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ABSTRACT
Background: Polymethyl methacrylate (PMMA) is used in denture fabrication and considered as the most reliable
material for the construction of removable prosthodontic appliances. The material is far from ideal in fulfilling the
mechanical requirements and the effect of autoclave processing has not been fully determined. The purpose of this
study was to evaluate the effect of addition of salinized (ZrO2) Nano fillers in percentages 3%, 5% and 7% by weight
on some properties of heat cured acrylic processed the by autoclave and compare it with 0% (control) group .
Materials and methods: The silanized(ZrO2) Nano-particles was added to PMMA powder by weight in three different
percentages 3%, 5% and 7%, mixed by probe ultra-sonication machine.Two hundred specimens were constructed
and processed by autoclave and divided into 5 groups according to the test (each group consist of 40 specimens )
and each group was subdivided into 4 sub-groups according to the percentage of added (ZrO2) nano-particles(
with 10 specimens for each subgroups) . The tests conducted were transverse strength, hardness (shore D), Impact
strength test, surface morphology and apparent porosity. AFM can provide 3D image of the specimen the
homogeneity of nanostructure film, roughness of surface and crystallite size. Scanning electron microscope SEM of
control and salinized Nano ZrO2 reveal the Nano fillers distribution and it is shaped.
Results: Highly significant increase in impact strength recorded when acrylic (vertex) mixed with 3%, 5% ZrO2 nano
filler, while a non-significant reduction was observed with 7% ZrO2 addition in comparison to control. Non-significant
improvement in transverse strength when 3% ZrO2 was added, 5% nano addition ZrO2 improved transverse strength
significantly while 7% nano addition showed anon significant reduce when these groups compared to the control
group .Anon significant reduction in the deformity was seen within 3% nano addition ZrO2 also 5% nano ZrO2 addition
reduce the deformity significantly and significant increase was recorded when 7% nano addition ZrO2 was add and
when these groups are compared to the control group. A significant increase in surface hardness was observed with
the addition of (ZrO2) nano-particles to (PMMA) at the percentage of 3%, highly significant increase at 5% and 7%
with addition of modified nano-ZrO2. A non-significant decrease in apparent porosity at 3% and highly significant
decrease in apparent porosity at 5% and 7% with addition of modified nano-ZrO2 were observed. SEM results showed
a good distribution of the modified nano-ZrO2 fillers at 3%, 5% and showed aggregation at 7% in the polymer matrix.
Conclusion: The addition of modified nano-ZrO2 particles to acrylic resin cured by autoclave improved impact and
transverse strength of denture base nano composite containing 5% of nano-ZrO2. And this strength decreases with
further increase of nano-ZrO2 filler content. Also addition of modified nano-ZrO2 slightly increaseshardness, thesurface
roughness and the apparent porosity also decrease by addition of nano ZrO2 percentage increase.
Key words: Salinized (ZrO2) nano fillers, PMMA. (J Bagh Coll Dentistry 2015; 27(1):32-39).

These attempts included the addition of filler
particles such as zirconia, glass fiber, alumina, tin,
and Copper or addition of whisker to resin (3-8).
Recently, much attention has been directed toward
the incorporation of in organic nanoparticles into
PMMA to improve its properties. The properties
of polymer nanocomposites depend on the type of
incorporated nanoparticles, their size and shape,
as well as the concentration and interaction with
the polymer matrix (9). Nanoparticles were
undergone surface treatment with saline coupling
agent and embedded into PMMA (10).

INTRODUCTION
Polymethylmethacrylate (PMMA) is the
most commonly used material in construction of
denture base since 1930 (1).This material is not
ideal in every respect and it is the combination of
various rather than one single desirable of
properties that accounts for its popularity and
usage.
Despite its popularity which satisfy aesthetic,
simple processing and easy repair, the main
problems associated with PMMA as denture base
material are poor strength particularly under
fatigue failure inside the mouth, impact failure
outside the mouth (2). In order to overcome these
problems, several attempts were made to modify
and improve the strength, thermal properties, and
hardness of the PMMA.

