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Abstract. Materials produced with the help of new technology are used in the design of materials used in all science and
engineering departments today. A sports engineering and sports equipment department is one of these departments. The use of
nanotechnology in sports equipment is one of the most popular uses of this technology today. Nanomaterials have been used in
sports equipment for many years, and reputable companies have benefited. Athletes' equipment allows them to display their
skills to the fullest extent. It has always been a dream of professional athletes and their coaches to have unique equipment. As a
result, engineers have spent all their time and effort solving this problem. Science and engineering can do various things to meet
the needs of all sports levels, including specific and detailed designs, the use of appropriate materials, and standardization tests
on equipment. However, these aspects must remain aligned with the latest technologies as they develop, just as with other
sciences. These technologies, especially nanotechnology, are essential to sports equipment and devices developed today by
sports engineers. This article examines the balls that use nanotechnology and can also improve the athlete's performance by
using this technology in a specific structure. Using nanotechnology to make nanocomposite poly-hope balls, which makes them

lighter and more acceptable, reduces the impact on the ball and increases its movement speed.
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1. Introduction

The wide applications of nanotechnology in various
products and industries have made it one of the most
popular emerging branches of technology in recent years.
The use of nanomaterials and products in various fields,
such as agriculture, medicine, and industry, has made
nanotechnology one of the pioneers of 2l1st-century
technology (Atkuri et al. 2009). In sports, nanotechnology
has several interesting applications, and recent
developments and commercialization of products based on
nanotechnology in this industry demonstrate its potential.
There is no doubt that nanotechnology can be applied to
sports and cover a wide range of sports fields, such as sports
textiles and clothing, sports equipment, and even athlete
medical equipment (Harifi and Montazer 2015). The
introduction of nanotechnology has created new
opportunities for developing intelligent materials that not
only meet the needs of athletes but also provide them with
the highest level of safety, comfort, and performance (Cibo
et al. 2020). Using the right equipment, athletes display
their skills to their full potential. The dream of having
unique equipment has always fascinated professional
athletes and their coaches. In the past, it has always been a
dream for professional athletes and their coaches to have
unique equipment (Youtie et al. 2008). In the past, it has
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always been a dream for professional athletes and their
coaches to have unique equipment. Due to this, engineers
have been working on solving this problem for a long time
(Gong 2013). The use of specific and detailed designs,
appropriate materials, and standardization tests on
equipment are all ways science and engineering can meet
the needs of all sports levels. In the same way, other
sciences are developing; these aspects must remain aligned
with the latest developments (Singh 2016). Today, sports
engineers are developing equipment and devices based on
these technologies, especially nanotechnology. Many
nanomaterials can be incorporated into sports equipment to
improve the performance of athletes as well as their
equipment. Examples include carbon nanotubes (CNTs),
silica nanoparticles (SNPs), and fullerene (Patra 2013).
Additionally, these nanomaterials are beneficial for sports
equipment because they offer high strength, stiffness,
durability, weight reduction, and wear resistance (Li 2013).
Sports equipment has become lighter and stronger over the
years as materials have evolved, resulting in greater
strength and weight reduction (Song and Cai 2013). The
specific strength and specific hardness of carbon nanotubes,
a common material used in more advanced nano sports
equipment, are higher than those of other common materials
(Su 2014). Their strength is 100 times greater than steel,
their weight is six times lighter, and their hardness is twice
that of diamond, making them ideally suited for sports
equipment construction, where lightness and strength are
crucial. The strength and durability of CNT-containing
nanocomposites are, therefore, superior to other materials
commonly used in sports equipment (Zhao and Shen 2012).
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For example, soccer and tennis balls coated with nano
clay provide a longer-lasting pressure barrier, and
nanoparticles of ZrO,, ZnO, CuO, etc. For example, carbon
nanofibers can reduce friction, wear, paint, and fracture-
healing lubricants. Aerodynamic drag can be reduced, and
nanotechnology can increase thermal resistance (Miah
2006). Approximately $64.9 billion worth of sports
equipment was sold in 2011; by 2016, this number is
expected to grow to $72.8 billion. Sports equipment for ball
sports accounts for the largest share of the market (De
Volder et al. 2013). A total of 23.7% of the value of the
market is accounted for by Japan, France, Britain, Germany,
and the United States, the latter accounting for 40.6%. The
most popular nanomaterial in sports equipment is carbon
nanotubes, widely used in golf clubs, rackets, skis, and
snowboards (Rahman et al. 2018). Approximately 14% of
the total carbon nanotube market share goes to sports
equipment. There is a high probability that carbon nanotube
consumption will increase rapidly shortly. The market sells
better sports equipment 10-20% more durable and performs
better (Sabine ef al. 2012). Nanomaterials may be able to
replace some sports equipment several times over. Although
nanotechnology offers many advantages, there are not many
advanced sports equipment with nanotechnology on the
market due to the technology's high cost and complexity
(Wang and Wang 2014).

