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3awunTHbIE U pa60qwe nepyaTku Kak PyHKLUOHabHbIe TEKCTUNbHbIE N3fEeNnUs:
0630p KOMMEpUYECKUX MPOAYKTOB Ha OCHOBE MHHOBALLMOHHbIX BOJIOKHUCTbIX MaTepuanos

X. XunbTMmaHH, . XopPpmaHH, YHUBEPCUTET MPUKAafHbIX HayK HxxHero PeviHa,
J1. Munep, b. ManTtur lepmanns

AHHOTaUMS. 3aLLMTHbIE U paboyne NepyaTku - 370 GYHKLUMOHAbHbIE TEKCTUbHBIE U3AeNUs, CO3aHHbIe U3 Pa3niyHbIX BUAOB
CbIpbs. B psae cnyyaes KOHCTPYKLMIO NOAOBHbIX 3Aennii AONOAHSAKT NOKPbITUAMM A MeMbpaHaMu. [lepyaTki MOryT U3roTas-
JMBATbCS KaK M3 06bIYHbIX TEKCTUbHBIX BOMOKOH, TaK W 113 BONOKOH C YNy4LLIEHHbIMW CBONCTBAMMU. VIHHOBALIMOHHbIE BOOKHM-
CTble MaTepuabl, B YaCTHOCTU BbICOKOIGMEKTUBHbIA nonuatiunen (HPPE), CTEKNOBONOKHO W1 apaMubl, CMIONb3YOTC A1
[06aBNEHMS YNYYLIEHHBIX XapakKTePUCTUK, HanpyUMep CTOMKOCTM K MPOPE3aHMI0 1 TePMO3aLLNTbl. 3aLliMTHbIe NepyaTkyu - Ha-
TNSOHbIA NPUMep W3menuit, 0bnagatoLLmx YayYLIEHHbIMI U BbICOKOSQMEKTUBHbIMI CBOCTBAMU. B CTaTbe NpeacTaBnieH 0630p
acCOPTMMEHTA 3aLLMTHBIX NEPYaTOK, NPEANAraeMoro Ha HEMELIKOM PbIHKE, C YKa3aHWeM WX COoCTaBa MaTepuanos W GyHKUMO-
HambHbIX CBOMCTB. B KauecTBe BONOKOH, 06eCNeYMBAOLLMX 3aLLUMTY OT NOPe3oB, npeobnapatoT BonokHa HPPE unu cTexknoBo-
NIOKHO. [INg NoBbILEHNs KOMbOPTa NpW HOLLIEHUM NpeanoyTeHne oTaaeTcs 1obaBkaM HebOMbLLOro KONNYecTBa anacToMep-
HbIX BOMIOKOH. B MpON3BOACTBE NEpYaToK NCMOMb3YHTCS TakKe TPaaULIMOHHbIe MOAMAMUOHbIE UK NOA3GUPHbIE BONOKHA. Bo
MHOTWX BII@X NEPYaToK NPUMEHAKTCS NOKPbLITUS U3 NoNUypeTaHa U HUTpUna Ans ynyuLlenus CLennexus noBepxHocTH v B
KayeCTBe [0NOMHUTENbHOIO 3aLLMTHOIO 3neMeHTa. CBOCTBA MaTepuanoB NOATBEPKAAIOTCS USMEPEHNSIMI BO3AYXONPOHULae-
MOCTH, NOBEPXHOCTHOTO 3N1EKTPUYECKOr0 CONPOTUBAEHNS, IaHHbIMU 3NEKTPOHHOI MuKpockonun u UK-cnekTpockonuu. MeTo-
[Obl MAKPOCKOMUM M CNEKTPOCKONMM He NO3BONSKIT 0BHaPYXMTb BCE BOIOKHA, YKa3aHHble B MHQOPMaLmMu npoussoautens. Mpu
3TOM B OTAE/MbHbIX BUAX NepYaTok ONPeaenstTcs TUMbl BOMOKOH, HE 3asiBNeHHbIE NPOM3BOAUTENAMU. [IpeacTaBAeHHbIN 0630p
no3BoNseT cHopMMpoBaTL YETKOE NPEACTaBEHIe 06 UCNONb3yEMbIX MaTepuanax, a Takke MOXET CNYXNTb MHCTPYMEHTOM g
aHann3a BONOKOH B 3aLLMTHBIX TEKCTUbHBIX M3AEAUAX, SBNSIOLIMXCS HOCTYNHBIM KOMMEPYECKIM MPOAYKTOM.

