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Biodegradable polymer blend—inorganic metal-oxide nanoparticles’ semi-
conductor for novel pressure sensors with low cost, lightweight and good
sensitivity is investigated. Biodegradable blend prepared from polyvinyl
alcohol and starch with following weight percentage: polyvinyl alcohol (85
wt.% PVA) and starch (15 wt.% ST). The influence of lead-oxide nano-
particles’ concentration on the structural and dielectric properties of
(PVA-ST) blend is studied. The dielectric properties of (PVA-ST-PbO,)
nanocomposites are studied in frequency range from 100 Hz to 5 MHz.
The results show that the dielectric constant and dielectric loss of (PVA-
ST-PbO,) nanocomposites decrease with increasing of frequency of applied
electric field. The A.C. electrical conductivity of (PVA-ST-PbO,) nano-
composites increases with increase in frequency. The dielectric parameters
of (PVA-ST) blend (dielectric constant, dielectric loss, and A.C. electrical
conductivity) increase with increase in lead-oxide nanoparticles’ weight
percentage. The nanocomposites are tested for pressure sensors. The ex-
perimental results show that the (PVA-ST-PbO,) nanocomposites have
high sensitivity for pressure, and the electrical resistance of nanocompo-
sites decreases with increases in applied pressure.

Hocaigsxeno sgaTHy A0 0i0oJOTiYHOTO PO3KJIAJaHHA IMOJIMEpHY CyMill i3 He-
OpPraHiYHUMU MEeTAJOOKCUIHUMM HAHOUYACTMHKAMU HAIMiBOPOBiAHWMKA AJIA
HOBUX JATYUKiB THCKY 3 HU3bKOIO BapTiCTIO, JIETKICTIO Ta XOPOIIOI UYTJIHU-
BicTro. Cywmimi, ska pO3KJIamaeThbcA MiKpoopramismMaMu, IPUTOTOBAHO 3 IO-
aisirimoBoro cnupry (IIBC) Ta KpoxMmaJio 3 HACTYOHUMU BaroBUMU BiAcCOT-
Kamu — moJuiBimimosuit criupr (85 Bar.% IIBC) i kpoxmans (15 Bar.% Kp).
HocaimKeHO BIIMB KOHIIEHTPAIlil HAHOYACTMHOK OKCHUAY ILJIIOMOyMy Ha
CTPYKTYPHi Ta miesekTpuuHi BiactuBocTi cymimi (IIBC—Kp). HienexTpuuni
BaactuBocti HaHokommosuTiB (IIBC—Kp—Pb0O,) BuBuaioThcAd B HgiAmasoHi
yactoT Big 100 T'm go 5 MTI'm. PesyabTaTié IOKa3yoOTb, IO AieJeKTPUUYHA
mocrifina ta gienexTpuuHi Brpatum HamokommnosuTis (IIBC-Kp—PbO,) smen-
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HIYIOTbCA 3i 30iJMBIIIEHHAM YacTOTH IIPUKJIANEHOTO eJEeKTPUUYHOTO IIOJA.
EnexTponpoBigricTs 3minHOTO cTpymMy HaHOKoMmo3utie (IIBC—Kp-PbO,)
30inbIIyeThca 3i 30iabITIeHHAM uacToTH. [liemeKTpuuHi mapaMmerpu cywirri
(IIBC—Kp) (miemexTpuuyHa mocriiiHa, AieJeKTPUUYHi BTpaTH ¥ e€JIeKTPOIPOBi-
OHiCTh 3MIHHOTO CTPYMY) 30iJIBIIYIOThCA 3i 30iJBIITEHHAM BaroBOTO BifCcOTKa
HAHOYACTUHOK OKcHAy IioMOymy. HamHOKOMIOSMTH TecTylOThCcA Ha JaT4u-
Ky TuCKy. ExcnepuMeHTaJBbHI pe3ysbTaTH IOKAa3yIOTh, III0 HAHOKOMIIO3UTH
(IIBC-Kp—Pb0O,) matoTh BUCOKY UYTIUBICTH O TUCKY, & €JIEKTPUUHUN OIip
HAHOKOMIIO3UTIB MIOHMIKYETHCS 31 30iJBIIIEHHAM 3aCTOCOBAHOTO THUCKY.

Key words: metal oxide, polymer, biodegradable nanocomposite, electrical
and dielectric properties, pressure sensor.

