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и з  с п е ц и а л ь н ы х  с и н т е т и ч е с к и х  в о л о ко н
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К. Рорбах, Б. Малтиг Германия

А ннотация. Ф ункциональны й текстиль охваты вает ш и рокий  спектр  различны х материалов и продуктов. Понятие 
«ф ункциональность» относится к  свойствам , которы е обы чно не достигаю тся с пом ощ ью  обы чного  текстиля. Ф ун кц и о 
нальным свойством  может быть о гнестойкость, антистатичность или антим икробное  действие. Добавление таких  ф унк
циональны х свойств часто требуется для самых разны х типов одежды . Объектом исследований в данной работе были 
вы браны  ф ункциональны е носки  ка к  ком м ерческий  продукт. Особое внимание в работе уделено составу волокон этих 
носков  и теплоизоляции продукта. Для этого рассмотрены  ш есть различны х носков, доступны х потребителю, которые, 
ка к  заявляет производитель, обладают определенны м и ф ункциональны ми свойствами. Для сравнения был исследован 
эталонны й вариант -  н осок без специально заявленны х ф ункциональны х свойств. Все носки  содерж ат по крайней мере 
один из видов трад иционного  сырья, например, полиэф ирны е, полиамидны е или хлопковы е волокна. Пять носков  с о 
держ ат эластан в количестве от 2 % до 6 %, чтобы улучш ить посад ку  изделий. Заявленны е ф ункциональны е свойства д о 
стигаю тся за счет содержания инновационны х волокон в этих трикотаж ны х изделиях. М одакриловы е хлорсодерж ащ ие 
волокна используются для достиж ения о гнестойки х  свойств. Использование электропровод ящ их волокон, например, у г
леродны х волокон, ф ормирует антистатические  свойства. Только для одного продукта упоминается прим енение биоцида 
для реализации эф ф екта защ иты  против насеком ы х. Носки исследовались с пом ощ ью  сканирую щ ей электронной ми
кр о с ко п и и  (СЭМ) и испы тательной установки  для определения теплоизоляционны х свойств  с  использованием  тепловой 
камеры , изм еряю щ ей температуру поверхности. Теплоизоляционны е свойства носков  можно четко определить. Однако 
интенсивность изоляции сильно зависит от типа продукта и области изм ерения -  подуш ечки стопы, подъема или пятки. 
В результате установлено, что для создания ф ункциональны х носков  используется ш и рокий  спектр  различны х матери
алов. Исследованны е носки  являются прекрасны м и прим ерами текстильны х ф ункциональны х изделий, вы полненны х с 
использованием  специальны х видов синтетических  волокон.
К л ю чевы е слова: носки , ф ункциональны й текстиль, ф ункциональны е волокна, теплоизоляция.
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C o m p a ra t iv e  a n a ly s is  o f  in n o v a tiv e  s o c k s  m a d e  fro m  s p e c ia l s y n th e t ic  f ib e rs

Giulia Borner, Berat Arici, Hochschule Niederrhein, University o f Applied Sciences,
Carolin Rohrbach, Boris Mahltig Germany

