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ـكمويناتيتلاديسكأةفاضإىلعةبترتملاراثلآاةساردلاهذهتميّق:ثحبلافادهأ
ةينوكيليسلانئادللاةبلاصو،ةلاطتسلااةبسنو،دشلاةوقوقزمتلاىلع’رليفونان’
ةينوكيليسلانئادللاو"فإ٥٠يتسإيف"ةفرغلاةرارحةجرديفكفللةنكربملا
."٥١١مإليسيمزوك"ةيلاعلاةرارحلاةجرديفكفللةنكربملا

"و"فإ٥٠يتسإيف"ةيكفلانئادللانمنيعونمادختسامت:ثحبلاقرط
امدادعإمتو."رليفونان"ـكمويناتيتلاديسكأقوحسممدختُساو."٥١١مإليسيمزوك
ةجردبنئادللةنيع٦٠وةفرغلاةرارحةجردبنئادللةنيع٦٠:ةنيع١٢٠هعومجم
اقفوتاعومجمثلاثىلإنئادللانمعونلكنمتانيعلاميسقتمتو.ةيلاعلاةرارحلا
.ةبلاصلارابتخاو،دشلاةوقرابتخاو،قزمتلاةوقرابتخا:تيرجأيتلاتارابتخلال
:نيتيعرفنيتعومجمىلإةعومجملكتمسقُو.رابتخالكلةنيعنورشعتمدختسأ
،ةبرجتلاةعومجم)ب(ومويناتيتلاديسكأ-وناننودبنوكيليس،مكحتلاةعومجم)أ(
نم٪٠.٢ونزولانم٪٠.٢٥ةبسنبمويناتيتلاديسكأ-ونانهيلإفاضمنوكيليس
تلمش.يلاوتلاىلع"٥١١مإليسيمزوك"و"فإ٥٠يتسإيف"ـلةبسنلابنزولا
تانايبلاليلحتمتامك،تانيعلامييقتاهدعبمتو.تانيعةرشعةيعرفةعومجملك
.نيهاجتلاايف"افونأ"رابتخاويفصويئاصحإليلحتمادختساب

’رليفونان’ـكمويناتيتلاديسكأنمنزولاب٪٠.٢ونزولاب٪٠.٢٥ةفاضإتدأ:جئاتنلا
تاذةدايزىلإيلاوتلاىلع"٥١١مإليسيمزوك"و"فإ٥٠يتسإيف"نملكىلإ
.ةبلاصلاوةلاطتسلااةبسنودشلاةوقوقزمتلاةوقلةطسوتملاميقلايفةيئاصحإةللاد

يف"نملكىلإمويناتيتلاديسكأ-وناننمةراتخمزيكارتةفاضإنإ:تاجاتنتسلاا
ىلإتدأنيكفلانوكيليسداومنم"٥١١مإليسيمزوك"و"فإ٥٠يتسإ
.امهنملكلةيكيناكيملاصاوخلانسحت

صاوخلا؛نيكفلانوكيليسنئادل؛٥١١مإليسيمزوك:ةيحاتفملاتاملكلا
فإ٥٠يتسإيف؛مويناتيتلاديسكأ-ونان؛ةيكيناكيملا
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Abstract

Objective: This study evaluated the effects of adding ti-

tanium oxide (TiO2) nanofillers on the tear strength,

tensile strength, elongation percentage, and hardness of

room-temperature-vulcanized (RTV) VST50F and high-

temperature-vulcanized (HTV) Cosmesil M511 maxillo-

facial silicone elastomers.

Methods: Two types of maxillofacial elastomers,

VST50F RTV and Cosmesil M511 HTV, were used.

Nano-TiO2 powder was applied as a nanofiller. A total of

120 specimens were fabricated, 60 each of VST50F and

Cosmesil M511. The specimens of each type of elastomer

were divided into three equal groups on which tests were

conducted for tear strength, tensile strength, and hard-

ness i.e., 20 specimens were used for each test. Each

group of 20 specimens was further divided into two equal

subgroups: (A) control i.e., silicone without nano-TiO2,

and (B) experimental i.e., VST50F and Cosmesil M511

silicone incorporated with 0.25 wt% and 0.2 wt% nano-

TiO2, respectively. Each subgroup thus had 10 specimens.

