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ABSTRACT

Many faces are exposed to degradation, discoloration, changes in humidity. The
primary objective has improved some properties of hybrid nanocomposites materials
that used for restoring of the function maxillofacial prosthesis and improving the
esthetic. In the present research different lengths chopped and continuous of ultra-
high molecular weight polyethylene (UHMWPE) fiber was added at selected
percentage (0.0, 0.2% and 1%) to polymer blend composite (95%SR /5%PMMA:
0.2% Pomegranate Peels Powder (PPP)) for developing the properties of silicone
rubber used for the maxillofacial prosthesis applications. Some mechanical and
physical properties were done on the all prepared samples. The results showed that all
properties have improved when added 0.5% ratio of continuous UHMWPE fiber to
polymer blend nanocomposite (95%SR /5% PMMA: 0.2% Pomegranate Peels Powder
(PPP)) sample and this represents the optimal ratios of components of hybrid
composite sample. Therefore, this blend may be a candidate for achieving the
properties required for the applications of maxillofacial prosthetics.
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1. INTRODUCTION

Natural materials are able to impart certain benefits to the composite due to several
advantages of it over conventional one, such as low density, low cost, ease of separation, non-
corrosive, biodegradability, renewability, high stiffness, non-toxic, and environmental
friendly [1]. The aim of preparing a blend of polymers is not to improve or change the main
properties of the compounds but to utilize on the blend performance, processability, and
uniformity of product [2,3].Maxillofacial prostheses represent serve as replacements for a
missing tissue or organ in an organism. [4]. Maxillofacial related with facial structures by
artificial substitutes that movable and includes prosthetic rehabilitation of oral or facial
trouble which may be obtained naturally or from disease or trauma [5].The aim of
maxillofacial prostheses is to solve the lost aesthetic look and should solve social damages
problems [6].

In the last decade, there are more uses of biomaterials in order to improve the facial
anatomy are silicones, polymethylmethacrylate, polyvinyl chloride, polyethylene, and
polyurethane [7]. During the last five decades, silicone elastomers have been clinically choice
for fabricating a facial prosthesis compared to other materials in offering optimal overall
properties for facial prosthesis material. Despite the advances in material technology, the
disadvantages of materials still exist such as discoloration at the edges of the prosthesis after
one year of used and rupture of the silicone material due to repeated placement [8, 9].So that
many attempts were introduced to overcome these problems by development of a new class of
elastomer material such polymer blends manufacturing which match some very important
properties of polymers along with diminishing their individual disadvantages. For high
strength structure and strong bonding between the interface of filler and rubber material, small
particles incorporated into the polymer to obtain a nanocomposite material, which may
improve the mechanical properties and the performances of polymeric materials [10, 11].

From previous studies in this area, it was estimated the properties of RTV silicone
elastomer (MDX4-4210) when reinforced with polyurethane sheets or polypropylene fibers
for auricular prostheses. The result showed that the improved the mechanical properties (tear
strength, tensile strength, and modulus of elasticity), also obtaining better safety and strength
of prostheses [12]. Another study shows that the hardness for two types of silicone elastomers
low (Premium) and high (Silasto 30) temperature vulcanizing materials when exposed to
natural aging by storage in the dark for one year. The results explain that after one year of
natural aging in the dark of Premium silicone hardness was increased while the hardness
value of (Silasto 30) is stable through natural aging. Each types of silicone elastomers offer
clinical suitable hardness values after natural aging for maxillofacial prosthesis [13].Ahmed
Nadher Jaber et al., Studied some mechanical properties of maxillofacial silicone elastomeric
materials after added polyester fiber. The results showed that mean value of tear, tensile
strength, surface roughness and shore A hardness for 0.25% by weight polyester fiber (2 mm
length) reinforcement group increased significantly on the contrast to the other values of
reinforcement groups which were gradually decreased [14]. The mechanical and physical
properties of (Silicone rubber/ polymethylmethacrylate) blends with the effect of different
loading level of PMMA was studied. The results showed that the blend of
(90%SR/10%PMMA) represent optimum results to mechanical properties [15, 16]. The
current work was an extension and development of the results of the last papers mentioned
above.

