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Abstract

In the present work, solution-cast method
was used to prepare thin films of poly(methyl
methacrylate)/lead oxide nanoparticles composites
[PMMA/PbO(NPs)] due to their importance in
different applications. X-ray diffraction analyses,
scanning electron microscope (SEM), Fourier
transform infrared spectroscopy (FTIR) and
thermal properties were employed to characterize
the structure properties of such composite. The
XRD patterns suggested that the miscibility
between the amorphous components of PMMA and
PbO nanoparticles was possible. The SEM images
show the distributions and dispersions of PbO
nanoparticles on the surface of PMMA and the
composite films. From the FTIR results, the
performance properties of PMMA depend on the
concentration of PbO nanoparticles. In addition,
thermal results showed variations in the melting
temperature (T,,), shape and area of thermal peaks
which were attributed to the different degrees of
crystallinity and the existence of interactions
between PMMA and PbO nanoparticles molecules.

Keywords = —  Biomaterials,  poly(methyl
methacrylate); lead oxide nanoparticles; polymer—
nanoparticles composites; thermal analyses;
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I. INTRODUCTION

Nano-materials  were attracted the
interesting of many researchers due to their
physical and chemical properties as well as their
applications in different fields [1]-[4]. Also,
composite  materials from  polymers and
nanoparticles (NPs) have advanced applications in
the field of material science [5]-[7].

Poly(methyl methacrylate) (PMMA) is
one of the best organic thermoplastic materials.
PMMA is a nondegradable biopolymer, has
thermal stability, easy shaping and weather
resistance [8]. PMMA has wide applications in
different medical fields. PMMA was used [9]-[13]:
(1) in optical devices (e.g., optical lenses); as a
means of securing prosthetic implants in skeletal
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antibiotic delivery system purposes for the treatment
of osteomyelitis and osseous infections; support
medium for the embedding of intact undecalcified
bone; and for subsequent histological examination
and calcified tissue sectioning.

Lead oxides can be formed in one of four
numerous phases: PbO (o, B and amorphous), Pb,O3,
Pb304, PbO, (a, B and amorphous). PbO has two
polymorphic forms: (1) red a-PbO, (stable at low
temperature), and (2) yellow B-PbO stable at
temperatures higher than 425 °C) [14], [15].
Synthesized PbO nano-powders were produced and
characterized by using several methods [15]-[17].
Nanocrystals of the two polymeric forms (a- and -
PbO) were obtained via the calculation of both lead
citrate and lead oxalate [18].

Lead oxide nanoparticles [PbO(NPs)] were
widely used in various applications in different fields
such as; gamma ray protective clothing, X- and
gamma rays shielding radiation, magnetic imagining,
batteries, X-ray sensing application and drug
delivery [19]-[23]. Due to the wide band gap and
high refractive index of PbO(NPs), their rod and
spherical shaped have antibacterial applications.
Moreover, PbO nanoparticles were amphoteric react
with both acid and base [24].

In the present work, five composite films of
[PMMA/PbO(NPs)] were prepared using solution-
cast method. Characterization of such composite film
was employed by using X-ray diffraction analyses,
scanning electron microscope (SEM), Fourier
transform infrared spectroscopy (FTIR) as well as
thermal properties [differential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA)] to
reveal the relationship of the structure properties of
PMMA to be used in different technological
applications.

Il. MATERIALS AND METHODS

A. Materials and Sample Preparation

Poly(methyl methacrylate) powder of
chemical formula [CH,C(CH3)(CO,CHs)-], with
average molecular weight of 320,000 g/mol was
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surgery; as a delivery  agent for local high-dose
antibiotics to treat soft tissue; for UK. Lead
diacetate of chemical formula [Pb(CH;COO),]
with average molecular weight 279.33 g/mol and
oxalic acid [C,H,0O4] of molecular weight 126.07
g/mol supplied from Adwik (Egypt) were used.

The sol-gel process was used to get lead
monoxide nanoparticles [PbO(NPs)] [14], [25],
[26]. A yellow-greenish powder of lead monoxide
was obtained. The X-ray diffraction (XRD) pattern
(data not shown) showed that the obtained PbO
nano-powder was a mixture of orthorhombic B-
PbO and tetragonal a-PbO phases with average
crystalline size of about 84 nm.