A b s tra c t. Functiona l te x tile s  cove r a broad range o f d if fe re n t m a te ria ls  and p ro d u c ts . The te rm  o f fu n c t io n a lity  is re la ted  
to  p ro p e rtie s  w h ich  are ty p ic a lly  no t reached w ith  conven tiona l te x tile s . A fu n c tio n a l p ro p e rty  can be fla m e  re ta rdancy, 
a n tis ta tic  o r a n tim ic ro b ia l ac tion . The a d d ition  o f such fu n c tio n a l p ro p e rtie s  is o fte n  dem anded  fo r  v e ry  d if fe re n t types 
o f c lo thes . To fo c u s  th is  a c tua l re po rt, an ove rv iew  on fu n c tio n a l socks as co m m e rc ia l p ro d u c ts  is g iven. A specia l v iew  is 
m ade on th e  f ib e r  c o m p o s itio n  o f these  socks and the  th e rm a l in su la tio n  o f th e  p ro d u c t. For th is, six d if fe re n t co m m e rc ia lly  
ava ilab le  socks  are cons ide red  w h ich  are all c la im ed  to  c e rta in  fu n c tio n a l p ro p e rtie s . Also, a re fe re n ce  m a te ria l -  sock 
w ith o u t espec ia lly  c la im ed  fu n c tio n a l p ro p e rty  -  is d iscussed . All socks co n ta in  a t leas t one o f the  conven tiona l f ib e rs  as
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p o lyeste r, po lyam ide  and c o tto n . Five socks co n ta in  e las tane  in an a m o u n t o f 2 % to  6 %, to  im prove  th e  f i t  o f the  p roducts . 
C laim ed fu n c tio n a l p ro p e rtie s  are achieved by a c o n te n t o f h ig h -p e rfo rm a n c e  fib e rs  in these  k n itte d  p ro d u c ts . M odacrylic  
fib e rs  w ith  ch lo rin a te d  c o -u n it are used to  ach ieve f la m e -re ta rd a n t p ro p e rtie s . The use o f con d u c tive  fib e rs , as e.g. ca rbon  
fib e rs , leads to  a n tis ta tic  p ro p e rtie s . Only fo r  one p ro d u c t a b ioc ide a p p lica tio n  is m e n tioned  fo r  rea liza tion  o f an a n ti- in s e c t 
e ffe c t. The socks  are in ve s tig a te d  by using scann ing  e le c tro n  m ic ro sco p y  (SEM) and a te s t s e t-u p  fo r  d e te rm in in g  the 
th e rm a l in su la tio n  p ro p e rtie s  by using a hea t cam era  m easuring  th e  su rfa ce  te m p e ra tu re . The th e rm a l in su la tio n  p ro p e rtie s  
o f the  socks can be c le a rly  d e te rm in e d . However, th e  in te n s ity  o f in su la tio n  s tro n g ly  depends on the  type  o f p ro d u c t and 
th e  area o f m e a s u re m e n t -  fo o t ball, in s tep  o r heel. Finally, it  can be s ta te d  th a t a broad range o f d if fe re n t m a te ria ls  are 
used to  c re a te  fu n c tio n a l socks. For th is, socks are e xce lle n t exam ples  fo r  te x tile  fu n c tio n a l p ro d u c ts  realized w ith  specia l 
syn th e tic  fib e rs .
K eyw ords: socks, fu n c tio n a l te x tile s , h ig h -p e rfo rm a n c e  fib e rs , th e rm a l iso la tion .
A rt ic le  in fo : rece ived  A ugust 08, 2024.
The a rtic le  sum m a rize s  th e  resea rch  m a te ria ls  p resen ted  a t the  In te rn a tio n a l S c ie n tific  and Technical C onference 
" In te rn a tio n a l C on fe rence  on Textile and A ppare l Innova tion" (ICTAI-2024), held on N ovem ber 20-21, 2024 a t V itebsk  S tate 
Technolog ical U n ive rs ity  (Republic o f Belarus).

In tro d u c t io n
The fu n c tio n a liz a tio n  o f te x tile s  re fe rs  to  th e ir  a im ed 

