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1. Introduction

One of the most widely used materials in prosthetic dentistry is poly methyl methacrylate
(PMMA). Since its introduction to dentistry, it has been successfully used for denture bases because
of its ease of processing, low cost, light weight, and color-matching ability. However, acrylic resin
denture base materials have poor strength, including low impact strength and low fatigue resistance
(Gutteridge,1988; Dabbar & Huggett, 1994; Lambrecht & Kydd, 1962; Hargreaves, 1969; Jagger et
al., 1999; Kim & Watts, 2004). A study by Johnston and colleagues (Johnston et al., 1981) showed
that 68% of acrylic resin dentures break within a few years after fabrication. Flexural fatigue occurs

* Corresponding author.
E-mail addresses: msafarabadi@ut.ac.ir (M. safarabadi)

© 2014 Growing Science Ltd. All rights reserved.
doi: 10.5267/j.esm.2014.4.006



174

after separate flexing of a material, whereas impact fracture occurs when extra ordinary forces are
applied suddenly (Nally et al., 2006).

Many attempts have been made to enhance the strength of acrylic denture bases including the
addition of metal wires and cast metal plates (Vallittu & Lassila, 1992; Vallittu, 1993; Carroll &
Fraunhofer, 1984; Ruffino, 1985). The primary problem with using metal wire is poor adhesion
between the wire and resin, which leads to insignificant enhancement of mechanical properties.
Although metal plates increase the strength, they may be expensive and prone to corrosion (Carroll &
Fraunhofer, 1984; Ruffino, 1985; Vallittu & Lassila, 1992; Vallittu, 1993). Modifications of the
chemical structure, by adding crosslinking agents or copolymerization with rubber, result in
significant increases in the impact strength. However, stiffness, fatigue resistance, and transverse
strength are reduced (Robinson, 1993; Matsukawa et al., 1994; Stafford et al., 1980). Mechanical
reinforcement of acrylics has also been attempted through the inclusion of fibers and metal inserts
(Gutteridge, 1988; Dabbar & Huggett 1994; Lambrecht & Kydd, 1962; Hargreaves, 1969; Jagger et
al., 1999; Kim & Watts, 2004; Uzun et al., 1999; Chen et al., 2001; Sehajpal & Sood, 1989).

Although the inclusion of fibers produced encouraging results, this method has various problems
including tissue irritation, increased production time, difficulties in handling, the need for precise
orientation, and placement or bonding of the fibers within the resin (Zarb et al., 2004). In the case of
metal inserts, failure due to stress concentration around the embedded inserts has been reported
(Jagger et al., 1999; Sehajpal & Sood, 1989; Ellakwa et al., 2008).

The incorporation of ceramic particles in various dental materials has been studied and found to be
biocompatible, and it also improves mechanical properties (Ellakwa et al., 2008; Furman et al., 2000;
Zuccari et al., 1997; Ichikawa et al., 1992; Ayad et al., 2008; Panyayong et al., 2002; Saad-Eldeen et
al., 2007; Tinschert et al., 2001; Abdel-Samad & EL-Fallal, 2009). In addition, the white color of the
ceramic powder is not expected to compromise aesthetic appearances (Ellakwa et al., 2008; Ichikawa
et al., 1992; Minamizato, 1990; Callister, 1997). However, reinforcement methods should not have
adverse effects on the mechanical properties of denture materials. The roughness of acrylic resin
surfaces is a critical property because surface irregularities increase the likelihood of microorganisms
remaining on the denture surface after the prosthesis is cleaned (Radford et al., 1998; Verran &
Maryan, 1997). Another property that can influence the surface characteristics of acrylic resins is the
hardness, which indicates the ease of finishing a material and its resistance to in-service scratching
during cleaning procedures (Powers and Sakaguchi, 2006).

