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POLYPROPYLENE MASTERBATCHES AND FIBRES
coNTAtNING A NANO-T|O2 ADDIflVE

Brejka O. ,  Michl ik  P. ,  Folvardfkovd K.

Research tnstitute for Man-Made Fibres, Sturova 2, 059 21 Svit, Stovak Republic, www.vuchv.sk, brejka@vuchv.sk

The art ic le discusses the appl icat ion of  a nano-TiO, addi t ive into PP masterbatches and f ibres.
The ef fect  of  d i f ferent dispersion agent types and addi t ive content on the appl icat ion propert ies of
nano-TiO, masterbatches, which were used for f iber preparat ion was studied.

The mechan ica l  and co lour  p roper t ies  o f  the  f ib res  were  ob ta ined depend ing  on  the
nano-T iO,  conten t  and type o f  d ispergat ion  sys tem.  In  add i t ion ,  the  e f fec t  o f  a  concen-
t ra t ion  o f  an  add i t i ve  on  the  l igh t  fas tness  o f  f ib res  a f te r  the i r  expos i t ion  in  the  Xenotes t -
450,  was  d iscovered.

1 .  ln t roduc t ion

The current si tuation in the development of synthetic
f ibres and text i le materials tends toward the prepara-
t ion of  in te l l igent  mater ia ls  wi th contro l led and unique
functional propeft ies that provide active protection and
wearing comfort even under extreme condit ions.

Polymer mater ia ls  modi f ied by funct ional  addi t ives
al low the achievement of new products with interesting
application propeft ies. New views for polymer modif ica-
t ion are offered by various nanoaddit ive types [1].

Organic l ight stabi l izers with a lower or higher degree
of  ef f ic iency protect  the polymer mater ia l  against  i ts
degradat ion by sunl ight ;  however ,  they do not  prov ide
protect ion to human sk in f rom UV radiat ion when they
are incoroorated into text i le materials.

Damage f rom the ozone layer al lows UV radiat ion to
negat ive ly  and wi thout  l imi ts  impact  the human body
[2] .  The in tensi ty  of  UV radiat ion can be decreased
signi f icant ly  by us ing c loth ing wi th an ef fect ive s t ruc-
ture of text i le formation and/or by using modif ied f ibres
with barr ier propeft ies against the transmission of tJV
radiat ion [3,4,5] .

The h igher  abi l i ty  of  synthet ic  f ibres to absorb UV
rad ia t ion  in  compar i son  w i th  na tu ra l  f i b res  can  be
signi f icant ly  improved us ing nanoaddi t ives [6] ,  e i ther
applied as a dispersion coating [7] on the f ib"e / texi i le 's
surface or incorporated into the mass during the f ibre
preparation process.

The application of a nanoaddit ive requires the appli-
cation of special technological condit ions in the process
of  the masterbatch 's  preparat ion or  the appl icat ion
o f  func t iona l  d i spers ion  agen ts  [8 ] .  Syn the t i c  f i b res
modi f ied by nanoaddi t ives show changed mechani-
ca l ,  co lour is t ic ,  and thermal  proper t ies [9 ,10]  as wel l
as l ight fastness.

Knowledge about the processing and effect of nano-
addit ives on the propeft ies of polymer materials proper-
ties allow for the preparaticn of new textile materials for
industr ia l  and text i le  appl icat icns.
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The research was or iented towards studying the
effect of dif ferent dispersion agent types and addit ive
con ten t  on  the  app l i ca t ion  p roper t ies  o f  nano-T iOt
masterbatches, which were consequently used for f iber
preparation. The mechanical and colour propeft ies of
the f ibres were obtained depending on the nano-TiO,
content  and type of  d ispergat ion system. In  addi t ion,
the effect of a concentrated addit ive concentrat ion on
the l ight fastness of f ibres after their exposit ion in the
Xenotest-450 and the effect of nano-TiOr concentration
and cool ing speed on the temperature and enthalpy of
the PP f ibres' crystal l ini ty were discovered.

2 .  Exper imenta l

a) Preparation of masterbatches
Addit ive type: nano-TiOr, - which is characterized

i n  T a b l e  1 .
Polymer:  polypropylene (PP),  Mel t  F low Rat io

(MFR)  =  B-10  g /10  m in
Dispers ion agent :

A Liquid block co-polymer made of ethylene oxide
and propylene oxide

B LDPE powder wax
C HD PP powder wax
D Metal locene HDPE powder wax

Table 1 Characteris.t ics of nano-TiO,-5BO addit ive

TiOi  -  Type/Fract ion rulilelmir. T2 "/"

l i rorganic  sur face t reatment Al2O3,  S iOr ,  Z rOr ,  SbzO4

Organic  sur face modi f ier S i loxane

Surface property hydrophobic

Part icle size 30 [nm]

Speci f ic  sur face 60-72 [m'lg]

Surface shape ovat
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Masterbatch composit ion Propert ies of masterbatches

nano-T iO, Dispers ion agent Mel t  F low Rate Fi l ter index

to,/  1
|  / o ) Type l o / ' l

L / o l [ g /10  m in ] IMPa/kg]

28193641 a 1 1 . 5 8 >  10 .000

2819365 r 1 0 1 1 . ' 1 3 >  1 0 . 0 0 0

2819366 1 1 0 r\ 1 . 5 1 + . J O >  10 .000

2Bl9403 1 0 B 4 . 0 1 4 . 3 8 3BB

2819405 1 0 4.0 1 3 . 1  6 Z  3 U C

28t9410 1 0 C+D 4 .0  +  2 .0 14.78 530

Vldknotvorn6 polym6ry

Table 2  Composi t ion and appl icat ion proper t ies  o f  PP masterbatches

1  F i l t e r i ndex  fa i l ed  to  be  de te rm ined
Measurement  cond i t i ons :  Me l t  F low Ra te :  230 'C  I  2 ,16  kg ;  F i l t e r i ndex :  255  "C

Fibre-Forming Polymers

98.0

90.0

e+0

s2.0

90.0
0.1 0 .?  0 .3  0 . {  0 ,5  0 .0

concer)tr .r t iol t  of rr lno-TiO, [oi, ]
o  PP-v i l r l i l t f i l l r €  - i> - - l ra l ro -T i { J215001

A r ra l to -T i ( )2  {10901  -+*nn t ro -T i { - }2  {1000)+A
.  o  -  l r l l r o -T i ( J2  l ' l 0oo )+B -#n i t ' t o -T i ( )2 l10oo)+C

-'.+- nino-Ti('2 { 1 0o o f+C +0

Fig.3 The effect of concentrat ion of nano-TiO, and dispersion sys-
tem on brightness (L.) of PP f ibres 3 dtex
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Fig. 4 The effect of concentrat ion cf nano-TiO, and dispersion
system on blue tone (b') of PP f ibres 3 dtex
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0.7

Fig, 1 The effect of concentrat ion of nano-TiO, and dispersion
system on tenacity of PP f ibres 3 dtex

7 5 r

0,1 t .2  0 .3  0 . {  0 .5
concentr.rt iolr of nnno-TiO: [9; l

o PP-vil {itt f ibl e -.-<l* rr.lrro-Ti02 { 510 }
A l rarro-Ti{ : }2 {10ool  ***-n<l t ro-Tio2 ( '1000}+A
o r t .uto-Ti tJ2 t  l0ooi+8 +n. lno-Ti{ : }2 i100oi+( l

--,#- n.lno-Ti(:}Z { I 0o o l+(l+O

c PP-vir  r l in  f ibr  e -+--r rano-Ti [ ]2 {50o)
A- - t r . t t t o -T iL t2 {1090}  *+*n .u lo -T i l . }2 i10001+A
o na l ro -T i ( )2410 ' ; i +B  - rb - t rnno-T i ( )? i10qo l+C

+ n. tno-TiC)2 {1 0o o )+C+D

3 6 s

7 ' 3 )

0.7
0.70.6

Fig.2 The effect of concentrat ion of nano-TiO, and dispersion
system on elongation of PP f ibres 3 dtex
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0.1 0.2 0.3 0.-t  0.5 0.6
concer)tr ntion of lr.rrro-Ti(l: [oo]

o PP-vir  g i t t  f ibr  e - -+*t t .uro-Ti02 l5oo)
a  r r . r r ro -T io2 l l 0oo l  . -+ * - f ) . ) t )o -T i l )? (J0o0 l+A
t r ' n . u l o - T i { - } 2 . | ' l 0 o o l + B  + t l i l n o - T i 0 2 l ' 1 0 1 0 } + C

---r*- tl, lrr0-Ti(]2 {' l 0o o}+C+D

F ig .5 The effect of concentrat ion of nano-TiO, and dispersion
system on whi teness index (WlClE)  o f  PP f ibres 3  d tex

500 ' t000 1 500 2000

exl)oeur e t i lne irr Xettotest [hl

?0 {0

coolirrl-y speed ['1} inirrl

+PP-vi lg i l t  f i l l t  e *+*0.10o t r , ) l lo-TiU2
A -"0.4go t t ; t t to-Ti02 *  0.00o l ln l lo-Ti{ - }2

Fig.7 The effect of concentrat ion of nano-TiO2 and cool ing speed
on crystal l ini ty temperature of addit ived PP f ibres 3 dtex

2t J0

coolirrq; s; lee<l [{1] nlanl

Fig. 8 The effect of concentrat ion of nano-TiO, and cool ing speed
on crystal l ini ty enthalpy of addit ived PP f ibres 3 dtex

TiO,  addi t ives and var ious d ispersal  agents achieved
accord ing t r r  the STN EN ISO 5079 norm. The resul ts
are shown in F igs.  1-5.

- The assessed tenacity of the drawn PP f ibres with
dif ferent contents of the nano-Tror addit ive (rnaster-
batch lD 2819364) achieved according to the STN EN
ISO 5C79 normefter exposure in the X.enotest 450 are
shown in F ig.  6 .

Condit ions of the test ing af the f ibres' l ight fastness

Fibre-Forrn ing Polymers

^ '

Xenotest 450
55% R.H. ,  T:  35 oC,

E.

fi

-

4
tx

1 ? 0

1 1 5

1 1 0

1 0 5

1 0 0

9 50.7

0.0

jr

i(

n

t(

5.0x
O

: {.0

;
,E  J .O

i  2.t)

t . 0

0 .0

-+-PP-vir  g i r r  f i l r r  e
/ r  0.  lo o l r . r r ro-Ti(12
D 0,-loo ll. ' i l lo-Tiuz

*+* 0.050 b n.rtro-TiiJ?
-*- 0.?o o llnllo-Ti(:)l
-#0.090 n.rr ro-Ti t . )?

Fig. 6 The effect of concentrat ion of nano-TiO, in PP f ibres 3 dtex
on their tenacity after exposure in the Xenotest

b) Modi f ied PP f ibres:
.  Condi t ions of  f iber  preparat ion:

Machinery TS-32/16,  LOY system wi th the
fol lowing drawing process

Sp innere t  40  /  0 ,5
Fineness of  f i lament  3 dtex
D r a w i n g r a t i o  1 : 3
Nano-TiO,  addi t ive content :  0 ,05;  0,1;  0 ,2;  0 ,4;

0 ,6  %
. The measurement  of  the f ibres '  proper t ies:

The propefi ies of the PP f ibres 3 dtex with a content
of nano-TiO, were measured according to the fol low-
ing norms:

- An assessment of the tenacity and elongation of
the drawn PP f ibres wi th d i f ferent  contents of  nanc-

Time of  f ibre exposure:  500,  '1000,  1500,  2000 h.
- Assessment of the crystal l izat ion temperature and

enthalpy of the PP f ibres with various contents of the
nano-Tio,  addi t ive (masterbatch lD 28/9364)  on the

Device:
Condi t ions:

---+- PP-vit girr f ihr e
a 0.{ !o t r ; r r ro-Ti tJ?

+*0.190 rrano-Ti{- l?
'  I  0.600 l l . r l lo-Ti{ - l?

Vldkna a textil 13 (4) 99-103 (2006) 1 0 1
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Table 3 Tfrermal characterist ics of melted PP f ibres with nano-TiO,
addi t ive  (Masterbatch lD 2819364)

DSC-4 device accord ing to the STN EN ISO 11 357-1
and STN ISO 3146 norm. The results are given in Table
3 and shown on Fig.  7-8.
. Evaluation of the nano-TiO2 effect on the thermal
propert ies of the PP f ibres

ConCi t ions for  measurement  us ing DSC-4 device:
Heat ing phase:  in i t ia l  temperature:  60 oC,  maximum

temperature 220 oC, heating speed: 1 0 'Cimin, condi-
t ion ing t ime at  Tmax:  10 min.

Cooling phase: ini t ial  temperature:220 oC, maximum
temperature:  60 oC,  cool ing speed:  5,  10,  20,  30,  50
oClmin,  f low rate N,  dur ing measurement :  40 ml /min.

The measured thermal  character is t ics of  the PP
fibres 3 dtex with a content of the nano-TiO, addit ive
are g iven in  Table 3 and in  F igs.  7-8.

o The pictures of the PP composite f ibres with a
nano-TiO,  addi t ive made by a l ight  microscope.

3 .  D iscuss ion

The addit ion of the dispersion agents B, C and D had
a pcsitive effect on the masterbatch's flow propefties
( IMFR) and the d is in tegrat ion of  the addi t ives in  the
masterbatch (f i l ter index). The lowest value of the f i l ter-
index was detected in the nano- TiO, masterbatch with

142

Fibre-Forrn ing Polymers

PP -'r' iruirr f ib r .e  U, { l }9r r  n f l l lo -  l  I ( r '  l l ,1u,b  r r r tfibre 0 , { } 5 9 i r n a t t o - ' l ' i ( ) . ,  0 , 1 o , b r r a n o - T

I i*"*-**.*;-*_***j l-._-_

,

a "  " -

0,2q' i r  t t r tno- ' f iO", 0,40, 'u t tar t0-Ti0. ,:
0,6g"ar nrtr to-TiO,

Fig. 9 The pictures of the PP f ibres with the nano-TiOr-S8O (Masterbatch lD 2819364) (magnifrcation: 400x)

the content  of  the d ispers ion agent  B,  which suggests
the best dispersion of the addit ive in the masterbatch
and assumes that the processing of the masterbatch
went  wel l .

Wi th an increase in  the nano-  T iO,  concentrat ion,  i t
caused a decl ine in  s t rength in  a l l  test rng f ibres.  The
f ibres '  s t rength is  a react ion to the level  o f  the addi -
t ive d ispers ion in  the f ibres.  The b iggest  decl ine in  the
f ibres '  s t rength was recorded at  a 0.1% content  of  the
addi t ive in  the f ibres;  then the decl ine in  the tempo was
re l ieved.  F ibres wi th a S%-master t ratch wi thout  the
dispersion agent (of lD masterbatch 2819364) showed
only a mi ld  decl ine in  s t rength to a content  of  cca 0.2/o: ,
however, after the overrun of this l imit their strength fel l
rapidly. This fact is the result of the addit ives' low dis-
persion. In total,  within the application concentrat ions in
t l ' re f ibres with a content of dispersion agents A and B,
th is  led to the lowest  decl ine in  s t rength and the c lear-
est total decl ine was recorded in the f ibres from the 5%
- masterbatch without a dispersion agent. The posit ive
effect of the dispersion agents A and B was clear in the
higher masterbatches of the addit ives.

A s igni f icant  change in  the f ibres '  co lour  propedies
(va lue  o f  L .  (b r igh tness ) ,  b *  ( ye l low-b lue  tone)  and
Wlc , .  (wh i teness  index) )  occur red  in  the  con ten t  up
to 0.05% nano- TiO, in the f ibres. After the overrun of
this addit ive in the f ibres, the parameter L. had a stabie
value; the whiteness index (Wlc,.) fel l  gradually, and the
shi f t  in  shade in  the b lue -  ye l low d i rect ion expressed
by the parameter b. gradually increased, i .e.,  the vel low
shade deepened.

In the Xenotest  a l l  the prepared f ibres weie f rag-
mented up to an exposi t ion of  2 ,000 h.

I t  fo l lows f rom the resul ts  that  the f ibres '  s tabi l i ty
was prolonged by 500 h at the concentrat ion of 0.02%
nano- TiO2. With the next increase in the addit ive rat io,
i t  led to a decrease in stabi l i ty towards UV radiat ion on
a standard level. This was caused by the low dispersion

I D
Nano-TiOr-580

content
[7"]

Mel t ing tem-
perature

t ' f \ 1
[  \ r j

Mel t i ng
en tha lpy
IkJ/kg]

1040i05 0 1 6 2 . 8  t 1 87.B t4 .4

50/05 0 . 1 1 6 7 . 9  t 1 96 .0  t 4 .8

53/05 0 .4 1 6 6 . 1  t 1 1 0 1  . 0  r 5 . 0

290/05 0 . 6 t o o . J  t  I 96 .7  r4 .B

vlAkna a textit 13 (4) 99-103 (2006)
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of  the addi t ive in  the f ibres and a iso by the insuf f ic ient
barrier propert ies of the f ibres.

The addit ion of the addit ive to a concentrat ion of cca
0.4% increases the temperature and enthalpy of  the
crystal l izat ion and melt ing. After the overrun of this l imit,
this led more or less to a decl ine in these parameters'
va lues.  This  decl ine is  c learest  in  the enthalpy of  the
crysta l l izat ion and mel t ing.  l t  fo l lows f rom the resul ts
that the increase in the concentrat ion to cca 0.4% ot
the addit ive al lows for the staft of crystal l izat ion in the
higher  temperatures wi th the lower demands for  cool -
i n g .

As fol lows from the presented results, the most suit-
able d ispers ion agent  for  the preparat ion of  the mas-
terbatches f rom the presented ones rs  the d ispers ion
agent  B (LDPE powdered wax) .  But  i t  is  necessary to
solve the addi t ive d ispers ion in  the masterbatch and
f ibres in  the future.  Masterbatches wi th a content  of
nano- TiO2 - 580 uri th a content of dispersion agents
A ( l iqu id b lock polymer made of  ethy lenoxide and pro-
pyleneoxide) and B (LDPE powdered wax) seem to be
the most  su i tab le for  the f ibres '  preparat ion.

4 .  Conc lus ion

The nano-Ti02 addi t ive af fects  the f ina l  propef i ies
o f  the  mas te rba tches  and  po lyp ropy lene  f i b res  s ig -
nr f icant ly .  For  successfu l  processing in to a polymer ic
carr ier in the masterbatch's preparation, i t  is necessary
to choose a sui tab le type and content  of  a  d ispers ion
agent  and a lso sui tab le technologica l  condi t ions of  the
masterbatch's prodUction. The masterbatch must have
a  su i tab le  m isc ib le  ab i l i t y  w i th  sp inn ing  po lymer  in  a
way that the preparation of suitable types of modif ied
f ibres wi l l  be guaranteed.

Fibre-Forming Polymers

As is obvious from the presented results, the most
su i tab le  d ispers ion  agen t  fo r  the  p repara t ion  o f  the
masterbatches from the presented ones is the disper-
sion agent B (LDPE powdered wax). But i t  is necessary
to so lve the addi t ive d ispers ion in  the masterbatch
and in the future. Fibres with a content of nano- TiO,
showed changed mechanical ,  co lour is t ic  and thermal
propeft ies. Masterbatches with a content of nano- TiO,
-  580 wi th the content  of  d ispers ion agents A ( l iqu id
block polymer of ethylenoxide and propyleneoxide) and
B (LDPE powdered wax)  seem to be the most  su i tab le
for the f ibres' preparation. In the event that these modi-
f ied PP f ibres are intended for external exposit ion, i t  is
necessary to resolve their addit ional l ight stabi l i ty which
the use of a suitable stabi l isat ion svstem.
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Polypropyl6nov6 koncentrSty a vl6kna s obsahom
nano-TiO, aditiva

Translat ion of  abstract :
Polypropylene masterbatches and f ibres conta in ing a nano-TiO,  addi t ive

V prfspevku je spracovan6 tema apl ikacie nano-Ti02 adit iva do PP koncentrdtov a vl6kien. Bol sledovany vplyv
apl ikacie r0znych druhov dispergdtorov pouZit lTch pri  vyrobe PP koncentrdrtu s c.bsahom nano-TiO, na apl ikadne
vlastnost i  koncentrAtov.  Bol i  t ieZ pr ipravend PP v lakna s obsahcm spominanSTch koncentr6tov.  U v lak ien bol
hodnoteny volyv koncentrAcie nano-TiO,  a d ispergacn6ho syst6mu nafyz ik l lno-mechanicke a ko lor is t ick6
vlastnosti  vlakien. Okrem toho bol skfmany vplyv koncentr6cie adit iva nano-TiO, na sveteln0 stabi l i tu PP vl6kien
po expozfci i  v Xenoteste.
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Vl6knotvorne polymery

1 .  I n t r o d u c t i o n

Polymers modi f ied by e lect r ica l ly  conduct ive par t i -
cles or polymer addit ives al low the preparation of text i le
format ions that  are able to  moni tor  the heal th s tatus
o f  the i r  weare r ,  e .g .  a  human be ing ,  us ing  methods  o f
s ignal  or  energy t ransfer .

