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POLYAMIDE 6 - COPOLYAMIDE BLENDED FIBRES

Kristofi¢, M., Murarova, A., Karabcova, N.,

Department of Fibres and Textile Chemistry, Faculty of Chemical and Food Technology, Slovak University of
Technology in Bratislava, Radlinského 9, 812 37 Bratislava, Slovak Republic
e-mail: mikristo @chelin.chtf.stuba.sk, murarova @chelin.chtf.stuba.sk, karabi@centrum.sk

Key words: polyamide, PA 6, poly-s-caprolactam, copolyamide, blend of polyamides, isophtalic
acid, 1-(2-aminoethyl)piperazine, 1,4-bis (3-aminopropyl)piperazine

Summary: Modification of fibre forming polyamide (e.g. PA 6) is well-known posibility to pre-
pare fibres with improved properties. By comonomer chemically modified PA 6 can be used as a
modifier for non modified PA 6. Preparation and properties of blended fibres PA 6 + copolyamides
based on the s-caprolactam, isophtalic acid and 1,4-bis (3-aminopropyl) piperazine or 1-(2
aminoethyl)piperazine, respectively are described in this paper. Blended fibres have better elec-
trical properties and higher hydrophilicity, elasticity, elastic degree and orientation factor as well.

1. Introduction

Nowadays mixing of polymers and their spinning is a
common method to prepare modified fibres with better
properties. Many research works and papers about
mixing of commercial polymers were published and a
modification of commercial fibre-forming polymers with
different other additives is described as well.

Properties of PA 6 fibres can be improved by chemi-
cal or physical modification. The physical modification
consists of PA 6/additive blend preparation. For fibre-
forming PA 6 both low-molecular weight or high-molecu-
lar weight compounds can be used as additives and fi-
bres with M/F configuration can be prepared.

Some properties of PA 6 fibres such as sorption of
water vapour and electrical properties are not satisfied.
Polymer additives containing certain hydrophilic atom(s)
like oxygen [1,2], nitrogen [3] or SO, groups [4] are very
hygroscopic or even soluble in water. Their introduction
into fibre-forming polymer e.g. PA 6 improves hydrophi-
licity and electrical properties of blended PA 6 fibres [5).
Introduction of a copolymers containing some deriva-
tives of piperazine into polypropylene fibres increases
the absorption of water vapour and dyestuffs and elec-
trical properties of the blend fibres [6,7].

Introduction of copolyamides containing some addi-
tional ring structures could have a positive influence on
sorption properties and as a consequence on electric
properties as well. Copolyamides containing piperazine
and benzene structures [8] could be additives with such
an effect.

2. Experimental

2.1. Preparation of modified PA 6 fibres

Copolyamides [8] prepared from g-caprolactam (CL)
and a nylon salt from isophtalic acid and 1-(2-amino-
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ethyl)piperazine — IN2 or 1,4-bis (3-aminopropy!) pipera-
zine — INB were used:

IN2 | — copolyamide from 86 wt. % of CL + 14 wt. %

of nylon salt IN2

IN2 1l = copolyamide from 75.4 wt. % of CL + 24.6

wt. % of nylon salt IN2

INB — copolyamide from 83.2 wt. % of CL + 16.8 wt. %

of nylon salt INB

The mixtures consisting of 70, 80 and 90 wt % of
dried PA 6 and 30, 20 and 10 wt. % of dried copoly-
amide were melted in a single-screw ribbon extruder at
the temperatures of zones T, = 200-210 °C, T, = 210-
245 °C, and T, = 225-245 °C. The blended ribbon was
cooled in the cold water and cut into granules. The air-
dried blend was finally vacuum dried at 105 °C and used
for spinning.

The spinning of modified PA 6 granules was per-
formed on the laboratory model equipment at the tem-
peratures of its three zones T=T =T = 250°C (13
fibrils) with and without a lubricant.

After spinning, the fibres were drawn (T, = 120 °C) to
the drawing ratio A, = 3 (both lubricated and non-
lubricated fibres), A, = 4 and 3= 4,5 (only lubricated
fibres), respectively.

2.2. Evaluation of the fibres properties

The electrical properties of nonlubricated fibers (A, =
3.0) were measured by a Polystat 1. The fiber sample
with a surface of about 1-1.4 cm? was charged up to the
maximum potential, U.., and simultaneously the time
of achieving the zero potential, t,, , was recorded. From
this dependence it was possible to obtain the half-time
of discharging, t;» . Results are shown in Table 1.

The content of low molecular compounds (oligomers
soluble in the hot water) was determined gravimetrically.
Modified PA 6 fibres containing nonextracted
copolyamides were extracted in the boiling water dur-
ing 3h, dried and the mass loss as a portion of the fibre

Vidkna a textil 9 (4) 130-134 (2002)



Table 1 Electrostatic properties of PA 6 and blend fibres

Polymer, wt. % Unmax V tiz S tow S
PA 6 520 9.0 120
IN2 |

10 500 6.0 130
20 455 5.0 50
30 490 6.5 40
IN2 1

10 560 9.5 100
20 500 8.5 110
30 490 3.5 50
INB

10 440 4.0 30
20 340 2.0 20
30 330 2.5 30

Table 2 Extraction of low molecular compounds calculated to the
fibre weight (EF) and to the former total amount.of
comonomers (EA)

EF, wt.% EA, wt. %
10 20 30 10 20 30

Polymer, wt. %

IN2 | 40 91 135 40 46 45
IN2 I 55 80 120 55 40 40
INB 35 43 67 35 22 22

mass, EF, and as a portion of the former total amount
of comonomers, EA, was calculated (Table 2).

The fibres’ hydrophilicities for extracted and non-
extracted fibres (SE and SN values respectively) were
evaluated gravimetrically at the temperature Tg =
21.7 °C and at the 65 % relative humidity using lubri-
cated fibres with a drawing ratio 1, = 3.0. Results are
listed in Table 3.

Table 3 Water vapour sorption of PA 6, blended extracted (SE)
and nonextracted (SN) fibres

Polymer, wt.% SE, wt. % SN, wt. %
0 10 20 30 10 20 30
IN2 1 43 45 45 46 46 52 58
IN2 11 43 45 45 45 46 53 6.2
INB 43 44 47 47 47 49 52

The fibres’ orientation factor, f, (1, = 4.0) was calcu-
lated according to the equation:

f=1-CZC?

where C, is the speed of sound in the absolutely
nonoriented fibre being equal to 1.25 x 10° m/s and C
is the speed of sound in the relevant fibre measured by
a PPM-5 Dynamic Modulus Tester PPM-5 (H.M. Mor-
gan Co. Inc., Norwood, USA).

The tensile strength, TS, elongation, E, and elasticity
degree, £°, of lubricated fibres (A3 = 4.5) were obtained
using the apparatus Instron 1112. They are listed in
Table 4.
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Table 4 Tensile strength, TS, elongation, E, elastic degree, &°,
(As = 4,5) and orientation tactor, f, (A, = 4.0) of PA 6
and blended nonextracted fibres

Polymer Ty TS E g°
wt. % dtex  cN/dtex % % f
PA 6 214 4.85 22 62 0.62
IN2 |
10 211 4.09 21 76 0.70
20 208 3.94 25 65 0.68
30 213 3.59 25 70 0.72
IN2 1I
10 213 4,16 26 69 0.70
20 210 4.09 26 77 0.70
30 200 3.63 25 72 0.71
INB
10 215 4.42 24 69 0.71
20 219 3.55 25 80 0.68
30 218 3.47 26 65 0.65

3. Discussion

For the spinning of all fibres the same temperatures,
througput of material and rate of spinning were applied.
Cooling by an air-stream could be applied only for
samples with 10 wt. % of copolyamides in PA 6. Melt
flow index of modified PA 6 during spinning was only a
little different (i.e.14.1-14.2 g.min"' in comparison with
that of nonmodified PA 6 equal to 13.95 g.min™") so con-
ditions of spinning for all samples were almost the
same.