Although it has been reported that untreated aluminum oxide (Al,O3) powder develops physical
properties of high impact acrylic resin, (Ellakwa et al., 2008) there have been no investigations
regarding the effect of Al,O3; Nano- powder and Nano hydroxyl apatite (Nano- HA) on the
mechanical properties of a conventional cold-cured acrylic resin. Therefore, we investigated the
effects of Al,Oj3 at three different concentrations (3, 6, 8 %wt) with two concentrations of HA (5, 10
%wt) on the flexural strength (FS), impact strength, surface hardness and shrinkage behavior of a
conventional cold-cured acrylic resin. The hypothesis was that adding Al,O3; and HA would increase
the flexural strength, impact strength and hardness compared to the control group (unreinforced
acrylic resin specimens).

2. Materials and methods

2.1 Materials

In this study, self-curing acrylic resin (cold-cured acrylic resin) as polymers and nanoparticles of
hydroxyapatite and alpha-alumina as reinforcing factors (reinforcement) has been used. Properties of
these materials are given in Table 1.
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Table 1. Properties of materials used in this research

Material Characteristic Producer
Poly methyl Powder: methyl methacrylate Product trade name Acropars
methacrylate Liquid: methyl methacrylate monomer, catalyst Medical Industries Malik, Iran
hydroxyapatite . .

. 98 %purity and average size of 30 nm Products, Merck, Germany
nanoparticles
ETIETET el Alpha type, 99.7 purity%, , and the average size of 80nm Products, China

alumina

2.2 Sample Preparation

First of all raw materials, including monomer methyl methacrylate, nanoparticle-alumina and
hydroxyapatite nanoparticles powders, heated at 90°C in a furnace under vacuum condition were
dried for one hour. In order to prepare the samples and to obtain uniform distribution of
hydroxyapatite and alumina nanoparticles in the polymer and also reduce the amount of aggregation,
grinding technics has been used. In this way the device is used under vacuum mixer (Whip Mix-
model F, USA). Methylmethacrylatepowder, hydroxyapatite nanoparticles with values of 5 and 10
wt% and 10 wt% alumina particles with values of 6.3, was placed in the mixer. Milling was
performed for 10 min with 20Hz frequency. After mixing, preparation of all samples for liquid and
solid components at portion of 5 to 5.3 was used. Mixed powders of methyl methacrylate, Nano-
hydroxyapatite and Nano-alumina as a solid and monomermethyl methacrylate and catalyst were
considered as a liquid fraction. To produce Nano composite samples, these two parts were mixed
mechanically according to the manufacturer's instructions, at ambient temperature. After reaching the
dough stage, and after about 2 to 5 minutes (depending on the model), the paste was put into the mold
using a pressure molding (Fig.1).

Fig. 1. Pressure molding manufactured and employed in this research

After 15 to 20 minutes the paste became hard, and the samples were removed from the molding.
Weight percentage of prepared mixed materials (wt.%) are listed in Table 2.

Table 2.Weight percentage of nanoparticles in Nano composites

No Blended components W1t.% of components
' hydroxyapatite nanoparticles nanoparticle-alumina Polymethyl methacrylate

1 PMMA 0 0 100
2 PMMA/5HA 5 0 95
3 PMMA/10HA 10 0 90
4 PMMA/5HA/3AIL,O4 5 3 92
5 PMMA/5HA/6AI,O3 5 6 89
6 PMMA/5HA/8AIO3 5 8 87
7 PMMA/10HA/3AI,04 10 3 87
8 PMMA/10HA/6AI,0, 10 6 84
9 PMMA/10HA/8AI,O4 10 8 82
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2.3 Tests