Different ratios, X (= 0, 0.26, 0.48, 0.52,
0.78 and 1.00 wt%) of the prepared PbO(NPs)
were added in to PMMA as [14]:

X =100 [WNPS/( WNPS + Wp))]

Where Wyp; is the weight of PbO(NPs) and W5 is
the weight of pure PMMA. Composite films of
PMMA/PbO(NPs)  [100.00/0.00,  99.74/0.26,
99.48/0.52, 99.22/0.78 and 99.00/1.00 wt/wt%]
were prepared by casting method [14], [25-27].
PbO(NPs) were added to complete solution of
PMMA in the appropriate ratio under vigorous
stirring at 60 °C to prevent agglomeration. The
solution were cast into stainless steel Petri dishes
and placed in an oven at 60 °C for 24 h in air to
obtain films of uniform thickness of about 0.01
mm.

Characterizations of the Prepared
CompositeFilms
The X-ray diffraction (XRD)

measurement of the prepared PMMA/PbO(NPS)
composite films was recorded by using Phillips
PW1840 X-Ray Diffractometer (USA) with an
anode tube of CuK, radiation (A = 1.54056 A),
operated at 40 kV and 25 mA.

The surfaces of the  prepared
PMMA/PbO(NPs)  composite  films  were
investigated using scanning electron microscope
(SEM; Inspect S, FEI, Holland) operated at 15 kV
and with magnification X400. The samples were
sputtered with gold by a sputter coater as an
adhesive and electronic conductor.

The Fourier transform infrared absorption
(FTIR) spectra of the prepared composite films
under investigations were performed over the
range 4000-500 cm™ using a Bruker Vector 22
Spectrophotometer (Germany) with a resolution of
4 cm™'and accuracy better than +1%.

The thermal analyses of the prepared
PMMA/PbO(NPs) composite films were studied
by using Differential Scanning Calorimetry (DSC)
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supplied from Alfa Aesar, GmbH & Co.,

Figure 1 shows the X-ray diffraction patterns of the
prepared PMMA/PbO(NPs) composite films. It is
noticed from the figure that the patterns of the
prepared composites exhibit weak diffraction lines
superimposed on two broad humps. The first hump
extends from 20 = 8° to 26°and the second one
extends from 20 = 26° to 37°. The broadening of the
peak indicates the amorphous nature and/or poor
ordering of this composite and also does not depend
on the concentration of PbO nanoparticles in the
PMMA network. In addition, no identification
crystalline species were present in any composite.
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Fig. 1 XRD Patterns of PMMA/PbO(NPs) Composite
Films

B. Scanning Electron Microscope

The distributions and dispersions of PbO
nanoparticles were investigated on the surface of
PMMA and the composite films by using scanning
electron microscope (SEM). Figure 2 illustrates SEM
images for pure PMMA (a) and some selected
PMMA/PbO(NPs) composite films (b and c). It was
noticed from the images that, numbers of
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model Schimadzu DSC-50 (Kyoto, Japan) and

Thermogravimetric ~ Analyzer  model
Schimadzu TGA-50H (Kyoto, Japan). The DSC
and TGA analyses cover the range from 25 to 650
°C were performed under nitrogen atmosphere of
rate of flow 20 mL/minute and at rate of heating of
10°C/minute. The average weight of the sample
was about 6.53834 mg. The standard uncertainty of
the sample weight measurement was + 1%.

I1l. RESULTS AND DISCUSSION
A. X-Ray Diffraction (XRD)

obtained results showed that the addition of PbO
nanoparticles with small amount to PMMA could
be used to control the structural properties of
PMMA polymer [28].

"

(a) 100.00/0.00 wt/wt%

P (b) 99.74/0.26 Wt/ wt%

Fig. 2 SEM images for PMMA/PbO(NPs) composite
films

C. Fourier Transform Infrared (FTIR) Spectral
Analyses

The FTIR absorbance spectra of the prepared
PMMAJ/PbO(NPs) composite films in the
frequency range 4000-500 cm™ were shown in Fig.
3. The chemical assignments of PMMA/PbO(NPs)
composites were illustrated in Table 1. It was
noticed that the present functional groups detected
from the FTIR spectrum of PMMA were in
agreement with that previously reported by several
investigators [9], [29]-[34] and was comparable to
that of its composites.