MATERIALS AND METHODS
1. Surface modification of Nano fillers (ZrO2)
The introduction of reactive groups onto
fillers surface was achieved by reaction of Npropyltrimethoxysilane with zirconium oxide.
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8400S infra-red spectrophotometer to determine
whether or not functional groups of the TMSPM
have been attached to the Nano filler by analyzing
the characteristic vibrations of functional groups

Typical process was as follows
30g of Nano filler ZrO2 and 250ml pure
toluene were placed into a flask then sonicated at
ambient temperature for 20min.After that, the
Nano filler and toluene were placed into a flask
equipped with a magnetic stirrer at room
temperature for 10 min. Then 1.5g of silane (5%
wt. to Nano filler) was added drop wisely by
sterile syringe under rapid stirrer (750 rpm) for 20
min. The flask was covered by parafilmand the
slurry was left standing in flask for 2 days. The
solvent (toluene) was removed by rotary
evaporator under vacuum at 60°C at rotary 150
rpm for 30 min. After that the modified Nano
filler was dried in vaccum oven at 60°C for 20
hours. Then Nano filler stored at room
temperature before use (10, 11). The infrared (IR)
spectra were performed on Shimadzu FTIR-

(10).

2- Specimens grouping
(200) specimens were prepared to be used in
the present study. The specimens were divided
into (5) groups according to the tests used, for
each test (4) subgroups (three for zirconium oxide
addition and one control) where each sub group
contain ten specimens to be tested.
3-General preparation of test specimens
1. Preparation of the acrylic specimens (Test
specimens):
Include Plastic model preparation
2. Proportioning and mixing of the acrylic

Table 1: Percentages and amounts of polymer, monomer and zirconium oxide Nano filler
powder used in the study
ZrO2 percentage
0%
3%
5%
7%

Amount of ZrO2
0
0.66g
1.1g
1.54g

Amount of PMMA
22g
21.34g
20.9g
20.46g

3. Addition of filler
4. Packing
5. Curing (Fast curing cycle).
6. Finishing and polishing.

fixed height in the middle. A pendulum of 2
joules testing capacity was used. The scale
reading gave the impact energy absorbed to
fracture the specimen in joules when struck by a
sudden blow. The charpy impact strength of
unnotched specimen was calculated in KJ/mm2 as
given by the following equation:
X103
Impact strength =

4-Mechanical and physical tests utilized to
examine properties
Evaluations of the mechanical and physical
properties of the prepared nano-composite denture
base were compared with conventional denture
base (heat cure acrylic resin).
Including:
1. Impact strength test
i. Specimen design
The specimens used were prepared as
described with dimensions (80mmX 10mm X
4mm ± 0.2mm), international standard ISO. 1791. 2000 for unnotched specimens. Ten specimens
of each concentration were prepared make a total
of (40) specimens for impact strength
measurements.
Specimens tested after being conditioned in
distilled water at 37°C for 48 hours.

(Anusavice, 2008)
Where:
E: is the impact absorbed energy in joules.
b: is the width in millimeters of the test
specimens.
d: is the thickness in millimeters of the test
specimens.
2. Transverse strength
i. Specimen design
The specimens used were prepared as
described with dimensions (65mm X 10mmX
2.5mm ± 0.2mm). Ten specimens of each
concentration make a total of 40 specimens for
measurements of transverse strength. All the
specimens were immersed in distilled water at
37°C for 48 hours before being tested (ADA No.
12, 1999).

ii. Testing procedure
Impact strength test was conducted following
the procedure given by the ISO 179 with charpy
type impact testing instrument. The specimen was
supported horizontally at its ends ad struck by a
free swinging pendulum which released from a
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5. Distilled Water.

The test was achieved using instron testing
machine, each specimen was positioned on
bending fixture, consisting of 2parallel supports
(50)mm apart, the full scale load was 50kg, and
the load was applied with cross head speed of
1mm/min by rod placed centrally between the
supports making deflection until fracture
occurred.The transverse bend strength was
calculated using the followingformula:
Transverse strength =

Test Specimens
At least five representative test specimens
selected. Sharp edges or corners shall be removed.
The specimens shall contain no cracks.
Calculation
Where:
Ws: saturated weight
Wd: dry weight
Wn: hooked weight

Where:
P: is the peak load.
L: is the span length.
b: is the sample width.
d: is the sample thickness. (12)

5. Surface morphology (AFM)
Most AFMs use a laser bean deflection
system, where a laser reflected from the back of
the reflective AFM lever and onto a position
sensitive detector. AFM tips and cantilevers are
micro fabricated. Typical tips radius is from a few
to 10s of nm because the AFM relies on the forces
between the tip and samples. AFM can provide
3D image and we can know the homogeneity of
nanostructure film, also roughness of surface and
crystallite size. The surface morphology of the
prepared sample with different percentage of
salinized ZrO2 was observed by AFM type (AA
2000 SPM) as shown.

