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The PVA/WC nanocomposites are formed by using a solution casting
method with varying weight percentages of WC nanoparticles: 0, 1, 2, and
3 wt.%. The optical properties of films are studied by means of the opti-
cal microscope. As revealed with optical microscope, the tungsten carbide
nanoparticles form a continuous network inside the polymer (polyvinyl
alcohol); the nanoparticles linked in this network include routes for
charge carriers to transport through the nanocomposite, causing a shift in
the material properties. The findings expose that, as the concentration of
WC nanoparticles rises, the absorption coefficient, extinction coefficient,
refractive index, real and imaginary dielectric constants, optical conduc-
tivity are increasing. The transmittance drops as the concentration of WC
nanoparticles increases. The optical energy gap for PVA is reduced from
4.4 eV for pure PVA to 3.8 eV and is reduced from 3.7 eV to 3.1 eV for
allowed and forbidden indirect transition, respectively, when the WC-
nanoparticles’ concentration reached 3 wt.%. This behaviour makes it
suitable for a variety of optical applications.

Hanoxomnosutu mosiBinismoBoro cunupty (IIBC) 3 HamouacTuHKamMu Kapbimy
Boasdppamy IIBC/WC ¢hopMyIOTECSA METOMOM JIUTTS B PO3UMH 3 PiBHUM Ba-
rosuM BimcorkoMm HaHouactuHOK WC: 0, 1, 2 i 3 mac.% . Onruuni BiIacTu-
BOCTi MHJIIBOK BWBYAIOTHLCA 3a AOMOMOIOI0 ONTHYHOIO MiKpockKoma. SIK Bu-
SIBUJIOCSI 3a [JOIOMOTOIO ONTHYHOTO MiKPOCKOIIa, HAHOYACTUHKU Kapodimy
Boab(ppamy yTBOPIOIOTHL GesllepepBHY Meperky Bcepenuui mosimepy ITBC;
HAHOYACTUHKM, II0B A3aHi B I[ill Mepeski, BKIIOUAIOTh MapPIIPYTU IJA TPAH-
CIIOPTY HOCiiB 3apsAny uepe3 HaHOKOMIIOSUT, BUKJIMKAIOUN 3MiHY BJIAaCTHUBOC-
Teit marepigny. OmepskaHi maHi MOKa3yoOTh, IIIO 3i 3pOCTAHHAM KOHIIEHTpA-
il HanouacTuaoKk WC 3pocTaioTh Koe(dillieHT morianHaHHA, Koe(illieHT sra-
CaHHs, TOKa3HUK 3aJIOMJIEHHd, AilficHa 11 yABHA JieJIeKTPUYHI IPOHUKHOCTI,
onTuuyHa mOpoBigHicTh. KoedimieuT mpomyckamHa mamae 3i 306iabITeHHAM
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KoHIeHTpalili HaHouacTuHOK WC. OnTtuuna emepreruuHa miiauHa mias [IBC
ameHmyerseda 3 4,4 eB paa uuctroro IIBC go 3,8 eB i amenmryerses 3 3,7 eB
no 3,1 eB nna mosBosieHOTO Ta 3a00POHEHOT0 HENPSMOTO IIEPEeXony BiAmoBi-
IHO, KoJu KoHIeHTpaliga WC-HaHouacTHHOK mocsarae 3 mac.% . Taka mose-
IiHKa poOUTH HOT0 TPUAATHUM AJIA PiBHOMAHITHUX ONTUYHUX 3aCTOCYBaHb.

Key words: nanocomposites, tungsten carbide nanoparticles, optical char-
acteristics.
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1. INTRODUCTION

Nanotechnology has created a different part of study for the dispen-
sation and creation of nanomaterials, which are substances that typ-
ically have crystallite sizes of less than 100 nanometres [1, 2]. Nan-
otechnology is a hot theme this time, reaching, since new changes in
technique physics, to precisely new fields to educating novel materi-
als with nanometer dimensions scale. That is fast emerging and ris-
ing, with vast fields in various research approaches, advancement,
and industrialized activities. Nanoparticles with higher thermal
conductivity than their surrounding liquid have been found to im-
prove deferral effective thermal conductivity [3, 4].

