The application of polyurethane synthetic

leather and microfiber leather materials on

basketballs

Chenming Zhang' "

'Tianjin Yinghua experimental
school, Tianjin, China

*Corresponding author: Zhang.

cm03 1 X@tjyh2003.com

Abstract:

Basketball is a very popular sport in all parts of the
world and the quality of a ball significantly impacts on
the performance and experience of players. The external
surface material is especially important, since it defines
grip, durability and playability overall. The present article
presents the developments in the basketball materials,
especially the epidermal materials. These are polyurethane
synthetic leather (PU leather) and microfiber leather,
which are highly durable,performance and cost-efficient.
They not only compare their different properties such
as abrasion resistance,tensile strength and breathability
but also emphasizes their principles,preparations and the
actual performance of these materials in real basketball
scenarios. The research indicates that while both materials
have advantages,PU leather is commonly for producing
relatively affordable basketballs,especially those designed
for outdoor use.It offers good abrasion resistance and water
resistance,but breathability and comfort are relatively
lower.For microfiber one,it is more commonly found in
high-end basketballs,mainly used in those professional
competitions. It provides superior breathability , comfort
and durability,making it ideal for high-intensity use.

Keywords: Basketball, Polyurethane synthetic leather,
Microfiber leather.

1. Introduction

ing, choosing the right material for a basketball’s
outer cover has become more and more important.

Nowadays, basketball is a sport loved all over the
world, and it has become an important part of peo-
ple’s lives . But as society develops and technology
improves, athletes have higher and higher require-
ments for the quality of basketballs. To get a better,
safer and more comfortable experience when play-

Traditionally,some professional games,such as NBA
already used basketballs with genuine leather covers
all the time.Players appreciate this material because
of its premium feel and long-lasting durability.But
this kind of leather also exists some clear drawbacks.
It has expensive price and long break-in period.
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Besides, it only suitable for indoor courts .By the mid-
1980s, manufacturers began developing synthetic mate-
rials to replace genuine leather. These alternatives aimed
to cut costs while matching or even exceeding leather in
performance, making basketballs more affordable and ac-
cessible to everyone.So PU leather and microfiber leather
represent effective substitutes for natural leather, helping
to overcome the scarcity of natural leather resources while
offering superior wear resistance and corrosion resistance.
Polyurethane synthetic leather is a man-made leather al-
ternative in which textiles, knitted fabrics, or non-woven
fabrics are coated or impregnated with polyurethane resin
to form a surface layer[1]. Moreover, PU leather exhib-
its high mechanical strength, low cost, water resistance,
and processability. However, drawbacks include limited
breathability, it’s not stable against hydrolysis, it doesn’t
last as long and a tendency to crack or harden under ex-
treme conditions. The microfiber leather also termed mi-
crofiber-reinforced polyurethane leather. It as a high-per-
formance artificial leather made from a three-dimensional
non-woven structure of ultrafine fibers impregnated with
polyurethane resin[2]. The resulting structure mimics
natural leather’s collagen fiber network, offering superior
softness, better feel , good breathability, and moisture
absorption. In addition, microfiber leather demonstrates
excellent abrasion resistance and long-term durability.At
the same time, it’s also really good at resisting wear and
bending. So it is one of the most advanced synthetic leath-
ers for high-performance applications .

Besides, from an economic perspective, PU synthetic
leather offers better value for money, and its price is much
lower than that of microfiber leather. That’s why it has be-
come the main choice for mid-to-low-end basketballs.

On the other hand, microfiber leather uses more advanced
processing techniques and has better performance, so its
price is usually not low—it’s two to three times that of
standard PU synthetic leather. For this reason, it’s mostly
used in high-end basketballs, which often show up in pro-
fessional games or indoor sports scenarios[3].

However, there are still some problems today, namely, the
absence of comparisons and analysis of the two types of
basketball surface materials, as well as the description of
the different situations under which they can be applied.
Thus, it is in this spirit that this report will serve as a com-
parison and analysis of the two materials, their preparation
principles and methods, along with chemical structures.
To illustrate, it will discuss the manufacturing rules of
PU leather and microfiber leather, outlining the pros and
cons of each preparation process.It will be utilized as a
reference guide to allow the manufacturers to choose the
materials and optimize the performance of basketballs.