The specimens were evaluated, and data were studied

using descriptive statistical analysis and two-way analysis

of variance (ANOVA).

Results: The addition of 0.25 wt% and 0.2 wt% TiO2

nanofiller into VST50F and Cosmesil M511 elastomers,

respectively, resulted in a statistically significant increase

in the mean values (p < 0.01) of tear strength, tensile

strength, elongation percentage, and hardness of the

materials.

Conclusion: The mechanical properties of the VST50F

and Cosmesil M511 maxillofacial silicone materials

improved with the addition of select concentrations of

nano-TiO2.
y. This is an open access article under the CC BY-NC-ND license
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Introduction

Surgical reconstruction may be impossible owing to the
size or location of facial disfigurement resulting from

congenital anomaly, trauma, or surgery for tumors. The
patient’s medical condition or personal desires may also
preclude reconstructive surgery. In such cases, prosthetic

rehabilitation is indicated.1

A maxillofacial prosthesis is aimed at restoring the
disfigurement to normalcy in appearance and function; it is

used to transform congenital, developmental, and acquired
head and neck defects through reproduction of the natural
aspects of the lost structures.2

Various materials including wax, ivory, metal, wood, and

new polymers such as silicone elastomers, polyurethane
elastomers, and acrylic resins, have been employed to fabri-
cate maxillofacial prostheses.3

Silicone elastomer is the most preferred material for
fabrication of maxillofacial prostheses because of its chemi-
cal inertness, durability, ease of manipulation, and

biocompatibility.4

The most common reasons for re-fabrication are the ex-
pected half-life and degradation of color and mechanical

properties of silicone maxillofacial prostheses.5 Silicone
elastomers exhibit several unwanted properties such as low
tear and tensile strength, inadequate elasticity, and
degradation of physical properties and color; these are

considered to be the most critical properties of materials
used to fabricate maxillofacial prostheses.6

Many factors affect the mechanical properties of silicone

elastomers. Among these are the molecular weights of poly-
mer chains, cross-link density, and incorporation of fillers.7 In
the last 15 years, the growth of the chemical industry has

prompted research into the development of new industrial
processes whereby nanoparticles (NPs) are incorporated
into the polymer matrix to provide a new class of polymer
materials with enhanced flexibility resulting from the

strength of the nano-oxides.8,9

Several studies have been conducted to address the me-
chanical deficiencies ofmaterials by adding reinforcing agents.

In one such study, nano-TiO2, ZnO, and CeO2 incorporated
into silicone elastomer A-2186 in concentrations of 2.0% and
2.5% improved its overall mechanical properties (tear

strength, tensile strength, and elongation percentage).10

An evaluation of the effects of reinforcing HTV MDX 4-
4515 silicone maxillofacial materials with functional poly-

hedral oligomeric silsesquioxane (POSS) NPs at 0.0, 0.5, 1.0,
2.0, and 5.0 wt% (mass/mass) loading revealed that func-
tional NPs can be used to improve properties (tear strength
and tensile strength) without compromising on clinical

handling.11
The effects of the incorporation of NPs (ZnO, BaSO4, and
TiO2 at concentrations of 1% and 2%) on the tear strength,

hardness, and permanent deformation of a facial silicone
were evaluated; the study recommended the use of ZnO NPs
as they do not negatively affect the properties of the silicone

material (V(Silastic MDX4-4210; Dow Corning Corp Med-
ical Products)) evaluated.12

Incorporation of nano-TiO2 can improve the optical and

mechanical properties of polymers due to strong interfacial
interaction between the organic polymers and the inorganic
NPs. NPs are characterized by their small size, large specific
area, and ability to produce quantum effects.13

In the present study, TiO2 nanofiller was incorporated
into two types of maxillofacial silicone elastomers, VST50F
RTV and Cosmesil M511 HTV, to improve their mechanical

properties.