For the evaluation of electrical properties the three
values U .. 12 @nd t,, were determined. All these val-
ues must be taken into consideration to obtain a real
view of the fibres behaviour in this domain. A general
tendency is that higher amount of copolyamide im-
proves electrical characteristics. Higher concentration
of the nylon salt of IN2 is not as important as it could be
supposed and copolyamides IN2 | and IN2 Ii are
aproximately equally effective. Better electrical proper-
ties are obtained with INB copolyamide though the con-
centration of INB nylon salt is not significantly higher in
comparion with the concentration of IN2 salt in the IN2
| copolyamides (i.e. 16.8 wt. % INB and 14 wt. % IN2).

Substantial improvement of electrical properties can
be reached with 30 wt. % of IN2 | and IN2 I
copolyamides and with 10 wt. % of INB copolyamide
(Table 1).

The hydrophilicity of modified fibres is positively influ-
enced especially by an introduction of nonextracted
copolyamides. It is caused basically by a presence of
low molecular compounds (LMC) as itis shown in Table
2 and demonstrated by diferences between water
vapour sorption of nonextracted and extracted modified
PA 6 fibres. PA 6 blends prepared from PA 6 and
copolyamides IN2 | and IN2 |l are characterized by a
higher part of LMC. Values of LMC amount for relevant
copolyamides (8) (IN2 | equal to 14.2 wt. %, IN2 Il equal
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to 55.5 wt. % and INB equal to 21.5 wt. %) confirms their
relatively high amount of extractible fractions what mani-
fests in the modified PA 6 fibres as well. Generally 40—
55 % of all amount of copolyamide AN2 | and AN2 Il is
removed by extraction from modified fibres. In the case
of INB the situation is better and the amount of
extractible additives is 22-35 % (Table 3).

Tensile strength, TS, of modified PA 6 fibres is nega-
tively influenced. The lower molecular weight of copoly-
amides, higher amount of LMC and higher amount of
copolyamide in PA 6 cause a decrease in tensile
strength of PA 6 fibres modified with all three copoly-
amides. The addition of 10 and 20 wt. % of any IN2
copolyamide leads to a decrease of tensile strength to
82-86 % of nonmodified PA 6 tensile strength. 30 wt. %
of IN2 copolyamide causes the reduction to the level
74-75 %. Addition of 10 wt. % of INB copolyamide
causes a decrease to the level of 91 % while 20 and
30 wt. % reduce TS to the level 72-73 % of PA 6 ten-
sile strength.

Elongation, E, is practically not changed, elastic de-
gree, £°, and orientation factor, f, of modified PA 6 fibres
are positively influenced. It could be explained by the
effect of low-molecular compounds present in the sys-
tem. LMC function probably as an internal lubricant
helping in the orientation of macromolecules during
spinning and drawing.

4. Conclusions
1. Processability of PA 6 fibres modified by 10-30 wt. %
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of copolyamides based on the e-caprolactam,
isophtalic acid and 1-(2-aminoethyl) piperazine or
1,4-bis (3-aminopropyl) piperazine respectively is
good.

2. Electrical properties of modified PA 6 fibres are bet-
ter especially by using INB copolyamide.

3. Hydrophilicity is basically improved only for non-
extracted modified PA fibres.

4. Elongation of the modified PA 6 fibres is not influ-
enced.

5. Tensile strength is negatively influenced.

6. Elastic degree and orientation factor of modified PA
6 fibres have higher values in comparison with non-
modified PA 6 fibres.
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ZMESNE VLAKNA POLYAMID 6 - KOPOLYAMID

Translation of article:
Polyamide 6 — copolyamide blended fibres

Modifikacia vidknotvornych polyamidov (napr. PA 6) je zndmy spOsob pripravy viakien so zlep-
$enymi vlastnostami. Komonomérom chemicky modifikovany PA 6 mdZe byt pouzity ako modifi-

kator pre nemodifikovany PA 6.

V tejto préci su popisané priprava a vliastnosti zmesnych vlaken PA 6 + kopolyamidy na baze
g-kaprolaktamu, kyseliny izoftalovej a 1-(2-aminoetyl)piperazinu alebo 1,4-bis(3-aminopropyl)pi-
perazinu. Zmesné vidkna maju lepSie elektrické vlastnosti, vy$Siu hydrofilitu, a vy3Si stupef pruz-

nosti i orientacny faktor.

Uvod

V sui¢asnosti je mieSanie polymérov a ich zviakiova-
nie beznou metddou pripravy modifikovanych viakien so
zlepSenymi vlastnostami. Vela vyskumnych projektov
a publikacii sa zaobera mieSanim polymérov a modifi-
kaciou komerénych vlaknotvornych polymeérov réznymi
aditivami.

Vlastnosti PA 6 viaken méze byt zlepSené chemickou
alebo fyzikalnou modifikaciou. Fyzikalna modifikacia
spogiva v priprave zmesi PA 6/aditivum, (pricom sa
mozu pouzit aditiva nizko- ¢i vysokomolekulové) a ich
zvlakneni na viakno typu M/F.

Niektoré vlastnosti PA 6 vlaken napr. sorpcia vody
(vodnych par) a elektrické vlastnosti nie st vyhovujuce.
Polymérne aditiva obsahujuce hydrofiiné atomy ako
kyslik [1,2], dusik [3] alebo SO, skupiny [4] su velmi
hygroskopicke &i dokonca rozpustné vo vode. Zavede-
nie takychto aditiv do vlaknotvorného polymeru napr.
PA 6 zlepSuje hydrdfilitu a elektrické vlastnosti zmes-
nych PA 6 viaken [5]. Kopolyméry obsahujuce derivaty
piperazinu ako aditiva do polypropylénovych vidken
zlepSuju ich sorpciu vodnych par a farbiv, ako aj elekt-
rické vlastnosti [6,7].

Zavedenie kopolyamidov obsahujucich kruhové Struk-
tury moze mat vplyv na sorpéné i elektrické vlastnosti.
Kopolyamidy obsahujuce piperazinové a benzénové
Struktdry [8] mozu byt v tomto zmysle uginné.

2. Experimentalna cast

2.1 Priprava modifikovanych PA 6 vlaken

Pre pripravu zmesnych viaken PA 6 + kopolyamidy
boli pouzité kopolyamidy [8] pripravené z e-kaprolakta-
mu (CL) a nylonovej soli kyseliny izoftalovej a 1-(2-ami-
noetyl) piperazinu (IN2) alebo1,4-bis(3-aminopropyl)pi-
perazinu (INB) nasledovného zlozenia:

IN2 | — kopolyamid z 86 hm.% CL + 14 hm.% IN2, mo-
farny pomer 16/1

IN2 Il = kopolyamid zo 75,4 hm.% CL + 24,6 hm.% IN2,
molarny pomer 8/1

Vidkna a textil 9 (4) 130134 (2002)

INB — kopolyamid z 83,2 hm.% CL + 16,8 hm.% INB,
molarny pomer 16/1

Zmes pozostavajuca zo 70, 80, 90 hm.% vysuSené-
ho PA 6 a 30, 20, 10 hm.% vysu8eného kopolyamidu
bola roztavena v jednozavitovom extruderi pri teplote
jednotlivych zén T, = 200-210 °C, T, = 210-245 °C
a Ty =225-245 °C. Zmesna struna bola chladena vo-
dou a porezana na granulat. Vzduchosuchy zmesny
granulat bol vakuovo vysuseny pri 105 °C a zvlakneny.

Zvlaknenie modifikovaného PA 6 granulatu bolo vy-
konané na laboratdornom zariadeni pri teplotach 3 zén
T=T=T=250°C (13fibril) s preparaciou i bez nej. Po
zvlakneni boli viakna vydizené (T, = 120 °C) na dlziace
pomery i, = 3 (vlakna s preparaciou i bez nej), 1, = 4
a Az = 4,5 (iba vldkna s preparaciou).

2.2 Hodnotenie viastnosti viaken

Elektricke vlastnosti vlaken bez preparacie (1, = 3,0)
boli zmerané na pristroji Polystat 1. Vzorka vlakna s plo-
chou asi 1-1,4 cm? bola nabita na maximaliny potenci-
al (U ) @ sledoval sa pokies potencialu v ¢ase na nu-
lovi hodnotu (t,,). Z tejto zavislosti mozno stanovit
polCas vybijania (t;,, ). Vysledky su v Table 1.

