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Abstract Article Info.

When acquired or congenital defects need restoration, maxillofacial silicone is the

material of choice. Silicone, nevertheless, is far from perfect in quality. The primary ~ Keywords:

objective of this research was to examine the effect of adding yttria-stabilized  prqxillofacial — Silicone,
zirconia nanoparticles (YSZNPs) (0.5 and 1% by weight) on the wettability, surface vy, Stabilized Zircon ia,
roughness, atomic force microscopy (AFM), and X-ray diffractometer (XRD)
properties of maxillofacial silicone (VST-50) room temperature vulcanization
(RTV). The data were analyzed statistically. The YSZNPs were introduced to the
VST-50 RTV in percentages of 0.5% and 1% by weight. A total of 63 samples of
VST-50 RTV maxillofacial silicone were prepared and tested. Each group was Article history:
subdivided into three identical subgroups. For the wettability test, the mean value of  Received: Mar. 17, 2025
the 1 wt% Y SZ experimental group showed the lowest wettability, followed by the 0 povised: Jun. 05 2025
wt% YSZ experimental group. The 0.5 wt.% YSZ showed the highest wettability. 4 ccepted: Jun. 26’ 2025
The mean value of surface roughness decreased as the percentage of YSZNPs Published-Jun. 0 ]’ 2026
increased. The results of the XRD analysis performed on the YSZ nanopowder T
revealed the presence of multiple peaks and the crystalline structure of nanoYSZ.

Furthermore, studying AFM revealed that, as the percentage of nanoparticles

increased, the surface roughness decreased. Conclusion: The addition of 0.5%

YSZNPs to VST-50 RTV maxillofacial silicone enhanced wettability and a non-

significant decrease in surface roughness.

Nanoparticles, Wettability,
Surface Roughness.

1. Introduction

Birth abnormalities, facial trauma, or tumor removal surgery are all potential causes
of facial malformation. The size or position of the defect can make surgical repair unfeasible.
Ideally, a prosthesis would restore normal function and appearance by mimicking the
inherent traits of the missing tissues [1]. The majority of maxillofacial prostheses are made
of silicone elastomers. Because of their physical properties and flexibility, these materials are
ideal for applications requiring soft tissue movement. Additionally, these materials are
biocompatible, long-lasting, chemically inert, simple to work with, and comfortable to wear
[2]. Despite the various positive qualities of maxillofacial silicone outweighing those of
room-temperature-vulcanized (RTV) VerSilTal (VST-50) maxillofacial silicone elastomer
(VST-50 (RTV)), the primary issues with silicone are tensile and tear strength reduction, and
the degradation of its mechanical, physical, which are reduced elasticity, tensile strength,
surface cracking and increase surface roughness and deformation in thin area, and color
qualities as its ages [3]. The properties of silicone elastomers have been improved by
employing various methods. Adding nanofibers or nanofillers is one way to enhance the
material's mechanical and physical properties, such as its tear and tensile strengths, and
make it more applicable to therapeutic applications [4].

Twelve different varieties of yttria-stabilized dental zirconia are available. Yttrium
is commonly added to zirconia as a stabilizer in dental restorations. Adding 3 mol% of yttria
to zirconia, typically designated as 3Y-TZP, stabilizes the metastable tetragonal zirconia
polycrystal (TZP) form even at room temperature [5, 6]. Twelve different varieties of yttria-
stabilized dental zirconia are available. A large temperature range is required for the
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formation of the cubic phase of the material; however, stabilizing it by substituting some
yttrium ions for zirconium ions makes this process possible [7]. The amount of yttria in
zirconia determines the kind of zirconia (TZP, tetragonal zirconia polycrystal) [8, 9].

In terms of mechanical qualities and transparency, zirconia with a low yttria
concentration (3Y-TZP, 3 mol% Y-TZP) is preferable, whereas zirconia with a high yttria
content (6Y-TZP, 6 mol% Y-TZP) is less transparent but has superior mechanical
capabilities. Cubic Stabilized Zirconia (CSZ) is a kind of zirconia that has a stable cubic
phase at room temperature and contains more than 8 mol% yttria [10]. This study was set
out to determine the impact of adding Yttria-stabilized zirconia nanoparticles (YSZNPs),
which possess exclusive mechanical and physical properties, of varying percentages, on the
wettability and surface roughness of VST-50.