3. Surface hardness test
i. Specimen design: like Specimen design in
Transverse strength
ii. Testing procedure
Surface hardness was determined using
durometer hardness tester from type (shore D)
that was fabricated by TIME group INC company
according
to
American
National
standard/American
Dental
Association
(ANS/ADA) No. 12, 1999 which is suitable for
acrylic resin material? The instrument consists of
blunt-pointed indenter 0.8mm in diameter that
tapers to a cylinder 1.6mm. The indenter is
attached to a digital scale that is graduated from 0
to 100 units. The usual method is to press down
firmly and quickly on the indenter and record the
maximum reading as the shore “D” hardness,
measurements were taken directly from the digital
scale reading. Five measurements were done on
different areas of each specimen (the same
selected area of each specimen), and an average of
five reading was calculated.

6. Scanning electron microscope SEM
Scanning electron microscope of control and
salinized Nano ZrO2 fillers with magnification up
to (20, 50 and 100) Mm to show the Nano fillers
distribution and its shaped.

RESULTS
1. Characterization of modified nano fillers
(ZrO2)
The absorption bands of TMSPM can be
assigned to the presence of the functional groups,
which are two prominent peaks at 2945cm-1 and
2841cm-1 can be attributed to the (C-H)
stretching, and the characteristic (C=O) stretching
occurs at 1720cm-1,and the characteristic for
(C=C) stretching occurs at 1637cm-1 ,for (CH2and CH3) occurs at 1413cm-1 ,and group of four
peaks between 1296cm-1 and 1166cm-1 can be
attributed to (C-O-C) stretching, the characteristic
for (Si-O-CH3) Stretching occurs between 400470 cm1.
2. Descriptive data of analysis by dependent
variable groups:
From table (2) which plots the different
means of transverse strengths across different
concentrations of the incorporated Nano-particles
dependent on variable groups.

4.Apparent Porosity test
This test method covers procedures for
determining apparent porosity by:
1. Balance, of adequate capacity, suitable to
weigh accurately to 0.001 g.
2. Oven, capable of maintaining a temperature of
150 65°C (302 6 9°F).
3. Wire Loop, Halter, or Basket, capable of
supporting specimens under water for making
suspended mass measurements.
4. Container—A glass beaker or similar container
of such size and shape that the sample, when
suspended from the balance by the wire loop is
completely immersed in water with the sample
and the wire loop being completely free of contact
with any part of the container.
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Figure 1:Zr-O band FTIR spectrum of modified ZrO2
Table 2: Descriptive data of analysis by dependent variable groups parameters
Dependent
variable
Impact strength
Transverse
strength
Deformation
Hardness
Apparent
porosity

No.
10

Groups
3%
Mean+S.E
No.
8.50+0.317
10

5%
Mean+ S.E
8.95+0.139♣

No.
10

7%
Mean+ S.E
6.55+ 0.341

93.03+2.09

10

97.13+2.73

10

103.14+3.01♣

10

92.17+1.72♦

10
10

6.97+0.4955
80.96+0.4818♦

10
10

5.93+0.2814♦
84.08+0.7402

10
10

4.38+1.0397
84.53+0.7641

10
10

7.73+0.5766♣
84.97+0.8294♣

10

2.785+0.1465♣

10

2.291+0.1266

10

1.719+0.1562

10

1.242+0.1339♦

No.
10

Control
Mean+S.E
6.22+0.330♦

10

♣ Highest mean in each groups

♦lowest mean in each group
Table (3) showed significant difference
between groups was investigated by further
complement analysis of data Tuky's test.