T'he process of the incorporation of electr ical ly con-
duc t i ve  po lymers  (po lyan i l i ne ,  po lypy ro le ,  po ly th io -
phene,  etc)  in to synthet ic  f ibres is  a mat ter  of  great
interest for research inst i tutes and f ibre manufacturers
11 ,  2 l .Other  progress in  th is  area is  prov ided by coat-
ing f ina l  f ibres and/or  text i les.  However,  preparat ion of
synthetic f ibres with an increased content of electr ical ly '
conduct ive inorganic  paf t ic les is  more ef f ic ient .

Graphite, metal powders or special carbon black pro-
vide fibres with sufficient conductive properties as well as
with l ight fastness and special colour shades, and they
are usable for both indoor and outdoor activi t ies [3]

Ino rgan lc  f i l l e rs  based  on  a lumin ium may  be  used
for  the preparat ion of  e lect r ica l ly  conduct ive mater ia ls
[4] .  Carbon nanctubes are a lso appl icable for  the ccn-
t ro l led modi f icat ion of  f low polymer proper l ies dur ing
thei r  ext rus ion [5] .  Proper ly  modi f ied and incorporated
carbon nanotubes may be used for the preparatron of
e lec t r i ca l l y  conduc t i ve  tex t i l e  mate r ia l s  in tended  fo r
sports [6, 7].

F ibre-Forming Polyrners

FIBRES WITH A CONDUCTIVE ADDITIVE CONTENTCOMPOSITE PP

Brejka O. ,  Michl ik  P. ,  Folvarc ikovd K. ,  E i re j l<ovd A.

Research lnstitute for l,"4an-Made Fibres, Stirova 2, 059 2i Svit,
Slovak Republic, www.vuchv.sk, brejka@vuchv.sk

The goa l  o f  the  ar t i c le  i s  to  p rov ide  some new in fo rmat ion  aoout  the  app l ica t ion  o f  conduct ive
add i t i ves  in to  po lypropy lene masterba tches  and i ib res .  As  the  conduct ive  add i t i ves ,  Carbon B lack
and non- rnod i { ied  Graph i te  were  used.  From t l ' re  add i t i ves  severa l  masterba tches  w i th  d i f fe ren t
add i t i ve  and d ispers io r r  agent  conten t  were  made.  The masterba tches  were  usec j  fo r  the  f iber
prepara t ion .

l -he  f ib res '  mechan ica l  and co lou i 'parameters  were  ob ta ined.  The in t r ins ic  s t ruc tu re  and d isper -
ga t ion  in  the  f ib res  were  de termined by  l igh t  op t ic  mic roscopy  and REM.

The application of carbon black with a "high" structure
in the product ion of  e lect r ica l ly  conduct ive synthet ic
f ibres exhibit  a part icular l imitat ion because of the nec-
essar i ly  requested h igher  content  of  carbon b lack in
the f ibre.  Equal ly ,  the i r  appl icat ion in  a masterbatch 's
production should be suppofted by using the proper type
and content  of  d ispers ion agent ,  which a l lows for  the
el imination of an adverse affect on the f iow properl ies of
the masterbatch as well  as i ts dispergation in the f ibre.

2 .  Exper imenta l

a)  Preparat ion of  an addi t ive masterbatch
Raw mater ia ls  used:
P o l y m e r :  -  P o l y p r o p y l e n e  P P ,  M e l t  F l o w

R a t i o  ( M F R )  -  B  -  1 0  g / 1 0  m i n
D i s p e r s i o n  a g e n t .  B l o c k  c o - p o l y m e r  o f  e t h y l e n e

oxide and propylene ox ide
Add i t i ves :  -  Carbon  b lack  lCo lour  Index

P.  B lack  7 )
-  Unmod i f i ed  g raph i te

b)  Preparat ion of  composi te PP f ibres:
Machinery:  One-screw spinning uni t  TS-32/16
Prana ra t i nn  ̂ rOde :  LOY f i b re  w i t h  fO l lOw ing'  '  v H u '  q r r v '  I  

d r a w i n q

1 6 0

f  rzo
g
r 8 0
tr)

b q o

D 281384'1 -Carbon black (301,i,)+D (4",'")

o 2819845 -Carbon black (30%i+D (8%)

tr  2819869 -Ctrbon black (301r")+D (11i ; )

t r  28r!870 -Carbon black (30%,1+0 (1l9t i

a 28198"1$ -Grtphite (i l0l ' ir)+D (1511')

n 2819847 -Graphite (tl0%i+0 (15i4)

t r  284871 -Graphi te (30%)+D (1Si t i

s  28, '9872 -Grrphi te (30%i+0 (15%)type of PP masterbatch 
-

Fig.  1  The ef fec t  o f  the type and content  o f  the e lect r ica l ly  conduct :ve addi t ive  and the d ispers ion agent  on the PP masterbatch f i l te r index
wi th  par t icu lar  technolog ica l  parameters

'104
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Table 1  The r :omposi t ion o f  the PP masterbatches,  the condi t ions o f  the i r  preparat ion and the i r  app l icat ion proper t ies

ID
Masterbatch composi t ion [%]  |  Tenroerature set--.l-

rorvT" i _lq{y. _l Di;q.l1gl"q:d-_ t"cl
Masterbatches wi th  carbon b lac

Dr ive load ing

t%l
Melt  f low rate I  Fi l ter index

[g/10 min]  |  pulnu;xg;
' l

289417  ' o o J U 4 B0-240 65 7 . 4 2  1  1 4 4

2BtgB441 66 A 70-230 69 1 3 .  I | .)+

28i9845 o z J U B B0-230 59 1  8 . 1 E2

2Bl9869 59 30 a 1
t l

{  i 1  n ^ n
I  + U _ Z J U 57 37 .6 40

28t9870 59 11 140-220 c l 36 .5 __ 34

Masterbatches wi th  non-modi f red graphi te

28 t941B o/. 40 B B0-240 50 B .78  3 46

2Bt9B46 45 40 1 5 6B-224 49 192.1 39

28t9B47 45 40 1 5 68-241 52 289 .8 Z I

28 t9B71 55 ? n 6B-220 45 256 .0 JZ+

28r9B72 55 30 ' t 5 6B-205 4B 256.7 + o

'  H e a t  d e v e l o p m e n t  i n  h e a t i n g  z o n e  T 4 ,  T 5  +
2  l r4e l t  F low Ra te :  250  "C /4 ,8  kg
3  l v le l i  F low Ra te :  230  "C12 .16  ko

Tab le  2  Compos i t i on ,  mechan ica l  and  co iou r

27  "C ,  Measu remen t  cond i t i ons :  F i l t e r i ndex :  255  'C ,

proper t ies  o f  the PP f ibres

Mel t  F low Rate:  280 "C/4,8  ka

ID Content
Colour  proper t ies Mechanrca l  proper t ies

L* o b ' Tenaci ty Elongat ion Cv,

fk) [ cN /d tex ] lk) t%l _t11_
9 . 6244 a5  I 9 2 . 0 1 -0.42 1 . 0 6 3 .04 6.8 '1 v / . o z

PP f ibres wi th  unmodi f ied graphi te  (a0%) (masterbatch type:  2Bl941B)

-1rI
2,16,05 I oo I 4478 l--il-f-il;]-- ,i--T *;--f t*- l- * 

-

r---_-l-ss.u-l o, '__T-o,. ,*; l-=;-' 247 i05  
i  1 .0

-rjifl
-ar'l{:t

2s0 /0s  i  uo  I  eoss  I  o .  I  o r s  I  z . z+  |  s . r r  I  102 .84  |  s ss-rr-ij-=o _l 
to"u--l- *r1I;-l-r*;]--;. -a 
rt--a "- I; T rr* l-;* 

-
102.84? n o o  |  0 c

v v . v v  I  v . -

30 .36  |  0 .22

0 . 1  5  |  2 . 2 4

253 /05  I  10 .0

25405

1 . 7 6  |  5 . 4 4
l ^ - 6 i

c . / J  I  o / . J o

PP f ibres compr is ingcarbon b lack (30%)(masterbatclrtype: 2819417)

2 6 1 / 0 5

262 iA5 1  0 1  . 6 7

102.37

264105

265iCs

267 t05

1 0 . 1 3

1 8 . 9 3  i  - 0 . 1  1

-0 .1  9  |  -O .SZ

_ 0 . 1 3  I  _ 0 . 0 3  |  2 . 5 3

268/05
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x

3,5

3,0

2r5

2r0

1 , 5

{ . 0, ]-- I
5  1 0  { 5

concentrat ion of  addi t ives [%l

-x-Carbon blrck (30%i *-r-GrrFhite ({01i)

FiE.  2 The ef fect  o{  the type and content  of  e lectr ioal ly  conduct ive
adr j i i i ves  on  the  L .  va lue  (b r igh tness )  o f  PP f i b res

2 ,0

1 , 5

1 , 0

0 ,5

0 ,0

-0 ,5

0  5  1 0  1 5

concentration of additiues [9i,1

5  { 0  { 5

corrcentrataon of additiues [%l

+Carbon  b lack  (30%)
--{- Grsphite (40it)

a PP -  u i rg in f ibre

Fig.  4 The ef fect  of  the type and content  of  e lectr ical ly  conduct ive
addi t ives on the tenaci ty of  PP f ibres

; !

0)

1 2 0

1 1 0

1 0 0

90

80

70

60

i*CurUon 
black (30%) **-Graphi te (40i i ) l

L - -

FiE. 3 The effect of the type and content of electr ical ly conductive
addi t ives on the b.  va lue (ve l low-b lue tone)  o f  PP f ibres

5  1 0  1 5
concentrat ion of  oddi t ives [ i4 l

-.r+- Carbsn black (30i' i)
-*-Graphite (.l0?bi

o PP -  u i rg in f lbre

F ig .  5  The  e f fec t  o f  t he  t ype  and  con ten t  o f  e lec t r i ca l l y  conCuc t i ve
add i t i ves  on  the  e lonoa t ion  o f  PP f i b res

ln  Table 2 and Figs.  2,3,  4 ,  and 5,  the composi t ion,
mechanical  and colour  propedies of  the PP f ibres are
descr ibed.

Ternperature mode:
Drawing rat io :
Spinrreret :
Ind iv idual  f ineness:

270-275'C
1 : 3
40  I  0 ,5
7 dtex

Grapldte 3 9b

GD 249/05):

Graphite 8 9t
(ID 252/05)

a

F

Q

F
,

Fig. 6 Microscopic pictures of PP fibres with an electrically conductive additive - Unmodified GRAPHITE (40%) (lD:2819418) (magnification: 255x)
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Microscopic  p ic tunes of  PP f ibres wi th e lect r i -
ca l ly  conduct ive addi t ives

On Fig. 6. of the microscopic pictures, the inhomoge-
neity of the graphite dispergation in the PP composite
f ibres is  snown.

On Fig.7,  o f  the microscopic  p ic tures,  the re lat ive ly
good homogenei ty  of  the carbon b lack in  the PP com-
posi te  f ibres is  shown.

REM pic tures of  PP f ibres compr is ing e lect r i -
ca l l y  conduc t i ve  add i t i ves

On the fo l iowing Fig.  B,  the coarse par t ic les of  the
graphite can be seen on the f ibres' surface. The par-

F ib re -Forming  Po lymers

t i c les  were  par t l y  smashed  dur ing  the  d raw ing  and
made smal ler .

On Fig.  9 ,  the f la t  sur face of  the PP f ibres is  shown
desp i te  the  h igh  con ten t  o f  the  ca rbon  b lack  in  the
polymer.  The in ternal  s t ructure of  the PP f ibres is  qui te
h o m o g e n o u s  c o m p a r e d  t o  P P  f i b r e s  w i t h  a  s i m i l a r
content of graphite.

3 .  D iscuss ion

In  th i s  s tage  the  research  was  o r ien ted  towarc js
veri fying the possibi l i ty of preparing masterbatches and
f ibres wi th a content  of  addi t ives whrch are suggested
from the l i terature as possib le conduct ive addi t ives.  In

Calbon Black 0,.396 Callron Black 0,69tr Carbort Black 1o,'b

@ 260/0s):  GD 261/051: [D 262105):

Fig. 7 l , / icroscopic pictures of the PP f ibres with the electr ical ly conductive addit ive Carbon Black (30%) ( lD: 2Bl9417) (magnif icat ion: 255x)

t-

,

Grapldtr 0,6 o,'tr

tID 2.16/05):
Graphite 596
(ID 250,,05):

Graphite 10q b
(ID 253105;:

w

,

t.

lr

ta
{J
fi

I F

F

tr

Fig. 8 REM pictures of PP f ibres with an electr ical l i l  conductive addit ive - Unmodif ied graphite (40%) (2819418), (magnif icat ion: 660x)

i
I

_- _d
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Calltrrn Blatk 0,6q i '
( lD  261 /05 ) :

fu ture s tages thei r  e lect r ica l  conduct iv i ty  wl l l  be ver i -
t iect.

The  resu l t s  achr ieved  can  be  summar ized  as  fo l -
I O W S :

. Masterbatches of conductive aCditives.'
The preparat ion of  the masterbatches was wi thout

any problems;  the development  of  heat  under  the ef -
fect  o f  kneading had been deternr ined only  in  samples
2819417 and 2819844.

It  was discovered that the composit ion of the rnas-
te rba tches ,  the  add i t i ve  t ype  and  the  d ispers ion  o f
the agent rat io affect the applir :at ion propert ies of the
masterbatches in  the fo l lowing manner:
-  The increase in  the d ispers ion agent 's  content  and

also the decrease in  the processing temperatures
have a posi t ive ef fect  on the carbon b lack d isper-
s ion in  the masterbatches and consecut ive ly  on the
in rp rovement  o f  the  app l i ca t ion  p roper t ies  o f  the
masterbatches, which is important for the next pro-
cessing of  masterbatches.  Wi th arr  increase in  the
d ispers ion  agen t ' s  con ten t  and  a  su i tab le  change
in the temperature set  dur ing the preparat ion of  the
nrasterbatches, the disintegration of the carbon black
agglomerates improved;  the f i l ter index decl ined and
the mel t  f low rat io  rase.
I t  was a iso determined that  nei ther  the change in
the  conc ;en t ra te ' s  compos i t i on  nor  mod i f y ing  the
extruder  temperatures have a s igni f icant  ef fect  on
the value of  the graphi te masterbatches ' f i l ter index.
The increase in  the d ispers ion agent  rat io  was a lso
ref lected in  the srgni f icant  increase in  the mel t  f low
rat io .  The easured appl icat ion proper t ies of  these
masterbatches assume a more compl icated incor-

1 0 8
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Cal'l-ron Black 59t Cal'ltott Black l0rln

1TD 265,'05): (ID 268, '05;:

porat ion of  these masterbatches in to the f ibres.
o The modified PP fibres with a content of conductive
addrtrves:
-  Colour  proper t ies are basica l iy  changed by the ef -

fect  o f  carbon b lack concentrat ion in  f ibres up to cca
3% .  Th is  causes  a  s ign i f i can t  dec rease  in  L*  and  a
f ibre shade moves f rom the yel iow to b lue area (b*
va lue) ,  wh ich  co r responds  w i th  the  ca rbon  b lack ' s
natura l  co lour ing in  combinat ion wi th a polymer.  Af ter
the  over run  o f  th rs  cca  3% l im i t ,  the  f i b res '  co lou r
proper t ies pract ica l iy  do not  change.
The  mic roscop ic  and  RE[ /  pho tos  o f  these  f i b res

confr rm a good d ispers ion of  the carbon b lack in  the
f ibres.  The sur face of  the drawn and undrawn f ibres is
smooth and without surface defects in the peeted f ibres;
the internal morphological structure of the f ibres is seen
as uniform and compact. Thanks to these propert ies,
the mechanical propefi ies of these f ibres compared to
standard fibres are affected onllr a little by the presence
of  the carbon b lack.

In the f ibres wi th the GRAPHITE content ,  the rapid
decrease in l ight occurred to the concentrat ion of cca
1%, but  wi th  the next  increase in  the graphi te con-
tent ,  the values were pract ica l ly  s table"  The colour
propert ies of these f ibres in comparison with f ibres
wi th carbon b lack are not  changed s igni f icant ly  by
the affect of the increase in the addit ive concentra-
t i on .  These  f i b res  a re  a  l i t t l e  b i t  b r igh te r  and  ye l -
lower.
As for  the mechanical  propef l ies and opt ica l  meth-

ods. there are signif icant changes. Graphite padicles
in  the  f i b re  a re  in  qu i te  b ig  agg lomera tes ,  and  the i r
amount  and  s i ze  ge t  b igger  w i th  the  inc rease  in  the

a{/
L

F

v,
(9
k

7

fd

Fig.  9  FEM p ic tures o f  PP f ibres wi th  an e lect r ica l iy  conduct ive addi t ive  -  Carbon Black (30" ; ! )  (2819417) ,  (magni f icat ion:  660x (undrawn
fibres I D 253105'. 940x))
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addit ive's concentrat ion. The f ibres' surface is uneven.
In the peeled f ibres i t  is possible to see a worsening in
the equali ty of the internal structure with the increase in
the graphite content in the f ibres. The "drawing" of the
agglornerates occurs due to the f ibres' drawing, but i t  is
not  enough for  the i r  breakage.  This  negat ive ly  resul ts
in a signif icant worsening of the mechanical propert ies,
i .e . ,  in  the rapid decrease i r i  the f ibre 's  tenaci ty  and
elongation with the increase in the graphite content.

In  f ibres wi th a graphi te content ,  i t  is  necessary to
improve the graphi te 's  d ispers ion in  the f ibres,  what
wi l l  probabiy  be possib le only  by the use of  a  sur face
modif ied, exfol iated type of graphite.

4 .  Conc lus ion

The development of f ibres with a content of conduc-
t ive f ibres is one of the aims of the development of so
cal led "  smart  "  mater ia ls ,  which are able to  moni tor
the health state of i ts bearer - a person- with a form of
signal or energy transfer. At f i rst,  i t  is necessary to man-
age the technology of processing potential ly conductive
mater ia ls  in to a form which wi l l  be appl icable for  the
next stage of processing, e.9., such as masterbatches,
f ibres,  etc .  And th is  research was devoted just  to  th is
stage.  Knowledge about  these addi t ives makes i t  pos-
s ib le  to  p repare  a  mod i f i ed  PP f ib re  w i th  a  ta rge ted
change in  the i r  proper t ies for  the i r  se lected appl icat ion
in the sector  of  the preparat ion of  text i les or  technica l
mater ia ls .  A cr i t ica l  task in  the use of  addi t ives is  the
necessi ty  to  manage thei r  targeted d is in tegrat ion in  the Rece i ved :  Augus t  2006

Kompozitn6 PP vl6kna s obsahom vodivich adit iv

Translat ion of abstract:
Composi te PP f ibres wi th a conduct ive addi t ive content

Prispevok sa zaoberd apl ikdciou vodivych adit iv do polypropyl6novych koncentrAtov a vldkien. Ako vodive
adit iva bol i  pouZite nemodif ikovany grafi t  a sadze. Z adit( ' , t  bolo pripravenych niekol 'ko koncentrdtov s rozdielnym
podielom aditfva a dispergi i tora.

Pripraven€ koncentrAty bol i  apl ikovan6 do vldrkien. [J pripravenych vldrkien bol i  stanovene fyzikdrlno-mechanicke
a kolor is t icke parametre.  Vnf torn6 Struktura a d ispergacia adi t iv  vo v lAknach bola z iskane pomocou opt ickej
svete inej  mikroskopie a REM.

F ib re -Forming  Po lymers

process of preparation of masterbatches and intercala-
t ion in the production of modif ied f ibres.

The possibi l i ty of preparing masterbatches and f ibres
with a content of conductive carbon black f lows fronr
the resul ts  achieved.  Unmodi f ied graphi te appi icat ion
was shown as problematic, which becomes evident as
a result of bad graphite dispersion in f ibres and corrse-
quently by the worsening of the mechanical propert ies
of  f ibres.