2. Polyurethane Synthetic Leather:
Overview of Preparation

The preparation of PU leather is based on the physical and
chemical properties of its polyurethane polymers. Through
specific processing techniques, these polymers are trans-
formed into a porous yet durable structure. Physically,
polyurethane is an exceptional elastic, flexible material
with high abrasion resistance and dimensional stability,
which is important to guarantee the basketballs maintain
their shape and longevity as they are played with. Molec-
ularly, it is characterized by carbamate (urethane) bondage
formed by the interaction of polyols and isocyanates that
give it high intermolecular forces, solubility and hardness
that can be customized by molecular design[2].

2.1 Preparation principles of PU leather

The core principle of preparing PU leather for basket-
balls is to create a ,,fiber-resin“ composite structure. This
structure not only replicates the tactile feel, elasticity, and
durability of natural leather but also ensures the material
has better grip, wear resistance, and dimensional stability .
Besides, PU synthetic leather usually adopts a multi-layer
design, which consists of a textile or non-woven fabric
base, a microporous PU foam middle layer, and a dense or
textured surface layer. And it is precisely because of this
special structure that PU leather has become one of the
preferred materials for basketballs[4].

2.2 Methods of PU leather

There are basically two methods for preparing PU leather:
The first is the wet coagulation process, and the second
one is the dry process.

In the wet process, manufacturers coat a PU solution in
dimethylformamide (DMF) onto a textile base and then
immerse it in water. Phase separation is caused by the
solvent-nonsolvent exchange, which is a microporous PU
matrix. This design creates breathability and flexibility to
the material[5]. The microstructural architecture is fun-
damental to the functional performance of polyurethane
(PU) materials, as it confers a range of desirable prop-
erties. By optimizing formulation parameters—such as
polyurethane concentration, solvent-to-non-solvent ratio,
coagulation bath temperature, and immersion duration—
we can precisely tailor pore morphology and distribution.
For instance, increased polymer concentrations generally
produce denser, less porous structures, while reduced
concentrations yield more open pore networks, potentially
affecting mechanical integrity. Additionally, regulating
the coagulation bath temperature influences the diffusion
kinetics of dimethylformamide (DMF), thereby impacting



pore uniformity. The dry phase process involves solvent
removal via thermal treatment post-coating, resulting in a
dense PU film characterized by enhanced surface homo-
geneity but reduced permeability. To meet the needs of
basketball use, manufacturers usually apply a multi-layer
design. The textile base, often polyester or nylon, gives
the ball stability. A PU foam layer adds softness and cush-
ioning. On top, a thermoplastic polyurethane (TPU) layer
improves grip and resistance to wear. Recent research has
believed waterborne PU, no solvents are toxic, do not re-
quire DMF and are more environmentally friendly. It also
maintains the soundness and firmness of the basketball
surfaces. This is a tensile strength of over 18 MPA and
abrasion resistance of over 120,000 cycles passing ASTM
D4157. With the right manipulation of the chemical con-
stituents, scientists such as Mr.Wang[4].He compared
the PU sample with various ratios of polyether diol/ triol
found that PU-4 formulation values are 27% stronger than
PU-1. So, the findings are justified to be that PU leather
become harder and more resistant to wear. This indicates
that design of smart materials can significantly enhance
performance of basketballs[6].

3. Microfiber Leather: Perparation
and Analysis

The design principle behind ultrafine fiber leather is
to emulate the collagen fiber bundle structure found in
natural leather. It consists of ultrafine fibers, typically
polyester or polyamide, with a linear density of less than
0.5 denier, woven into a three-dimensional non-woven
network and impregnated with polyurethane resin[7]. This
microstructure not only replicates the hierarchical pore
characteristics of natural leather but also gives ultrafine
fiber leather outstanding softness, elasticity, and moisture
management capabilities.

The preparation of microfiber leather involves multi-
ple steps, starting with melt spinning and fibrillation to
produce ultrafine fibers, followed by the formation of a
three-dimensional non-woven network with an island-in-
sea structure.Polyurethane is then impregnated to bind the
fibers and introduce elasticity, and surface treatments such
as embossing, retanning, or laser texturing are applied to
enhance tactile qualities. Currently, the main research ar-
eas in ultra-fine fiber leather materials are the modification
of materials in the form of raw materials, improvement
of base materials and development and improvement of
polyurethane materials[8]. Wu Qian and others summa-
rized and discussed the primary pros and cons associated
with waterborne polyurethane ultra-fine fiber leather and
also, gave some insight into its further evolution. To alter
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the synthetic leather material[9].Ye Yan chose modified
nano-titanium dioxide and waterborne polyurethane. The
findings indicated that the synthetic leather had a high
wear resistance and flexural strength, enhanced hydroly-
sis resistance and hygiene properties with increased na-
no-titanium dioxide content of 3%. The results indicated
that, compared to untreated fabrics, the tensile strength
of the ultra-fine fiber leather base fabric was significantly
improved[10].Compared with PU synthetic leather, mi-
crofiber leather is more complex to produce but achieves
performance metrics closer to natural leather. For in-
stance, studies report tensile strengths above 20 MPa, tear
resistance over 60 N/mm and water vapor permeability
of 65-80 mg/(cm?-24h).These performance are now very
similar to those of cowhide leather[11]. Nowadays, there
are a lot enterprises use microfiber leather.For example,
Spalding EVO series uses a PET-PA6 microfiber compos-
ite with TPU coating.

