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Abstract - This study aims to synthesis and characterize of poly (methyl methacrylate) nanocomposites that based on methyl
methacrylate monomer (MMA) and zinc oxide nanoparticles (ZnO-NPs), namely PMMA/ZnO nanocomposite via in-situ emulsion
polymerization of MMA monomer using potassium persulphate (PPS) as initiator. ZnO-NPs were firstly prepared through hydrothermal
method. The prepared ZnO-NPs were investigated by X-Ray diffraction pattern (XRD), Fourier transform infrared (FT-IR) and
transmission electron microscope (TEM). PMMA/ZnO nanocomposites were prepared via emulsion polymerization using different
concentrations of ZnO-NPs (2%, 4%, 8% and 12%) based on monomer concentration. Furthermore, PMMA/ZnO nanocomposites were
studied using FT-IR, TEM, XRD, UV/Vis spectroscopy and thermal gravimetric analysis (TGA). The fabricated poly (methyl
methacrylate) nanocomposites display good morphological, thermal properties and antibacterial activity than pure PMMA. Additionally,
the PMMA nanocomposites display respectable antimicrobial activity against gram positive (Staphylococcus aureus) bacteria, gram
negative (Pseudomonas aeruginosa) bacteria and yeast (Candida albicans). Additionally, the PMMA nanocomposites can be used as
good materials for antibacterial packaging applications.
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1. Introduction

Polymer nanocomposites consider most attractive class of materials for a new performance, attributable to their amazing
properties via consuming a low to high fillers loading in nanoform [1, 2]. Addition of inorganic nanoparticles (NPs) to
polymers matrix may present precise functionalities (antibacterial, catalytic activity, etc.) also develop the mechanical,
electrical properties, thermal stability, and fire retardant [3, 4]. Also, nanotechnology is recently considering one of the most
important areas for packaging technological development in the 21% century [5]. Furthermore, nanocomposites materials
become a development area of recent research, which cover wide range of systems with potentially novel material properties
[6]. PMMA has great interest and many advantages as a result of its individual properties such as Lower optical absorption
due to its high transparency in the visible region, low refractive index, rigid, hard, thermal capacity, electrical performance,
good mechanical properties and simple synthesis process [7].

Furthermore, PMMA is frequently used as an alternate to materials such as glass. Though, pure PMMA displays some
drawbacks, for instance low thermal stability, which bounds PMMA from high-temperature applications. Poly (methyl
methacrylate) transfers UV light; therefore, producers frequently making UV layers on PMMA to overwhelm this lack [8].
Inorganic fillers in nanoform were added to the polymer matrix, including PMMA/clay nanocomposites [9, 10], PMMA/SIO;
nanocomposites [11, 12] as well as PS/TiO, nanocomposites [13, 14]. PMMA/ZnO nanocomposites were widely examined
in the literature [15, 16]. Correspondingly, PMMA can be used to design everything [17, 18] due to its hydrolysis resistance
and good resistance to outdoor weather and thermoplastic properties.

In last years, ZnO nanoparticles have got worldwide attraction as a result of its individual properties [19, 20] such as its
chemical stability, antibacterial property, catalytic activity and less toxicity [21], high refractive index, wide band gap and
ultraviolet absorption. It can be determined these characteristics synergistically through nanohybrides preparation. In
addition, ZnO-NPs have a high surface energy since it is easily aggregated through the process of mixed configuration.
Besides, the regular dispersion of inorganic filler with host materials is greatly eligible to achieve the preferred properties of
hybrid materials [22].Owing to this fact; it is suggested to modify the surface of zinc oxide nanoparticles to adjust dispersion
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ability [23]. Literature review shows that modification of nanoparticles by polymer grafting is appropriate and
satisfactory technique [24, 25]. Moreover, several studies were intensive on PMMA/ZnO nanocomposites and its
thermal degradation behaviour due to the properties and applications of PMMA in medicine, chromatography, as well
as optics instruments [26]. The combination of ZnO-NPs with PMMA matrix is thought to enhance the optical properties
of the PMMA.

