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Currently, pollution due to textile materials is a crisis that threatens the whole world. Due to concern for the envi-
ronment, our society has faced challenges when it comes to finding eco-friendly substitutes for textile fibers and leather
materials. This can be achieved using renewable or recycled polymers or materials that are either readily biodegradable or
easily recycled at the end of a product's life. Thus, the material is made from biodegradable natural resources, which is
widely available, is economical and environmentally friendly. The article shows studies on the development of bio-based
skin from fruit waste, the difference in the appearance of visual characteristics from banana peel, kiwi and apple residue,
and depending on the basis for the cotton gauze material. Also, the article consists of the result of testing this material on a
device for measuring tensile strength. The value of the study and the practical significance of this work lies in the possibil-
ity of further use of biologically based leather as a substitute for natural or artificial leather.

Keywords: sustainable fashion and textile, bio-based leather, material from wastes, ecofriendly
material, sustainability.
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Ka3zipzi yakpimma moksima mamepuanoapbiuvly, acepiner Kopuazan opmansly 1AaCmanysl OyKin anemee Kayin
meonoipemin oazoapuic 6016in maodvliadvl. Kopuwazan opmaza KamKopiavlK canoapviHan 0i30iy K02am moKblma main-
WILIKINAPbL MeH 0bli2apbl MamepuanoapvlHbly, IKOIOUATIBIK, MA3A AJIMACHMBIPZLIUIMAPLIH. MAGy0a KUblHObIKIMAp2a
man 60102anbl ewKimze JHcam emec aKknapam 060avin maowvinaovt. byzan yncanapmoinameln Hemece Kalima oHoeNzeH
noaumepaep nemece OUOIOZUANBIK, MYPEbIOAH OHALl bLOBIPAIIMBIH HeMece OHIMHIN KbI3Mem emy Mep3iMinit, COHblHOa
OHall Kauima oHOe1emin mamepuandaposbl nailoaiany apKwvlivl Ko yeemkizyze oonadwvt. Ocvinaitwa, oyn mamepuan
KeHiHeH Ko dcemimOi Ouoa0ZuAnbIK blOBIPAMbIL Madueu pecypcmapoan Hcacai2anovikman, 0ip HcavlHan
YHemOinizi scone eKinwi HcablHaH IKONO2UATIBIK MA3a1blebl eKi Hcakka 0a ymoic anvin Keaedi. Maxanaoa ycemic
Ka0blKmapoulHan Ouo102UANBIK, He2i30€e/12eH Obli2apbl Mamepuaiblioly, 0amysl, 0aHaH KaObIbIHAH, KUBUOEH JHCIHE
anma KanoblKmapvulHan KOPHEKi cunammamanapowlyy naiioa 001yblHblY QblPMAUIbLIbIZEL JHCIHE MAKMA 0IKe Manie-
puanvinwly Hezizine baiinanvicmul 3epmmeynep Kopceminzen. Conoail-aK, MaKana ocbl Mamepuanosvl co3vliy Kyuiin
onuieyze apuan2an Kypulizblod CblHAYy HIMUMNICECIHEH mypaovl. 3epmmeyoi, KYHObLIbIZbIHbIH, cefedi men Oy ycymbl-
CHIbIH, RPAKMUKATbIK MAHBLI30bLIbIZbL OUOI0ZUAIBIK He2i30e2l OblI2apblHbl Maduzu Hemece Hcacanovl Ovlizapvl anima-
cmbIp2ulid peminoe donauiaKkma 00an api naloanany MymKinoizinoe.