Manufacturers need to purchase new machines to
produce more advanced nano sports goods (Huang et al.
2006). These products are still being developed as industry
personnel struggles to determine their genuine demand and
how to deliver them effectively (Li et al. 2021, Si et al.
2021, Cao et al. 2022, Chang et al. 2022, Liu et al. 2022,
Zhang et al. 2022). Typically, nanotechnology-enhanced
sports products are more expensive on the market, making
them unaffordable for most athletes (Bechthold and Weaver
2017). For nanotechnology to enhance sports performance,
athletes' natural abilities must be balanced against
technology. In this day and age, technology can overshadow
the spirit of an athlete and their natural accomplishments.

As a result, competition might reflect the power of the
technology rather than the athlete's skill if every participant
does not have access to the same high-tech sports
equipment (Shea 2005). As the demand for complete sports
equipment has increased in recent years, investing in this
sector has become increasingly necessary (Shafiei et al.
2016g, Ghadiri et al. 2017d, Shafiei et al. 2017d, Azimi et
al. 2018). Competitive sports are a world where even small
equipment changes can significantly impact victories and
defeats. Several sports equipment manufacturers worldwide
have invested heavily in nanotechnology due to the many
benefits nanotechnology has shown in improving material
properties (Jiang and Wang 2013). Over the last few years,
carbon nanotube production has increased a lot, which is
only one of the essential nanomaterials with many
impressive sports applications (Ghadiri and Shafiei 2016c,
Ghadiri et al. 2016¢, Ghadiri et al. 2017c, Shafiei et al.
2017a, Shafiei et al. 2020). In 2007, the market value of
these materials exceeded US$100 million, and this market
growth rate is expected to continue. In 2007, the market
value of these materials exceeded US$100 million, and the

growth rate of this market is expected to continue (Meng
and Zhu 2013). By 2012, the manufacturers want to
increase the capacity of their production units to several
thousand tons. These numbers show the scope and potential
of this market. Sports applications account for 14% of the
total carbon nanotube consumption, and this share is
expected to increase further (Mukhopadhyay and Vinay
Kumar 2008a). Many studies have been conducted to
understand the impact of nanotechnology on sports
equipment. Therefore, nanotechnology is seen as one of the
needs of today's sports community (Chen et al 2022).
Sports engineers should therefore be aware of the advances
in nanotechnology over the past few decades, and the
importance of bringing together the latest advances and
products from research and innovation in the field of
nanotechnology in the world of professional sports is
becoming increasingly popular (Mukhopadhyay and Vinay
Kumar 2008b). All devices made with nanotechnology are
designed to increase athletes' performance and prevent
possible injuries. New York-based Nano Dynamics has
developed an excellent add-on product for this tube (Azimi
et al. 2016, Ghadiri and Shafiei 2016b, Ghadiri et al. 2017b,
Shafiei et al. 2017b). This company has introduced a golf
ball that can correct its trajectory; This means it runs
straighter than regular balls. This ball does not change
direction in the air at an angle of 45 degrees (Ji 2012). The
ball's construction and unknown nanomaterials better direct
the energy received from the golf club, preventing the ball
from swinging and deflecting. These two products were
ranked among the top ten nanotechnology products in the
world in 2004 (Cai and Chen 2007). The Wilson company
has produced a ball that has two cores. Our covers are
reinforced with air, and this method is a barrier to
maintaining pressure (Ghadiri et al. 2016a, Ebrahimi e? al.
2017, Mirjavadi et al. 2017a, Mirjavadi et al. 2017b).
Layers of clay are added to the ball along with a liquid
polymer that creates the lines inside the ball, and the clay
sheets overlap each other in a parallel fashion. Because
multiple layers are stacked on top of each other, each layer
must force air into the bag through the other layers so the
air stays inside the ball better (Rhim and Ng 2007). The
nano-coating is in the second core inside the tennis ball,
which is formed by spraying or rolling it on the rubber. The
crust over the second core is made of stacked sheets of clay
(Shafiei et al. 2016d, Shafiei et al. 2016f, Ghadiri et al.
2017a, Shafiei and She 2018). These plates are about one
nanometer thick (Inshakova and Inshakov 2017). One of the
advantages of these balls compared to ordinary balls is that
they become fluffy later. The maximum time for using
ordinary balls is one and a half sessions, while the
maximum time for Wilson's dual-core balls is three
sessions. These balls also have environmental
considerations (Singh 2017). The Spalding King Ball is a
lightweight option weighing just 453 grams. Although it
weighs slightly more than most indoor models, the wind
does not affect its trajectory as easily. This ball's composite
microfiber cover is not only weather resistant but also offers
a moderate level of hardness and stiffness (Shafiei et al.
2016c¢, Shafiei et al. 2016e, Mirjavadi et al. 2017d, Mousavi
et al. 2017). Using a microfiber surface, the FLISTATEC
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Scheme 1. Preparation of 4,4-diamino diphenyl ether 2,2-disulfonic acid

