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Abstract

Films of polymethyl methacrylate (PMMA)/polycarbonate (PC) polymer
blend doped silicon carbide (SiC) nanopowder are synthesized by the casting
method. The study for the structural, optical and electrical behavior of
PMMA/PC blend without and with low contents (0.8 wt%) of SiC is done.
The change of the structure is investigated from X-ray spectra. After the addi-
tion of SiC, the intensity of the main X-ray halo peak at 26 = 20.26° of
PMMA/PC is decreased, attributed to an interaction between PMMA/PC. It’s
clear that SiC is causing an increase in the amorphous regions inside the
PMMA/PC blend. The peaks related to SiC are not found attributed using a
small amount of SiC with complete dissolution of SiC. The shift of the inten-
sity for IR bands has supported an interaction between all components. The
values of the optical band gap from UV-Vis spectra using indirect transition
are decreased with the increase of SiC. The values of the electrical conductiv-
ity are low at low frequency attributed to the charge accumulation at the elec-
trode which takes place. The conductivity is increased as the increase of fre-
quency due to the mobility of charge carriers. Furthermore, the conductivity
is increased with the increase of SiC contents. The values of &' and &" are
very high at the lower frequency and they decrease when the frequency is in-
creased attributed to the effect. The plot of both Z' and Z" shows dra-
matic decrease with the increase of frequency.
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1. Introduction

The blend between at least two polymers has given another direction to making
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novel materials [1]. It is a basic and conservative system for altering distinctive
properties of the polymers. The blend between the polymers is the technique to
upgrade and improve some physical properties of the polymers [2] [3]. The
blends between the polymers give a new material. This new material has a good
property best than individual polymer. Polycarbonate (PC) is a thermoplastic
polymer utilized of advanced applications due to their properties, for example,
as strong hydrophobicity, high melt viscosity, the sensitivity of mechanical
properties, and softness [4] [5]. To enhance the properties of PC blend, fillers
including organic as well as inorganic nanoparticles have additionally been used
in a wide range [5] [6].

The blend between polymethyl methacrylate (PMMA) and PC is one of the
most profoundly examined polymer pairs and it has received considerable re-
search consideration [7]. This fact is attributed to the transportation of PMMA
as a commercial polymer and to PC as an ideal polymer choice in the industry
due to its characteristics. A couple of researchers have considered the blend
between PC and PMMA to utilize in both industry and research [8]. The
greater part of the studies has been centered around the examination of the
structure which has been found depending on the method of preparation [9]
[10] [11].

Silicon carbide nanostructures have specific properties useful for applications
in microelectronics and optoelectronics [12] [13] [14]. Actually, SiC has selected
due to their properties as a high hardness, semiconductor processing equipment,
etc. These characteristics make SiC a perfect possibility for high-power electron-
ic devices. A lot of works are represented on SiC combination since the assem-
bling procedure began. Optically, SiC shows weak release at room temperature
by virtue of its backhanded band hole. SiC is used in a wide range as utilized as
reinforcement in nanocomposites. Silicon carbide nanocomposites have differ-
ent advantages as far as their performance for use as special structural materials
attribute to their excellent properties [15] [16]. This is accepted to be caused by
discouraged non-radiative recombination in the confined clusters. SiC nano-
structures have a great wonderful property which searches useful for applica-
tions in microelectronics and optoelectronics [17].

The aim of this article is to prepare and characterize polymethyl methacrylate
(PMMA) and polycarbonate (PC) polymer blend doped with 0.0, 0.2, 0.4, 0.6
and 0.8 wt.% of silicon carbide (SiC) nanoparticles. The X-ray diffraction (XRD),
Fourier transform infrared (FT-IR) spectroscopy, Ultraviolet-visible (UV-Vis)
spectroscopy, and AC conductivity are used to characterize and study the en-
hancements of the structural, optical and electrical properties of PMMA/PC

blend without and with low contents of SiC.