Acknowledgements:This research was performed for APVV
grant agency (Grant No. 20-011404)
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Vlakna  a  p r iadze

1 .  l n t r o d u c t i o n

Syn the t i c  f i b res  a re  found  to  have  a  w idespread
app l i ca t ion  in  the  f i e ld  o f  p repar ing  tex t i l e  mate r ia l s ,
i ronwoven  p roduc ts  and  n ra te r ia l s  fo r  techn ica l  ap -
p l rcat ion in  the automot ive industry .  The prepar ing of
f  iSre: r  f rorn a b lend of  f ibre- forming polymers [1,2]  or
wi th a content  of  specia l  addi t ives i .e . ,  co lorants,  UV
stabi l izers,  f larne retardants and ant imicrobia l  agents
[3 , ,4 ,5 ]  en la rge  f i e lds  fo r  the i r  app l i ca t ion  o r  the  new
unique proper t ies of  f ibres create new possib i l i t ies for
ihe i r  app l i ca t ion .

Nancsc ience  and  nano techno logy  today  s t rong ly
suppor t  the  c f fe r ing  o f  new p las t i c  mate r ia l s  and  f i -
b res  p repared  w i tn  improved  app l i ca t ion  p roper t ies
[6] ,  F: ibres added by specia l ty  t reated addi t ives wi tn
nanodimensions,  i .e . ,  nanoclay,  nano-TiOr,  conduct ive
metal  ox ides,  carbon nanotubes and carbon nanof i -
bres enhance thei r  mechanical ,  e lect r ica l  and barr ier
proper l ies,  in f lammabi l i ty  or  br ing about  a new colcur
appearance [7,8] .

In the work the effect of nano-TiO, content and f ibre
drawing in  a cont inual  process for  the prspsr ing of  f i -
bres on the basic  mechanical  proper l ies and st ructura l
pa ramete rs  (b i re f r ingence ,  sound  ve loc i t y  i n  f i b res ,
crysta l l in i ty  index)  of  composi te polypropylene f ib ' res
wi th an ind iv idual  f ineness of  3  dtex is  presented.

The resul ts  of  the study conf i rm the re l iab le techno-
logica l  s tabi l i ty  of  cont inual  f ibre preparat ion in  nano-
TiO, type-P with a range of 0.2-2.5 "r" and in a range
of a drawing rat ion of 7v = 1.65-4.5. In the above ranges
of  a nano-Tio2 content  and drawing rat io ,  i t  is  possib le
to adjust  the mechanical  and st ructura l  parameters of
polypropylene composi te f ibres.

1 1 0

Fibres and Yarns

2 .  Exper imenta l

Mate r ia l s

- isotactic polypropylene A-type (MFR = 10.89/10 min)
-- isotactic poiypropylene B-tyoe

( M F R  =  2 5 . 0  g / 1 0  m i n )
- a nano.TiO2 P-type corrcentrate with a polypropyl-

e n e  ( P P )  c a r r i e r  ( M F R  =  1 B . B  g / 1 0  m i n ,
F i l ter index = 530 MPa/kg)

-  nano-TiO,  P- type (T iO,  content  =76.3 %, par t ic le
sizes = 30 nm, specif ic surface = 60-72 m'lo\.

P rocedures

The preparatton of PP-nano-TiO, concentrate
The concentrate of nano-TiO, with a PP carr ier was

prepared on a ZDSK-28 double-screw kneading - gran-
u lat ing ext ruder  wi th screws of  a d iameter  of  e  = 28
mm, wi th a nozzle d iameter  of  q  = 3.9 mm using the
premix rnethod f rom a mixture of  powder PP (MFR =
1C gl10 min) ,  nanc-TiO,  and a d ispersant .

The preparation of the PP composite fibres
The PP composi te f ibres v /ere prepared us ing me-

chanical  mixtures of  PP granulate and a concentrate
of nano-TiO, with a PP carr ier medium by the continual
p rocedure  o f  sp inn ing  and  d raw ing  on  a  labora to ry
cont inual  l ine wi th an ext ruder  d iameter  of  g  = 16 mm,
wi th a one-step cold drawing and a f ina l  cont inual  pro-
cess speed of  200 m/min,  in  the use of  a  40/0.5 mm
spinnerette (PP A-type) ,  or 4Q10.4 mm ( PP B-type), at
a sp inning temperature of  270 "C and a 0.4N constant
f i b re  tens ion  dur ing  the  w ind ing .

THE EFFECT OF NANO - TiOz ON THE STRUCTURAL
AND IVlECHANICAL PARAMETERS OF POLYPROPYLENE

FIBRES

Mich l f k  P . ,  B re j l<a  O. ,  Marc ind in  A . . ,  U ihe ly iova  A . .

Research lnslitute ior Man-l,,tlacje Ftbres, a.s.,
Sturcva 2, 059 21 Svit, Stovak {lepubtic, e-maii : michlik@vucnv.sk

'Slovak University of Technology in Bratislava, Faculty of Chemtcitl anC Food Technology,
Radlinskeha 9, 812 37 Bratislava, Slov,ak Republic

F io res  mod i f i ec i  by  spec ia l  add i t i ves  w i t h  nancd imens ions ,  i . e . ,  nanoc lay ,  nano -T iOr ,  conduc t i ve
n . re ta i  ox ides ,  ca rbon  nano tubes  and  ca rbon  nanc f i b res  have  imp roved  mechan i ca l ,  e l ec t r i ca l  and
ba r r i e r  p rope r l i es ,  i n f  l ammab i l i t y  c r r  a  new  co lou r  appea rance .  I n  t h i s  wo rk  t he  e f f ec t  o f  nano -T iO ,
con te r t l  and  f r b re  d raw inq  i n  t he  con t i nua l  p rocess  o f  p repa r i ng  f i b res  on  t he  bas i c  mechan i ca l
n rn t ro r i i oq  an r ' l  c t r l l g l u ra l  pa rame te rs  (b i r e f r i ngence ,  sound  ve loc i t y  i n  f r b res ,  c r ys ta l l i n i t y  i ndex )  o f
n ' r l \ / n r ^ r ' \ / l ana  nn rp lpos i t e  f i b ' r es  w i t h  an  i nd i v i c j ua l  f i neness  o f  3  d tex  i s  p resen ted .  The  resu l t s  o f
t he  s tuc l y r  con f i rm  the  re l i ab le  t echno log i ca l  s t ab i l i t y  o f  t he  con t i nua l  p rocess  o f  p repa r i ng  f i b res  w i t h
a  nano -T iOradd i t i ve  con ten t  i r r  a  r ange  o f  0 .2 -2 .5o ,h  and  a  d raw ing  ra t i o  i n  a  range  o f  1 .65 -4 .50 .
T 'he  mecha r t i ca l  and  s t ruc tu ra l  pa rame te rs  o f  t he  po l yp ropy lene  compos i t e  f i b res  can  be  ac l j us ted
In the above range of  the adc i i t ive  content  and drar ry ing ra t io .
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Methods

Mechanical properlies of fibres
-  STN EN ISO 1973 Text i le  f ibres,  Determinat ion of

the f ineness.
- STN EN ISO 5079 Fabrics. Fibres. Determination of

the tenaci ty  and e longat ion of  the ind iv idual  f ibres
upon breaking.

-  STN EN ISO 2062  Fabr i cs .  Yarns  f  rom w ind ing .
Determination of the tenacity and elongation of the
indiv idual  yarns upon breaking.

Structural parameters of fibres
PND 274-37-95 The determinat ion of  the sound
veloc i ty  in  f ibres wi th a c i rcu lar  sect ion.

-  PND 274-36-95 The determinat ion of  the f ibres 's
birefr ingence with a circular section using the com-
pensat ion method.

- PND 129-117-05 The determination of the crystal-
l in i ty  index In of  the polypropylene f ibres us ing the
FT-lR spectroscopy method.

Application parameters of nano-TiO, concentrate
- PP B/97 The determination of the f i l terabi l i ty of the

addit ive concentrate (Fi l ter index).
- STN EN ISO 1 133 Plastics - the determination of the

mel t  f low rate (MFR) of  the thermoplast ics.

3 .  Resu l t s  and  d iscuss ion

3.1 The ef fect  o f  the nano-TiO,  (P- type)  con-
tent  on the mechanical  proper t ies of  the com-
posi te  PP f ibres

The effect of the nano-TiO, P-type content on the
basic  mechanical  proper t ies of  the PP composi te f i -
bres was apprec iated on the f ibres of  a  3 dtex f ine-
ness prepared from PP polymer A-type by a continual
technologica l  process at  a  constant  drawing rat io  of
(A)  A = g.O

The resul ts  of  the real ized research work are that
upon the use of the A-type PP, the technological stabi l-
ity of the continual preparation of the PP composite fibres
was reliable for the whole evaluated 0.6-25% range of
the nano-TiO, P-type content in the mass of the composite
f ibre, which is practical ly comparable with the stabi l i ty of
the non-addit ive standard PP f ibre preparation.

Fibres and Yarns

Content  o f  nano-addi t ive  [70]

Fig. 1 The eflect of the nano-TiO2 content on the tenacity of the PP
comoosite f ibres

Content  o f  nano-addi t ive  [70]
Fig.2 The effect of the nano-TiO, content on the elongation of the

PP comoosite f ibres

The tendency of  the decl ine of  the PP composi te
f ibre's tenacity with the r ising content of nano-TiO, in
the f ibre mass was determined at an addit ive concen-
t rat ion h igher  than 0.6%, which is  emphasized by the
r is ing content  of  the addi t ive in  the PP f ibre mass.

The  tendency  in  the  dec l ine  o f  the  PP compos i te
f ibre's elongation with the r ising content of nano-TiO,
in  the f ibre mass was determined.

The equali ty of the basic mechanical propeft ies of
the PP composi te f ibres is  mi ld ly  lower in  compar ison
with the equali ty of the non-addit ive standard PP f ibre
propert ies.

A  more  un ique  dependency  o f  the  equa l i t y  o f  the
fibre's mechanical propedies on the nano-TiO, content
in  the f ibre was not  determined.
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Table 1  The ef fec t  o f  the nano-T iO.  content  on the mechanica l  proper t ies  o f  the PP composi te  f ib res (1 . -3 .0 ,  PP tyue-A)
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VlAkna  a  p r iadze

3.2 The ef fect  o f  the nano-  T i02 (P- type)  con-
tent  and drawing rat io  (A)  on the st ructura l
pa ramete rs  and  mechan ica l  p roper t ies  o f  the
compos i te  PP f ib res

The  e f fec t  o f  the  P- type  nano-T iO,  con ten t  and
d:awing rat io  on the basic  s t ructura l  parameters and
rnechanical propert ies of the PP 3 dtex f ineness com-
posite f ibres prepared fronr the B-type PP polymer by
tne ccnt inual  technologica l  process was watched and
appreciated at the range of evaluated drawing rat ios
i r o m A = 1 . 6 5  1 e l = 4 . 5 .

Fronr the experimental research lryork real ized i t  re-
sLr l ts  that  upon the use of  B- type PP,  the technologica l
s tabi l i ty  of  the cont inuai  process of  the PP composi te
f ibres was rel iable for the whole range of 0.2-2.0 "/ .  of
the P- type nano-  T iO2 content  in  the composi te f ibre
mass and for the whole evaluated range of the drawing
r a t i o o f  A =  1 . 6 5 - 4 . 5 .

Based  on  the  exper imenta i  resu l t s  de te rmined  in
Tab.2, Fig. 3-5, i t  is possible to say that a P-type nano-
TiO, and i ts content in a f ibre mass affect the structural
parameters of  drawing PP composi te f ibres.

With the r is ing A the tota l  average or ientat ion (b i re-
f r ingence) ,  the or ientat ron of  the f ibre 's  sur face layers
{the veiocity of the sound transmission) and the crystal-
l ini ty index of the non-addit ive standards and composite
PP f ibres in the whole evaluated range of the content of
ihe nano-TlO,  in  the composi te f ibre mass r ises.

F ibres and Yarns
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Fig.  3 The ef fect  of  1.  and nano-TiO, content  on the bi refr ingence of

the PP composi te f ibres
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Fig.  4 The ef fect  of  ) ,  and nano-TiO, content  on the crystal in i ty
index  o f  the  PP comoos i te  f i b res  con ten t
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Table 2  The ef fec t  o f  2 .  and nano-T iO,  content  on the s t ructura l  parameters  o f  the PP composi te  f ib res (PP type-B)
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0  0 , 5  1  1 , 5  2

Nano-additive content [7o]

Fig. 5 The effect of 7, and nano-TiO, content on the sound velocity
in the PP composite f ibres

The effect of the nano-Tio2 content on the values of
the structural parameters of the PP composite f ibres
observed in comparison with the nonaddit ive standard,
which depends on the A value in the process of f ibre
drawing,  was determined.

A t  a  lower  4S3 .0 ,  the  tendency  o f  the  dec l ine  in
b i ref r ingence on the content  of  0 .2 "h and the fo l low-
ing increase in  b i ref r ingence upon a content  of  0 .6 %
of nano-TiO, in the f ibre mass was determined. Next,
increasing the content of nano-Tio2 was demonstrated
by  the  dec l ine  in  the  PP compos i te  f i b re ' s  b i re f r in -
g e n c e .  A t  a  h i g h e r  I > 4 . 0 ,  t h e  e f f e c t  o f  t h e  n a n o -
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Fig. 6 The effect of i  and nano-TiO, content on the tenacity of the
PP comoosite f ibres

Ti02 oh on the f ibre 's  b i ref r ingence is  not  especia l ly
s igni f icant  of  a  content  of  1 .0 %, wi th the content  of
2.2 o/o, a sl ightly higher composite f ibre biref r ingence
was determined in  compar ison wi th the non-addi t ive
standard.

The tendency of the decl ine of the crystal l ini ty index
with a content of A.2 o/o and the subsequent increase
upon a content  of  0 .6-1.0% of  the nano-TiO,  in  the
composite PP f ibre nnass was determined in the whole
range A. The increase of nano-TiO, content upon 2.0 %
was demonstrated by the decl ine of  the crysta l l in i ty
index.

Table 3 The effect of 7, and nano-TiO, content on the mechanical propert ies of the PP composite f ibres (PP type-B)
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At  a lower A < 3.0,  the tendency of  the increase of
the r , ,e loc i ty  of  the sound t ransmiss ion in  the f ibre upon
a content of 0"2-0.6 "k and the subsequent decl ine with
the increase of nano-TiO, content in the composite f ibre
n rass was determined. At a higher A > 4.0, the effect of
the nano-T-iO, on the velocity of the sound transmission
in the f ibre is  less s igni f icant  wi th  the demonstrat ion of
the tendency of  a  mi ld  decl ine wi th the increasing con-
tent  of  nano-TiO,  in  the PP composi te f ibre mass.

This i-esulted from the determined experimental re-
sul ts  (Tab.  3,  F ig.  6 ,  7)  that  the P- type nano- ' [ iO,  and
it: i  content in the f ibre mass affect the basic mechanical
proper t ies of  the dra l ing PP composi te f ibres in  com-
panson wi th the non-addi t ive s tandard PP f ibre.

Wi th r is inq A,  the tenaci ty  r ised and the e longat ion
of  tne non-addi t ive s tandards and composi te PP f ibres
fa l i s  i n  the  who le  eva lua ted  range  o f  the  nano-T iO,
cc'ntent in the composite f ibre mass.

lVith a content of 0.6 % nano-TiO, in t lre composite
f  i b re  n rass ,  a  m i ld  inc rease  in  tenac i t y  to  10% was
deternr ined in  the range of  A )  2 .0 in  compar ison wi th
the  ncn-add i t i ve  s tandard .  Wi th  the  o ther  eva lua ted
con ten ts ,  a  dec l ine  in  the  tenac i t y  o f  the  compos i te
f ibres f ronn 5 "kto 2.5 7o r,vas determined, which became
lower wi th the r is ing A and at  the h ighest  A = 4.5,  the
tenacity of the composite f ibres was practical ly on the
le ' ;e i  o f  the non-addi t ive s tandard.

The elongation of the PP composite f ibres was prac-
t ica l iy  comparable wi th the non-addi t ive s tandard in
the  who le  eva lua ted  range  o f  A  anC the  nano-T i02
conient .

The  equa l i t y  o f  the  bas ic  mechan ica l  p roper t ies
of  the PP composi te f ibres is  pract ica l ly  comparable
wi th the equal i ty  of  the propef t ies of  the non-addi t ive
standard PP f ibre.

The determined values of the tenacity characterist ics
of  the PP composi te f ibres (F ig.  6)  corre late wel l  wi th
the determrned values of  the i r  s t ructura l  oarameters
(Fig 3-5) .

4 .  C o n c l u s i o n

In the work the effect of the content of P-type nano-
addi t ive and the degree of  one- ' l i rect ional  deformat ion
A of  the cont inual  process of  prepar ing f ibres on the
basic mechanical propeft ies and structural parameters
o f  b i re f r ingence ,  sound  t ransmiss ion  ve loc i t y  i n  the
fibre and crystal l ini ty index of composite polypropylene
f ibres of  3  dtex f ineness were studied.  Based on the
achieved experimental results, the effect of the P-type
nano-TiO, content in the PP composite f ibre mass and
A on the stabi l i ty  of  the cont inual  process of  prepa-
rat ion,  f ibre tenaci ty  and e longat ion parameters,  i ts
;r\"/) ,rage orientat ion, the orientat ion of the f ibre's sur-
'rce layers and the crystal l ini ty of the addit ive polymeric
system was evaluated.
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Fig.7 The effect of i ,  and nano-TiO, content on the elongation of
the PP composi te  f ib res

I t  resulted from the real ized research works that the
technological stabi l i ty of the continual preparation of PP
composite f ibres was rel iable for the whole evaluated
range of 0.2-2.5% in the mass of the nano-TiO, content
in  the composi te f ibre,  which is  pract ica l ly  comparable
with the technological stabi l i ty of the preparation of the
non-addi t ive s tandard PP f ibre.- l -he 

tendency of  the decl ine in  the PP composi te
f ibres wi th the r is ing content  of  nano-TiO,  in  the f ibre
mass at a addit ive concentrat ion higher than 0.6% and
the decl ine of the PP composite f ibres' elongation with
the rising content of nano-TiO, in the fibre mass was de-
termined. The equali ty of the PP composite f ibre's basic
mechanical properties is practically comparable with the
equali ty of the non-addit ive standard PP f ibre qual i t ies.

The P- type nano-Ti02 and i ts  content  in  the f ibre
mass affect the structural parameters of the drawing PP
composite f ibres, which correlate well  with the values
of  the i r  mechanical  qual i t ies.  l t  is  possib le to  modi fy
the structural parameters and mechanical qual i t ies of
the composite f ibres in a wide range of the A process
of  drawing f ibres.

The real i ty  of  the encompassment  of  the cont inual
procedure of the preparation of the nano-Tio2 PP com-
posite f ibres at acceptable structural parameters and
the mechanical propert ies of the composite f ibres re-
sulted from the real ised research works. The obtained
experimental results create a fundamental data base
for the next phase of the research and optimalization
of  the mater ia l 's  composi t ion,  the technologica/  condi -
t ions of the preparation, the structure and propert ies
of the nano-TiOroh concentrates and, consequently,
composite f ibres for fabrics with a functional effect of
UV barrier protection.
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Vplyv nano-TiO, na Strukturne a mechanick6 parametre
polypropyl6novfch vl6kien

Translat ion of abstract:
The ef fect  o f  nano-TiOz or  the st ructura l  and mechanical  parameters of  poly-

propylene f ibres

Vlakna modif ikovan6 Speci6lnymi adit lvami s nano-rozmermi, napr. nano-i l ,  nano-TiOr, vodiv6 oxidy kovov,
uhlikove nano-trubky, uhlkov6 nano-vl6kna, majd zlepSen6 mechanick6, elektrick6 a bari6rov6 vlastnosti , zmienu
horl 'avost alebo novy farebny prejav.