Molten Ball easily creates more turbulence around the ball
and allows for a more direct flight. This structure allows
players to apply extra power to the ball and gives the
opponent little time to react (Dang ef al. 2010). The ball has
a hexagonal pattern, which is especially useful for ball
defenders, and because the ball's texture offers more contact
area, it is easier to hit (Davis et al. 2013). The Molten 5000
features flight stabilization technology to optimize airflow
around the ball during flight. This increases ball visibility,
essential for accurate passing and ground positioning
(Ghadiri and Shafiei 2016a, Shafiei et al. 2016b, Shafiei
and Kazemi 2017b, Shafiei et al. 2017c). This technology
also complements the overall design by minimizing the
turbulence and vibration of the ball in flight, giving the ball
complete control of its movement (Handford et al. 2014).
Combining a composite coating and a honeycomb
structure provides extra grip when your hands are sweaty. It
offers excellent control, which is possible through its
innovative tube relaxation structure (Zhu 2012). This
patented technology allows optimal airflow between the
primary and outer tubes, which maintains overall air
retention and thus improves ball control. It has a perfectly
balanced aerodynamic design and 18 panels that improve
the ball's movement and give players more control (Wei et
al. 2023). With increased visibility, Mikasa's new indoor
ball optimizes play quality and maximizes the field's
excitement. The double-dimpled microfiber surface
stabilizes the ball's flight path and provides additional
cushioning control. Also, the anti-sweat performance of the
"Silica Nano Balloon" prevents the ball surface from
slipping during intense play (Kostoff et al. 2006). The ball
has exceeded FIVB standardization standards and passed
rigorous testing protocols by leading national teams and
clubs over the past six months (Omidi ef al. 2013, Ebrahimi
and Shafiei 2017, Ehyaei et al. 2017, Shafiei ez al. 2019).
Polyimide (PI) is a polymer made from imide monomers
that resist heat, freeze, flexing, and chemicals and is very
light and flexible (Liaw et al. 2012). These polymers have a
wide range of applications in various fields, e.g., in
semiconductor production, electric cable coating, electronic
circuits, vehicle and aircraft parts, foams, composite
materials, and most notably, in the manufacture of sports
equipment (Ghadiri et al. 2016b, Ghadiri et al. 2016d,
Ghadiri et al. 2017e, Shivanian et al. 2017). Polyimides
converted into fibers are used in the construction of sports
equipment due to their high thermal, chemical, and
mechanical stability and lightness (Gouzman et al. 2019). In
this work, aromatic sulfonated polyimides are used as a
factor for the lightness of the ball. Sulfonated polyimides
are made by compression polymerization of dianhydride