Karouori cioBa: okcua Meray, IOJiMep, HAHOKOMIIO3UT, AKWI DPO3KJaga-
€ThCS MiKpoopraHisamMamMu, eJeKTPUUYHI Ta OieJIleKTPWUYHI BJIACTUBOCTi, aaT-
YUK THUCKY.
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1. INTRODUCTION

Nanocomposites of organic and inorganic semi-conductors dispersed
in polymer matrices are multifunctional materials often suggested
as elements of nonlinear optical devices and for development of
plastic solar cells. The increasing interest in their possible use is
caused by their plasticity, simple preparation techniques, and an
opportunity to tune their properties by changing the concentration
and the nanoparticle size in the matrix. A polymeric nanocomposite
should possess high optical and photochemical stability [1]. Nano-
composites on base of semi-conductor nanoparticles and polymer
matrix are prospective materials for application in optoelectronics,
for creation of luminescent materials, sensor, etc. Introducing semi-
conductor nanoparticles into polymer matrix bulk changes physico-
chemical properties of the system. The properties of the obtained
structures depend on a semi-conductor particle type, dimensions of
particles. Furthermore, the physicochemical properties of the sys-
tem will be under influence of the effects of interaction of nanopar-
ticles with polymer matrix, polymer—nanoparticle interphase phe-
nomena [2-5].

Ceramic materials are typically brittle, possess low dielectric
strength and, in many cases, are difficult to be processed requiring
high temperature. On the other hand, polymers are flexible, can be
easily processed at low temperatures and exhibit high dielectric
breakdown fields [6]. Polymers are considered as a good choice as
host materials, because they normally exhibit long-term stability
and possess flexible reprocessability, and they can be designed to
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yield a variety of bulk physical properties. This new class of organ-
ic—inorganic composites or hybrid materials may afford potential
applications in molecular electronics, photoelectrochemical cells, op-
tics, solvent-free coatings, etc. [7]. Polyvinyl alcohol (PVA) has been
intensively investigated because of its excellent characteristics and
its applications. PVA is the good potential material, which is hav-
ing high storage capacity, high dielectric strength, and electrical
properties. It has a carbon chain backbone with hydroxyl group at-
tached to methane carbons. These O—H groups can be source of hy-
drogen bonding and, therefore, assist the formation of polymer
complex. It has good mechanical properties and shows ionic conduc-
tion [8].

Sensor technology is one of the widely used technologies for ap-
plications in the industry and medicine. It can be used to measure
pressure, temperature, quality and amount of energy, and to moni-
tor health. High performance electrochemical devices such as sen-
sors require good semi-conductor properties, lightweight nature and
enhanced energy storing capabilities. Various types of sensors have
been fabricated from polymer matrices such as pressure, thermal
(infrared), vapour, humidity, gas, electrical and temperature (ther-
mal) sensors. The most important parameters in sensor technology
are response time and sensitivity [9]. Saygh et al. [9] fabricated a
novel flexible-nanocomposite pressure sensor with a tensile strength
of about 47 MPa. A hybrid composite was prepared by incorporating
the nanolayers of titanium dioxide TNL (2.5 wt.%) with reduced
graphene oxide (rGO) (2.5 wt.%) synthesized by improved graphene-
oxide synthesis to form a polyvinylidene fluoride (PVDF)/rGO—-TNL
composite. A comparison between PVDF, PVDF/rGO (5 wt.%),
PVDF/TNL (5 wt.%) and PVDF/rGO-TNL (total additives—5
wt.% ) samples is analysed for their sensing, thermal and dielectric
characteristics. As found, the flexible material shows good sensing
properties with high response in short time [9].

2. EXPERIMENTAL PART

Biodegradable blend of polyvinyl alcohol (85 wt.%) and starch (15
wt.% ) prepared by dissolving 1 gm of polyvinyl alcohol and starch
in 20 ml of distilled water by using magnetic stirrer to mix the pol-
ymers for 1 hour to obtain more homogeneous solution. The lead-
oxide nanoparticles were added to blend with concentrations of 1, 2
and 3 wt.%. The pressure-sensor films of (PVA-ST-PbO,) nano-
composites casted in the template (Petri dish has diameter of 10
cm). The samples were prepared with thickness range 120-142 pm.
The (PVA-ST-PbO,) nanocomposite films were examined by using
the optical microscope (supplied from Olympus name (ToupView)
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type (Nikon-73346)) with magnification x10. The dielectric proper-
ties of nanocomposites were measured in frequency range from 100
Hz to 5-10° Hz by using LCR metre type (HIOKI 3532-50 LCR HI
TESTER). The pressure sensor test of (PVA-ST-PbO,) nanocompo-
sites were examined by measuring the electrical resistance by using
the Keithley electrometer type 2400 of source matter between two
electrodes on the top and bottom of the sample for different pres-
sures within the range 80—-200 bar.

The dielectric constant (¢') of nanocomposites is defined by the
following equation [10]:

g=C, /CD , (1)

where C, is parallel capacitance and C, is vacuum capacitor.

The dielectric loss (¢”) of nanocomposites can be written by the
equation [10]:

" =¢'D, (2)

where D is dispersion factor of (PVA—-ST—-PbO,) nanocomposites.
The A.C. electrical conductivity of (PVA-ST—-Pb0O,) is calculated
by the following equation [11]:

Oac. = We'e,, 3

where w is the angular frequency.