V clanku je prezentovanf vplyv obsahu nano-Tio, a stupha jednosmernej deform6cie kontinudlnej pripravy
polypropylenovych kompozitnfch vl6kien jemnosti  3 dtex na ich zdkladn6 mechanick6 vlastnosti  a Strukturne
parametre (dvoj lom, rychlost Sirenia zvuku vo vl6kne, index kryStal inity). Vfsledky prdce potvrdzujr i  spol 'ahl ivu
technologicku stabi l i tu kontinu6lneho procesu pr[pravy kompozitnSich vl6kien s obsahom nano-TiO, v rozsahu
0,2-2,5 % pri  diZiacom pomere v rozsahu l" = 1 ,65-4,5. Strukt0rne a mechanick6 parametre polypropylenovl ich
kompozitnych vl6kien mdZu byt regulovan6 v uvedenfch rozsahoch obsahu adit iva a dlZiaceho pomeru. Nano-
TiO, typu-P a jeho obsah v hmote vlAkna ovplyvhuje Struktr irne parametre dfZenfch PP kompozitnych vl6kien,
ktore dobre koreluiu s hodnotami lch mechanickVch vlastnosti .
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1 .  I n t r o d u c t i o n

The physica l -mechanical  propef t ies of  yarns,  s i rn i lar
to  those of  ot l rer  so l id  mat ter ,  are a funct ion of  the i r
s t iuc tu re .  l -he re fo re ,  the re  a re  a  lo t  o f  au thors  and
reference works descr ib ing the st ructure of  the yarns
I  t - -  /  t .'  

Yarn structure is a. function of manv factors, the most
important  aniong them being [B] :

F i t rer  character  as the yarn 's  s t ructura l  component
( lenqth,  f ineness,  cross-sect ion and voluminosi ty)  and
i ts  mechanical  propedies ( tensi le  s t rength,  s t retchabi l -
i t5r ,  5s.61rg abi l i ty ,  e last ic i ty ,  e tc . ) ;

F iber  d is t r ibut ion,  i .e . ,  the count  and layout  of  f i -
be i 's  a long the yarn 's  cross-sect ion ( radia l  and square
laycut). the regulari ty of f iber distr ibution along the yarn
(ax ia l  or  longi tudinal )  and the d is t r ibut ion of  ind iv idual
lengths and forms of  spun- in f ibers wi th in the yarn,  i .e . ,
a  f iber 's  migrat ion proper l ies.

Relat ionship between the yarn 's  s t ructura l  e le-
ments,  i .e .  between the f ibers ( f r ic t ion,  var ious surJace
proper l ies,  number of  contact  points ,  e tc . ) ,  determined
by the spinning system, level  o f  twis t ing,  or  subsequent
chemical  processing.

The quali ty of r ing-spun !/arns is greatly affected by
the construction of the draft ing system and the geom-
etry  of  the spinning t r iangle formed in  the area of  the
spinning- in  of  a  ref ined f iber  bundle in to the r ing-spun
yarn"

The optimization of the structure of the draft ing sys-
tern,  the spindle,  the r ing and the t ravel ler ,  as wel l  as
the automat izat ion and synchronizat ion of  the opera-
i ion of  a l l  the operat ional  e lements on the r ing spinning

t t o

Fibres and Yarns

frame have brought  about  a s igni f icant  increase in  the
product ion,  bet ter  yarn qual i ty ,  and greater  f lex ib i l i ty
and  p ro f i tab i l i t y  o f  ya rn  sp inn ing  on  a  r ing  sp inn ing
f  rame.

However,  a l l  the above improvements and opt imiza-
t ions of  the r ing spinning process only  par l ia l ly  re l ieve
t h e  p r o b l e m s  c a u s e d  b y  t h e  s p i n n i n g  t r i a n g i e .  T h e
spinning t r iangle formed by the f iber  bundle between
the t ravel ler  and the draf t ing system del ivery ro l ls  is
the  weakes t  po in t  i n  the  r ing -spun  ya rn  fo rm ing  p ro -
cess [9] .

Based orr  a  thorough analys is  of  the spinning t r iangle
st ructure,  the conclus ion reached was that  only  a suc-
cessfu l  so lut ion of  the spinning t r iangie problem would
enable the product ion of  r ing-spun yarn wi th less hai r i -
ness and better physical-rnechanical propert ies.

A  sp inn ing  p rocess  w i th  a  rn in im ized  sp inn ing  t r i -
ang le  i s  ca l led  conrpac t  ( condensed ,  compressed)
s p i n n i n g  ( F i g u r e  1 )  [ 1 0 ,  1 1 ] .

t
P

Fig. 1 Models of conventional and compact r ing spinning processes

COMPACT SPINNING .  POSSIBILITIES OF IMPROVED
FIBER SPINNING.IN IN'TO TF{E YARN

Tra jkov ic  D .1 ,  S ta rnenko ,v i i  M .1 ,  RaCivo jev ic  D .2

lUniversity of Nls, Faculty of Technolcgy, Leskovac, Serbia
'High'fecnnica! School of Textrle, Leskovac, Serbia

E - m a i | : dusanl(0 ex c ite. c o m

' fhe  
ohys ica l -mechan ica l  p roper t ies  o f  yarns ,  s im i la r  to  those o f  o ther  so l id  mat te r ,  a re  a  func t i -

on  o f  the i r  s t ruc tu re .  The yarns  are  composed o f  f ibers  o f  d i f fe ren t  leng ths  and shapes,  resu l t ing
rn  y i , i rn  sp i ra ls  w i th  vary ing  rad i i ,  fo rming  k inks  a t  in te rva ls ,  and even pro jec t ing  f rom the  yarn 's
sur face .  There fc r re ,  i t  i s  no t  the  overa l l  leng th  o f  the  f iber  tha t  cor r t r ibu tes  to  the  yar r l ' s  s t rength ,
bu t  on ly  the  spun- in  car t  thereo f  .

ln  th is  work ,  the  sp inn ing- in  coef f i c ien t ,  Kr ,  was  de termined fo r  convent iona l  and compact  r ing-
-spr .Jn  varns ,  in  accordance w i th  the  " theory  o f  spun- in  f ibers  in  yarns" .  The measurements  have
sl-rov. 'n rhai  the inner structure of  cot ton r i r rg-spun yarns,  presented by the value of  the coeff io ient ,
r , ,a r ies  v ; i tn  the  sp inn ing  sys tem used.  K ,  va lues  fo r  compact  yarns  show tha t  most  o f  the  f ibers
hr , ,o  ho , :n  in ln rn l l ; s led  in tO the  yarn ,  g iv ing  be t te r  phySiCa l -mechan iCa l  CharaCter iS t iCS.  ln  COn-v v r '  

" ' v v . H

r ;pn t inna l  r i r rn -snr tn  yarnS,  th is  coef f i c ien t  i s  s l igh t ly  lower ,  ind ica t ing  a  g rea ter  number  o f  looped
i ibers  and f ibers  incorpora ted  in to  the  yarn  w i th  less  than ha i f  the i r  leng ths ,

Key words: spinning-in af fibers, conventional ring-spun yarn, compact yarn, spinning triangle.
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Having in mind t i iat the compact spinning process is
already applied in the industry and is foretold a bright
f uture by f uturologists, the scope of this work is to study
the possib i l i t ies of  a  bet ter  sp inning- in  of  the f ibers in to
the yarn produced by this process. The similari t ies and
di f ferences in  the st ructura l ,  phys ica l -mechanical  and
textural characterist ics between yarns spun with and
rur i thout  the spinning t r iangle can be invest igated by
comparative spinning from the same raw material on
a Suessen r ing-spinning f rame.

2 .  Theory  o f  spun- in  f i b res ' i n  ya rns

lhe study of  f iber  conf igurat ion has something in
common wi th the theory of  macromolecular  substanc-
es. In the way in which macromolecular substances are
comprised of macromolecules of dif ferent lengths and
shapes, yarns are also comprised of f ibers of dif ferent
lengths and shapes. The f ibers are distr ibuted in spirals
wi th var iab le radi i ;  they somet imes get  entangled and
even protrude from the yarn. Therefore, the total length
of  the f iber  does not  contr ibute to  the yarn s t rength but
on ly  the  par t  o f  the  f i be r  tha t  has  been  spun  in .  For
th i s  reason ,  i he  sp inn ing- in  coe f f i c ien t  K ,  has  been
in t rod , : ced  112 ,  13 ] .

The probabl l i ty  that  a f iber  wi l l  be spun- in depends on
the rat io of the f iber 's elemental length, Al, ,  and the actual
f iber 's  length,  lo .  The probabi l i ty ,  P,  of  the f iber  being
incorporated into the yarn, can be presented as.

o - \ - A l ,,=Lr ,  (1)

Based on this equation we can come to the fol lowing
conc lus ions :

a)  l f  the f iber  is  s t ra ightened and the f  u l l  length of  the
f ibe r  i s  spun  in ,  then :

f A l ,  = l r ;  P  =  1  ( 2 )

b)  l f  the fu l l  length of  the f iber  is  outs ide the yarn 's
s t ruc tu re .  then :

fn l ,  =g '  P  =  o (3)

c)  l f  par l  o f  the f iber 's  length is  spun in  and the rest
prot rudes f rom the yarn,  then:

I o t , <  t F ; ; o  <  P  <  1  ( 4 )

T h e  p r o b a b i l i t y  d i s t r i b u t i o n  c o r r e s p o n d s  t o  t h e
Gaussian d is t r ibut ion because of  the randomness of
the ind iv idual  f ibers '  sp inning- in .  In  order  to  avoid the
later confusion of the probabil i ty for dif ferent types of
f iber configurations with the probabil i ty of f iber spinning-
in, the f iber spinning-in coeff icient, Ks, was introduced.
The physical character of the K, coeff icient is obtained
f  rom:

Fibres and Yarns

where Kr .  -  the f iber  spun- in coef f ic ient  for  the g iven
f iber  ( i ) ,  and n -  the number of  f ibers tested.

The f iber  spun- in coef f ic ient  in  the yarn Kr .  repre-
sents the relat ion

K, =t4I  (6)
"  " L ,

where AL,-  the yarn length in to which the f iber  is  spun
in ( incorporated into the yarn), and L, - the length of
the straightened f iber.

Based on th is  the possib le va lues of  the coef f ic ient
are wi th in the l imi ts :

0 < K F < 1

The practical determination of the spinning-in coef-
f ic ient  is  l imi ted by the test ing methods and the t ime
necessary for the test ing. The problem is to deterrnine
the  exac t  l eng th  o f  the  f i be rs  incorpora ted  in to  the
yarn,

An approx imate value of  Kr  is  more easi ly  obta ined
by using the projected elemental f iber length, L, instead
of the actual f iber length, Lr, whereby i t  is obvious that
Lr t  L. In the same way, we can project to the yarn axis
and the spun- in f iber  length:

I L, = I  et-,  .  cos ai (B)

The spun-in f iber length can be measured by a tracer
on an enlarged photo of transparent yarn into which a
dyed f iber  has been spun- in.  The equat ion g iven below
shows the coeff icient calculat ion method for the f iber
spinning for  the f iber  shown in  F igure 2.

Lo - t r ,

where AL,-  par t  o f  the f iber  incorporated in to the yarn,
L, - paft of the yarn comprising the spun-in f iber, a, - the
angle between the e lementa l  length and the yarn ax is ,
x,- the yarn length wherefrom the f ibers are protruding,
Lo -  the tota l  yarn length between the beginning and
the end of  the f iber ,  L  -  the tota l  f iber  length.

Based on the above equat ions and the f igure,  i t  can
be concluded that the spinning-in coeff icient is one of
the most  s ign i f icant  character is t ics of  the inner  yarn
structure.

Fig. 2 Photo of a f iber spun into a yarn body with the data for calcu-
la t ing the sp inn ing- in  coef f ic ient

( 7 \

K, =IorT"=tf / q \

\l
)
l 0

t .

I ,O

r  AK-
K r = )  n

n
(5)
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The inner  yarn s t ructure cannot  be determined by
the shape and conf igurat ion of  a  s ingle f iber ,  because
the f iber  can have a random posi t ion in  the yarn.  The
yarn is represented as a stat ist ical series of more or
less randcmiy conf igured f ibers,  and in  order  to  obta in
a representative character of an "average" f iber, i t  is
necessary tcl  stat ist ical ly process a series of data with
a great  nurnber  of  measurements.

I t  r ruould be very d i f f icu l t  to  per form such a large
r iunnber  o f  measurements  by  s imu l taneous ly  tak ing
pnotographs.  Therefore,  for  pract ica l  purposes,  the
ccmparative method uras introduced. Based on a large
n u i r b e r  o f  m e a s u r e m e n t s ,  t h e  t y p i c a l  s h a p e s  a n d
cier ived enrp i r ica l  coef f ic ients are def ined.  From the
rnathernat!cal definit ion of the Kr coeff icient (5), i t  fol-
lows that  i t  can be composed of  a number of  par t ia l
components:

F ibres and Yarns

properl ies, so does the inner structure of a yarn affects
its mechanical propert ies.

The measurements of empir ical standards and de-
terminat ion of  the i r  Kr  va lues [14]  have brought  about
a c lass i f icat ion of  the d is t r ibut ion of  s tandard f ibers
standard f ibers distr ibution for stat ist ical analysis with
10 classes with associated spinning-in coeff icient val-
ues (F igure 3) .

The mathemat ica l  and stat is t ica l  approaches to
the problems of  the inner  yarn s t ructure,  presented
here and based on the f iber  lengths ut i l ized,  enable a
comparison of the dif ferent types of yarns and faci l i tate
the study of the complex structure of yarns spun from
staple f ibers.

In  F igure 4,  more in format ion is  g iven on the yarn 's
inner  s t ruc tu re  w i th  the  f  requency  d is t r i bu t ion  and
cumula t i ve  f requency  d is t r i bu t ion  o f  the  sp inn ing- in
coef f ic ients for  ind iv idual  types of  yarns [12] .

The sp inn ing- in  coef f ic ient  d is t r ibut ion curves for  some yarn
types,  Ko.An -  median sp inn ing- in  coef f ic ient ,  An -  re la t ive
f requency of  the sp inn ing- in  coeJJ ic ient ,  C -  combed yarn,
K - carded yarn, B - rotor-spun yarn, S - rotor-spun yarn, old
tvpe machine

3 .  Exper imenta l

3 .1 .  Tes t ing  methods

The fol lowing methods and apparatuses were used
for  test ing the raw mater ia ls  and exper imenta l  sam-
ples:
1. The test ing of the cotton f ibers was carr ied out on a

modern SPINLAB HVI 9004 l ine for the classif icat ion
and quali ty assessment of the cotton f ibers, where
the fol lowing pararneters were studied:
- Fiber length, by optical method (f ibrogram), giving

data on the mean length, the mean length of the
upper hal f  o f  that  length (UHML),  and the mean
arithmetic percentage (%) of length f ibers in the
cotton batch:

K r ,  !  + . . . . . K r  l l  ( 1 0 )
n n

where Ke,  -  the mean spinning- in  coef f ic ient  for  a g iven
class (c lass j ) ,  nr -  the f requency of  measurements for
tnat  c lass.

This  is  anaiogous in  a way to the polyd ispers ib i l i ty
of  macromolecules.  The staple f ibers,  f rom which the
yarn is spun are polydispersive by their characterist ics.
Different spinnirrg methods contr ibute to dif ferent con-
f igurat ions of  f iber  lengths and shapes wi th in a yarn,
i .e , ,  the pc lyd ispers ib i l i ty  of  the f ibers is  emphasized
by the spinning.  As the polyd ispers ib i l i ty  of  po lymer ic
suos tances  re f lec ts  the i r  chemica l  and  mechan ica l

Fig. 3 Distr ibution of standard f ibers for a stat ist ical analysis of
c lasses 0 to  I  for  the sp inn ing- in  coef f  ic ient  Ke

I 1 B

-  o s

r  0 .?
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I
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-  S t reng th ,  i . e . ,  the  b reak ing  fo rce  and  e longa-
t ion upon breaking,  by the f iber  sheaf  breaking
method;

-  F iber  f ineness,  i .e . ,  microner-values by the f low
of  the a i r  s t ream through a f iber  sample;

-  Content  of  impur i t ies and micro dust ;
- Color of f ibers; by measuring the ref lected l ight,

the  g rade  o f  ye l lowness  i s  de te rmined  in  ac -
cordance wi th the USDA cot ton c lass i f icat ion
standard;

2.  Yarn f ineness,  i .e . ,  i ts  l inear  densi ty  was determined
on an Uster-Autosorter 3 apparatus with the stan-
dardized data processing method for ISO 2060;

3. The yarn twist was determined by the direct counting
method  ( lSO 2061) ;

4 .  The  ya rn ' s  i r regu la r i t y  and  ha i r iness  were  de te r -
mined by the use of a computerized Uster Tester 3
wi th an addi t ional  hai r iness measur ing sensor ;

5.  The mechanical  character is t ics of  the yarns were
determined by the use of an automatic Usfer-Tenso
Jet apparatus (DlN 53384 and ICS 59.080.20).

3 .2 .  Resu l t s  and  d iscuss ion

Conven t iona l  and  compac t  r i ng -spun  ya rns  were
used as the test material.  Al l  the samples were made of

Table 1  Cot ton f ibers  used for  the product ion o f  convent iona l  and
compact  r ing-spun yarns

Qua l i t y  i nd i ces  o f  the
tes ted  f i be rs

Stat is t ica l  ind ices

x t%\
Fiber  f ineness.  in  microns + . J t . + J

F ber  l inear  dens i ty ,  T t1  [d tex] 1 . 6 9

Fiber  length,  l ,  [mm] 29 .6 1 . 5 2

Tenaci ty ,  Fr ,  [cN. tex- r ] 1 1 . . + J . O O

Elongat ion upon break ing,  e ,  [%] 6 . 5 a a 7

lmpur i t ies  [%] z . t z

Fibres and Yarns

the same raw material (Russian Class I cotton 31/32) in
order to avoid the effect of the raw material 's qual i ty on
the quali ty of the tested yarns. The yarn characterist ics
a re  g iven  in  Tab le  1 .

Al l  the yarn samples were spun with the same twist
Q7B-1)  on  Suessen  sp inn ing  f rames ;  the  compac t
was spun on a "F iomax E1" and the convent ional  on a
"Fiomax 1000", with the same type of draft ing system,
t ravel ler  and r ing insta l led [ '15] .

For  a l l  the samples,  a sp indle speed of  16,000 min-1
was used,  g iv ing a good spinning process stabi l i ty  for
al l  the yarn counts.

The results of test ing the physical and mechanical
propeft ies of the conventional and compact r ing-spun
yarns are g iven in  Tables 2 and 3.

I t  i s  we l l - known tha t  the  s t reng th ,  i . e . ,  the  b reak-
ing st rength of  the yarn is  lower than the sum of  the
breaking strengths of the individual f ibers in the yarn's
cross-section, which is expressed by "the coeff icient of
the f iber 's  s t rength ut i l izat ion in  the yarn"  (q) :

Fr.  ̂"^
r l  = # ;  1 7 < l

F It '.",
( 1 1 )

The value of  th is  coef f ic ient  is  less than 1 (0.3 -  0 .9)
and i t  is greater when the internal structure of the yarn
is better. Therefore, this coeff icient can be of use to a
technologis t  as a measure for  an assessment  of  the
yarn 's  in ternal  s t ructure,  and at  the same t ime,  an as-
sessment of the f iber processing technology procedure
[ 1 6 ,  1 7 ] .

l n  h i s  w o r k ,  N .  R o h l e n a  [ 1 2 ]  h a s  d e t e r m i n e d  t h e
inter-dependence of  the yarn 's  inner  s t ructure and i ts
mechanical propert ies.

ln  F igure 5,  the corre lat ion between the f iber 's  sp in-
n ing- in  coef f ic ient  and the f iber 's  s t rength ut i l izat ion
coeff icient, which is chosen to represent the mechani-
ca l  proper t ies of  the yarn,  is  shown.  The corre lat ion
coe f f i c ien t  be tween  these  two  va lues  i s  0 .97 t0 .02 .