and a combination of various sulfonated and non-sulfonated
diamines (Agag et al 2001). In general, sulfonated
polyimides exhibit high proton conductivity, good
mechanical strength, and water swellability (Yano et al.
1997). The main problem in commercializing sulfonic
polyamides is their hydrolysis to water (Hsueh and Chen
2003). To date, several methods have been proposed to
strengthen the polyamide structure prior to hydrolysis, of
which are the use of naphthalic dianhydrides instead of
phthalic dianhydrides, the placement of sulfonic acid groups
on flexible side chains, the use of flexible monomers in the
sulfonated polyamide structure, and the use of playful
diamines. Above and the synthesis of polyimidosulfone is
fragmentary (Li et al. 2023).

2. Experimental
2.1 Materials and devices

In this study, compounds of 4,-4-diaminodiphenyl ether,
sulfuric acid, fuming sulfuric acid, NaOH, HCI, methanol,
4-nitrobenzaldehyde, 2-naphthol, para toluene sulfonic acid,
palladium/carbon  10%, ethanol, tetrahydrofuran B.
dimethylacetamide, 3,5-Dinitrobenzoyl chloride, triethylamine,
hydrazine monohydrate, 1,4,5,8-naphthalene tetracarboxylic
anhydride, metacresol, tetracthylorthosilicate, and (3-
aminopropyl)triethoxysilane manufactured by Merck. 1 H
NMR spectra were recorded using a Bruker Ultrashelld 500
MHz NMR instrument. The solvent used for spectrometry
was DMSO-d6. The IR spectrum was recorded with the FT-
IR-680 device from JASCO. A KBr tablet was used to
create this spectrum. The TEM image was recorded with a
Philips CM120 device. Measurement of X-ray scattering of
nanocomposites with MPD model Philips X'PERT X-ray
diffraction (XRD) device with Cu A A = 1.54 Ka in the
range 20 from 5 to 80 degrees with a scan of 0.05
degrees/min, less than 35 mA / 40 kV beam acceleration
complete. Thermogravimetric analysis of the polymers was
performed using the STA503 WinTA 10 instrument in a
nitrogen atmosphere at a scan rate of 20°C/min. The visible-
violet spectra were acquired with a 530 V JASCO UV-
Vis/Near-IR instrument. The conductivity of the products
was measured using an EG&G potentiostat, model
PARSTAT2273 (Ebrahimi and Shafiei 2016, Shafiei et al.
2016a, Mirjavadi et al. 2017c, Shafiei and Kazemi 2017a).

2.2 Preparation of 4,4-diamino diphenyl ether 2,2-
disulfonic acid (2)
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Scheme 2. Preparation of diamine

g (10-4 x 4.9 mol) of 4,4-diaminodiphenyl ether (ODA)
(1) and 0.6 mL of sulfuric acid were placed in a 25 mL
round bottom flask equipped with a magnetic stirrer and ice
cube stirring bath at 0°C Then 1.1 ml of fuming sulfuric
acid is slowly added to the reaction mixture and stirred for 3
hours under the same conditions. The reaction mixture was
then stirred in an oil bath at 80°C for 2 hours. After cooling,
the reaction mixture was poured into a beaker containing
ice water to give a white precipitate. After that, the content
of the container was filtered and the precipitate was washed
with alkaline sodium hydroxide solution to dissolve the
white precipitate. The resulting solution was filtered again
to completely remove impurities. The resulting alkaline
solution was neutralized with concentrated HCl and
acidified again by increasing the acidity to form a white
precipitate. The resulting precipitate was smoothed and
washed with 30 mL of absolute methanol, then with 100 mL
of distilled water and dried before drying (Hou et al. 2021,
Huang et al. 2021b, Xu et al. 2021, Wang et al. 2022). The
final yield was 0.14 grams of a white powder with a 71%
reaction yield and a melting point of 269°C (Scheme 1).