fu n c tio n a l m o d ific a tio n  w ith  a d d itio n a l o r im proved 
p ro p e rtie s  w ith  rega rd  to  a sp ec ific  a p p lica tion . A 
d is tin c tio n  can be m ade be tw een  th e  fib e r-s p e c if ic , 
physica l p ro p e rtie s  and the, m o s tly  s u p e rfic ia l added 
p ro p e rtie s , w h ich  a re  m a in ly  realized by fin ish in g  
processes. Functiona l f ib e r-s p e c if ic  p ro p e rtie s  can be 
rea lized by a d d ition  o f h ig h -p e rfo rm a n c e  fib e rs  (M ahltig  & 
Grethe, 2022). P ro m in e n t exam ples  fo r  h ig h -p e rfo rm a n ce  
fib e rs  are Kevlar (pa ra -a ra m id ) fo r  c u t-re s is ta n c e  and 
fla m e -re ta rd a n c y  o r m o d a c ry lic  w ith  ch lo rin a te d  c o -u n its  
(Kanecaron) fo r  f la m e -re ta rd a n c y  (M ahltig  & Grethe, 
2022; M ahltig , 2021). Please, com pa re  th e  to ta lly  d if fe re n t 
c hem ica l s tru c tu re s  o f bo th  h ig h -p e rfo rm a n c e s  fib e r  
in Figure 1. Exam ples fo r  fu n c tio n a liz a tio n  by fin ish ing  
p rocesses  are th e  a p p lica tio n  o f f la m e -re ta rd a n t agen t 
o r a n tim ic ro b ia l s ubstances  (Lam, Kan & Yuen, 2012). 
Functiona lized  te x tile s  are p a rtic u la r ly  p o p u la r in the  
o u td o o r c lo th in g  s e c to r (Miao, W ang, Yu & Ding, 2022). 
O u tdoor c lo th ing  g e n e ra te d  sales in G erm any in 2023 of 
a round  270 m illion  Euro. Till 2029 a g ro w th  o f nea rly  35 
m illion  Euro to  fin a lly  a round  315 m illion  Euro is fo re c a s te d  
in th is  se c tio n  (S ta tis ta , 2024a). Im p o rta n t c lo th ing  
c a te g o rie s  in te rm s  o f fu n c tio n a l te x tile s  are: S po rtsw ea r 
and w o rk w e a r. The la tte r  in p a rtic u la r  has th e  in te n tio n  
to  p ro te c t hum ans fro m  ex te rn a l in fluences . Frequently  
a im ed are fu n c tio n a l p ro p e rtie s  as e.g. b re a thab ility , w ind 
and w a te rp ro o f b u t also fla m e  re ta rd a n cy  (Cheng e t al., 
2020). Due to  th e  broad range o f d if fe re n t fu n c tio n a l tex tile

p ro d u c ts  available on th e  m arke t, the  a c tua l re p o rt has to 
fo c u s  on a specia l type  o f c lo th . This fo c u s  is se t to  socks, 
w h e re  p ro d u c ts  w ith  m an ifo ld  fu n c tio n a l p ro p e rtie s  are 
o ffe re d  on the  m a rke t. A specia l v iew  is m ade on the  fib e r 
c o m p o s itio n  o f th e se  socks and th e ir  th e rm a l in su la tio n  
p ro p e rtie s . Even if  th e  size o f a sock  is sm all com pa rab le  
to  o th e r p ieces o f c lo thes, th e y  are e co n o m ic a lly  im p o r ta n t 
p ro d u c ts . The Germ an m a rk e t fo r  socks  has achieved 
a round  1.6 b illion  Euro in 2023. The tre n d  o f th e  m a rke ts  
is pos itive . There is an inc reas ing  dem and fo r  socks in 
G erm any fo re c a s te d  t i ll 2028 (S ta tis ta , 2024b).

For the  c u rre n t overview , six d if fe re n t co m m e rc ia lly  
ava ilab le  socks  a re  conside red  w h ich  are all c la im ed 
to  c e rta in  fu n c tio n a l p ro p e rtie s . Also, a re fe re n ce  
m a te ria l -  sock  w ith o u t e spec ia lly  c la im ed  fu n c tio n a l 
p ro p e rty  -  is d iscussed. One aim  o f th e  c u rre n t s tudy  is 
to  re p o rt on the  broad v a ria tio n  o f fu n c tio n a l p ro p e rtie s  
and m a te ria ls  w h ich  are c o m m e rc ia lly  availab le w ith  
te x tile  socks. A specia l v iew  is done on th e  used fib e r  
m a te ria ls  and h ig h -p e rfo rm a n c e  fib e rs . For eva lua tion  o f 
th e rm a l in su la tio n  p ro p e rtie s , a s im p le  te s t is deve loped 
w h ich  is se t in s im p le  re la tio n  to  c o n su m e r ap p lica tio n  
and th e  te x tile  sock  as specia l p ro d u c t. The d e scrip tio n  
o f th e  te s tin g  p ro cedu re  by using a hea t cam era  can be 
as w e ll used to  tra n s fe r  th is  te s t s e t-u p  fo r  eva lua tion  o f 
o th e r types  o f c lo th e s  and is by th is  o f genera l in te re s t fo r  
people, w ho  are w o rk in g  in th e  fie ld  o f fu n c tio n a l te x tile s  
and c lo th in g  p roducts .
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Figure 1 -  Chem ical s tructu res o f  po lym ers re la ted to  h igh -perfo rm ance  fibers -  le ft: para-Aram id; 
right: acry lic  w ith  ch lo rina ted  co -u n it fo r flam e-re ta rdant p roperties