The mechanism for achieving these goals is also determined according to
hypothetical theories. The null hypothesis (HO) states that the physical and mechanical
properties will not change significantly after the addition of 3 mol% YSZNPs to the
maxillofacial silicone material. The alternative hypothesis (H1) suggests that the physical
and mechanical properties will be significantly enhanced after the addition of 3 mol%
YSZNPs to the maxillofacial silicone material.

2. Materials and Methods
2.1. Sample Preparation

The samples were made using a VST-50 (from Factor II Inc. in the USA), which is
room-temperature vulcanized (RTV), and YSZNPs (from US research, Nano Materials Inc.,
USA). Three groups were established for the samples according to the amount of yttria in the
YSZ added to the VST-50:

1. Control group: neat VST-50 maxillofacial silicone with 0 wt.% Y SZnps.
2. Group I: VST-50 maxillofacial silicone with 0.5 wt.% Y SZnps.
3. Group II: VST-50 maxillofacial silicone with 1 wt.% Y SZnps.

Silicone elastomer VST-50 is one of the most popular and economical RTV silicone
elastomers. This material is a translucent two-component, low viscosity platinum-cured
silicone elastomer. The polymerization reaction is an addition, not a condensation, which
means that the reaction is without by-products and with acceptable mechanical properties.
VST-50 has the advantage of having an appropriate polymerization duration (6-8 hours) at
room temperature [11]. YSZ has not been added previously to the RTV maxillofacial
silicone, so the influence of incorporating YSZ into the VST 50-RTV maxillofacial silicone
elastomer on certain mechanical and physical properties was evaluated in this study.
YSZnps were selected in this study because it has impressive mechanical and physical
characteristics. 3 mol% Y SZ exhibited significantly greater strength in terms of its physical
and mechanical properties, and it provides the highest reinforcement to rubber products,
which is ascribed to its small particle size (high surface area); it is also abundant and
inexpensive [12]. Sixty-three samples were split into two groups after preparation. There
were 30 samples in each test, distributed as follows: 30 for the wettability test, 30 for the
surface roughness test, and 3 for the Atomic Force Microscopy (AFM). All data were
statistically analyzed using the (26.0) version of Statistical Package for the Social Sciences
(SPSS). The control group's samples were created by combining the VST-50 maxillofacial
silicone base and the catalyst and then weighing them using a 4-digit electronic scale (0.000).
An amount of 200 g of silicone base and 20 g of catalyst, a 10:1 ratio by weight
(manufacturer recommended ratio), were mixed in a vacuum mixer (140£10 rpm under 28-
inch Hg pressure) for 5 minutes to remove air bubbles [13]. Group I and II samples were
prepared by weighing the base and the YSZnps with a 4-digit electronic balance, according
to the percentage of addition, subtracting the weight of the YSZnps from the weight of the base.
Mixing proportions are represented in Table 1 [13].
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Table 1: Mixing proportions of silicone and YSZnps.

Group Base (g)| Catalyst(g) |YSZ(g)| Total(g)
Control (0wt.% YSZ) 200 20 0 220
0.5 wt.% YSZ 199 20 1 220
1 wt.% YSZ 198 20 2 220

2.1.1. X-Ray Diffractometer (XRD)
XRD is a technique for measuring the resulting diffraction material. The diffraction
material provided information about the crystal structure and determined the average crystal size
(D). D was around 19.53 nm as calculated by the Scherrer equation, Eq. (1):

0.91

b= [BcosB @)

where A, 0, B represent X-ray wavelength, Bragg diffraction angle, and Full Width Half
Maxima, respectively. Our calculated average crystallite size of 19.53 nm indeed falls within the
established 1-100 nm range for nanoparticles.

2.1.2. Wettability Test
Samples measuring 25 % 25 x 6 mm were made according to the specified
dimensions [14]. A static sessile drop method was used in this study to evaluate the effect of
adding YSZNPs on the wettability properties of VST-50 maxillofacial silicone material. To
conduct the wettability test, a lateral view of a liquid drop placed on a solid substrate over a
horizontal flat surface was captured after about 3 seconds; the view was then analyzed using
Dino Capture, which is a special computer software (Fig. 1).
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Figure I1: Dino Capture: showing a lateral view of a liquid drop.