2. Experimental Details
2.1. Materials Used

Polymethylmethacrylate (PMMA) has M,, = 1.5 x 10* G/mole and commercial
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polycarbonate (PC) has M,, = 2.47 x 10* G/mole are used as a host material. The
MMA and PC are purchased from ACROS Company (New Jersey, USA). The
blend samples are synthesis by the solution casting method using chloroform as
a common solvent. Silicon carbide (SiC) nanopowder, <100 nm particle size is

obtained from Sigma Aldrich company.

2.2. Preparation of the Samples

The amount of both PMMA and PC are dissolved individually in chloroform
using the ratio 70:30 wt%, respectively. The silicon carbide (SiC) nanopowder
is dissolved and suspended in chloroform with a stirrer by an ultrasonic bath
for 20 min. Finally, various concentrations of silicon carbide (0, 0.2, 0.4, 0.6
and 0.8 wt%) is added in the polymer mixture as a dopant and stirred with the
sonicator further for another 20 min to confirm the distribution of SiC inside
the PMMA/PC blend. The final nanocomposite solution is then cast onto a
glass plate to get a nanocomposites film with uniform thickness (150 pm). The
films of PMMA/PC-SiC are left to dry at 50°C about 48 h using a vacuum

oven.

2.3. Characterization

The X-ray diffraction spectra are measured using a PANalytical X’Pert PROXRD
with filtered CuK a-radiation (1 = 1.54056 A) at 40 kV acceleration and 10 mA
currents. The FT-IR spectra are recorded on Nicolet iS10, USA spectrometer
having a resolution 4 cm™" in the wavenumber from 4000 to 400 cm™ to examine
their structure. Ultraviolet-visible (UV-vis) absorption spectra of polymer films
are recorded using (V-570 UV/VIS/NIR, JASCO) in the wavelength range 195 -
1100 nm. The AC electrical studies are done in a frequency range from 10" to 10’
Hz, using novo-control technologies broadband dielectric spectroscopy. The pos-
sible mechanism of the interaction between the components in PMMA/PC-SiC
nanocomposites. Firstly, the interaction between the two polymer is occur
through the function groups and then the reaction between the polymer blend

and Si" after breaking of the carboxyl group.
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Scheme 1. The possible mechanism of the interaction between the components in
PMMA/PC-SiC nanocomposites.
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3. Results and Discussion
3.1. The X-Ray Diffraction Analysis

The X-ray diffraction is utilized to study the effect for different amounts (0, 0.2,
0.4, 0.6 and 0.8) of silicon carbide (SiC) on the crystalline structure of pure
PMMA/PC. Figure 1 displays the X-ray diffraction for PMMA/PC without and
with various concentration of SiC at 26 = 5° - 75°. The hump (amorphous na-
ture) is observed in the spectra around 26 = 16° is attributed to PMMA. The
spectrum of pure PMMA/PC blend depicts the characteristic halo peak observed
at 26 = 20.26°. After addition of SiC, the intensity of this main peak is decreased
and became broader attributed to an interaction between the PMMA/PC and the
SiC causes a decrease in the intermolecular interaction as well as the increase of
the amorphous regions between the polymeric chains. The amorphous kind of
materials causes an increase of the conductivity [18]. The functional group in the
blend implied a decrease in the crystallization indicates that there is a compati-
bility between the silicon carbide and PMMA/PC in amorphous parts in the
PMMA/PC matrix. The spectrum of SiC as we see inset in Figure 1, did not ob-
serve any peaks related to SiC nanopowder attributed to uses of the small
amounts of SiC are under detecting limit and/or good dissolution in amorphous
phases of SiC in PMMA/PC matrices.