Table 1 -  O verv iew  on d iscussed functiona l socks, p resen ted  are trade names, suppliers and labels & standard  
m entioned  b y  the  supplier. Trade nam es orig inally in German language are also g iven in the English translation. The 
sam ple sock  R is a reference m ateria l w itho u t specia l p rom otion  as func tiona l textile  m aterial

No. Nam e S up p lie r M e n tio n e d  Labels & S ta n d a rd s

R
H erren V o llfro tte e so cke n  
"Men's fu ll te r ry  socks"

Ronly Oeko Tex S tandard  100

1
F lam m schu tz  A rbe itssocken  "2505" schw arz  
"Flame re ta rd a n t w o rk  socks "2505" b lack"

B laklader
W o rkw e a r

EN 1149; EN 14116

2 Tech S um m er Socks D iadora U tility ISO 9001:2015

3
ESD F u nk tionssocke -S om m er S chw arz/G rau  
"ESD fu n c tio n a l socks  s u m m e r b la c k /g ra y "

Runnex CE-Label

4 SK24 Bam boo H iker Socks P ortw es t Not m en tioned

5 BHP001 T herm oac tive  W o rk w e a r Socks B rubeck P ro tec t Not m en tioned

6 Top Flame Long Cofra EN 11612A1B1C1:2008, EN1149-5:2008

M a te ria ls  and P ro d u c ts
For th e  c u rre n t overv iew  on c o m m e rc ia lly  availab le 

te x tile  socks, seven d if fe re n t p ro d u c ts  a re  conside red  
(Table 1). Six p ro d u c ts  are d is tr ib u te d  by th e  s u p p lie rs  w ith  
c la im ed  fu n c tio n a ls  p ro p e rtie s . These p ro d u c ts  are nam ed 
as sam ple  1 to  6. As re fe re n ce  m a te ria l, conven tiona l sock 
is chosen, w h ich  is sold fo r  c lo th ing  pu rposes  w ith o u t 
c la im ing  fu r th e r  fu n c tio n a l p ro p e rtie s . This p ro d u c t is 
nam ed as sam p le  R and is the  on ly  one in th is  se lec tion  
c a rry in g  an Oeko Tex Label (Table 1). For the  tw o  sam p les  1 
and 6 d e d ica ted  to  fla m e  re ta rd a n t p ro p e rtie s , s tanda rds

re la ted  to  fla m e  re ta rd a n c y  and a n tis ta tic  p ro p e rtie s  are 
given.

An ove rv iew  on fu n c tio n a l p ro p e rtie s  and th e  con ta in ing  
f ib e r  m a te ria ls  as given as su p p lie r in fo rm a tio n  is lis ted  in 
Table 2. All socks co n ta in  a t leas t one o f th e  conven tiona l 
f ib e rs  as po lyeste r, po lyam ide  and c o tto n . Five socks 
co n ta in  e las tane  in an a m o u n t o f 2 % to  6 %, to  im prove 
th e  f i t  o f th e  p ro d u c ts . Also, fo r  th e  re fe re n ce  sam ple 
p ro p e rtie s  as "w a rm ing " and "h igh w e a rin g  c o m fo r t"  are 
m e n tioned . C laimed fu n c tio n a l p ro p e rtie s  are achieved 
by a s ig n ific a n t c o n te n t o f h ig h -p e rfo rm a n c e  fib e rs  in
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Table 2 -  O verview  on d iscussed functiona l socks, p resen ted  are functiona l properties, fibe r m ateria ls and  fu rth e r  
in form ation on com position  m en tioned  b y  the supplier. The sam ple sock  R is a reference m ateria l w ith o u t special 
prom otion  as func tiona l textile m ateria l

No. M e n tio n e d  fu n c t io n a l p ro p e rt ie s F iber m a te ria ls
F u rth e r in fo rm a tio n  

g iven  on c o m p o s itio n

R
C o m fo rt w a is tband , w a rm in g , 
h igh w e a rin g  c o m fo r t

77 % co tto n , 19 % po lyam ide, 2 % po lyeste r, 
2 % e las tane

--

1 A n tis ta tic ; fla m e  re ta rd a n t
40 % m odacry lic , 26 % co tto n , 
25 % po lyam ide, 6 % e lastane , 
3 % con d u c tive  fib e rs