Materials and Methods

The maxillofacial silicone elastomers, VST50F RTV and
Cosmesil M511 HTV, were procured from Factor II, Inc.,

Lakeside, AZ, USA. Nano-TiO2 powder (SkySpring Nano-
materials, Inc., Houston, TX, USA) was incorporated into
each elastomer in specific concentrations determined from a

pilot study. A total of 120 specimens were prepared, 60 each
for the RTV and HTV silicone elastomers. The 60 specimens
of each type of elastomer were divided into three equal

groups according to the tests conducted on them. Each group
of 20 specimens was further subdivided into two equal sub-
groups: (A) control i.e., silicone without nano-TiO2, and (B)
experimental i.e., silicone incorporated with nano-TiO2.

Each subgroup was composed of 10 specimens.

Pilot study

A pilot study was conducted to determine the most suit-
able concentration of nano-TiO2 for use by evaluating its

effect on the tear strength and hardness of the elastomers.
The most suitable nano-TiO2 concentrations for the RTV
and HTV silicone elastomers were found to be 0.25 wt% and

0.2 wt%, respectively.

Mold making

The dimensions of the specimen were designed using
AutoCAD 2013 (Autodesk Inc., San Rafael, CA, USA) and
processed using a computer numerical control machine

(Tengzhou JiandaCNCMachineCo.,Ltd.,China) to form the
matrix part of the mold into which the material was poured.14

Mixing of the silicone base (part A) with nano-TiO2

For the experimental groups, nano-TiO2 powder was first

added into a mixing container with a clean spatula and
weighed by a digital electronic weight balance (0.000 digits;
China).Next, thepre-weighed siliconebase (partA)was added

gradually. Nano-TiO2 powder was first hand mixed with the
base for 1 min� 1 s with a clean, stiff, flat-ended spatula, and
then in amixer container for 2min� 1 s by amechanicalmixer
(customized vacuummixer system; Figure 1) without vacuum

to prevent suction of the nanopowder.15 The powder was

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1: Customized vacuum mixer system.

Figure 2: Pouring the room-temperature-vulcanized silicone elas-

tomer material into the mold with a constant load (1 kg) placed

over the acrylic mold.

Figure 3: Pouring the high-temperature-vulcanized silicone elas-

tomer material into the mold.
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again mixed for 7 min � 1 s using a mechanical mixer with
vacuum to prevent the formation of air bubbles.16 The

vacuum pressure was 28 in Hg, as recommended by the
manufacturer.17 Prior to the addition of the cross-linking
agent (part B), the mixture was left to stand for 2 min

because the rotation of the mixer generated heat, which
reduced the working time of the material.18

Addition of the cross-linking agent (part B)

In accordance with the manufacturer’s instructions, the

base (part A) was mixed with the catalyst (cross-linking
agent, Part B) in the proportion of 10:1 for VST50F, while
the base (part A) was mixed with (cross-linking agent, part B)

in the same ratio of 10:1 for Cosmesil M511. The mixtures of
both the silicone elastomers were prepared at a relative hu-
midity (RH) of 50 � 10% and the temperature was

controlled at 23 � 2 �C. Parts A and B were mixed using a
mechanical mixer with vacuum for 5 min � 5 s to remove all
the air bubbles entrapped during the previous rounds of
mixing. Subsequently, the mixture was poured into a 6-mL

disposable plastic syringe for injection into the molds.

Pouring of mixture into the molds

The matrix, bottom parts, and cover of the mold for the

RTV silicone elastomers were previously coated with a
separating medium (alginate solution). The matrix and the
bottom parts were securely attached and placed on a dental
laboratory vibrator (XH-B VORTEX, China) operating at a

low speed. Next, the material was injected from the syringe
into the mold in excess. When all the air bubbles dis-
appeared, the vibrator was switched off. The cover of the

mold, previously coated with a separating medium, was
placed over the matrix starting from one side. At first, only
the bottom edge of the cover rested on the matrix while the

top edge was held aloft. The cover was then placed slowly
and carefully on to the matrix to remove excess material and
air from the mold. A constant load of 1 kg (CLW-A; Rex