Heri3ri ce3aep: TYpakTbl COH KOHe TEKCTWIb, OMO HeridiHaeri ObLIFapbl, KaJAbIKTapAaH
AJIBIHFAH MaTEPHUAJI, JKOJOTHSIIBIK TA3a MaTepHUaJl, TYPAKTbLIbIK.
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B nacmoswee epema 3azpasneHue u3z-3a MeKCMUNbHBIX MAMEPUATIOE - IMO KPUSUC, YZPOACAIOUUTL 6Cemy
mupy. H3-3a 3a00mut 00 oKpyscaloujeil cpede Hauwie 00uiecmeo CmoaKHY10Ch ¢ HaAuvyuem npoodnem, Ko20a nHeooxo-
OUMO HAliMU IKOJ0ZUYHBIE 3AMEHUMENU MEKCMUIbHBIM 60JI0KHAM U KOJHCAHBIM Mamepuanam. Imo moxycem ob1mo
00CMUZHYMO C UCNOJIb306AHUEM 60300HOBIAEMBIX UL NEPEPAGOMAHHBIX NOIUMEPOG UL MAMEPUATIOE, KOMOPblE
AUO0 N1€2K0 nOO0AIOMCs OUOI02UYECKOMY PA3IO0NHCEHUIO, TUDO N1€2KO nepepadamvlealomc 6 KOHUe CPoKa cayiicovl
npooykma. Takum obpazom, mamepuas, u3zomoe6ieHnblil U3 OUOPA3IAZAEMBIX RPUPOOHBIX PECYPCO8, KOMOPbLIL Will-
POKO 0ocmyneH, 3KOHOMUYEH U §e30nacen 01 OKpydcarouieli cpedvl. B cmamuve nokazanvl ucciedosanusn paspa-
00mMKU KOJICU HA OUO102UYECKOT OCHOBE U3 (PPYKMOGHIX OMX0008, PAZHUYLL NPOAGIEHUA 6U3YATLHBIX XaAPAKMepU-
CMUK U3 KOJCYpbl ODAHAHA, KOJICYPbl KUGU U OCMAMKOE ADIOK U 6 3A6UCUMOCHIU OM OCHOGbL Ol Mamepuana us
xaonuamodymasicnoit mapnesoii mxanu. Takoice npusedenst pezynvmamut nPoGePKU OAHHO20 MAMEPUANA HA NPU-
00pe 0na uzmepenua npoyHocmu Ha paspule. Llennocms npoeedennozo uccnedo6anua u nPAKmMuYecKoe 3Ha4eHue
OAHHOU PAdOmMbl 3aKAI0UACMCA 6 603MONCHOCIU OANbHENUI0Z0 UCNOIb306AHUA KOJICU HA OUO02UYECKOTl OCHOBE 6
Kauecmee 3amenumens HAMypanbHoil UAU UCKYCCIMBEHHOI KOJCU.

KuroueBble ciioBa: ycToi4nBasi MOJAA, TEKCTUIb, KOKAa HA OMOJIOTM4YEeCKOil OCHOBE, MaTepuaJs u3
0TX0/J0B, IKOJIOTMYHbII MaTepuaJ, yCTOHUYMBOCTD.

Introduction als. Some of the examples include fibers such as
When it comes to slow fashion, we don't soy, bamboo, milk and polylactic acid (PLA),
even know that this industry is so subject to which are produced from renewable biological
change. Experts put an equal sign between slow sources and are biodegradable after disposal.
and "green" fashion, believing that these two con- These fibers provide a solution to the recycling
cepts define the ideal fashion that does not harm problems associated with synthetic fibers.
the environment. Now experts identify the follow- Some sustainable fibers can be obtained
ing areas of slow fashion in the 21st century: envi- from seaweed, lotus leaves, banana leaves, mush-
ronmentally friendly, conscious and ethical. The rooms, or even waste products such as orange
concept of eco-fashion is still being finalized, but peels and ground coffee bean waste.
the most important thing behind it is that “green” Global consumption of nonwovens is grow-
fashion is about caring for the environment, peo- ing; this applies to household, technical and dis-
ple's health and ethical treatment of animals. posable hygienic nonwovens. The rise of develop-
By 2030, it will be producing roughly two ing economies and the aging of populations will
big discoveries than the Paris Climate Agreement put additional pressure on resources, and there is a
requires. From seaward to extreme rainfall and need to develop materials that have a much lower
greater heatwaves, the effects of climate change environmental impact and are sustainable. In addi-
are no longer ignored by society and the fashion tion, consumer awareness of the impact of house-
industry, which will feel the consequences for its hold and industrial products on the environment is
activities. [1] growing. Media attention, NGO campaigns, and
Many fashion brands are shifting to natural product marketing have raised consumer expecta-
sustainable fibers such as organic cotton, cotton, tions regarding the sourcing, production, and use
hemp and BCI (Better Cotton Initiative) certified of nonwovens.
linen. They aim to use materials derived from nat- Along with these market pressures, tighter
ural resources due to their biodegradability and government regulations regarding environmental
recycled materials due to the closed cycle. impact have also been introduced, which apply to
Some fashion brands spend most of their a number of industries; manufacturers of textiles
income looking for innovative new materials de- and nonwovens are not immune. Due to various
rived from waste, wood and other natural materi- pressures, vendors and manufacturers consider the
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environmental impact of products along with per-
formance and cost requirements.