In the current study we emphases on the influence of addition of ZnO-NPs to PMMA in in-situ emulsion
polymerization. Initially, the hydrothermal method was used to fabricate ZnO-NPs. The prepared ZnO-NPs as well as
PMMA/ZnO nanocomposites were examined via transmission electron microscopy (SEM), scanning electron
microscopy (TEM), thermal gravimetrical analysis (TGA), UV-Vis spectroscopy, and the antimicrobial activity.

2.1. Materials

Methyl Methacrylate was purchased from Sigma Aldrich, also potassium persulfate as initiator (PPS, K.S,0s, Reanal,
Hungary) was used to prepare the polymer samples. Sodium dodecyl sulphate(SDS) was used as a cationic surfactant. Zinc-
acetate (puriss, Reanal, Hungary) (Zn (CH3COO),. 2H,0) was used to prepare ZnO nanoparticles. Sodium hydroxide
(NaOH) was purchased from Acros. Distilled water was used in all preparation procedures. All chemicals and reagents are
of analytical grade and used without any further purification.

2.2. Preparation of ZnO nanoparticles

ZnO nanoparticle was prepared in alcoholic medium by the reaction of zinc acetate and a base (NaOH). In this study,
3.942 g zinc acetate and 1.44 g NaOH were dissolved in 1L ethanol and refluxed at 60° C for 1 h. The acetate group reacted
with (NaOH) and converted zinc acetate into zinc oxide. The prepared ZnO-NPs that is dispersed in alcohol medium was
transparent and clear and was capable of maintaining stable for at least 2 weeks. After reaction, the zinc oxide that was
dispersed in ethanol was mixed with DI-water for purification. ZnO nanoparticles were then separated from the dispersion
supernatant by centrifugation at 7000 rpm for 5 min repeatedly. Finally the ZnO nanoparticles were dispersed in DI-water to
obtain ZnO-NPs water dispersion. TEM result indicated that the size of ZnO-NPs were about 5-20 nm, as shown in (Fig. 3).

2.3. Preparation of PMMA/ZnO nanocomposites

Poly (methyl methacrylate) nanocomposites were prepared via in-situ emulsion polymerization based on ZnO
nanoparticles, which were first dispersed into deionized water at different loadings (2%, 4%, 8% and 12%) based on monomer
concentration), to employment as seeds for emulsion polymerization of methyl methacrylate monomer in the presence of (SDS)
as a cationic surfactant and potassium persulphate (PPS) as an initiator as shown in Table 1. The dispersion was prepared, in a
250 ml flask, by mixing ZnO-NPs and SDS as a surfactant with 80 ml deionized water, and then the mixture was sonicated for
30min. The desired amount of methyl methacrylate (10 ml) was added to the mixture under sonicated then dissolve a suitable
amount of PPS as initiator in 10ml deionized water and added drop by drop. The flask was immersed in a water bath, heated
to 80°C, the polymerization was then started while kept under magnetic stirring (700 rpm).The emulation was precipitated and
dried in an electric oven at 60°C (Thermo Scientific Heraeus, USA).
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Table 1: the recipe of the emulsion polymerization of MMA using different concentrations of ZnO-NPs in presences of PPS as initiator
and SDS as emulsifier at 80°C.

Samples MMA PPS ZnO-NPs Temperature SDS

Pure PMMA 10¢g 01g 0.0 80°C 0.2¢g
PMMA/ZnO nanocomposite 10¢g 0.1g 0.2 80°C 0.2¢g
PMMA/ZnO nanocomposite 10¢g 0.1g 0.4¢ 80°C 0.2¢g
PMMA/ZnO nanocomposite 10¢g 0.1g 0.8¢ 80°C 0.2¢g
PMMA/ZnO nanocomposite 10¢g 0.1g 1.29 80°C 02¢g

