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This study focuses on two different kinds of cork leathers that are environment friendly and represent as an important
sustainable alternative to leather. The general properties of cork leather have been investigated in this study to highlight their
potential use as coated-textile structures. The potential use of cork fabrics as technical textiles is also discussed to promote
the use of technical textiles, such as buildtech and automotive textiles. The sound absorption and thermal properties of the
cork structures are tested and compared with those of reference lamb leather. It is found that the developed cork-based
structures have promising mechanical, thermal, and sound absorption properties for further application.
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1 Introduction

The leather industry is one of the biggest polluters,
and hence the studies are being conducted to produce
new leathers that are more sustainable and
environment friendly to maintain the ecological
balance. Animal-free leather, also known as the
concept of vegan or alternative leather, is attracting a
lot of interest as a part of the ongoing trend of
“Sustainable Product Design". This concept is being
advanced in a number of ways, including coatings
made from recycled waste materials and natural-based
byproducts. As a promising result of these studies,
new perspectives for vegan leather are emerging. One
of the most studied vegan textile coating materials is
mycelium. The literature discusses that the use of
mycelium has great potential, but the main problem to
be solved is the complexity of harvesting, processing,
and application possibilities at an industrial scale'.
The method aims to obtain synthetic component
coatings to reduce the non-renewable content of
artificial leather with natural ingredients, such as
apple pomace (Vegea, Appleskin) or cactus leaves
(Desserto)”.

Another important natural material, cork, is used in
the development of vegan leather. Cork, which
belongs to the fungal species, is obtained from the
outer bark of the genus Quercus suber L, a
characteristic tree of the western Mediterranean
region’. The countries where the cork oak is naturally
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distributed are Spain, Portugal, Italy, Morocco,
Algeria, Tunisia, and France*®. Most of the world’s
cork production takes place in Portugal®’. During
cork harvesting, the cork tree is not cut down and it
has the ability to replenish itself. These two factors
make the process eco-friendly and sustainable®”. It
stands out as a renewable and reusable raw material.
It is reasonably impermeable to gases and liquids, an
electrical or thermal insulator, and have the ability to
absorb vibrations’. It is used in various fields such as
medicine and construction, especially for bottle caps
in the beverage industry'’. Its unique properties, such
as lightweight, soft, and flexibility, make it
appropriate to be used in different fields, such as
fabric and leather. In recent years, cork leather has
put-to-use in different sectors, such as furniture,
clothing, footwear, and accessories. The most
important sector for cork products is cork stoppers in
the wine industry which represent about 69% of the
total cork industryg. Due to its cellular structure, cork
skin is very light and elastic'".

One of the crucial -characteristics of cork
production is its negative footprint’. The carbon
harvested in cork represents less than 1.5% of annual
net primary production. There are several ways to
acknowledge that a material is environment friendly.
The rate of carbon emission into the environment and
rate of water consumption is remarkable among those.
It is also important to mention that the water
consumption during the growth of the cork oak is
negligible. It is commonly known that the Green Deal
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is the main objective of recent sustainable materials
and industrial processing. The investigations before
and after the cork production include Life Cycle
Assessment (LCA), which is positively evaluated in
different studies for a number of sectoral applications
of the cork material'”. It is clearly mentioned that the
production of raw cork does not have negative effect to
environment as it does not need any chemical during
growing. The process of extracting cork leather begins
with the removal of the bark from the cork oak. As
shown in Fig. 1, it can be easily peeled off from the
tree in the form of semi-tubular pieces through the
separation process from the phthalogen layer'. This
peeling process can occur in late spring and early
summer when the tree is physiologically active'®. As
the cells swell and are thin at this time, they can be torn
off without damaging the lower tissues'’. This process
is repeated after each fungal attack. There are different
stages of uncorking that enable to manufacture corks of
different quality and with different external surfaces.
The earliest uncorking produces virgin cork, which has
a very uneven outer surface while reproductive cork or
Amadiahasa shows uniform outer surface after
uncorking'®.