In medicine, the rind of the fruit and the bark of the pomegranate tree have been used as a
source of a traditional remedy against diarrhea, dysentery, intestinal parasite and prevention
from the development of cardiovascular disorders, hypoglycemic, apoptotic, antibacterial,
anti-inflammatory and anti-parasitic [17]. As well as, the ultra-high molecular weight
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polyethylene fiber is mostly used in dental applications. Because it has good properties as
compared with metal, it has high flexibility, thin and strong. Porous UHMWPE provides a
basis for ocular implants and used in maxillofacial prosthetics (chin, nose, ear, etc.) [18,19].
In the present work, hybrid nanocomposites were prepared from polymer blend (silicone
rubber/PMMA) reinforced with natural pomegranate peels powder (PPP) nanoparticle and
ultra-high molecular weight polyethylene (UHMWPE) fiber, for maxillofacial applications
was studied.

2. EXPERIMENTAL PART

2.1. Materials Used

There are two materials used to prepare binary polymer blend as a matrix for composite
include RTV Silicone rubber (VST-50F) is supply from Factor II Inc., Lakeside, USA that it
is consisting of two parts, one is a liquid, and another is the catalyst. Polymethyl methacrylate
(PMMA) is a second material of the blend which cold curing resin Castavaria type, provided
from Spofa Dental Company. The reinforcement materials for composite are Pomegranate
Peels Powder (PPP) taken from pomegranate fruit (Punica granatum) which were supply from
Saudi Arabia with particles size 102.45 nm. Other reinforcementis (UHMWPE) fibers were
supplied from China such as woven fibers with particles size 114.94 nm. Theatomic force
microscope AFM was used to determine the average diameter of nanoparticle and its
distribution. Figures (1) and (2) show the particle size and distribution for pomegranate peel
powder and (UHMWPE) fibers respectively.
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Figure (1): AFM Test of Pomegranate Peels Particles (Average Diameter (102.45 nm)).
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Figure (2) AFM Test of UHMWPE fibers (Average Diameter (114.94 nm)).

2.2. Preparation Method

In this work, mechanical mixing was used to prepare polymer blends composite by reinforced
binary polymer blends (SR: 5%PMMA) with constant percentages ratios (0.2%) of
nanoparticle (Pomegranate peels powder (PPP) anddifferent percentages ratios (0.0, 0.5% and
1%) of UHMWPEfiber.Thebinary polymer blend (SR (VST-50F): 5% PMMA) prepered
according to the company's instructions manufactured,the materials were mixed in the
vacuum mixer for 5 minutes at speed of 360 rpm and under a vacuum of (-10 bar). Then, the
blend resin pouring into the mold. Sample was left in the mold for 6 hours to
vulcanization.For hybrid composites samples, the polymer blend (SR (VST-50F): 5%
PMMA) were reinforced with constantpercentages ratios (0.2%) of nanoparticle (pomegranate
peels powder (PPP) and different percentages ratios (0.0, 0.5% and 1%) of UHMWPE fiber.
Preparation of hybrid composites samples was carried out in the same practical method as in
preparing the polymer blend sample mentioned above.

3. CHARACTERIZATION AND TEST METHODS

The standard ASTM E-1252 is used to perform the Fourier transform infrared spectrometer
test by using the device type TENSOR-(27) made by Bruker Company (Germany) [20]. It is
equipped with KBr splitter and mid-IR source (4000-400 cm™).

The tensile test of the specimens was performed according to ADA Specification No.12
and ASTM 638 standards [21, 22]. This test is done by using a universal tensile instrument
with a cross-head speed of 500 mm/min.

The device Shore A hardness is used to evaluate the hardness of specimens according to
the ASTM D-2240 [23, 24]. The dimension of a circular disc specimen was (6 mm) for the
thickness and (25 mm) for a diameter.
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The compression test of blend specimens was carried out according to the standard ASTM
D-395. The dimensions of the specimen were (29 mm) for diameter and (12.5 mm) for the
thickness [25, 26].

Also, the device of surface roughness is used to perform the surface roughness of

specimens. The dimensions of the specimen (25x25x3) mm. Taking into consideration the
average of three readings for each test [27].

4. RESULTS AND DISCUSSIONS

4.1. FTIR Results

The FTIR spectrum of neat silicone rubber (VST-50F) is shown in figure (3). The stretching
vibration peak of CHj is assigned at absorption at 2962.78 cm™, the rocking vibration peak of
—CH,- is assigned at 1413.15 cm™. While the bending peak and rocking peak of the Si-CHj
are assigned at absorption peak at is assigned at 1258.50 cm™ and 863.93 cm'lrespectively.
The stretching vibration peak of Si-O-Si on a backbone of the neat SR assigned at 1009.28
cm™ and the coupling stretching of Si-C and rocking peak of —CHsassigned at 787.08 cm'[28,
29].

q

Figure 3 Represents the FTIR spectrum to the silicone rubber (VST-50F).