Polymer matrix nanocomposites are an appealing and important
part of today’s materials because of their low weight, simple manu-
facturability, low cost, high fatigue strength, and good corrosion
resistance. The addition for nanoparticles into a polymer matrix
meaningfully alters its physical material properties such as (struc-
tural—electrical-thermal—optical properties) [5, 6]. The polyvinyl
alcohol (PVA) is good host medium for extensive variety for nano-
particles. It is motivated by the view of producing ultratransparent
films with superior optical properties. They have received a lot of
attention due to their excellent dielectric properties. Their flexibil-
ity is exceptional, and their dielectric strength is quite robust. The
metal or alloy doped into ceramic of dielectric materials has re-
ceived a lot of attention over the last few years. While exist (as
chemically—thermally stable) even at high temperatures, the WC
transition-metal carbide ceramic exhibits outstanding high-
temperature strength and good erosion resistance. The electrical
and optical characteristics are typically metallic [7, 8]. This paper
aims to preparation and properties of polyvinyl alcohol/tungsten
carbide nanocomposites (NCs) for employed in different optoelec-
tronic applications.
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2. EXPERIMENTAL PART

The PVA/WC nanocomposites films were made using the casting
method at different weight percentages, 0, 1, 2, and 3 wt.%, by
dissolved 1 g of polyvinyl alcohol in 40 ml of distilled water at
temperature 70°C for 30 minutes with magnetic stirrer and added
tungsten carbide nanoparticles (NPs). PVA/WC nanocomposites are
tested in different concentrations using an Olympus type Nikon-
73346 optical microscope that has a magnifying power of x10 and
equipped with a camera used in the microscopic photography. The
optical properties for PVA/WC nanocomposites’ films were meas-
ured by a double beam spectrophotometer (UV-1800 from Shimadzu)
at wavelength between 220 and 820 nm.
The formula shown below is used to calculate absorbance [9, 10]:

A=1,/Io; (1)

I, is the intensity of light that is absorbed by the substance; I, is
the intensity of light that is incident.
The formula below can be used to calculate transmittance T [11]:

T=1Ip/1o; (2)

I; is the intensity of light transmitted through a material; I, is the
intensity of light that is incident.

We can measure the absorption coefficient o of the current mate-
rials by use the thickness of the film [12, 13]:

o= 2.3034/d; (3)

here, A represents absorbance; film thickness is represented by d.
The indirect transition was formed by applying the relation [14,
15]:

ahv = B(hv - Eg)r ; 4)

r=2 for permitted indirectly transitions and r=3 for proscribed
indirectly transitions; Av the incident photon energy; B is constant
value, and E, is optical band gap.

The refractive index n can be determined as follows [16, 17]:

0 {4R—k2_(R+1); )
(R-1)° (R-1)

R is reflectance. The equation shown below can be used to determine
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the extinction coefficient & [18, 19]:
k=o)\/(4m). (6)

The wavelength of the incident light is indicated here by A.
The real (g;) and imaginary (g,) components of the dielectric con-
stant are determined by the following formulae [20, 21]:

g, =n’— k2, (7)
g, = 2nk. (8)

The optical conductivity o is calculated from the equation [22]
c = anc/(4rn), (9)

where light velocity is denoted by c.

3. RESULTS AND DISCUSSION

Images of optical microscope for (PVA/WC) nanocomposites films
taken at a magnification power of x10 for all samples at various
concentrations are shown in Fig. 1. We can see a—d, once the con-
centration for tungsten carbide nanoparticles reaches 3 wt.%, the
nanoparticles form a continuous network inside the polymer. The
nanoparticles linked in this network include routes for charge carri-
ers to transport through NCs, causing a shift in the material prop-
erties [23, 24].

The relation between absorbance and wavelength for PVA/WC
nanocomposites is displayed in Fig. 2. The figure demonstrates
that, as the wavelength increases, the absorbance of films decreas-
es, peaking close to the fundamental absorption edge 220 nm. In
general, visible and near-infrared absorbances of film are minimal.
We can explain this performance in this way. Near the fundamental

L

Fig. 1. The photomicrographs of PVA/WC nanocomposites: (a) for (PVA);
(b) for 1 wt.% WC NPs; (c) for 2 wt.% WC NPs; (d) for 3 wt.% WC NPs.

a
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Fig. 2. The relation between absorbance and wavelength for PVA/WC
nanocomposites.

[«8]
[
o
[
it
=
o=
g
w
=
[}
—
=
] =1 wt.%
0.2 ——2 wt.%
——3 wt.%
0 : : : : : .
220 320 420 520 620 720 820

Wavelength, nm

Fig. 3. Change of transmittance with wavelength for PVA/WC nanocompo-
sites.

absorption edge, the incident photon wavelength shortens but its
energy remains sufficient to interact with atoms and transmit. Be-
cause of photon interactions with the substance, absorbance rises
[25, 26].

The relation between transmittance and wavelength for PVA/WC
nanocomposites is shown in Fig. 3. We can see, when WC nanopar-
ticles’ concentration rises, the transmittance decreases. This proce-
dure results in electron release in their outside orbits, which con-
tainer absorb electromagnetic energy, because the electron trans-
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Fig. 4. Absorbance coefficient with photon energy for PVA/WC nanocom-
posites.

ported to a higher level has occupied vacant locations for energy
band. Pure PVA has high transmittance that allows light to pass
through PVA, while absorbing some of the incident lights. This is
so that the electron connection can be broken, and the electron can
be moved to the conduction band (C.B.) [27, 28].