Properties of the Nano composites, were investigated using three-point bending mechanical tests,
impact 1ZOD tests and hardness tests. Using the molds shown in Fig. 1, three types of samples were
manufactured. Fig. 2 shows the standard samples that are produced in this research. Bending test
specimens with dimensions of 65 mm x 10 mm x 3 mm were produced in aluminum mold. Three-
point bending tests with bottom loading span of 50 mm as shown in Fig. 3 were carried out with the
rate of 5 mm/min. The bend tests were performed using ZWICK Z250 test machine (ZwickRoell
Group, Herefordshire,UK) Un-notched impact test specimens with dimensions of 50 mm x 6mm x 4
mm were produced in aluminum mold. The test device (SANTAM-SIT20D, Iran) with adjust of 0.5 J
energy was performed. Vickers hardness test specimens having dimensions of 12 mm x 12mm x
3mm were also produced in the aluminum mold. Vickers hardness test using (Otto Wolpert, Werke,
Ludwigshafen, Germany) and 30g load was done in duration of 30s. The whole mechanical properties
tests were performed at room temperature, and each test was repeated three times. In order to avoid
form shrinkage, standard bending test specimens were used. Dimensions of the mold cavity were
considered as the reference measure and by measuring the length of the samples and comparing them
with the reference measurement, the rate of shrinkage was calculated. The shrinkage measurement

tests were repeated 3 times for each blend.
(a) o 3 4 5 8 9

Fig. 2. Standard test samples a) flexural test, b) hardness and c) impact test
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Fig. 3. Three-point bend test set up

3. Results and Discussion

Fig. 4 indicates the effect of adding the Nano-hydroxyapatite and Nano-alumina on the flexural
strength of the blends. As seen from this figure, by adding the weight percentage of hydroxyapatite
and alumina, flexural strength was increased. Hybrid Nano-composites with 5 and 10 %wt. of HA
and 6 % wt. of Al,O3 have the maximum flexural strength. The flexural strength of these blends is
respectively 30% and 35% greater than the neat PMMA. High strength Nano-alumina and
hydroxyapatite bio ceramic as a stiff phase to polymer matrix has a positive effect, lead to increase
the flexural strength. At high percent of both nanoparticles, flexural strength was decreased. These
findings are consistent with the Shibata et al. (2007) and also Sodagar et al., (2012) on addition of
silver nanoparticles to acrylic resin and can be attributed to the effect of Nano-sized oxides on the
internal structure of polymerized PMMA. In addition, Al,Oj3 exists in several crystalline phases, and
all filler particles revert to the most stable hexagonal alpha phase at elevated temperatures. This is the
phase of particular interest for structural applications (Grant and Greener, 1967). When sufficient
stress develops and micro cracks start to propagate, the transformation phenomenon occurs, which
depletes energy for crack propagation (Ayad et al., 2008). Therefore, proper distribution of the filler

within the matrix can stop or deflect the cracks.
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Fig. 4. The effect of adding hydroxyapatite and aluminaon the flexural strength of blends
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The addition of 8 wt% Al,O; Nano-powder in the blends with 5 and 10 %wt. HA caused a
decrease in flexural strength compared to other Nano-composites. Possible explanations for this
reduction in the strength could be: a decrease in the cross-section of the load-bearing polymer matrix;
stress concentration because of too many filler particles; changes in the modulus of elasticity of the
resin and mode of crack propagation through the specimen due to an increased amount of fillers; void
formation from entrapped air and moisture; incomplete wetting of the fillers by the resin; and the fact
that HA and Al,O3 nanoparticles acts as an interfering factor in the integrity of the polymer matrix.
According to Fig. 5, the impact strength of blends was increased with increasing of the nanoparticles
weight percent. The only HA has insignificantly effect on the impact strength, but inclusion of
Al,O3nanoparticles lead to increase of impact strength significantly. Hybrid Nano-composite with 10
%wt. HA and 6 %wt. Al,O3; has the highest impact strength compared with the other blends. The
impact strength of this hybrid Nano-composite is approximately 2.5 times greater than that of neat
PMMA. The increase in the impact strength at 6 %wt. of Al,O3 nanoparticles due to the interfacial
shear strength between Nano filler and matrix is high due to formation of cross-links or supra
molecular bonding which cover or shield the Nano fillers which in turn prevent propagation of
cracks. Also the crack propagation can be changed by good bonding between Nano filler and resin
matrix (Sun et al., 2009). In addition, void formation around nanoparticles led to increase of impact
strength. Decrease of impact strength at high percentage of nanoparticles (10 %wt. HA and 8 %wt.
Al,0O53) was attributed to nanoparticle agglomeration. Nanoparticles have high surface energy due to
the high specific surface area, and tend to stick together and agglomerate.
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Fig. 5. The effect of adding hydroxyapatite and alumina on the impact strength of blends