The FTIR spectra of pomegranate peels powder and UHMWPE were showing in figure
(4, a and b) respectively. Figure (4a)illustrated that the spectrum of PPP is quite similar to that
reported by [30, 31], long bandwidth 3402 cm™ which indicates the O-H stretching band
confirms the presence of alcohols compounds and carboxylic acids. The C=C stretching band
of alkyne group was detected at bandwidth 2929 cm™. The sharp mid-intense peak at 1726 cm™
! attributed to carbonyl group C=0O which lead to presence of aldehydes, ketones and
carboxylic acids. The spectrum of UHMWPE fiber (figure 4b) indicates to the two sharp high
intensity peaks important bands assigned at 2914.15 and 2847.48 cm™ are characterized by
the —CH, asymmetric stretching and symmetric stretching respectively and sharp high
intensity peak at 1462.16 cm™ referred to C—H bending deformation. The final two peaks at
809.68 and 716.46 cm’ referred to =CH, out-of-plane bending and CH rocking mode
respectively all the characteristic peaks for this spectrum are similar to that reported by [32].
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N

Figure (4) FTIR spectrum where (a): Pomegranate peels powder and (b): UHMWPE Fiber.

Figure (5) shows the FTIR spectrum of polymeric blend nanocomposite specimen
[(95%SR (VST-50F): 5%PMMA): 2%PPP], that all the characteristics vibration bands of
neat silicone rubbers figure (3) were presented in FTIR spectrum of polymeric blend
composite specimen ((SR: 5% PMMA): 2%PPP).
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Figure 5 FTIR spectra for polymer blend nanocomposites [(95%SR (VST-50F): 5%PMMA): 2%PPP]
reinforced with 2% Pomegranate peels powder.

Figure (6) shows FTIR spectra for hybrid nanocomposite, which is [((SR (VST-50F): 5%
PMMA): 0.2% PPP): X% UHMWPE fiber]| with different percentages ratios (0.0, 0.5% and
1%) of continuous UHMWPE fibers. These spectra have a very similar to the spectrum of
neat silicone rubber (VST- 50F) and spectrum of polymer blend nanocomposites [(95%SR

(VST-50F): 5%PMMA): 0.2% (PPP)] and it cannot observe significant differences between
these FTIR spectra.
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Figure 6 Represent FTIR spectra for silicone rubber (VST-50F) and blend nanocomposite [(95%SR
(VST-50F): 5%PMMA): 0.2% Pomegranate peels powder (PPP)] reinforced with 0.5% and1%
UHMWPE Fiber.
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4.2. Mechanical Test Results

Figure (7) shows the hybrid nanocomposites [((SR (VST-50F): 5% PMMA): 0.2% PPP): X%
UHMWPE] before and after addition of UHMWPE fibers in terms of tensile strength. It can
be seen that when adding UHMWPE fibers in polymer nanocomposites, the tensile strength
increased. The tensile strength increased from 7.888 MPa for polymer blend polymer blend
nanocomposite ((95%SR (VST-50F): 5%PMMA): 0.2% PPP) composite sample to the
highest value (8.05 MPa, 10.4 MPa) at 0.5% ratio of both chopped and continues UHMWPE
fiber respectively, then decreased to 7.6 MPa and 9.47 MPa at 1% ratio of both chopped and
continues fiber reach respectively. This could be attributed to the fact that UHMWPE fibers
are described by their high tensile strength and resistance to crack propagation compared with
the base polymer nanocomposites; therefore, the hybrid composite specimens can be carried
higher load [33-35].

MW neat silicons rubber
SR/ 5% PIMIMA) Blend
W SRPIMIMA) blend with 0.2% FPPP
12 - Hybrid compositeswith chopped UHMNWPEfibers
W Hybrid compositaswith continues UDHVWPEfibears

Tensile Strength (MPz)

0 05 1
LUHIMWPE Fiber Contents

Figure 7 Tensile strength of neat silicon rubber, nanocomposite sample and hybrid composite [((SR
(VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] verse the fibers amount in specimen.

