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ABSTRACT

Introduction: Several factor limits of services of dental composite have triggered further improvement.
Zr0,-AL,0,-Si0, system as filler of dental composite had been developed with sol-gel technique. Ultrasonic
homogeniser were reported to change the particle size ditribution or shape. Unifom size and distribution
of particle is believed to help define the behavior of hardness properties. Methods: The study was an
laboratory experimental design. Filler ZrO,-AL,0,-5i0, system were developed via sol-gel methods. Post
calcination process, filler were immerse in ethanol and applied with ultrasonic homogeniser, with various
amplitude i.e 50 rpm, 60 rpm and 80 rpm then named sample A, B, and C. XRD, SEM anda PSA were used
to characterize of filler system. Subsequent filler were used to fabricate dental composite then evaluate
the hardness value using micro-hardness tester. One-way ANOVA was used to analysis the statistical
result of hardness value. Results: XRD pattern of three sample were similar in which tetragonal zirconia
was prominent (57-61 %) followed by monoclinic zirconia (24-25%) and amorphous (15-17 %). While,
SEM and PSA characterization showed amplitude 50 rpm (sample A) produce more uniform size and
well-distributed particle filler than the others. In contrary, sample B and C showed higher peak in PSA
results. It means there was dominating of filler with particular size. However, the hardness value did not
show significant differences between those filler (p>0,05). Conclusion: Dental composite that contain
of different uniformity and distribution of filler ZrO,-Al,0,-5i0, system has no significantly differences of
hardness value.
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INTRODUCTION

Dental restoration had been developed since
centuries. Materials used to fabricate dental
restoration are coming from metal, polymer,
ceramic, and composite."? Metal is the first
material used for dental restoration that
possess high strength.>4 Due to the unaesthetic
color, it was abandoned. Polymer (unfilled
resin) is the former aesthetic restoration in
dentistry.> However, insufficient mechanical
properties, limit its application for dental
restoration. Combination of ceramic and resin
polymer, known as dental composite, improve
the aesthetic and mechanical properties of
the dental restoration at the same time."%’

Dental composite consist of resin matrix,
filler, coupling agent, initiator and accelerator
system (polymerization).® Filler is a component
that may affect the characteristic of dental
composite.*'™© Zirconia, alumina and silica were
frequently used as a composite filler."" Zirconia
possesses high strength due to the ability of
transformation toughening. It require stabilization
of its tetragonal crystalline to gain such ability."
Alumina, having the highest hardness value
amongs ceramic, is one of the metal oxide
that can be used as stabilizer for zirconia.™
Beside, Silica has lower mechanical properties,
but owning the outstanding of translucency.

Good dispersion and good particle size
distribution (uniform size) of filler ceramic within
dental composite may effect the properties of
dental composite.® ultrasonic homogenizer has
been reported can retarded precipitation, change
crystal character and change the particle size
distribution or shape.' Previous study had produce
filler ceramic ZrO,-Al,0,-5i0, system using sol-
gel technique. However, the study just applied
particular amplitude of ultrasonic homogenizer to
obtain nano meter size of the filler ceramic and
well dispersion. Hardness test is one of properties
that is easy to conduct and well correlated
with others mechanical properties.” !> This
study propose to evaluate the hardness value
of dental composite that made from uniform
size and well-distributed filler ceramic ZrO,-
ALO,-Si0, system with sol-gel technique.

METHODS

Zirconium chloride (ZrCl,), Aluminium nitrate
(Al(NO,)3) and Tetraethyl orthosilicate (TeOS)
were used as precursor to develop ZrO,-ALO,-
Si0, system with sol-gel process. The ratio of
three precursor was 80 : 9 : 11 respectively.
Urethane dimethacrylate (UDMA), Triethylene
glycol dimethacrylate (TEGDMA) and Hydroxyethyl
methacrylate (HEMA) were used as monomer resin.
Champorquinone (CQ) and 2-(dimethylamino)
ethyl methacrylate (DMAEMA) were used as
photointiator and co-iniator  consecutively.
Materials mentioned above were purchased from
Sigma-Aldrich Company.

In beginning of sol-gel process, the
precursors were hydrolyzed one by one while keep
stirring for 60 minutes up to well homogenized.
The mixture was heated in the oven at 110°C for
ageing process. Subsequently, it was calcined
in the furnace at 600°C to solidify the ceramic
system. Acquired filler ceramic Zr0O,-Al,0,-Si0O,
were then immersed in ethanol 96% continue with
applying the ultrasonic homogenizer with various
amplitude 50 rpm, 65 rpm and 80 rpm then named
as sample A, B and C respectively. Furthermore,
throughout samples were covered with perforated
aluminium foil and dried overnight in the oven at
80°C.

Filler Zr0O,-AL,0,-Si0O, system in sample
A, B and C were coated with chitosan 1% prior
to fabricate three dental composite based upon
the filler. In fabrication, the filler-chitosan were
gradually poured in the mixture of monomer
resins, photoinitiator and co-initiator until paste-
like consistency obtained. The paste were placed
in cylindrical mold (3.0 + 0.1 mm in height and 6.0
+ 0.1 mm in diameter) and cured by LED device.
15 cylindrical speciment were fabricated with
each of 5 speciment per group.

