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INTRODUCTION

EN 469:2020 (protective
clothing for firefighters)
EN1SO 11611:2015
(protective clothing used
during welding and related
processes)

EN ISO 11612:2015 (clothing
for protection against heat
and flame)

MATERIALS AND METHODS

m Material Description

meta-aramid textile carrier with
textile/PU

The Average Tearing Force Obtained
During the Test Based on the PN-EN
ISO 13937-2:2002 standard
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An interesting area of research is the evaluation and verification
of the impact of using graphene as a modifier in a coating paste for textile
materials, focusing on its mechanical properties, particularly tear resistance,
in the context of its application in PPE. The authors conducted experiments
applying graphene to the coating paste to analyze the effect of its weight content
on the mechanical properties of hybrid textile materials.
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This study involved three variants of hybrid textile material samples,

consisting of a textile substrate and a coating material, which included
a polyurethane paste and graphene at two different weight contents.
The research was conducted with a focus on the material’s potential use in PPE.
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The minimum value
required based on the
standard

MIXING AND
HOMOGENIZING

TAPE COATING
METHOD |

DOCTOR BLADE

an addition of 2% antistatic fibres coated with
polyurethane

POLYURETHANE
SLURRY

meta-aramid textile carrier with
an addition of 2% antistatic fibres coated with
polyurethane containing 0.25 wt.% of graphene

textile/PU/

0.25%G

meta-aramid textile carrier with

textile/PU/
0.5%G

an addition of 2% antistatic fibres coated with
polyurethane containing 0.5 wt.% of graphene

PREPARATION

GRAPHENE

DRYING

/ / / TAPE (COATING)

CARRIER FILM
2

TABLE SUPPORT

CROSS-LINKING: o TESTING:
15theating: 120°C/15 min E===rt .- a) Tear Resistance
2nd heating: 170°C/1 min e B — b) Microstructure Assessment

(SEM Analysis)

| s __’A}r
WUT_SUB000 5.0kV 6.6mm x10.0k SE(U) B \//UT SUS000 5.0kV 8.3mm x1.00k LM(L) 50.0ur R =

In the first stage, the mixture components, including polyurethane and graphene nanofiller
with different mass content (0,25 wt% and 0,5 wt%) were mixed and the obtained two types of
paste were homogenized via high-energy mixing using a planetary homogenizer. Subsequently,
the prepared pastes were formed into coatings by implementing pastes into the textile via
tape-coating method. Next, the prepared coatings were crosslinked. The cross-linking process
was performed using a laboratory dryer at a temperature of 120°C for 15 minutes and then at
170°C within 1 minute. The hybrid materials were tested by means of tear resistance and their
morphology was analysed using Scanning Electron Microscopy.

RESULTS AND DISCUSSION
<__TEARRESISTANCE RESULTS >

POLYURETHANE (PU) based on a commercially
available reagent under the tradename TUBICOAT PU
60 (CHT Germany) was applied as a polymer matrix.

GRAPHENE (CARBON 4LAB) with 99,9% of purity
provided by Institute of Carbon Technology (Poland)
was used as a nanofiller (flake size: 1,5 um, thickness:
3 nm, specific surface area: 800 m2 /g, purity: 99,9 %).

TEXTILE/PU/0.25%G AFTER
TEAR RESISTANCE

100 , . , . |
tearing along weft direction
A tearing along warp direction |
L
g A
8 54.0 UT SU 509 3mmx30 LM(UL) )
= 60 - 7 -
e 39.0 z
i " 338 344 '
$ w0 L >0
S0 F — 21.7 !
5 /
> 20 - t s
<
0. | The application of 0.5 wt.% of graphene in the

o G G polyurethane coating caused an increase
&e*ix\e\ O\Qf?f’ ’O . 09 : in tearing force measured when tearing along
5 {\\QW s el the weft direction of more than 30% compared

to the coated textile with no graphene. However,
the same parameter measured as a result
of tearing the material along the warp direction
was reduced by about 6%. Nevertheless,
according to different PPE standards, the
obtained materials are characterized by various
performance levels and therefore these hybrid
textile materials may be used in personal
protective equipment (PPE).
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CONCLUSIONS

Currently, it is of considerable importance to develop materials dedicated to personal protective equipment.
The presented studies were focused on hybrid textile materials dedicated to PPE, consisting of a polyurethane coating
containing graphene and of a textile carrier. The hybrid materials were tested by means of tear resistance and
morphology. The hybrid material coated with polyurethane (textile/PU) and the hybrid material with a PU coating with
0.5 wt.% of graphene met the tearing force requirements for protective clothing for firefighters according to EN 469:2020.
The only material which did not meet these requirements was a textile coated with polyurethane with 0.25 wt.%

oraphene (textile/PU/0.25%G), but it may meet other requirements, including the minimum value required based on the
EN ISO 11612:2015 (clothing for protection against heat and flame).

This task was completed on the basis of results of research carried out within
the scope of the 6th stage of the National Programme “Governmental Programme for Improvement of
Safety and Working Conditions” funded by the resources of the National Centre for Research and
Development task no.: .PN.05 , Graphene-modified hybrid textile materials for firefighter gloves”. The
Central Institute for Labour Protection - National Research Institute is the Programme’s main co-
ordinator.
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