Figure (8) shows the relationship between the hardness values and the UHMWPE fiber
content in polymer blend composite ((SR (VST-50F): 5% PMMA): 0.2% PPP).When adding
chopped fibers have less effect on hardness property with increased its content. But adding the
continuous UHMWPE fiber gave better hardness property, with increased its percent to 1% of
UHMWPE continuous fiber in composite sample to reaches its value to 37 shore A as
compared with neat silicone rubber 25shore A and 29 shore A value for the base sample of
nanocomposite ((SR (VST-50F): 5% PMMA): 0.2% PPP) [36, 37].
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Figure 8 Shore A Hardness of neat silicon rubber, nanocomposite sample and hybrid composite [((SR
(VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] verse fibers amount in specimen.
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Compression set test resulted for the composite specimen ((SR (VST-50F): 5% PMMA):
0.2% PPP) reinforced with UHMWPE fibers are shown in figure (9). It can be noticed that the
compression set of hybrid composites increased at the 0.5% of chopped and continuous
UHMWPE fibers percent reached to 15.028% and 13.08% respectively, as compared with
12.86% for the base polymer blend composite sample ((SR (VST-50F): 5% PMMA): 0.2%
PPP).. But with increased UHMWPE fibers percent to 1% in composite sample, these
properties continue to increase reach to the highest value (15.26%, 15.56%) for hybrid
composite sample reinforced with both chopped and continuous UHMWPE fibers
respectively.

M neat silicone rubber
ISR/S%PIMAend
B SE/PRIA blend with 0.2%PPF
20 Hybrid composites with chopped UHIMWPEfibers
B Hybrid compositeswith continues UHMWPEfibers

15 A
10 A
5 ~
0 =
i

Figure 9: Compression set of neat silicon rubber, nanocomposite sample and hybrid composite [((SR
(VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] as a function of fibers content in
composite.
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0.5 1
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When hybrid composite samples reinforced with UHMWPE fibers the tear resistance
increased with increased fiber content in composite as shown in figure (10), were reached to
the optimum values 48N/mm? at 0.5% ratio of continuous fiber, but then the tear resistance
decline to 34 N/mm’ when the ratio of continuous fiber content increased to 1%, but still
higher than the base sample ((SR (VST-50F): 5% PMMA): 0.2% PPP). On the other side,
when hybrid composite samples reinforced with chopped UHMWPE fibers, no considerable
effect was found in tear resistance property. Based on this result, the increase in tear
resistance of nanocomposite when adding UHMWPE fibers to it, may be enhance interfacial
surface bonding of fibers and matrix components and that lead to transfer the load from
matrix to fibers, this related to the good wettability and good adhesion between the interfaces
of these fibers and all constituents of the prepared composites [38].
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Figure 10 Tear resistance of neat silicon rubber, nanocomposite sample and hybrid composite [((SR
(VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] as a function of fibers content in
composite.

It can be seen from figure(11)that the polymer blend composite sample (SR (VST-50F):
5% PMMA): 0.2% PPP) have surface roughness value equal to (0.128 %).At added chopped
UHMWPE fiber to the polymer blend composite sample the surface roughness slightly
increased value to (0.129 %, 0.134%) at (0.5% and 1%) respectively percent of chopped
UHMWPE fiber, when added 0.5% percent of continuous UHMWPE fiber, the roughness
value was increased to 0.13%.
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Hybrid compositeswith chopped UHMWPEfibers
0z - mHybrid compositeswith continues UHMWFPEfibers

L I I-I "
0 .
I I 1
0 0.5 1

LIHWMWPE Fiber Contents

=

=

Ln
I

=
=
I

Surface Roughness %

Figure 11 Surface roughness of neat silicon rubber, nanocomposite sample and hybrid composite
[((SR (VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] as a function of fibers content in
composite.

4.3. Density Property Test

Figure(12) shows the relationship between the density of hybrid composite samples and
reinforcement fiber content of UHMWPE which were added to sample of polymer blend
composite ((SR (VST-50F): 5% PMMA): 0.2% PPP) in both form of chopped and continuous
fiber. It was observed from figure 12 that, the density of hybrid composites samples slowly
decreased to 1.08 g/cm® when reinforced with chopped UHMWPE fiber at 0.5% percent,
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while the density values remained almost stable for the rest of the hybrid composites samples,
either they were reinforced with chopped UHMWPE fiber in other ratio or with continuous
fiber in any percentage ratios [39].
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Figure 12 Density property of neat silicon rubber, nanocomposite sample and hybrid composite [((SR
(VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] verse fibers amount in specimen.