3.2. FT-IR Measurement

Figure 2 displays the FT-IR spectra of PMMA/PC films blend and PMMA/PC
doped different concentrations of SiC nanoparticles at room temperature from
4000 to 400 cm™". The characteristic absorption bands of PMMA/PC blend are
observed. The principal bands of pure PMMA are assigned as: The band at 2954
cm™' is assigned to O-CH, bending and the bands at 1732 and 1250 cm™" are as-
signed to stretching frequency of C = O. The bands at 1446 cm™ and at 987 cm™
are assigned to-CH and -CH, bending mode, respectively. Two characteristic
bands of PMMA are observed at 1062 cm™" and at 845 cm™. The main IR bands
of PC is assigned as: The band sat 2991 cm™ is due to -CH stretching aromatic
ring and at 1770 cm™" is ascribed to stretching carboxyl group (C = O). The band
at 1501 cm™ is assigned to C = C-vibration mode and at 1190 cm™ is assigned to
asymmetric stretching carbonate group (O-C-0). In general, the FT-IR analysis
displays the characteristic carboxyl (C = O) stretching bands of PMMA at 1732
cm™ and of PC at 1770 cm ™', confirming that PMMA-PC blend has been formed
[19] [20] [21].

After the addition of SiC inside the polymeric matrix of PMMA/PC blend, the
intensity of some IR bands is decreased with no recognizable changes in their
position occur is in comparison with the spectra of the pure blend. This suggests
that the SiC is homogeneously dispersed inside the polymer blend. Likewise, this
decrease happens due to weak physical forces connected between SiC and
PMMA/PC than the chemical forces. The increase of SiC helps to occur the in-
teraction between the PMMA/PC as a host material and the SiC. Then, the in-

DOI: 10.4236/jmp.2019.105034

490 Journal of Modern Physics


https://doi.org/10.4236/jmp.2019.105034

H. M. Alhusaiki-Alghamdi

tensity of C-O, and C-O-C groups is to a great extent limited and results in
more disturbance for crystallization and an enhancement for the fraction of

amorphous phases as confirmed in X-ray analysis.

3.3. UV-Vis Measurement

The UV-Vis absorption spectra of the composites in from 190 to 800 nm ap-
peared in Figure 3. All the spectra show an appearance of two absorption bands
at 241 nm and at 538 nm that corresponds to the characteristic bands of conju-
gated unsaturation and carbonyl chromophores, respectively (m > n* transition
from unsaturated bonds (C = O and/or C = C). The intensity of the edge de-
creased as increase SiC amount, confirming that responses to the reactions
between all components. The decrease in the band intensity which related to C
= O is attributed to the photochemical disruption of m bonds, which later
causes reduction in the intensity after increase of SiC concentration due to the
bonds between oxygen tom and Si*. The electron in the m bond undergoes pho-

to-excitation from ground to higher energy state (m > m* transition) and cleaves
the bond.

Intensity (a. u.)

o il e
hiias [l an L)

2 6 degree

Figure 1. The X-ray diffraction of PMMA/PC doped with SiC nanopowder.
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Figure 2. The FT-IR spectra for PMMA/PC doped with SiC nanopowder.
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Figure 3. The UV-Vis spectra of PMMA/PC doped with SiC nanopowder.

To study the optical properties of the PMMA/PC-SiC, the optical band gap

(£,) of the prepared nanocomposites is estimated using formula (1) as [22]:
(ahu)":B(hU+Eg) (1)
where, ais the absorption coefficient, Avis the photon energy (4 is Planck’s con-

stant, ([U = %, c is speed of light and A is the wavelengthj ), B is a constant, and

x = 1/2, 2, 3/2 and 3 corresponding to the allowed indirect, allowed direct, for-
bidden direct and forbidden indirect transitions, respectively. The values of a(v)
are determined by the equation:

a(v) _ 2.3034

y )

where A is absorbance. At the edge, the forbidden direct of Av. The band energy
(£,) can be evaluated from the relation between (ahv)** and of photon energy
(fv) as seen in Figure 4. The estimations of E, of the samples are dictated using
extrapolating of the straight part of the high energy spectra to the Av-axis at ze-
ro, and these values are decreased from 3.88 eV to 3.74 eV with the increase of
SiC contents in the PMMA/PC blend. This decrease is expected due to the addi-
tion of relatively low energy band gap SiC into the high energy band gap of
PMMA/PC. Also, the decrease of E, attributed to change in the structure of
PMMA/PC blend attributed to formation of new bonds between the SiC with
blend chains. Another reason for the decrease of £, is the formation of localized
state between HOMO and LUMO bands for PMMA/PC, which modified their

extended electronic states.

