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CpaBHVITeHbeIVI aHaJ/iIn3 HOCKOB, U3roToBJ1IE€HHbIX MO MHHOBALMOHHOWN TEXHOJIOrUN
N3 cneuyunanbHbiX CUHTETUYECKNX BOJTIOKOH

L. BépHep, b. Apucn, HuxHepeHcKas BbICLLas LLKOa MNPUKIanHbIX HaykK,
K. Pop6ax, 6. Mantur lrepmarHus

AHHoTaums. OyHKUMOHANbHbIA TEKCTUNb OXBATbIBAET LUMPOKMIA CMEKTP PasfMuyHbIX MaTepiuanoB M npoaykToB. MoHATME
«(QYHKLMOHANbHOCTb» OTHOCMTCS K CBOWCTBAM, KOTOPbIE 0BbIY4HO HE AOCTUraKTCs C MOMOLLb0 06bIYHOrO TekcTung. MyHKUMO-
HaNbHbIM CBOMCTBOM MOXET 6bITb OTHECTONKOCTb, HTUCTAaTUYHOCTb UM aHTUMUKPOGHOE AelicTue. [lobaBneHne Takux QyHK-
LIMOHaNbHbIX CBOMCTB YacTo TPebyeTcs Ang CaMblx pasHbx TUNOB 0Aex/abl. 06bEeKTOM UCCNenoBaHUi B AaHHOM paboTe bbini
BbIBPaHbI BYHKLUMOHANbHbBIE HOCKM Kak KOMMepYeckuid npoaykT. 0coboe BHMMaHME B paboTe yOeneHo COCTaBy BOMOKOH 3TUX
HOCKOB W TENAOU30ASLMN NPOAYKTa. [INg 3TOro pacCMOTPEHbI LLIECTb PasfNYHbIX HOCKOB, AOCTYMHbIX NOTPE6UTENHO, KOTOPbIE,
KaK 3asBAseT Npou3BOauTENb, 06/1aAa10T ONpefeneHHbIMI YHKUMOHANbHBIMI CBOCTBAMU. [lng cpaBHEHNs Bbin uccnenoBsaH
3TaN0HHbIN BapUaHT — HOCOK Be3 cnelnanbHo 3aaBneHHbIX QYHKLMOHaNbHBIX CBOMCTB. BCe HOCKM COAEpXaT No KpaliHen Mepe
OAMH 13 BAOB TPAAULIMOHHOTO ChIpbs, HANPUMeEP, NOAN3DUPHbIE, NOAAMUAHbBIE WAW X0MKOBbIE BONMOKHA. M9Tb HOCKOB CO-
[EpXart aNnaCTaH B KONNYECTBE OT 2 % [0 6 %, YT06bl ynydLLnTb NOCAAKY M3Aennit. 3asBNeHHble GYHKLMOHaNbHbIE CBOCTBA [10-
CTUTAKTCS 3a CYET COMePXKaHNs NHHOBALMOHHBIX BOMIOKOH B 3TUX TPUKOTXHbBIX U3AENUAX. MOaKpUIoBbIE XN0PCOAEPXaLLIME
BOJIOKHA UCNONb3YIOTCS ANS AOCTUXEHUS OrHECTOMKIX CBONCTB. ICN0b30BaHNE 3M1EKTPONPOBOASLLMX BONOKOH, HANpuMep, yr-
NEPOAHbIX BONOKOH, POPMUPYET aHTUCTATUYECKNE CBOCTBA. TONbKO A% OAHOM0 NPOAYKTa YNOMUHAETCS NpUMeHerne buounaa
Ons peanu3alim ahdeKTa 3aLnTbl NPOTUB HACEKOMbIX. HOCKM MCCNEea0Banuch C NOMOLLbK CKaHUPYHOLLIEN 3NeKTPOHHOM M-
kpockonuu (CIM) 1 ucrbITaTesbHOI YCTAHOBKM A9 ONpefeneHins TennousonaLmnoHHbIX CBOCTB C UCMONb30BaHMEM TeN/IoBOiA
Kamepbl, U3MepstoLLIe TEMNepaTypy NOBEPXHOCTY. TeNnoM30NSLUMOHHbIE CBOMCTBA HOCKOB MOXHO YeTKO onpeaennts. OaHako
WHTEHCMBHOCTb M30ASLAN CUMbHO 3aBUCUT OT TUNA NPOAYKTa M 061acTi M3MEPEeHUS — NOAYLLIEYKN CTOMbI, NOAbEMA UiV NATKM.
B pesynbraTe yCTaHOBNEHO, YTO ANS CO3AaHUS GYHKLUMOHAMbHbIX HOCKOB MCMONb3YeTCs LUMPOKMIA CNEKTP PasnuyHbIX MaTepu-
anoB. ViccnenoBanHble HOCKM ABASKOTCS NPEKPACHbIMKU NpUMEPaMK TEKCTUNbHbLIX GYHKLMOHANBHBIX U3AENNN, BbINOMHEHHbIX C
NCNONb30BaHNEM CNEUNanbHbIX BULOB CUHTETUYECKIX BOMOKOH.
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Comparative analysis of innovative socks made from special synthetic fibers