4.4. Water Absorption Results

The relationship between the water absorption of hybrid composites and fiber content
UHMWPE in composite, which were added to the base polymeric blend composite ((SR
(VST-50F): 5% PMMA): 0.2% PPP) is illustrated in figure (13). It can be observed that the
water absorption increases with an increase in the percentage of UHMWPE fibers content in
composites. This is due to the affinity of the fibers towards the moisture, and also it may be
due to high moisture absorption level of natural fibers in the polymer matrix that results from
polar hydroxide groups in the fibers [40-42].

Eneat silicone rubber
ZR/5%PIIMAIblend
HiSE/PIMIMA blend with 0.2%FFP
B Hybrid composite swith chopped UHMYWPEfibers
m Hybrid composite swith continues UHWMWPE fibers
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Figure 13 Water absorption of neat silicon rubber, nanocomposite sample and hybrid composite [((SR
(VST-50F): 5%PMMA): 0.2% PPP): X% UHMWPE fiber] as a function of fibers content in
composite.
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4.5. Scanning electron microscopy SEM Test

The photographic imaging for fracture surface morphology of neat silicone rubber and
prepared polymer blend ((95% SR (VST-50F): 5% PMMA), are shown in figure (14, a and b)
respectively in magnifications (x1000), which illustrate homogeneous structural morphology
and there is no any new phase or phase separated dominants in neat silicone rubber structure.
This photographic imaging clearly showed that the polymer blend has a continuous and
homogeneous morphology of silicone rubber phase with a random distribution of PMMA
phase, which is embedded in matrix material and dispersed as a globule’s shapes into the
silicon rubber matrix. Furthermore, it can be observed that different sizes of these spherical
shapes from PMMA material dispersed randomly in this matrix, which was clearly affect
some properties of the prepared polymer blend as compared with neat silicone rubber.

SEM images of the polymer blend nanocomposites with Pomegranate Peels Powder as
nanoparticle in composites are shown in figure 14 (c) at magnification (x1000). It was noticed
that most of nanoparticles are embedded inside the matrix material, which act as an integral
part of the silicone rubber structure, indicating to better interfacial adhesion between
constituents of composite material and good compatibility between the component of silicon
rubber blend and the reinforcement nanoparticles, which enhances the mechanical properties
[43]. By adding PPP to polymer blend, the morphology of polymer blend nanocomposite does
not changes, the structure morphology similar to morphology of polymer blend (figure 14b)
and the droplets of PMMA became smaller and more uniform (figure 14 c). During mixing
process, the interactions between nanoparticle and polymer blend components mainly
occurred through melting of silicone rubber and PMMA molecules, followed by wetting of
molten molecules with nanoparticle. After mixing, polymer blend molecule melt encapsulated
the surface of nanoparticles and intimate interfacial bonding was formed in nanocomposites
as observed from the dense and solid surface especially for nanocomposites when reinforced
by 0.2% of pomegranate peels powder [44-46.

Figure (14 d) shows the fracture surface morphology of polymer blend composites ((95%
SR (VST-50F): 5% PMMA): 0.2% PPP: 0.5% continuous UHMWPE fiber at magnification
1000x. This morphology shows that most of the UHMWPE fiber has appeared to be
embedded in the matrix material, As well as, figure (14) illustrates good uniform distribution
of resin with the fabric that leads to good bonding between fibers and matrix. Resin flow and
impregnation of the fibers can be observed in the SEM micrographs shown through the red
arrows in figure 14 d, this suggests that this polymer blend composite sample has been
efficient in holding on to the fibers. This indicates that higher mechanical strength the
composites specimen have high degree of fiber orientation, which lead to higher mechanical
strength [47].
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Figure (14) SEM Image of fracture Surface Morphology for (a and b): neat silicone rubber and
polymer blend (95% SR (VST-50F): 5% PMMA) each of them at magnification (x1000), (c and d):for
polymer blend composites ((95% SR (VST-50F): 5% PMMA): 0.2% Nano Pomegranate peels powder

and polymer blend hybrid composites ((95% SR (VST-50F): 5% PMMA): 0.2% PPP: 0.5%
continuous UHMWPE fiber each of them at magnification.