Kniouesble cnoga: nepyatk, GyHKLMOHAMbHBIA TEKCTUb, MHHOBALMOHHbIE BOMIOKHA, MK-CnekTpockonus, CTOMKOCTb K npo-
pesaHuio.
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Protective and working gloves as functional textile products -
overview on commercial products with special dedication to advanced fiber materials

Hannah Hiltmann, Paula Hoffmann, Hochschule Niederrhein, University of Applied Sciences,
Lina Pieper, Boris Mahltig Germany

Abstract. Protective and working gloves are functional textile products built up by a composition of different fiber materials.
Several products are further equipped with coatings or embedded membranes. Fibers used for gloves belong to the category
of conventional fibers and to fibers with advanced properties. Advanced fiber materials like high-performance polyethylene
HPPE, glass fibers or aramid are used to implement advanced properties like cut-resistance or heat protection. In fact,
protective gloves are perfect examples for products containing advanced and high-performance properties. According to
this statement, the actual paper gives an overview on selected protective gloves offered on the German market, reporting
their material compositions and some functional properties. As cut-resistance fibers most often HPPE fibers or glass fibers
are used. To improve wearing comfort often elastane fibers are added in amounts of few percentage. As conventional
fibers mainly polyamide or polyester fibers are used. Most gloves are equipped with coatings from polyurethane or nitrile
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to increase the grip and as an additional protective element. Material properties are supported by measurements of air
permeability, surface electrical resistance, electron microscopy and IR spectroscopic data. Microscopic and spectroscopic
methods cannot detect similarly all fibers which are mentioned in supplier information. However, also fiber types which are
not claimed by the suppliers are determined in some gloves. By this actual overview the reader gains a fine view on used
materials and a tool for fiber analytics on commercially available protective textile products.

Keywords: gloves, functional textiles, advanced fibers, IR spectroscopy, cut resistance.
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The article summarizes the research materials presented at the International Scientific and Technical Conference
"International Conference on Textile and Apparel Innovation” (ICTAI-2025), held on November 18-19, 2025 at Vitebsk State
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Introduction

Protective gloves consist of a variety of technical
materials that are specifically combined to ensure
optimal protection against mechanical, thermal, and
chemical influences. The selection of fibers and coatings
used significantly influences properties such as cut
resistance, abrasion resistance, heat resistance and
comfort (Ertekin, M. & Ertekin, G., 2020; Khanlari, Ghasemi &
Heidarimoghdam, 2023; Zhai, Mao, Shen, & Yan, 2021; Dolez,
Marsha & McQueen, 2022). Protective gloves are excellent
examples for textile products made from different fiber
materials and coatings to achieve finally an advantageous
and high-performance product. The Table 1 provides an
overview of some basic material properties of selected
materials commonly used in modern protective gloves.
The related chemical structures of polymers building up
these fiber materials are given in Figure 1. Conventional
fiber materials from PET and PA are used as inexpensive
and also mechanically stable basic material. The maximum
temperature of usage Tmax for these materials is not
higher than 150 °C (Mahltig, 2021). As high cut-resistance
material but with lower thermal stability HPPE can be
used (Mahltig, 2021). A high cut-resistance together with
a better thermal stability can be reached by fibers as
aramid, PBO, glass or basalt fibers (Zhai, Mao, Shen, &
Yan, 2021; Miskiewicz, Frydrych, Pawlak & Cichochka, 2019).
An additional protection against thermal radiation can
be achieved by aluminum coating (Zhu & Feng, 2020).
For glass fibers from e-glass a Tmax of around 600 °C
is reported. For e-glass fibers a broad range different
compositions SIOZ/AIZO3 and other metal oxides is
mentioned (Wallenberger, 2010). Polyurethane coatings
are often used to improve the grip of the protective gloves
and also to support a certain oil resistance. The thermal
stability of such cross-linked PUR materials is quite good