It was observed from the figure and the table
that, the spectra of the prepared composites exhibit
absorption that arises from C-H stretching of the
methyl groups occurs in the region of 3000-2850
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agglomerations were formed with increasing PbO
nanoparticles content up to 1.00 wt% (image c)
which indicate that good dispersion of PbO
nanoparticles on the surface of the PMMA. These
C-H bending. The bands at about1190, 1145 and
1065 cm™ were attributed to C-O stretching
vibration, asymmetric vibration of C-C group and C-
H bending vibration, respectively. The band at about
989 cm™ may be attributed to out-of-plane C=C—H
bends. The band at about 966 cm™ was attributed to
CH wagging. The band at about 913 cm®
corresponds to the =CH rocking mode. The bands at
about 842 cm™ was assigned to -CH, rocking
vibration group. The band at about 750 cm™
corresponds to out-of-plane C-H bending. The band
at about 702 cm™ corresponds to ring deformation
vibration. Finally, the band in the region from 684-
665 cm™ corresponds to bending mode of the phenyl
group v (benzene ring). In addition, it was also
illustrated from Fig. 3 that a clear deviation was
observed in the absorbance bands of the
PMMA/PbO(NPs) composites when compared with
that detected for pure PMMA. The decrease and/or
increase in the intensity indicate that there is a
change in the molecular configuration of the PMMA
network.

D. Differential Scanning Calorimetry (DSC)

Figure 4 and Table 2 illustrate the variation of
DSC curves of the prepared PMMA/PbO(NPs)
composite films to examine the effect of the presence
of different contents of PbO nanoparticles. It is clear
from the figure and the table that, endothermic and
exothermic peaks were observed at about 365 and
502 °C, respectively, corresponding to the
decomposition temperatures of the pure PMMA
which is in agreement with previously studied in the
literature [35]. For the composites
PMMA/PbO(NPs), the decomposition endotherms in
the range 360-365 °C were slightly broadened and
the peak temperature value did not show remarkable
shift with increasing the content of PbO
nanoparticles. Other exothermic peaks were detected
at about 429 & 506 °C for the composite 99.48/0.52
wt/wt%, and 422 & 498 °C for the composite
99.22/0.78 wt/wt%. For the composite 99.00/1.00
wit/wt%, new decomposition endotherm was detected
at about 266 °C and the exothermic peak was
disappeared.

In addition, the values of the heat of fusion
detected from the area under the endothermic and
exothermic peaks of decomposition steps and its rate
has been found to be very effective to evaluate fire
hazards. In addition, it was noticed from the figure
and the table that, difference in shape and area of the
decomposition endothermic and exothermic were
observed. It can be shown that decrease in enthalpy
of fusion and decrease in melting temperature values
were detected. This indicate that change in the
crystalline structure can results from PMMA
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cm™?, which contain four distinct peaks at about
2996, 2950, 2928, and 2874 cm™ resulting from
asymmetrical and symmetrical stretching modes of
C-H bonding in the methyl group, respectively. The
peak at about 1725 cm™ represents C=O double
bond stretching vibration of the aliphatic esters was
used to characterize the existence of PMMA in the
composite. The band at about 1485 cm™ corresponds
to the methylene C-H bends group. The band in the
region of 1435-1450 cm™ corresponds to the O-CHs
deformation or stretching group. The bands at about
1386 cm™ was associated with CH, deformation.

polymer and PbO nanoparticles interactions in the
amorphous phase of PMMA and also disorder in the
crystals was created causing the reduction in the
enthalpy of the phase change [36], [37].The initial
scission of PMMA may happened by random
scission (C-C bonds) of the main chain and/or
hemolytic scission of the methoxycarbonyl side
groups (-COOCHj3;). Random C-C scission was the
dominant mechanism which decomposes PMMA
into methyl methacrylate as a major product such as
CO,, CO, CH30H, CH, and char. PMMA ignites at
460 °C and burns forming CO,, CO), H,0O and low