Fig. 6 shows the effect of adding hydroxyapatite and alumina nanoparticles on the Vickers hardness
number of blends. The hardness of blends was increased significantly with increasing %wt. of both
nanoparticles. Vickers hardness number of hybrid Nano-composite with 10 %wt. HA and 8 %wt. of
Al,O3 increased about 2 times than the neat PMMA. This increase in hardness may have been due to
inherent characteristics of the Al,O3 on HA ceramic Nano-particles. Al,O3 possesses strong ionic
interatomic bonding, giving rise to its desirable material characteristics, such as hardness and
strength. The most stable hexagonal alpha phase Al,Os is the strongest and stiffest of the oxide
ceramics. In addition, HA bio-ceramic nanoparticles have high hardness. Therefore, it is expected that
when HA and Al,Osnanoparticles disperse in a matrix, they increase its hardness and strength. Its
high hardness, excellent dielectric properties, refractoriness, and good thermal properties make Al,O3
nanoparticles the material of choice for a wide range of applications (Ellakwa et al., 2008).
Furthermore, the white color of ceramic Nano fillers is not expected to affect adversely the aesthetic
appearance of denture base resins.
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Fig. 6. The effect of adding hydroxyapatite and alumina on the Vickers hardness number of blends

Fig. 7 indicates the effect of nanoparticles on the longitudinal shrinkage of blends. By adding the
weight percent of nanoparticles, the shrinkage rate was reduced. This reduction is about 48% in
hybrid Nano-composite with 10 %wt. HA and 8 %wt. Al,O3 compared to the neat PMMA. The
presence of nanoparticles (HA and Al,O3) in the polymer matrix has filling effect. Due to the
difference in shrinkage rate of nanoparticles and polymer matrix, the filling effect of nanoparticles
maybe to overcome on nucleation effect and the enhancement of nanoparticles may lead to reduce the
shrinkage of blends.

0.9

[
08 - 05% wt HA

0.7 | B 10% wt HA
0.6 -
0.5 -
0.4 -
03 -

0.2 -

Longitudinal Shrinkage (%0)

0.1 -

0 3 6 8
ALO, (%wt)

Fig. 7. The effect of adding hydroxyapatite and alumina on the longitudinal shrinkage of blends

4. Conclusion

In this study, the influences of Nano-hydroxyapatite and Nano-Al,O3 on the mechanical properties
and shrinkage behavior of PMMA/HA/AI,O3 hybrid Nano-composites were investigated
experimentally.
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By adding the weight percentage of hydroxyapatite and alumina nanoparticles flexural strength was
increased about 35% compared to pure PMMA. The impact strength also increased approximately 2.5
times than of neat PMMA. Void formation around nanoparticles led to increase of impact strength.
Decrease of impact strength at high percentage of nanoparticles (10 %wt. HA and 8 %wt. Al,03) was
attributed to the nanoparticle agglomeration. Vickers hardness number of hybrid Nano-composite
with 10 %wt. HA and 8 %wt. of Al,Oz increased about 2 times than the neat PMMA. This increase in
hardness may be due to inherent characteristics of the Al,Ozand high hardness HA nanoparticles. By
adding the weight percent of nanoparticles, the longitudinal shrinkage was reduced. This reduction is
about 48% in hybrid Nano-composite with 10 %wt. HA and 8 %wt. Al,Oscompared to the neat
PMMA. The blends with 5 %wt. HA and 6 %wt. Al,O3 had the best balance of flexural strength and
impact strength and this feature is very important in denture base material.
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