3.4. The AC Electrical Studies

3.4.1. The AC Electrical Conductivity

The AC electrical conductivity o (@) study is performed to incorporate the ef-
fect of conduction mechanism and the kinds of charge carriers in the samples.
The AC electrical conductivity o ()of the common polymers is calculated us-

ing the following empirical equation [23]:
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Figure 4. The variation of (a4v)** depends on the energy (4v)
of PMMA/PC doped with SiC nanopowder.

o(w)=ws,e" (3)

The conductivity of the samples is due to losses of bound charges whereas
there should be no such losses under a DC field. Every material will have free
charges, and under the applied low frequency, these charges can follow the field
and cause conduction current given rise to energy loss. Then the measured AC
conductivity is [24]:

O (w) =0pc tO0y ¢ (w) (4)

where o, is the DC electrical conductivity and o ,. is the true value of AC
conductivity. Figure 5 shows the plot between the total electrical conductivity
o-(a)) dependence of the frequency Log (f) at room temperature. The values of
conductivity are low at low frequency due to the charge accumulation at the
electrode interface tacks place which reduces the conductivity. The conductivity
is increased as the increase of frequency attributed to the mobility of charge car-
riers and the hopping of ions from the infinite cluster. As a result, the ion ex-
change process occurs effectively in the high-frequency region. A relaxation with
hopping frequency is observed due to earlier that the conductive species in the
samples is effective to the charge carriers. It is observed that the measured elec-

trical conductivity is increased with the increase of SiC contents.

3.4.2. The Dielectric Properties

Figure 6 displays the plot between the angular frequency Log (f) with the dielec-
tric constant (&') and Figure 7 illustrates the relation between plot of dielec-
tric loss (&”) against Log f of pure PMMA/PC blend and the PMMA/PC em-
bedded by 0.0, 0.2, 0.4, 0.6 and 0.8 wt% of SiC nanoparticles at room tempera-
ture. The Debye equations give the complex permittivity as the following rela-
tion [25] [26]:

& —&,

* .
e =¢'—ig"=¢,+

©)

1-jor
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Figure 5. The variation of AC conductivity (Log 0) depends on
frequency (Log f) of PMMA/PC doped with SiC nanopowder.
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Figure 6. The variation of &' depends on Log (f) of PMMA/PC
doped with SiC nanopowder.
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Figure 7. The variation of &” depends on Log (f) of PMMA/PC
doped with SiC nanopowder.
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where &, and ¢, are the dielectric constant at high frequency and limiting low
frequency of dielectric constant, respectively, is the relaxation time (z = RC). The

real part (g') and the imaginary part are written as [27]:

c —¢ e —¢ ot
=, +—== andg":—( - 2)2 (6)

From the two figures, it is observed that both the behavior of (&') and (&")
gradually decrease with the increase of the frequency and it reaches to constant
values at higher frequencies. Also, the two estimated values of &' and &" are
very high at lower frequencies and it decreases with the increase of frequency
due to because of polarization effects and because of the dipoles, not start to fol-
low the field variety at higher frequencies. The plots of (&') and (&") as

shown in the figures exhibit three regions over the frequency range. In the first
region at very low frequencies (w < 7= &'=¢,). Then, the dipoles flow the

field and the values of (¢') and (&") decrease due to dominant contribution
of interfacial polarization effect. The second region [a) < l} , the dipoles begin
T

to lag the field and the relaxation process occurs. At the last region (e >>r), the
linearity of &' is tending to approach steady state which can be assigned to the
high frequency limiting permittivity &, values of the polymers. When @7 <,
the estimated values (&') of is equal to & . Whereas the plot of (&") has a lit-
tle decrease it becomes very low. After adding silica nanoparticles to PMMA/PC
blend, the frequency is increased due to the dipole will no longer be able to ro-
tate sufficiently rapidly and the oscillation being to be lag those of the applied
field. As frequency increased, the dipole will be completely unable to follow the
field and the orientation stopped and the value of &' is decreased and ap-
proach to stable due to interfacial polarization. The decrease of &” with in-
creases of the frequency may be attributed to the origin of &" 1is the conduction
losses.