Obsah nizkomolekulovych latok (oligomérov rozpus-
tnych v horucej vode bol stanoveny gravimetricky. Mo-
difikované PA 6 viakna obsahujuce neextrahované ko-
polyamidy boli extrahovane vo vriacej vode pocas 3h
a vysu$ené. Z pévodnej hmotnosti viakna a jej Ubytku
po extrakcii a suSeni bol vypocitany Ubytok hmotnosti
vzhladom na vlakno (EF) i vzhladom na celkové pévod-
né mnozstvo (EA) komonomérov IN2 &i INB (Table 2).

Hydrofilita extrahovanych aj neextrahovanych viaken
s preparaciou a A, = 3 bola stanovena gravimetricky pri tep-
lote Ts =21,7 °C a 65 % RH. Vysledky st v Table 3. Orien-
tacny faktor f (A, = 4,0) bol vypoditany podla vztahu:;

f=1-Chc?

kde C, je rychlost Sirenia zvuku v Uplne neoriento-
vanom vlakne — 1,25.10°m/s, C je rychlost irenia
zvuku v meranom vlakne, obe stanovené na pristroji
PPM-5 Dynamic Modulus Tester.
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Pevnost (TS), taznost (E) a stupe elasticity (¢°) vla-
ken s preparaciou a A3 = 4,5 boli stanovené na pristroji
Instron 1112. Vysledky st uvedené v Table 4.

Diskusia

2Zvlaknenie vSetkych vlaken bolo vykonané pri rovna-
kej teplote, davkovani i rychlosti zvlakfiovania. Chlade-
nie vzduchom bolo mozné pouzit len pre vzorky s ob-
sahom 10 hm.% kopolyamidov v PA 6. Index toku
tavenin modifikovaného PA 6 bol takmer rovnaky (14,1—
14,2 g.min™") ako u nemodifikovaného PA 6 (13,95
g.min™). Z uvedeného vyplyva, Ze podmienky zvlakrio-
vania boli pre vSetky vzorky rovnaké.

Hodnotenie elektrickych vlastnosti modifikovanych
vlakien vyzaduje pre realne zhodnotenie tejto oblasti,
uvazit vSetky tri ziskané hodnoty — U, ty2 1 to,. V3e-
obecna tendencia je taka, Ze vy33i obsah kopolyamidu
zlepsuje elektricke vlastnosti. Vyssia koncentracia ny-
lonovej soli IN2 nie je rozhodujuca a kopolyamidy IN2
| a IN2 Il su priblizne rovnako ucinné. Lepsie elektrické
vlastnosti sa ziskaju u PA 6 vlakien modifikovanych ko-
polyamidom INB, hoci koncentracia nylonovej soli INB
nie je podstatne vySSia ako koncentracia nylonovej so-
li IN2 v kopolyamide IN2 | (t.j. 16,8 hm.% INB a 14 hm.%
IN2). Podstatné zlepSenie elektrickych vlastnosti mozno
dosiahnut modifikaciou s 30 hm.% IN2 | aj IN2 Il kopolya-
midu a s 10 hm. % kopolyamidu INB (Table 1).

Hydrofilita modifikovanych vlakien je pozitivhe ovplyv-
nena pouzitim neextrahovanych kopolyamidov. Je to
spdsobené najma pritomnostou nizkomolekulovych 1a-
tok (LMC) ako to vidno z Table 2 a potvrdené rozdiel-
mi v hydrofilite neextrahovanych a extrahovanych mo-
difikovanych PA 6 vlakien. Zmesi PA6 s IN2 [ aj IN2 1|
su charakteristické vysokym obsahom LMC. Koncentra-
cie LMC pre prisludné kopolyamidy [8] (IN2 | — 14,2
hm. %, IN2 Il - 55 hm. % a INB - 21,5 hm. %) sa pre-
javuju i vysokym obsahom extrahovatelnych frakcii
v modifikovanych PA 6 vlaknach (hodnoty EA). Extra-
hovatelhy podiel dosahuje 40-55 % z pévodného obsa-
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hu nylonovej soli IN2 v kopolyamidoch IN2 1 a IN2 1I. Po-
¢itané na hmotnost modifikovaného viakna (EF) je to
4-14 hm. %. V pripade INB je situacia lep$ia a podiel
extrahovanych frakcii EA je 22-35 hm. % a EF hodno-
ty st v rozsahu 3-7 hm. % (Table 2).

Pevnost TS modifikovanych PA 6 vlakien je negativ-
ne ovplyvnena. NizSia mélova hmotnost kopolyamidov,
vy88i obsah LMC a vy33i obsah kopolyamidu v PA 6
spdsobuje zniZenie pevnosti u PA 6 vldkien modifikova-
nych v§etkymi tromi aditivami. Pridanie 10 a 20 hm. %.
IN2 | & IN2 1l kopolyamidu do PA 6 spbsobi znizenie
pevnosti na 82—-86 % pevnosti nemodifikovaného PA 6
vlakien. 30 hm.% spdsobi znizenie pevnosti na 74-75 %.

Pridanie 10 hm. % kopolyamidu INB vedie k zniZeniu
pevnosti na 91%, zatial ¢o 20 a 30 hm. % tohto kopo-
lyamidu spbsobi jej znizenie na 72-73 % pdvodnej hod-
noty.

Taznost E sa prakticky nemeni, hodnoty stupiia pruz-
nosti ° a orientaéného faktora f modifikovanych PA 6
vlakien su vysSie. Mozno to vysvetlit vplyvom nizkomo-
lekulovych zluenin pritomnych v systéme, ktoré prav-
depodobne funguju ako vnutorné mazadlo ulah¢ujlice
orientaciu makromolekul v priebehu zvlakniovania
a dizenia.

4. Zavery

1. Spracovatelnost PA 6 vidkien modifikovanych 10-30
hm. % kopolyamidov na baze e-kaprolaktamu, kyse-
liny izoftalovej a 1-(2-aminoetyl)piperazinu (IN2) ale-
bo 1,4-bis(3-aminopropyl)piperazinu (INB) je dobra.

2. Elektrické vlastnosti modifikovanych PA 6 vlakien su
lepSie, najma v pripade kopolyamidu INB.

3. Hydrofilita je podstatne zlepSena len v pripade neex-
trahovanych PA 6 vidkien.

4. Taznost modifikovanych PA 6 vlakien sa nemeni.

5. Pevnost je negativne ovplyvnena.

6. Stupeni pruznosti a orientacny faktor modifikovanych
PA 6 viakien maju vysSie hodnoty v porovnani s ne-
modifikovanymi PA 6 viaknami.

Vldkna a textil 9 (4) 130~134 (2001)



THE INFLUENCE OF PET FIBRES CROSS-SECTION
GEOMETRY ON DYEING

Murarova, A., Kristofi¢, M., Jambrich, M.

Department of Fibres and Textile Chemistry, Faculty of Chemical and Food Technology,
Slovak University of Technology in Bratislava, Radlinského 9, 812 37 Bratislava, Slovak Republic
e-mail: murarova @chelin.chtf.stuba.sk

Summary: Light dispersion conditions on geometrically modified fibres are various and this
phenomenon is related to optical and color properties of dyed fibres. The paper evaluates the
influence of geometric modification of PET fibres on their color strength. The fibres were geo-
metrically modified during spinning using profiled spinning nozzles with Y, (~), A openings. Lin-
ear density, ramification degree, forming factor and fibres measuring surface are the properties
defining geometric modification — change of cross-section profile of fibres. These properties of
profiled fibres with different profile differ and they significantly influence color strength.
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1. Introduction

One of possible physical modifications is changing
fibres geometry in cross-section profile through media
of profiled spinning nozzles with a profile other than cir-
cular. Considering rheology and fibre profile
reproductivity, the process of spinning of profiled fibres
is very demanding. The advantage of physical fibres
modification by changing cross-section geometry of fi-
bres profiles during their preparation using profiled spin-
ning nozzles is the lack of requirements throughout pro-
duction ecology when compared with typical spinning.
Profiled fibres report changes in physical properties
when compared to typical circular fibres. Itis caused by
change of fibre macrostructure and related properties.
Influence of fibres macrostructure is significantly mani-
fested on optical properties and in case of dyed fibres
on color perception.