S. CONCLUSIONS

The hybrid composites samples were prepared by adding UHMWPE fiber to the sample of
polymeric blend (95% SR (VST-50F): 5% PMMA) composites which reinforced with 0.2%
of pomegranate peels powder. The results showed the following items:-

e From FTIR spectrum there are no other new peaks were observed for hybrid
composites samples, which reinforced by continuous UHMWPE fiber compared with
neat silicon rubber and polymeric blends of SR/PMMA specimens with the addition of
0.2% Nano Pomegranate peels powder.

e A hybrid composites samples, which reinforced by 0.5% of continuous UHMWPE
fiber having the highest values of tensile strength and tear resistance which reached to
10.4 MPa, 48 N/mmzrespectively,a hybrid composites samples, which reinforced by
continuous UHMWPE fiber having lower values of the surface roughness as
compared with other sample reinforced by chopped UHMWPE fiber. A homogeneous
structural morphology was observed in SEM test, this indicated to good interactions
between the constituents of all polymer blend composites samples.

e The hybrid composites under the stress load have a high degree of fiber orientation,
which leads to higher mechanical strength. Therefore, these samples may be a achieve
the most properties of maxillofacial applications.

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



Sihama I. Salih, Jawad K. Oleiwi and Hajir Mohammed Ali

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]
(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

S. Ramakrishna, J. Mayer, E. Wintermantel, K.W. Leong, "Biomedical Applications of
Polymer-Composite Materials: A Review", Composites Science and Technology, Vol.61,
pp-1189-1224, 2001.

W.F. Smith and J.Hashimi, “Foundation of Materials Science and Engineering”, Fifth
Edition,Mc Graw —Hill, 2011.

L. Yua, K. Deana, L. Lib, L. Yu et al, “Polymer blends and composites from renewable
resources” , Prog. Polym. Sci. 31, pp.576-602, 2006.

Sykes L. M., “Use of custom-made conformers in the treatment of ocular defects”, J. of
Prosthet Dent, 82, 362-5, 1999.

Lontz JF., “State-of-the-art materials used for maxillofacial prosthetic reconstruction”,
Dental Clinics of North America; 34(2):307-25, 1990.

Jordan, D. R., Gilberg, S. &Bawazeer, A., “Coralline hydroxyapatite orbital implant (Bio-
Eye): Experience with 158 Patients”, Ophthal Plast Reconst Surg, 20, 69-74, 2004.

Arzu Atay, “Overview of Maxillofacial Prosthetics” Nova Science Publishers, Inc., New
York, 2013.

Montgomery PC, Kiat-Amnuay S., “Survey of currently used materials for fabrication of
extra oral maxillofacial prostheses in North America, Europe, Asia, and Australia”, J
Prosthodont, 19(6), pp.482-490, 2010.

Hooper SM, Westcott T, Evans PL, Bocca AP, Jagger DC., “Implant supported facial
prostheses provided by a maxillofacial unit in a U.K. regional hospital: longevity and
patient opinions”, J Prosthodont, 14(1), pp.32-38, 2005.

C.Koning, M. V. Duin, Ch.Paagnoulle, R.Jerome, "Strategies for compatibilization of
polymer blends", Prog. Polym. Sci., Vol. 23, pp.707-757, 1998.

Liu Q, Shao L, Fan H, et al.,, “Characterization of maxillofacial silicone elastomer
reinforced with different hollow microsphere”, J Mater Sci.; 50:3976-3983, 2015.

M.Y. Abd El-Fattah, H.M. Rashad, N.A. Kashef and M.A. El Ebiary, “Evaluation of two
different reinforcing materials used with silicone auricular prostheses”, Tanta Dental
Journal 10, 31-38, 2013.

Gregory Polyzois and Karl Lyons, "Monitoring Shore A Hardness of Silicone Facial
Elastomers: The Effect of Natural Aging and Silicone Type after 1 Year", Journal of
Craniofacial Surgery, Vol. 25, Num. 4, July, 2014.

Ahmed Nadher Jaber, Raghdaa K. Jassim, Mohammed Moudhafar, and Abdalbasit A.
Fatihallah, “Effect of Polyester Fiber Incorporation into RTV Maxillofacial Silicone
Elastomer on Tear Strength, Tensile Strength, Surface Roughness and Shore ‘A’

Hardness: A Pilot Study” International Journal of Medical Research & Health Sciences,
ISSN No: 2319-5886, 7(2): 92-101, 2018.

S I Salih, J K Oleiwi and H M Ali, “Study the Mechanical Properties of Polymeric Blends
(SR/PMMA) Using for Maxillofacial Prosthesis Application”, International Conference
on Materials Engineering and Science, 454, 2018.