3.4.3. Complex Impedance Study

The collective plot of complex impedance Z~ as a function of frequency can be
applied to identify whether the long-range or short-range movement of charge
carriers is dominant in the relaxation process. To Interpret the dielectric spectra,
different formalism such as complex impedance Z~ has been explored. The

complex impedance can be evaluated from the following relation [28]:

Z =Z'+iz" (7)
where Z' and Z" are the real and imaginary part of the complex impedance,
which described as [29]:

T

Z'= and Z" =

_ (8)

2 1+ w’r

1+ 0*r

Figure 8 displays the plot between the frequency Log (f) with the real complex
impedance (Z ') and Figure 9 illustrates the relationship between the plot of
imaginary part of the complex impedance (Z") against Log f of pure PMMA/PC
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blend and the PMMA/PC embedded of SiC. As we see in the two figures, the
behavior of both Z' and Z" is gradually decreased with the increase of fre-
quency. This behavior is a general trend of dielectrics materials as a polymer that
can be understood by polarization which created related to the ionic exchange of
the number of ions by locally displacing in the applied field direction. At lowest
frequency, there is a charge accumulation at the interface causing contributions
for various interfacial polarizations are watched. The discussion of this behavior
is that at a certain point, the space charges can’t support and comply with the
outside field which causes a decrease in the polarization and there is no charge
accumulation at the interface. At low frequencies, the real and imaginary part of
the complex impedance depends to the presence of ion center type of polariza-
tion in the films and to the interfacial polarization. The complex impedance is
high at the low frequency that might be because of space charge polarization. It
is because obstructing of charge carriers at the electrodes due to confinement to
their movement at the interface. The plots further show a decrease in impedance

with the increase in silica content.

—— PMMA/PC
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N
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Figure 8. The variation of Z’ depends on Log (f) of PMMA/PC
doped with SiC nanopowder.

1.8x10"°
—— PMMA/PC
——0.2
1.5x10" - 04
——0.4
1.2x10" - 08
_ 9.0x10°q
N
6.0x10° -
3.0x10° |
0.0
T T T T T T
1 2 3 4 5 6 7

Log (f)

Figure 9. The variation of Z” depends on Log (f) of PMMA/PC
doped with SiC nanopowder.
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4. Conclusion

Composite samples based on PMMA/PC blend doped silicon carbide (SiC) na-
noparticles are prepared and investigated. The structure of the composites is
studied using X-ray, FT-IR and UV-Vis spectroscopy. The intensity of the main
X-ray peak is decreased according to an interaction between PMMA/PC and SiC
causing an increase in the amorphous regions. The main characteristic of X-ray
peaks which assigned to SiC is not founded in all spectra attributed to use a
small amount (<0.8 wt%) of SiC or due to complete dissolution of SiC inside the
polymeric matrices. The shift of intensity in IR band suggested an interaction
between PMMA/PC and SiC. The values of the optical band gap from UV-Vis
spectra are decreased by increasing SiC due to charge transfer. The AC conduc-
tivity is low at low frequency due to the charge accumulation at the electrode in-
terface that takes place, which reduces the conductivity. The conductivity is in-
creased as the increase of frequency attributed to the mobility of charge carriers
and the hopping of ions from the infinite cluster. Also, the conductivity is in-
creased with the increase of SiC contents. The values of &' and &" are very
high at lower frequencies and it decreases with the increase of frequency be-
cause of polarization effects and because of the dipoles, not start to follow the
field variety at higher frequencies. The values of both Z' and Z" are gradu-
ally decreased with the increase of frequency. At lowest frequency, there is a
charge accumulation at the interface causing contributions for various interfa-
cial polarizations are watched. The real and imaginary parts of the complex
impedance are decreased at low frequency depends to the presence of ion cen-
ter type of polarization in the films and to the interfacial polarization. The
complex impedance is high at the low frequency because of space charge pola-
rization. The plots further show a decrease in impedance with the increase in

silica content.
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