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Abstract. In this work, using manganese chloride and ammonia hydroxide in an aqueous
solution as starting material to synthesize MnO2 nanoparticles by precipitation method,
The structural and optical, and thermal properties of (PEG/PAA:MnO2) Nano Composites
films were investigated. The PEG/PAA polymeric blend films were doped with different
ratios of MnO2 nanoparticles (0, 1%, 3%, and 5%) using a casting method of 25+1 pum.
The obtained results demonstrated that the optical transmittance (%) at the wavelengths
between 200-1100 nm, The optical properties of the films were affected by the MnO2
ratio The Energy gap of doped films decreased from 5.32 eV to 4.92 eV by increasing the
doping (MnO2) ratios. The thermal conductivity coefficient (K) increases when adding
(MnQ2) nanoparticles to the polymeric mixture (PAA/PEG).
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1. Introduction

Recently, researchers and manufacturers become interested in polymers and
polymerization because of their extensive applications in petrochemical and other
industries. Practical techniques used with polymers may be different from composites with
low molecular weights [1]. Hundreds of centuries ago, man used natural polymers
including cotton, animal skins, wool, silk, etc. in the manufacture of clothes and housing,
as well as food such as vegetable oils and animal fats [2]. Technological and industrial
development depends heavily on the advancement of materials, as there should be
alternatives due to this development. These alternatives have good specifications with low
cost and lightweight; therefore, composites are produced [3].

Composites are the systems resulting from integrating two or more materials, so that
each material represents a separate phase in the system, to obtain new materials with
properties different from those of the raw material involved in the preparation of
composite, while the undesirable properties are eliminated to be more suitable for industrial
applications. The desired properties of the polymeric composite are the qualities of its basic
components, which depend on matrix, reinforcement materials and interface [4-6]. Nano
materials represent the distinct category of advanced materials that can be produced so that
their internal granules or measures of one of their dimensions range (1-100) nm due to their
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small sizes and measurements. This makes them behave contrary to the traditional large
materials whose dimensions exceed (100 nm). Nano materials are building materials for
the twenty-first century. They represent an important technology (nanotechnology,
biotechnology and information and communication technology), which is a standard for
the advancement of the civilizations and renaissance [7,8]. Polyethylene (PEG) is a small
granule at room temperature, a type of thermoplastic polymers, and polyacrylic (PAA) is a
colorless liquid that is soluble in water. These polymers are used as a matrix for pure and
composite polymeric films. (MnOz) has been used through deposition method, which has
several advantages, including low cost and non-toxicity. It is important to choose a method
of preparation using low-cost and non-toxic materials. In addition, the properties of the
prepared (MnO.) nanoparticles are of great importance.

The aim of this work is to synthesize MnO> nanoparticles by precipitation method and
study the structural and thermal properties of (PEG/PAA:MnO2) Nano Composites films
with different doping ratios (0, 0.01, 0.0.3, and 0.05) of MnO- nanoparticles.

1.1 Experimental Part

( MnO2) nanoparticles were prepared using precipitation method by adding (100 ml) of
distilled water to manganese chloride by (0.5 m), then leaving it for a while until dissolved
under continues stirring to obtain a homogeneous solution. Then, the ammonia hydroxide
solution (NH4OH) with a concentration of (30%) was added gradually (drop by drop) to
the primary homogeneous solution.

Pure materials consisting of (PAA/PEG) mixture were prepared using solution casting
on glass Petri dish. Polymer (PAA) was mixed with polymer (PEG) by (50%) of weight
mixing ratios for each by adding (0.5g) of (PAA) and (59.0) of (PEG) to (10 ml) of distilled
water at (50 °C) for (2 hours) for obtaining a homogeneous polymeric solution, After that,
different weight ratios (0, 0.01, 0.0.3, and 0.05) from (MnO2) nanoparticles calcination at
(800°C) were added to the mixture PAA/PEG after that using the oven for (2) days at (50
°C) in order to get rid of moisture.

2. Results and Discussion
2.1.1 Field Emission Scanning Electron Microscope (FE-SEM)

A Field Emission scanning electron microscope was used to examine the prepared
samples to determine the nature of the surface and shape of (MnO2) nano-powder prepared
using the deposition method. Figure (1) shows microscopic images of(MnO2) powder
before and after calcination at (400,600,800°C). It can be seen that (MnO2 ) powder
consists of agglomerated plates that resemble clusters, and the size of the plates increases
with increasing calcination temperature[9-11] .
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Fig.1. (FE-SEM) images of (MnO2) nano-powder (a) before calcination (b) at (400 °C) (c) at (600 °C)
(d) at (800 °C).