(Chattopadhyay, Sreedhar & Raju, 2005). Alternative to PUR
coatings also coatings from rubber, nitrile rubber or PVC
are used (Zhai, Mao, Shen, & Yan, 2021). For improvement
of textile comfort and fit often small amount of elastane
fibers are added (Dolez, Marsha & McQueen, 2022).
However, the thermal stability of elastane fiber materials
is difficult to judge, because of different temperature
driven processes in the different hard and soft polymer
areas in the chemical structure of elastane polymer
(Boschmesier et al., 2023). For the current overview, eight
different commercially available gloves are considered
which are all dedicated to application as working and
protective gloves. One aim of the current study is to
report on the broad range of different products available
for working and protective gloves and which advanced
fiber materials are used in combination with conventional
fibers and coatings.
Evaluated Products

As commercially available products eight gloves are
chosen as representative materials. These gloves are
offered as working and protective gloves and contain
additionally to conventional fibers also high-performance
fibers to reach the claimed advanced properties as cut-
resistance and heat resistance. Table 2 offers an overview
on the evaluated gloves together with supplier information
on purpose, function, standards and price. Additionally,
table 3 offers further information on material composition,
suggested areas of usage and claimed properties. For all
eight gloves, the suppliers mention several standards for
claiming different protective properties. The European
standard EN 388 is claimed for all eight gloves and
is related to protective gloves against mechanical
risks (Zhai, Mao, Shen, & Yan, 2021; European Standard
EN 388:2016 «Protective gloves against mechanical risks»).
Gloves according to this standard are intended e.g. for use
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Table 1— Overview on materials often used in working gloves and protective gloves

Material / common

Maximum

Summary of typical

(Zylon)

cut-resistance

temperature of . Usage for gloves Ref.
name . properties
usage T max [°C]
inexpensive, . .
Polyester (PES / PET) | 150 dimensionally stable, Basic fabric material (Ertekin, M. & l?rtekm,
- G., 2020; Mahltig, 2021)
low humidity up-take
Polyamide, PA (Nylon) | 115 Mechanically stable, Basic fabric material | (Mahltig, 2021)

' stable against abrasion '
High-Performance- ?ilsrr]{vszit;]isfgarzgisture (Zhai, Mao, Shen &
Polyethylen, HPPE 90 o Cut protection Yan, 2021; Mahltig,
(Dyneema) absorption, '9V.V9r 2021)

thermal stability
High strength, Reinforcement of cut | (Zhai, Mao, Shen
Glass fiber 600 temperature and flame | resistant yarns, heat | & Yan, 2021,
resistant, rigid and brittle | protective fabrics Wallenberger, 2010)
. . (Zhai, Mao, Shen
Abrasion-resistant, Egsgligfﬁsl%?ﬂc & Yan, 2021,
Polyurethan, PU 210 elastic, good grip, . Chattopadhyay,
L areas to improve !
oil-resistant adhesion Sreedhar & Raju,
2005)
(Dolez, Marsha &
Elastane (Lycra) % Extremely stretchable, Improvement of McQueen, 2022;
good Stretch-recovery textile fit and comfort | Boschmeier et al,,
2023)
(Ertekin, M. &
Ertekin, G., 2020,
Khanlari, Ghasemi
Good temperature Cut resistance. flame & Heidarimoghdam,
Aramid 200 stability, fire retardant, % heat resistar’me 2023; Zhai, Mao, Shen
cut-resistant & Yan, 2021; Mahltig,
2021: Miskiewicz,
Frydrych, Pawlak &
Cichochka, 2019)
High temperature ) (Zhai, Mao, Shen &
Polybenzoxazol, PBO 310 stability, fire retardant, Cut resistance, flame Yan, 2021; Mahltig,