—

2 Coolmax, kevlar
45 % po lyeste r, 25 % co tto n , 20 % po lyam ide, 
6 % e las tane , 4 % a ram id  (Kevlar)

—

3
Coolm ax Core; ESD-fahig "an tis ta tic ", 
Si Repel M osqu ito

43 % p o ly e s te r Coolmax, 32 % po lyam ide, 
22 % co tto n , 2 % e lastane , 1 % o th e r f ib e r  
m a te ria ls

Im p regna ted  w ith  
b ioc ida l p ro d u c t

4
H um id ity  up -take , b rea thab le , 
a n tib a c te ria l, p reven ts  o d o r fo rm a tio n

43 % bam boo, 35 % po lypropylene , 
20 % po lyam ide , 2 % e las tane

—

5
Durable, th e rm a l- in s u la tin g , a n tib a c te ria l, 
a n ti-a lle rg ic , q u ick -d ry in g

46 % po lyeste r, 25 % po lypropy lene , 19 % 
co tto n , 7 % po lyam ide, 3 % e las tane

—

6 Flame re ta rd a n t, a n tis ta tic , b rea thab le 60 % m odacry lic , 38 % co tto n , 2 % ca rbon —

these  k n itte d  p ro d u c ts . In case o f sam p le  p ro d u c ts  1 and 
6, m o d a c ry lic  f ib e rs  w ith  ch lo rin a te d  c o -u n it are used to 
ach ieve fla m e -re ta rd a n t p ro p e rtie s . The use o f conductive  
fib e rs , as e.g. ca rb o n  fib e rs , leads to  a n tis ta tic  p ro p e rtie s . 
For the  sam p le  p ro d u c ts  2 and 3 th e  use o f Coolm ax fib e rs  
is described , w h ich  is a specia l type  o f p o ly e s te r f ib e r  
e xh ib iting  m o is tu re  tra n s p o rt p ro p e rtie s . For sam ple  3 
a lso a re p e lle n cy  to  m o sq u ito s  is m e n tioned  as fu n c tio n a l 
p rope rty , w h ich  is reached by im p re g n a tio n  w ith  a b iocidal 
p ro d u c t. Sam ple p ro d u c t 3, is a lso d escribed  to  be "ESD- 
fah ig " (a n tis ta tic ). This a n tis ta tic  p ro p e rty  can be re la ted  
to  the  1 % o f o th e r f ib e r  m a te ria ls , w h ich  co m p o s itio n  is 
no t d isclosed in de ta il. Sam ple 4 is in th is  ove rv iew  th e  only 
sam p le  w ith  bam boo  fib e r, w h ich  is p robab le  a regene ra ted  
ce llu lose  f ib e r  based on bam boo as m a te ria l source  
(Alvarez, ta w in s k a  & Falk iew icz-Dulik, 2020). Rem arkable 
is the  use o f po lyp ropy lene  fib e rs  in th e  p ro d u c t sam p les  
4 and 5, because the  use o f th is  f ib e r  is qu ite  uncom m on  
fo r  c lo th in g  ap p lica tio n . However, th e  a p p lica tio n  o f the 
hyd rophob ic  po lyp ropy lene  f ib e r  m ig h t be su p p o rtin g  
th e  c la im ed  q u ic k -d ry in g  and b re a th a b le  e ffe c ts . Also, an 
in flu e n ce  on fr ic t io n  c o e ff ic ie n ts  is re p o rte d  (Zhang e t al., 
2023).

A n a ly t ic a l M e thods
M ic roscop ic  in ve s tig a tion s  a re  done by scanning 

