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A seal is a mechanism or a piece of material that securely shuts a hole so that air, liquid, or other substances cannot enter or exit
the system. Seals are an essential component of practically all machinery and engines and have several applications in industry.
The development of novel materials for sealing applications is essentially required on these days. In this research, an attempt is
made to find the polymer material for the said application. Poly vinyl rubber material has been taken, and the specimens are
prepared for testing the tensile properties and hardness. The specimens were prepared by using die with various temperatures
and curing time. Sixteen specimens were prepared by changing the curing temperature, curing time, postcuring temperature,
and postcuring time. The curing temperature 150°C and 170°C, postcuring temperature 100°C and 50°C, curing time 14mins
and 18mins, postcuring time 120mins and 60mins, and the pressure of 150 kg/cm2 for all the specimens were maintained.
The tensile strength and hardness analysis were done as per the ASTM standard, and it was found that the specimen prepared
on 150°C curing temperature, 18min curing time, 50°C postcuring temperature, and 120min postcuring time provides the
higher tensile strength. DOE analysis is also done to determine the best values of the factors impacting the mechanical
characteristics of the seal material. Simple regression analysis is used to find the influence of curing temperature and curing
time on the tensile strength and hardness for every 1°C temperature rise and 1 sec curing time.

1. Introduction

A versatile and cost-effective material, “polyvinyl chloride
(PVC, or vinyl) is used in plumbing and siding, blood bags,
tubing, wire and cable insulation, windshield system compo-
nents, and more, in the building and construction, health
care, electronics, automobile industries, and others.” Vinyl
can range in hardness from plastic wrap to industrial pipes

to thin and flexible wall covering. Additionally, it can be
completely translucent or colored to any desired shade.
The majority of vinyl produced is employed in long-term
building and construction applications—roughly 75%.
PVC/vinyl is advantageous for environmental protection
because of its low greenhouse gas emissions and ability to
conserve resources and energy, according to life-cycle stud-
ies. Since vinyl is strong and resistant to moisture and
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abrasion, it is ideal for cladding, windows, roofs, fences,
decks, wall coverings, and flooring. Contrary to some build-
ing materials, vinyl is not prone to corrosion, does not need
to be painted frequently, and can be cleansed using straight-
forward cleaning solutions. VTI employs RF welding, also
known as dielectric welding. This is a procedure that uses
radio frequency waves to molecularly fuse two films or tex-
tiles together, forming a hermetic connection [1]. This is a
procedure with several names, and you may have heard
one of them: dielectric sealing, RF sealing, RF welding, and
heat sealing [2]. They all refer to the same high-tech
approach of connecting thermoplastic sheets that use radio
frequency (RF) radiation. RF waves excite the molecules of
the materials, causing them to fuse together from the inside
out [3, 4]. Depending on your use, it does not leak air, mois-
ture, water, or fuel. High frequency radio waves are used to
heat the material in RF sealing, which is similar to heat seal-
ing [5]. Radio waves (typically between 15 kHz and 70 kHz)
cause polymer molecules to vibrate, which generates a signif-
icant amount of heat quickly. In this way, RF seals are faster,
more consistent, and stronger than conventional heat seals.
Because exposed seals are transparent and flawless, this pro-
cedure is also suitable for them [6]. It is more expensive and
requires more energy to perform RF sealing than a tradi-
tional heat seal; nevertheless, the field of RF sealing is rapidly
evolving and becoming more efficient [7]. The use of RF
sealing to polyvinyl chloride or vinyl fabric is known as
PVC sealing. Because of its flexibility and polarity, PVC is
an excellent choice for RF heat sealing. It is also ideal for
generating hermetic seals and waterproofing applications.
PVC sealing is a high-frequency welding procedure that
allows PVC (polyvinyl chloride) to be applied to a soft fabric
or film [8, 9]. PVC is used in waterproofing textiles because
it is lightweight, resilient, and abrasion resistant. Because of
its high dipolar moment and other chemical features, PVC
is regarded as a suitable material for radio frequency welding
[10, 11]. PVC welding is a comparable procedure in which
PVC is used as the material of choice when welding textiles,
plastics, or other materials together. Another name for RF
sealing is HF welding, which is used interchangeably [12,
13]. Both words refer to the method of joining two thermo-
plastic polymers using high-frequency radio waves. This
procedure is also known as RF heating, HF heating, and
dielectric sealing.

