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The (PMMA-ZrO,—Ag) nanocomposites are fabricated by using casting
method. Nano-zirconia and nano-silver are added to polymethyl methacry-
late at different weight percent (0%, 0.75%, 1.5%, and 2.25%); nano-
zirconia and nano-silver are attached to PMMA at equal weight percent.
The effect of the ZrO, and Ag nanoparticles as promoters on the structur-
al and mechanical properties of PMMA is characterized by optical micros-
copy, hardness and compression tests. The hardness of polymethyl meth-
acrylate is increased with the increase in the ZrO, and Ag nanoparticles’
concentration, but then is decreased after 2.25 weight percent. The com-
pression strength of PMMA is gained with increasing nano-zirconia and
nano-silver contents. The present work shows that the prepared samples
can be used for dental applications.

Hanoxommosutu (IIMMA-ZrO,—Ag) BUTOTOBIAAIOTECA MeTOAOM JuUTTa. Ha-
HO-TiOKCHI IIMPKOHiII0O Ta HaAHOCPiOJIO MOJAOTh y IOJiMEeTHJIMEeTaKpUJaT
(IIMMA) 3a pismoro Barosoro Bigcorry (0%, 0,75%, 1,5% i 2,25%); Hamo-
IiokcuJ IIMPKOHiI0 Ta HaHOocpibao Kpimasateesa o IIMMA 3a piBHMX Baro-
BUX BimcoTKiB. BmiauB HaHouacTmHOK ZrQO, i Ag AK IPOMOTOPiB HaA CTPYK-
TypHO-MexaHiuHi BiactTuBocTi IIMMA xapaKTepu3yeThCA ONTUYHOIO MiKpO-
CKOITi€f0, TecTaMM Ha TBEPAICTh i cTucHeHHA. TBepAicTh moJIiMeTHIMETaK-
puiary 36iabiIyeTbesa 31 30iMbIIEHHAM KOHIleHTpAaIlii HaHouacTuHOK Zr0, i
Ag, ane moTriM 3MeHINTyeThbCcH ITicas 2,25 BaroBux Bimcorka. MimuicTs Ha
cruck ITMMA gocsraeTbesa 3i 30i/IbIIIEHHAM BMICTY HAHO-TIOKCHUAY IIMPKO-
Hito Ta HaHocpibsa. Ilg pobora moKasye, IO IMiATOTOBJIEHI 3pasKU MOMKYThb
O0yTHM BUKOPHUCTAHI AJIA CTOMATOJOTiUHUX 3aCTOCYBAHb.
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1. INTRODUCTION

Polymethyl methacrylate (PMMA) is the majority universal denture
support material [1] owing to its aesthetics, biocompatibility, and
stability in the mouth environment, exact fit, little cost, repair pos-
sibility, and fabrication simplicity. However, PMMA has weak me-
chanical properties that frequently consequences in denture support
fractures. Like denture fractures, it may happen in the patient’s
mouth regularly at the midline of the denture foundation through
mastication [2].

Nanomaterials are known of better properties compared to the
conventional ones. When nanomaterials are taken part in the ma-
trix of polymer like fillers [3—6], these materials have properties of
together elements to develop new mechanical and optical properties
of nanocomposites [7]. Among these, zirconium oxide (ZrO,) nano-
particles are frequently used mechanically to strengthen polymers
and get better the strength of the reinforced PMMA medium. Good
quality bond and uniform dispersion of nanoparticles inside the res-
in matrix enhance the bending properties of the nanoparticles—
polymer composite [7].

Silver nanoparticles (AgNPs) are one of the main generally used
nanoparticles in this range, because of their antimicrobial activity
as well as electrical conductivity and catalytic properties. The silver
nanoparticles have revealed antimicrobial property against many
microorganisms such as E. coli, Staphylococcus epidermidis, Staphy-
lococcus eureus, author for correspondence Candida albicans and
Streptococcus mutans and very little toxicity against human and
animals [8]. In this paper, the addition of zirconia and silver nano-
particles is used in order to improve the mechanical properties of
PMMA in dental applications.

2. EXPERIMENTAL WORK

The samples were synthesized by casting method with the use of
mixtures of polymethyl methacrylate, nano-zirconia (nano-Zr0O,) and
nano-silver (nano-Ag) powders. The mixtures composed of polyme-
thyl methacrylate with weight percentages 0, 0.75, 1.5, 2.25 for
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nano-ZrQO, and nano-silver. Nano-zirconia and nano-silver was added
with same weight percent to polymethyl methacrylate. The struc-
tural property of (PMMA-ZrO,—-Ag) nanocomposites was tested by
photomicroscope. The hardness of the samples was measured by us-
ing the TH-717 device. The compression test was measured by using
the Cube and Cylinder Compression Machines Ct340-Ct440 appa-
ratus.

3. RESULT AND DISCUSSION

Figure 1 shows the surface morphology of the (PMMA-ZrO,—Ag)
nanocomposites with and without different concentrations of silver
and zirconia nanoparticles’ content. The microstructure of the
(PMMA-ZrO,-Ag) nanocomposites’ samples shows the distribution
of Ag and ZrO, nanoparticles in polymethyl methacrylate; nanopar-
ticles of Ag and ZrO, begin to agglomerate in PMMA as shown in
Fig. 1, d.

The hardness test was applied to the specimens before and after
addition nano-Ag and nano-ZrO, to PMMA. The hardness of samples
increased with increasing addition of ZrO, and Ag nanoparticles to
PMMA, and then decreased at 2.25%, as shown in Fig. 2.

The increasing in hardness of samples is due to the hardness of
zirconia [9] and sliver nanoparticles. The agglomerated nanoparti-
cles can perform as stress concentrating centres in the medium and
affect harmfully on mechanical properties of the polymerized com-
pound [10]. In addition, the problematic includes in the incorporat-

Fig. 1. The microstructure of (PMMA-ZrO,Ag) nanocomposites at (a) 0
wt.% Ag—Zr0,; (b) 0.75 wt.% ZrO,—Ag; (c) 1.5% wt.% ZrO,~Ag; (d) 2.25
wt.% ZrO,~-Ag.
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Fig. 2. Variation of hardness for PMMA with different concentrations of
Zr0O, and Ag nanoparticles.
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Fig. 3. The relation between compression strength and different addition
of weight percent for the ZrO, and Ag nanoparticles in PMMA.

ing nanoparticles into acrylic resin which lack the chemical bond
between inorganic materials like sliver nanoparticles and PMMA
[11, 12]. Figure 3 explains the compression strength of the samples
and the addition of nano-ZrO, and nano-Ag powders. The compres-
sion strength of the samples gained with increasing addition of
nano-Ag and nano-ZrO, and then decreased at 2.25 wt.%. The in-
creasing in compression strength of the specimen is attributed with
arising of the surface area and good mechanical properties of Ag
and ZrO, nanoparticles, while the decreasing in compression
strength may be retain to agglomerate formation.
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