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Study Compression, Hardness and Density
properties of PMMA Reinforced by Natural
Powder Used in Denture Base applications

Abstract- This research had been done to investigate the effect of adding natural
powder of Pistachio Shell to PMMA, which popularly used in denture
applications. The powder added in different weights fraction (3%, 6%, 9%, and
12%), and different average particle size (53um, 106 um, 150 um, and 212um
%), and studying Compression Strength, Surface Hardness, and Density
Hand Lay-Up represented the method used to prepare the
specimens in this research. The results were statistically analyzed by SPSS (one-
way ANOVA) to determine the mean value and showed a significant difference
for each particle size. The highest value of compression strength and surface
hardness of PMMA composite specimens happened at (9%wt.) of the filler
particles. Also the results represented that the density values for the composite
specimens are increased with increasing the weight fraction of the filler
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Hardness, Bio composite.
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1. Introduction

Researchers and scientists concern about
petroleum depletion pushed them to think about
an alternative materials, so a tendency towards
the natural material such as (pistachio shell,
bamboo, coir, rise husk... etc.) was increased in
recent years [1]. Where the natural materials used
as reinforcing material because of their
advantages over the synthetic one, that
characterized by their low cost, high density,
renewability, biodegradability, and high degree of
flexibility in the work. Moreover, the usage of
natural materials provides a healthier working
conditions [2]. Although the advantages of
natural materials, there were disadvantages,
where they have poor mechanical properties
comparison with synthetic one and high affinity
to moisture absorption because of hydrophilic
nature which is undesirable for most properties
especially dimensional stability [3], and this made
the chemical treatment necessary to improve the
composite properties by reducing the hydrophilic
of natural material which in turn reflect on
another properties such as dimensional stability
and the adhesion between the matrix and
reinforcing material. Hatim et al. were studied the
effect of Genuine Nigella sativa and Thyme as oil
to denture base resin in different percentages of
(0.5%, 1%, 1.5%, and 2%) by weight and the
(transverse strength, indentation hardness, color
property, residual ~monomer, dimensional
https://doi.org/10.30684/etj.37.12A.5

accuracy, porosity, measurement of IR spectra,
and  anti-microbial-sensitivity  tests)  were
determined. The results were as the following: the
additives of natural oil of Nigella sativa and
Thyme with concentration of 1.5% were
recommended to give proper properties, as
antimicrobial after curing of the acrylic resin
denture base, but Thyme oil showed no effect on
the color after curing in relation to Nigella sativa
[4]. Mansour et al. estimated the effectiveness of
reinforcing by mica on the mechanical properties
(three-point bending and micro hardness) of Poly
(Methyl Methacrylate) resin (PMMA). Two
micas were tested: W200 and P66 with average
particle sizes of 131um and 30um, respectively.
With volume fraction of (10% and 20%) in
individually form, the following results obtained:
the addition of mica resulted in decline the
flexural strength, while the micro hardness
increased. In addition ANOVA and Tukey tests
were used for statistical analyses (Alpha = 0.05)
[5]. Oleiwi et al. were evaluated the effect of
Siwak and Bamboo fibers as reinforcing materials
on impact and compression strength of denture
base resin. The additives were in three percentage
(3,6,9%) by weight, and they concluded that the
impact strength of PMMA acrylic resin
decreasing with increasing the weight fraction of
reinforcing material while the compression
strength increased. Increasing the fiber length for
both types resulted in increasing the impact
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strength and decreasing compression strength [6].
Okeke, et al. studied the flexural and impact
strength of denture base resin reinforced by
Hibiscus sabdariffa fiber with different weight
fraction as (2.5, 5, 7.5, 10wt%) the results showed
that the reinforcement by Hibiscus sabdariffa
improved flexural strength and strength the
denture base resin and the specimens reinforced
by (7.5 wt%) to represent the highest value.
Statistically ANOVA and Bonferroni tests
showed significant differences among the groups
[7]. Fahmi and, Ebrahim, have evaluated the
influence of reinforcement of heat-cure poly
(methyl methacrylate) resin by polypropylene
fibers with percentage of 10% by weight, on
Flexural Strength, Fracture Toughness and
hardness properties. The results showed that by
addition of polypropylene fibers lead to increase
the mechanical properties of heat- polymerized
acrylic resin. The results were statistically
analyzed by one-way analysis of wvariance
(ANOVA) and Tukeys test [8]. The aim of this
work is to estimate the compression, hardness and
density of PMMA resin after reinforcing by
Pistachio shell powder in different weight
fraction and different average particle size.