Gauge Company, Inc., Buffalo, NY, USA) was applied over
the acrylic mold to ensure that all the bubbles were elimi-
nated (Figure 2). The load was then removed. The molds
were secured tightly with nuts and G-clamps (China), and

left to cure for 2e4 h, as recommended by the manufacturer.
To prepare the HTV silicone material, the glass slabs
(bottomand cover) and themetal moldwere first brushedwith

a separating medium and left to dry.17 Next, the metallic
matrix was placed over the bottom glass slab and secured
with screws. The silicone was then injected in excess into the
metal mold and left for 1 min to ensure that all the air

bubbles were removed from the mold (Figure 3). The glass
slab (cover), which was previously coated with separating
medium, was placed over the metal mold by the same

procedure that was followed for the RTV silicone material.
The difference was that the slab was transferred to an oven,
preheated to 100 �C, and cured for 1 h, in accordance with

the manufacturer’s instructions.
The material was poured at standard conditions with the

temperature controlled at 23� 2 �C and RH at 50� 10%, as

suggested by the manufacturer.19,20

Demolding and storage of samples

According to the product description, the RTV silicone
elastomer material sets in approximately 2e4 h, and the
HTV silicone elastomer material sets in a hot, dry oven in 1 h.
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Subsequently, the specimens were removed carefully from
the mold.21 Specimens with visible defects, as observed by the

same operator, were discarded before the tests.22 The
specimens were stored in a customized lightproof box in an
air-conditioned room with temperature in the range 10e
30 �C and RH � 80%.23

Conditioning of samples

The specimens were conditioned for 24 h prior to
testing.24 They were conditioned at a standard laboratory
temperature of 23 � 2 �C for a minimum of 3 h after flash

removal.25 The flash was removed with a scalpel and a
sharp #11 surgical blade.16

Mechanical testing procedures

1. Tear strength test

In accordance with ASTM D624, specimen testing was
conducted using a computer-controlled universal testing
machine (WDW-20, Laryee Technology Co., Ltd., Beijing,

China).20 Type C specimens were used to measure the tear
initiation strength (Figure 4). The following equation was
used to determine the tear strength:

Tear strength ¼ f=d;

where f is the maximum force required to break the sample
(kN), and d is the median thickness of each sample (m).20
Figure 4: Type C tear strength test sample, dimensi

Figure 5: Tensile strength Type 2 sample, dime
2. Hardness test

In accordance with ASTMD2240, the test was performed
on square specimens with dimensions of 25 � 25 � 6 mm3

using a Type A Shore hardness digital tester (HT6510
Portable Digital Durometer Shore A) with a blunt indenter,

1.25 mm in diameter.25 The hardness of the specimens was
measured at five different points that were at a distance of
6 mm from each other and also from the border; the mean

measurement values were considered to be the hardness of
the specimens.26

3. Tensile strength test

The specimens were prepared in a dumbbell shape (Type
2, Figure 5) in accordance with the ISO 37 test using a
computer-controlled universal testing machine (WDW-20,

Laryee Technology Co., Ltd., Beijing, China).27 The ultimate
tensile strength was calculated from the measured maximum
stretching force at break and the original cross-sectional area
of the sample using the following equation:

Ultimate tensile strength ðMPaÞ ¼ F=A;

where F is the force recorded at break (N), and A is the
original cross-sectional area of the samples (mm2).27

4. Elongation percentage test

In accordance with ISO 37, the elongation before break
was measured alongside the tensile strength. The elongation
ons in mm (adopted from ASTM D624, 2013).

nsions in mm (adopted from ISO 37, 2010).
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percentage at break was measured from the original length of
the tensile specimen and the length of the sample at break

using the following equation:

Elongation percentage at break ¼ ðLb� LoÞ=Lo � 100;

where Lo is the original length (mm), and Lb is the extension
at break (mm).27

Statistical analyses

To analyze the data of this study, the Statistical Package
for the Social Sciences software (version 23) was used. The
following statistical analyses were also performed:

(1) Descriptive statistics: graphical display by bar chart, and
(2) Inferential statistics: two-way ANOVA and multiple

comparisons were used as post hoc tests, with significance
level set at p < 0.01.

Results

Tear strength test

The mean values of the tear strength of the RTV speci-
mens (control ¼ 23.610 and experimental ¼ 27.670) were
higher than those of the HTV groups (control ¼ 12.682 and
experimental ¼ 13.940; Figure 6). The results of the two-way

ANOVA for tear strength showed that the difference was
highly statistically significant with p < 0.01 (Table 1).