The cross-section of a cork cell consists of 5 layers
that are not uniformly formed (Fig. 1). Two of these
layers are composed of cellulose surrounded by
air-filled cellular chambers'’. These air-filled spaces
are called intercellular layers, and their structure has a
great influence on the strength and flexibility of the
materials. Suberin and waxes form the next two layers
that give cork a hard and water-repellent character.
The last layer is woody and is responsible for the
structure and necessary strength of a cell'®.

Cork has a 14-sided cell structure. Due to the air
contained in the cell, it provides good thermal and
sound insulation. In a 1 cm piece of mushroom, there
are about 40,000,000 cells filled with air'>*°. Due to
this property of cork, no matter how much pressure is
applied, 95% of it returns to its original size when the
pressure is removed”.
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After harvesting, the cork sheets are stacked in the
forest or in the yard of the factories where they are
processed. In this process, they are exposed to the
sun, wind, and rain. Exposure to rain, sun, and wind
results in chemical transformations that increase the
quality of the fungus’. This phase is called the
stabilization phase, where unwanted tannins are
broken down and the water content is lowered. The
cork plates are immersed in clean boiling water and
kept in water bath at 100 °C for about 1 h*. Strong
alkalis, nitrous acids, and oxidizing halogens are used
for the water content™. The purpose of this process is
to clean the cork plates, remove the dust and bacteria,
soften and flatten the shell, reduce the density by
increasing the thickness and to increase flexibility.
After boiling, the cork plates are allowed to rest for 2
or 3 weeks. Cork panels are sorted and sliced
according to the requirements of different
applications'’. Cork leather or fabric-reinforced cork
structures are developed and manufactured from very
thin cork veneer and various backing materials*. To
produce the cork leather, the middle layer of the cork
is cut about 1.5 cm thick with sharp knives. These
thin cork sheets are laminated to the fabric backing
using organic adhesives and a special proprietary
technique to create larger pieces like patchwork.
Fabric types vary depending on the desired weight
and functionality. Usually, cotton and polyester are
used as substrates.

Just like textile products based on natural raw
materials, the cultivation process is influenced by soil
and environmental conditions, and if these differences
are observed in the final yarn properties, the quality of
cork is influenced by environmental conditions
according to the growth conditions of the fungus.
The cork quality can also be reflected in different
observable values in the cork leather obtained as a
final product™.

This study aims to discuss two different textile
reinforced cork structures and the lamb leather as
reference structure. After conducting general
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Fig. 1 — Cross-section of cork bark and laminated knitted backing layer



UZUN : MECHANICAL, SOUND ABSORPTION & THERMAL PROPERTIES OF CORK FABRIC 159

academic research on cork reinforced (laminated)
fabrics, it is clearly seen that there is a need for such
investigation to highlight the main mechanical
properties of such sustainable structures. It is also
important to mention that there is a need to highlight
such vegan leathers’ technical properties to
demonstrate innovative applications.

2 Materials and Methods

Two different textile structures (nonwoven and
knitted), used as the backing of the cork leathers, and
the reference lamb leathers were kindly provided by a
German company named Korkstoffe. The cork
reinforced structures were used as received (Fig. 2).
The cork-based structure, which is known by different
names, such as "cork leather" and "cork textile or cork
fabric", is basically obtained by coating the textile
structure by cork skin. In general, there is no need to
use water, pesticides and fertilizers while the tree is
growing. The cork skin, which is formed into a layer of
0.3 — 0.4 mm in accordance with textile coatings, is
attached to the textile surface with different types of
adhesive resin. In this study, synthetic textile structures
were used as the back surface, but it is recommended
that the textile structure and adhesive should
be biobased structures for a 100% sustainable
material. Commercially available cork leather was used
in this study and the main goal was to describe the
structure and draw attention to its general
characteristics.