Absorbance coefficient as a function of photon energy of
PVA/WC nanocomposites is displayed in Fig. 4. We can see that the
absorption coefficient is lowest at high wavelengths and low ener-
gies, indicating that there is a little chance for an electron transi-
tion, because the energy for the input photon is insufficient to al-
low the electron to pass the valence band (V.B.) to the C.B. (hv>E))
[29]. This shows how the absorption coefficient can influence the
type of electron transfer that occurs. Once the absorption coeffi-
cient is high (>10* cm™ in high energies), a direct transition of an
electron is anticipated to take place; the energy moments are re-
served by the electron—photon interaction. However, since the ab-
sorption coefficients are > 10* cm™ at low energies, it is anticipated
that an electron will make an indirect transition also that the elec-
tronic momentum will be preserved with the help of the adsorption
process [30]. The PVA/WC nanocomposites’ coefficient of absorb-
ance is fewer than < 10* cm™, demonstrating that the electron tran-
sition is indirect in these nanocomposites.

Figure 5 shows difference between photon energy and the absorp-
tion edge (ohv)'? for PVA/WC nanocomposites. By connecting the
advanced portion of the curve on the x-axis to (ahv)”?=0, we can
draw a straight line to visualize the energy gap of this permitted
indirect transition. The energy gap values drop with weight per-
centages of WC nanoparticles rise. The creation of localized levels
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Fig. 5. The relation between absorption edge (ahv)"/? and photon energy for
PVA/WC nanocomposites.
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Fig. 6. The relation between (ahv)Y?® (cm'-eV)Y® and photon energy for
PVA/WC nanocomposites.

in this prohibited energy gap was credited with causing this. In this
instance, as the weight percentage of tungsten carbide nanoparticles
rises, the electron ways from V.B. to these limited levels also as a
result to this C.B. increase. The density of the localized state rise
with concentration of nanocomposites rising because they are heter-
ogeneous rise (i.e., electronic conduction be contingent on the addi-
tional concentration) as the weight percentage for tungsten carbide
nanoparticles increases [31, 32].

The similar method is used to take into account the forbidden
transition for this indirect energy gap, as depicted in Fig. 6.

The relation between refractive index and wavelength for
PVA/WC nanocomposites is displayed in Fig. 7. The graph demon-
strates that, as density increases, WC nanoparticle concentration to
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Fig. 7. Refractive index as a function of wavelength for PVA/WC nano-
composites.
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Fig. 8. The relation between extinction coefficient and wavelength for
PVA/WC nanocomposites.

PVA, nanocomposites’ refractive index increases. Because of its low
transmittance, the UV region has high refractive index wvalues,
while the visible range has little values because of its high trans-
mittance [33].

The relation between extinction coefficient and wavelength for
PVA/WC nanocomposite is shown in Fig. 8. We can note that the
extinction coefficient rises as WC nanoparticles’ concentration ris-
es. This is attributed to the increased weight percentages of WC
nanoparticles and the improved absorption coefficient. This reason
suggests that the host polymer structure will change because of the
WC nanoparticles [34, 35].
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Fig. 9. Variation of real part of dielectric constant with wavelength for
PVA/WC nanocomposites.
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Fig. 10. Imaginary part of the dielectric constant for PVA/WC nanocom-
posites with wavelength.

The relation between wavelength and real part of dielectric con-
stant for PVA/WC nanocomposites is displayed in Fig. 9. The real
part of dielectric constant rises with the rise WC nanoparticles’
concentration. Because of the low value of n?, this figure demon-
strates that ¢, is highly dependent on its k? [36, 37].

Figure 10 illustrate the variations of the imaginary part of the
dielectric constant with wavelength for PVA/WC nanocomposites.
We can see that the g, values vary due to the absorption coefficient
and dependent on %k because of relationship between g, with & [38,
39].

Figure 11 shows the change in optical conductivity of PVA/WC
nanocomposites with wavelength. As the proportion of WC to the 3
wt.%, the optical conductivity of PVA rises. Because of electrons
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Fig. 11. Optical conductivity of PVA/WC nanocomposites.

can passage the V.B. to the local levels or to the C.B. more easily,
thanks to these new levels in this band gap. Therefore, the band gap
closes, and conductivity rises [40, 41].

4. CONCLUSION

The results of the optical microscope show that the nanoparticles
form a continuous network in films (polyvinyl alcohol), the nano-
particles linked in this network include routes for charge carriers to
transport through NCs, causing a shift in the material properties.
The absorbance of PVA/WC nanocomposite rises as the concentra-
tions of WC nanoparticles increase, while the transmittance and en-
ergy gap drop as the concentration of WC nanoparticles rises. The
rise of weight percentages of WC nanoparticles, raise of the absorp-
tion coefficient, extinction coefficient, refractive index, real and
imaginary parts of dielectric constant, and optical conductivity. Fi-
nally, PVA/WC nanocomposites may be considered as promise ma-
terials in optoelectronic nanodevices.
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