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Improve the surface hardness of the blend PMMA / nMgTiO3 to resist caries and bacteria
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ABSTRACT
In this study, the MgTiO3 ceramic system was used in a dry mixing method with 2: 1 mol and was reinforced to white acrylic powder used in dental
applications to form a mixture of 1%, 2%, 3%, 4% and 5% of ceramic powder. The ultrasound technique was used to disperse the powder and distribute
it homogeneously in the chloroform solution for one hour and then mixed it with acrylic powder in the same technique for half an hour. The tests were
done for the samples made using industrial saliva with bacteria. Calculate the rate of wear using Pin on disc method. The results were interpreted
based on the resulting images from the scanning electron microscope and the density of the prepared samples.
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INTRODUCTION
Heat-curing acrylic resins are frequently used in temporary prosthetic-base materials, provisional prosthesis, and
orthodontic removable appliances such as retainers and functional appliances [1,2]. Polymethylmethacrylate (PMMA) is
generally used as a common component of acrylic materials due to its optical properties, biocompatibility and aesthetics
[3]. However, low mechanical properties against impact, bending, and fatigue are important issues to be addressed in
order to improve acrylic polymers properties for removable acrylic appliances and dentures [4]. The acrylic resin materials
are typically low in strength, soft and fairly flexible, as well as brittle on impact, and fairly resistant to fatigue. The additives
could affect the toughness, microstructure and deformation behavior under the impact and flexural tests [5,6]. As the
fracture resistance of a denture base resin is important, many approaches have been used to strengthen acrylic resin
dentures. These approaches involve the use of metal wires or plates, fibers, metal powder or rubber toughening agents.
These reinforcing methods were done to improve the mechanical properties of the denture base resins and to overcome
the problem of denture fractures [7,8]. Currently, dental composites consist of two phases: the synthetic polymer matrix
and inorganic fillers. They are linked together via a coupling agent (such as silane). In addition, initiators and activators
are added inorganic fillers such as quartz, colloidal silica, and silica glass containing small amounts of zirconium,
strontium and barium are the most commonly used fillers. The inorganic fillers play an important role in improving the
strength and elastic stiffness [9]. On the other hand, they reduce water absorption, polymerization shrinkage and
coefficient of thermal expansion. Bonding of organic and inorganic phases by coating the fillers with a coupling agent
results in the formation of a strong covalent bond. This is a key factor in terms of good mechanical properties of dental
composite. Coupling agents have two functional groups in order to link the matrix and the fillers chemically [10].
Composites with nanofillers are so called nanocomposites [11]. Different nanofillers have been introduced to dental
composites. However, in this thesis, we are introducing a novel flowable nanocomposites reinforced with TiO2 nanotubes.
Nanofillers do not scatter visible light as they shrink to a fraction of this light wavelength (0.4-0.8 µm). So, they are
invisible and they can improve the optical properties of composites [12]. Kim et al. [13] produced a new bioactive bone
cement that consists of HA, PMMA. It was indicated that compressive strength of the cement was lower than the pure
PMMA. Mechanical properties of acrylic base cements reinforced with HA have been studied by Serbetci et al. [14]. It
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Figure 1: X- Ray test of bio – ceramic powder (MgTiO3)
Table 1: Experimental and surface hardness values
NO. Samples
PMMA
PMMA-1%(MgTiO3)
PMMA-2%(MgTiO3)
PMMA-3%(MgTiO3)
PMMA-4%(MgTiO3)
PMMA-5%(MgTiO3)