2. Theory

After meeting criteria of fibres creation, fibres are ob-
tained having diversified geometry depending on shape
of profiled spinning nozzle. Using this process of modi-
fication, profile of elementary fibres in cross-section and
longitudinal direction preserves the same geometry. In
order to express geometry of cross-section profile of
fibres, different indicators and their equivalents are used
which more or less express differences from typical cir-
cular profile, [1,2,3].

The method of cross-section fibres profile picture
analysis is used to evaluate geometric properties. Apart
from real and equivalent perimeter and cross-section
cut surface there are other criteria such as measuring
surface a, ramification degree R, forming factor q ac-
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cording to Malinowska and many more. The ramifica-
tion degree R is defined by quotient of perimeter square
and cross-section profile surface. The forming factor q,
according to Malinowska, is defined as follows (1):

q = (Ofnd) - 1 (1

O - cross-section fibre profile perimeter, nd — equiva-
lent circle perimeter.

The q = 0-0,07 is for circular fibre profile. All higher
values of q at the same fineness of fibres express dif-
ferences from circular profile in direction of fighter level

of configuration.
Measuring surface a, defined as (2):
a = 2p"*(1+q)/(p.T)" (2)
g - forming factor, p — PET fibres density, T — unit lin-
ear density.

Mutual arrangements of elementary fibres inside of
band profiled fibres is random and the profile of such
band of fibres has diversified geometry in cross-section
and longitudinal direction contrary to elementary fibre
profile related with level of filling. Elementary fibres cre-
ate conditions for creation of capillaries of different sizes
and subsequently related demonstrations of surface
and transport properties, [4,5]. Shape of cross-section
fibre profile and size of surfaces of elementary fibres
influence optic environment related to dyeing properties
of profiled and dyed fibres, [6,7]. Color strength is de-
termined by Kubelka-Munk equation (3):

KIS = (1 - B)%/2p ©)

K — absorption coefficient, S — scattering coefficient,
B — reflectance value.

Absorption coefficient K is a function of spectral
properties and dye concentration inside of fibre. Scat-
tering coefficient S is a function of structure and geo-
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metry of fibre. Among structural influences are mainly
molecular structure of fibres and dye structure. Linear
density, geometry of cross-section and longitudinal pro-
file are among geometric influences.

During light impact on dyed fibre surface, part of light
is absorbed and part of it is reflected. The bigger the
diffraction index at fibre — air border the more light is
being reflected and less absorbed inside of fibre. The
result of less light being absorbed is a lighter dyeing
effect of the fibre. Such light refiection can be repressed
by special treatment of surface that makes the dye per-
ception of the dyed fibre darker.

Arkan and East expressed relation between fibre fine-
ness and scattering coefficient S (4):

S=a+btex (4)

a — scattering constant, b — fibres surface properties
constant.

According to the relation (4) less light penetrates to
molecules of dye inside of finer fibres and more light is
being reflected back by so-called noncolorful reflection,
[8].

The color strength, fibres thickness and fibres mea-
suring surface are related as follows (5):

(KIS); [(KIS), = dy/d; = aj/a, (%)

K/S - color strength, d - fibre diameter, a — fibres mea-
suring surface.

Related relations are valid for fibres with circular pro-
file and same structural properties. These requirements
for fibres are very different to obtain in real life conditions
and that is why the related relations are only approxi-
mately valid during their usage, [8]. Dye concentration
needed to reach color saturation is proportional to
square-root of linear densities (6):

Cr = Cp(TT)" (6)

¢y, C, —dye concentration on fibres, T,, T, - linear den-
sity of fibres. In other words, finer dyed fibres with same
dye concentration as thicker fibres are seen lighter by
human eye. Logically, profiled fibres create better con-
ditions for diffraction than circular fibres.

Table 1 Geometric properties of smooth textured PET fibres de-
termined by the method of picture analysis

Equivalent Equivalent Forming
Fibres perimeter surface factor
profile of picture of picture q
of fibre, cm  of fibre, cm?
84 dtex 36 Y 29,5 50,0 0,182
84 dtex f 24 Y 36,0 76,0 0,173
84 dtex f 24 A 36,0 74,0 0,190
84 dtex f 24 (-) 46,5 77,5 0,495
110 dtex f 24 A 32,0 62,0 0,147
110 dtex f 24 (=) 70,0 130 0,725
110 dtex f 36 Y 39.0 86,0 0,182
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Scattering coefficient increases by transferring to
more segmented fibre profiles. Because there must be
more criteria in order to evaluate a complex cross-sec-
tion profile, there is not a simple relation that would gen-
erally express influence of size, shape and configura-
tion of profiled fibres to their optical and color properties.
The goal of the paper is to evaluate influence of some
PET fibre profiles to their color strength.

3. EXPERIMENTAL

The experimental is divided to:
— determining geometric parameters of PET fibre profiles
— dyeing of profiled PET fibres
— determining color strength of profiled PET fibres.

3.1 Determining geometric parameters of PET
fibre profiles

Geometric parameters, forming factor g according to
Malinowska R-ramification degree were assed in a set
of seven samples of PET fibres with a unit linear den-
sity Td; = (2,3; 3,0; 3,5; 4,6 dtex) and cross-section pro-
file (Y, (=), A ). The analysis of cross-section profile pic-
ture was used to determine them. The picture was
caught by electron microscope. Picture 1 shows three
types of cross-section fibre profiles from the set of seven
samples of PET fibres, that were analyzed by proper
method of picture analysis. Measuring surface of fibres a
[kg/m?) was calculated according to the relation 2).

3.2 Dyeing fibres

All samples of profiled PET fibres were dyed using the
same dyeing process — dye exhaust method. The
Terasil Blau 3RL made by Ciba Geigy — disperse dye was
used containing 1,5 % of dye in bath related to fibre den-
sity. The temperature of dyeing bath during fibre dyeing
was 100 °C. The dyeing process was made in presence
of dye carrier. All remaining conditions during the dyeing
were conformed with formulas for dyeing PET fibres with
disperse dyes. In order to avoid influence of other factors
while evaluating dyeing, the same time-temperature dye-
ing regime was used for all samples.

3.3 Determining fibre color strength

K/S color strength of all dyed samples of profiled PET
fibres was set by spectrofotometer Datacolor 3890 us-
ing standard light resource Dgs/10deg.

4. Results and discussion

Figure 1 shows the main types of cross-section fibre
profiles. Their geometry was analyzed by method of
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Fig. 1 Cross-section profiles of fibres

cross-section profile picture analysis based on REM
photographs. Table 1 evaluates geometric properties of
analyzed pictures of smooth textured fibres.

The geometric properties stated in table 1 were used
to calculate R — ramification degree of fibres and a —
measuring surface of fibre.

Figures 2-5 show graphic dependencies of K/S color
strength from geometric parameters

— unit linear density, Td,

- ramification degree, R

— forming factor, g

— measuring surface of fibre, a.

4.1 Influence of fineness on color strength

The influence of fineness of elementary profiled fibres
on K/S color strength manifests in interaction with shape
of cross-section profile expressed by forming factor.
Even though the fibres with profile prepared on Y
shaped spinning nozzle report lower linear densities in
the set of profiled fibres they report the highest K/S
value, according to picture 2, table 1. Diffraction on sur-
faces of fibres with profile type illustrated on picture 1a)
table 1 is relatively lower and that corresponds with
lower forming factor of these fibres. Type of fibres on
picture 1c) report high forming factor and related high
diffraction on their surfaces. These are the reasons why
thick fibres with (=) profile show low color strength.
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Fig. 2 Dependence of color strength K/S on unit linear density Td,
of different cross-section profiles, ¢ = 1,5 g of dye/100g of fi-

bre
16
KIS’ 1
15
41
14
¢1
13
12
11
*?2
10 *?2 ¢3
43
10 15 20 25 30 35 40
R
1-Y 2-(-) 8- A

Fig. 3 Dependence of color strength K/S on ramification degree R
of different cross-section profiles, ¢ = 1,5 g of dye/100g of
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Fig. 4 Dependence of color strength K/S on forming factor q of dif-
ferent cross-section profiles, ¢ = 1,5 g- of dye/100g of fibre
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Fig. 5 Dependence of color strength K/S on measuring surface a of
different cross-section profiles, c = 1,5 g of dye/100g of fi-
bre

4.2 Influence of ramification degree on color
strength

Profiled fibres prepared on spinning nozzles with Y
and A profiled openings have a very close ramifica-
tion degree. Fibres were prepared with almost double
the ramification degree on profiled spinning nozzle of
(-) type. When evaluating influence of ramification de-
gree on color strength, figure 3, interaction of influences
must be considered because on one hand fibres on
same ramification degree level (Y and A ) have differ-
ent color strength on the other hand fibres on different
ramification degree level have close color strength (A
and (-)). Supposedly, in this case as with linear density,
the same reasons lead ramification degree to interact
with forming factor.