2.4. Characterization of ZnO-NPs and PMMA/ZnO nanocomposite

Powder XRD was performed on a Rigaku, Miniflex X-ray diffractometer ME 14848D0O4 with CuKa radiation source
(k'41.5418 A®) (Japan). The d-spacing was calculated via Bragg’s equation. PMMA/ZnO nanocomposites samples used for
XRD were glued to a glass slide by separating the samples homogenously on it. The samples were placed in a vertical
configuration (transmission) for the collection of XRD data. The microstructure of the samples was examined using JEOL
JEM-1230 transmission electron microscope (TEM) (JEOL JEM-1230, Tokyo, Japan) with acceleration voltage of 80 kV.
The microscopy probes of the nanocomposite samples were prepared by adding a small drop of the water dispersions onto a
Lacey carbon film-coated copper grid, then allowing them to dry in air. Also, scanning electron microscope (SEM), Tescan
VEGA-II, USA, operated at 20 kV, was used for examining the nanoparticles morphologies and surface characters of the
resulting nanocomposites. The thermal behavior was studied using a Perkin Elmer thermal gravimetric analyzer (TGA)
operated under nitrogen atmosphere at a heat in grate of 10°C/min.

2.5. Evaluation of Antimicrobial Activity

The antimicrobial activities of the prepared nanomaterials and its nanocomposites were studied using disc agar plate
method was employed to evaluate the antimicrobial activity of the prepared nanocomposites [3, 21]. The antimicrobial
activities of 0.5 cm diameter of nanocomposites disc (5 mm) were placed on agar plates seeded with test microbes and
incubated for 24 hrs at the appropriate temperature of each test organism. PMMA nanocomposites samples were tested
against four different microbial strains, i.e., Staphylococcus aureus ATCC6538-P (G™¢ bacteria), Pseudomonas aeruginosa
ATCC 27853 (G™¢ bacteria), Candida albicans ATCC 10231 (yeast). The bacterial and yeast test microbes were grown on
a nutrient agar medium (DSMZ1) of the following components (g/l): Peptone (5.0), Meat extract (3.0), Agar (20.0), distilled
water (1000.0 ml) and the pH to 7.0. On the other hand, the fungal test microbe was cultivated on Czapek-Dox medium
(DSMZ130) of the following ingredients (g/l): Sucrose (30.00), NaNOs; (3.0), MgSO. x 7 H20 (0.50), KCI (0.50), FeSO4 x
7 H,0 (0.01), K:HPO, (1.0), agar (18.0), distilled water (1000.0ml) and the pH was adjusted to 7.2. The culture of each test
microbe was diluted by distilled water (sterilized) to about 107 - 108 cells/ml, then 1ml of each was used to inoculate 1L-
Erlenmeyer flask containing 250 ml of solidified agar media then poured in Petri dishes (10cm diameter containing 25 ml).
Discs (5 mm diameter) were placed on the surface of the agar plates previously inoculated with the test microbe and incubated
for 24 hrs. for bacteria and yeast but for 48 hrs. The test microorganisms were obtained from the culture collection centre,
Microbial Chemistry Department, National Research Centre, Egypt.

3. Result and Discussion
3.1. X-ray diffraction pattern of ZnO-NPs and PMMA/ZnO nanocomposites

Figure 1 represents the X-ray diffraction pattern (XRD) of PMMA, ZnO-NPs and PMMA/ZnO nanocomposites based
on ZnO-NPs which added with different concentrations (2, 4, 8 and 12% ZnO-NPs). The ZnO-NPs was fabricated using
hydrothermal method in this method ethanol was performances as a reaction medium. The X-ray diffraction pattern of the
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obtained ZnO-NPs is shown in (Fig. 1) for 26 diffraction angles between 10 and 80 displays most attributed peaks that related
to the planes (100) at 26=31.76°, (002) at 26=34.44°, (101) at 26=36.25°, (102) at 26=47.42°, (110) at 26=56.57°, (103) at
26=62.86° in addition to (112) at 26=67.93°. The result get from XRD pattern demonstrated that the largest part of diffraction
peaks consent with the stated JCPDS data and the manufacture of ZnO nanoparticles very similar to the packed hexagonal

Wourtzite structure.
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Fig. 1: XRD patterns for PMMA, ZnO-NPs and PMMA/ZnO nanocomposites loaded with 2% ,4% ,8% and 12 wt% ZnO-NPs.