-1 - - - - . -
The band at about1271 cm™ is associated with C-O molecular weight compounds, including
- S -1
stretching vibration. The band at about 1240 cm formaldehyde [38], [39].
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Fig. 3 FTIR spectra of PMMA/PbO(NPs) composite films
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TABLE1

POSITIONS AND ASSIGNMENTS OF BANDS OF PMMA/PbO(NPs) COMPOSITES

E. Thermal Gravimetric Analysis (TGA)

Thermal stability and thermal decomposition of
polymers was understood by using thermal
gravimetric analysis (TGA). Figure 5 shows the
TGA curves of the prepared PMMA/PbO(NPS)
composite films. The curves indicated four weight
loss steps. Table 3 illustrates the % weight loss and
the mid point temperature of these steps at the
melting temperature region. From the figure for the
pure PMMA curve, it is noticed that, three weight
loss steps were shown. The first loss step starting
above 120 °C with small values of % weight loss
confirms the presence of a thermal process which
may be attributed to splitting or volatilization of
small molecules and/or PMMA monomers and
explain the existence of physical transition [40].
The second loss step starting above 200 °C and may
be attributed to melting and degradation of different
morphological components forms the complex
structure of PMMA. This second step corresponds
to the weight loss caused by the decomposition of
the PMMA structure [8]. In addition, it is
characterized by the presence of the melting

Wavenumber (cm™)
PMMA/PbO(NPs) composites (wt/wt%) Assignments

10.000/0.00 | 99.74/0.26 | 99.48/0.52 | 99.74/0.78 | 99.00/1.00

2996.3 2993.9 2993.8 2996.6 2993.4 Asymmetrical stretching modes of
C-H bonding in the methyl group

2950.2 2950.1 2949.4 2949.4 2949.6 Symmetrical stretching modes of C-
H bonding in the methyl group

2927.9 2928.0 2927.8 2928.0 2926.0 Asymmetric CH, stretch

2873.5 2868.6 2863.5 2859.7 2853.2 Symmetric CHj stretch

17255 1724.7 1725.7 1725.4 17255 C=0 double bond stretching
vibration of the aliphatic esters

1484.6 1484.6 1484.8 1484.6 1484.8 Methylene C-H bends

1434.8 1434.9 1434.5 1434.7 1448.7 O-CHj; deformation or stretching

1385.9 1385.8 1386.8 1385.4 1386.5 CH, deformation

1271.0 1270.7 1271.1 1271.3 1271.1 Associated with C-O stretching
vibration

1239.8 1240.0 1240.0 1239.5 1239.3 In plane C-H bending

1189.0 1190.2 1190.3 1190.1 1190.2 C-O stretching

1144.9 1144.8 1145.2 1144.9 1145.0 Asymmetric stretching vibration of
C-C group

1065.2 1063.2 1063.0 1063.4 1063.5 C-H bending vibration

989.4 986.9 989.0 989.1 989.2 Out of plane C=C—H bends

965.8 964.3 966.1 966.1 965.9 CH wagging

912.7 911.5 911.1 910.3 911.2 =CH rocking mode

841.7 841.4 840.9 841.2 841.1 CHj, rocking vibration mode

749.7 749.8 749.5 749.5 749.8 Out of plane C-H bending

702.4 701.1 701.9 702.3 702.5 Ring deformation vibration

679.3 680.4 684.4 666.9 664.8 Bending mode of the phenyl group
v (benzene ring)

second step  mid-point  temperature  of the

PMMA/PbO(NPs) composites was smaller than that
detected for the pure PMMA. A lowest decrease of about
9% for the composite 99.22/0.78 wt/wt% was detected.

For the third step, the endothermic decompositions of
99.74/0.26, 99.48/0.52 and 99.22/0.78  wt/wt%
composites occur at about 369, 360 and 365 °C,
respectively, and they were lower than that of the pure
PMMA (about 376 °C). This may be attributed to that as
the content of PbO nanoparticles increases in the PMMA
polymer; the composites became more thermally stable
which indicate better dispersed of PbO nanoparticles in
PMMA matrix. For composite 99.00/1.00 wt/wt%, the
decomposition mid-point temperature was about 348 °C
which shows the highest % weight loss and greater than
that of the pure PMMA sample (about 5%) and the lowest
value was detected for composite 99.74/0.26 wt/wt%
(about 3%).