Cork Leather
Nonwoven

Back Surface

Cork Leather Knitted Back Surface

All test parameters were applied at the standard
test atmospheric temperature of 20 + 2 °C and
relative humidity of 65 £ 4 %. The test methods
are explained hereunder and the results are
interpreted accordingly. The area density values of
the tested samples have been determined in
accordance with the ASTM D 3776 standard and
the thickness is determined in accordance with the
TS EN ISO 9073-2 standard by making use of a
Mitutoyo thickness measuring micrometer. The
tensile properties were determined by using an
Instron Universal Tensile Tester (Model-5567)
following the standard test method TS EN ISO
13934-2. The tear strength of the Ileathers is
measured using James Heal, Elma Tear Equipment
in accordance with EN ISO 13937-1 2000 - Part 1:
Ballistic Pendulum Method (Elmendorf). The air
permeability test has been performed in
accordance with the standard TS 391 ISO 9237.
The contact angle test has been performed in
accordance with ASTM C813-90. The solution
used in the test is water. The color fastness test is
performed to observe the color properties of
fabrics during use. The goal is to ensure that the
fabric does not discolor and fade over the time, as
is observed in this study. Textile color fastness
test (TS 396 EN ISO 105-E01) has been applied to
evaluate the color changes of the cork
structures and to determine their suitability

for outdoor use.

Front Surface Front Surface

Front Surface

Front Surface

Fig. 2 — Cork leather samples
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3 Results and Discussion
3.1 Thickness and Area Density of Structures

The area density values of the tested samples show
that the nonwoven reinforced cork leather has a
significantly thicker structure as compared to the
knitted counterpart. This is due to the bulky nature of
the nonwoven structure. On the other hand, it is found
that the areal density of the nonwoven reinforced
samples has a very low value (Table 1). As mentioned
above, as the thickness of the cork skin is adjusted,
the textile backing layer can also be adjusted to
desired thickness, depending on the usage area.

3.2 Mechanical Properties

The mechanical properties of such coated or
laminated structures are crucial for further processing
line as well as the customer acceptance. The
formability and structural stability of such developed
leathers during use are important There are some
different types of novel exotic leathers that are tried to
be applied as fast fashion items; however, these
structures have limited use as they do not provide
mentioned main features. While comparing the
reference lamb skins and the textile-reinforced cork
leathers used in the study, it is found that the
maximum force (tensile strength) can be increased up
to the desired ratio, depending on the backing
structure (reinforcement fabric). It varies depending
on the structural properties of the reinforcing fabric
and the degree of adhesion to the cork used as a
coating. In conventional textile products, woven
fabrics are more durable than nonwoven textile
structures, which consist of a random distribution of
fibres, with the yarns adhering to each other. It is also
important to mention that the cork coating itself does
not have any direct effect on tensile strength, as they
are attached with small pieces. The mechanical
properties of cork coated fabric can be equivalent or
increased to those of the natural leathers, as it depends
on the backing textile structures. Cork is a
viscoelastic- material It allows large deformations
without breaking under pressure and offers a
significant dimensional improvement when the stress
is relieved’™?’. The structural design advantage is
better than in conventional leather. As can be seen in
Table 2, the strength of both textile-reinforced cork
leathers is higher than that of lamb leather; despite
having the thinnest structure, they provide the highest
values of strength. This test shows no disadvantage of
cork in terms of mechanical use, in general. However,

Table 1 — Thickness and weight of tested leathers

Leather Thickness, mm Weight, g/m?

