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Abstract:

With the growing ssue of excess used textiles and their environmental impact, it is essential to explore
solutions that extend the |ife cycle of clothing. Understanding how the marphology of different fiber types
changes with maintenance cycles is also crucial for recormmending suitable fibers for protective clothing,

such as those designed, for example, intended for protection against heat.

In this study, at least three textile matenals used in protective clothing intended for protection against heat
—containing fibers such as viscose, cotton, and polymers—were analyzed. Materials intended for protective
clathing against heat and cormpliant with the standards EN 11611, EN 11612, and EN 61482 were selected for

the tests.

The materials were tested in their initial state and after undergoing 5, 25, and 50 maintenance cycles. All
washing cycles were carried out according to EN 150 6330 [30] at 80 "C (method 6N) and hanging drying
([method A).

A scanning electron microscope was used to examine the impact of maintenance cycles on fiber
morphology. The method involves scanning the surface of the exarmined object using an electron beam
Unfortunately, maternials with poor conductivity require a conductive coating (e.q., 7 nm of gold) to reduce
electron scattering on the sample surface and prevent loss of resolution. Microscopic images were taken
using a field emission scanning electron microscope [FE-SEM), Hitachi SUB010 model, at an accelerating
valtage of 5 kV. During the observations, in-situ measurements of the apparent widths and thicknesses of

threads across the entire sample were performed.

This work presents the results of tests evaluating the impact of maintenance cycles on the morphology of

the aforementioned fibers

Acknowledge: The Polish Ministry of Family, Labour and Social Policy, agreement no. UM-

VDPR/PD/2023/02, task no: 3.25.13.

Biography:
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Department, Central Institute for Labour Protection — National Research Institute (CIOP-PIB) in Warsaw,
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INTRODUCTION

Sustainability in the textile industry is becoming an increasingly important issue, especially in the protective
clothing sector for workers.

The selection of materials directly impacts the environment, and responsible production and recycling,
can significantly reduce negative ecological effects.

. . . . . THE ENVIRONMENTAL
The production of protective clothing often involves the use of synthetic IMPACT OF TEXTILES

materials such as: In 2020 textile consumption

per person in the EU required on average:

* polyester,
* polyamide or
* aramids,

due to their durability, resistance to mechanical damage and protective
properties. 400 m? 391kg

of land
. . . 3
However, these materials have a large carbon footprint and a long time to Im
decompose in the environment. Their production process requires large

amounts of energy, water and generates harmful chemical emissions.

of raw materials
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INTRODUCTION

In this study, four textile materials used in protective clothing intended for protection against heat — containing fibers such
as viscose, cotton, and synthetic fibres (eg. aramid, modacrylic, polyamide) — were analyzed.

Materials intended for protective clothing against heat and compliant with the standards EN I1SO 11611, EN ISO 11612 and
EN 61482-2 were selected for the tests.

It should be noted that the number of maintenance cycles affects the SHOP
physical (protective) parameters of a given garment. The manufacturer LI
declares the number of maintenance cycles (washing/drying) within ﬂ:

which the garment is expected to meet the required standards. \\) i )

A scanning electron microscope (SEM) was used to examine the impact of maintenance cycles on fiber
morphology.

The research aims to optimize fabric production processes using cellulosic fibers.
This study examines the impact of maintenance cycles on the morphology of natural and artificial fibers
compared to synthetic fibers, as well as their continued usability while maintaining appropriate thermal
properties.
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MATERIAL SAMPLES / METHODOLOGY

MO M1 M2 M3
93% Nomex; 25% cotton; 10% viscose; 75% cotton; 100% cotton
5% Kevlar; 42% modacrylic; 24% polyester;
COMPOSITION 2% antistatic 22% polyamide; 1% antistatic
fiber 1% antistatic fiber fiber
+5 cycles +25 cycles
new || after 5 cycles after 25 cycles after 50 cycles
+20 cycles
MAT=RIALS Y
10512 2025 CIOP[APIB




19.10.2025

CONCLUSIONS

o A characteristic phenomenon after the first 5 washes is a significant increase in the thickness of the fabrics
(by approx. 30%) regardless of the type of fibers used, which simultaneously results in an increase in
thermal resistance.

o All fabrics show a significant decrease in thermal resistance after 50 washing cycles, which results from the
loosening of the yarn structure and the loss of fibers and/or their degradation.

o Degradation of fabrics under the influence of maintenance occurs in both natural and synthetic fibers.
The rate of degradation depends on the type of fibers.

o Cellulosal fibers degrade faster, undergoing biodegradation. On the other hand, degradation of synthetic
fibers causes the emission of nanoplastics into the environment.
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CONCLUSIONS

o Analysis of the results showed that adding 35% of cellulosic fibers to fabrics reduces the consumption
of synthetic materials in production without significantly changing the essential parameters of protective
clothing.

o Partial replacement of synthetic fibers allows for the reduction of the use of petrochemical raw materials,
reducing the impact of production on the natural environment.

Even a small addition of natural/cellulosic fibers to fabrics reduces the negative impact on the environment.

Process optimization aims to reduce this negative impact.

= N=
?QT?ET'ZROMZLE CIOP[APIB




19.10.2025

MAT=RIALS

et ook CIOP A/PIB

Degradation of selected
fibers as a function
of maintenance cycles

Magdalena PLOCINSKA Ph.D., Eng.

Agnieszka GRESZTA M.Sc., Eng.
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Working Conditions”, funded by state services of the Ministry of Family, Labour and Social Policy. Task no. 3.7S.13. The Central Institute for Labour Protection — National Research Institute is the
Programme’s main co-ordinator.
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