4.3 Influence of forming factor on color
strength

Forming factor g is significant when it comes to the
influence on color strength. 1t highly influences diffrac-
tion on fibre profile. When values of forming factor are
low, diffraction on fibres surface is low and dyed fibre
reports high value of color strength and vice versa. Pic-
ture 4 lists K/S values in dependence of g. Fibres with
Y and A profile have close forming factors and their
color strength decreases with increasing linear density,
table1. This contradiction in theory of colorfulness of fine
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and thick fibres with profiled and circular profile dwells
in interaction of influence of forming factor and linear
density on color strength.

4.4 Influence of measuring surface on color
strength

Value of color strength K/S decreases with increase
of fibre measuring surface. Fibre measuring surface can
be increased during geometric modification either by
decrease of linear density of basic fibres or by fibres
profilating — changing cross-section geometry of fibres.
In the set of evaluated profiled fibres on picture, mea-
suring surface is increased in direction fromY — A —
(-). Color strength decreases in this direction in accor-
dance with measuring surface of profiled fibres.

5. Conclusion

Based on results reached after evaluating influence
of geometric parameters of profiled fibres on their color
strength we can say that they highly influence diffrac-
tion and according to Kubelka-Munk equation color
strength. Influences of interactions between linear den-
sity of profiled fibres and criteria forming cross-section
profile — forming factor and ramification degree.
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VPLYV GEOMETRIE PRIECNEHO PROFILU PET VLAKIEN
NA VYFARBENIE

Translation of article:
The influence of cross-section of PET fibres on dyeing

Suhrn: Rozptylové podmienky svetla na geometricky modifikovanych vliaknach su rozdieine
a s tym suvisia optické a koloristické vlastnosti vyfarbenych vidkien. V prispevku sa hodnoti vplyv
geometrickej modifikacie PET vldkien na ich silu vyfarbenia. Vldkna sa geometricky modifikovali
pri zvidfovani s vyuzitim profilovanych zvlakiovacich hubic s otvormi Y, (=), A . Charakteristiky
vyjadrujuce geometrickl modifikdciu — zmenu prie€neho profilu vlakien su dizkova hmotnost,
stupenl rozvetvenia, tvarovy faktor a merny povrch vlakien. Tieto charakteristiky u profilovanych
vlakien s r6znym profilom su rozdielne aich vplyv na silu vyfarbenia je vyznamny.

Klacové slova: PET viakna, priecny profil, tvarovy faktor, stupef rozvetvenia, merny povrch,

sila vyfarbenia

1. Uvod

Jednou z moznych fyzikalnych modifikacii je zmena
geometrie vlakien v prie¢nom profile cestou vyuzitia
profilovanych zvlakriovacich hubic, ktoré maju profil iny
nez kruhovy. Proces zvlaknovania profilovanych vidkien
je naroény z hladiska reologie a reprodukovatelnosti
profilov viakien. Prednostou fyzikalnej modifikacie via-
kien zmenou prie€nej geometrie profilov viakien pri ich
tvorbe vyuzitim profilovanych zvlaknovacich hubic je, ze
nevyzaduje dalSie naroky pri vyrobnej ekoldgii v porov-
nani s klasickym zvlaknovanim. Profilované viakna vy-
kazuju zmeny vo fyzikalnych viastnostiach v porovna-
ni s klasickymi kruhovymi vlaknami. Je to spésobené
zmenenou makrostrukturou viakien a s fiou suvisiacimi
vlastnostami. Vplyv makrostruktury viakien sa vSeobec-
ne vyznamne prejavuje na optickeé vlastnosti a v pripa-
de vyfarbenych vidkien na farebny vnem.

2. Teoreticka cast

Po zvladnuti podmienok pri tvorbe vidkien sa ziskaju
vldkna s najrozmanitejSou geometriou v zavislosti od
tvaru pouzitej profilovanej zvlakinovacej hubice. Profil
elementarneho viakna v prienom aj v pozdiznom sme-
re si zachovava pri tomto spésobe modifikacie rovno-
mernost. Na vyjadrenie geometrie prie€neho profilu via-
kien sa pouzivaju rézne veli€iny a ich ekvivalenty, ktoré
viac-menej vyjadruju odliSnosti od klasického kruhove-
ho profilu, [1,2,3]. Na stanovenie geometrickych charak-
teristik sa vyuziva metdda analyza obrazu prieéneho
profilu viakien. Okrem skuto&ného a ekvivalentného ob-
vodu a plochy prie¢neho rezu sa vyuzivaju dalSie krité-
ria, ako st merny povrch viakien a, stupen rozvetvenia
R, tvarovy faktor q podla Malinowskej a iné. Stuper roz-
vetvenia R je dany podielom Stvorca obvodu a plochy
prieCneho profilu. Tvarovy faktor q podlfa Malinowskej
je definovany podla vztahu (1):
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q = (O/nd) -1 (M

kde O je obvod prie€neho profilu vidkna, =d je obvod ek-
vivalentného kruhového profilu viakna.

Pre kruhovy profil vidkna je q = 0-0,07. VSetky vys-
Sie hodnoty q pri rovnakej jemnosti viakien vyjadruju od-
lisnosti od kruhového profilu smerom k vy$Siemu stup-
fu Elenitosti.

Merny povrch viakien je definovany podla vztahu (2):

a=2n"(1+ q)l(p.T)"” ()

kde q je tvarovy faktor, p je hustota PET vlakna, T je
dizkova hmotnost vidkna.

Vo zvazku profilovanych viakien je vzajomné usporia-
danie elementarnych vlakien nahodné a profil takého-
to zvazku viakien na rozdiel od profilu elementarneho
vlakna ma v prieCnom a pozdiZnom smere nerovnaku
geometriu, ¢o suvisi so stupnom zaplnenia vlakien.
Medzi elementarnymi viaknami sa totiz vytvaraju pred-
pokiady pre vznik kapilar r6znej velkosti a nasledne s ni-
mi suvisiace rézne prejavy povrchovych a transpor-
tnych vlastnosti, [4,5].

Tvar priecneho profilu viakien a velkost povrchov ele-
mentarnych vidkien ovplyviuju optické prostredie, ¢o
koreSponduije s koloristickymi vlastnostami profilovanych
a vyfarbenych vilakien, [6,7].

Sila vyfarbenia sa vyjadruje podla Kubelka-Munkovej
rovnice (3):

KIS = (1 - B)%/28 ®3)

kde K je koeficient absorpcie svetla, S je koeficient roz-
ptylu svetla, B je stuperi remisie.

Koeficient absorpcie K je funkciou spektrainych cha-
rakteristik a koncentracie farbiva vo vidkne. Koeficient
rozptylu S je funkciou Struktury a geometrie vldkna.
K Struktdrnym vplyvom patri najma nadmolekulova
Struktura vlakien a Struktira farbiva. Ku geometrickym
vplyvom patri najmé dizkova hmotnost, geometria pried-
neho a pozdizneho profilu.
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Pri dopade svetla na povrch vyfarbeneho viakna sa
Cast svetla odrazi a €ast pohlti. Cim je index lomu svetla
na rozhrani viakno—vzduch vacsi, tym vacsia Cast svetla
sa odrazi a mensia Cast svetla sa pohlti vo vlakne.
V désledku mensieho podielu pohlteného svetla sa ja-
vi vyfarbenie vlakna svetlejSie. Odraz svetla na povrchu
vlakna ovplyviuje vyznamne geometria povrchu viak-
na. Takyto odraz svetla sa mdze potiacit Specialnou po-
vrchovou Upravou, ¢im sa dosiahne tmavsi farebny
vnem vyfarbeného viakna.