Cork coated nonwoven fabric 0.875 296.15
Cork coated knitted fabric 0.449 525.00
Lamb leather brown 0.894 540.38
Lamb leather white 0.640 259.62

Table 2 — Breaking and tearing strength air, permeability and
water resistance values of tested samples

Leather Breaking Tearing Air permeability  AATCC
strength, strength,  values, L/min Standard spray

N N test ratings

Cork 245.00 16. 63 22 70 1SO 2
coated
nonwoven
fabric
Cork
coated
knitted
fabric
Lamb
leather
brown
Lamb
leather
white

288.80 16.87 24 501SO 1

218.65 7.95 23 80ISO 3

167.16 12.78 24 80ISO 3

the effect of the knitted fabric and the cork structure
should be studied in more detail here for the same
strength level. The general properties of the functional
organic binder that binds the cork and fabric structure
are crucial to make 100% vegan leather. It is an
animal-free binder that is developed by the company.
The detailed features of the binder used are not shared
for privacy reasons. The cork structure, in this study,
breaks simultaneously with the fabric structure. This
prevents the formation of equal force. The backing
fabric’ tensile properties have to be enhanced, as cork
skin has higher tensile properties which causes
different break point. This shows that the strength of
cork is high Since the specially knitted fabric has
multidirectional strength, the cork resembles a similar
multidirectional structure. The microscopic images of
cork and knitted reinforcement show structural
similarity®. Therefore, the samples reinforced with
cork show better opacity and strength properties.
Although there is no example in the literature, there
are commercial products made out of cork, which is
reinforced with knitted structure as outerwear.

3.3 Tearing Strength

Since different methods and resin are used in the
manufacture of cork leathers, it is predicted that they
would have different backings and be affected
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accordingly. However, repeated tests show very
similar values (Table 2). The difference in the
fineness of the cork leather is not reflected in the test
results. There is a noteworthy result from tearing
strength that the coated vegan leathers have better
tearing strength, as compared to references
counterparts, even though the reference leathers have
a higher thickness value. As mentioned in the tensile
properties, these types of mechanical properties can
be arranged by choosing backing fabrics, which helps
to design specific vegan leathers. It does not have
limit, like raw or processed animal leathers. The cork
leather with a knitted backing has good adhesion and
thinner texture along with a coating on the top which
gives similar values in comparison to the thicker cork
leather with a non-woven surface on the backing.
Although the fineness of cork coated nonwoven fabric
and lamb leather brown is close, which resembles
homogeneously dispersed nonwoven structures, it is
believed that cork provides better results due to its
chemical structure and cell structure.

3.4 Air Permeability Test

The air permeability of a fabric is affected by its
fibre, yarn, and structural form. The air permeability
of the fabric is also very important for moisture
behavior. The different permeability properties of the
textile material, such as air, water vapor and water,
affect the wearing comfort. Depending on the
material's using area, air permeability is an indicator
of the physical interactions between the material and
its environment during active usage. As mentioned in
Fig. 1, due to the larger porous cell structures of
knitting backing, it has better air permeability
(Table 2). The cork does not block the air transfer, as
the reference leather does. It is the main problem with
animal leather that it causes sweat. In this case,
especially considering the structure of the fabric
reinforcement, higher air permeability is anticipated
as compared to leather, but the cork and adhesive
material directly affect the air permeability Since the
primary concern here is modeling the leather, it is
assumed that the frequency of adhesion of cork to the
fabric is modeled according to the air permeability of

o WL_J

the leather. The values for air permeability are very
similar to those of standard leather, as it is modelled
too so However, it should be noted that the air
permeability values of cork leather can be increased
or decreased during the manufacture of the
composite/laminated structures. This is another
important advantage of designing vegan leather. For
instance, while a firmer structure is expected in
outerwear, higher air permeability may be desired in
upholstered furniture. This is where the design
advantages of this type of vegan leather come into
play as compared to the conventional leather. With
conventional leathers, this difference can only be
determined by the type of Ileather, production
methods, and sources of supply. Aside from being
environment friendly and sustainable, it makes sense
to highlight the design benefits of vegan leathers.

3.5 AATCC Spray Test

Water resistance (rain test method) test according
to the AATCC 35 standard, is used to simulate the
water-resistance of fabrics exposed to the weather in
heavy rain. It is found that the cork leather having
knitted backing retains water, where it could leak out.
Lamb leather, on the other hand, during the test does
not allow the water to pass through; certain drops of
water stuck to the protrusions on the surface and stood
in the form of a pile of beads, giving us the
impression of 50 ISO 1. This property is important for
both sites liquid transfer from the skin (sweat) to air
or wetting from outside. It is also all about to usage
area, such as outdoor applications.