3. Multiple comparisons of nanofillers composite
with control for dependent variable groups:

Table 3: Multiple comparisons of nano filler composite with control for dependent variable groups
Experimental
groups
Control & 3%
Control & 5%
Control & 7%
3% & 5%
3% & 7%
5% & 7%

Dependent variable by P value for Tuky's with significance
Impact
Transverse
Apparent
Deformation Hardness
strength
strength
porosity
0.000
HS
0.639
NS
0.686 NS 0.019 S
0.082
NS
0.000
HS
0.029
S
0.041
S
0.006 HS
0.000
HS
0.835
NS
0.994
NS
0.843 NS 0.002 HS
0.000
HS
0.804
NS
0.319
NS
0.355 NS 0.972 NS
0.034
S
0.000
HS
0.486
NS
0.233 NS 0.816 NS
0.000
HS
0.000
HS
0.015
NS
0.005 HS 0.971 NS
0.098
NS

homogenous distribution of the filler with nano
surface morphology as the percentage of nano
addition increased with an even nano surface
roughness table (4)

4. Surface Morphology (roughness)
Surface morphological examination was done
for all tested groups with AFM as shown from
Figures (2-5) it was appeared that there is a

Figure 2: AFM control (without Nano)
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Figure 3: AFM 3% ZrO2

Figure 4: AFM 5% ZrO2

Figure 5: AFM 7% ZrO2
Table 4: AFM data for sample prepared from acrylic and nano ZrO2
Sample mane
Control
3%
5%
7%

Roughness average (nm)
62.1
61.0
58.9
50.4

Average grain size (nm)
83.41
53.57
39.23
11.71

As appear in the figure (6) the individual
particle was in nano scale size and it is spherical
shaped with diameter approximately 20-30
nanometers.

5. Scanning Electron Microscope test
SEM examination was done under (20X,
50X, and 100X) Mm with deferent magnification.
This test was done for all tested groups (control
0%, 3%, 5% and 7%) as shown in Fig (6).

100 Mm

50 Mm
Control Sample without nano ZrO2

20 Mm

100 Mm

50 Mm
Sample with 3% nano ZrO2

20 Mm
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20 Mm

100 Mm

50 Mm
20 Mm
Sample with 5% nano ZrO2
Figure 6: Control, 3%, 5%, and 7%): Scanning electron microscope shows particles of nano
Both Vander Waal force and covalent bonding
will increase the shear strength and adhesion force

DISCUSSION
In the present study some mechanical
properties of acrylic denture base material
(Vertex) cured by autoclave are evaluated after
the addition of modified silanized nano-ZrO2Nano
Zirconia (ZrO2) was used because it is excellent
biocompatible material also esthetic because of
white color and is less likely to alter esthetic.. The
nano-sized zirconia has been successfully used to
fabricate nano-composite with highhardness, high
refractive index and improved scratch resistance

(16).

2. Impact strength
Impact strength is defined as the energy required
fracturing a material by an impact force (17).
The results of impact strength test showed that
the addition of modified nano-ZrO2 powder
increased the value of the impact strength
compared to control group, 5wt% group has the
highest impact strength, but increasing the
percentage of modified nano-ZrO2 to 7wt%
lowered the impact strength.
The increase in impact strength due to the
interfacial shear strength betweennano-filler and
matrix is high due to formation of cross-links or
supra molecular bonding which cover or shield
the nano fillers that in turn prevent propagation of
crack. Also the crack propagation can be changed
by good bonding between nano filler and resin
matrix (16, 18).
The aggregation of modified nano-ZrO2 at
7wt%, that lead to the reduction in impact
strength because of higher surface area of the
fillers, which may reached to µm in size, so stress
concentration around this aggregation which lead
to crack proportion. Also the increase in
percentage of modified-nano-ZrO2 powder effects
the interface region lead to lowering of energy
dissipation per unit volume and consequently
lowers the impact strength (16).
Similar finding was reported by Nabil (15).
when he added zirconia nano-particles and found
that the Impact strength increase at 3% and 5%
percentage of addition Nano-ZrO2, Than slight
decrease at thepercentage 7% addition of nanoZrO2 fillers.

(13).