Table 4 listed, the total % weight loss and residue %
data at the end of the thermal degradation of the prepared
PMMA/PbO(NPs) composites. It is noticed that, the
total % weight loss did not show remarkable change by
increasing the concentration of PbO nanoparticles.
This means that the
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endotherm peak at about 367 °C. It is noticed 100F
from Table 3 that, the values of the PMMAPDO(NPS)
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Tempem ture (IDC) Fig. 5 TGA curves of PMMA/PbO(NPs) composite films
Fig. 4 DSC curves of PMMA/PbO(NPs) composite films
TABLE 2
VALUES OF TRANSITION TEMPERATURE (T.) AND ASSOCIATED HEAT OF FUSION (AH) FOR PMMA/PbO(NPs)
COMPOSITES
PMMA/PbO(NPs) Melting transition region
composites First step Second step Third step Fourth step
(Wt/wt%b) T, (°C) | AH (W/g) | T (°C) | AH (J/g) | Tm(°C) |AH /g) | Tm(°C) | AH (J/g)
100.00/0.00 - - 364.89 | -148.61 - - 501.74 221.22
99.48/0.52 - - 360.13 | -94.79 428,59 | 72.25 505.89 | 16.96
99.22/0.78 - - 364.40 | -76.42 421,72 | 50.42 496.78 | 22.18
99.00/1.00 265.80 | -6.62 363.78 | -109.30 | - - - -
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TABLE 3

TGA DATA FOR PMMA/PbO(NPs) COMPOSITES

At melting transition region
PMMA/PbO(NPs) First step Second step Third step
composites % weight | Mid point % weight | Mid point | % weight | Mid point
(wt/wt%o) loss temperature | loss temperature | loss temperature
(C) (C) (C)
100.00/0.00 10.711 163.27 5.684 225.94 80.322 367.10
99.74/0.26 12.640 158.31 7.546 209.50 77.880 368.58
99.48/0.52 9.299 156.83 4.617 207.86 81.745 360.02
99.22/0.78 7.373 152.64 5.998 206.50 83.043 365.40
99.00/1.00 8.968 163.36 5.310 215.71 83.987 348.49
table 4

total % weight loss and residue % data for pmma/pbo(nps) composites

PMMA/PbO(NPs) composites (wt/wt%b) Total % weight loss Residue % *
100.00/0.00 96.717 3.283
99.74/0.26 98.066 1.934
99.48/0.52 95.661 4.339
99.22/0.78 96.414 3.586
99.00/1.00 98.265 1.735

ISSN: 2350-0301

* Residue % = 100 - Total % weight loss

prepared composites became more thermally stable
and they were more resistant to fire hazards which
indicate better dispersed of PbO nanoparticles in
PMMA matrix.

IV. CONCLUSIONS

In the present work, the X-ray diffraction (XRD)
analysis showed no identification crystalline species
were present in the prepared PMMA/PbO(NPs)
composites. The SEM images that illustrated
numbers of agglomerations were formed with
increasing PbO nanoparticles content up to 1 wt%
which indicates that good dispersion of PbO
nanoparticles on the surface of the PMMA.

From FTIR data, a clear deviation was observed
in the absorbance bands of the PMMA/PbO(NPS)
composites when compared with that detected for
pure PMMA. In addition, the decrease and/or
increase in the intensity indicate that there is a
change in the molecular configuration of the
PMMA network.

On other hand, from the obtained results of
differential scanning calorimetry (DSC) and thermal
gravimetric analysis (TGA), difference in shape and
area of the decomposition endothermic and
exothermic were observed. In addition, the total %
weight loss did not show remarkable change by
increasing the concentration of PbO nanoparticles
up to 1 wt%. These variations mean that the
prepared composites became more thermally stable
and they were more resistant to fire

www.internationaljournalssrg.org

hazards which indicate better dispersed of PbO
nanoparticles in PMMA  matrix. These results
were in agreement with that of the obtained data in
X-ray diffraction and SEM.
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