Density (Kg / m3)
1150
1263
1355
1441
1532
1612

Hardens (MPa)
19.5
23.2
23.9
32.7
54.8
65.2

was found that addition of HA caused to increase both compressive strength and fatigue life unlike tensile strength of
the cement. Wang et al. [15] and Roeder et al. [16] studied the effects of particle size and shape, and found that smaller
particle size and larger aspect ratio increased the com posite mechanical properties. Because there are few papers that
study about addition of nano hydroxyapatite in PMMA, this study tries to fill this gap. In this research, mechanical
properties of nano HA-reinforced PMMA cement were investigated by using three point bending, compressive and wear
test.
EXPERIMENTAL AND MATERIALS USED
The bio-ceramic powder was prepared from the blend of magnesium oxide (MgO) with titanium oxide (TiO2) with(2:1)
mol and particale size of 42 nm. The grinding balls were used for the preparation of the ceramic powder with acetone
solvent for 3 hours until we obtained a homogeneous powder. The reaction was then done at 1250 ° C using a tubular
furnace at 10 ° C per minute for 2 hours until the reaction was completed to obtain a bio-ceramic powder (MgTiO3)
consisting of 34% Magnesium oxide and 66% titanium oxide in the nanometer Figure 1 show X- Ray test of (MgTiO3).
The ceramic powder was then mixed in different (1%, 2%, 3%, 4% and 5%) by weight proportions with white acrylic
powder PMMA with the chlorophromic solvent using an ultrasound device to obtain the Nanocomposies which was
formed with a 20 mm and 3 mm Teflon mold for the laboratory tests of antibacterial and caries. The wear rate tested by
pin – on- disc method was used 10mm diameter and 30mm thickness Teflon mold.
RESULT AND DISCUSSION
Surface Hardness and Density
A considerable enhancement of hardness is observed by the nano composites in comparison to pure sample see
Table 1 and Figure 2. It was observed an increase in the hardness curve by increasing the concentration of the bioceramic powder (MgTio3) Improvement of hardness with the increase in concentration of bio-ceramic powder (MgTio3)
nanofillers may have be due to inherent characteristics of the (MgTio3) particles. (MgTio3) possesses strong ionic
interatomic bonding. The results of this study are in good agreement with the findings reported by others who concluded
that reinforcement of ceramics [17,18].
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Figure 2: Vickers hardness Values of Pure and Nanocomposites

Figure 3: Density values of pure and nanocomposites
Table 2: Antibacterial activity of (PMMA-MgTio3) nanocomposite
NO. Samples
0% MgTiO3
1% MgTiO3
2% MgTiO3
3% MgTiO3
4% MgTiO3
5% MgTiO3

Inhibition Zone (mm) E.coli
_
_
_
3
3
4

Figure 3 shows the relationship between density and Nano - (MgTio3) where it shows that the density increases with
increasing concentration (MgTio3). The (MgTio3) nanoparticles when added to polymer tended to create a linkage of
bonding between nanoparticles and polymer which sometime results in higher density of the nanocomposites and this
a good agreement with [19,20],
Antibacterial and Caries rate
Antibacterial measurements
The antibacterial activity was tested for (PMMA-MgTiO3) Nanocomposite as shown in Table 2, where the table shows
no inhibition activity recorded for (0%, 1%, 2%) inhibition activity, while inhibition activity for (3%, 4%, 5%) increases with
the increase of the weight percentages of MgTiO3 nanoparticles , demonstrated that nano-MgTio3 exhibited high activity
against bacteria due to the interaction of particles and bacteria this is agreement with [21]. The antibacterial properties
are related to the total surface are of the nanoparticles, smaller particles with larger surface to volume ratios have great
antibacterial activity [76,77]. Figure 4 showed antibacterial activity of (PMMA-MgTio3) nanocomposite.
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Figure 4: Antibacterial activity of (PMMA-MgTio3) nanocomposite
Table 3: The value of wear measurements
NO. Samples
0% MgTiO3
1% MgTiO3
2% MgTiO3
3% MgTiO3
4% MgTiO3
5% MgTiO3

∆w
0.14
0.0073
0.0033
0.0013
0.0011
0.0004

Wr × 10^-6
0.38
0.018
0.0075
0.0041
0.0009
0.00081

Wv × 10^-6
14.1
6.73
0.38
0.22
0.13
0.09

WCoeff.
0.03
0.0022
0.0089
0.0051
0.0039
0.0009

Figure 5: Wear weight values of Neat and Nanocomposites
Caries rate (wear measurements)
The rate of decay is the measurement of wear and tear, where the wear tests are shown in the table Figures 5-7
shows the wear properties are studied for (0%, 1%, 2%, 3%,4% and 5%) bio-ceramic powder and reported in Table 3, it
is observed that, the (△W, Wr ,Wv) It can be observed that wear rate decreases by increasing in (MgTio3) content. This is
because of presence of ceramic powders which have high hardness that can improve sliding wear rate [67,68], and due
to the fact that blend resin can easily remove at sliding surfaces (contact area) but in the nanocomposite case the ceramic
Nano –(mgTio3) particles act as a rough surface relative to the counter face against which they slide. For neat blend is a
good in agreement with [68].
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Figure 6: The wear volume values of Neat and Nanocomposites

Figure 7: Wear rate values of Neat and Nanocomposites

Figure 8: Wear coefficient values of Neat and Nanocomposites
Figure 8 shows results wear coefficient where their behavior depends on behavior of wear volum.
We observe from the above results that wear and tear tests that represent decay rate have improved after adding
bio-ceramic powder best anti-wear ability was obtained when nanocomposite contained 5% Nano - (mgTio3).
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