Zavislost jemnosti vlakna a rozptylového koeficientu
S vyjadrili Akar a East vztahom (4):

S=a+ b.tex™? (4)

kde a je konstanta charakterizujuca rozptyl vo vidkne,
b je konstanta charakterizujuca vlastnosti povrchu viak-
na.

Podla vztahu (4) k molekulam farbiva v jemnejsich
vlaknach sa dostava mensie mnozstvo svetla a vacsia
Cast svetla sa odrazi spét od viakna tzv. nefarebnou ref-
lexiou, [8].

Medzi silou vyfarbenia, hribkou vidkna a mernym
povrchom vlakna plati vztah (5):

(KIS)4/(KIS), = dy/d; = ay/a, (5)

kde (K/S) je sila vyfarbenia, d je priemer vidkna, a je
merny povrch vidkna.

Odvodené vztahy platia pre vidkna s kruhovym pro-
filom a rovnakymi Struktirnymi viastnostami. V realnych
podmienkach sa tieto poziadavky na vidkna dosahuju
obtiazne, a preto maju odvodené vztahy iba pribliznu
platnost pri pouzivani, [8].

Koncentracia farbiva potrebna na dosiahnutie urcitej
farebnej sytosti je nepriamoumerna druhej odmocnine
dizkovych hmotnosti podla vztahu (6):

Ci=¢C (T2/T1)1/2 (6)

kde ¢, ¢, su koncentracie farbiva vo viaknach, T;, T, su
dizkové hmotnosti viakien. Inymi slovami vyjadrené, vy-
farbené viakna jemnejsie s rovnakou koncentraciou far-
biva ako maju viakna hrubsie sa javia oku svetlejSie.

Je logické, Ze profilované vidkna vytvaraju lepsie pod-
mienky pre rozptyl svetla nez kruhové viakna. Rozpty-
lovy koeficient vzrasta s prechodom k €lenitejSim pro-
filom vlakien. Vzhladom k tomu, Zze na komplexne;jSie
vyjadrenie priecneho profilu vidkna sa vyzaduje viacej
kritérii, neexistuje jednoduchy vztah, ktory by obecne
vyjadroval vplyv velkosti, tvaru a &lenitosti profilov vl&-
kien na ich optické a koloristicke vlastnosti.

Cielom predkladanej prace je zhodnotit vplyv niekto-
rych profilov PET vlakien na ich silu vyfarbenia.

3. Experimentalna cast

Experimentalne rieSenie tematického zamerania sa
delina:
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— stanovenie geometrickych parametrov profilovanych
PET vlakien

— farbenie profilovanych PET viakien

- stanovenie sily vyfarbenia profilovanych PET viakien.

3.1 Stanovenie geometrickych parametrov
vlakien

'V subore siedmich vzoriek PET viakien s jednotkovou
dizkovou hmotnostou Td, = (2,3; 3,0; 3,5; 4,6 dtex)
a prieCnym profilom (Y, (=), A) sa stanovili geometric-
ké bezrozmeroveé parametre tvarovy fakior q podla Ma-
linowskej a stupen rozvetvenia R. Na ich stanovenie sa
pouzila metdda analyzy obrazu prieéneho profilu viak-
na, ktory sa ziskal zaznamenanim na rastrovacom elek-
tronovom mikroskope. Na obr. 1. su zaznamenané tri
druhy prieénych profilov vldkien zo suboru siedmich
vzoriek PET vlakien, ktoré boli analyzované podla vias-
tnej metody analyzy obrazu. Merny povrch viakien a,
[kg/m?] sa vypodital podia vztahu (2).

3.2 Farbenie geometricky modifikovanych
vlakien

Vsetky vzorky profilovanych PET vlakien boli farbe-
né rovnakym farbiacim postupom — vytahovacim pos-
tupom farbiva z farbiaceho kupela. Na farbenie sa po-
uzilo disperzné farbivo Terasil Blau 3RL od firmy Ciba
Geigy s obsahom 1,5 % farbiva vo farbiacom kupeli
vztahovaného na hmotnost farbeného vidkna. Teplota
farbiaceho kupela pri farbeni vlakien boia 100 °C. Far-
bilo sa v pritomnosti prenasada farbiva. Dalsie podmien-
ky pri farbeni boli obvykié podla receptur pri farbeni PET
vlakien disperznymi farbivami. Pre vSetky vzorky bol ¢a-
sovo-teplotny rezim farbenia rovnaky, aby sa vyluéil
vplyv dalSich faktorov pri hodnoteni vyfarbenia.

3.3 Stanovenie sily vyfarbenia vilakien

Spektrofotometrom Datacolor 3890 sa stanovila fa-
rebna sila K/S vSetkych vyfarbenych vzoriek profilova-
nych PET vléakien pri Standardnom zdroji osvetlenia
Degs/10deg.

4. Vysledky a diskusia

Hlavné druhy prieénych profilov vldkien, ktorych
geometria bola analyzovana metdodou analyzy obrazu
prieénych profilov na podklade REM obrazkov su zob-
razené na obr. 1. Stanovene geometrické charakteris-
tiky analyzovanych obrazov hladkych dizenych viakien
su uvedené v tabulkel.

Geometrické charakteristiky uvedené v tabulke 1 sa
pouzili pre vypodcitanie stupria rozvetvenia R vidkien
a merného povrchu vidkien a, [m?/kg).
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Na obr. 2-5 su uvedené grafické zavislosti farebnej
sily K/S od geometrickych parametrov

— jednotkovej dizkovej hmotnosti, Tdj

- stupia rozvetvenia, R

— tvarového faktora, q

- merného povrchu vlakien, a.

4.1 Vplyv jemnosti na silu vyfarbenia

Vplyv jemnosti elementarnych profilovanych viakien
na silu vyfarbenia K/S sa prejavuje v interakcii s tvarom
prie¢neho profilu, ktory vyjadruje tvarovy faktor. Najvys-
Siu hodnotu K/S podla obr. 2. maju vlakna s profilom,
ktoré boli pripravené na zvlakfiovacej hubici tvaru Y, ho-
¢i maju tieto viakna v subore profilovanych viakien niz-
Sie dizkové hmotnosti, tab. 1. Rozptyl svetla na povr-
choch viakien s profilom typu, ktory je na obr. 1a), tab. 1
faktorom tychto viakien. Vidkna typu, ktory je uvedeny
na obr. 1¢), maju. vysoky tvarovy faktor a s nim suvisiaci
vysoky rozptyl svetla na ich povrchu. Z tychto dévodov
vykazuju aj hrubé viakna s profilom (=) nizku silu vyfar-
benia.

4.2 Vplyv stupiia rozvetvenia na silu vyfarbenia

Profilované viakna pripravené na zvlaknovacich hu-
biciach s profilovanymi otvormi Y a A maju velmi bliz-
ky stupen rozvetvenia. Na zvlaknovacich profilovanych
hubiciach typu () sa pripravili vidkna takmer s dvakrat
vy83im stupnom rozvetvenia. Pri posudzovani vplyvu
stupna rozvetvenia na silu vyfarbenia, obr. 3, treba brat
do uvahy interakcie vplyvov, pretoze na jednej strane
vldkna na rovnakej urovni stupna rozvetvenia (Y
a A) maju réznu silu vyfarbenia, na druhe;j strane viak-
na na réznej Urovni stupna rozvetvenia maju blizku hod-
notu sily vyfarbenia (<) a A). Pravdepodobne i v tomto
pripade ako pri dizkovej hmotnosti z rovnakych dbvo-
dov vstupuje do interakcie so stupfiiom rozvetvenia tva-
rovy faktor.
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4.3 Vplyv tvarového faktora na silu vyfarbenia

Tvarovy faktor q je z hladiska vplyvu na silu vyfarbe-
nia vyznamny. Vysoko ovplyviiuje rozptyl svetla na po-
vrchu viékien. Pri nizkych hodnotéch tvarového fakto-
ra je rozptyl dopadajuceho svetia na povrchu vlakien
nizky a vyfarbené vlakno méa vysoku hodnotu sily vyfar-
benia a naopak. Na obr. 4 su uvedené hodnoty K/S
v zavislosti od g. Vlakna s profilom Y a A maju blizke
tvarove faktory a ich sila vyfarbenia kiesa so vzrastaju-
cou dizkovou hmotnostou, tab.1. Tento rozpor v zmysle
tedrie o farebnosti jemnych a hrubych viakien s profilo-
vanym a kruhovym profilom spociva v interakcii vplyvu
tvarového faktora a dlzkovej hmotnosti na silu vyfarbe-
nia.