& heat resistance

2021)

in activities involving the risk of abrasion, cutting, tearing
and puncture. Additional to the standard EN 388, for
product 1 and 4 the standard EN ISO 13997 is mentioned
which is dedicated to the cut-resistance of protective
clothing (Zhai, Mao, Shen, & Yan, 2021; European Standard
EN IS0 13997:2024 «Protective clothing - Mechanical
properties - Determination of resistance to cutting
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by sharp objects»). For glove
the standard EN 407 for heat protective properties
is mentioned. For product 8 additional the standard
EN 511 is mentioned. This standard EN 511 is dedicated
to the evaluation of gloves for cold-protection and, to a
certain extent, for protection against moisture (European
Standard EN 511:2006 «Protective gloves against cold»).

product 7 additionally
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Figure 1— Chemical structures of polymers building up prominent fibers used for glove production

Table 2 — Overview on discussed gloves, presented are trade names, suppliers, purpose and standard mentioned by
the supplier. The price is given per pair gloves

. . Mentioned Price
No. Name & Supplier Purpose / function Standards [Euro]
Kraftwerkzeug / Sanger .
1 Haushaltsprodukte GmbH Cut resistance EN 388, EN 1SO 13997 4
2 TEGERA®, Textilhandschuh-Ejendals | Cut resistance EN 388 ~ 21
3 Duracoil 546 / Showa Cut resistance EN 388 ~8
4 LUX-Schnittschutzhandschuh Cut resistance EN 388, EN ISO 13997 | ~ 6
Multiflex / Gebol .
0 Handelsgesellschaft GmbH Working glove EN 588 wO
6 Lux Allround-Handschuh Multipurpose glove EN 388 ~5
7 KarboTECT 950 / KCL GmbH Heat protective glove t0 250 °C / cold | ¢y <00 £y 47 -5
protective
8 | Gebol Master Thermo Handschun | 0Tking glove / protective glove for | 200 o o 5
protection against cold and moisture

The product cost is in low to medium price range.

For products 1 to 4, the cut-resistant properties are
reached by using HPPE fibers, which can be further
improved by co-use of glass fibers. These products are
not dedicated to thermal protection. A thermal protection
is only claimed for product 7, due to its composition
containing aramid. Elastane fibers are present in several
products to improve fitting and textile comfort. Only
samples 2 and 7 are without PUR or nitrile coating. The

product 8 contains inside the glove a membrane probable
to support protection against moisture.
Analytical Methods

The air permeability of the products is tested in
accordance with standard ISO 9237 by using a FX 3300
Lab air test device (Textest Instruments) (ISO Standard
ISO 9237:1995 «Textiles - Determination of the permeability
of fabrics to air»). The thickness of the products is
determined by using a Micrometer Type S16502 (Frank-
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Table 3 — Overview on discussed gloves, presented are materials, areas of usage and claimed properties according
to supplier information

No. Material Suggested areas of usage Claimed properties
1 Cut-resitant HPPE yarn; PU Gardening, assembly work Good grip due to PU/nitrile coating,
coating Breathable backhand, Lightweight
and flexible

2 Knitted HPPE, Dyneema Working with cutting tools, assembly Comfortable cut protection,
work Air-permeable/breathable, Good

fingertip sensitivity, Thin & soft

3 Fabric from HPPE, PET and
glass fibers; PU coating

Working with cutting tools, Handling
intricate parts, Light assembly of
oil-coated parts, Mechanics and
engineering, Automotive repair and
maintenance, Bottling, Handling glass
and windows