2.3 Synthesis of monomer 3,5
diaminobenzoylaminophenyl-14-hydrogen dibenzo
[a,j]xanthene (9)

In a 50 mL round bottom flask fitted with a magnetic
stirrer, 0.1 g (1.76 x 10-4 mol) of 3,5
dinitrobenzoylaminophenyl-14-hydrogendibenzo[a,jJxanthene
0.01 g 10% is added Palladium/carbon and 15 ml of absolute
ethanol were added and stirred in an oil bath at

60°C for 1 hour. Then about 3 ml of hydrazine monohydrate
was added and refluxed for 12 hours. Then, 10 mL of THF
was added to the reaction mixture. The reaction mixture
was then refluxed for about 90 minutes (Liu et al. 2020b,
Habibi ef al. 2021, He et al. 2021, Huang ef al. 2021a, Liu
et al. 2021b, Zhang et al. 2021). The reaction mixture was
then heated until palladium/carbon separated. This was
filtered to form a white crystal with a melting point of
250°C and a reaction yield of 73% (Scheme 2).

2.4 Preparation of Copolyimide (CoPl)

In a 50 mL round bottom flask fitted with a magnetic
stirrer, 0.1 g (10-4 x 2.7 mol) of 4,4-diaminodiphenyl-2,2-
disulfonic acid ether, 2 mL of meta-cresol and 0.1 mL of
triethylamine (2.4x molar ratio with diamine). The reaction
mixture was stirred under nitrogen until the diamine was
dissolved entirely at room temperature. Then 0.14 grams (in
2 times the molar ratio to the diamine) 1,4,5,8-naphthalene
tetracarboxylic dianhydride, 0.13 grams (in the same molar
ratio to the diamine) 3,5-diamino benzoyl aminophenyl-14-
hydrogen dibenzo[a j]xanthene and 0.1 g (2. Benzoic acid
was added to the reaction mixture in a molar ratio of 8 to
diamine. The reaction mixture was stirred at room
temperature for 10 minutes. It was then stirred at 100°C for
4 hours, followed by 18 hours in an oil bath at 170°C. After
the reaction temperature reached 100°C, 2 ml of metacresol
was added to dissolve the thick solution. Then 50 ml of
acetone was added to the contents of the flask. The resulting
precipitate was filtered, washed with acetone, and dried in
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Fig. 1 X-ray diffraction pattern of nanocomposite in 10 and 20 percent by weight

an oven (Adamian et al. 2020, Al-Furjan et al. 2020a, Al-
Furjan et al. 2020b, Li et al. 2020b, Zare et al. 2020, Dai et
al. 2021b). Mass of copolyimide (CoPI) 0.0.30 grams yield
68%, intrinsic viscosity 0.12dl/g, and brown color (Scheme
3).

2.5 Preparation of
nanocomposites by sol-gel method

copolyimide/silica

0.05 g (10-10 x 9.8 mol) 3,5-diaminobenzoylaminophenyl-
14 hydrogendibenzo[a.j]xanthene, 0.05 g (10-4 x 1.4 mol)
4, 4-Diaminodiphenyl ether 2, added 2-disulfonic acid and
2 mL of N-methyl-2-pyrrolidone (NMP). The reaction
mixture was stirred under nitrogen for 2 hours. After the
contents of the flask were completely dissolved, the
reaction mixture was stirred at room temperature for 12
hours under a nitrogen atmosphere to prepare the
corresponding polyamine acid (PAA) solution. In a
completely clean and dry container, a solution of tetraethyl
orthosilicate (TEOS) and (3-aminopropyl)triethoxysilane
(trade name KH550 in a 1:9 molar ratio) was prepared and
added to the solution in the bottle and allowed to stand for
12 hours. The watch was placed under a nitrogen
atmosphere. Assuming complete conversion of the
tetraethyl orthosilicate reagent to silica, the amounts of this
reagent were calculated such that the final silica to

polymeric substrate weight ratio is 15%, 20%, and 25%.
Various percentages of silica were then added to the
solution and stirred for one hour. Then the resulting solution
was poured into a Petri dish and placed in an oven at 80
degrees Celsius for 6 hours. The resulting nanocomposite
film was placed in an oven at temperatures 140, 200, and
280 degrees Celsius for 30 minutes each to remove water
molecules and produce a suitable polyamide (Al-Furjan et
al. 2020c, Al-Furjan et al. 2020d, Al-Furjan et al. 2020f,
Bai et al. 2020, Li et al. 2020a, Zhang et al. 2020, Guo et
al. 2021b, Liu et al. 2021a). The temperature of the
nanocomposite films gradually reached room temperature
and was subjected to various tests (Scheme 4).