PVC sheets and boards, in particular, can benefit from
the strong seams produced by RF welding [14, 15]. The
products of the PVC sealing technique can be flexible and
elastic while yet having shear strength and durability [16].
PVC is a versatile and cost-effective material in and of itself.
Its primary advantages are as follows:

Electrical insulation: because PVC has a high dielectric
strength, it is an excellent insulation material for electrical
purposes. Abrasion, weathering, oily residues, greases,
chemical degradation, corrosion, and pressure all resist
PVC [17, 18]. Since durability is a primary requirement for
many outdoor products, it makes sense that it is the material
of choice. Because of their high chlorine content, PVC goods
are self-extinguishing [19]. This offers a great fire resistance
and mechanical qualities.

High performance at a low cost: the durability and other
features listed above enable for completed goods that require
little maintenance and replacement in a variety of environ-
mental circumstances [20]. Because PVC is abrasion-resis-
tant, lightweight, and durable, it is the material of choice
for completed items that will be subjected to weathering or
hard use.

Poly vinyl seal material is being evaluated experimentally
for its mechanical characteristics in relation to process fac-
tors. The particular aims, technique to be used to achieve
the objectives, and possible outcomes are detailed in the fol-
lowing sections. Dong et al. [21] examined the effect of poly
vinyl alcohol/aluminum microcapsule expansion agents on
cement-based drilling sealing materials, and the effect of
delayed expansion on mechanical strength, porosity, and
pore connectivity of the sealing material is quantitatively
examined using uniaxial compression and NMR experi-
ments. Ethylene-propylene diene monomer rubber was pro-
posed as a viable option for recycling end-of-life poly vinyl
chloride foams by Mahmood et al. [22]. The effects of
high-pressure processing on the properties of multilayer
flexible packaging are made of polyamide and ethylene vinyl
alcohol. The findings of this study have implications for the
food packaging industry, particularly in terms of developing
packaging materials that can withstand high-pressure pro-
cessing while maintaining their mechanical and thermal
properties [23]. A variety of volumes of ethylene-propylene
diene monomer (EPDM) rubber and carbon black (CB)
were combined with EoL PVC cross-linked foams at 60°C
for 15 minutes. Compression moulding of EPDM-CB-PVC
composites was achieved by vulcanizing the rubber mixtures
for 20 minutes at 160°C.In tensile tests, EPDM-CB’s modu-
lus gradually increased with increasing PVC content, while
its elongation-at-break decreased. In the EPDM-CB matrix,
PVC particles were dispersed uniformly by SEM. A multidis-
ciplinary approach to biomedical applications using poly
vinyl pylori done electro spun nanofibers and bioprinted
scaffolds was established by Kurakula et al. and Kibirkštis
et al. [24, 25]. The tensile strength of polymer specimens
with varying infill density is better than the specimens with
single infill density [26–30]. Through the study, it is con-
cluded that the vinyl polymer will be the best alternative
for sealing material.

2. Materials and Methods

2.1. Materials. Poly vinyl rubber has been taken as a material
for making seal and underwent the mechanical property
analysis. The test specimens were prepared in M/s Seal
Industries Pvt. Ltd., Bangalore, Karnataka State, India, for
conducting the experiment trials. The procured material
has the density of 1.05 gm/cm3.

2.2. Specimen Preparation. The specimens were prepared
using die for testing that was shown in Figure 1. The die
was preheated to a temperature of 150°C, and the poly vinyl
rubber compound was placed on the cavity of die. The die
closed, and the pressure of 150 kg/cm2 was applied on the
die, and it was allowed for 14 minutes of curing. In the same
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way, another specimens were prepared by changing the die
preheating temperature as well as curing time. After curing
time, the pressure was released, and the die opened. The
desired rubber sheet was taken out from the die and allowed
to aging for 24 hours at a room temperature. After aging, the
tensile and hardness specimens were cut from the sheet as
per the ASTM dimensions.

2.3. Tensile Test. Tensile tests were performed using a uni-
versal testing machine to measure tensile strength, load at
break, and % elongation at various combinations. ASTM
D903 was used as the testing standard. With a grip gap of
25mm, the specimen is mounted between the grips. The sys-
tem’s readings are reset to zero. A load is applied gradually
until the specimen fails.

3. Results and Discussions

The tensile strength of various specimens tested and taken 3
trials as per the ASTM standard, and the optimization was
done on the results.

3.1. Design of Experiment Analysis. For this investigation, the
response variables were tensile strength, modulus at 100%,
and percentage elongation. The experiment used 24 designs
with three repetitions to determine the best values of the fac-
tors impacting the mechanical characteristics of the seal
material. The run order for these tests was generated using
Minitab software. Table 1 shows the factors examined and
their range values. Table 2 represents the performance anal-
ysis. The experiment was conducted using the DOE
approach, with two levels and four components, for a total
of 24 complete factorial designs. Pilot runs were carried
out to check that the equipment worked properly. The pro-
cedure was meticulously watched to ensure that everything
went as planned. According to the experimental design, the
settings were chosen. In order to account for the operational
peculiarities, standard order was created. To avoid the influ-
ence of noise, the experiment was conducted in a random
sequence. The experiments were all random. Standard and

Curing
equipment

(a)

Die for
specimen

(b)

Tensile
specimens

(c)

Hardness specimens

(d)

Figure 1: (a) Curing equipment. (b) Die set. (c) Tensile specimens. (d) Hardness specimens.