Giulia Borner, Berat Arici, Hochschule Niederrhein, University of Applied Sciences,
Carolin Rohrbach, Boris Mahitig Germany

Abstract. Functional textiles cover a broad range of different materials and products. The term of functionality is related
to properties which are typically not reached with conventional textiles. A functional property can be flame retardancy,
antistatic or antimicrobial action. The addition of such functional properties is often demanded for very different types
of clothes. To focus this actual report, an overview on functional socks as commercial products is given. A special view is
made on the fiber composition of these socks and the thermal insulation of the product. For this, six different commercially
available socks are considered which are all claimed to certain functional properties. Also, a reference material - sock
without especially claimed functional property - is discussed. All socks contain at least one of the conventional fibers as
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polyester, polyamide and cotton. Five socks contain elastane in an amount of 2 % to 6 %, to improve the fit of the products.
Claimed functional properties are achieved by a content of high-performance fibers in these knitted products. Modacrylic
fibers with chlorinated co-unit are used to achieve flame-retardant properties. The use of conductive fibers, as e.g. carbon
fibers, leads to antistatic properties. Only for one product a biocide application is mentioned for realization of an anti-insect
effect. The socks are investigated by using scanning electron microscopy (SEM) and a test set-up for determining the
thermal insulation properties by using a heat camera measuring the surface temperature. The thermal insulation properties
of the socks can be clearly determined. However, the intensity of insulation strongly depends on the type of product and
the area of measurement - foot ball, instep or heel. Finally, it can be stated that a broad range of different materials are
used to create functional socks. For this, socks are excellent examples for textile functional products realized with special

synthetic fibers.

Keywords: socks, functional textiles, high-performance fibers, thermal isolation.
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Introduction

The functionalization of textiles refers to their aimed
functional modification with additional or improved
properties with regard to a specific application. A
distinction can be made between the fiber-specific,
physical properties and the, mostly superficial added
properties, which are mainly realized by finishing
processes. Functional fiber-specific properties can be
realized by addition of high-performance fibers (Mahltig &
Grethe, 2022). Prominent examples for high-performance
fibers are Kevlar (para-aramid) for cut-resistance and
flame-retardancy or modacrylic with chlorinated co-units
(Kanecaron) for flame-retardancy (Mahltig & Grethe,
2022; Mahltig, 2021). Please, compare the totally different
chemical structures of both high-performances fiber
in Figure 1. Examples for functionalization by finishing
processes are the application of flame-retardant agent
or antimicrobial substances (Lam, Kan & Yuen, 2012).
Functionalized textiles are particularly popular in the
outdoor clothing sector (Miao, Wang, Yu & Ding, 2022).
Outdoor clothing generated sales in Germany in 2023 of
around 270 million Euro. Till 2029 a growth of nearly 35
million Euro to finally around 315 million Euro is forecasted
in this section (Statista, 2024a). Important clothing
categories in terms of functional textiles are: Sportswear
and workwear. The latter in particular has the intention
to protect humans from external influences. Frequently
aimed are functional properties as e.g. breathability, wind
and waterproof but also flame retardancy (Cheng et al.,
2020). Due to the broad range of different functional textile

products available on the market, the actual report has to
focus on a special type of cloth. This focus is set to socks,
where products with manifold functional properties are
offered on the market. A special view is made on the fiber
composition of these socks and their thermal insulation
properties. Even if the size of a sock is small comparable
to other pieces of clothes, they are economically important
products. The German market for socks has achieved
around 1.6 billion Euro in 2023. The trend of the markets
is positive. There is an increasing demand for socks in
Germany forecasted till 2028 (Statista, 2024b).