e le c tro n  m ic ro sco p y  using a Tabletop m ic roscope  TM3000 
fro m  H itach i (Japan). The sam p les  are investiga ted  as 
rece ived  and no fu r th e r  p re tre a tm e n t is done be fo re  
m ic ro sc o p ic  m e a su rem e n ts . The th e rm a l p ro p e rtie s  o f the 
socks are eva lua ted  using a hea t cam era  type  FLIR-P640 
(In fra ro tT ec System s, Ranstadt, Germ any). For th e rm a l 
in su la tio n  m e asu rem en ts , all socks are investiga ted  in 
w o rn  co n d itio n  by using th e  hea t cam era . For re fe rence , a 
m e a s u re m e n t is done a t bare fe e t. To ensure  c o m p a ra b ility  
o f th e  resu lts , the  fo o t w as a cc lim a tized , by being b a re fo o t 
fo r  a m in u te  be tw een  each m e a su rem e n t. By using the 
hea t cam era , a pho to  is reco rded  a fte r  w e a rin g  th e  sock 
fo r  th re e  m inu tes . Exam ples fo r  such  pho to g ra p h s  are 
p resen ted  in Figure 2. A fte rw a rd s  th e  cam era  reco rded  
th e  te m p e ra tu re  o f the  fo o t a t th re e  d if fe re n t po in ts  -  the  
ball o f th e  fo o t, on th e  in s te p  and on the  heel.
M ic ro s c o p ic  in v e s tig a tio n s

The s tru c tu re  o f th e  k n itte d  fa b r ic s  and the  yarn  
s tru c tu re  o f all seven p ro d u c ts  are eva lua ted  by scanning 
e le c tro n  m ic ro sco p y  (SEM). SEM im ages ta ke n  in low  and 
m ed ium  m a g n ific a tio n  are p resen ted  in Figures 3 and 4.
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Figure 2 -  Im ages taken w ith  hea t cam era on bare foo t and fo o t covered  b y  d iffe ren t socks. The tem peratures are 
reco rded  a fte r three m inutes a t three d iffe ren t pos itions o f  the fo o t (ball, instep, heel)

These im ages  are reco rded  fro m  sam p les  taken  fro m  
th e  s h a ft o f the  socks. For the  re fe re n ce  sam ple, m a in ly  
th e  c o tto n  fib e rs  are d e te rm in e d . For sam p les  2 and 6, 
fib e rs  are d e te c te d  in d if fe re n t b rig h tn e s s  acco rd ing  
to  a m a te ria l c o n tra s t. M a te ria ls  c o n ta in ing  chem ica l 
e le m e n ts  w ith  h ighe r a to m ic  n u m b e r (as e.g. ch lo rine ) 
app e a r b r ig h te r  in SEM im ages  (M ahltig  & Grethe, 2022). 
By th is, the  ch lo rine  co n ta in in g  m o d a c ry lic  f ib e r  can be 
d is tingu ished  fro m  c o tto n  o r po lyes te r. For bo th  sam ples 
th e  m o d a c ry lic  f ib e r  is p a rt o f a b lended yarn  in tro d u ce d  
to  th e  k n itte d  fa b ric . In h ighe r m a g n ific a tio n , the  SEM 
im ages  o f sam p le  6 exh ib its  a lso b r ig h t do ts  o n to  the

a c ry lic  f ib e rs . These do ts  m ig h t be re la ted  to  th e  add ition  
o f a n tim o n y  oxide Sb2O3, w h ich  is a c a ta ly s t known fo r  
su p p o rtin g  th e  f la m e -re ta rd a n t p ro p e rtie s  o f halogen 
co n ta in in g  o rgan ic  m a te ria ls  (Zhang e t al., 2023).
T he rm a l in v e s tig a tio n s

The in ve s tig a tion  o f th e rm a l in su la tio n  p rope rties , 
is done by d e te rm in a tio n  o f the  su rfa ce  te m p e ra tu re  o f 
th e  fo o t c a rry ing  the  socks. The su rfa ce  te m p e ra tu re s  
are d e te rm in e d  a t th re e  d if fe re n t p os itions  o f the  fo o t -  
th e  ball, in s te p  and heel. Am ong these  pos itions , fo r  the 
ins tep  th e  h ig h e s t te m p e ra tu re  is d e te rm ine d . Reference 
m e a s u rem e n ts  a re  done w ith  th e  bare fo o t. For th e  bare
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2024.05.07 HL D8.9 х50 2 mm 2024.05.07 HL D7,7 х50 2 mm