HPPE reinforced, Polyurethane
coating, Foam grip, Ergonomic

4 | Yarns from 156 HPPE / PET /
glass fibers / Elastane and
Nitrile coating

for rough craft work and metalwork High abrasion resistance, Good grip,

Cut-resistant

5 96 % Nylon, 4 % Elastane, Nitrile | Installation work, Storage work, Skin-friendly, good, dry grip, High
coating Assembly work, Repair work, Carpentry wearing comfort & breathable
work coating, Optimal dexterity

Good fitting

6 Polyamid, Elastane, nitrile
coating

Assembly wark

Cold/heat work, Working with cutting
toals, Metal manufacturing and
processing

i Para-Aramid and carbon fiber
(outside), cotton (inside)

Heat insulation, cut-resistance,
contact heat till 250 °C

8 Back of hand: 95 % nylon, Construction work, Forestry work, Secure grip, Protection against cold

5 % elastane; Palm: 58 % nylon,

Gardening work, Agricultural work,

and wet weather, High wearing

42 % PU

Assembly work, Repair work

comfort

PTI GmbH). Air permeability and thickness are tested for
all products at three different areas of the gloves - area
without coating, area with coating and at the band on the
wrist. These measurements are repeated twice and the
received average value is further discussed. The electrical
surface resistance is determined by a MGT-3 Antistatik
Tester [MECO Energie-Kollektoren GmbH, Germany).
Microscopic investigations are done by scanning electron
microscopy using a Tabletop microscope TM3000 from
Hitachi (Japan). Infrared spectroscopic measurements are
done with an FT-IR spectrometer IR Tracer-100 (Shimadzu,
Japan) which is equipped with a Specac Golden Gate ATR
unit.
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Air permeability and thickness of materials

Determined air permeability and thickness of
considered gloves are shown in Table 4 The given
values are average values gained from two individual
measurements. The thicknesses of gloves type 1to 6 are
quite similar in the range of 11 to 1.7 mm. These gloves
are mainly related to cut-protection and for this obviously
no bigger thickness is needed. In comparison, gloves
7 and 8 also dedicated to heat or cold protection exhibit
significantly higher thickness. For gloves with coated
areas, the air permeability at these areas are significantly
low. At areas without coatings the air permeability is in the
range of 102 to 986 L/m?s, standing for an air permeability
from average to high. The air permeahility is probable
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Table 4 — Overview on air permeability and thickness determined for evaluated gloves

Air permeability [L/m2s] Thickness [mm]
No. |  Area without Area with Band on the Area without Area with Band on the
coating coating wrist coating coating wrist
1 581 17 376 13 11 2.2
2 142 68 15 18
3 133 61 82 14 13 15
4 432 73 284 15 1.6 2.2
5 619 34 343 12 1.6 15
6 633 21 867 13 17 14
7 986 562 6. 92
8 102 14 5.6 31

related to the textile construction and less dependent on
the type of used fiber. Product 8 is a multilayer material
which leads probable to the lowest air permeability of all
considered products.
Electrical surface resistance of materials

The electrical surface resistance of all considered
products is presented in Table 5. For most products the
determined resistance is quite high with more than 10°
Ohm which is related to no or low antistatic properties.
Interesting is that the coated areas exhibit lower electrical
resistance. Only for the product 4 a significantly lower
surface resistance of 10° Ohm is determined which can
be set in relation to antistatic properties (ISO Standard
ISO 9237:1995 «Textiles - Determination of the permeability

of fabrics to air»). Because this product 4 exhibits no
significant difference in fiber compasitions as other
considered products the application of antistatic agent
might be assumed.
Microscopic investigations

Microscopic images taken with scanning electron
microscopy SEM in different magnifications are compared
for the eight considered products and shown in Figure
2. These images are taken from uncoated areas of the
gloves after cutting them into pieces of around 1 cm?
size. Unstructured and even fiber surfaces are visible
for all samples which is typical for synthetic fibers, these
products are made from. For products 1, 3 and 4 fibers
with brighter appearance can be detected. These fibers