S I Salih, J K Oleiwi and H M Ali," Study some Physical Properties of Polymeric Blends
(SR/PMMA)", The Iraqi Journal for Mechanical and Material Engineering, Vol.18, No.4,
December, PP.21-40, (2018).

Abdel-Rahim EA, El-Beltagi HS, Romela RM., “White Bean seeds and Pomegranate peel
and fruit seeds as hypercholesterolemic and hypolipidemic agents in albino rats”, Grasas y
Aceites 64:50-58, 2013.

Megha Agrawal, Private practitioner, Vadodara, “Applications of Ultrahigh Molecular

Weight Polyethylene Fibres in Dentistry: A Review Article”, Journal of Advanced
Medical and Dental Sciences Research, Vol. 2, Issue 2, April-June 2014.

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



Investigation The Properties of Silicone Rubber Blend Reinforced by Natural Nanoparticles and

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

UHMWPE Fiber

S. Lee, N. Maronian, S. P. Most, M. E. Whipple, T. M. McCulloch, R. B. Stanley, and D.
G. Farwell, Arch. Otolaryngol. Head Neck Surg., 131, 446450, 2005.

Annual Book of ASTM Standard, 2002 “Standard Practice for General techniques for
Obtaining Infrared Spectra for Qualitative Analysis", E 1252-98, PP 1-11.

Annual Book of ASTM Standard, 2003 "Standard Test Method for Tensile Properties of
Plastics", D638-87b", Vol.09.01, pp 1-17.

Oleiwi JK, Salih ST and Hwazen S Fadhil, "Effect of Siwak and Bamboo Fibers on Tensile
Properties of Self-Cure Acrylic Resin Used for Denture Applications", J Material Sci Eng
6: 370, (2017), doi: 10.4172/2169-0022.1000370.

Annual Book of ASTM Standard, 2003 "Standard Test Method for Plastics Properties-
Durometer Hardness", D 2240-03, PP.1-12.

Salih, S. E., & Oleiwi, J. K., & Alaa Mohammed. T (2016), "Investigation of Hardness
and Flexural Properties of PMMA Nano Composites and PMMA Hybrids Nano
Composites Reinforced by Different Nano Particles Materials used in Dental
Applications", Engineering and Technology Journal, Vol.3r, No.15 Part (A), 2838-2853.

Annual Book of ASTM Standard, 2003 "Standard Test Methods for Rubber Property-
Compression Set", D 395 — 03, Vol 14.04, PP.1-8.

S.I. Salih,. J K. Oleiwi, A.M. Talia, “Effect of Accelerated Weathering on the
Compressive Strength for PMMA and PMMA Hybrids Nano Composites,” Engineering
and Technology Journal, Vol. 35, No. 3, pp. 204-215, 2017.

Jawad Kadhim Oleiwi, Rana Afif Anaee & Safaa Hashim Radhi, "Roughness wear and
thermal analysis of UHMWPE Nanocomposites as Acetabular Cup in Hip Joint
Replacement", International Journal of Mechanical and Production Engineering Research
and Development, Vol. 8, Issue 6, Dec 2018, 855-864.

Xishan Wen, Xiaoqing Yuan, Lei Lan, Lu Hao , Yu Wang , Shaodong Li , Hailiang Lul,
ID and Zhenghong Bao, “RTV Silicone Rubber Degradation Induced by Temperature
Cycling” Energies, 10, pp1054-1066, 2017.

Jun Feng, Qinglian Zhang, Zhengkai Tu, Wenmao Tu, Zhongmin Wanc, Mu Pan, Haining
Zhang, “Degradation of silicone rubbers with different hardness in various aqueous
solutions” Polymer Degradation and Stability, 109, 122-128, 2014.

Khairia M. Al-Qahtani, “Heavy Metals Removal from Polluted Water by Activated
Carbon Prepared from Pomegranate Peel” American-Eurasian J. Agric. & Environ. Sci.,
15 (4): 595-602, 2015.

Sihama Issa Salih, Jawad Kadhim Oleiwi and Arkan Saad Mohamed, “Investigation of
mechanical properties of PMMA composite reinforced with different types of natural
powders”, ARPN Journal of Engineering and Applied Sciences, Vol.13, No.22, pp.8889-
8900, 2018.

Duta L., Popa A. C., Miculescu F. and Mihailescu I. N., “Ultra high molecular weight
polyethylene acetabular cups functionalized with bioactive glass coatings synthesized by
pulsed laser deposition”, Romanian reports in physics, Vol. 66, no. 3, pp.788-800, 2014.