3.6 Contact Angle Test

The mean value of the contact angle of the cork
sample is determined to be 77.22° and the mean value
of the contact angle of lamb leathers is found to be
99.26° (Fig. 3). The test has been done only on the
front surface of the structures. It is considered as a
conventional textile structure that is used as an
outwear fabric. For this reason, only the outermost
part is considered for this test. The tanning process of
conventional leathers directly affect the liquid
absorption properties”. The contact angle is an

T ———

Fig. 3 — 1A/1B- lamb leather brown contact angle and 2A/2B- cork coated knitted fabric contact angle
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important property to determine the hydrophobic
activity of the structures. There are some studies
which discuss the hydrophobic behavior of
conventional leather. The main well-known problems
of the conventional leathers at the wet area usage can
be followed as (i) water absorption after a certain
period of use, (ii) water stains, (iii) color stains and
(iv) shape changes. These types of problems can be
eliminated by designing cork leather with appropriate
construction elements. A detailed study on the contact
angle properties of cork structure is discussed. Chanut
et al. * measured and modeled the contact angle
properties of the cork bark and they mentioned that
the cork structure has good hydrophobic behavior,
which is a crucial parameter for such outdoor
applications. The test method they used to measure
the contact angle has a result similar to the present
study.

3.7 Color Fastness Study

As can be seen in Table 3, all tested values are
within the acceptable range of the standard. The color
fastness grade is tested as 4-5, which is considered as
a good value. In the interaction between the
conventional lamb leather and the reference color
fastness fabrics, the color fastness result is 2-3, as you

Table 3 — Color fastness to water

Sample types Change
in color "Acetate Cotton Nylon Polyester Acrylic Wool

Staining in color

Cork coated 4-5 5 5 5 4 4 4
nonwoven

fabric

Cork coated 4-5 5 5 5 4 4 4
knitted fabric

Lamb leather 4 3 5 5 2-3 4-5 4-5
brown

can see with the polyester in Table 3. The lamb
leathers do not pass the color fastness test against
acetate and polyester.

The cork leather may have various applications in
textiles’®. This test aims to investigate its interaction
with backing/lining textile fabrics. It is found that the
durability of the cork laminated fabrics is good even
after the standard washing process. It is crucial to
mention that the multiple-washing and retesting of the
above-mentioned properties need to be performed in
future studies. In this study, good results are obtained with
the accompanying reference fabrics. As shown in Fig. 4,
the textile fabrics provide good performance values after
washing the fabrics used as lining at 90°C ' .

3.8 Sound Absorption

Sound insulation and absorption are considered as
important factors for human comfort. The preparation
of environment-friendly products with good sound
absorption features is an essential requirement,
especially after the lockdown of the pandemic. During
the pandemic, the building materials have gained
great significance. The sound-proof materials are
widely used in different industries, such as building,
aircraft, and automobiles. The values of the sound
absorption coefficient of the leather are measured in
the frequency range of 80-6300 Hz using the BSWA
TECH impedance tube system and method according
to the ASTM 1050-98 standard. Cork mattresses,
obtained by processing cork granules from cork oak
wood, are used in the industry as a sound-absorbing
and insulating material to provide solutions to
vibration problems, such as heel noise on floors**™.
The test has been conducted to observe the condition
of cork-leathers. The values of the sound absorption
coefficient of the leathers are measured in the

Fig. 4 — Color fastness test result of knitted backed cork leather
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Fig. 5 — Sound absorption properties

frequency range 80-6300 Hz using the BSWA TECH
impedance tube system. For the measurements in the
low, medium, and high frequency range, the leathers
are cut to a diameter of 100 mm and 30 mm.