While XRD pattern of PMMA display that there is no significant peak but there is peak at 26 =13.5° that related to the
crystalline polymer structure. Moreover, the XRD pattern of PMMA/ZnO nanocomposites loaded by different concentrations
of ZnO-NPs (2%, 4%, 8%, and 12%) was illustrated in (Fig. 1) that exhibited the existence of ZnO-NPs into the polymer
matrix in all ZnO-NPs loadings that confirmed the well formation of PMMA/ZnO-NPs nanocomposites. Additionally, the
intensity of ZnO-NPs peaks in the PMMA nanocomposites was increased by increasing the loadings of ZnO-NPs in the
polymer matrix.
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Fig. 2: XRD patterns for PMMA, ZnO-NPs and PMMA/ZnO nanocomposites at different reaction temperature (70°C, 80°C and
90°C) and 4% of ZnO-NPs.

Figure 2 displayed that the X-ray diffraction pattern (XRD) of PMMA, ZnO-NPs and PMMA/ZnO nanocomposites
based on ZnO-NPs at different reaction temperatures (70°C, 80°C and 90°C).. The PMMA/ZnO nanocomposites were
fabricated using in-situ emulsion polymerization method. The X-ray diffraction pattern of the obtained PMMA
nanocomposites at different reaction temperature is revealed in (Fig. 2) which demonstrated that the presence of (4 %, ZnO-
NPs) into the PMMA matrix in all reaction temperatures that confirmed the well formation of PMMA/ZnO nanocomposites.
Additionally, the intensity of ZnO-NPs peaks in the PMMA at reaction temperature (70°C) was the best one among the other
reaction temperatures (80°C and 90°C) into the PMMA nanocomposites matrix.

3.2. Morphological studies of PMMA/ZnO nanocomposites

The morphological properties of the prepared ZnO-NPs as well as PMMA/ZnO nanocomposites with different
concentrations of ZnO-NPs were evaluated using TEM and SEM. The development of ZnO-NPs distribution is significant
subsequently the good dispersion of ZnO-NPs that result in an essential enhancement in the properties of the fabricated
PMMA/ZnO nanocomposites. Fig. 3 symbolized the TEM photographs of the prepared ZnO-NPs as well as PMMA/ZnO
nanocomposites. ZnO-NPs were synthesized via hydrothermal method used zinc acetate as precursor and high alkaline
medium (0.5 M NaOH) at 150°C for 6 h in presences of absolute ethanol as a solvent, ZnO-NPs was formed in a single
crystalline form. The result obtained from TEM image supports the manufacture of ZnO-NPs in nanostructured form, which
is reputable agreement with XRD data (Fig. 1). The fabricated ZnO-NPs in the nanometer scale with an average size
around10 nm were dispersed in PMMA/ZnO nanocomposites, which lead to well significance results on the various
properties of the synthesized PMMA nanocomposites for example; thermal and antimicrobial properties.

Homogeneous dispersion of ZnO-NPs is preferred to avoid formation of crack creativities in the PMMA
nanocomposites. In order to think about the influence of ZnO-NPs in the PMMA matrix loaded (2-12 wt %) on the
distribution and the dispersion of the ZnO as nanofiller in the PMMA nanocomposites matrix, scanning electron microscope
(SEM) was used to evaluate the dispersion of ZnO-NPs in the nanocomposite matrix.
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Fig. 4: SEM image of ZnO-NPs as well as PMMA/ZnO nanocomposites containing different concentrations of ZnO-NPs
(2, and 12 %).

Figure 4 displays SEM images of the PMMA/ZnO nanocomposites prepared using in situ emulsion polymerization of
MMA monomer with 2 and 12wt% ZnO NPs. The 2wt% PMMA/ZnO nanocomposites demonstrated well dispersion of the
ZnO-NPs in PMMA matrix with small agglomeration. The bright phase presents the ZnO-NPs in uniform distribution when
the amount of ZnO-NPs increases up to 12wt%. The agglomeration observed at 12wt% PMMA/ZnO nanocomposites
offerings a poor dispersion of ZnO-NPs in the PMMA nanocomposites matrix.