For the current overview, six different commercially
available socks are considered which are all claimed
to certain functional properties. Also, a reference
material - sock without especially claimed functional
property - is discussed. One aim of the current study is
to report on the broad variation of functional properties
and materials which are commercially available with
textile socks. A special view is done on the used fiber
materials and high-performance fibers. For evaluation of
thermal insulation properties, a simple test is developed
which is set in simple relation to consumer application
and the textile sock as special product. The description
of the testing procedure by using a heat camera can be
as well used to transfer this test set-up for evaluation of
other types of clothes and is by this of general interest for
people, who are working in the field of functional textiles
and clothing products.
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Figure 1— Chemical structures of polymers related to high-performance fibers — left: para-Aramid;
right: acrylic with chlorinated co-unit for flame-retardant properties

Table 1 - Overview on discussed functional socks, presented are trade names, suppliers and labels & standard
mentioned by the supplier. Trade names originally in German language are also given in the English translation. The
sample sock R is a reference material without special promotion as functional textile material

No. Name Supplier Mentioned Labels & Standards
R H ern’an Vollfrotteesoclfen Ronly Oeko Tex Standard 100
Men's full terry socks
Flammschutz Arbeitssocken “2505" schwarz Blaklader

EN 1149; EN 14116

“Flame retardant work socks "2505" black" Workwear
2 | Tech Summer Socks Diadora Utility ISO 9001:2015
e |
4 | SK24 Bamboo Hiker Socks Portwest Not mentioned
5 | BHP0OO1 Thermoactive Workwear Socks Brubeck Protect Not mentioned
6 | Top Flame Long Cofra EN 11612A1B1C1:2008, EN1143-5:2008

Materials and Products

For the current overview on commercially available
textile socks, seven different products are considered
(Table 1). Six products are distributed by the suppliers with
claimed functionals properties. These products are named
as sample 11to 6. As reference material, conventional sock
is chosen, which is sold for clothing purposes without
claiming further functional properties. This product is
named as sample R and is the only one in this selection
carrying an Oeko Tex Label (Table 1). For the two samples 1
and 6 dedicated to flame retardant properties, standards
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related to flame retardancy and antistatic properties are
given.

An overview on functional properties and the containing
fiber materials as given as supplier information is listed in
Table 2. All socks contain at least one of the conventional
fibers as polyester, polyamide and cotton. Five socks
contain elastane in an amount of 2 % to 6 %, to improve
the fit of the products. Also, for the reference sample
properties as “warming” and "high wearing comfort" are
mentioned. Claimed functional properties are achieved
by a significant content of high-performance fibers in
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Table 2 — Overview on discussed functional socks, presented are functional properties, fiber materials and further
information on composition mentioned by the supplier. The sample sock R is a reference material without special
promotion as functional textile material

No. Mentioned functional properties

Further information

Fiber materials . -
given on composmon

Comfort waistband, warming,
high wearing comfort

77 % cotton, 19 % polyamide, 2 % polyester,
2 % elastane

1 | Antistatic; flame retardant

40 % modacrylic, 26 % cotton,
25 % polyamide, 6 % elastane,
3 % conductive fibers

2 | Coolmax, kevlar

45 % polyester, 25 % cotton, 20 % polyamide,
6 % elastane, 4 % aramid (Kevlar)