2.1.2 Fourier-Transform Infrared Spectroscopy (FTIR)

Infrared (FTIR) examination was conducted for all the prepared samples in order to
determine the effective aggregates within the composition of the prepared samples. Figure
(1) shows that multiple absorption bands were obtained. The absorption band that appears
after doping with manganese oxide at ratios (1, 3 and 5) wt% centered around (995 cm™)
and which falls within the diagnostic region (under the number The wavelength 1000 cm™
1Y is attributed to the expansion vibrations of manganese oxide within the structure of the
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prepared nano composites [11-13]. The absorption bands detected at (1190 cm™) and (1298
cm™) that fall within the range (1180 -1300) cm™ are due to the expansion vibrations of the
(C-0) bond within the structure of the polymer mixture [14]. The absorption band centered
around (1461 cm™) is due to deformation vibrations of the (C-O) bond within the (PAA)
polymer [15]. The absorption band centered around (1791 cm™) indicates the stretching
vibrations of the (C-O) bond within the (PEG) polymer (1761 cm™) [16] Shifted towards a
higher wave number, this change in the absorption range indicates hydrogen bonding
interactions resulting from mixing the two polymers (PAA/PEG) between the (PAA)
polymer framework (PAA framework) and the structure of the (PEG) polymer (PEG
Backbone) [16].

Finally, the broad absorption band centered around (2350 cm™) is due to a combination
of bending vibrations of the (-OH) and expansion vibrations of the (C-H) bond [17]. We
note that the interaction of nanoparticles with the polymeric chains of the polymer mixture
led to a modification in the composition of the polymer mixture, where the results of the
(FTIR) assay showed a difference in the intensity of the peaks and the width of the peaks
of the prepared nano composites, which is due to the agglomeration and distribution of
nanoparticles within the polymeric mixture (PAA/PEG). On the other hand, the results
obtained showed that with the increase of the added content of manganese oxide
nanoparticles, the diagnostic peaks became more clear and higher intensity.
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Fig.2. FTIR spectra for (a) polymer mixture (PAA/PEG), pure and reinforced with
different rates (b) 1 wt% (c) 3 wt%, and (d) 5 wt% of (MnQO2) nanoparticles at (800 °C).

2.2 Optical Properties

Figure (3)and (4) shows the spectrum of transmittance (T) and reflectivity (R) of
pure (PAA/PEG) films supported by different ratios of calcined manganese dioxide
(MnQ2) particles at (800 °C), through the obtained results. The addition of manganese
dioxide (MnO>) particles leads to a decrease in the transmittance ratio (PAA/PEG) and
this decrease increases for the (prepared) film, and increases when adding manganese
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dioxide (MnO) particles, as well as when the particle content increases, the wavelength of
the incident light increases, and the ratio of The reflection, due to the emission of
manganese dioxide (MnO2) molecules across the prepared membrane (PAA/PEG), absorbs
part of the light falling on the films and fades from the other part. [18]
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Fig.3. Transmittance of (PAA/PEG:MnO2) Composites.
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Fig.4. Reflectance of (PAA/PEG:MnQO2) Composites.
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Fig. (5) shows the absorption coefficient of all the prepared films increases at high energies
and decreases at low energy of the photon, meaning that the transmission of the electron
has a high potential, that is, the energy of the incident photon is sufficient to transfer the
electron from the valence bundle to the conduction bundle. The absorption coefficient helps
to identify the nature of the electron. Increasing the proportion of (MnO.) nanoparticles
leads to an increase in the absorption coefficient, and this leads to an increase in the number
of charge carriers and an increase in the absorbance and absorption coefficient of films
Composites [19-21].
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Figure 5. Absorption Coefficient of (PAA/PEG:MnO2) Composites.

Absorption Coefficient a{cm)’

Fig. (6) shows that the energy gap value of the pure (PAA/PEG) film was recorded (5.15
eV), while the energy gap values of the reinforced films decreased with the increase in
the content of calcined manganese oxide (MnQO2) nanoparticles at (800 °C ) to become
(5.03,4.97,4.89) eV for particle reinforcement ratios (1%, 3%, 5%), respectively, and this
decrease is the result of the content of manganese oxide (MnOz) nanoparticles being
responsible for the formation of some defects in the films These defects are in the optical
energy gap in localized states and lead to a decrease in the optical energy gap values when
the content of nanoparticles in the polymeric substrate increases[22].
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Figure 6. Energy Gap of (PAA/PEG:MnO2) Composites.