In the past, the concept of product sustaina-
bility could be one-dimensional and only take into
account limited aspects of the production, use, or
disposal of a product. The practice of measuring
impact through lifelong assessments means that
manufacturers must consider the raw material and
energy use of production, as well as the environ-
mental impact and benefits during product use,
and consider likely end-of-life scenarios. Often
the use of nonwovens brings significant environ-
mental benefits, which can justify the product's
carbon footprint. Additional benefits can be
achieved using renewable or recycled polymers or
materials that are either readily biodegradable or
easily recycled at the end of the product's life. For
example, using recycled polypropylene (PP) geo-
textiles (nonwovens) can reduce the carbon foot-
print of a construction project, which outweighs
the carbon footprint of manufacturing and trans-
porting nonwovens.

The Scandinavians have long been con-
cerned about environmental pollution caused by
the global fashion industry. The only influential
event in the fashion industry, the Copenhagen
Fashion Summit was first held in 2009. Even back
then, the participants were talking about this prob-
lem and insisted that corporations and brands ap-
ply the principles of sustainable fashion develop-
ment in practice. Then the possibility of reducing
hazardous emissions by 50 percent by 2050 was
discussed. But today, the fashion industry contin-
ues to be one of the most environmentally hazard-
ous, along with, for example, the oil industry.
However, despite its relevance, sustainable fash-
ion is just beginning to emerge in Kazakhstan and
the CIS countries.

Material made from agricultural waste such
as banana peel, fruit waste, etc. is completely safe
and contains no harmful chemicals or toxins. Bio-
based textile can replace oil- and animal-based
textiles and can be made from plant waste con-
taining starch [2,3,4].

The main objectives of the study.

The main challenge is to develop an alter-
native source of textiles that is biodegradable, en-
vironmentally friendly and cost effective.

The purpose of the dissertation.

The purpose of this study is to produce bio-
textile material from agricultural waste such as
banana peels as a replacement for conventional
animal and oil-based textiles and to prove that the
starch in banana peels can be used in the produc-
tion of biodegradable plastic.
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In accordance with the set goal, the follow-
ing tasks were solved in the work:

- development of biotextiles based on bana-
na peel;

- determination of the optimal parameters
for the processing of waste of agricultural raw
materials to impart mobile qualities;

- study of changes in the morphology of the
surface of textile materials;

- study of the mechanism of interaction of
components;

- study of textile properties (strength, creas-
ing, breathability, etc.).

Research objects.

A textile material made from agricultural
waste that can be used as a leather backing.

The scientific novelty of the results of the
research carried out by the author is as follows:

Textiles made from agricultural waste such
as banana peels, fruit waste, etc. are completely
safe and contain no harmful chemicals or toxins.
Biotextiles can replace petroleum and animal-
based textiles and can be made from plant waste
containing starch [5,6].

When it comes to slow fashion, we don’t
even suspect that this industry is so subject to
change. Experts put an equal sign between slow
and "green" fashion, believing that these two con-
cepts define the ideal fashion that does not harm
the environment. Now experts identify the follow-
ing areas of slow fashion in the 21st century: envi-
ronmentally friendly, conscious and ethical. The
concept of eco-fashion is still being finalized, but
the most important thing behind it is: “green”
fashion is about caring for the environment, peo-
ple's health and ethical treatment of animals.

Practical significance.

The developed biotextile material using non-
woven technology provides a reduction in the pro-
cess of environmental pollution, which continues at
an enormous pace with increasing dynamics.

Expected results of the study.

Textile material from fruit waste will be
made from banana peel, kiwi and apple waste
showing differences in water absorption and de-
composition behavior. Thus, this study can con-
firm that the leaves show good characteristics of
banana compared to apple and kiwi. But kiwi fruit
is expected to show good visual clarity and apple
is dense and easy to produce as it has more starch.
There should be no gaps or holes in the resulting
plastic sheet.

The personal contribution of the author to
obtaining the results presented in the dissertation
is significant at the stages of planning, conducting
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and discussing the experiment, while developing
material on a biological basis.

The aim of this study is to produce bio-
based textile material from agricultural waste such
as banana peels as a replacement for conventional
animal and oil-based textiles and to prove that the
starch in banana peels can be used in the produc-
tion of a biodegradable material [7,8].

Materials and Research Methods

The material of this work is an alternative
textile material that can be used as a leather base.
During the study, experiments were carried out to
develop material from agricultural waste. Namely,
from apple leftovers, from kiwi and banana peels.
consists of two stages, the first stage is the devel-
opment of a bioplastic from a banana peel. The
second stage is the preparation of a skin-like film
from banana peel, kiwi and apple waste.

Results and their discussion

After the development of bioplastics from
banana peels, the idea arose to create a material to
replace the skin. The main goal is to make bio-
plastic an elastic film so that it is also environ-
mentally friendly and biodegradable. The follow-
ing describes the process of creating an alternative
leather based on agricultural waste [9].