The post hoc test was used for comparison among the

four groups namely, the control and experimental groups of
both the materials. A high statistically significant difference
(p < 0.01) in the mean values of tear strength was observed

between each pair of groups i.e., the control groups of the
two materials, the experimental groups of the two materials,
and the control and experimental groups of each material
(Tables 2 and 3).
Figure 6: Bar chart presenting the mean value
Hardness test

The mean values of hardness of the RTV specimens

(control ¼ 27.210 and experimental ¼ 29.270) were higher
than those of their HTV counterparts (control ¼ 23.150 and
experimental ¼ 24.080; Figure 7). The results of the two-way
ANOVA for Shore A hardness showed a high statistically

significant difference with p < 0.01 (Table 4).
The post hoc test was used to compare the mean values

of the four groups: namely, the control and experimental

groups of both the materials. A high statistically significant
difference (p < 0.01) was again detected between each
pair of groups i.e., the control groups of the two materials,

the experimental groups of the two materials, and the
control and experimental groups of each material (Tables 5
and 6).

Tensile test

The mean values of the tensile strength of the RTV
specimens (control ¼ 5.890 and experimental ¼ 6.450) were
higher than those of the HTV specimens (control ¼ 3.110

and experimental ¼ 3.360; Figure 8). The two-way ANOVA
yielded a highly significant difference with p< 0.01 (Table 7).

The post hoc test was used to compare the four groups

namely, the control and experimental groups of both the
materials. A highly statistically significant difference
(p < 0.01) was again observed between the control groups of

the two materials, the experimental groups of the two ma-
terials, and the control and experimental groups of each
material (Tables 8 and 9).

Elongation percentage (%) test

The mean values of the elongation percentage of the RTV
specimens (control¼ 1431.166 and experimental¼ 1462.707)

were higher than those of their HTV counterparts
s of tear strength for all groups in kN/m.



Table 1: Main effects of the two-way ANOVA on the tear strength test.

Material Group Mean �SD Material Group Material*Group *R2

RTV A 23.610 .341 F ¼
8435.360

P-value

¼ 0.00

392.360

P-value

¼ 0.000

F ¼
108.924

P-value

¼ 0.000

0.996

B 27.670 .469

HTV A 12.682 .281

B 13.940 .552

Table 2: Descriptive and statistical tests on the tear strength of

materials in each group.

Group Statistics Material F Sig.

RTV HTV

A Mean 23.610 12.682 3313.594 .000 HS

SE .134 .134

B Mean 27.670 13.940 5230.690 .000 HS

SE .134 .134

Table 3: Descriptive and statistical tests on the tear strength of

each group of material.

Material Statistics Group F Sig.

A B

RTV Mean 23.610 27.670 457.372 .000 HS

SE .134 .134

HTV Mean 12.682 13.940 43.912 .000 HS

SE .134 .134
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(control ¼ 1040.561 and experimental ¼ 1097.500; Figure 9).
The two-way ANOVA for these results showed that the
difference was highly statistically significant with p < 0.01

(Table 10).
The post hoc test was used for comparison between the

four groups namely, the control and experimental groups of
both the materials. A highly statistically significant difference
Figure 7: Bar chart presenting the mean val
(p < 0.01) was noted between the control groups of the RTV

and HTV materials and also between the experimental
groups of the two materials. However, unlike in the previous
tests, statistically significant difference was not observed

between the control and experimental groups of each of the
two materials with p > 0.01 (Tables 11 and 12).

Discussion

In this study, TiO2 NPs (TiO2 anatase, 99%, 10e30 nm)

were used as reinforcement materials to enhance the me-
chanical properties of the maxillofacial elastomers. Titanium
oxide NPs, 30e150 nm in size, are considered safe for use in

cosmetic products in concentrations of up to approximately
25%.28 Although the TiO2 NPs used in this study were of low
concentrations, they were handled with considerable care in

accordance with the instructions supplied in the safety data
sheet.29

The properties that are considered essential for maxillo-
facial silicone elastomers are high tear resistance, high tensile

strength, good level of elongation at break, adequate hard-
ness, and ideal color stability. Results from various studies
indicate that none of the trading materials tested can meet all

these criteria. Given the different components used in their
formulations, the materials available exhibit several differ-
ences in their mechanical and physical properties.4,30

To achieve the degree of reinforcement requisite for sig-
nificant improvement in mechanical properties, filler addi-
tion is deemed highly necessary. The reinforcement depends

to a large extent on the filler loading (amount of filler), filler
ues of Shore A hardness for all groups.