Coolmax Core; ESD-fahig “antistatic”,

43 % polyester Coolmax, 32 % polyamide,

Impregnated with

anti-allergic, quick-drying

. . 22 % 2% el 1% other fi L
5 Si Repel Mosquito ’ cptton, ¢ elastane, 1% other fiber biocidal product
materials
4 Humidity up-take, breathable, 43 % bamboo, 35 % polypropylene,
antibacterial, prevents odor formation 20 % polyamide, 2 % elastane
5 Durable, thermal-insulating, antibacterial, | 46 % polyester, 25 % polypropylene, 19 %

cotton, 7 % polyamide, 3 % elastane

6 | Flame retardant, antistatic, breathable

60 % modacrylic, 38 % cotton, 2 % carbon

these knitted products. In case of sample products 1and
6, modacrylic fibers with chlorinated co-unit are used to
achieve flame-retardant properties. The use of conductive
fibers, as e.g. carbon fibers, leads to antistatic properties.
For the sample products 2 and 3 the use of Coolmax fibers
is described, which is a special type of polyester fiber
exhibiting moisture transport properties. For sample 3
also a repellency to mosquitos is mentioned as functional
property, which is reached by impregnation with a biocidal
product. Sample product 3, is also described to be "ESD-
fahig" (antistatic). This antistatic property can be related
to the 1% of other fiber materials, which composition is
not disclosed in detail. Sample 4 is in this overview the only
sample with bamboo fiber, which is probable a regenerated
cellulose fiber based on bamboo as material source
(Alvarez, tawinska & Falkiewicz-Dulik, 2020). Remarkable
is the use of polypropylene fibers in the product samples
4 and 5, because the use of this fiber is quite uncommon
for clothing application. However, the application of the
hydrophobic polypropylene fiber might be supporting
the claimed quick-drying and breathable effects. Also, an
influence on friction coefficients is reported (Zhang et al.,
2023).

Analytical Methods

Microscopic investigations are done by scanning
electron microscopy using a Tabletop microscope TM3000
from Hitachi (Japan). The samples are investigated as
received and no further pretreatment is done before
microscopic measurements. The thermal properties of the
socks are evaluated using a heat camera type FLIR-P640
(InfrarotTec Systems, Ranstadt, Germany). For thermal
insulation measurements, all socks are investigated in
worn condition by using the heat camera. For reference, a
measurement is done at bare feet. To ensure comparability
of the results, the foot was acclimatized, by being barefoot
for a minute between each measurement. By using the
heat camera, a photo is recorded after wearing the sock
for three minutes. Examples for such photographs are
presented in Figure 2. Afterwards the camera recorded
the temperature of the foot at three different points - the
ball of the foot, on the instep and on the heel.
Microscopic investigations

The structure of the knitted fabrics and the yarn
structure of all seven products are evaluated by scanning
electron microscopy (SEM). SEM images taken in low and
medium magnification are presented in Figures 3 and 4.
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Figure 2 — Images taken with heat camera on bare foot and foot covered by different socks. The temperatures are
recorded after three minutes at three different positions of the foot (ball, instep, heel)

These images are recorded from samples taken from
the shaft of the socks. For the reference sample, mainly
the cotton fibers are determined. For samples 2 and 6,
fibers are detected in different brightness according
to a material contrast. Materials containing chemical
elements with higher atomic number (as e.g. chlorine)
appear brighter in SEM images (Mahltig & Grethe, 2022).
By this, the chlorine containing modacrylic fiber can be
distinguished from cotton or polyester. For both samples
the modacrylic fiber is part of a blended yarn introduced
to the knitted fabric. In higher magnification, the SEM
images of sample 6 exhibits also bright dots onto the
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acrylic fibers. These dots might be related to the addition
of antimany oxide Sb203, which is a catalyst known for
supporting the flame-retardant properties of halogen
containing organic materials (Zhang et al,, 2023).
Thermal investigations

The investigation of thermal insulation properties,
is done by determination of the surface temperature of
the foot carrying the socks. The surface temperatures
are determined at three different positions of the foot -
the ball, instep and heel. Among these positions, for the
instep the highest temperature is determined. Reference
measurements are done with the bare foot. For the bare
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sock R

2024.05.14 HL D95 x50

2024.05.07 HL D89 x50

HL D153x50 2024.05.14 HL D11,4 x50 2mm

202L 08,8 x5 2mm 2024.05.14 HL D96 x50 2mm

Figure 3 — Microscopic images of the different socks recorded with scanning electron microscopy
in low magnification. Samples for microscopy are taken from the shaft of the socks
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sock R