The angle formed between the distilled water (liquid), the sample surface (solid), and
the surrounding air (atmosphere) is the contact angle. A Dino-Lite digital microscope was
utilized to capture a magnified image (45xmagnification) of this contact angle by capturing
the lateral view of the sample profile along with the distilled water drop placed over its
surface. The Dino-lite microscope was positioned parallel to the sample surface. A
micropipette was held vertically over the sample surface to ensure a 40ul uniform standard
drop of distilled water. The Dino-Lite digital microscope and micropipette are shown in Fig.
2.
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A special software system of the microscope (Dino Capture) was utilized to analyze
the magnified picture automatically by drawing a tangent to the distilled water drop that take
about 3 seconds before evaporation or absorption begin; the angle developed between the
baseline of the drop and the tangent (three-phase-lines: air/liquid/solid) was measured and
considered as the contact angle value; as the contact angle decreases the wettability increases
and vice versa.

Figure 2: The Dino-Lite digital microscope and the micropipette used in the wettability test.
2.1.3. Surface Roughness Test Specimens Design

Specimens with dimensions 25 x25 x6mm +0.2 (Fig. 3) were prepared to be used for
surface roughness test according to specification [14].

25 mm

M
v

Omim

Figure 3: Dimensions of specimens used in Surface Roughness test.

2.2. Testing Procedure

A portable digital roughness tester (Contact profilometer) with an accuracy of
0.001 pum was used to assess the surface roughness of the samples. This device contains
a sensitive diamond probe (surface analyzer) to trace the surface irregularities. It has been
adjusted so that the stylus touches every specimen, which is placed on a solid and stable
surface, taking three measurements at different locations on its surface [15]. The Ra
parameter (surface roughness) is displayed on the digital scale when the stylus reaches the
first point after moving over the sample surface for 11 mm (Fig. 4). Overall, these
observations of surface peaks and troughs provide a basis for this metric [16]. Later, the
roughness value was calculated as the mean of the three measurements [17].
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Figure 4: Surface roughness test (A) Contact profilometer, (B) Surface roughness test specimen.

2.3. Atomic Force Microscopy (AFM)

The topography of the silicone samples' surfaces was analyzed with an Atomic Force
Microscope (AFM, model TT-2). The samples surfaces were scanned by the probe, which
consists of a sharp tip and a miniature cantilever. The apex of the sharp tip remained in
continuous contact with the sample surface during imaging performed in the AFM contact
mode, while it was in intermittent contact with the sample in the tapping mode. While
operating in non-contact mode, the probe was entering the resonance oscillation which
contains a small amount of piezoelectric material. Cantilever bending was in the non-contact
mode with the tiny tip positioned at its end [18].

3. Results and Discussion
3.1 X-Ray Diffraction (XRD)

Fig. 5 displays the XRD pattern of YSZnps. All diffraction peaks corresponding
to 111,200, 220, and 311 planes can be attributed to the main peaks of YSZ, as compared
to the data from JCPDS-01-082-1241 [19, 20]. The average grain size calculated by Eq. (1)
yielded a value of about 19.53 nm. where 26 (deg.) is the two-theta angle in degrees, C.S
(nm) is the crystallite size in nanometers, hkl are the Miller indices of the reflecting plane,
and Avg. C.S (nm) is the average crystallite size in nanometers. Characterization shows
the phases of the material and crystallinity [22]. XRD analysis results of YSZ nano powder
revealed the presence of multiple peaks indicative of its nanocrystallinity and
nanostructure. These findings agree with those of Ahmed and Khalaf [22], who added
ultraviolet-absorbing bisoctrizole to maxillofacial silicone.
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Figure 5: XRD pattern for YSZ nano powder.
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Table 2: XRD analysis for the average grain size of YSZ nanopowder (nm).

Sample 20 (degree) | C.S (nm) hkl Avg. C.S (nm)
29.72 27.83585 111
YSZ 35.09 9.177674 200
Nanopowder | 504 1233914 | 220 19.53
60.54 28.79475 311

3.2. Wettability Test

Experimental group II (1wt% YSZ) showed the highest mean value of static contact
angle (101.49 which means lowest wettability, followed by the control group (0 wt.% YSZ)
(91.919, while group I (0.5wt.% YSZ) showed the lowest mean value of contact angle
(79.92), which means the highest (best) wettability, as shown in Fig. 6. The comparative
significant F-test of the wettability test using one-way ANOVA revealed a highly significant
difference among groups, as shown in Table 3. Materials used as a maxillofacial prosthesis
should have good wettability, as higher wettability means a higher lubricating effect between
the prosthesis and the supporting tissues [21]. The results of this study indicated a highly
significant decrease in the contact angle test, increase in wettability after the addition of 0.5%
YSZnps. This may be that the pores on the sample surface were filled by nanoparticles,
leading to a decrease in the surface irregularities and contact angle, thereby enhancing the
wettability. This result disagrees with that of AlSmael [21], who added titanium silicate nano
filler to maxillofacial silicone.