Table 4: Main effects of the two-way ANOVA on the Shore A hardness test.

Material Group Mean �SD Material Group Material *Group R2

RTV A 27.210 .288 F ¼
1500.804

P-value

¼ 0.00

22.397

P-value

¼ 0.000

F ¼
156.813

P-value

¼ 0.000

0.977

B 29.270 .529

HTV A 23.150 .249

B 24.080 .381

Table 5: Descriptive and statistical tests on the Shore A

hardness of materials in each group.

Group Statistics Material F Sig.

RTV HTV

A Mean 27.210 23.150 343.684 0.000 HS

SE .119 .119

B Mean 29.270 24.080 1313.933 0.000 HS

SE .119 .119

Table 6: Descriptive and statistical tests on the Shore A

hardness of each group of material.

Material Statistics Group F Sig.

A B

RTV Mean 27.210 29.270 148.869 0.000 HS

SE .119 .119

HTV Mean 23.150 24.080 30.341 0.000 HS

SE .119 .119
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characteristics (particle size or specific surface area, struc-
ture, and surface activity), polymer properties, and process-
ing conditions.31

The results of the tear strength test indicate that the tear
strength exhibited a highly statistically significant increase
(p < 0.01) when nano-TiO2 was added to VST50F (RTV)
Figure 8: Bar chart presenting the mean values
and Cosmesil M511 (HTV). In addition, a highly statistically

significant difference (p < 0.01) was observed between the
tear strengths of the two materials (Tables 1e3). The action
of the NPs in the continuous phase of the silicone elastomer

causes an increase in the formation of cross-linked structures
in the silicone material and in the cross-sectional area and
force, thereby enhancing the tear strength of the reinforced
material. Thus, incorporating TiO2 NPs strengthens the sil-

icone elastomers.32

The increase in tear strength can be explained by the
ability of the polymer to dissipate strain energy near the tips

of the growing cracks. When tearing propagates, nanofillers
dissipate the energy within the polymer matrix, making it
highly resistant to tearing; hence, a large load will be required

to break the polymer matrix completely.33

A reduction in curing time increases tear strength; thus,
when the matrix is slightly undercured, the tear resistance of

an elastomer is improved.34 The result of this study is similar
to those reported in previous studies that found that
incorporation of NPs improved the tear strength of silicone
elastomers.10,11,18

The results of the hardness test indicate that the RTV
silicone was harder than the HTV silicone, the difference
being statistically significant (p< 0.01). The increase in Shore

A hardness was highly statistically significant (p < 0.01)
when 0.25wt% and 0.2wt% of nano-TiO2 was added to the
RTV and HTV silicone materials, respectively. This finding

indicates that hardness increased but within a limited range
(Tables 4e6).
of tensile strength for all groups in MPa.



Table 7: Main effects of the two-way ANOVA on the tensile strength test.

Material Group Mean �SD Material Group Material*Group R2

RTV A 5.890 .285 F ¼
1838.246

P-value

¼ 0.00

35.002

P-value

¼ 0.000

F ¼
5.127

P-value

¼ 0.030

0.980

B 6.450 .288

HTV A 3.110 .088

B 3.360 .126

Table 8: Descriptive and statistical tests on the tensile strength

of materials in each group.

Group Statistics Material F Sig.

RTV HTV

A Mean 5.890 3.110 824.607 0.000 HS

SE .068 .068

B Mean 6.450 3.360 1018.766 0.000 HS

SE .068 .068

Table 9: Descriptive and statistical tests on the tensile strength

of each group of material.

Material Group F Sig.