3.3. UV-vis spectroscopy of the prepared PMMA/ZnO nanocomposites

The fabrication of metal nanoparticles can be recognized through the observation of the representative plasma on in
UV/vis spectra. Also, the particle size of the fabricated nanoparticles plays a significant role in varying the whole properties
of the new nanocomposite materials. Thus, the size of prepared ZnO-NPs considers very important for discovering the novel
properties of the fabricated PMMA/ZnO nanocomposites.

UV-vis spectroscopy technique is extensively used to study the optical properties of the prepared nanoparticles. Fig. 5
reveals the absorption spectrum of ZnO-NPs powder; it displays a strong absorption band at about 370 nm [27]. This evident
that significant the sharp absorption of ZnO designates the monodispersed nature of the dispersion of the fabricated ZnO-
NPs. Furthermore, Fig. 5 displays the UV-Vis transmission and absorption spectra of PMMA, ZnO-NPs as well as
PMMA/ZnO nanocomposites as a function of wavelength. Also, Fig.5 demonstrated the absorption maximum peak of the
PMMA/ZnO nanocomposites which is shifted to greater wavelengths associated to the pure PMMA. The pure PMMA do
not absorb UV light down to 300 nm in wavelength, while the PMMA/ZnO nanocomposites containing different
concentrations of ZnO-NPs (2-12 wt%) as well as different reaction temperature absorb UV light at about 370-380 nm. The
PMMA/ZnO nanocomposites absorption peaks are revealed at 370 nm corresponding to the exciting state in the ZnO
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nanoparticles. The PMMA/ZnO nanocomposites containing 12% of ZnO-NPs reveal good UV-shielding efficiency. The
increasing the ratio of ZnO-NPs in PMMA matrix, leading to more UV light is absorbed.
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Fig. 5: UV-vis spectroscopy for pure PMMA, ZnO-NPs and PMMA/ZnO nanocomposites loaded with different concentration of
ZnO-NPs (2%, 4%, 8% and 12 wt%) as well as at different reaction temperatures (70°C, 80°C and 90°C).

3.4. FT-IR spectroscopy of the prepared PMMA/ZnO nanocomposites

FT-IR spectroscopy was used to detect the possible interactions that may be done by mixing PMMA with ZnO-NPs to
form PMMA/ZnO nanocomposites. Fig. 6 showed that the FT-IR spectra of PMMA, ZnO-NPs and PMMA/ZnO
nanocomposites loaded with different concentrations of ZnO-NPs (2, 4, 8 and 12 wt%). The FT-IR spectrum of pure PMMA
illustrate the absorption bands at 3004 and 2960 cmthat related to CH, stretching, and the bands at 1449 and 750 cm™*
related to the rocking and bending vibration of CH>, correspondingly. The OH stretching show absorption peak at 3442 cm-
1 Moreover, stretching vibration of C=0 of pure PMMA show characteristic absorption band at 1734 cm™™.

FT-IR spectra were carried out with the intention of determines the clarity and nature of the ZnO nanoparticles. Metal
oxides normally provide absorption bands in fingerprint region below 1000 cm™ rising from inter-atomic vibrations. For
ZnO-NPs the peak detected at 3450 and 1120 cm™ are might be because of O-H stretching and deformation, individually
allocated to the H.O adsorption on the Zn surface. The bands at 1632, 615 cm™ are matching to ZnO-NPs stretching and
distortion vibration, respectively. Once the polymerization process happened and PMMA/ZnO nanocomposites were formed,
all characteristics bands of PMMA and ZnO-NPs appears at all different loading of ZnO-NPs in the prepared PMMA/ZnO
nanocomposites as shown in (Fig. 6).
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Fig. 6: FT-IR spectra for PMMA, ZnO-NPs and PMMA/ZnO nanocomposites at different concentrations of ZnO-NPs (2%, 4%,
8% and 12 wt%) as well as at different reaction temperatures (70°C, 80°C and 90°C).