Conversely, the results of adding 1% YSZnps showed that the contact angle had
increased, indicating a decrease in wettability, which may be due to some agglomerations
of YSZnps on silicone surface with the increase of nanoparticles concentration, this could
also be attributed to the effects of the purification and surface tension of water; a liquid with
low tension surface will wet the surface more easily [23]. Also, when the surface free energy
of the solid is low, wettability decreases. Therefore, the wettability can be improved by
either lowering the surface tension of the liquid or increasing the surface free energy of the
solid [23]. The decrease in wettability at 1% YSZNPs may result from reduced surface free
energy of the silicone as nanoparticle concentration increases. These findings agreed with those
of AlSmael [21]. So, this decrease in wettability with the addition of 1% Y SZnps, as a limitation,
requires further future investigations
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Figure 6: Bar chart showing the mean and standard deviation values of the wettability test.

1%

Table 3: One-way ANOV A for wettability test.

ANOVA table SS | DF | MS | DF | F Value |P value
Treatment (between columns) | 2319 | 2 | 1160 | 27 645.2
Residual (within columns) | 48.53 | 27 | 1.797 P<0.0001
Total 2368 | 29
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Bonferroni multiple comparisons test was conducted to compare mean value of
wettability between study groups, the test revealed a highly significant differences
between all study groups, as shown in Table 4.

Table 4: Bonferroni Multiple Comparison test of wettability test.

Bonferroni multiple comparisons test | Mean Diff. | Adjusted P Value
Control vs. 0.5% 11.99 <0.0001
Control vs. 1% -9.494 <0.0001
0.5% vs. 1% -21.49 <0.0001

3.3 Surface Roughness

The surface roughness test of the experimental groups (0wt%, 0.5wt% and 1wt%
YSZ) showed that the highest mean value of surface roughness was for the control group
(0.384um); experimental group II (1wt% YSZ) showed the lowest mean value (0.293um)
among all other groups, as shown in Fig. 7. Table 5 shows the Welch's ANOVA test result
non-significant value. The reduction of the silicone's surface roughness may be due to filling
the gaps between the polymer matrix with nanoparticles. Furthermore, well-magnetic stirring
at the beginning of the mixing process allowed the nanoparticles to fill the spaces on the sample
surfaces, increasing with the YSZnps increase. However, the decrease in surface roughness
was statistically non-significant, due to the very small percentages of utilized nanoparticles.
The results of this study agreed with the results obtained by Ali and Abdul-Ameer [24], who
used hexagonal boron nitride microparticles with maxillofacial silicone. The results of this
study disagree with the results obtained by Abdulkareem and Hamad [11], who added
aluminum oxide (Al>O3) nanoparticles to maxillofacial silicone, disagree with the results of
Tukmachi et al. [25], who used zirconia nanopowder with maxillofacial silicone, and also
disagree with the results of Ahmed and Khalaf [22], who used ultraviolet-absorbing
bisoctrizole with silicone. The limitation of this study was the use of VST-50 RTV
maxillofacial silicone, which needs a long setting time of 8-12 hours. Therefore, it is
recommended to use VST-30 or VST-50F instead, which have a much shorter setting time.
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Figure 7: Bar chart shows the mean and standard deviation values of the surface roughness test.

Table 5: Welch's ANOVA for Surface roughness test.

Welch's ANOVA test
W Value P Value
3.242 0.0660
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3.4. AFM