Table 2  Phys ica l  and mechanica l  proper t ies  o f  the t ionvent iona l  r ing-spun yarns

Yarn parameters
Yarn mark

l l tz I

l 3 l 4 t .' )
L inea r  dens i t y ,  T t  I t ex ] 1 7 1 9 2 1 Z J 25

Break ing force
Fa l cN 2 1 2 . 2 261.1 302 .0 345.5 ? R R  N

cv t% 8 .95 9 .34 1 0 . 1 5 1 ' 1 . 0 0 '10 .28

Tenaci ty
Fr l cN e x l 1 2 . 4 8 l J , l . + 1 4 , 3 8 15.02 15.52

CV l o /
I / O 6 . Y 3 Y . J + 1 0 . 1  5 1  1 . 0 0 1 0 . 2 8

Elonoat ion a t  break
I% l 5 . 1  3 5 . 2 7 5 .56 5 .65 5 .98

% ) 7 .65 9 .69 8 .97 9 .63 8.s3

Break ing work
A [cN.cm] 360.2 394 .5 4 J O . J + c  t . o 493 .8

L%l 15.24 1 A  < ^
t + , t z 1 3 . 9 8 t + . J z 1 5 . 0 6

l r regular i ty  "Uster" ,  Um i%l 1 3 . 0 4 12.81 12.73 12.48 12 .05
Thin p laces ( -50%),  [km- ' ] 4 a

I 2 0 2
Thick p laces (+50%),  Ikm- ' ] 45 37 39
Neps (+280%),  Ikm- '1 1 1 5 102 96 107 1 1 2
Hai r iness,  H [ - l 3 .59 + . t z 4 .34 4 .57 + . 6 J
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Yarn parameters
Yarn mark

t l
l l 1 l lz i l^

" J l l o l l s

Linear  dens i ty ,  T t  l tex l 1 7 1 9 / l Z J 25

Break ing force
F a  l c N J 254.2 J t t . o 362 .5 414.9 458.5

l % l 9 .92 8 .84 7 .50 9 .92 o ? n

Tenacity,
Fr  IcN tex 1 4 . 9 5 1 6 . 4 0 1 7 . 2 6 1 8 . 0 4 1 8 . 3 4

t o /  |
[ , ' o i Y . Y 4 B.84 9 .92 9 .30

Elongat ron upon break ing
r"  [%l c . z  I 5 . 6 1 5 .80 o . u z

I  o /  1' ,  i o1 7 0 n 8 .50 9 . 8 0 7.52

Break ing lvork
A  I c N  c m ] + J + .  / 456.4 483 .1 5 1  1 . 9 542.6

t % ) 1 5 . 3 2 14.24 1 2 . 5 8 t . t . o J 1 4 . 0 3

i r regular i ty  "Uster" ,  Unr  [%J 12.91 1 2 . 7 3 12.42 1  2 . 1 0 1  1 . 8 0

1-h in  p laces ( -50%),  Ik rn- ' l z 0 1 n 0
Thick p laces (+50%),  Ikm 

' ] 39 J+ 29 z o

Neps (+280%),  lk rn-11 107 95 7 A 92 B6
f - { ; r i r i n p c c  H  I - 3 . 2 1 3 .46 3 .80 4 .03 4 . 1 2

Vl6kna a pr iadze

Table 3  Phys ica l  and mechanica l  proper t ies  o f  the compact  r ing-spun yarns

= 0.97 t  0.02

i (rtR) 
i

Fig.  5  Corre la t ion between K,  and 1 for  Russ ian cot ton,  ; . . t
I  and  l l

and i t  proves that the yarn strength depends to a great
extent  on the inner  s t ructure of  the yarn.

From the known f iber  sp inning- in  coef f ic ient  in  yarn
for  cot ton yarns,  the f iber 's  s t rength ut i l izat ion coef-
f ic ient  is  ca lcu lated by the regress ion equat ion g iven
below:

I  =  0 .B3 .Kr  +  0 .022  (12)

on the basis of which the yarn's strength can be cal-
cu lated as fo l lows:

Fibres and Yarns

and  v i ce  ve rsa ,  whereby  on  the  bas is  o f  the  f i be r ' s
known st rength ut i l izat ion coef f ic ient  in  the yarn,  the
f iber 's  sp inning- in  coef f ic ient  can be calcu lated:

K r  =  1 . 1 3 8 . q  +  0 . 0 0 7  ( 1 4 )

Figures 6 and 7 show the relat ion of these two co-
ef f ic ients (n,  K. ) ,  ca lcu lated for  the convent ional  and
compact  r ing-spun yarns by the use of  equat ions 11
a n d  1 4 .

As shown in the h is tograms and these f igures,  both
coef f ic ients ( I ,  Ke)  increase wi th an increase of  the
r ing-spun yarns '  l inear  densi ty .  Compar ing the values
obtained for conventional and compact r ing-spun yarns,
i t  can be seen that  the values are h igher  for  compact
yarns than for  convent ional  ones.  The measurements
show that  the inner  s t ructure of  the cot ton r ing-spun
yarn ,  expressed  by  the  f i be r  sp inn ing- in  coe f f i c ien t
Kr ,  changes  when  the  sp inn ing  sys tem is  changed .
The d is t r ibut ion of  KF values for  the compact  yarns
shows that  the prevai l ing paf t  o f  the f ibers is  spun in to
the yarn,  whi le  wi th the convent ional  yarns,  there are

r (K l

i_f__
I

I

t--
l
l
I
I

T - *

I
I

0 ,9

4 ,8
n 7

0 , 6

0 ,5

0 ,4

0 ,3

Tt (tex)

Fig. 6 The rat io of a f iber 's strength ut i l izat ion coeff icient in the yarn
(r1), for conventional and compact r ing-spun yarns

l l n=  0  310Kp-+  0 .022

120

Fru  =  F r , . (0 .83Kp +  0 .A21  (13)
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( te  x )

Fig.  7  The ra t io  o f  the f iber 's  sp inn ing- in  coef l ic ient  in  the yarn (Kr) ,
for conventional and compact r ing-spun yarns

more loops and more f ibers that are incorporated into
the yarn wi th less than hal f  the i r  length.  Upon seeing
that these two coeff icients are correlated, this affects
the physical and mechanical properl ies of the tested
r ing-spun yarns,  as shown in F igures 8-1 1.

As seen f rom the d is t r ibut ion of  the exper imenta l ly
obta ined values,  a l l  the parameters def in ing the me-
chan ica l  p roper t ies  o f  the  ya rn  depend  on  bo th  the
yarn 's  l inear  densi ty ,  i .e . ,  the number of  f ibers in  the
yarn cross-section, and on the spinning system. Thanks
to the compact  sp inning process,  an a lmost  ideal  ar -
rangement  of  the f ibers in  the yarn is  achieved,  which
contr ibutes to a bet ter  sp inning- in  of  the f ibers and the
incorporat ion of  the i r  fu l l  length in  the yarn 's  s t rength.

The measurements of uniformity and hair iness of the
convent ional  and compact  r ing-spun yarns has con-
f irmed that the compact yarns have a very good unifor-
mity and extremely low hair iness. The draft ing system's
s t ruc tu re  and  the  geomet ry  o f  the  sp inn ing  t r i ang le
occurr ing at  the point  o f  the f ibers 's  sp inning- in  in to the
ring-spun yarn contr ibute to obtaining yarns with better
uni formi ty  and s igni f icant ly  lower pr imary and second-
ary hai r iness [9] .  This  is  readi ly  seen when compar ing

'-----r----
24 26

Tt (tcx)

Fig. 9 The yarn's breaking elongation as dependent on the yarn's
l inear density and the spinning system

1 6 1 8 n 2 2 2 4 %

Tt (tex)

F ig .  10 Yarn i r regu lar i ty  as dependent  on the yarn 's  l inear  dens i ty
and the sp inn ing system

the lengthwise surface appearance of the conventional
and compact  r ing-spun yarns (F igure 12) .

I c cmvortianl I
I r ccrqrct I'-

I-. c-r*tr"t I
I r conpact I--

F ibres and Yarns

I  R-0.97811,  SD=0.06971
I R = 0.9D39. SD - 0.(tl l2l

R = 0.91r559, SD = 0.01t()l{
R = 0.99034, 9 = 0.05:140

6.2
ax
;" 6.0

. J

I

132

t r  1 ? n
p

12.8

I  z . q

12.2

12.0

1  1 .8

1 1 . 6

so r
? 1
;  4 8 1

I
4..6 -l

.l
o o 1

1o r1
Io o 1

3 8 - ]
{

,i

2 1 8

h

.-...

. R =0.994.11, SD=0.12508
r R=0.99826,SD=0.08075

1 6  1 8 2 0 2 2 . 2 4 2 6

Tt (tex)

F ig .  8  The yarn tenac i ty  as dependent  on the yarn 's  l inear  dens i ty
and the sp inn ing system
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F ig .  11 Yarn ha i r iness as depending on
and the spinning system

3.6

3.4

3.2

J.U
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D Conven t iona l
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Fig.  12 Sur- face lengthwise appearance of  convent icna l  (a)and
compact  (b)  r ing-spun yarns

Fig .  13 SLrr face appearance of  fabr ics  made of  convent iona l  (a)
and comoact  (b)  r ing-spun yarns

The lower intenrueaving of the protruding f ibers on the
surJace of fabrics made of compact yarns enables more
expl ic i t  and sharper  contours,  which is  especra l ly  impor-
tant  in  Jacquard-woven and pr in ted fabr ics (F igure 13) .

Genera l l y ,  the  ha i r iness  o f  the  r ing -spun  ya rns  in -
c reases  w i th  the  inc rease  in  the i r  l i near  dens i t y ,  i . e . ,
the number of  f ibers in  the yarn 's  cross-sect ion.  This
is  expla ined by the fact  that  the increased number of
f ibers in  the yarn 's  eross-sect ion means an increased
number of  f ibers in  the length uni t  (meter)  o f  the yarn,
so that  the number of  prot ruding f ibers is  h igher .

4 .  Conc lus ions

.  Product ion of  compact  yarn s igni f icant ly  improves
the inner  s t ructure of  r ing-spun yarns.  The measure-
rnents have shown that the inner structure of com-
oact r ing-spun yarns, expressed by the spinning-in
coe f f i c ien t  (K r ) ,  va r ies  depend ing  on  the  sp inn ing
system used. K' values for compact yarns show that
the major i ty  of  f ibers have been spun in  the yarn,
which is  ref lected in  bet ter  physica l  and mechanical
proper t ies.  In  convent ionai  yarns,  th is  coef f ic ient  is
s l ight ly  lower,  ind icat ing the presence of  a greater
number of  looped f ibers and f ibers incorporated in
the yarn wi th less than hal f  o f  the i r  overa l l  length.

. Cornpact yarns have a higher relat ive breaking force
by 15 tc  20 % than convent ional  yarns,  near ly  the
same breaking e longat ion,  and by 10 to 15%, h igher
breaking work.

.  Due to the change in  the spinning geometry in  the

1 2 2

Fibres and Yarns

product ion of  compact  yarns on the spinning ma-
chines,  the number of  yarn breaks is  reduced up to
60%.
Compact  yarns have a smoother  sur face,  greater
e last ic i ty  and a sof ter  fee l ,  due to the a lmost  ideal
arrangement of al l  the f ibers in the yarn's structure.
l f  h igher  yarn breaking force values are requi red for
a given text i le product, then compact yarns with a
10 to 20% lower twist can be used for the purpose.
ln  the future,  numerous woven and kni twear  fabr ics
can be made of compact carded cotton yarn instead
of combed cotton yarn.

. Due to the very low hair iness of compact yarn, there
is  no need for  s ingeing.

. ln the warp sizing process. up to 50% of the starch
can be saved if compact yarns are used, and in some
cases, sizing is not necessary.

.  The lower in terweave of  the prot ruding f ibers on
the sur face of  fabr ics made of  compact  yarns en-
ables more expl ic i t  and sharper  contours,  which is
especial ly important in Jacquard-woven and printed
fabrics.
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Kompaktn6 usporiadanie -  moZnost i  z lep5enia spr iadania
vl6kien do p riadze

Translat ion of abstract:
Compac t  sp inn ing  -  poss ib i l i t i es  o f  improved  f i be r  sp inn ing- in  in to  the  ya rn

FyzikAlno - mechanicke vlastnosti  priadzi,  podobne ako inych pevnych latok su funkciou ich Strukt0ry. Priadze
su zloZene z vldrkien rOznej diZiy a tvaru do vyristuje do Spirdlovej formy priadze s meniacim sa polomerom, tvoria
slucky a prejavuju sa na povrchu priadze. K pevnosti  priadze teda prispieva nie celkova dlZka vldkien, ale len tA,
ktord je zakomponovand do priadze. V tejto pri ici  bol stanoveny koeficient zakomponovania Kr pre konvendne
a kompaktn6 rotorov6 priadze. Meraniaukdzali, Ze vnutorn6 Struktura bavlnenej priadze, predstavovan6 hodnotou
koef ic ientu,  sa menf  podl 'a  pouZi t6ho spr iadacieho syst6nru.  K,  hodnota pre kompaktn6 pr iadze ukazuje,  Ze
vac5ina vldkien bola zakomponovand do priadze a t ieto priadze maj0 lep5ie fyzikdrlno-mechanick6 charakteris-
t iky. Pre konvendn6 rotorovO priadze je tento koeficient mierne niZSr a ukazuje na vAdSf podet vl6kien tvoriacich
s lucky a v ldk ien zadlenenfch do pr iadze menej  ako polov icu ich d lZky.
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1 .  L f  vod

A . k  h o v o r i i - n e  o  z d r a v o t n e j  b e z p e d n o s t i  t e x t i l -
nyc i r  vy robkov ,  mys l ime  v  p rvom rade  na  chemicku
bezpecnos t ,  teda  na  bezpednos{  chemickych  l i i t ok
(xenobiot fk)  '7131une a i  takych,  k tore su produkovan6
rnikroorganizmami.

V  s I d a s n o s t i  j e  z r \ a m y c h  v i a c  a k o  1 1  m i l i o n o v
c l remrckVch  la tok ,  60 -70  t i s i c  z  n i ch  sa  p rav ide lne

; rouZ [va  v  domacncs t jach ,  p r iemys le  a  inych  odve t -
v iach  iudsKe j  c innos t i  [1 ] .  Ex is tu juce  chemicke  la i ky
rrorJovane v EINEX-e [2]  tvor ia  v  Europe v iac ako 90
'r ' ;  celkoveho objemu v5etkych l6tok na trhu. Sucasny
pocet existujucich latok na trhu vyrabanych v objemoch
nad 1 tonLr  odhaciu ju na 30 000.  Pr ib l iZne 140 z n ich
vybra l i  ako pr ior i tne la tky,  k tore su predmetom kom-
p lexneho  posuden ia .

Popr i  chern ickych  la tkach  m ik roskop icke  v lakn i te
hurbv  (p lesne)  ch rozu ju  zd rav ie  d loveka  v  Z ivo tnom
prostrediako pOvodcovia mykoz - infekcnych ochoreni
vyvolanych hubami,  u  genet icky d isponovanych jed in-
cov ako vyznamne alerg6ny a ako producenti toxickych
sekundArnych rnetabol i tov -  mykotox inov,  sp6sobu-
juc ich rnykotox ikozy a n iektore druhy rakoviny.  Okrem
sporninanych mykotoxinov sa na nich pravdepodobne
podie l 'a ju  a j  prchave organicke la tky produkovan6 hu-
bamr (sposobLrju znamy neprqemny zapach plesnivych
mater ia lov) .- festovanie 

a hodnotenie r iz ika z  chemickfch ldr tok
pre I 'udske zdrav ie a prost redie pred uvedenfm na t rh
sa vyZadule podl 'a  Smernice Rady 67ls  BlEE [3]  pr i
objemoch nad 10 kg. Pri  vyS5ich objemoch sa vyZaduje
a1 posudenie chronlckych udinkov.

V ostatnych rokoch vstupi la do popredia, aj v text i l -
nom priemysle problematika hodnotenia kval i ty vl i ik ien
a text i lnych produktov. Zatial '  m6 tradiciu a vel 'mi dobru
legis la t ivnu bAzu hodnotenie z  h l 'ad iska ekologick l ich

{ r - \ ,t z +

Review

kriteri i  [4].  Osobitn! vyznam z tohto hl 'adiska m6 leg-
is la t iva EU, k torA ustanovuje ekologick6 kr i ter ia  pre
udelenie eko-et ikety  (eko- label l ing)  [5 ] ,  Spolodenstva
pre text i lne vyrobky. Tleto sa tfkajI  problemov energie
a spotreby vody, charakteru ,, text i lne5ho retazca", hod-
notenia EIA (envi ronmenta l  impact  assessment) ,  spra-
covania v lak ien,  hodnotenia mody,  kr i ter i i  t fka j i lc ich
sa hotoveho produktu," f in ish ing" ,  technickeho rozvoja
tex t i l neho  p r iemys lu  a  vy l f cen ia  u rc i t ych  subs tanc i i
a lebo Drocesov.

H lavne  p rocesy  v  tex t i l ne j  techno log i i  z  h l ' ad iska
potreby hodnotenia r izika vyZaduju v r6mci procesov
odstranovania prirodnych a ostatnych zrredistenin vl6k-
na a tkaniny k0pele, ktor6 obsahujr i  zvydajne zdsady,
ant is tat icke l6 tky,  lubr ikanty,  detergenty a emulgdtory.
Dale j  na zvySenie tahovej  s i ly ,  a f in i ty  farb iv ,  odolnost
na abraz iu atd ' .  u  bavlnenych produktov sa tkanina
impregnuje roztokom hydrox idu sodn6ho.  Pr i  b ie lenI
sa pouZivajf  roztoky, ktor6 obsahuju peroxid vodfka,
oxidy chloru, peroxoboritan sodny atd'.  Farbenie zase
vyZaduje farb iv6,  (n im sa budeme venovat  v  d 'a lSom
dlanku)  f ixacne la tky.  balSie funkdn6 upravy su napr .
retardery horenia, repelenty vody, biocfdy atd'.

Uveden6 faktory maju vyznam aj pre ochranu zdra-
via dloveka, ktory je exponovanf v text i lnych produk-
toch mnohym chernickym ldtkam a prlpravkom s vel 'mi
rozd iel nym i toxi kol og ickym i charakte r ist i  kam i.

2 .  Po tenc iS lne  r i z i ko  vyp l f va juce
z ekologicky ich kontamin6ci i  v  text f l idch na

zdrav ie d loveka

Odhad riztka

Z environmentalneho hl 'adiska je doleZit6 sledovat
b io logicku degradi ic iu  pouZivanfch l6 tok v  text i lnom
priemysle [5].  Rovnako je d6leZita r izikovost poch6dza-

ZDRAVOTNA A HYGIENICKA BEZPTETOSf PRI VVNOEC
n uZ[vAN[ TEXTILNVcH vVnoBKoV

Szokolayov6,  J . ,  U l rndk,  J . ,  P ieckova,  E.

s I o v e n s k d z d r a v o t n i c K a 
i i,I|' 13' r': :;":,y,a"1,,1 ! f 

0 3 B r a t i s l a v a 3 7

ALitor i  popisuj t i  kr i ter ia na zabezpecenie zdravotnej  a hygienickej  bezpednost i  text i lnfch vyrobkov
min i rna l i zAc iou  rez idu i  xenob io t i k .  Za  tym t ide lom sa  konf  ron tu j i i  moZnost i  z iskavan ia  vys iedkov
z axI tner a chronickej  toxic i ty v pokusoch na zvieratdch, ako aj  z epidemioiogickych Studi i  u I 'udi  po
perkutAnnotn pr ivode latok.  Popisuje sa t ieZ moZnost z iskat vysledky pre toxikologicke posudzovarr ia
z podftacovych rnodelov QSAR. V dlanku sa kcnrentuje t ieZ vyznam r isk assessmentu z hl 'adiska
min ima l izAc ie  r i z ika  z  rez idu i  xenob io t i k  a  inych  chemickych i i i tok .  U eko log ickych kontaminantov
sa odhadu je  r rz iko  z  rez idu(  kovov ,  ch lo rovanych pes t ic fdov ,  inych  b ioc idov  a  fo rmaldehydu z  h l 'a -
C iska  r i z ikovos t i  p re  c loveka ces tou  tex t i l i i tak  p r i  i ch  vyrobe ako a j  uZ ivan i ,  V  ramcr  kontaminantov
*qa nodnct i  a j  rno ine  hyg ien icke  r i z iko  z  tox inogr innych mik roskop ick fch  v lakn i t fch  hr lb  p r i  vy robe
v pra5nom prostredf,  Pre uZfvatel 'ov a vyrobcu moino hodnot i t  metabol i ty mikroskopickych vlak-
n i tvch  h i rb ,  mykc tox fnov ,  na jmA a f la tox in  B ,  ako  nebezpecenstvo .
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juca zo vznikajucich zlucenln pri spal'ovanr odpadovych
l6tok z  text l ln6ho pr iemyslu.  Text i lny pr iemysel  moZe
kon taminova f  a j  vody  na j rnd  povrchovo  ak t l vnymi
latkarn i ,  formaldehydom, polym6 rmi ,  rozpuStadlami
a inymi  chemickymi ld tkami  pochddzajuc i rn i  zvyroby
odevnych. ale aj bytovych textf i i [ .