1. Silane coupling agent
A properly applied coupling agent can
improved physical and mechanical properties and
inhibit leaching by prevent water from penetrating
along the filler resin interface, also excellent filler
to matrix adhesion is needed for minimizing wear.
Silanization of the nano-filler particles yields a
better dispersion, eliminate aggregation and
improve its compatibility with organic polymer
(14).
Although zirconates can be used as coupling
agents (12). In the present study Npropyltrimethoxysilanewas used as a coupling
agent. Toluene was used as the solvent for Npropyltrimethoxysilane to aid in dispersion of Npropyltrimethoxysilane to cover all the nanoZrO2 Particles.
The atomic number of zirconium (Zr) is 40, so
it has unsaturated empties orbitals (5S, 4d), the
alone pair electron of each (O) present in the
coupling agent can attack the unsaturated empties
orbitals of Zr (form coordination bonds with an
inorganic nano-ZrO2 fillers (15).
Moreover, due to the presence of more than
one active side so this will lead to physical
interaction (molecular interaction) by Vander
Waal forces which enhanced the bond strength.

Restorative Dentistry

37

J Bagh College Dentistry

Vol. 27(1), March 2015

measured as the percent change in height of a
sample, under a specified load, for a specified
period of time. The decrease in deformation that
occur with addition of 3% and 5% ZrO2 nanoparticles due to well dispersion of the very fine
size of nano-particles enable them to enter
between linear macro molecular chains of the
polymer and fill spaces between chains,
segmental motions of the macromolecular chains
are restrict lead to increase rigidity of the resin
and decrease the ability to deformation (21).
The addition of nano ZrO2 3%,5 % lowered
the deformation, At 7 % the deformation increase
due to excess fillers caused separation of PMMA
chains and weak force between them lead to
decrease fracture resistance and to decrease in
mechanical properties of the polymer (15).

3. Transverse strength
The transverse strength test is one of the
mechanical strength tests especially useful in
comparing denture base materials in which a
stress of this type is applied to the denture during
mastication (19).
The addition of Nano ZrO2 and curing by
autoclave could be attributed to increase in cross
linking. Cross-linkage provides a sufficient
number of bridges between linear macromolecules
to form a three-dimensional network that
decreases water sorption, decreases solubility, and
increases the strength and rigidity of the resin (17).
The Addition of modified nano-ZrO2 fillers
increased the value of transverse strength
significantly compared to control; 5% wt group
has the highest transverse strength (result). And
increasing the percentage of modified nano-ZrO2
at 7% wt lowered the transverse strength.
The increase in transverse strength that occur
with addition of 3 % and 5% wt ZrO2nanoparticles is due to well dispersion of the very fine
size of nano-particles enable them to enter
between linear macro molecular chains of the
polymer and fill spaces between chains,
segmental motions of the macromolecular chains
are restricted and lead to increase strength and
rigidity of the resin, so this improve fracture
resistance and lead to improve transverse strength

5. Surface Hardness
Hardness defined as the resistance of material
to plastic deformation typically measured under
an indentation load (17). Shore (D) hardness tester
was used which is suitable for ensuring the
hardness of acrylic resin (22).
The significant increase in hardness of the
nano-composite
at
low
nano-particle
concentration level 3% nano addition ZrO2 would
be dominated by the cross linking density, while
highly significant increase in hardness of the
nano-composite at 5% and 7% nano addition ZrO2
may be attributed to the randomly distributed
particles of a hard material nano-ZrO2 into acrylic
matrix.
Similar finding were reported by Nabil(15)
when he added zerconia nano-particles and found
that the surface hardness increase with the
increase in the concentration of nano-fillers.

(20).

At the 7%, reduction in transverse strength
may be because all spaces between the PMMA
chains have been filled at 5%, above this
percentage the excess fillers caused separation of
PMMA chains and weak force between them lead
to decrease fracture resistance and to decrease in
mechanical properties of the polymer. Also
reduction in transverse strength at 7%wt is due to
aggregation of modified nano-ZrO2 fillers because
of higher surface area (reached to µm in size), this
aggregation actually caused a micro fracture that
weakened the nano-composite at this percentage.
"Single individual Nano filler exhibited no
distinct fracture, or single distinct fracture. In
contrast, the nano cluster (aggregate) fillers
exhibited multiples fractures, the failure
occurredalong the lines ofinternal porosity within
the aggregate (nano cluster)"(21).
Similar finding were reported by Nabil (15)
when he added zerconianano-particles and found
that the transverse strength increase with the
concentration of nano-fillers at 3% and 5%, and
decrease at 7% nano addition of ZrO2.