Figure 1,2 — Material from banana peel

2 Development of kiwi peel material

This experiment was also carried out on the
kiwi peel. 5-6 kiwi peels were taken and the whole
process, starting from grinding on a blender and end-

I

1 Development of banana peel material

Grind the banana peel in a blender with the
addition of water. It turns out a thick, dense mixture.
To give a more antimicrobial property, this mixture
is first boiled on high heat until the boiling stage.
Next, leave on medium heat for 5 minutes and mix
periodically. For ease of use in subsequent process-
es, the mixture should be allowed to cool for half an
hour. If you look closely, you can see large parts of
the banana peel in the mixture, since it was original-
ly crushed with a kitchen blender, and not a special
food waste grinder. Therefore, passing through a
sieve is an important process to make the material
smooth and uniform.

Now, when a uniform mixture is obtained,
special ingredients such as glycerin and alginate
are added. Here, sodium alginate is used to impart
flexibility and elasticity. Once again you need to
mix with a blender or with a mixer. It should be
taken into account that the liquid mixture acquires
the structure of the surface where it was poured.
And you need to give preference to a flat surface,
you can use parchment paper.

The result is an elastic film, which you can
see in the figure 1 and 2. On the reverse side,
where it was attached to parchment paper, the film
is very similar to leather.

i L4

ing with distribution to the surface, is repeated. In
the Figure 3, you can see a mixture of kiwi peel. The
final material is visible in the Figure 4.

Figure 3 — Mixture from kiwi peel; Figure 4 — Material from kiwi peel
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3 Development of material from apple waste

Making a review and research on materials
from peel and residues in the Appleskin juice fac-
tory, a material was developed from apple waste.
Unlike material from Mabel Appleskin, which is
based in Italy, 100% apple waste is used in the
study. Appleskin blends apple waste powder with
polyurethane and other natural agricultural fibers.

Figure 5,6 — Material from apple waste

The result is also an elastic and skin-like
material. Due to the fact that the apple is lighter
than the banana, it looks dirty from the back.

4 Tensile strength of banana peel material
on cotton gauze fabric

~

As a general rule, the bio-base content should not
be less than 50% when mixed with water-based
polyurethane.

Here, the process is identical to that of de-
veloping banana peel material. Unlike bananas,
apples have seeds inside and a tip, so they need to
be removed [10].

In the article that was discussed at the ATU
conference there was also a study on the textile
material of a mixture of banana peels. Resulting
homogeneous thick mixture of banana peel is
evenly distributed over the surface where the cot-
ton gauze fabric was laid [11].

Figure 7,8 — Material from banana peel

After 2 days of drying, the result is a bio-
based material that visually resembles leather.
Textile fabric, in turn, made the material durable.
In figures 7 and 8 shown final bio-based leather
from banana peel on cotton gauze fabric.
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The tensile strength characteristics of a fab-
ric refer to the nature of the mechanical defor-
mation of the fabric when subjected to tensile
forces in the warp and weft directions. Generally
speaking, it is a phenomenon in which tissue is
elongated and deformed, or even torn and dam-
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aged by an external force when stretched. When
the fabric begins to stretch, the strain is basically
the stretching of the fiber's macromolecular chains
themselves, i.e., strain in bond length and bond
angle. Stretched yarn becomes straight, basically

in accordance with Hooke's law, while yarn that is
not stretched becomes more crooked [12,13,14].

Figure 9 and 10 show the process of testing
a banana peel material on a textile tensile testing
machine.

Figure 9 — Before testing; Figure 10 — After testing

The test result as in figure 11 shows:

Figure 11 — Tensile strength result

The strength of the fabric is determined ac-
cording to GOST 3813-72 Textile fabrics and piece
goods. Methods for Determination of Tensile Char-
acteristics. The strength of tissues is an important
indicator characterizing its mechanical properties.
The tensile strength of a fabric is understood as the
magnitude of the greatest load that precedes the rup-
ture of a strip of fabric 5 cm wide [15].

Conclusions

In recent years, concerns about sustainabil-
ity in any area of industrial production have led to
an urgent need to expand the use of natural mate-
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rials and replace non-renewable fossil raw materi-
als. Although leather is bio-based and renewable,
these considerations have not led to a leather re-
naissance.

Three kinds of material were prepared from
fruit waste, which show differences in characteris-
tics and properties. Basically, the materials turned
out to be flexible and homogeneous. Can be fur-
ther used in the fashion industry as bio-based
leather. By a roughly identical process, leather-
like materials were developed from apple waste
and from kiwi and banana peels.
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Determination of tensile strength characteris-
tics was carried out at the break of the machine after
checking the serviceability, reliability of fixing the
load, limit switch, chain and belt drive guards.
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