A B

RTV Mean 5.890 6.450 33.461 0.000 HS

SE .068 .068

HTV Mean 3.110 3.360 6.669 0.014 HS

SE .068 .068
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The mean value of the Shore A hardness of the experi-
mental group was higher than that of the control group for
both the materials. This can be attributed to the effects of the

NPs on the elastic modulus of the silicone elastomer.35 The
elastic modulus of the silicone elastomer is proportional to
its Shore A hardness.36 Nanoparticle dispersion in the
silicone elastomer increases the cross-link density and

hardness.37
Figure 9: Bar chart presenting the mean values
The intermolecular or interatomic forces of a material

affect its elasticity. The stiffness or rigidity of a material with
high elastic modulus can be attributed to potent basic
attraction forces.38 These results are supported by the

findings of Han et al. (2008), Guiotti et al. (2016), and
Tukmachi and Moudhaffer (2017) who found that
incorporation of NPs increased the hardness of silicone
elastomers.10,15,18

The results of the tensile strength and elongation at break
tests indicate that the mean value of the RTV silicone was
higher than that of the HTV silicone, with a statistically

significant difference (p < 0.01). The results also show that
tensile strength exhibited a statistically significant increase
(p < 0.01) when nano-TiO2 was added in concentrations of

0.25wt% and 0.2wt% to the RTV and HTV silicone mate-
rials, respectively. The elongation percentage increased after
the addition of nano-TiO2 into both the types of elastomers.

Nevertheless, the amount added was not statistically signif-
icant (p > 0.01) when compared with unreinforced silicone
(Tables 7e12). This finding can be attributed to the chemical
and physical interactions of nano-TiO2 with the polymer

chains. The tensile strength and elongation of the cured
silicone elastomer depend considerably on the cross-linking
system, cross-linking density, and interaction between the

fillers and polymer chains.4

The reinforcement mechanism of the nanofiller is that
NPs act as multifunctional cross-links by forming strong

hydrogen bonds between surface hydroxyl groups and pol-
ydimethylsiloxane (PDMS) chains. These multifunctional
cross-links increase the overall cross-linking density of the
polymer and make it largely stiff and strong. Under tensional
of elongation percentage (%) for all groups.



Table 10: Main effects of the two-way ANOVA on the elongation percentage test.

Material Group Mean �SD Material Group Material*Group R2

RTV A 1431.166 56.900 F ¼
269.526

P-value

¼ .000

F ¼
3.694

P-value

¼ .063

F ¼
.304

P-value

¼ .585

0.874

B 1462.707 120.003

HTV A 1040.561 59.120

B 1097.500 7.824

Table 11: Descriptive and statistical tests on the elongation

percentage of materials in each group.

Group Statistics Material F sig.

RTV HTV

A Mean 1431.166 1040.561 143.972 .000 HS

SE 23.019 23.019

B Mean 1462.707 1097.500 125.858 .000 HS

SE 23.019 23.019

Table 12: Descriptive and statistical tests on the elongation

percentage of each group of material.

Material Statistics Group F Sig.

A B

RTV Mean 1431.166 1462.707 .939 .339 NS

SE 23.019 23.019

HTV Mean 1040.561 1097.500 3.059 .089 NS

SE 23.019 23.019
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forces, these cross-links prevent the PDMS chains from
breaking, thus increasing the tensile strength.39

Tensile strength can be considered based on the cata-

strophic tearing of cracks from voids. A small amount of
elastic energy can break the polymer network when the
elastomeric network can dissipate input energy into heat.
Filler addition is a good source of energy dissipation.40

At a high TiO2 particle loading, the fillerefiller interaction
results in an agglomerated morphology. Particle agglomer-
ation leads to a reduction in the aspect ratio of the TiO2

particles. Consequently, the contact surface between the
polymer matrix and the particles is reduced. The agglomer-
ated TiO2 particles may also act as stress concentration sites

in the composites. Thus, when exposed to tensile mode
distortion, the particles detach and de-bond from the poly-
mer matrix.41 The findings on tensile strength and elongation

at break in this study agree with those of previous
studies.10,11,18
Conclusion

Within the limits of this study, the incorporation of nano-
TiO2 into VST50F (RTV) and Cosmesil M511 (HTV)

maxillofacial silicone elastomers improved some of their
mechanical properties such as tear strength, tensile strength,
and elongation at break. Nano-TiO2 increased the hardness
of silicone in direct proportion to the concentration of the

nanofiller.
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