6. Apparent Porosity
Apparent Porosity in acrylic resin is a complex
phenomenon of multifactorial origin. The addition
of nano filler lead to decrease the porosity
because the nano that fill the space inside the
material lead to decrease the number of pores that
open on the external surface, Also the using the
autoclave demonstrated a reduction in porosity in
a denture base resin polymerized (23).
The well dispersion of the very fine size of
nano-particles ZrO2 enable them to enter between
linear macro molecular chains of the polymer and
fill spaces between chains (20). That would lead to
decrease the apparent porosity at 3%, 5% and 7%
respectively.
In conclusion; the addition of modified nanoZrO2 particles to acrylic resin cured by autoclave
improves impact and transverse strength of
denture base nano composite containing 5% of

4. The deformation test
Deformation testing evaluates the effect that
load has on the shape of a sample.Deformation is
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اﻟﺨﻼﺻﺔ
وﺗﻌﺘﺒﺮ ﻣﻮاد ﺑﻌﯿﺪة ﻋﻦ اﻟﻤﺜﺎﻟﯿﺔ ﻓﻲ.( اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻲ ﺗﺼﻨﯿﻊ اﻃﻘﻢ اﻷﺳﻨﺎن وﺗﻌﺘﺒﺮ ﻣﻦ اﻟﻤﻮاد اﻷﻛﺜﺮ ﻣﻮﺛﻮﻗﯿﺔ ﻟﺒﻨﺎء اﻷﺟﮭﺰة اﻟﺘﻌﻮﯾﻀﯿﺔ اﻟﻘﺎﺑﻠﺔ ﻟﻺزاﻟﺔPMMA)  ﻣﯿﺘﺎﻛﺮﯾﻼت:ﺑﯿﺎن اﻟﻤﺸﻜﻠﺔ