VSetky t ieto r izik6 sa hodnotia prevaZne ekologicky
(Ekopro f i l l i ng ) .  Vere jne  zd ravo tn ic tvo  ako  lek6rsky
o d b o r  s a  z a m e r i a v a  n a  S k o d l i v 5 i  u c i n o k ,  t e d a  n a
aku tnu  a  ch ron icku  tox ic i tu  la tok  na  d loveka ,  a le  a j
na moZnosti  minimalizAcie r izk z pohl 'adu zdravotnej
bezpednos t i  ce le j  popu l6c ie .  Z  uvedeneho  vyp lyva
potreba vypracovat systemovy pristup pre odhad rizika
(r isk assessment) ,  Ktory pozost6va z tychto s tupiov
c innost i  [6-7] :

- -  i den t i f i kdc ia  nebezpedens tva ,  k to ra  sa  op ie ra
o t radicne St [d ium tox ic i ty  na exper iment6 lnych
zvierat6ch

- charakterizacia nebezpecenstva, ktor6 sa zame-
r iava na z is tenie odpovede na pr is lu5nu ddvku

lden t i f i k6c iu  a  charak le r i zac iu  nebezpedens tva
moZno chdpat  ako posr idenie uc inku l6 tky,  co potom
vyusti do charaklerizl.cie rizika, ktorA je z6kladom pre
manaZment (ovl6danie) r izika vr6tane aj legislat ivnych
opatreni .

Akutna a chronickdr  tox ic i ta  skuman6 v r6mci  iden-
t i f i kac i f  nebezpedens tva  v  pokusoch  na  zv ie ra td rch
zi - " tu je iba inherentnu v lastnost  la tky voc i  b io logickemu
meci iu  a poskytu je podklady pre min imal iz6c iu r iz ika
aZ charakterizaciu a manaZment r izika. Za zdravotne
bezpecnu moZno prehlasit  lAtku iba ak sa odhad r izika
Studoval u nej v jej  realnej apl ikaci i  v danom prfvode do
organizntu v danom prostredi,  v danom mnoZstve (kon-
centracr i )  ako a j  c i lZke a f rekvenci i  expozic ie d loveka.

Vzhl 'adom na v5eobecnI  tendenciu vyhnut  sa tes-
tovaniu na pokusnych zvieratach, resp. redukovat podet
tox iko logicKych testov na zv ieratdch,  presadzuj I  sa
nov5ie pocitacove modely QSAR (Quanti tat ive Struc-
ture Act iv i ty  Relat ionship) .  T ieto Studuju vztah medzi
chemickou  S t ruk tu rou  a  b io log ;ckou  ak t i v ' i t ou  la tky
a snaZia sa predpovedat, s akou pravdepodobnostou
sa mOZu zhodovat  vys ledky s hodnotami  z fskanymi
v toxikologickych testoch.

Z hl'adrska StUdia rizika v textilnom priemysle urcita ldt-
ka pre pracovnfkov vo vyrobe moZe Skodit tak inhaladne
ako perkutanne (koZou). Pre uL(vatel'ov textilnych vyrob-
kov vysoko prev lada potreba zabezpecr t  zdravotnI
bezpecnost z hl 'adiska perkutanneho pr(vodu, preto sme
v na5ej publ ikaci i  vytvori l i  taZisko v tejto oblasti ,

Prenikanie cez pokoiku

Funkcie pokoZky poskytu ju ako bar i6ra medzi  te lom
a jeho zloZkami (fyzikAlne, chemicke a biologicke pros-
tredie) ochranu organrzmu. Hoci t ieto vlastnosti  bari6ry
su vel 'mi  udinn6,  pokoika je  vstupom a zrani te l 'nym
terdom pre mnoh6 chemicke la tky.
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Vstrebdvanie pokoZkou z tox iko logickeho h l 'ad iska
koln6 a systemova toxicita expozicie chemickym lat-
karn zAvis i  od stupia ich prerr ikania cez pokoZku.

Nepo5kodenA koZa zabrahuje vstrebavaniu vo vode
rozpu stnych toxickych liito k, p redov5etkf rn ano rga n ick-
5ich elektrolytov, vysokomolekul i i rnych latok a dastic.
Tato vlastnost je dan6 Strukturou koie,jej regeneradnou
schopnostou, schopnostou odpudzovat vodu, integ r i tou
koZe a jej metabolizmom.Kolav5ak neb16ni vstrebava-
n iu v  tukoch rozpustnych ld tok.  Lokalna reakcia koZe
(podraZdenos t ,  zApa l ,  o lupovan ie )  po  ap l i kac i i  n iek -
torych kovov staZuje Studium rychlost i  vst rebavania.
Ako  kan6 ly  p re  vs t rebavan ie  v  tukoch  rozpus tnych
ld tok  m02u s luZ i t  vyvody  mazovych  a  fo l i ku la rnych
Zliazok. Ldtka moLe byt diastodne transportovana aj
cez pokoZku. Rozsah vstrebavania zavisf od fyziki i lno-
chemickych vlastnostf latky (vel 'kosti  molekuly, rozpust-
nost i  vo vode a v  tukoch,  s tupia ion izdc ie,  hydro lyzy
toxickej latky pri  pH pokoZky) a od lokalnych faktorov
( teploty  koZe,  krvneho zasobovania,  in tegr i ty  koZe).

KoLa  b r6n i  vs tupu  tox ickych  la tok  do  o rgan izmu
v  r O z n o m  r o z s a h u  u  r 0 z n y c h  2 i v o c i S n y c h  d r u h o v .
Apl ikac ia organickych rozpt i5 tadie l  a lebo detergen-
tov na koiu zvy5uje je j  pr iepustnost  pre iony kovo,r .
Napr .  organick6 i  anorganicke z luceniny kovov,  k tore
sa  rozpuSta ju  a lebo  d is t r i buu ju  v  tukoch ,  su  dobre
vstreb6van6 pokoZkou.  Vstreb6vanie koZou sa pred-
pokladd alebo bolo potvrden6 pre kovovu orlut ako a1
je j  organicke a anorganicke z luceniny,  d 'a le j  z l0ceniny
z inku,  medi ,  z ia la,  bery l ia ,  ta l ia ,  arzenu,  kobal tu a n ik lu .
Dobre sa koZou vstrebava t ieZ tetraetylolovo.

PokoZka reaguje na expoziciu chemik6l iam rozl icnym
spOsobom.  Zmeny  sa  op isu ju  a  k las i f i ku ju  na jma na
bAze mor{o logickych zmien,  tab.1.  T ieto odpovede su
zva65a ne5pecif icke, pretoZe rozdielne chemicke latky
moZu sposobi t  podobn6 chorobne zmeny.

Draldiva kontaktnd dermatitida sa prejavuje ako pri-
amy, miestny a toxicky udinok a zahrnuje imunologick6
mechan izmy.  Je  zvyca jne  loka l i zovana  na  m ies to
expozic ie.  Vyskytu je sa od mierneho zacervenania
pokoZky ,  aZ  po  taZ5 ie  zmeny .  Vac5 inu  chemickych
ldtok tvor i  skupina re lat ivne s iabych draZdid ie l ,  k to16
vyZadu je  opakovany ,  d lhS f  kon tak t ,  kym su  zmeny
vid i te l 'ne.

Tab.  1  l ' Jepr iazn ive reakc ie  pokozky na chemicke la tky

Kontaktn6 dermat i t fda
dr62divA
alerg ick6

ln6  po ruchy
ole jov6 akn6
chlorakn6

Fotosenz i t iv i ta
fo to tox icke reakc ie
fo toa lerorckr i  reakc ie

Kon tak tn6  u r t i ka r i a

Po ruchy  p igmen t6c ie
hype rp ig  mentdc ia
hypopigmentdc ia

Rakov ina pokoiky
rozne druhv
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Tab. 2 ( l f remicke lv tkt t  v tars cq rro ino spajaju s vyskytorn c l r ; i2divych a alergickych dermat i t id

:.:1I _: l' "_:: 
j 
Yll11_qi:id i "i I 1rylit f d " _

Flrrzpr iStadla

a i k o h o l y
ke tdny
ch i , : . i r  ovand r- rh i  ovodfky
os ta tne

ZAsad ' t

organ ick6

^ i ^ r , :  ^  ^ - ^ ^ r i c k g
d :  ! U l  

9 c l J  l l U r \ g  c l  \ r l 9 A l

[ ( i " i ier i ; i  pre hodnotenie draZdenia a senzib i l izac ie
pokoZky z uc inku novycn a ex is tu juc ich l6 tok sa nach-
{,dza1u \ i  r i ldtorisloch Europskej komisie IZ].

Praxticky kaidtt chemicka latka moZe mat priame
t : ra iC, iv i  i lc jnky na pokoZku.  Cnemicke ld tky,  k tore
sa be2ne sp,rJa jL i  s  draZdivou a a lerg ickou dermat i t f -
c jou  s i l  v  tab .  2 .  Mnoh i  I ' ud ia  su  exponovan f  v iace-
rvrn chernikAliAm. Ked' sa vyskytne zlpal pokoZky, jej
bar ierova funkcia je  poSkoden6 a pokoZka sa st6va
';nfnravej5ou na drdrZdenie.

,AlergickA kontaktna derrnatittda sa vyvrja formou
; l , r1 la iu ako i rnunologicka reakcia na chemicku la tku
a je expresior.r oneskorenej hypersenzit ivi ty sprostred-
korranej bunkami. Obraz uvedenych zmien sa vytvara
'/  nrel(ol 'kych stupioch, ktore su v leki irstve dobre cha-
rakter izovane a n ie je  potrebne ich tu b l iZSie uv6dzal .

Vfvoj alergickej kontaktnej dermatit fdy ma dasovu
naslednost .  Najprv je  in terval ,  podas ktor6ho prebieha
kontakt  s  potencidr lnym alergenom bez znamok senzt-
bi l izacie, tento interval sa nazyva refraktt lrnym obdobfm
a t rv6 n iekol 'ko dnf  a lebo a j  d lh5ie.  Po tomto nasleduje
inkubadn6 ( la tentne)  obdobie,  podas ktor6ho sa vyvr la
senzib i i izac ia.  Tento proces moZe t rvat  od Styroch dni
do v iacerych tyZdnov.  Po komplet izac i i  koZnej  sen-
z ib i l i zac ie  opa tovna  expoz ic ia  senz ib i l i zu juce j  l a tke
aj  v  rnalych mnoZstvach vyvolAva prudk0 kontaktnu
dermatr t fdu pr :cas 48-72 hodfn ( reakcny das) .  Toto
1e bazou pre diagnosticky kolny test, n6plastovy test
( , .patch test" )  pre a lerg ick0 kontaktnu dermat i t [du.  Je j

Tab.  3  Chemicxe ld tky  spd jane s  fo to tox ic i tou a  fo toa lerg iou

Review

Latky sposobu j0ce  a le rg i cku  reakc iu

Kovy
n i ke l  a  j eho
sol i  chromu
sol i  kobal tu
organick6 z l fden iny cr ru t i

Pentaery t ro l  t r iakry la t  a  in6 funkcne akry lAty

Adi t rva do gumy

Ety l6ndiamfn.  hexamety l6ntet ramln a  in6 a l i fa t ickd aminy

Mety lmetakry l6 t  a  in6 akry love monomery

Forma ldehyd

priciny su mnohorak6, lab.2 a patr ia sem napr. aj 2ivice
a farbivd v text i lnych produktoch.

Olejova a chlorovd akne (vyra2ky) vzniknf pri kon-
takte s lubrikacnymi olejmi na pokoZke u profesionalne
exponovanych I 'udf .  Chloraknd 1e zAvaLni i  choroba,
ktor0 spOsobuje expozicia rozl idnym chl6rovanym ale-
bo bromc'vanym aromatickym zlucenin6m (napr. halo-
genovan6 naftal6ny, difenyly, azoxybenz6ny a dioxiny).
Prejavuje sa mnohymi vyrdZkami a Zlt l imi cystami na
r0znych miestach pokoZky.

Poruchy prgmentu spOsobuji chemicke latky, ktore
mOZu modi f ikovat  farbu pokoZky je j  s farbenfm alebo
zmenou farby. Sfarbenie pokoZky sa vyskytne vtedy,
ked'sa farby naviaZu na keratin v zrohovatenej vrstve
pokoZky ( tyka sa to napr .  an i l lnovych far ieb,  t r in i t ro-
to lu6nu  a  med i ) .

Fotosenzit ivi ta )e zranitel 'nost na udinky urdit l ich
exog6nnych chemikdr l i iv  koZi ,  k tordr  sa pre javuje fo to-
tox ic i tou a lebo fotoalerg iou,  tab.3.

Portyila patri medzi ziskane choroby, kto16 vznikaju
ndsledkom poruchy enzymovych syst6mov kata ly-
zu juc ich  metabo l i zmus  py ro lovych  la tok .  Ochoren ie
charakterizulu najnnA koZne prtnaky, zadervenanie,
ekzem, vel 'k6 vyrai l<y, fotosenzit ivi ta, hyperpigmen-
tAcia a nadmerny rast vlasov pridom mOZu vzniknrj t  aj
poruchy funkcie pedene.  Sfv is is  expozic iou organick-
ym chlorovanym z ludenindrm, najdOleZi te j5 ie z  n ich su
pest ic fd hexachlorbenz6n (HCB) a d iox iny.

Kontaktnit urtikaria moie vzniknilt zvydajne zvdy-

Fototox icke reakc ie Fotoa lerg icke reakc ie

pr : lyarornat rckd uh l 'ovodiky  I  Halog6novane sa l icy lan i l idy  a  pr fbuzn6 la tky
asfa l t ,  an i racen,  akr ic j in ,  tenar t r6n atd ' .  I  4 ,6-d ich lor feny l feno l
f a ro rv " r  a  {o tog ra f ; cke  chemikA l i e  I
a iny l -o -d i r r .e t y laminobezocva  kyse l rna
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chov 'ania a iergenneho rnater i6 lu,  spdja sa s vysky-
tom oneskorenej  derrnat i t idy,  pr ieduSkovou astmou,
pr fznakmi svrbenia a palenia.  Lokal izavana ur t ikar ia
sa m62e vyskytnut pri  absorbci i  rozl idnych chemickl ich
latok.

Je zname, 2e i 'udska pokoZka je  , ,vn[mav6" a j  na
vyskyt rakoviny z udinku chemickych l6tok. KoZa hlo-
davcov (najmA my5f) je  vhodnym modelom pre vyskum
exper imentd lnej  karc inoge n6zy .

Zo s ku p i n y k a rc i n og 6 n ov zaujima oso bitn 6 postave-
n i  e benzo(a)-pyren, polycykl icky aromaticky u hl 'ovodik,
vzn ika luc i  p r i  spa l ' ovan I  v  dyme.  Jeho  metabo l i t y
reagu ju  s  bunkovou  DNA,  RNA a  b ie l kov inami .  Popr i
polycykl ickfch aromatickfch uhl 'ovodfkoch vykazuju
koZnu rakovinu u hlodavcov aj N-nitrozoarniny, N-nitro-
zoamidy, aromatickc5 aminy, alkyladne zl0ceniny ako aj
niektore rnykotoxiny [B].

Prevencia koZnych chorob spdsobenych chemickVmi
latkami zdv is i  na jmd od e l i rn in6cie kontaktu c loveka
s draZdivymi ,  senzib i l izu j t ic imi ,  karc inogennymi a de-
p igmentu juc imi  la tkami  .  Zabezpeci t  to  moZno v pro-
gramoch vychovy a inform6ciiobyvatel 'strra o udinkoch
c i remickych  la tok  na  I ' udsky  o rgan izmus .  Osob i tn f
vyznam m6 kontrola cel6ho Zivotneho cyklu pridavnych
a  kon taminu juc ich  chemickych  l6 tok ,  p ro fes iona lne j
a neprofes iondlnej  expozic ie,  v  na5om pr fpade text i l -
nym v laknam a produktom.

3 .  P reh l ' ad  tox ick fch  uc inkov  vybran fch
eko log ick fch  kon taminan tov  do leZ i t f ch

z h l 'ad iska text i l i f .

Rezidua kovov

Z kovov rnoZe pr ich adzal  do uvahy or tut ,  k tordr
sa  moZe dos ta t  do  tex t i l i I  ako  zned is ten ina  su rov in
alebo f i : r 'b iv .  VyZaduje sa hodnotenie je j  obsahu a j
p r e  c e r t i f i k a c i u  v y r c b k o v .  V  o r g a n i z m e  s a  e l e m e n -
t a r n a  f o r m a  m e n I  n a  d v o j m o c n u  f o r m u .  M e t y l o r t u t
sa moZe demety lovat  posobenfm drevnej  mikrof lory .
U cloveka pri  chronickej expozici i  sa oftut pw v tele hro-
madf, potom nastane rovnovAha medzi vstreb6vanim
a vy ludovan [m.  Pr i  ch ron icke j  expoz fc i i  j e  k r i t i ckym
r)rganom mozog.

Pre olovo plat i to ist6 ako pre ortut i  z hl 'adiska privo-
du do text i l i ia  rovnako sa s leduje jeho obsah pr i  cef t i -
f ikAci i  vVrobkov. Vstrebdva sa do organizmu pl 'r icami
a ciastocne aj trAviacim syst6mom. Jeho obsah je vZdy
sledovany vo farb iv6ch.

Kadmium sa dostdva do textilnlich vyrobkov cestou
plastov alebo farbnr. Vzhl 'adom na r iziko z karcinogenity
najmd cestou prachu mOZe vyvolat rakcvinu prostaty,
trdviaceho traktu alebo pl 'uc.

Chrom sa povaZuje za rizikovy kov vzhl'adom na
jeho vyznam pre ko2eluZne a pre v l robu p igmentov.
Tox iko log icky  je  vyznamn6 jeho  Ses tmocnd  fo rma,
ktord moZe sposobi t  z( tpa l  pokoZky a astmu.  Ind ickf
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autor i  [9 ]  Studoval i  vp lyv mocenstva chromu z deter-
gen tov  na  dobrovo l ' n i koch  a  dokdza l i ,  Ze  de te rgen t
s obsahom chromu 40 a2 50 ppm vyvolAva kontaktnu
dermat i t (du.  Nygren a Wahlberg [10]  dokdrzal i  podobn6
fc inky chromu z top6nok.

Z  h l ' ad iska  tex t i l neho  p r iemys lu  nov5 ie  nadobuda
na vyzname nikel.  Na rozdiel od nizkel toxici ty jeho
anorganickych z lucenfn je  jeho z l0cenina karbonyln ik lu
mimor iadne r iz ikov6 h lavne la tenciou medzi  pr fznak-
mi  ak f tne j  expoz [c ie  a  rozvo jom poSkoden ia  p l ' uc ,
mozgu  a  d 'a lS fch  o rg6nov .  Zau l fmave  su  ep idemio -
log ick6 Studie [1  1] ,  k tore dokazuju dermat i t ic ly  z  n ik lu
najmd z kovu vybr janych opaskov na dZinsoch.  Nike l
a jeho z l fdeniny sa mOZu pouZfvat  vo vyrobkoch ako
nitovan6 gombiky, pracky, nity, zipsy a kovove zna(ky
na  odevoch ,  ak  uvo l ' r i ovan ie  n ik lu  z  cas t i  vy robku ,
ktor6 pr ich6dza do d lhodob6ho pr iameho kontaktu s
pokoZkou neprevy5uje 0,5 pg/cm2 ltyideh 1121.

U arzenu jeho organick l  z ludeniny sa pokoZkou
slabo absorbujr i ,  a preto je inhalacn6 expozicia viacej
vyznamn6. Alergicka kontaktnd derrnati t(da je castdr
u pracovn[kov,  k tor f  s [  exponovani  t r iox idu arzenu.
Arzeni tan a arzenidnan maj I  embryolet6 lne udin l<y
a teratogenny potenci6 l ,

Antimon 1e zaradeny tieZ medzi kovy, ktorych rezduA
su l imitovan6 podl 'a OEkotex standardu. Jeho zludeniny
m0Zu zaprldinit  vyrazn| dr6Zdenie sl iznice zaZivacieho
ustrojenstva. Oxid antimonidity v kombinaci i  s arzenom
moZe vyvolat hyperkeralozu koLe.

Koba l t  doprev6dza  in6  kovy ,  p re to  je  p r i tomny
v rOznych kovovych produktoch a doplnkoch odevu,
obuvi atd'.  Je s[dastou farbiv na sklo a porcel6n, tvrdi-
diei niektorych Livb, cementu a pod. Patrf medzi caste
alerg6ny.