3. RESULTS AND DISCUSSION

The variation of dielectric constant of (PVA-ST-PbO,) nanocompo-
sites with frequency is shown in Fig. 1. This figure shows that the
dielectric constant of nanocomposites decreases with the increasing
of frequency of the applied field. This may be attributed to the ten-
dency of dipoles in nanocomposite samples to orient themselves in
the direction of the applied electric field and decreasing of space-
charge polarization to the total polarization [12, 13].

The dielectric constant of (PVA-ST) blend increases with the in-
creasing of the concentration of PbO, nanoparticles. This behaviour
could be interpreted from interfacial polarization inside the nano-
composites in applied alternating electric field and increasing of the
charge carriers [14-19], as shown in Fig. 2.

The variation of dielectric loss of (PVA-ST-PbO,) nanocompo-
sites with frequency is shown in Fig. 3. The dielectric loss of nano-
composites decreases with the increase in frequency of applied elec-
tric field. This behaviour is attributed to the decrease of the space-
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Fig. 1. Variation of dielectric constant of (PVA-ST-PbO,) nanocomposites
with frequency.

Fig. 2. Photomicrographs (x10) for (PVA-ST-PbO,) nanocomposites: (a)
for pure (PVA-ST) blend; (b) for 1 wt.% PbO, nanoparticles; (¢) for 2
wt.% PbO, nanoparticles; (d) for 3 wt.% PbO, nanoparticles.

charge polarization contribution.

From Figure 3, the dielectric loss is high at low frequency, and it
decreases, when the frequency increases. This is because the electric
dipoles have sufficient time to align with the applied electric field
before the electric field changes its direction; consequently, the die-
lectric constant of nanocomposites is high. At high frequencies, the
dielectric constant value decreases due to the shorter time available
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Fig. 3. Variation of dielectric loss of (PVA-ST-PbO,) nanocomposites with
frequency.
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Fig. 4. Variation of A.C. electrical conductivity of (PVA-ST-PbO,) nano-
composites with frequency at room temperature.

for the dipoles to align [20]. Figure 3 shows that the dielectric loss
of (PVA-ST) blend increases with the increasing of the PbO, nano-
particles’ concentration. The increase of dielectric loss of (PVA—-ST)
blend with the increasing concentration of PbO, nanoparticles is re-
lated to the increase of the charge-carriers’ number [21-24].

Figure 4 shows the variation of A.C. electrical conductivity of
(PVA-ST-Pb0O,) nanocomposites with frequency at room tempera-
ture. The A.C. electrical conductivity increases with increase in
frequency of electric field. This behaviour is attributed to the mo-
bility of charge carriers and the hopping of ions from the cluster.
At the low frequency, more charge accumulation is occurred at the
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Fig. 5. Variation of electrical resistance of (PVA-ST-PbO,) nanocomposites
under different pressure at room temperature.

electrode and electrolyte interface, leading to a decrease in the
number of mobile ions and electrical conductivity [25]. The mobility
of charge carriers was higher in the high-frequency region; hence,
the electrical conductivity increases with frequency [26] for (PVA-
ST—-Pb0O,) nanocomposites. In addition, this figure shows that the
A.C. electrical conductivity of (PVA-ST) blend increases with the
increase of the PbO, nanoparticles’ concentration. The increase of
conductivity is caused by the increase in the number of charge car-
riers due to dopant-nanoparticles’ composition, which reduces the
resistance of nanocomposite and increases the A.C. electrical con-
ductivity. At high concentration of nanoparticles, the nanoparticles
form a network in the nanocomposite [27—31], as shown in Fig. 3.

Figure 5 shows the variation of electrical resistance of (PVA-ST-
Pb0O,) nanocomposites under different pressure at room tempera-
ture. As shown in figure, the electrical resistance of nanocompo-
sites decreases with pressure increasing. The decrease of electrical
resistance can be explain as follows: the agglomeration of nanopar-
ticles in the matrix does not allow formation of conducting paths;
when pressure is applied to the sample, the agglomerated additives
follow the movement of the polymer chains and cause forming con-
ducting networks of the sample. The largest improvement in the
hybrid composite can be attributed to the less agglomeration in the
matrix and better dispersion [9].

4. CONCLUSIONS

The dielectric constant, dielectric loss and A.C. electrical conductiv-
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ity of (PVA-ST) blend increase with an increase in lead-oxide nano-
particles’ concentration.

The dielectric constant and dielectric loss of (PVA-ST-PbO,)
nanocomposites decrease with increase in frequency, while the A.C.
electrical conductivity increases with an increase in frequency.

The electrical resistance of (PVA-ST-PbO,) nanocomposites de-
creases with increase in pressure. In addition, the (PVA-ST-PbO,)
nanocomposite films have high sensitivity for pressure with low
cost and lightweight.
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