Morphology and partcle size of filler ZrO,-
ALO,-5i0, were analysed by Scanning Electron
Microscopy and its crystalinity were analyzed by
X-Ray difrraction spectroscopy. Size distribution
volume of the filler were analyzed by particle
size analysis. Dental composite made from filler
Zr0,-AL,0,-Si0, were tested using micro-Vickers
hardness tester machine, LECO - Japan M - 400 -
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Figure 4. No significant hardness value difference
amongst three samples

Figure 2. SEM characterisation showed well-
distributed filler particle in sample A; Agglomeration
(shown in red circle) shown in sample B; Sample C
showed less agglomeration.
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Figure 3. PSA characterisation results
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H1/H2/H3 with a load of 200 grams for 15 seconds
(ADA Specification No. 27). Hardness results were
statistically analysed using one-way ANOVA test,
at significant level of 5%.

RESULTS

XRD patterns of filler ZrO,-AL,0,-SiO, system,
in which treated with different amplitude of
ultrasonic homogenizer, as shown in Figure 1.
There are no obvious differences in XRD patterns
between sampel A,B and C. They exhibit the
weigth fraction of crystallinity of tetragonal
zirconia, monoclinic zirconia, and amorphous
are 57-61%, 24-25%, and 15-17 % respectively.
Analysis X-powder software from the patterns
reveal an average size of crystalline of Zr0O,-AL,0,-
Si0, system were 7.56 nm, 8.56 nm, and 7.64 nm
for sample A,B, and C consecutively.

The SEM results of the three samples
showed the grain size and relative distribution of
filler particle. Most of them show particle size in
submicron. For description of particle distributon,
sample A is spreading very well than the others.
Agglomeration is clearly viewed in sample B,
however, less viewed in sample C and A.

The PSA characterisation show sample A
has the lowest and broader peak. It means, the
distribution of the particles possess same volume
and no dominating size. In contrary for sample
B and C, the peaks more are higher and narrow
than sample A. particle size shown in range 200
nanometer to 1335 nanometer.

Mechanical tests performed by the micro-
Vickers hardness tester showed there are no
significantly differences between each sample of
dental composite containing different categorize
of filler.

DISCUSSION

According to XRD spectra on Figure 1 tetragonal
zirconia crystalline (JCPDS 14-0534) is the highest
fraction of crystalline followed by monoclinic
zirconia (JCPDS 37-1484) and amorphous silica.
It is known that alumina may stabilize tetragonal
crystallin of zirconia in room temperature.'>
Hydrolysis of Al(NO,)3 may discharge anion NO*

then react with hydrolysis product of ZrCl,. The
anion retain within zirconia lattice and prevent
the passage of oxygen ion when cooling down.
Therefore it hinder the tetragonal-monoclinic
transfromation. The present of anion NO* also
inhibit the escape of -OH group of filler during
calcination. It cause enhancement stability of
tetragonal zirconia as well.">" However, the
amount of tetragonal crystalline is not high enough
(57% - 61%) in sample A, B and C. It suspect due
to lower content of alumina that insufficient to
obtain fully tetragonal crystalline.?

Morphology of particle ceramic shown in
Figure 2, were viewed different between three
samples. Sample A show more uniform size and
well distribution of particle filler then sample
B and C. While, aglomeration are present in
sample B and C. Fillers is major determinant of
mechanical properties of dental composite. They
act as a toughening agent via stress distribution.
Instead of volumetric fraction and particle shape
of filler, uniform particle size and distribution of
filler were contribute to define the behavior of
dental composite.®"

SEM characterisation result are consistent
with the PSA analysis in Figure 3. Sample A, with
amplitude of ultrasonic homogeniser 50 rpm,
proven broader and lowest peak. It means there
are no dominating particle size. It proven the
homogenity of particle size of filler of sample A is
the finest one. However, sample B shown higher
peak followed by sample C as the highest. It means
there is particular size of particle filler dominate
among the others. During ultrasonic homogenizer
process, the longer process causing more vibration
of the wave received by the sample and produce
smaller size and evenly distributed particle.?°

The particle size and distribution of filler
affect the strength and hardness of the sample.
Along with the filler , coupling agent is also play
important role to link the filler with resin matrix.
Chitosan 1% had been used as coupling agent for
filler ZrO,-AL,0,-5i0, system. The amino group of
chitosan is predicted to create bonding between
filler and resin matrix.®' Micro-Vickers hardness
in Figure 4 shows means value of sample A, B,
and C were 31.9 VHN, 25.63 VHN and 28,9 VHN
respectively. However, there was no significant
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differences of hardness value (p-value > 0.05)
between those samples.

CONCLUSION

Different

amplitudes during the ultrasonic

homogenization process produce differences in
sizes and distribution of filler ZrO,-Al,0,-Si0O,
system. However, there are no differences of
hardness value of the dental composite acquired
from those filler. Hardness value is still insufficient
to be posterior restoration. Further research with
different silane coupling agent is necessary to be
done.
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