2. Materials and Method
Pistachio Shell powder0.3line

Figure 1, A & B shows the Pistachio Shell that
was used as reinforcing material (powder) in four
percentages (3%, 6%, 9%, and 12%) by weight,
and four different average particle sizes of
(53um, 106 pm, 150 um, and 212 pm) in heat
cure PMMA matrix material, to prepare bio
composite specimens of prosthetic denture base.

B
Figure 1: Illustrate Pistachio Shell A-Before and
B- After grinding.
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3. Alkali Treatment

The natural powder was soaked in alkali solution
consist of 5% (w/v) of (NaOH) in distilled water,
at room temperature (25°C) [9], 1:30(w/v)
represent the proportion of (powder /liquor), the
treated powder then washed for several times by
distilled to remove the remaining (NaOH) on its
surface, until reach neutral state (pH=7), after that
the powder had dried at room temperature for five
days, and finally put in furnace at (50-60°C) to
ensure that it dried completely.

4. Preparation of Bio
Specimens

Composite

An electronic balance with precision (0.0001)
was used for weighting the selected percentages
of pistachio shell powder as reinforcing material.
Pistachio shell powder was added to PMMA
powder and mixed together till reach to
homogenous mixture before adding to MMA
liquid to make bio composite specimens. The
liquid monomer (MMA) and acrylic powder
(PMMA) mixed according to standard ratio
(2.25:1) as powder to liquid, 2.25 represents the
weight ratio of PMMA powder, and 1 represents
the weight ratio of liquid monomer. Specimens
were formed by pressing suitable amount of
dough in each mould cavity, then the mould
covered by metallic plate fixed by 10 screws to
obtain the pressure that is required to form the
specimens, which is 2.5 bar, Figure 2 shows the
metallic mould that is used in this research. Then
the tight mould was placed in path water where
the water temperature rose gradually until reach
100C°during 2hr, the purpose of this behavior is
to complete the polymerization process of
composite specimens, and enhance the physical
properties. After these steps, the mould was left
in the path water in the open air, where it was
cooled slowly in order to complete the
polymerization process, and reach for the lowest
level of the residual monomer. Then the
specimens were removed from the mould, with
very smooth upper and low surfaces, then were
subjected to finish process to be ready to the
subsequent tests.

5. Experimental Tests
1. Compression Test

The compression test of the composite specimens
was done according to (ASTM D695) by using
the same device that used in tensile test at
material engineering department in across head of
(5mm/min), the compressive load was applied
gradually until the fracture of specimen occur

[11].
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II. Hardness Test

The hardness of pure and composite specimens
where done by using the Dorumeter hardness type
(Shore D) according to the standard (ASTM
D2240) were be tested. The applied load was
(50N) and the depressing time equal to (15sec)
[12].

1l Density Test

The density of the composite specimens for this
test was carried out based on Archimedes method
according to (ASTM D 792), in this test the
specimens were weighted in the air, and weighted
during immersion in distilled water at room
temperature, three digits balance (PS360/C/1)
were used for weighting in this study [13].

6. Results and Discussion
1. Compression Test

As shown in Figure 2, the compression strength
of PMMA resin increased as the weight fraction
of Pistachio Shell powder is increased and
reaches its maximum value at (9%wt.), the reason
behind this behavior is may be due to the good
compression strength of the used powder. Also it
may be resulted from the ability of Pistachio
Shell powder to strengthen the resin and enhance
the interfacial particles —matrix bonding which in
turn prohibit the propagation of crack [14], [16],
also from the same figure it notice that, the
compression strength of PMMA composite
specimens decreased when the weight fraction of
Pistachio Shell powder exceed the (9%wt.), the
lack in wettability and weakly physical bonds
accompanied the increasing in the weight fraction
may be responsible for this behavior. Also this
behavior may be resulted from that the PMMA
chains will separated due to the excess of
Pistachio Shell powder which in turn leads to
weaken the mechanical properties of the resulted
composite.