To quantitatively measure the surface roughness of specimens in three dimensions,
studying atomic force at the microscopic level is ideal. As the percentages of nanoparticle
grafting increased, the specimen roughness decreased compared to that of the control
specimen. Figs. 8, 9, and 10 show two- and three-dimensional images of the control and
experimental groups of VST-50 maxillofacial silicone elastomer obtained by AFM analysis,
along with bar charts of YSZ powder, illustrating the granularity accumulation distribution of
nanograins. The surface roughness values as reported by AFM measurements are listed in Table
6. The roughness of VST-50 maxillofacial silicone elastomer decreased from 5.16 nm in
control specimens to 4.81 nm after the addition of 0.5wt% Y SZ and to 3.23 nm in 1wt.%
YSZ. The reason for this decrease in the surface roughness of the silicone material after
increasing the concentration of YSZ may be due to the fact that the nanoparticles of the
material filled the microvoids or spaces on the surface of the silicone material. The higher the
concentration of YSZ, the more voids were filled, and the roughness decreased further.
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Figure 8: AFM analysis of control specimen (2D and 3D).
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Figure 9: AFM analysis of 0.5wt.% YSZ specimen (2D and 3D).
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Figure 10: AFM analysis of Iwt.% YSZ specimen (2D and 3D).

Table 6: Surface roughness report of AFM.

Groups Average roughness(nm)
VST-50 maxillofacial silicone control specimen 5.16
0.5wt% YSZ specimen 4.81
1wt% Y SZ specimen 323

4. Conclusions

The wettability was enhanced after the addition of 0.5 wt.% YSZ nanoparticles, showing a
highly significant increase. In contrast, the addition of 1 wt.% YSZ nanoparticles resulted in a
reduction in wettability. A non-significant decrease was noted in surface roughness with
increasing the percentage of YSZ nanoparticle addition. The optimum rate of YSZnps to be added
to the silicone is 0.5 wt.%; the decline in the surface roughness was non-significant within the
acceptable clinical limit.

Acknowledgements
The authors thank the College of Dentistry, University of Baghdad, for the support in this work.

Conflict of interest
The authors declare that they have no conflict of interest.

References

1. P. Cevik and O. Eraslan, Effects of the Addition of Titanium Dioxide and Silaned Silica Nanoparticles on the
Mechanical ~ Properties  of  Maxillofacial  Silicones, J. Prosthodont. 26 (7), 611 (2017).
https//doi.org/10.1111/jopr.12438.

2. R. Lanzara, M. Viswambaran, and D. Kumar, Maxillofacial prosthetic materials: current status and recent
advances: A comprehensive  review, Int. J.  Appl.  Dent.  Sci.7(2), 255  (2021).
https//doi.org/10.22271/oral.2021.v7.i2d.1219.

3.  A.F.Kumail and T. I. Hamad, Evaluation of some Mechanical Properties of Room Temperature Maxillofacial
Silicone after the addition of Nano Barium Titanate, Rev. Bionatura. 8 (3), 35 (2023).

4. M. Al-Samaray, H. Al-Somaiday, and A. K. Rafeeq, Effect of Adding Different Concentrations of CaCOs-SiO2
Nanoparticles on Tear Strength and Hardness of Maxillofacial Silicone Elastomers, Nano Biomed. Eng. 13 (3),
257 (2021). https//doi.org/10.5101/nbe.v13i3.p257-263.

5.  A. Abdulmajeed, T. Sulaiman, A. Abdulmajeed, S. Bencharit, and T. Nérhi, Fracture Load of Different Zirconia
Types: A Mastication Simulation Study, J. Prosthodont. 29 (9), 787 (2020). https//doi.org/10.1111/jopr.13242

6. L.V.C. Arcila, N. C. Ramos, T. M. B. Campos, K. S. Dapieve, L. F. Valandro, R. M. Melo, and M. A. Bottino,
Mechanical behavior and microstructural characterization of different zirconia polycrystals in different
thicknesses, J. Adv. Prosthodont. 13 (6), 385 (2021). https//doi.org/10.4047/jap.2021.13.6.385.

7. A.Zarkov, A. Stanulis, J. Sakaliuniene, S. Butkute, B. Abakeviciene, T. Salkus, S. Tautkus, A. F. Orliukas, S.
Tamulevicius, and A. Kareiva, On the synthesis of yttria-stabilized zirconia: a comparative study, J. Sol-Gel
Sci. Technol. 76 (2), 309 (2015). https//doi.org/10.1007/s10971-015-3778-1.