 ﻛﺎن اﻟﻐﺮض ﻣﻦ ھﺬه اﻟﺪراﺳﺔ ﻟﺘﻘﯿﯿﻢ ﺗﺄﺛﯿﺮ إﺿﺎﻓﺔ ﺣﺒﯿﺒﺎت ﺛﻨﺎﺋﻲ اوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم اﻟﻨﺎﻧﻮﯾﺔاﻟﻤﻌﺎﻟﺠﺔ. وﺗﺄﺛﯿﺮات اﻟﻄﺒﺦ ﺑﺎﻷوﺗﻮﻛﯿﻠﯿﻒ ﻟﻢ ﺗﺤﺪد ﺑﺸﻜﻞ ﻛﺎﻣﻞ،اﻟﻮﻓﺎء ﺑﺎﻟﻤﺘﻄﻠﺒﺎت اﻟﻤﯿﻜﺎﻧﯿﻜﯿﺔ
. اﻟﻰ ﻣﺎدة اﻻﻛﺮﯾﻠﯿﻚ٪7 ،٪5 ،٪3 ﺳﻄﺤﯿﺎ ﺑﻨﺴﺐ
. واﻟﺼﻼدة اﻟﺴﻄﺤﯿﺔ واﻟﻤﺴﺎﻣﯿﺔ وﺷﻜﻞ اﻟﺴﻄﺢ ﺑﻌﺪ ﻣﻌﺎﻟﺠﮫ اﻟﻤﺎدة ﺑﺎﻷوﺗﻮﻛﻼف، ﻗﻮة اﻟﺼﺪﻣﺔ،ودراﺳﺔ ﺗﺄﺛﯿﺮ ھﺬه اﻹﺿﺎﻓﺔ ﻋﻠﻰ اﻟﻘﻮة ﻋﺮﺿﯿﺔ
،٪3  ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ اﻟﻤﺠﻤﻮﻋﺔ اﻟﺴﯿﻄﺮةاﻟﻤﻌﺎﻟﺠﺔﺑﺎﻻوﺗﻮﻛﻠﯿﻒ ﺗﻢ اﺿﺎﻓﮫ ﺣﺒﯿﺒﺎت اوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم اﻟﻨﺎﻧﻮﯾﺔ ﻟﺒﺎودراﻟﺒﻮﻟﻲ ﻣﯿﺜﯿﻞ ﻣﯿﺜﺎ أﻛﺮﯾﻼت وزﻧﺎ ﻓﻲ ﺛﻼث ﻧﺴﺐ ﻣﺨﺘﻠﻔﺔ:اﻟﻤﻮاد واﻟﻄﺮق
 وﺗﻨﻘﺴﻢ ﻛﻞ،( ﻋﯿﻨﮫ40  ﻣﺠﻤﻮﻋﺎت وﻓﻘﺎ ﻟﻼﺧﺘﺒﺎرات )ﺗﺘﻜﻮن ﻛﻞ ﻣﺠﻤﻮﻋﺔ ﻣﻦ5  ﻧﻤﻮذج ﺑﻮاﺳﻄﺔ اﻷوﺗﻮﻛﯿﻠﯿﻒ وﻗﺴﻤﺖ إﻟﻰ200  ﺻﻨﻌﺖ. وﯾﺨﻠﻂ ﺑﻮاﺳﻄﺔ ﻣﺴﺒﺎر آﻟﺔ ﺻﻮﺗﯿﮫ ﻓﺎﺋﻘﺔ،٪7 و٪5
، وﻛﺎﻧﺖ اﻟﺘﺠﺎرب اﻟﺘﻲ أﺟﺮﯾﺖ اﻟﻘﻮة ﻋﺮﺿﯿﺔ.( ﻋﯿﻨﺎت10  ﻣﺠﻤﻮﻋﺎت ﻓﺮﻋﯿﺔ وﻓﻘﺎ ﻟﻠﻨﺴﺐ اﻟﻤﻀﺎﻓﺔ ﻣﻦ اوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم اﻟﻨﺎﻧﻮﯾﺔ )وﺗﺤﺘﻮي ﻛﻞ ﻣﺠﻤﻮﻋﺔ ﻓﺮﻋﯿﺔ ﻋﻠﻰ4 ﻣﺠﻤﻮﻋﺔ إﻟﻰ
.ANOVA  وﻗﺪ ﺗﻢ ﺗﺤﻠﯿﻞ اﻟﻨﺘﺎﺋﺞ إﺣﺼﺎﺋﯿﺎ ﺑﺎﺳﺘﺨﺪام اﺧﺘﺒﺎر. اﻟﻤﺴﺎﻣﯿﺔ وﺷﻜﻞ اﻟﺴﻄﺢ, واﻟﺼﻼدة اﻟﺴﻄﺤﯿﺔ،ﻗﻮةاﻟﺼﺪﻣﺔ
 ﻋﻨﺪ ﻣﻘﺎرﻧﺘﮫ ﻣﻊ%7  ﺑﯿﻨﻤﺎ ھﻨﺎك اﻧﺨﻔﺎض ﻣﻌﻨﻮي ﻗﺪ ﺳﺠﻞ ﻋﻨﺪ أﺿﺎﻓﮫ%5 و%3 ﺳﺠﻠﺖ زﯾﺎدة ﻣﻌﻨﻮﯾﮫ ﻓﻲ ﺗﺄﺛﯿﺮ اﻟﻘﻮة اﻟﻌﺮﺿﯿﺔ ﻟﻼﺧﺘﺒﺎر اﻟﺘﻲ ﺗﺤﺪث ﻓﻲ اﻻﻛﺮﯾﻠﯿﻚ ﻋﻨﺪ اﺿﺎﻓﮫ:اﻟﻨﺘﺎﺋﺞ