4.4 Vplyv merného povrchu na silu vyfarbenia

So zvySovanim merného povrchu vlakien sa znizuje
hodnota sily vyfarbenia K/S. Merny povrch viakien sa
mbze zvysit pri geometrickej modifikacii bud’ znizova-
nim dlzkovej hmotnosti elementarnych vlakien, bud
profilovanim vlakien zmenou prieCnej geometrie vlakien.
V subore hodnotenych profilovanych vidkien, obr. 5, sa zvy-

.8uje merny povrch smerom od profilu Y — A — (=). Tymto

smerom klesa sila vyfarbenia v dobrej zhode s mernym
povrchom profilovanych viakien.

5. Zaver

Na zaklade dosiahnutych vysledkov pri posudzovani
vplyvu geometrickych charakteristik profilovanych vla-
kien na ich silu vyfarbenia méZzeme konStatovat, ze vy-
soko ovplyviuju rozptyl svetla a v zmysle Kubelka-Mun-
kovej rovnice silu vyfarbenia. Vyznamné su vplyvy
interakcii medzi dizkovou hmotnostou profilovanych via-
kien a kritériami vyjadrujacimi tvar prieCneho profilu tva-
rovym faktorom, stupfiom rozvetvenia a mernym povr-
chom.
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CONNECTION BETWEEN STRUCTURE, SYMMETRY AND
ANISOTROPY OF MECHANICAL PROPERTIES OF WOVEN
FABRICS

Sodomka, L., Vargova, H.

TU Liberec

In the paper the connection between structure, symmetry and anisotropy of mechanical proper-
ties especially the Young modulus and drape of the woven cotton fabrics of the three main bonds
plain, twist a satin are being presented. The anisotropy of the structure is represented through
the new quantity linear density of the bond points putting in the polar diagrams. The polar dia-
grams are being plotted for the structure, Young modulus, for the coefficient of drape and their

anisotropy are being compared.

Key words: Structure, symmetry, anisotropy, elastic modulus, drape, drapemeter

1.Introduction

It is the effort of the theory and of the experiment to
explain the complicated and complex properties of the
textile fabrics through the basic textile components as
the fibres is. From the linear, planar as well as volume
distribution of the fibres the yarns and planar structure
are being created. In the static structure the positions
of the individual fibres are being described, in the dy-
namical one the movement of the fibres in the textile
fabrics is being considered also. The planar structure of
textiles is being carried out as the woven, knitting and
web fabrics. The knowledge of the textile fabric struc-
ture is very important for the technology of the produc-
tion of the textiles of the requested properties. In the
textile fabrics properties the very important role are
being played in the interaction forces between fibres and
their aggregates. There are the friction forces that are
being held the fibres together as in the yarns as well as
in the woven, knitting and nonwoven textiles. In the knit-
ting and woven fabrics the distribution of the fibres is
periodic, in the web fabrics aperiodic one. The object of
our research there are the woven fabrics that have also
the periodic distribution of the bonding forces repre-
sented through the bond points in the woven fabrics.
The bonding points are being created the bond of the
woven and they can be used also as the structure ele-
ments of the woven fabric. When these bond points are
being represented through the geometrical points, the
complicated woven structure is being represented
trough the planar point lattice. For the structure repre-
sentation and description of this lattice the two-dimen-
sional crystal lattice can be applied and with it the all
mathematical apparatus. All this will be done in the fol-
lowing paper. Thus supposed the textiles structure is
inducing the basis of the anisotropy of the properties of
the woven fabrics as for instance the mechanical moduli
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and strength of the textiles are. The further properties,
which are being expected the anisotropy from, the fric-
tion coefficient and drape are [1], [2]. All this presented
problems are being solved in this paper.

2.The objects of research interest, the structure
anisotropy

In the paper the object of the study there are the cot-
ton of the woven fabrics of the three bonds, the plain,
the twill and the satin. The basic parameters of the stud-
ied woven fabrics are following ones summarised in the
table 1.

In the table the full square are being represented the
warp bond point and the white one are not the bond
points. it can be recognised the warp and weft bond
points.

Table 1 Fundamental properties of the studied cotton woven fab-
rics

plane twill satin

textile bond P1 K1 S AL |4/
1 6 6
textile bond diagram
Hl
—
1

area mass (g/m?) 120,5 122 116
thickness (mm) 0,38 0,52 0,5
warp thread density (n/m) 2900 2900 2900
weft thread density (n/m) 2600 3000 2700
warp thread shortening (%) 16 7.8 8
weft thread shortening (%) 10 12 10
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3.The description and relation in the ideal
structure of the woven fabrics

When they are joining the centres of the bond squares
in the woven scheme it is being obtained the geometri-
cal lattice. These are being represented the same gen-
eral properties of the woven as the symmetry and
anisotropy are. Thus constructed textile lattice is iso-
morphic with planar crystallographic lattices and all their
properties especially the symmetry can be transferred
to the textile lattice. Let us construct the geometrical
lattice from the woven of the plain, twill and satin bonds
shown in the table 1. These three lattices are on the
fig. 14, b, c.

From these figures together with the lattice theory it
can be deduced the structure characteristics and the
symmetry of the textile lattices. Generally it can be
shown that each lattice point can be expressed through
the following relation

r=ua+vb (1)

r is the position vector of the lattice point, a, b are the
lattice cell parameter (see fig. 1) and u, v are the inte-
ger number. Because the a, b are for the defined wo-
ven constant, it is possible to use for the designation of
lattice point the symbol [[uv]] and [[00]] is the origin of
the lattice. In the textile lattice it can be distinguished
also the lattice direction. Each of them is determined
through the two points; one is the origin and second is
the general point [[uv]]. The often-used lattice directions
are being denoted simply [uv].

After the planar lattice theory, the periodic structures
are having the elements of the macro- and/or
microsymmetry. Trough these the five type of the pla-
nar lattices [1, 2] are being induced. There are the
simple parallelogram, squared, triangle, simple and
centred rectangle (oblong) (fig. 2). Because the textile
planar structure are being in the most causes
orthotropic, the

The bond (geometrical) point density H(uv) in the
orthotropic lattice is being defined as the number of

L7 1]
IVAN

Fig. 2 The form of five different textile planar elementary unit cell:
parallelogram, rectangle (oblong), centred rectangle, square
(a=b) and triangle

is in the distance L(uv), then for the density H(uv) can
be written

H(uv) = 1/L(uv) = non/V(n3u? + n3v?),
n, = 1/a, n,=1/b (2)

n, is the linear warp thread density and n, is the werf
one.

For the polar diagram plotting there is very important
to know also the angle between the direction [01] and
general lattice direction [uv], 6. This can be calculated
after using the following formula

cos([01],[uv]) = vn/N(n32u? + n3v3),
6 = cos~'(vny/N(n3u? + n3v?)) (3)

For the simplifying the construction of the structure
polar diagram the square unit lattice cell is being sup-
posed, a = b and H(uv) = n/N(u? + v®), wheren=n, =n,,

(4).

In the fig. 3, 4, 5 the structure polar diagram are be-
ing presented.

From the fig. 3, 4, 5 it is seen that there are existing
four primary and four secondary peaks in bond point
density and the point density is being anisotropic. The
measure of the anisotropy is defined as the coefficient
of the anisotropy S(A)

S(A)= (Pmax - F)min)/(Pmax + Pmin) (5)

Using the (5) it is possible to calculate the anisotropy
coefficient for the structure anisotropy presented in the
polar diagram on fig. 3, 4, 5.