148



https://onlinelibrary.wiley.com/doi/10.1111/jopr.12438
https://www.doi.org/10.22271/oral.2021.v7.i2d.1219
https://www.sciopen.com/article/10.5101/nbe.v13i3.p257-263
https://onlinelibrary.wiley.com/doi/10.1111/jopr.13242
https://jap.or.kr/DOIx.php?id=10.4047/jap.2021.13.6.385
https://link.springer.com/article/10.1007/s10971-015-3778-1#citeas

Iraqi Journal of Physics, 2026 Muna 1. Abdulmunem and Thekra 1. Hamad

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

V. Lughi, and V. Sergo, Low temperature degradation -aging- of zirconia: A critical review of the relevant
aspects in dentistry, Dent. Mater. 26, 807 (2010). https://doi.org/10.1016/j.dental.2010.04.006.
N.M.Omar, M. F. Aldamaty, and T. E Shokry, Effect of Yttria Percentage and Different Surface Treatments on
the Flexural Strength of Zirconia Materials: An In Vitro Study. J. Contemp. Dent. Pract. 26(2), 184 (2025).
https://doi.org/10.5005/jp-journals-10024-3822.

S. Kongkiatkamon, D. Rokaya, S. Kengtanyakich and C. Peampring, Current classification of zirconia in
dentistry: an updated review, PeerJ. 11, e15669 (2023). https://doi.org/10.7717/peerj.15669.

A. A. AbdulKareem and T. I. Hamad, The Effects of Nano Alumina on Mechanical Properties of Room
Temperature Vulcanized Maxillofacial Silicone (Pilot Study), J. Bagh. Coll. Dent. 31(4), 57 (2019).
https://doi.org/10.26477/jbed.v31i4.2722.

Y. Liao, M. Gruber, H. Lukic, J. McLees, S. Chen, A. Boghosian and S. Megremis, Survey of the Mechanical
and Physical Behaviors of Yttria-Stabilized Zirconia from Multiple Dental Laboratories, JADA Found. Sci. 2,
100018 (2023). https://doi.org/10.1016/j.jfscie.2022.100018.

Y. M. Kareem, Evaluating the Effect of Barium Titanate Nanofiller Addition on the Thermal Conductivity and
Physio-Mechanical Properties of Maxillofacial Silicone, J. Bagh. Coll. Dent. 36, 20 (2024).
https://doi.org/10.26477/jbcd.v36i2.3674.

ISO 48-4. Rubber, vulcanized or thermoplastic -- Determination of hardness -- Part 4: Indentation hardness by
durometer method (Shore hardness); 2018.

A. A. Abdulkareem and Th. Hamad, Mechanical Behavior of Room Temperature Vulcanized Maxillofacial
Silicone Reinforced with Aluminum Oxide Nano Particles Before and after Artificial Accelerated Aging,
Indian J. Forensic Med. Toxicol. 13,952, (2019). https://doi.org/10.5958/0973-9130.2019.00421.3

ASME B46.1. Surface texture, surface roughness, waviness and lay, American society of mechanical
engineering, Three Park Avenue, NY, USA. 2009.

D. A. Shakir and F. M. Abdul-Ameer, Effect of nano-titanium oxide addition on some mechanical properties
of silicone elastomers for maxillofacial prostheses, J. Taibah Univ. Med. Sci. 13(3), 281 (2018).
https://doi.org/10.1016/j.jtumed.2018.02.007.

A.F. Kumail. Impact Of Some Mechanical Proprties of Room Temperature Maxillofacial Silicone After
Addition of Nano Barium Titanate. M.Sc. Thesis. University of Baghdad, Iraq, (2022).

M. R. Loghman-Estarki, M. Nejati, H. Edris, R. S. Razavi, H. Jamali and A. H. Pakseresht, Evaluation of hot
corrosion behavior of plasma sprayed scandia and yttria co-stabilized nanostructured thermal barrier coatings
in the presence of molten sulfate and vanadate salt, J Eur. Ceram. Soc. 35(2), 693 (2015).
https://doi.org/10.1016/j.jeurceramsoc.2014.08.029.

H. Al Kharusi, M. Svensson, B. Salamatinia and B. A. Horri, Gelling synthesis of NiO/YSZ nanocomposite
powder for solid oxide fuel cells, Adv. Mater. Proc. 2(12), 813 (2017). https://doi.org/10.5185/amp.2017/922.
M. A. R. Alsmael, The Effect of Adding Titanium Silicate Nano Fillers on Some Properties of Maxillofacial
Silicone Material, M.Sc. Thesis, University of Baghdad, Baghdad, Iraq, (2018).

W. A. Ahmed and B. S. Khalaf, Enhancing Photostability of Maxillofacial Silicone by the Addition of
Ultraviolet Absorbing Bisoctrizole: A Review of Literature, Misan J. Acad. Stud. 22(48), 242 (2023).
https://doi.org/10.54633/2333-022-048-018.