Med ' t vo r f  d0 leZ i tu  z loLku  n iek to rych  z l i a t in  spo-
l u  s o  s t r i e b r o m ,  k a d m i o m .  c f n o m  a  z i n k o m .
V pol 'nohospod6rstve sa pouZivaju je j  z luceniny ako
pes t i c idy .  Vy ludovan ie  med i  mOZe by t  ovp lyvnene
u dlcveka pritomnostou rnolybdenu v strave. V pra5nych
aerosoloch mOZe spOsobovat tzv. horlcku z kovov. Sol i
med i  pOsob ia  d r62d ivo  na  neporu5en f  pokoZku ,  Na
sl izn ic i  spoj iv iek moZu sposobi t  ich zApal  a na rohovke
tvorbu vredov.

Organicky crn prichAdza do uvahy u pracovnfkov
pouZivaj fc ich technologie s  vyuZfvanim organickych
zludenin cinu a pri  pouZit i farbrv. Rozdiety toxicity rnedzi
a lky lc [novymi z l ideninami zdv is ia  od poctu a lky lovych
vedl'ajSich retazcov.

Chlorovan6 pest ic fdy a in6 b iocfdy

V rdmci predtrhovej kontroly a povinnej cert i f ik6cie
text i lnych a odevnych vyrcbkov je  poZadovane hod-
notenie obsahu chlorovanich pesticidov vo vyrobkoch
s obsahom bavlny a v lny.

Pentachlor fenol  (PCP) a jeho sol i  sa pouZival i  v
Sirokej miere ako pesticrdy ( insekticldy, fungicfdy atd'.) .
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Tab .  4  l t Ja j vyss ie  to ie rova te l ' ne  obsahy  ( l im i t y )chemickvch ld tok v  tex t i l idch podl 'a  Oko-Tex StandarCul00

Revier,v

i  C n r d r r i  i  1 , 0
i- -- - ,---- *-----1-

I  l i r r ' r r n  ( lV i  i

1 , 0

i]ril:|
l-tJ l-

( , r  Z r t l ( ; g n l n ! /  C l i l i , l

r  i r  ovz  j r l 5 i  , i a  p r r i puS ta  l im i t  i ba  0 ,1  r l g i kg

v poslednych r"okoch sa a le jeho pouZi t ie  vo vyspelych
Statccr i  ve l 'mi  obmedzuje.  Popul6c ia mOZe byt  expon-
ovana  ?C? z  tex t i l u  a  pap ie rovych  p roduk tov ,  j eho
tr :chnick i  produkty m0Zu obsahovat  v iacere tox ick6
rrr i k roko ntann i nanty, zahrnujuce PC D D ( polych lo rovan e
o i  b'e nzr-r-p-d ioxiny) a, PC D F (d i  benzof u rAny).

POP sa l 'ahko absorbuje cez neporu5enu pokoZku,
c l ycnac ie  a  zaL [vac ie  us t ro jens tvo .  MoZe sposob i t
vysoke r iz iko pr i  vyrobe a pc luZi t i  PCP. lde o vyskyt
, ,ch iorakrr6"  (vyraZky na pokoZke) ,  cnoroby dychacich
c res t ,  neuro log icke  p r i znaky  (bo les t i  h lavy ,  v racan ie
a s laoost)

EU nrA rr ieobecne obrnedzenie pouZit ia PCP, av5ak
ri iektore StAty EU ho dalej pouZfvaju na ochranu dreva
a na i rnpregndic iu v le ik ien a n iektorych text i l i i  [13] .

DalSie pesticidy na bAze chlorovanych uhl'ovodikov
1DDT, HCH, HCB, Heptachlor ,  A ldr in  a Die ldr in  a d 'a lSie)
sa vvznaduju kumulativnyrni vlastnostami v Zivodi5nych
tukoch.  Akf tna tox ic i ta  DDT nie je  vysokd,  v iacej  tox-
icka je  HCi- | ,  Heptachlor ,  HCB a i .

Pod  spo locnym nazvom, ,perz is ten tne  o rgan icke
zludeniny"  sa postupne vyrad 'u ju zvyroby a pouZi t ia
na svete,,r ramci globdlnej dohody, ktor6 sa uskutodnila
v Stokholme v 2001 .  Vynimku tvor i  DDT, kde sa jeho
pouZit ie povol 'uje v niektorych kraj in6ch tret ieho sveta
iba v boj i  prot i  kornarom sp0sooujuc im mal6r iu  [6 ] .  Na

i z o

Dospei i  nepr iamy kontakt

pod detekcny im l imi tom

0 , 0 2 0 ,02

Slovensku ;e zaklzane pouZivat v pol 'nohospod6rstve
uveden6 la tky uZ od roku 1976,  do bol  vys ledok prdce
pracovn ikov  byva leho  Vyskurnneho  us tavu  hyg ienv
[ 8 , 1 4 - 1 7 ] .

Polychlorovane bifenyly (PCB) i  ked' nepatr ia do
skupiny pesticidov ako clr iorovane uhl 'ovodfky, rovnako
zalaLuju 2 ivotne prost redie a najmd v tukoch sa ku-
muiu ju podobrre ako chlorovane pest ic idy [8 ,16] .  lch
vyroba na Slovensku sa zakazala v  r .  1983.

Chlorovane uhl 'ovodiky posobia na centrdlny nervovy
system, pr icom presny mechanizmus tohto uc inku na
cloveka a zv ierata n ie je  zat ia l '  b l iZ5ie objasneny.

Osobitne prichodf pojedn6vat ldtky, ktore pochddzaju
z plastickych obalov, kto16 maju zabezpecit povodn6
vlastnosti  vyrobku. Na druhej strane nesm0 kombinovat
v y r o b o k  p o m o c n y m i  z l o Z k a m i ,  p l n i d l a m i  a  n a j m d
zvy5kami monomerov,  k tor6 pochAdzaju zo surov in.
V tejto srivislosti sa predorr5etkym sleduj0 ftal1ty, kto16
sa pouZfvaju ako zmdkdovadld (piast i f ikdtory) v PVC
a s0  l im i tovan6  spo lodne  v  S tandardnom Oeko-Tex
'100 vo vySke,  0,1" /o.

lne bioctdy sa zarad'uju do zoznamu d'al5ich typov
prod u ktov (napr. dezi nfe kdn6 prostr iedky, konzervadne
l6tky,  produkty na ochranu pred Skodcami,  produkty
pre veter inarnu hygienu,  ochranne natery a f i lmy na
o c h r a n u  d r e v a ,  v l 6 k i e n ,  k o Z e ,  g u m y ,  p o l y m e r n y c h

n 1

4 , 3

50

4 , C

1 , 0

0 ,05

0 , 0 5
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mate r ia lov ,  ochranne  p ros t r iedky  p re  ch lad ia renske
a spracovate l 'ske systemy,  vybrane ochrann6 pros-
t r iedky na potrav iny a kr rn lva) .

L e g i s l at iv n e u p ravy r ezdu( c h e m ickych kontam i nan -

tov uvadzame v tab.4
V EU je  spo t reb i te l '  i n fo rmovany ,  c i  odevy ,  resp .

textf l ie, neobsahuju latky schopn6 ,ryvolavat dermato-
log icke c i  ine zdravotne problemy,  pretoZe su vyrobky
oznadene et iketou.  Deklarac ia je  formulovanA sprav-
id la takto:  , ,Sku5ane na Skodl ive lAtky podl 'a  Oeko-Tex
Standardu 1 00". Cedif ikujt ica organizAciaje Oeko-Tex
fwww.oeko- tex.com].

V Europskej  uni i  p la t i  v  uvedenej  oblast i  Smernica
9Br'Bi EC, platnA od 14. mil ja 1998 a Nariadenie Komisie
(EC) 1896/2000 p latne od 7.  septembra 2000.  Cie l 'om
uvedeneho Nar iadenia je  zabezpe( i t  10-rocny program
pre systematicke hodnotenia r izika zo v5etkych existu-
jucich aktivnych ldrtok biocidnych produktov.

Forma ldehyd

lde o ostro parchnuci slzotvorny, I 'ahko skvapalnitelny
a l 'ahko polymerizovatel 'ny plyn, jeho 40 "k vodny roz-
to< sa nazyva formalfn .  Zapach formaldehydu cft i t  ui
oC 0,2 mg/m3.  S amoniakom poskytu je hexamety len-
tetramin, ktory je konzervacnym prostr iedkom, ktory sa
dlho pouZival  na jmA v rybnom pr iemysle.

Vzh l 'adom na  jeho  rych le  vs t rebdvan ie  pokoZkou
je  kon tak tnym drd rZd id lom.  A le rg ia  moZe vyus t i t  aZ
do  as t rny  a  ka rc inogennych  ud inkov .  Senz ib i l i zac ia
poko2ky mOZe vznikat pri  priamom styku pokoZky s ro-
ztokmi fcrrnaldehvdL.r uZ pri  koncentr6ci i  0,05 %. Podl 'a
n iektorVch pramenov [18]  je  podozr ivy z  mutagennych
a  ka rc inogennych  uc inkov .  Medz indrodnd  agen tu ra
ore  vyskum r -akovrny  ( IARC)  zau ja la  s tanov isko ,  2e
tu to  v las tnos t  fo rma ldehydu  mOZeme povaZova l  za
c iokazanu iba u zv ierat  n ie vSak u i 'udf .

PouZ i t i e  fo rma ldehydu  ako  kondenzovaneho  ami -
non las t r  s  ve lm i  n i zkou  mo ieku lovou  hmotnos tou  ie
roz5i rene pr i  uprave text i iu  na zntenie jeho krc ivost i .
Okrern toho sa pouZfva a j  do c is t iac ich prost r iedkor i
na  koberce .  Ako  tab .  4  p rezen tu je  pod l 'a  Oeko-Tex
StandardL), rna urcenel l imity jednak ako rezduum a t ieZ
v rdrnc i  i imi tov emis i i  prchavych z lucenln.

NalbeZnej5 ie pouZivanie Z iv ice pcdl 'a  R.M. Car lsona
a kol  [19]  su na b1ze tychto z ludenfn:

d imetv l  d ihydroxyety len urea (DMDHEU)
ety lenurea /  melamin formaldehyd
urea formaldehyd
melamfn formaldehyd.

T ie to  la tky  su  na  t rhu  pcd  obchodnymi  nazvami
Frxapre t ,  CPN,  NF,  AC,  ECO.

Pod l 'a  hodno ten ia  t ych to  p repar i i t ov  v  USA [19 ]
najmenej  formaldehydu uvol 'hu ju F ixapret ,  NF,  ECO,
CPN a metylovany DMDHEU. Podl 'a uvol ' iovania form-
aldehydu sa zarad 'u j t i  formaldehydove Ziv ice takto:
za vysokd sa povaluje uvol 'r iovanie nad 1 000 ppm,
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za nrzke pod 100 ppm a za vel 'mi nfzke menej ako 30
ppm.

R.  M,  Car lson a ko l .  vyhodnot i l i  u  n iekol 'kych stov iek
Zien a muZov vl isledky nAplastoveho testu v pdtrocnej
Str idi i ,  ktore dok6zali  u 7,2 % pacientov alergicke reak-
c ie na 1 % vodny roztok formaldehydu.  U formalde-
hydovych Ziv icovych prepar6tov pozi t ivne vys ledky
dok6zali  n6plastovym testom prepardrty Fixapred, AC
a CPN iba medzi  2-2,5 %. T ieto vys ledky nepotvrd i l i
zavery predo5lych pr6c [20], ktor,6 poukAzali  na lo,2e
ci t l ivost  na formaldehyd je  vyznamnej5 ie roz5i rena
u Zien ako u muZov.

St f rOie R.  M.  Car lsona d 'a le j  poukAzal i  na k l in icku
re levantnost  vys ledkov z n6plastovych testov n ie len
u pozi t (vnych,  a le a j  u  nejednoznadnych prrpadov pre
cit l ivosti  pacientov.

Fowler  a ko l  .  l21 l  prezentoval i  Studiu,  v  k tore j  sa
s ledoval i  pac ient i  s  pozi t fvnym naplastovym testom
na dvoch k l in ik i ich v  USA a kon5tatoval i ,  Ze a lerg ia na
formaldehydov6 Zivice je viac roz5iren6 ako sa povodne
predpokladalo.  Zo 17 pacientov a212 bolo a lerg ickych
na formaldehydove Ziv ice.  Ako najvhodnej5 i  prepardr t
pre screening sa ukazala etylen urea melanfnova kom-
bindrc ia (F ixapret  AC).

R.  M.  Car lson a ko l .  d 'a le j  uvadzalu text i lne f i rmy,
ktor6 vyrdrbaju textflie vyhovujuce aj uznlvanym japon-
skym Standardom z hl 'adiska uvol 'hovania formaldehy-
du.  Napokon autor i  zostav i l i tzv .  manu6l  pre pacientov
s kontaktnou a lerg ickou dermat i t idou na text i l ie ,  k tor6
bol i  upraven6 formaldehydovymi Z iv icami .

Po tenc i6 lne  tox inog6nne  mik roskop icke  v lakn i te
huby v text i lnych v laknach rast l inneho pOvodu

Tento problem sme zaradi l i  do skupiny chemickych
kontaminantov preto,  lebo v metabol izme tox inogen-
nych mikromyc6t  (p lesnf  vznika j I  mykotox iny,  k tore
su  de f inova te l ' nymi  chemickymi  z lucen inami .  Myko-
f lora bavlny ( tobol iek i  v lak ien)  sa doteraz in tenzivne
Studovala najmd v producentskych kraj inach. Z6stupco-
via rodov Aspergillus, Penicillium a Bhizopus sa izo-
loval i  z  tobol iek v  Egypte,  pr idom 16 % vy5etrenych
vzoriek bolo kontaminovanych mykotoxinmi af latoxfnmi
B, a B, Podobne vl isledky sa ziskal i  z vyietrenf bavlny
v n iektorych oblast iach USA, v  Grecku,  Ind i i  a  l rane
122-25).

Kontaminaciu text i lnych surovfn v zavodoch na Slov-
ensku Studoval i  P ieckovdr  a Jesenske [26] .  Vy5etr i l i  45
vzoriek dov62anej bavlny, d'alej zistoval i  mykofloru 24
vzoriek I 'anu. K dasto izolovanym kmeiom patr i l  Asper-
gillus flavus (30,9 % vy5etrenych kmeriov produkovalo
aflatoxfn B, in vitro) [27].

Vysledky v5etkfch Studi i  uvedenych autorov potvrd-
zuju, Ze rastl inne vl6kna - nez6visle od svojho povodu
- su kontaminovan6 predov5etkym tzv. pol 'nymi hubami
(Alternaria sp. a Cladosporium sp.), vyvfjajucimi sa na
Zivych rastl in6ch, kto16 su nasledovan6 tzv. skladovymi
hubami. Tieto rozkladajI uskladnen6 rastl inn6 materi6ly
zvytajne pri teplot6ch vy55ich ako 30 o C, vlhkosti ma-
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+ ^ . i . - r . ,  . , , , x : . , . ;  ̂ 1 , ,rFrr.ru \ /y)ruJ s".o 20 % a leho vodnej al<t ivi te av 0,90.
i\,4erJzi sklaCci;e huby patria predov5etkym Aspergillus
furnioalus, Aspergi! lus f lavus a ine aspergi ly, d'alej
ziisiupcovia rodcv Penicillium, Eurotium, Trichoderma,
Ab:;idia, |ilucor a Rhizopus l?-5-271.

Fr i  r ranrpuiac i i  s  text i lnymi  surov inami rast l inneho
porrcCr:  (baiz lna"  l 'an,  ju ta,  s isa l ,  l<onopa) vznika or-
ganicklt prach, ktordlro koncentracia na pracoviskdrch
a;: niekot 'kokrat presahuje najvy5Sie pripustne koncen-
t rac ie.  t tJapr .  v  bavlnarskom zavode z is t i l  Jaro5 [28]
i l r ienrernu koncent i "6c iu prachu na pracoviskdch 8,71
rng/r i r3  (NIPK-P je  do 2 mg/m3),  v  zavode I 'andrskom
ai 4{i , i36 nrg/nr3 (NPK-P Co 4 mg/mt;. Cr5;anicky prach
z r ,vedenycl i  rast l inr rych v ldk ierr  je  k las i f ikovany ako
i : , i oaeroso i  bez  tox ickeho  a  f i b rogenneho  ud inku ,  a le
: , iy, ' r ' ; izne craridiv!m ui inko,"n na I 'udsky organizmus
i29l

l \ , ' l ikroorganizrny vyskytuj i lce sa v organickom pra-
cnu rnajLr  r0zne ne2iaduce uc inky '  na j , 'nd na dVchacl
t rakt  exponovanyci r  osOb.  Zakladne z lo iky bunl<ovej
steni i  l r ib s najvAc5ou pi 'avdepodcbnostou sposobuju
r l  pracovr- r fkov spracujuc ich rast l inne v ldkna (bavlna,
ian)  c l i ron icxe z6,palov,6 procesy v p l ' Icach a vyvo-
i i . : v . , r j u  ch ron icxu  bvs rnozu  u  exponovanych  robo t -
n ikov.  Chronicka bys inoza (poci t  t laku a2 zv ierania na
hrudniku) sa t lasto vyskytovala pri  prAcach s bavlnou
v zahranid i  a j  u  n i is  [29,  30] .  Svetorv6 zdravotnfcka
r . r rganizar ia  navrh la l imi ty  koncentrdc ie prachu bavlny
pocj la  d i 'uh i r  prace.  Pr i  spracovanI  baviny navrh l i  l i rn i t
C,5 rng, /nr" ,  pr i  sukani  a spr iadanibaviny 0,2 mg/m'a pr i
t l<ani  baviny 0,75 mg/mt.  Je to odvodene od mnoZstva
dr ie ,  krora vznika pr i  tychto operdc iach a spOsobuje
r.rznik chorob5r. V niektorych Sti i toch (Anglicko, Egypt,
USA, Ceski i  a  Slovenska republ ika)  sa bys inoza ev i -
duje ako choroba z povolania [29] ,

V e l ' k e  p o t e n c i 6 l n e  n e b e z p e d e n s t v o  p r e d s t a v u j u
m ykotox iny - nizkomo le ku love se ku nd6 rn e metabol ity
mikmmyc6t .  Najznamej5 ie a najv iac pre5tudovan6 su
aflatox[nv produkovan6 Aspergillus flavus, Aspergillus
parasiiicus a Aspergillus nomius, ochratoxiny produ-
kovar re  Asperg i l l r l s  sp .  a  Pen ic i l l i um ver rucosum
a t r ichoteceny produkovane Fusar ium sp. ,  Stachy-
botrys char tarum a i .  Hladiny mykotox inov v ovzdu5i
znedis tenom organickym prachom su vel 'mi  n izke (0-
1C2 ng/m3) a ich r i loha pn vzniku a vyvoj i  respi racnych
pr fznakov n ie je  e5te fp lne objasnen6.

A f la tox in  B ,  pa t r i  k  na juc inne jS im tox inom vobec .
Je l ro  uc inok  po  pero ra lnom pr r lme  je  hepa to tox ick f
a chronicky pOsobi  karc inogenne,  co bolo dok6zan6
nalmenei  u 5 druhov zv ierat  [30] .  Okrem af la toxfnu B,
ako karc incgenne sa oznaduju v  l i terature a j  patu l in ,
luteoskyrfn, fumoniziny, sterigmatocystfn. V pracovnom
prostredi  bo l i  detekovane af la tox in 8, ,  ochratoxfn A,
zeara lenon ,  seka lonov6  kyse l ina  D ,deoxyn iva lenon
[31 ,  321  .  T ' .2  tox i ' n ,  p rodukovany  fuzAr iami ,  pa tu l fn ,
produkovany mikroorganizmom Penic i l l ium expan-
sum a  kyse l ina  pen ic i l i ov6 ,  p rodukovand  pen ic f l i ami ,
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vyrazne poSkocizuju funkciu makrofdrgov v pi 'ucach.
Najr idinnejSinr spOsobom prevencie chorOb z povola-

p13 yyvolsnych exog6nnymi rnikroorganizmami je maxi-
m6lna redukcia organick6ho prac l ru na pracovisk6ch
udinnou vent i lAc iou a ods6vanim. M!nror iadne doleZi te
je predchadzal rastu mikroorganizmov a samozahrie-
van iu  usk ladnen6ho  ras t l i nn6ho  mate r i6 lu  (su rov iny
v lak ien)  v  chr6nenych pr iestoroch s n izkou teplotou
a  v lhkos tou .  Je  moZne pouZ i t  a j  n iek to re  f yz i k6 lne
spOsoby dezinfekc ie,  napr .  ion iz6c iu vzduchu,  c is tenie
pr iestorov dezinfekcnVmi aerosol rn i ,  s ter i l izAciu ma-
teridlov gama-Ziarenlrn. Tieto postupy su vyhodnej5ie
ako  pouZfvan ie  chern ik6 l i f  po t laca juc ich  ras t  m ik ro -
organizmov.  T ieZ je  nevyhnutne pouZivat  pr imerane
prostr iedky osobnej  pracovnej  ochrany ( respi r6tory,
ochrannd  masky  s  f i l t rami  pod l ' a  d ruhu  Skod l i v iny ) ,
uplatnit  zdravotnu vychovu a pravidelne Special izovane
prevent ivne lekarske prehl iadky exponovanych pra-
covnikov.  Treba t ieZ ident i f ikovat  osoby vnfrnave na
choroby dychacfch ciest a nezarad'ovat ich na pra5ne
rizikov6 pracoviskdr.