1Ay

e 1A

compression strength

Weight Fraction(%)

Figure 2: The Compression Strength of PMMA
Acrylic resin as a function to Pistachio Shell
particles content.
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The statistically results of compression strength
in Table 1 are illustrated that the mean values for
all specimens are higher than that of neat PMMA,
except the specimens reinforced with 12%wt. for
all average particle sizes The greatest value was
obtained at the specimen reinforced by 9%wt. of
average particle size 212um; all groups have been
shown very high significant difference (VHS)
(p<0.001) as compared with neat PMMA..

Table 1: Statistical Analysis of Compression Test.

}
z - _EE § £ 2
2 7z § TE & E E s
5 = “®z 5 E 3 q
ez £ = -
o 0 3 280 4359 2517 275 283
< 3% 3 285 3464 2000 281 287
6% 3 300 9.165 5292 292 310
9% 3 305 6245 3.606 298 310
12% 3 255 6083 3.512 248 259
g 0 3280 4359 2517 275 283
S 3% 3 285 5292 3055 279 289
6% 3 315 3464 2000 311 317
9% 3 330 3.464 2.000 326 332
12% 3 263 4359 2517 258 266
s 0 3280 4359 2517 275 283
3% 3 290 6083 3512 283 204
6% 3 330 3464 2000 326 332
9% 3 345 3464 2.000 341 347
12% 3 275 5292 3.055 271 28l
a0 3280 4359 2517 275 283
S 3% 3 295 4583 2646 291 300
6% 3 343 5000 2.887 338 348 -
9% 3 390 5568 3215 385 396 VIS
12% 3 250 7.810 4.509 245 259

1I. Hardness Test

Figure 3 clarify the relationship between hardness
and weight fraction of Pistachio Shell powder, an
increasing is observed in the hardness values with
increasing the weight fraction of Pistachio Shell
powder and the highest values obtained at
(9%wt.). This may be due to the using stiff and
hard filler particles as compared with the matrix
polymer so the stiffness and hardness of the
composite material will increase [17]. Also the
increase in hardness may be related to the alkali
treatment of particles which is resulting in enlarge
the wettability and the strength of bond between
the matrix and the Pistachio Shell powder which
in turn increase the hardness of the surface by
obstacle the motion of the PMMA chains [18
and19]. But the hardness results at the weight
fraction of Pistachio Shell powder above the (9%
wt.) had been decreased, the reason behind this
behavior, may be related to the lack in wettability
and weakly physical bonds accompanied the
increasing in the weight fraction. Also this
behavior may be resulted from that the PMMA
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chains will separated due to the surplus(excess) of
Pistachio Shell powder which in turn leads to
weakens the mechanical properties of the resulted
composite.

Table 2 illustrated the results of hardness test
statistically, as shown from this table the mean
values for all specimens are higher than that of

Vol. 37, Part A, No. 12,2019

neat PMMA, except the specimens reinforced
with 12% wt. for all average particle sizes. The
greatest value was obtained at the specimen
reinforced by 9%wt. of average particle size

212um; all groups have been shown non-
significant difference (NHS) (p>0.05) as
compared with neat PMMA.

Table 2: The Results of Hardness test statistically.

Groups N Mean Std. Std. Error Minimum Maximum P-value
Deviation

A53 0 3 84 3.605 2.081 80.00 87 .874
3% 3 84 1.417 .8185 82.60 85.3 (NS)
6% 3 84.8 2.685 1.550 81.70 86.4
9% 3 86 2.662 1.537 83.50 88.8
12% 3 84.5 1.473 .8504 82.80 85.4

A106 O 3 84 3.605 2.081 80.00 87 .680
3% 3 84.35 1.353 781 82.80 85.3 (NS)
6% 3 85.2 1.442 .832 83.60 86.4
9% 3 86.5 1.907 1.101 84.50 88.3
12% 3 84.8 1.852 1.069 82.70 86.2

A150 0 3 84 3.605 2.081 80.00 87 741
3% 3 84.7 1.802 1.040 82.70 86.2 (NS)
6% 3 85.6 2.498 1.442 82.80 87.6
9% 3 86.8 2.291 1.322 84.30 88.8
12% 3 85.6 2.498 1.442 82.80 87.6