 ﺑﯿﻨﻤﺎ ﺗﻈﮭﺮ زﯾﺎدات ﻣﻌﻨﻮﯾﮫ ﻓﻲ اﺧﺘﺒﺎر اﻟﻌﺮﺿﯿﺔ ﻋﻨﺪ, %7و%3 ﺳﺠﻠﺖ زﯾﺎده ﻏﯿﺮ ﻣﻌﻨﻮﯾﺔ ﻓﻲ اﺧﺘﺒﺎر اﻟﻌﺮﺿﯿﺔ ﻋﻨﺪ أﺿﺎﻓﮫ ﺣﺒﯿﺒﺎت أوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم اﻟﻨﺎﻧﻮﯾﺔ ﺑﻨﺴﺒﮫ. ﻣﺠﻤﻮﻋﮫ اﻟﺴﯿﻄﺮة
 ﺑﯿﻨﻤﺎ ﺗﻈﮭﺮ زﯾﺎدة ﻣﻌﻨﻮﯾﺔ ﻓﻲ ﻗﻠﮫ ﻧﺴﺒﮫ اﻟﺘﺸﻮھﺎت%7 و%3 ﺗﻈﮭﺮ زﯾﺎدات ﻏﯿﺮ ﻣﻌﻨﻮﯾﮫ ﻓﻲ ﻧﺴﺒﺔ اﻟﺘﺸﻮھﺎت ﺿﻤﻦ اﻟﻨﺴﺐ اﻟﻤﻀﺎﻓﺔ.  ﻋﻨﺪ ﻣﻘﺎرﻧﮫ اﻟﻤﺠﺎﻣﯿﻊ ﺑﻤﺠﻤﻮﻋﮫ اﻟﺴﯿﻄﺮة%5 أﺿﺎﻓﮫ
ھﻨﺎك ﺗﺤﺴﻦ ﻣﻌﻨﻮي ﻓﻲ ﻗﻮة اﻟﺼﻼدة ﻋﻨﺪ أﺿﺎﻓﮫ ﺣﺒﯿﺒﺎت أوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم ﺑﻨﺴﺐ.  ﻣﻦ ﺣﺒﯿﺒﺎت أوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم اﻟﻨﺎﻧﻮﯾﺔ ﻋﻨﺪ ﻣﻘﺎرﻧﮫ اﻟﻤﺠﺎﻣﯿﻊ ﺑﻤﺠﻤﻮﻋﮫ اﻟﺴﯿﻄﺮة%5 ﻋﻨﺪ أﺿﺎﻓﮫ
 وﺣﺪوث%3 ﻋﺪم ﻇﮭﻮر ﻧﻘﺼﺎن ﻣﻌﻨﻮي ﻓﻲ اﻟﻤﺴﺎﻣﯿﺔ ﻋﻨﺪ أﺿﺎﻓﮫ.  ﻣﻘﺎرﻧﺔ ﺑﻤﺠﻤﻮﻋﮫ اﻟﺴﯿﻄﺮة%7 و%5  وھﻨﺎك زﯾﺎدة ﻣﻌﻨﻮﯾﮫ ﻣﻠﺤﻮﻇﮫ ﻓﻲ ﻗﻮة اﻟﺼﻼدة ﻋﻨﺪ أﺿﺎﻓﮫ اﻟﺤﺒﯿﺒﺎت ﺑﻨﺴﺒﮫ%3
 ﻓﻲ٪7 وأﻇﮭﺮت اﻟﺘﺠﻤﯿﻊ ﻓﻲ،٪5 و%3  وأﻇﮭﺮت ﻧﺘﺎﺋﺞ ﻓﺤﺺ اﻟﻤﺠﮭﺮ اﻻﻟﻜﺘﺮوﻧﻲ ﺗﻮزﯾﻊ ﺟﯿﺪ ﻟﻠﺤﺒﯿﺒﺎت اﻟﻨﺎﻧﻮﯾﺔ ﺑﻨﺴﺐ. %7 و%5 ﻧﻘﺼﺎن ﻣﻌﻨﻮي ﻣﻠﺤﻮظ ﻓﻲ اﻟﻤﺴﺎﻣﯿﺔ ﻋﻨﺪ أﺿﺎﻓﺔ
.اﻟﺒﻮﻟﯿﻤﺮ
 و%5  و%3  أﻇﮭﺮت ﺗﺤﺴﻦ ﻓﻲ اﻟﻘﻮھﺎﻟﻌﺮﺿﯿﺔ وﻗﻮه اﻟﺼﺪﻣﺔ وﺑﻨﺴﺐ% 5  و%3  اﺿﺎﻓﮫ ﺣﺒﯿﺒﺎت اوﻛﺴﯿﺪ اﻟﺰرﻛﻮﻧﯿﻮم اﻟﻨﺎﻧﻮﯾﺔاﻟﻤﻌﺎﻟﺠﺔ ﺳﻄﺤﯿﺎ ﻋﻦ ﻃﺮﯾﻖ اﻷوﺗﻮﻛﯿﻠﯿﻒ ﺑﻨﺴﺐ:اﻻﺳﺘﻨﺘﺎج
. ﻟﻮﺣﻆ زﯾﺎده ﻓﻲ ﺻﻼدة اﻟﺴﻄﺢ وﻧﻘﺼﺎن ﻓﻲ اﻟﻤﺴﺎﻣﯿﺔاﻟﻈﺎھﺮﯾﺔ% 7
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