The results of the sound absorption test are
influenced by the fibrous structure, volumetric
density, and product thickness of the samples (Fig. 5).
These properties are, in order of importance,
thickness, density, porous structure, coefficient of
elasticity, and acoustic impedance®.

It is assumed that the sound absorption properties
of lamb leather samples would give better results due
to the higher area density. When the cork samples are
compared, it is found that the bulky structure of the
nonwoven reinforced cork sample increases the sound
absorption values as compared to the knitted
structure. In the home textile market, there is a
tendency towards products that emphasize eco-
friendly and sustainable but also a tendency towards
products with advanced and technical properties™.
Here, it has been shown that it can be a good
alternative to the already existing curtains or
wallpapers made of cork leather fabric®®. It is also
found that the absorption properties after using
coating materials provide similar results.

3.9 Far Infrared Radiation (FIR)

Thermal resistance and heat retention properties of
the leathers are determined using an in-house
method®’*. Five leather samples have been tested for
calculating each value (Figs 6-7). The heat storage
properties of the leather are measured using a thermal
imaging camera (spectral range: A = 7.5 + 13 pm)
Infra CAM and an IR emission lamp of 250 W, as a

heat source. Before the pre-test, the IR lamp is turned
on for 4 min to heat the leather. During this time, the
Infra CAM is used to determine the hottest spot of the
tested leather. The distance between the heat sources
and the test samples is kept 25 cm. The heat source
is turned off for cooling and the samples are kept
again for measurement during the 4 min cooling
period. The measurement continued for a total of
8 min and the images of the heat changes are taken at
an interval of 15 s.

During the test, it is observed that the cork leather
with knitted backing physically tends to shrink
towards the fold once it is heated. Here, it is assumed
that the knitted surface behind the cork leather is
affected by the elastane content, resulting in a change
in shape . It is observed that the cork coated knitted
fabric returns to its original state when the lamp is
turned off during the test and the cooling process is
initiated, and no damage is seen after the test.
Together with the finishes that can be applied to it, the
leather can be an eco-friendly and sustainable
alternative for home textiles due to its non-
combustible, flame-retardant, and smoke-retardant
properties™.

The world is getting warmer day by day which
emphasizes the demand for the ability of ready-made
clothing and textile products to absorb heat. An
example, of this, is the difference between lamb
leather brown, which has the same properties as the
leathers used in today’s car upholstery, and cork
leather, where it is observed to save similar results in
terms of structural properties of cork leather with
nonwoven backing. Again, the difference between
LL white and cork knitted can be observed after the
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4% min maximum
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Termination (8t min)

Cork coated nonwoven fabric (61.3°C)

Lamb leather white (77.9°C)

Fig. 6 — Thermograms with measured temperature of all investigated leather, recorded with thermal imaging camera
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Fig. 7— Dynamic thermal behavior of leathers

heating process. The cork bark has very low thermal
conductivity due to its high air content and small cell
size. In fungi (Fig. 1), small and closed cells prevent
gas convection, and with a large number of cells, it
is reduced by absorption®. It can be said that there
are suitable properties when the breathability and

heat storage capacity are expected from the cork
leather.

4 Conclusion
A sustainable and eco-friendly raw material that
comes from a self-renewing source, like cork, is
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gaining more and more value today due to the
increasing demand for natural products. New
techniques and methods are being researched to
develop new composite and laminate structures based
on cork. The wunique mechanical and physical
properties of cork, without compromising and
deteriorating its ecological properties, are attracting
much attention in the textile and non-leather sectors.
The studies on the stain resistance or self-cleaning
possibilities of the product will play a crucial role in
its application in the near future. When the cork is
harvested, the cork bark regenerates itself. Cork trees
store CO, to regenerate, so a harvested cork tree
absorbs 3-5 times more than one that is not harvested,
benefiting the atmosphere. The properties of cork
fabric are unique, such as warm, soft, lightweight,
environment friendly, stable, stain-resistant, unique
natural texture, durable like leather, versatile like
conventional fabrics, and flame retardant.
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