3.5. Thermal stability of the prepared PMMA/ZnO nanocomposites
The thermal properties of the fabricated PMMA/ZnO nanocomposite materials are very necessary and reflected the
greatest significant characteristic of the key studies for different applications particularly in packaging of food products.
Therefore, TGA is essential for creation and thermal stability of the prepared PMMA/ZnO nanocomposites which displayed
in (Fig.7). Figure 7 displays TGA of pure PMMA as well as PMMA/ZnO nanocomposites with various loadings of ZnO-
NPs. The pure PMMA was obtainable via three main steps of thermal degradation. The first step was between T= 102 and
230°C, weight loss of around 8wt% was ascribed to the vaporization of remaining solvent [28], and perhaps, a
depolymerization stage was started at weak head-to-head links rising from chain termination through combining of
vinylidene chain ends which outcome from disproportionation [29]. The second step was located among 235 and 410°C.
Furthermore, adding of ZnO-NPs into PMMA matrix enriches the thermal stability of the prepared PMMA/ZnO
nanocomposites as shown in (Fig. 7). A remarkable improvement was detected at greater ZnO-NPs loadings when the highest
thermal degradation peak rises by approximately 20 K associated to the main peak of pure PMMA. Correspondingly, the
development of PMMA/ZnO-NPs nanocomposites thermal stability with rising the content of ZnO-NPs may be credited the
morphological, thermal properties and antibacterial activity of PMMA/ZnO nanocomposites which open great view points
for the applications of PMMA/ZnO nanocomposites in different fields.
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Fig. 7: Thermal gravimetric curves of PMMA as well as the PMMA/ZnO nanocomposites with different concentrations of ZnO-
NPs, (4, 8 and 12%).

3.6. The antimicrobial activity of PMMA/ZnO nanocomposites

The antimicrobial activity of the fabricated PMMA/ZnO nanocomposites was carried out through agar plate method to
determine the zone of inhibition of the synthesized PMMA nanocomposite films. Additionally, these films were examined
against G*¢ (Staphylococcus aureus), G-*¢ (Pseudomonas aeruginosa) bacteria as well as yeast (Candida albicans).The
antimicrobial activities of the fabricated PMMA/ZnO nanocomposites against the bacteria and yeast were evaluated as shown
in (Fig.8).

Figure 8 was displaying a significant increasing in the zone of inhibition by increasing the content of ZnO-NPs in the
prepared PMMA/ZnO nanocomposites films. Furthermore, the strong inhibition zones of fabricated PMMA/ZnO
nanocomposites films contrary to demonstrative strains of Staphylococcus aureus (G*¢) and Pseudomonas aeruginosa (G-
V) bacteria did not revealed an significant modification with increasing the concentrations of ZnO-NPs in case of the prepared
nanocomposite films containing low loadings of ZnO-NPs as displayed in Figure 6. The inhibition zone was increased by
increasing the ratios of ZnO-NPs in the PMMA matrix. It is predictable that the inhibitory influence of ZnO-NPs in

contradiction of microorganisms up till now is not completely examined. It has been assumed that DNA misses its duplication
ability and cellular proteins come to be deactivated.
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Fig. 8: The antimicrobial activity of the PMMA/ZnO nanocomposite against gram positive (Staphylococcus aureus), gram negative
(Pseudomonas aeruginosa) bacteria and yeast (Candida albicans).

4. Conclusions

In current work we studied the dispersion of inorganic nanoparticles such as ZnO-NPs in a polymeric matrix (PMMA).
Firstly, ZnO-NPs was prepared successfully via hydrothermal method, then added to PMMA matrix with different ZnO-NPs
content (2-12 wt%) and study its influence on the morphological, thermal and antimicrobial properties of the fabricated
PMMA nanocomposites. The optical properties of the prepared PMMA nanocomposites display transparent films at low
concentration of ZnO-NPs. Also, rising in ZnO-NPs concentrations in the PMMA nanocomposites films improves the
thermal stability of the fabricated PMMA/ZnO nanocomposites together with UV-shielding ability. PMMA nanocomposites
containing ZnO-NPs display good antimicrobial activity against G*¢ (Staphylococcus aureus), G-*¢ (Pseudomonas
aeruginosa) bacteria as well as yeast (Candidia albicans). Moreover, the improvement in thermal and optical properties of
PMMA/ZnO nanocomposites along with its antimicrobial activity open huge probabilities for utilizing PMMA/ZnO-NPs
nanocomposites in various applications such as (optical fields, solar energy and packaging applications).
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