyl acetate dis-
persion for the preparation of glues, paper coating, paper adhesives,
thickener, protective chemical resistant gloves, eye treatment, pol-
ymer in capsulated nanobeads and in food products [4].

PVA can be blended with other polymers to form polymer com-
plexes by hydrogen bonding. Hydroxyl groups located on the carbon
chain backbone of the polymer are considered as the main source of
the hydrogen bonding. On the other hand, polyethylene glycol (PEG)
is a highly water soluble and nontoxic material, besides, its solubili-
ty in most organic solvents is considerably high. Moreover, when
PEG mixed with other polymeric material, most of these properties
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can be shared within the resulting blend. Introducing metal oxide
nanoparticles into polymers varies the physical and chemical prop-
erties of the resulting nanocomposite material. Of course, these
properties depend on the type of the nanoparticles used and their
preparation method [5]. The work aims to prepare of nanocompo-
sites films of PVA/PEG blend doped with ZrC nanoparticles and
studying their A.C. electrical properties.

2. MATERIALS AND METHODS

Nanocomposites films of PVA/PEG blend doped with ZrC nanopar-
ticles were prepared by using casting method. The PVA/PEG blend
was fabricated by dissolving of 1 gm of polymers in distilled water
(30 ml) with ratio 81 wt.% PVA and 19 wt.% PEG. The ZrC NPs
were added to the blend with concentrations of 1.5 wt.%, 3 wt.%,
and 4.5 wt.%. The A.C. electrical properties of PVA/PEG/ZrC
nanocomposites films were measured at frequency range 100 Hz-—
5-10° Hz by LCR meter (HIOKI 3532-50 LCR HI TESTER).

The dielectric constant (¢') of PVA/PEG/ZrC nanocomposites was
found by [6]:

g =C,d/eA, (1)

where C, is matter capacitance, d is the thickness, A is the area.
Dielectric loss (¢") of nanocomposites was calculated by [6]:

g"=¢D, 2)

where D is the dispersion factor.
The A.C. electrical conductivity was determined by [7]:

Oa.c. = 0€'Dey. (3)

3. RESULTS AND DISCUSSION

The variations of dielectric constant and dielectric loss of
PVA/PEG/ZrC nanocomposites with frequency and ZrC NPs’ con-
tent are represented in Figs. 1-4. It was observed that, only at the
lower frequency, the dielectric constant values are high that might
be due to the existence of interfacial polarization. Interfacial polar-
ization exists at the low frequencies only and diminishes as the fre-
quency is increased. When the frequencies are higher, the polar mo-
lecular rotational motion of material may not quick enough to ob-
tain equilibrium by means of an applied electric field. The higher
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Fig. 1. Variation of dielectric constant of PVA/PEG/ZrC nanocomposites

with frequency.
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Fig. 2. Variation of dielectric loss of PVA/PEG/ZrC nanocomposites with

frequency.

values of dielectric loss were noticed at lower frequencies that may
be due to Maxwell-Wagner effect ensuing from immigration of
charge carriers at the interface or sensitive mobile ionic impurities
and polar radicals having dipole moments [8-12].

The behaviours of A.C. electrical conductivity of PVA/PEG/ZrC
nanocomposites with frequency and ZrC NPs’ content are shown in



EXPLORING THE A.C. ELECTRICAL CHARACTERISTICS 277

= ]
5 171
-~ ]
é} i
S 1.6
U <
= ]
ELs]
=]
&
43
br=
)

Con. of ZrC nanoparticles, wt.%

Fig. 3. Behaviour of dielectric constant of PVA/PEG blend with ZrC NPs’
content.
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Fig. 4. Behaviour of dielectric loss of PVA/PEG blend with ZrC NPs’ con-
tent.

Fig. 5 and Fig. 6, respectively. From these figures, the conductivity
rises with the rise in the frequency. This indicates that there may
be charge carriers, which can be transported by hopping through
the defect sites along the polymer chain [13-16].

With increase in the ZrC NPs’ content, the electrical conductivity
of PVA/PEG blend increases that relates to form a network paths
inside polymer matrix and increase in the charges carriers [17-21].
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Fig. 5. Behaviour of A.C. electrical conductivity of PVA/PEG/ZrC nano-
composites with frequency.
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Fig. 6. Behaviour of A.C. electrical conductivity of PVA/PEG blend with
ZrC NPs’ content.

4. CONCLUSIONS

The PVA/PEG/ZrC nanocomposites films were fabricated by casting
method. The dielectric properties of PVA/PEG/ZrC nanocomposites
films are examined in the range of frequency from 100 Hz to 5
MHz. The experimental results showed that the dielectric constant,
dielectric loss and A.C. electrical conductivity of PVA/PEG blend
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are increased with the increase in ZrC NPs’ ratio. The dielectric
constant and dielectric loss of PVA/PEG/ZrC nanocomposite films
are decreased, while the A.C. electrical conductivity increases as the
frequency increases.
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