F. Huang, Y. Yang, S. Kang, K. Wang and M. Zhang, Microscopic insights into water wetting behaviors and
physical origin on a-quartz exposed to varying underground gas species, Chem. Eng. J. 498, 155128 (2024).
https://doi.org/10.1016/j.cej.2024.155128.

M.S. Ali, and F.M. Abdul-Ameer, Evaluating the biocompatibility of maxillofacial silicone enhanced by
hexagonal boron nitride particles. Master’s thesis, College of Dentistry, University of Baghdad, Iraq, (2024).
M. S. Tukmachi, I. N. Safi and M. M. Ali, Evaluation of mechanical properties and cytotoxicity of maxillofacial
silicone material after incorporation of zirconia nanopowder, Mater. Today Proc. 42, 2209 (2021).
https://doi.org/10.1016/j.matpr.2020.12.306.

149


https://doi.org/10.1016/j.cej.2024.155128
https://doi.org/10.5005/jp-journals-10024-3822
https://doi.org/10.7717/peerj.15669
https://doi.org/10.26477/jbcd.v31i4.2722
https://doi.org/10.1016/j.jfscie.2022.100018
https://doi.org/10.26477/jbcd.v36i2.3674
https://doi.org/10.5958/0973-9130.2019.00421.3
https://doi.org/10.1016/j.jtumed.2018.02.007
https://doi.org/10.1016/j.jeurceramsoc.2014.08.029
https://doi.org/10.5185/amp.2017/922
https://doi.org/10.54633/2333-022-048-018
https://doi.org/10.1016/j.cej.2024.155128
https://doi.org/10.1016/j.dental.2010.04.006

Iraqi Journal of Physics, 2026 Vol.24, No.2, PP.140-150

ol 3 any e U L A5l L gS 531 ¢ha oy gl 5 s Al il Jylas
3 A5 ) a Agd ie 5 )l glaall (Sl g 4 gl ¢ g€l Aty 10

laaa Jelaw) 83 5 Tardal) 28 Jelan)
Gl padl colags colagy deals ¢ liny/ b LS cduc libialf uLaa.rJu_Trauﬁ]

Ladal)

OaSaband) 31 Y el e AEIRN 5 Al el aa 5 ) Aslad i JRaY) LAl (Sl 5 an sl sl a8 Reaieall ) sSibadl 3l aab
a5 YL el il a5 s€ 5 50 2uS] Cllasen Adln) Ll Al a Canill 138 e i) Cangd) 325al Cum e JLeSl) e Tauny
Aipad) 2021 3 s0n 5 (AFM) i) 5 5l gmnally a5 Fymdand) 45 5801 5 JLal) (il e (0351 00 %15 %0.5 damsé) (YSZnps)
< YSans u\.uu;u&.ua\ Lilias) ;_:Lﬂ_u]\d_\l;.:?.: (RTV)MJ:J\ a‘)\‘);ﬁ)d‘_g@buﬂ (VST 50) CSall g an gl o sSalud (XRD)
VST 50 RTV OsSilis (e de 63 4o sene bo QA5 juiand S 55l (0 %15 %0.5 S VST- SORTVu-\Sﬂ‘;‘*AJ“u;&LM
e %1 e s sind ) Ay il de panal) A dan sia jedal (L) HlaaY dnally Al de 3 Cle saae MW ) de gane IS Caand
mu@;\yszw%osénsw@\uwmx_um YSZ e s5in3 Y ) Ay paidl) de sanall Lol (JLall 4008 3 YSZ
L_Acd);\L;Aﬂ(XRD)w\wY\APdJ;J@LuL\LIS YSansummme@w\M)@\wLu)uua&M\ Jlall
uw\waab)@M\AFMmbéu‘x_L\ cdhéc 5 9ok l’lanOYSZJ‘*-U)L‘S“‘-‘-‘:‘”JNMeASJﬁJLPLﬁ}u‘YSZde
Opead ) VST-50 RTV 0sSill 5 a5l 0 5Sibas ) YSZnps Slass (0 %0.5 2l <ol :Aadall dandand) 43 5821 cumias) ey sl
gl B5,880 i gale e (palialy LAl 2146

. )45 e3A JL AL (A gl Clavwadl b yRYL Adial W N oepaSall g an ) sdaalidal) clalsl)
Ko = 25 = 2 s D) = O3 -

150