4. Comparative Analysis of PU and Mi-
crofober Leather Preparation

PU synthetic leather and microfiber leather differ most in
how they copy the structure of natural leather. PU leather
uses a simple fiber—PU matrix. Microfiber leather uses
a finer network of ultrafine fibers combined with PU.
This network is more complex and closer to real leather.
PU leather is easier to produce and also very cheaper. In
contrast, microfiber leather needs special spinning and
fibrillation machines. That makes the process slower and
more costly. The two materials also perform differently.
Microfiber leather breathes better. Its water vapor perme-
ability ranges from 65-80 mg/(cm?-24h).In comparison,
polyurethane synthetic leather produced via wet process-
ing typically exhibits water vapor permeability of only 30-
40mg/(cm?-24h) [11]. PU leather can last through more
than 160,000 abrasion cycles.However, microfiber leather
stays flexible at —20 °C and survives over 30,000 bends
without cracks . It also resists hydrolysis for a longer time.
Microfiber products can last 8—10 years.But regular poly-
urethane synthetic leather lasts only 3-5 years [7]. Even
the microfiber has these benefits, PU leather still domi-
nates mid- to low-end basketballs. The reason is cost. PU
leather is about 30% cheaper than microfiber.So this point
has attracted many producers to choose it.

For the comparisons,it is also important to summarize
the main advantages and disadvantages of each material.
Firstly,PU leather offers lots of benefits,like low cost,easy
to scalable production and good abrasion resistance,which
make it suitable for training balls and recreational use.
Nevertheless, it still would have certain shortcomings
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such as lower breathability, reduced hydrolysis resistance,
and a lower quality of the feel when compared to more
expensive materials. In the other one,microfiber leather
offers a superior level of touch and breathability, higher
durability and longer service life, which is closer to the
natural leather in functionality. However, its manufacture
is more complicated and expensive and is primarily re-
stricted to professional or high-end basketballs. Thus, the
PU or microfiber leather decision may be associated with
the necessity to trade the performance requirements with
economical arguments.

Ultimately, although polyurethane synthetic leather and
microfiber leather have become indispensable materials in
basketball manufacturing now, they are still continuously
developing and innovating. In the future, basketball sur-
face materials will trend toward balancing sustainability
and high performance. This will involve further research
into water-based polyurethane technologies and gradually
reducing the cost of microfiber leather to bring it closer to
the price level of PU. Let basketball production become
sustainable growth.

5. Conclusion

The paper has provided a comparison between poly-
urethane synthetic leather and microfiber leather as the
two major materials currently applied in the production
of basketballs. As it has been analyzed, the PU leather
is constructed within a simple fiber-PU matrix and its
advantages consist of low cost, scalable processing and
solid abrasion resistance. Such attributes render it power-
ful in mid- to low-end training products and basketballs.
Nevertheless, other disadvantages of PU leather include
less breathability, reduced resistance to hydrolysis and
reduced service life. Microfiber leather is in contrast made
to look like collagen-like bundles of fibres of natural hide
by using an ultra thin network of fibres that are impreg-
nated with PU. Consequently, it exhibits superior tactile
characteristics, better breathability, higher durability and
higher hydrolysis resistance, but with a more complicated
method of preparation, is thus more costly. This difference
is already found in applications, with PU being popular
in recreational and mass-market basketballs, microfiber
leather replacing leather being the choice in high-end and
professional models. Finally, the two materials are neces-
sary in the sector but they constitute a trade-off between

price and performance. In the future, advancing wa-
ter-based polyurethane formulations, enhancing structural
engineering techniques, and implementing cost-reduction
strategies for microfiber leather will be crucial. These
innovations will also facilitate the development of sus-
tainable, high-performance basketball materials that are
accessible and affordable for a wide range of athletes and
markets.
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