Refractive index (no) and Extinction Coefficient (ko), as shown in Figure (7)and (8). It
shows the increase in the refractive index and inertia of pure (PAA / PEG) films when
adding (MnO2) nanoparticles, and that these elements are proportional to the refractive
index and with the inertia with increasing the refractive index leads to an increase in the
density of stacking For prepared films due to the increased content of nanoparticles [23].
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Figure (7): Refractive Index for (PAA/PEG:MnQO2) Composites.
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Figure (8): Extinction Coefficient for (PAA/PEG:Mn0O2) Composites

Figure (9),(10) shows the real part (Er) and imaginary part (Ei) of the dielectric constant as
a function of the photon energy for (PAA/PEG:MnQO2) films. The results showed that
adding (MnO2) nanoparticles to the polymeric mixture film (PAA/PEG) leads to an
increase in the values of both the real part and the imaginary part of the dielectric constant
and this increase is directly proportional to the content of the added particles, and through
Figure (10) this behavior shows that increasing the content of nanoparticles leads to an
increase in the electric polarization inside the reinforced films The increase in the
dielectric constant of the polymeric mixture (PAA/PEG) represents a partial increase in the
charges inside the polymers. We also note the change of the real part and the imaginary
part of the reinforced (PAA/PEG) films, and the real part of the dielectric constant depends
on the refractive index, and the imaginary part of the dielectric constant depends on the
damping coefficient. [24]
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Fig. (3-1) : Real Part of the Dielectric Constant for (PAA/PEG:MnQ2)
Composites.
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Fig. ():Imaginary Part of the Dielectric Constant for (PAA/PEG:MnO2)
Composites.

3.3 Thermal Conductivity

The conduction coefficient (K) values were calculated for the models prepared
through (the Li disk). Figure (5) shows the thermal conductivity (K) coefficients of the
as-prepared polymeric films (PAA/PEG) before and after reinforcement with different
ratios (1%, 3%, 5%) with calcined manganese oxide (MnQO.) nanoparticles at (800 °C).
the obtained results showed that the thermal conductivity coefficient (K) increases
when manganese oxide (MnQO3) particles are added to a poly (PAA/PEG) mixture, Also
by increasing the weight ratio of the manganese oxide particles, the thermal
conductivity coefficient increases widely. The model (PAA/PEG): 15% (MnO2) at
(800 °C) recorded the highest value of the thermal conductivity coefficient, which
shows in Table (1-1) that the reason for the increase in the coefficient values Thermal
conductivity (K) is that the addition of particles to polymeric materials leads to an
improvement in the thermal conductivity properties due to filling the polymer with
nanoparticles, Additive nanoparticles (MnOz) are materials with high thermal
conductivity compared to polymeric mixture (PAA/PEG) due to the difference in
structural composition between them [25-27].
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Fig.5. Thermal Conductivity Coefficient for (PAA/PEG:MnO2) Composites.

The proportion of the uniform conductive medium within the random polymer mixture,
the decrease in the possibility of phonons scattering within complex structures, and the
increase in the thermal conductivity coefficient of the prepared films increases with the
increase in the proportion of manganese oxide particles [28]. The polymer mixture
(PAA/PEG) recorded the lowest value for the coefficient of thermal conductivity. The
addition of the polymer (PEG) to the polymer (PAA) increases the random medium within
the polymer mixture and leads to a high probability of scattering the phonons responsible
for the thermal energy transfer process in the insulating materials, due to the presence of a
fracture in the structure and the transition from one structure to another leads to the
difficulty of transferring thermal energy Between the two different random phases (PEG)
and (PAA) in the form of elastic waves due to the presence of a spacer in the structure and
this part of the wave energy will check and then decrease the thermal conductivity
coefficient of the polymeric mixture [29].

Conclusion

The FE-SEM results show that particles size increases with the increase in calcination
temperature. Diagnostic peaks become more visible and more severe with the increase in
the content of manganese dioxide (MnQO2) nanoparticles. The absorption band that appears
after doping with manganese oxide at ratios (1, 3 and 5) wt% centered around (995 cm™)
and which falls within the diagnostic region (under the number The wavelength (1000 cm’
1Y is attributed to the expansion vibrations of manganese oxide within the structure of the
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prepared nano composites. The addition and increase of (MnO2) content led to a decrease
in transmittance of (PAA/PEG) film prepared, while its reflectance rate increased. The
absorption coefficient for all prepared films increased at high energies and decreased with
the decrease in photon energy. The band gap values of reinforced films decreased with the
increase in (MnOy) content at (800 °C). The values of refractive index and extinction
coefficient of pure (PAA/PEG) films increased when adding (Mno) content at (800 °C).
The addition of (MnO-) nanoparticles to the polymeric mixture (PAA/PEG) film increased
the values of the real and imaginary parts for dielectric constant relative static permittivity.
Finally, thermal conductivity coefficient (K) increased when adding (MnQO2) nanoparticles
to the polymeric mixture (PAA/PEG).
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