20240514 HL D95 250 300 um

HL D89 x250 300 um 2024.05.07 HL D7,7 x250 300 um

2024.05.14 HL D114 x250 300 um

2024.05.14 HL D88 x250 300um 2024.05.14 HL D96 x250 300um

Figure 4 — Microscopic images of the different socks recorded with scanning electron microscopy
in medium magnification. Samples for microscopy are taken from the shaft of the socks
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foot, surface temperatures in the range of 29.5 to 34 °C
are determined, which are below the body temperature
of 36 °C for humans. A foot covered by the reference
sample sock R shows a significantly decreased surface
temperature. This decreased surface temperature
indicates a thermal insulation caused by the sock. This
effect is strongest for the measurement area of the
instep. The functional socks 1to 6 exhibit results strongly
dependent on the measurement area. For the ball area,
the thermal insulation of the functional socks is quite
similar to the reference sock. Here, sample sock 4 exhihit
the highest thermal insulation and sample sock 1 the
lowest insulation (even lower than the reference sock).
For the instep area, all functional socks exhibit higher
surface temperatures compared to the reference sock,
S0 a kind of cooling effect might be claimed. However,
this cooling effect can be only claimed in comparison to
the conventional sock and not to the bare foot. For the
heel area, the functional socks 1 to 3 are quite similar
to the conventional sock but the socks 4 to 6 exhibit
significant lower thermal insulation properties. Based on
these measurements, overall for the product samples 4
to 6 it is justified to claim a cooling effect comparable to
conventional socks.
Summary & conclusions

Inthe area of functional textiles, there are many options
for equipment, properties and manufacturing processes
to produce them. Combining different materials opens up
additional possibilities. As well as through the use of fiber
mixtures and high-performance fibers. The seven textile

socks tested differ greatly in their material composition,
but also have some similarities. All socks contain a certain
percentage of cotton, except for the sample 4, which uses
bamboo instead. In addition, the socks, with the exception
of sample 6, contain elastane to increase elasticity and
fit. The main properties resulting from the material
compositions of the socks are clearly different, as each
sock is tailored to its specific purpose. Their thermal
insulation capacity fluctuates accordingly. However,
the measured surface temperatures might differ from
the personal impression of consumers, due to personal
circumstances. Not only the insulation performance and
material composition are crucial for wearing comfort,
but also the surface construction of the product. All
socks have heel and toe areas reinforced with terry cloth.
The reference sock does not have any extra reinforced
areas as it is a full terry cloth sock. In conclusion, it can
be stated that the thermal insulation performance of
socks is an important property contributing significantly
to the wearer's subjective perception of comfort. Since
every person finds a different temperature comfortable,
it might be difficult to make a uniform statement about
the insulation performance of socks. What counts here
is not just the subjective perception of the wearer, but
also the combination of the material and other functional
properties of the sock. Measured values, manufacturer
information and material compositions give the consumer
an information as to whether the product might be
suitable for their intended use and their personal body
feeling. However, the consumer only gains real security

Table 3 — Temperature overview after thermal tests on the socks; the surface temperature determined at different
foot positions in comparison to the bare foot and the reference sock R

Ball Instep Heel
Temp. AT FuB ATSR Temp. AT FuB ATSR Temp. AT FuB ATSR
bare foot | 31.3°C 34.0°C 295°C
Sock R 282°C -31°C 30.2°C 28.6°C -09°C
Sock 1 29.3°C -2.0°C 32.3°C -17°C 28.7°C -08°C
Sock 2 284°C -29°C 02°C 319°C -21°C 285°C -1.0°C -01°C
Sock 3 28.0°C -3.3°C -02°C 321°C -19°C 28.2°C -13°C -04°C
Sock 4 269°C 309°C 07°C 213°C
Sock 5 217°C -05°C 314°C -2.6°C 216°C
Sock 6 281°C -32°C -01°C 30.7°C 05°C 213°C
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through their own experience wearing it. It is advisable to
focus on objectively assessable functions such as flame
protection, antistatic properties or antibacterial features
and to treat subjectively assessable properties (insulation
performance, weight, compression) as a secondary
priority.
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