2024.05.14 HL D3,8 x50 2mm 2024.05.14 HL D9.6 x50 2mm

Figure 3 -  M icroscop ic  im ages o f  the d iffe ren t socks reco rded  w ith  scanning e lectron m icroscopy  
in lo w  m agnification. Samples fo r m icroscopy are taken from  the sha ft o f  the  socks
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Figure 4 -  M icroscop ic  im ages o f  the  d iffe ren t socks reco rded  w ith  scanning e lectron m icroscopy  
in m edium  m agnification. Samples fo r m icroscopy are taken from  the sha ft o f  the socks
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fo o t, su rfa ce  te m p e ra tu re s  in the  range o f 29.5 to  34 °C 
are d e te rm ine d , w h ich  are be low  th e  body te m p e ra tu re  
o f 36 °C fo r  hum ans. A fo o t covered  by th e  re fe re n ce  
sam p le  sock  R shows a s ig n ific a n tly  decreased  su rface  
te m p e ra tu re . This decreased  su rfa ce  te m p e ra tu re  
in d ica te s  a th e rm a l in su la tio n  caused by th e  sock. This 
e ffe c t is s tro n g e s t fo r  th e  m e a s u rem e n t area o f the  
ins tep . The fu n c tio n a l socks 1 to  6 e x h ib it re su lts  s tro n g ly  
d e p e n d e n t on the  m e a s u re m e n t area. For th e  ball area, 
th e  th e rm a l in su la tio n  o f th e  fu n c tio n a l socks is qu ite  
s im ila r  to  th e  re fe re n ce  sock. Here, sam p le  sock  4 exh ib it 
th e  h ig h e s t th e rm a l in su la tio n  and sam p le  sock  1 the  
low est in s u la tio n  (even low er th a n  th e  re fe re n ce  sock). 
For th e  ins tep  area, all fu n c tio n a l socks  e x h ib it h igher 
s u rfa ce  te m p e ra tu re s  co m p a red  to  th e  re fe re n ce  sock, 
so a kind o f coo ling  e ffe c t m ig h t be c la im ed . However, 
th is  coo ling e ffe c t can be on ly  c la im ed  in c o m p a riso n  to  
th e  conven tiona l sock  and no t to  th e  bare fo o t. For the  
heel area, th e  fu n c tio n a l socks 1 to  3 are qu ite  s im ila r 
to  the  conven tiona l sock  b u t th e  socks 4 to  6 exh ib it 
s ig n ific a n t low er th e rm a l in su la tio n  p ro p e rtie s . Based on 
these  m e asu rem en ts , overa ll fo r  the  p ro d u c t sam p les  4 
to  6 it  is ju s tif ie d  to  c la im  a coo ling  e ffe c t c o m pa rab le  to  
conven tiona l socks.
S u m m a ry  &  c o n c lu s io n s

In th e  area o f fu n c tio n a l te x tile s , th e re  a re  m any op tions  
fo r  e q u ipm en t, p ro p e rtie s  and m a n u fa c tu rin g  p rocesses 
to  p roduce  th e m . C om bin ing d if fe re n t m a te ria ls  opens up 
a d d itio n a l poss ib ilitie s . As w e ll as th ro u g h  th e  use o f f ib e r 
m ix tu re s  and h ig h -p e rfo rm a n c e  fib e rs . The seven tex tile