Tento prrspevok bol spracovany v rAmci neienia projektu APVT
- 99-01060q Stuaium vplyvu chemickych tlttok v textililrch na zdravie
iloveka.
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MAN-MADE FIBRES CONGRESS

Murdrov6 A.

45TH INTERNATIONAL

Fakulta chemickej a potravrnArskej technclogie STU Bratislava,
Radlinskeho g, 812 37 Bratislava

Na 45 kongrese o chemickych v laknach v Rakus-
l iorr i  Dorribirne v tomto roku sa problematike wellness
s text i l iarn i  v 'enovala ve l 'ka pozornost .  Z pocetnych
prcCnasok jednoznadne v,vp lynulo,  Ze wel lness text i l ie
su tcxt i l ie t-rucir-rcnosi i .

F'cdl 'a nrc.dernjrch predstdv je wellness ceiKovd kon-
,repci l ' r  zdravia. Pojednava o v5etkfch vplyvoch, ktor6
i rpevnuju te iesne a c lu5evn6 zdrav ie a b laho.  Wel lness
qa stava v ostat r iom dase rnegatrendom Zivotneho
Sty lu.

Dej iny wel lness su tak s tare akr :  s tare je  I 'udstvo.
iJ i  v  ant icxej  ku l ture sa vyuZfval i  re laxadn6 kupele a
v osmanskej  ku l ture zase,cbl 'uboval i  parne kupele a
nnasaZe pre upevnenie te lesneho a duSevn6ho zdra-
r, ' ia. Tento prastarST 2ivotnf 5t171 pozit [vne ovplyvnuje
c lne5ny Zi r , 'o tny St i l  -  wel lness.  Slovny vyraz wel lness
nochddza zo 17.  s toroc ia a v  prek lade do s lovendiny
znamena suhru zdrav ia a b laha.

V 50. rckoch 20. storocia sa stal wellness programom
arr ler ickej  zCravovedy.  Bol  to  usporny model  zdrav ia
zakladajuc i  sa na prevenci i  a  v lastnej  zodpovednost i
iednot l ivca o svoje zdrav ie a b laho.  Rozhodujuce fak-
torir pre dobre zdravie a blalro su zdrava vyliva,telesne
f i tness ,  ov ladan ie  s t resu ,  i i vo tn6  p ros t red ie .  H lavne
zdroje koncepcie wellness teda su vyLiva, pohyb, relax,
prfroda a v'ostatnom dase sa prirad'uje vplyv text i lnl ich
maier ia iov v  r0znych text i lnych vyrobkoch,  k tore su v
kontakte so Zivym organizmom.

Inte, l igentne text f l ie  a odevy su Sl i igrom buducnost i .
\4a ju vyrazny udinok na wel lness.  Vypodet  in te l igent-
nych  tex t r l i i  j e  dnes  uZ  ve l 'm i  rozs iah ly .  Ako  p r i k lad
intel igentnych text i l i i  mOZe byt text i i ia, kto16 perfektne
ccjvadza pot  a pr i tom sa neprepot f ,  zArovef i  t rva le
zabezpeduje opt im6lnu suchu pododevnu mikrok l imu
a r"rdrZuje pri jernnu vOiiu. balSinr prikladom rnoZe byt
text f l ia ,  k tord zabezpeduje pr i jemny tepelny komfor t
na pr inc ipe c i t l ivost i  na tepelne zmeny vo vonkaj5ej
k l rme,  a lebo  na  tep lo tu  vyvo lanu  zvy5enou  fyz ickou
i innos tou .  Take to  in te l i gen tne  tex t f l i e  sa  ap l i ku ju  do
we! lnes  vy robkov  ako  su  napr i k lad  spodne  odevy ,
t r ickd,  p lavky,  poste l 'n6 b ie l izen a mnohe ine.

W e l l n e s s  t e x t i l n 5 T c h  m a t e r i d l o v  m o L e  o v p l y v n i t
druh mater i6 lu,  farba,  tvar  a mnohe in6 faktory,  k tore
posi lnu ju zdrav ie a komfor l .  Pre wel lness sa pouZiva
texti lny material z6sadne zdravotne nezavadnli  a s do-
brymi uZitkovymi vlastnostami. Farba a harm6nia farieb
ma vyznamny upokojujuci vplyv na psychiku dloveka
a r r  konednom dosledku na wel lness,  k tor6 podporuju
farebne text i l ie .  Tvar  a d iza in text i lnvch mater i6 lov a

oder,,ov nrusia kore5pondovat s predstavou wellness.
V koncepci i  wei lness text f l ie  ovplyv iu j I  na5e zmys-

ly  -  hmat  (makkV gr i f f ) ,  duch (v0f ia)  ,  zrak (pr i jemny
vzh l 'ad ) ,  s luch  (5ucho t ,  p rdskan ie ) .  Chu t  v  p r ipqde
texti l ie je nepodstatndr.

Wellness zabezpeiujI textilie, ktor6 maju kozmeticke,
biologicke a medicfnske funkcie. Tieto funkcie mOZu byt
permanentne,  a lebo je  moZnost  ich obnovovat .  Spo-
sobujr i  ic l ' r  rOzne aktivne adit iva, ktore sa pridavaju do
texti lnych materi6lov. Aktlvne adit iva moZu byt rozneho
povodu a druhu:

Rast l iny -  a loe vera,  v i tamln C,  v i tamin E,  a lgae,
g inko,  ca jovy o le j . . .

Mikroorganizmy - mikrobi i i lne polysacharidy, anti-
b iot ika,  b ioakt fvne protefny. . .

Zivoi ichy- chitozriny, heparin, hodvabne vlakna...
Syntetickd adit iva - kozmeticke substancie, elas-

tany . . .

Souy 
- str iebro, oxidy kovov...

Llcinky adit iv v text i lnych materidrloch su preventivne,
l iec iv6 a lebo kozmet icke.  Mnohe z n ich maju fc inok
pro t i  nach laden iu  a  p ro t i zapa lovy  -  an t ibak te16 lny ,
antipl iesnor,,y a antivirusovy. Vitamin E adit ivovany v
text i lnych mater i6 loch spomal 'u je  s tarnut ie  pokoZky,
k t o r a  j e  v  k o n t a k t e  s  t e x t i l n y m  m a t e r i a l o m  a  p o d -
poru je lepSi  sp6nok.  Bioakt ivne prote iny z  genet icky
modi f ikovanych organizmov t ieZ spomal 'u ju  s tarnut ie
poko2ky.  Oajovy o le j  rna aromaterapeut icky udinok.
Text i lne rnater ia ly  upravene st r iebrom maju ant ibak-
ter id lne a ant ia lerg ick6 fc inkv.  Fragranty svojou vOhou
podporuju prr jemnl i  poc i t  a  rnaj I  aromaterapeut icky,
a lebo  insekc i t i dny  uc inok .  E las tany  sa  pouZfva j I  v
zd ravo tnych  a  o r toped ickych  tex t i l nych  vy robkoch ,
ktor6 siuZia na ochranu a podporu zdravia.

V ostatnom dase vznikla nova kategoria text i lnych
materi6lov, do ktorej patr ia kozmetotexti l ie. Tieto textf-
l ie nie su deklarovane ako kozrneticke vyrobky, av5ak
dOraz sa k ladie na ich dermato logicku bezpednost  a
musibyt oznadendr pri tomnost ingredientov vo vyrobku
a ich tox ic i ta .

Aktfvne adit[va sa mOZu viazal rdznymi sp6sobmi
na text i lny mater id l .  Nov6 spdsoby sa zakladaj r j  na
enkapsul6c i i  ad i t fv ,  obr .  1 .  Pr i  kontakte text i lneho ma-
teriAlu s pokoZkou sa ucinndr l6tka postupne uvol 'huje z
kapsule a prenik6 do rOznych vrst iev koZe v zavislost i
od jej akt ivi ty a to cestou penetr6cie, perme6cie, alebo
absorpcie do rn iazgy,  obr .  2 .

Wellness text i l ie mOZu byt na b1ze prirodnych alebo
syntetickl ich vldkien. Prfrodn6 vlAkna majI prevaZne
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Stegmaier T.: Health and Well-Being Medical Texti les. In: Proceed-
ings of  the 45 'h  Dornb i rn  Man-Made F ibres Congress,  Aust r ia
20-22.  September  2006

Wit te  l . :  Use of  Text i le  Mater ia ls  for  the e l iminat ion o f  odours  and
harmfu l  substances in  the a i r  by  adsorpt ion and cata ly t ic
degradat ion.  ln :  Proceedings of  the 45th Dornb i rn  Man-Made
Fibres Congress,  Aust r ia  20-22.  September  2006

Riethmul ler  Ch. ,  Sch ind ler  S. :  Wi l l -be ing -  a  rnater  o f  s t ructure.  In :
Proceedings of  the 45rh Dornb i rn  Man-Made F ibres Congress,
Aust r ia  20-22.  September  2006

Kil l  A.: Well-being with Sympatex. In: Proceedings of the 45rh Dornbirn
Man-Made F ibres Conoress.  Aust r ia  20-22.  Seotember  2006

f ixovane v lastnost i  na rozdie l  od syntet ickych v lak ien,
ktorych vlastnosti  sa moZu predikovat pri  ich tvorbe.

V ostatnych rokoch sa vyrazne zvy5uje produkcia
inte l igentnych text i l i i  s  wel  lness f  u  nkc iami .  I  n te l igentn6
texti l ie maju v5estranne uplatnenie v r0znych text i lnych
vyrobkoch pre kaZdodenn6,  a lebo Specia lne pouZi t ie ,
n h r  Q

l n te l i gen tne ,  p revaZne  we l lness  tex t f l i e  su  tex t f l i e
buducnost i .

Informacie o text i lnych materi6loch a wellness m02e
citatel 'najst v ci tovanej l i terature alebo na adrese www.
dornbi rn-mfc.com.

Stark  K. ,  Wiedemann J , :  Megatrend wel lness -  des ignst ra teg ien.
In :  Proceedings of  tne 45th Dornb i rn  Man-Made F ibres Con-
gress,  Aust r ia  20-22.  September  2006

Umbach K.H. :  Wel l r ress tex t i les  -  what  do we mean iy  that?  In :
Proceedings of  the 45 'n  Dornb i rn  Mar , -Made F ibres Congress,
Aust r ia  20-22.  September  20CO

Z imn iewska  M . ,  Hube r  J . ,  K ruc inska  1 , ,  To r l i f r ska  T . ,  Koz lowsk i
R. :  The In f luence of  Natura l  and Synthet ic  F ibres on Act iv i ty
of  the Motor  Uni ts  in  Chosen Musc les o f  Foream. F ibres &
Text i les  in  Eastern Europe 4,2002

Winkel  J . ,  Jorgensen K. :  S ign i f icance of  sk in  temperature changes
in  sur face e lect romyography.  Eur .  Appl ,  Phys io l . ,  63,  345-
348 ,  1  991

Richter  K. :  Was le is te t  smar t  Text i les  fur  Wohlbef inden and Ge-
sundhe i t -Ube rb l i c k  und  Be i sp ie l .  I n :  P roceed ings  o f  t he  45 th
Dornbi rn  Man-Made F ibres Congress,  Aust r ia  20-22.  Sep-
tember  2006

Math is  R. :  A ser ious approach to ,  wc l lbe ing wi th  tex t i les .  In :  Pro-
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ITC&DC - 3TH INTERNATIONAL TEXTILE, CLOTHING
AND DESIGN CONFERENCE
MAGIC WORLD OF TEXTILES

V dnoch B.-1 1.  oktobra 2006 Fakul ta text i lne j  tech-
noiogie, Llniverzity ZAgreb usporiadala v chorvi i tskom
Dubrovnfku 3,  Medzindrodnu konferenciu text i lu ,  od i -
evania a d iza lnu pod z6St i tou:  Min is t ry  of  Sc ience,
Hducat ion and Spo11,  Republ ic  of  Croat ia ,  Min is t ry  of
Econonry,  Labour  and Entrepreneui 'sh ip,  Republ ic  of
Croa t ia ,  Croa t ian  Academy o f  Eng ineer ing ,  Zagreb ,
Croat ia ,  DAAAI\4 In ternat ional  V iedeh,  Rakusko,  AU-
TEX, Gent, Beigicko, The Texti le Inst i tute, Manchester,
Uni ted Kingdom, T l re in ternat ional  Text i le  Academy
New De lh i .  Ind ia ,  AATCO,  Research  T r iang le  Park ,
Uni ted States of  Arner ica,  Croat ian Society  of  Chemi-
c a l  E n g i n e e r s ,  Z a g r e b ,  C r o a t i a ,  I F K T ,  R e u t l i n g e n ,
German; r ,  Croa t ian  Chamber  o f  Economy,  Zagreb ,
Crcat ia ,  INA Oi l  Industry ,  Zagreb,  Croat ia ,  Ci ty  of  Du-
brovnik ,  Croat ia .

Vytvorene medzin6rodne forum podas konferencie
bolo pr i ieZi tostou pre prezent6c iu a v l lmenu poznat-
kov,  skusenost i  a  vys ledkov vyskumu z oblast i  text i lu ,
odevnictva a dizajnu, novych materialov, technologi i ,
market ingu,  ako a j  novych metod hodnotenia kval i ty
text i lnych materialov. Rokovanie konferencie bolo preto
rozdelene do nasledovnych s iedmych sekci i :

A)  text i lne v l6kna a modern6 mater i6 ly
B)  vy roba  a  v las tnos t i  p r iadz ( ,  t kanych  a  ne t -

kanych text i l i i
C)  procesy a technologie text i lneho

zuSl 'achfovania
D) odevne technologie
E) analyza, sku5obnfctvo a kontrola kval i ty
F)  d iza jn a market ing text i lu  a odevnlc tva
G) ochrana Zivotneho prost redia,  ekol6gia a en-

erget icky manaZment .
Na konferenci i  sa z fdastn i lo  vy5e 200 udastnfkov

zkra l {n ce l6ho sveta.  Medzinarodny programovi t  v i l -
bor  akceptoval  180 pr ispevkov,  k tore bol i  publ ikovane
v recenzovanom zbornfku.  Pr ispevky bol i  podl 'a  cha-
rak te ru  a  obsahu  rozde lene  do  jedno t l i vych  sekc i i ,
k tore odpovedal i  h lavnym temam konferencie,  a  bol i
prezentovane vo forme predndr5ok a posterov.

A) Sekcia A bola zamerana na prezent6ciu novych
a rnodif ikovanych vlaknitych materi6lov a postupov ich
pripravy s ciel 'om zlep5enia ich z6kladnych a fZitkovych
vlastnost i  -  vyvoj  funkcnych text f l i i  a  ich hodnotenie,
modi f ikAcia PA 6 a PP v lAkien kopolyamidmi a vrs te-
vnatymi  s i l ikatmi ,  morfo logia a mechanicke v lastnost i
zmesnych PP/PES v lak ien,  v lakna so Specia lnou vodu
absorbujucou nano5trukturou pre z lepSenie komfof tu
p r i  od ievan i ,  PP ne tkane  tex t i l i e  s  an t ibak te r i6 lnou
uDravou.

- t  aA
I  U ' l

B) Viditel 'ny pokles zriujmu o vyskum v oblasti  tech-
nologie vl iroby priadz(, tkanych a netkanych text i l i i  bol
zaznamenany aj zniLenym podtom prezentovanych
prlspevkov v sekci i  B v porovnanI s predchAdzajfcimi
rodnfkmi  te j to  konferencie.  Prezentovane pr fspevky
bol i  or ientovane h lavne do oblast i  hodnotenia vp lyvu
podmienok pr fpravy pr iadzf  a tkanin na ich konedn6
vlastnost i  -  analyza v lastnost i  ro torov6ho pradenia
bav lnenych  a  zmesnych  p r iadz f ,  vp lyv  zmeny  me-
chanickych v lastnost i  u tkov l ich a osnovnych n i t f  na
kon5 t rukcn6  paramet re  t kan in ,  te rmopo j i ve  tex t i l n6
materi6rly.

C) Pri vfvoj i  novych text i lnych materidlov s novymi
i  z lep5enymi v lastnostami  h lavne v oblast i  komfof tu,
zdravia a dizajnu v odevnych apl ik6cidrch sa vyuZfvaju
nov6 postupy text i lnych uprav, farbenia a enzymatick-
ych  uprav  -  an t ibak te r i6 lna  a  an t i fung ic rdna  0prava ,
uprava atmosf6rickou plazmou a n6sledne odkovanie
povrchu, potlac text i lnych materidlov reaktfvnymi farbi-
vami, funkcional izacia text i lnl ich materidlov pomocou
dextr inov,  kombin6cia b ioprania a b ie lenia text f l i [ ,  en-
kapsu l6c ia text i ln fch mater i6 lov.

D)  V  sekc i i  D  , ,Odevne  techno log ie "  bo l i  p r i spe-
vky zamerane na nove moZnost i  modelovania vyroby
text i lnych a odevnych vyrobkov ako a j  na v lastnost i
novych vyrobkov -  modelovanie t ranspor lu tep la cez
text i ln6 mater i6 ly ,  Studium t laku odevov na I 'udske te lo,
d is t r ibuc ia dynamickeho napat ia  v  odevoch,  technicky
system v in te l igentnych text i l i6ch s akt ivnou termickou
ochranou .

E) Sudasny vyvoj testovacfch a analyt icko-fyziki t l -
nych metod pr i  hodnoteni  text i lnych a odevnfch ma-
ter id lov je  or ientovany h lavne na z lep5enie ich kom-
fortnych a fyziologickych vlastnosti  -  termoreguladne
vlastnosti  netkanych text i l i f ,  anizotropia tkanfn, korelAcia
medzi pevnostou a zakrutom priadz. z r}znych vl6kien,
vplyv jemnosti  na UV ochranu bavlnenych tkanin, povr-
chovej drsnosti  a porovitost i  text i l i f  a inych.

F )  P r f s p e v k y  b o l i  z a m e r a n e  n a  n o v e  m e t o d y
a postupy pri  tvorbe dizajnu text i lu a odevnych vyrob-
kov a na oblast  market ingu -  inovdcia v  ozdobnom
dizalne,  d iza jn ponoZiek v  nr inu lost i  a  dnes,  dopad
kul turneho dedicstva f ld  Spor ' . )bny text i l ,  d iza jn vo-
jenskych uni for iem, d iza jn a kon5trukc ia koZenych
vyrobkov .

G)  Procesy  tex t i l n6ho  zo5 l ' ach tovan ia ,  fa rben ia
a konednych [prav patria k najviac zataiujucim Zivotne
pros t red ie ,  a  p re to  sa  od  za loLen ia  medz indrodne j
konferencie v  Dubrovnfku venuje te j to  oblast i  ve l 'kA
pozornost. Prlspevky, ktor6 bol i  prezentovanti  v tejto
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sekc i i  sa  zaobera l i  eko log ickou  koncepc iou  odpa-
dov  z  tex t i l nych  p rocesov ,  S tud iom fo todegraddc ie
reaktivneho farbiva, de kolo r i  zAciou farbiace ho kfpel 'a
obsahujuceho kovokomplexn6 farb iv6,  kombin6ciou
cin id ie l  pr i  pranI  v lny a ich recyk ldc iou z odpadnych
vOd, urdenim dioxinov v disperznych farbivdch.

From conferences

Okrem kval i tneho odborn6ho programu 0dastnfc i
konferencie mali  moZnost sa zudastnit  vel 'mi bohateho
a  hodno tn6ho  spo lodensk6ho  p rogramu.  Mate r ia l y
a d 'a lSie in form6cie o konferenci i  su dostupn6 na ad-
rese http://itcdc.ttf . h r.

Anna Ujhely iova
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