3. Discussion and conclusion

3.1 Investigation of polyimide/silica nanocomposite
using X-ray diffraction (XRD)

Fig. 1 shows the X-ray diffraction pattern for
nanocomposites at 10 and 20 wt%. The XRD spectrum of
polyimide/silica nanocomposites shows no sharp peaks,
which makes it possible to see that the prepared
nanocomposites have an almost amorphous structure
(Hashemi et al. 2019, Al-Furjan et al. 2020e, Cheshmeh et al.
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Scheme 4. Preparation of copolyimide/silica nanocomposites

2020, Lori et al. 2020, Najaafi et al. 2020, Shariati et al.
2020). The Scherer equation calculated the average
nanoparticle size to be approximately 25 nm.

3.2 Investigation of
nanocomposite  using a
microscope (TEM)

copolyimide/silica
transmission  electron

As a practical and valuable tool, TEM shows the size of
nanoparticles and the homogeneity of nanoparticle dispersion
in the polymer network. Of course, a homogeneous
dispersion of nanoparticles in a polymer lattice is the best
result. Fig. 2 shows a TEM image of 10% by weight.
Nanocomposite. As can be seen, the nanoparticles are well
dispersed in the polymer matrix. Since the particles are
spherical, it can be argued that the relatively strong
interaction between the polymer matrix and the silicon of the
carbon dioxide nanoparticles is responsible for the spherical
shape of the nanoparticles.

3.3 Gravimetric analysis (TGA) of copolyimide/silica
nanocomposite

TGA was taken to test the thermal stability of the
polyimide nanocomposite in the presence of SiO»

nanoparticles. TGA results for 10 and 25-wt% silica
nanocomposites were compared. The results showed that the
nanocomposites' thermal stability increases with the increasing
weight percentage of the nanoparticles. In addition, the
carbonization efficiency of the synthesized nanocomposites is
higher than that of the corresponding copolyimide types. Fig. 3
shows TGA plots of 10 and 25-wt% polyimide/silica
nanocomposites.

3.4 Investigation of copolyimide/silica
nanocomposite using a Scanning electron microscopy
(SEM)

The SEM image shows the dimensions of nanoparticles
and the uniformity of dispersion of nanoparticles in the
polymer network. The morphology of the manufactured
nanocomposites indicates that the nanoparticles are well
dispersed in the polymer matrix. Finally, a homogeneous
morphology of the polymers coated on the surface of the
nanoparticles through various interactions has been created. It
can be concluded that surface modification caused easier
dispersion during the composite process. The average size of
nanoparticles is about 40 nm. SEM images of nanocomposites
with 10% by weight of ZnO nanoparticles are shown in Fig. 4.
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Fig. 4 SEM image of 10 wt% nanocomposite
4. Conclusions boosts performance much more than traditional sports
equipment in terms of strength, hardness, and durability.
As a revolutionary technology, Nanotechnology has Several companies are developing more innovative ideas to
impacted all areas of our daily lives, and sport is no implement nanotechnology to improve sports equipment

exception. The most advanced nano sports equipment further. Many top athletes prefer sports equipment enriched
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with nanoparticles to increase their performance. Only
when every worthy athlete receives similar sports gear will
assessing the natural athletic ability and the human spirit
will be fair and brutal. Therefore, the ultimate goal should
be to push the boundaries of performance levels rather than
increase the cost of high-tech exercise equipment. In
addition, to manage the possible toxic problems related to
nano sports equipment, it is necessary to monitor the
manufacturing processes, their useful life, and their disposal
to avoid the release of nanoparticles due to destruction or
not. In this article, the role of nanotechnology in reducing
the impact on the ball and increasing its movement speed is
considered by examining the production of light polyimide.
Proper distribution, nearly spherical shape of polyimide and
size of nanoparticles were confirmed by TEM imaging.
Investigating the thermal stability of pure copolyimide and
synthesized nanocomposites showed that the thermal
resistance of polyimide increases in the presence of SiO»
nanoparticles.
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