socks te s te d  d if fe r  g re a tly  in th e ir  m a te ria l c o m pos ition , 
b u t a lso have som e s im ila r it ie s . All socks co n ta in  a c e rta in  
pe rce n ta g e  o f c o tto n , excep t fo r  th e  sam ple  4, w h ich  uses 
bam boo ins tead . In add ition , th e  socks, w ith  th e  exception  
o f sam p le  6, co n ta in  e las tane  to  inc rease  e la s tic ity  and 
f i t .  The m ain  p ro p e rtie s  re su lting  fro m  th e  m a te ria l 
co m p o s itio n s  o f the  socks are c le a rly  d if fe re n t, as each 
sock  is ta ilo re d  to  its  sp e c ific  purpose . The ir th e rm a l 
in su la tio n  c a p a c ity  f lu c tu a te s  acco rd ing ly . However, 
th e  m easured  su rfa ce  te m p e ra tu re s  m ig h t d if fe r  fro m  
th e  pe rsona l im p re ss io n  o f consum ers , due to  persona l 
c irc u m s ta n c e s . Not on ly  th e  in su la tio n  p e rfo rm a n c e  and 
m a te ria l co m p o s itio n  are c ru c ia l fo r  w e a rin g  c o m fo rt, 
b u t also the  s u rfa ce  c o n s tru c tio n  o f the  p ro d u c t. All 
socks have heel and to e  a reas re in fo rc ed  w ith  te r ry  c loth. 
The re fe re n ce  sock  does no t have any ex tra  re in fo rc ed  
a reas as it  is a fu ll te r ry  c lo th  sock. In conclus ion , it  can 
be s ta te d  th a t the  th e rm a l in su la tio n  p e rfo rm a n c e  o f 
socks is an im p o r ta n t p ro p e rty  c o n tr ib u tin g  s ig n ific a n tly  
to  the  w e a re r 's  su b je c tive  p e rce p tio n  o f c o m fo r t . Since 
every  pe rson  fin d s  a d if fe re n t te m p e ra tu re  c o m fo rta b le , 
it  m ig h t be d if f ic u lt to  m ake a u n ifo rm  s ta te m e n t a b o u t 
th e  in su la tio n  p e rfo rm a n c e  o f socks. W h a t c o u n ts  here 
is no t ju s t  th e  su b je c tive  pe rce p tio n  o f th e  w e a re r, bu t 
a lso the  co m b in a tio n  o f th e  m a te ria l and o th e r fu n c tio n a l 
p ro p e rtie s  o f the  sock. M easured values, m a n u fa c tu re r 
in fo rm a tio n  and m a te ria l co m p o s itio n s  give the  co n su m e r 
an in fo rm a tio n  as to  w h e th e r  th e  p ro d u c t m ig h t be 
s u itab le  fo r  th e ir  in tended  use and th e ir  pe rsona l body 
fee ling . However, th e  c o n su m e r on ly  ga ins  real s e cu rity

Table 3 -  Tem perature ove rv iew  a fte r therm al tests on the socks; the surface tem perature  de te rm ined a t d iffe ren t 
foo t pos itions in com parison to  the bare foo t a nd  the  reference sock  R

Ball In s te p Heel

Temp. AT Ful3 A T  S R Temp. A T  Ful3 A T  S R Temp. A T  Ful3 A T  S R

bare fo o t 31.3 °C 34.0 °C 29.5 °C

Sock R 28.2 °C -3.1 °C 30.2 °C -3.8 °C 28.6 °C -0.9 °C

Sock 1 29.3 °C -2.0 °C 1.1 °C 32.3 °C -1.7 °C 2.1 °C 28.7 °C -0.8 °C 0.1 °C

Sock 2 28.4 °C -2.9 °C 0.2 °C 31.9 °C -2.1 °C 1.7 °C 28.5 °C -1.0 °C -0.1 °C

Sock 3 28.0 °C -3.3 °C -0.2 °C 32.1 °C -1.9 °C 1.9 °C 28.2 °C -1.3 °C -0.4 °C

Sock 4 26.9 °C -4.4 °C -1.3 °C 30.9 °C -3.1 °C 0.7 °C 27.3 °C -2.2 °C -1.3 °C

Sock 5 27.7 °C -3.6 °C -0.5 °C 31.4 °C -2.6 °C 1.2 °C 27.6 °C -1.9 °C -1.0 °C

Sock 6 28.1 °C -3.2 °C -0.1 °C 30.7 °C -3.3 °C 0.5 °C 27.3 °C -2.2 °C -1.3 °C
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th ro u g h  th e ir  own expe rience  w e a rin g  it. It is advisab le  to 
fo c u s  on o b je c tiv e ly  assessable  fu n c tio n s  such  as flam e  
p ro te c tio n , a n tis ta tic  p ro p e rtie s  o r a n tib a c te ria l fe a tu re s  
and to  tre a t s u b je c tiv e ly  assessable  p ro p e rtie s  ( insu la tion  
p e rfo rm a n c e , w e ig h t, com p re ss io n ) as a secondary  
p rio rity .

and com pany  nam es m e n tioned  in th is  a r tic le  m ay be 
tra d e m a rk s  o f th e ir  respec ted  ow ners, even w ith o u t 
labe ling.

The p resen ted  w o rk  and re su lts  are realized w ith o u t 
specia l fu n d in g . All p resen ted  fu n c tio n a l te x tile  m a te ria ls  
are pu rchased  on th e  fre e  m arke t.
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