Table 1: Process control parameters and specimens.

Specimen
number

Curing
temp. in °C

Curing time
in mins

Postcuring
temp. in °C

Postcuring
time in mins

1 150 14 100 60

2 150 14 100 120

3 150 14 50 60

4 150 14 50 120

5 150 18 100 60

6 150 18 100 120

7 150 18 50 60

8 150 18 50 120

9 170 14 100 60

10 170 14 100 120

11 170 14 50 60

12 170 14 50 120

13 170 18 100 120

14 170 18 100 60

15 170 18 50 60

16 170 18 50 120
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run orders must be specified. Minitab software was used to
create plots of main effects and interaction effects. Figure 2
illustrates the effects of tensile strength, and Figure 3 is its
interaction plot.

Figure 4 displays the specimens’ weight vs. infill density,
break load, and peak load. The break value and peak load of
specimen C were found to be the lowest, measuring “686.5 N
and 725.7 N,” respectively. Among the single infill density
specimens A, B, and C, specimen A had the highest value,
which was determined to be “1088.6 N and 1127.8 N,”
respectively. The experimental data clearly show that load-
bearing capacity rises with a positive incremental change in
infill density. The highest break and peak load among the
specimens of combined infill density are determined to be
“1000.3 N and 1122.9 N” in specimen ABA from the results.
The least break and peak load values for the specimen CBC
are “779.7 N and 872.85 N,” respectively. The experimental
data set aids in understanding how the specimen fails and

how the crack spreads from the outside layer to the inside
layer. In the following section, this event is explained in
more detail. One of the significant elements affecting the
tensile property is the variation in the density of the filling
layers in their layering order.

3.2. Correlation Analysis on Factors Affecting Tensile
Strength. Correlation analysis has been done using the Pear-
son correlation coefficient (Equation (1)) to understand the
correlation between the independent variables and depen-
dent variable. Curing times and curing temperatures are
the independent variables which are affecting the tensile
strength. Tensile strength is the dependent variable which
varying based on the variable curing temperature and curing
time.

r =
nΣxy − Σxð Þ Σyð Þ

√ nΣx:x − Σx:Σxð Þ½ � nΣy:y − ΣyΣyð½ � : ð1Þ

Table 2: Average tensile strength and hardness values of specimens.

Specimen number Extension (mm) Displacement (mm) Peak load (N) Yield load (N) Tensile strength N/mm2 Hardness (HB)

1 42.60 102.50 86.595 86.595 7.2167 69

2 41.90 113.90 85.222 85.222 7.1001 71

3 49.80 121.50 85.22 85.22 7.1001 67

4 43.70 102.50 75.61 75.61 6.3008 68

5 43.00 107.50 89.635 89.635 7.4687 70

6 42.90 102.50 94.049 94.049 7.8375 69

7 48.10 122.50 94.54 94.54 7.8777 69

8 53.10 129.10 99.34 99.34 8.2778 70

9 48.20 122.70 94.931 94.931 7.911 71

10 42.90 102.50 91.891 91.891 7.657 71

11 51.10 126.10 95.422 95.422 7.9512 69

12 47.80 122.70 94.931 94.931 7.91102 68

13 47.70 124.00 98.462 98.462 8.2042 69

14 54.50 134.10 95.814 95.814 7.9836 68

15 52.70 128.20 87.95 87.95 7.3292 68

16 50.00 124.00 94.049 94.049 7.8375 69
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Figure 2: Effects of tensile strength.
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Figure 6: Tensile strength vs. curing time: (a) scatter plot and (b) box plot.

Results: Ordinary least squares

Model:
Dependent variable:
Date:
No. observations:
Df model:
Df residuals:
R-squared:

Const
Curing time

Omnibus:
Prob (Omnibus):
Skew:
Kurtosis:

0.843
0.656

–0.454
2.641

Durbin-Watson:
Jarque-Bera (JB):
Prob (JB):
Condition no.:

1.854
0.476
0.788
138

5.3794
0.1363

Coef.

1.2079
0.0734

Std. err.