A212 0O 3 84 3.605 2.081 80.00 87 .505
3% 3 85 2.424 1.400 82.80 87.6 (NS)
6% 3 86.3 1.732 1.000 84.30 87.3
9% 3 87.2 1.417 .8185 85.60 88.3
12% 3 86.4 1.824 1.053 84.30 87.6
I — R g
_E "'I; p——— ¥ TIkAr i .:
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Figure 3: Represents the Relationship between the ! " o

Hardness and Weigh Fraction of Pistachio Shell
powder

III. Density Test

The relationship between the density of the
specimens and the weight fraction of Pistachio
Shell powder is illustrated in the Figure 4, it can
be seen that the density values for the composite
specimens are increased with increasing the
weight fraction of Pistachio Shell powder. This
behavior may be attributed to that. These particles
minimize and filled the PMMA internal porosity,
so we obtained higher density composite for the
same volume [20], or it may be resulted from that,
the density of reinforcing powder is higher than
that of PMMA matrix material [21], [22].

Figure 4: Illustrate the Relationship between the
Density and the Weight Fraction of Pistachio shell
powder.

Table 3 shows density results statistically, this
table illustrated that the mean values for all
specimens are higher than that of neat PMMA,
and the specimen reinforced with 12% wt. of all
average particle sizes showed the highest values.
All the groups that is reinforced with pistachio
shell particles have been showed non-significant
difference (p>0.05) as compared with neat
PMMA.
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Table 3: Represent the Statistical Analysis of Density Test.

Groups N Mean Std. Deviation Std. Error Minimum Maximum P-value
A530 3 1.161 .0397 .0229 1.115 1.185
3% 3 1.193 0178 .0103 1.172 1.204 384
6% 3 1.193 .0148 .0085 1.184 1.210 (.NS)
9% 3 1.192 .0198 .0114 1.177 1.215
12% 3 1.194 .0096 .0055 1.183 1.202
A1060 3 1.161 .0397 .0229 1.115 1.185
3% 3 1.197 .0163 .0094 1.178 1.207 344
6% 3 1.197 .0137 .0079 1.186 1.212 (.NS)
9% 3 1.196 .0306 .0176 1.168 1.229
12% 3 1.198 .0087 .0050 1.188 1.205
A1500 3 1.161 .0397 .0229 1.115 1.185
3% 3 1.203 .0137 .0079 1.188 1.215 153
6% 3 1.203 .0223 .0129 1.185 1.228 (.NS)
9% 3 1.204 .0102 .0059 1.192 1.213
12% 3 1.203 .0114 .0066 1.195 1.216
A2120 3 1.161 .0397 .0229 1.115 1.185
3% 3 1.210 .0154 .0089 1.196 1.226 076
6% 3 1.210 .0133 .0076 1.201 1.226 (.NS)
9% 3 1.211 0144 .0083 1.196 1.225
12% 3 1.210 .0158 .0091 1.196 1.227
7. Conclusions [1] K. Natarajan, and P.C. Balasubramanya,

According to the experimental results of bio
Composite materials which were prepared in this
research, it can be concluded that:

1. The compression test and surface hardness
results showed an increasing, with the increasing
the weight fraction of Pistachio Shell filler
particles until reach the weight percentage of 9%
for all average particle sizes, and above this
percent the compression strength and surface
hardness results will be decreased.

2. With regard to density test the results showed
an increasing, with the increasing the weight
fraction of Pistachio Shell filler particles.

3. The statistical analysis of compression test
results illustrated that there were very high
significant difference (VHS) (p<0.001) as
compared with neat PMMA. The greatest value
was obtained at the specimen reinforced by
9%wt. of average particle size 212pum.

4. The statistical analysis of surface hardness
results had shown that: all groups have been
shown non-significant difference (NHS) (p>0.05)
as compared with neat PMMA. The greatest value
was obtained at the specimen reinforced by
9%wt. of average particle size 212um;

5. The statistical analysis of density test results
showed non-significant difference (p>0.05) as
compared with neat PMMA, and the specimen
reinforced with 12% wt. of all average particle
sizes showed the highest value.
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