P.Amuthakkannan, V. Manikandan, J.T. Winowlin Jappes and M. Uthayakumar, “Effect
of fiber length and fiber content on mechanical properties of short basalt fiber reinforced
polymer matrix composites”, Materials Physics and Mechanics, Vol.16, pp.107-110,
(2013).

Hadi A. N. and Jawad K. Oleiwi, "Improving Tensile Strength of Polymer Blends as
Prosthetic Foot Material Reinforcement by Carbon Fiber" Journal of Material Science &
Engineering, Vol .4, Issue 2, (2015), doi:10.4172/2169-0022.1000158.

Sihama I. Salih, Jawad K. Oleiwi and Qahtan A. Hamad, " Studying the Tensile Properties
and Morphology Test for the Self Cured PMMA Resin of Prosthetic Complete Denture",
The Iraqi Journal For Mechanical And Material Engineering, Special Vol., Part II, pp.508-
522, (2015).

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Sihama I. Salih, Jawad K. Oleiwi and Hajir Mohammed Ali

Sihama I. Salih, Jawad K. Oleiwi and Hwazen S. Fadhil, "Preparation and Investigation of
some Properties of Acrylic Resin Reinforced with Siwak Fiber Used for Denture Base
Applications", Kurdistan Journal of Applied Research, Volume 2, Issue 3, August, (2017).

Jawad K. Oleiwi and Qahtan Adnan Hamad, "Studying the mechanical properties of
Denture Base Materials Fabricated from Polymer Composite Materials", Al-Khwarizmi
Engineering Journal, (2018), Vol.14, No.3, pp.100-111.

K.Natarajan, Padma C  Balasubramanya, “Study of mechanical and
morphological properties of glass fiber reinforced modified epoxy composites”,
International Journal of Research in Engineering and Technology, 2014.

Jawad K. Oleiwi, Mohammed S. Hamza and Mayyadah Sh. Abed, "Improving the
Properties of the Tire Tread by Adding SiO2 and AI203 to SBR Rubber", International
Journal of Applied Engineering Research, Volume 5 Number 9 (2010) pp. 1637-1652.

Das, Geetanjali, and Sandhayarani Biswas, “Physical, Mechanical and Water Absorption
Behavior of Coir Fiber Reinforced Epoxy Composites Filled With AI203 Particulates”,
Materials Science and Engineering, Vol.115, No.1, IOP Publishing, 2016.

Jawad K. Oleiwi, Sihama I. Salih & Hwazen S. Fadhil," Water Absorption and Thermal
properties of PMMA Reinforced by Natural Fibers for Denture Applications",
International Journal of Mechanical and Production Engineering Research and
Development, Vol. 8, Issue 3, Jun 2018, pp.1105-1116.

N.Venkateshwaran, A. ElayaPerumal and M. S. Jagatheeshwaran, "Effect of fiber length
and fiber content on mechanical properties of banana fiber /epoxy composite", Journal of
Reinforced Plastics and Composites, Vol.30, No.19, pp.1621-1627, 2011.

Rohani Abu Bakar and M. S. Fauzi J., “Natural Rubber-Grafted-Poly (Methyl
Methacrylate): Influence of Coagulating Agents on Properties and Appearances” Chem.
Eng. Vol.6, pp.962-966, 2012.

Rui Ma , Lugian Weng , Lin Fang ,,Zhongkuan Luo , Shenhua Song, “Structure and
Mechanical Performance of in Situ Synthesized Hydroxyapatite/Polyetheretherketone
Nanocomposite Materials” ,J. Sol-Gel Sci. Technol, Vol.62, pp.52-56, 2012.

Sihama I. Salih, Jawad K. Oleiwi and Qahtan A. Hamad, " Studyin g the Tensile
Properties and Morphology Test for the Self Cured PMMA Resin of Prosthetic Complete
Denture", The Iraqi Journal For Mechanical And Material Engineering, Special Vol., Part
IL, pp.508-522, (2015).

46.Kadhim Naief Kadhim and Ahmed H. ( Experimental Study Of Magnetization Effect
On Ground Water Properties).Jordan Journal of Civil Engineering, Volume 12, No. 2,
2018

K. Natarajan, Padma C Balasubramanya, “Study of mechanical and morphological

properties of glass fiber reinforced modified epoxy composites”, International Journal of
Research in Engineering and Technology, (2014).

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