4.4536
1.8568

t

0.0012
0.0930

P > | t |

2.6881
–0.0273

[0.025
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0.2999
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 0.0930
 0.25154
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Figure 7: Linear model summary for tensile strength vs. curing time.
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The correlation between the independent variables and
dependent variable is shown in Figure 5. This statistical mea-
sure indicates how far the variables changes according to
each other. As shown in Figure 5, there is a positive correla-
tion between the independent variables such as curing time
and temperatures and the expected tensile strength.

3.3. Effect of Curing Time on Tensile Strength. The tensile
strength is influenced by curing time which is shown in
Figure 6. Figure 6(a) reveals the correlation between the cur-
ing time and tensile strength. The variation of tensile
strength is calculated by Equation (2). Figure 6(b) represents
the numerical data used to understand the variability of the
data and the presence of out layers which describes the sta-
tistics of various quartiles, the maximum and minimum
values of tensile strength and interquartile range.

y = α + βx: ð2Þ

The linear model summary is used to diagnose the
regression model which is shown in Figure 7.

The independent parameter is chosen to be curing time
(x), and the linear model is given as

Tensile strength = 5:379 + 0:136 × curing time: ð3Þ

From the analysis, it is clear that, for every 1 sec increase
of curing time, the tensile strength will increase by 0.136N/
mm2.

3.4. Effect of Curing Temperature on Tensile Strength. Curing
temperature and postcuring temperature are also making the
influence on tensile strength of the specimen. The scatter
plot (Figure 8(a)) reveals the correlation between the curing
temperature and tensile strength. The tensile strength varia-
tion with respect to curing temperature is calculated by
Equation (2). The variability of the data and the presence
of out layers which describes the statistics of various quar-
tiles described by the numerical data are shown in
Figure 8(b) also which reveals the maximum and minimum
values of tensile strength and interquartile range.

Figure 9 describes the linear model summary which is
used to diagnose the regression model.
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Figure 8: Tensile strength vs. curing temperature: (a) scatter plot and (b) box plot.

Results: Ordinary least squares
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Figure 9: Linear model summary for tensile strength vs. curing temperature.
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The independent parameter is chosen to be curing tem-
perature (x), and the linear model is given in

Tensile strength = 4:4498 + 0:0199 × curing temperature:
ð4Þ

From the analysis, it is clear that, for every 1°C increase
of curing temperature, the tensile strength will increase by
0.0199N/mm2.

3.5. Effect of Curing Time and Temperature on Hardness.
Figure 10 shows the effect of curing time and curing temper-
atures on hardness which clearly shows the correlation

between the independent variables and dependent variables.
The box plot shows the variability of data and the statistics
of various quartiles. The maximum and minimum hardness
values of the specimens are also described by the scatter and
box plots. From Figure 10 and the linear model summary in
Figure 11, it is clearly identified that the correlation between
the hardness and independent variables such as curing tem-
perature is very less compared with the variable curing time.
This result indicates that there is very little influence on
hardness of the fabricated vinyl polyester rubber due to cur-
ing temperature. The curing time makes an influence on
hardness. But very small amount of hardness variation is
recorded compared with tensile strength. The variation
quantity is calculated by Equations (5) and (6).
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Results: Ordinary least squares
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The independent parameter is chosen to be curing time
and curing temperature, and the linear model is given in

Hardness = 67:7857 + 0:0071 × curing temperature, ð5Þ

Hardness = 66:7000 + 0:1357 × curing time: ð6Þ

From the analysis, it is clear that, for every 1°C increase
of curing temperature, the hardness value will increase by
0.0071HB N/mm2, and 0.1357HB increases for every 1 sec
curing time.

4. Conclusion

The development of poly vinyl rubber material for sealing
applications has been successful, and the mechanical proper-
ties of the material have been investigated using various fac-
tors such as curing temperature, curing time, postcuring
temperature, and postcuring time. The tensile strength and
hardness of the material were analyzed using ASTM stan-
dard, and it was found that the specimen prepared at
150°C curing temperature, 18min curing time, 50°C post-
curing temperature, and 120min postcuring time provides
the highest tensile strength and better hardness value. A
design of experiment (DOE) analysis was performed to
determine the best values of the factors impacting the
mechanical characteristics of the seal material. Simple
regression analysis was used to find the influence of curing
temperature and curing time on the tensile strength and
hardness. The analysis showed that for every 1 second
increase of curing time, the tensile strength will increase by
0.136N/mm2, and the hardness value will increase by
0.1357HB. Similarly, for every 1°C increase of curing tem-
perature, the tensile strength will increase by 0.0199N/
mm2, and the hardness value will increase by 0.0071HB.
The study provides valuable information on the develop-
ment and optimization of poly vinyl rubber material for
sealing applications, and the results can be used to improve
the mechanical properties of the material for better perfor-
mance in sealing applications.
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