Table 5 — Determined electrical surface resistance for evaluated gloves

N Electrical surface resistance [Ohm]
0.
Area without coating Area with coating
1 >1 x 107 5x 101
2 5x10°
3 >1 x 107 2x10"
4 1x10° 1% 101
5 >1x 107 2 x10%
6 5x 10" 2 x10%
7 >1x 107
8 >1 x 107 1x101°

- BECTHWK Butebckoro rocyaapcTBEHHOrO TeXHOMOrM4yeckoro yHuBepcuteta, 2025, N° 4 (54)



TECHNOLOGY OF MATERIALS AND PRODUCTS OF TEXTILE
INDUSTRY AND CONSUMER GOODS INDUSTRY

-~ \_ g

product5 v/ Py 1 product 6
‘ S N S N

-

A ~ ..-L
3 x100 1 mm

product 7 2 |
(‘{ l‘! W

\l

Figure 2 — Microscopic images of the different protective gloves recorded with scanning
electron microscopy in different magnifications
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Figure 3 — IR spectra of the different protective gloves
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are probable glass fibers which show a different material
contrastin the electron microscope compared to the other
synthetic fibers, because glass fibers contain chemical
elements of higher atomic weight as silicon, aluminum
or calcium [Mahltig & Grethe, 2022). The glass fibers are
probable introduced in the product to improve the cut-
resistance. Surprising is the detection of glass fibers in
product 1, because this component is not mentioned in
supplier information.
IR spectroscopic investigations

IR spectra determined from the eight considered
products are shown in Figure 3. These IR spectra are
taken from uncoated areas of the gloves and the most
prominent IR signals are marked according to polymer
composition (Mahltig, 2021). For products 1 and 2, HPPE
as main fiber component can be clearly identified. For
product 1, also small signals related to ester and amide
groups are determined, which can be related to finishing
applications or the back of the PUR coating. The IR
spectrum of product 3, exhibit IR signals related to at
least three fiber components - HPPE, PET and PA. Due to
the presence of PET and PA in larger amounts, the HPPE
signals are partly covered by IR signals from other fibers.
PET is clearly identified and also part of the supplier
given product composition. The determined PA is not
part of the supplier information on fiber composition and
might be related to finishing applications or the back of
the PUR coating. The IR spectrum of product 4 is mainly
determined by the signals from PET fibers. Only the small
signals around 2900 cm can be assigned to the HPPE
fibers. The IR spectra of products 4 5 and 8 are almost
similar and can be directly set in correlation to the main
fiber component Nylon (Mahltig, 2021). The also mentioned
component elastane cannot be identified by these
IR-measurements. The IR spectrum from product 7 can
be identified to aramid fibers by comparison to literature
(Mahltig, 2021).

Summary & conclusions

Protective and working gloves are functional textile
products often produced by a combination of different
fiber types - conventional fibers and advanced fibers. By
this combination protective properties against mechanical
influences, heat or cold can be achieved. The current
paper gives a short introduction to fiber types used and
present eight product examples - commercially available
protective gloves. For achieving cut-resistance, four of the
products contain HPPE fibers, which are in some cases
reinforced by addition of glass fibers. In comparison, for
products with better thermal stability nylon or aramid
fiber materials are used instead of HPPE. The use of PUR
and nitrile coatings is done for most of the products
to improve the grip and probable also for achieving
additional protective effects. In four products, small
amounts of elastane fiber are added (up to 5%) to improve
fitting and textile comfort. For some products, additional
components not claimed by the suppliers can be identified
by methods like SEM and IR spectroscopy. Finally, it can be
concluded that on the market a broad range of different
protective gloves are available made from very different
fiber and coating materials. The achieved protective
properties can be realized using different fiber types in
different combinations. There is not the single best and
only used fiber composition for a protective glove.
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