8 = cos™' (vn /N(n%,u? + n?v?)

bond points in the Iengtr(;runit. If the closed borlud JPoint i, of fu,v]
[, 0} ’
v, v]
Ld = L Py
P (]
b . b *
b . >
Py L
4 [o, a [0, 1] a 0, 1]
1 1 1 1
a) E P—1— b) T_GS 0) 8—6 14/
ui

Fig. 1 Lattices of a) plain, b) twill and c) satin structures respectively
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a)

Fig. 3 The polar structure diagram H(uv) = H(q) for the plain woven

90°

270*

a)

©)
a) all bond points of; b) warp bond points; c) weft bond points
w0

Fig. 4 The polar structure diagram H(uv) = H(a) for the twill woven a) warp bond points; b) weft bond points

a)
Fig. 5 The polar structure diagram H(uv) = H(q) for the satin woven a) warp bond points; b) weft bond points

woven bond
plain twill satin
S(A) warp 0,56 0,89 0,79
weft 1 1 1

All bond points: 0,56.

4. Anisotropy of elastic modulus of woven
fabrics

The structure anisotropy of textiles is being implied the
anisotropy of the textile properties especially of the
mechanical ones. The most important property from the
mechanical ones is the elastic (Young) modulus show-
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ing the in general 3D anisotropy. For the mathematical
description of the anisotropy the tensors are using. The
tensor for the elastic modulus has the forth order and
in general 81 components. These are being lowered
with symmetry and 2D dimension for the orthotropic
symmetry to the three components [3],[4]. Thus such an
elasticity tensor E; can be expressed in the matrix form
as

E11 E12

E, Ep » Eyp = B (6)

b

From (6) it is seen that for the orthotropy planar tex-
tile fabrics it is necessary to know only three tensor
components. For the construction of the polar diagram,
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90° |

Fig. 6 Polar diagram of elastic modulus a) plai

the dependence of the elastic modulus E on the polar
angle 0, E(q), it is necessary to transform the tensor
expression (6) to the more advantageous form with the
following result [5,6]:

1/E(8) = (cos*0/E,) + (sin“0/E,) +
+ (E4 + 1/4E, — 1/4E)sin®20  (7)

From the relation (7) it is seen that for the construc-
tion of the whole polar diagram there are necessary to
know the three value of the elastic modulus E, is the
modulus in warp direction E,, , is the modulus in the weft
direction and E,s is the modulus in the 45 degree direc-
tion in polar diagram. The three experimental obtained
modulus values are sufficient to calculate after (7) val-
ues of elastic modulus in all directions in the polar dia-
gram. This will be made for the plain bond in the fig. 6
a), for the twill bond in the fig. 6 b) and for the satin bond
in the fig. 6 ¢).

From these figures it is being observed that only maxi-
mal values in the axis direction have been shown and
the secondary peaks appearing in the structure anisot-
ropy have been lost. Considering this fact it is possible
to introduce the new guantity, the orthotropy coefficient
S(O) through the following definition

S(O) = (E[10] - E[01])/(E[10] +E[01])  (8)

where E[10] is denoting the elastic modulus in the direc-
tion of warp [10] and E[01] in weft [01] threads.
The values of the S(O) can achieve the values from

a) b)
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180°

' 270°

225°

180°

b) c)
n structure; b) twill structure; c¢) satin structure

the interval <0,1>, The value 1 is reserved for the
square orthotropy and the value 1 for the linear
orthotropy, when the textile fabrics are created only
trough the parallel threads. The S(O) values for the
three types of the woven fabrics are being calculated
and are as follows : for plain structure 0,04, for twill
structure 0,14 and for satin woven fabrics 0,33.

5. Anisotropy of the drape of woven fabrics

The drape is defined as the deformation of the textile
fabrics made through the gravitational force. Therefore
for the drape measurements the different set up and
technique can be used. In the first technique (1950) the
circle textile sample of the known radius R is being
coaxially situated on the solid circle base of the radius
r. The action of the gravitational force is deforming the
textile circle. The projection of the deformed textile fab-
rics trough the parallel light beam in the symmetry axis
direction of the set up is leading the creation on the bed
area A. The drape coefficient S(S) is defined as

S(S) = (A = 1r¥)/(xR? - 1) 9)

Now the area measurement is being made used the
video camera and Lucia program for the evaluating of
the S(8). This method has been carried out for the
drape measurements in [5],[6]. The measurements of
the drape of the three woven structure are presented
on the fig. 7.

P o

Fig. 7 The projection area in drape measurement of the a) plain structure; b) twill structure; c) satin structure.
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Fig. 8 The set up of the drapemeter after Sodomka [7], [8]

On the border of this projected area the so called
waves are being observed. This is the expression of the
drape anisotropy. Also their number is its characteris-
tic. In the fig. 7 b) and 7 c), the 8 wave number is being
shown; on the fig. 7 a) only 7 waves are being observed.
Number 8 can be probably cohered with the structure
anisotropy.

By the first author one fast and simple method of
drape measuring (drapemeter) has been proposed. Its
principle is being explained using the fig. 8. The textile
fabric band of the length L (200mm) and the breath B
(50mm) is putting between two planar wall and letting
to create the waves. The textile fabric is in the contact
with the walls at the heights Ly, L, , L3, ... L, ... L,. The
drape coefficient is defined as LjL orfand S (L/nL) where
nis the number of the waves. The theory of this defor-
mation type is in the beginning.

Another drapemeter is being based on the measuring

of the sag of the textile fabric bend. The drape anisot-

ropy is measured in dependence of the band axis direc-
tion in the textile fabrics. The anisotropy measurements
of the drape for the all three bond types throgh the textle
bending are being presented on the fig. 9. These two
last types of the dynamometers are in the development.
The some details

6. Review, conclusions and futher developtment

In the paper the connection between structure and
anisotropy of the mechanical properties of woven tex-
tiles has been studied. For the structure description the
crystallographic analogy between the 2D crystal lattice
and 2D woven textile has been borrowed. The lattice
points in woven textiles are the bonding points. On
these suppositions the structure anisotropy of the three
types of woven textiles have been designed on the fig.
3, 4, 5. These can be compared with the measured

Fig. 9 Anisotropy of the drapeability measured through the textile bending of the sample preparation and measurements can the
reader find in [9] and [10].
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anisotropy of the Young modulus of woven textiles on
fig. 6. From this comparison it is evident, that only
orthotropy symmetry is being conserved. The subsid-
iary bonding point directions on the mechanical polar
diagrams have not been observed.

In the paper it is being also shown that all mechani-
cal properties have been shown anisotropy. The
drapeability of woven textiles measured with classical
method cannot be directly measured. For these pur-
poses the two new methods have been proposed and
applied.

The connection between structure and mechanical
properties of woven textiles is not being easy to solve
and this paper can be understood as the firs step , be-
cause only the geometry of the bonding points has been
considered and the forces between then can be ne-
glected.

This publication is being granted from the GACR under the grant
number 106/01/0387.

Vidkna a textil 9 (4) 142-148 (2002)

References

[1] Sodomka, L., et al.: Struktura tkanin a jeji vztah k anizotropii
modulu pruznosti a splyvavosti. Strutex 2001 TU Liberec CR
p. 147

[2] Sodomka, L., et al.: Anizotropie souginitele tfeni zékladnich
vazeb bavinénych tkanin. Strutex 2001 TU Liberec p. 141

[3] Lonsdale, K.: International tabled for X-ray crystallography.
Kynoch Press Birmingham England 1952, p. 50-60

[4] Kelly, A., Groves, G. W.: Crystallography and crystal defects.
Longman, London 1970, p. 20-30

[5] Agarval , B. D., Broutman, L. J.: Analysis and performance
of fiber composites. Wiley New York 1980, p. 124

[6] Sodomka, L.: in Teorie netkanych textilii. Cviceni. VSST
Liberec 198 p. 112

[7] Sodomka, L., Klis,Z.: Poznédmky k nékterym charakteristikam
textilii. Strutex 1999 TU Liberec p.269

[8] Richterova, A.: Anizotropie mechanickych viastnosti tkanin.
Diplomova prace FTTU Liberec 1996, p. 84

[9] Stard, K.: Diplomova préce FTTU Liberec, 2001, p 36-45

[10}] Sodomka, L., Stara, K., Vargova, H.: Struktura tkanin a jeji
vztah k anizotropii modulu pruznosti a splyvavosti. Strutex
2001 TU Liberec p. 147

Recieved: March 2002

147



SOUVISLOST STRUKTURY S ANIZOTRQPIi
MECHANICKYCH VLASTNOSTI TKANIN

Transtation of article:
Connection between structure, symmetry and anisotropy of mechanical proper-
ties of woven fabrics

V &lanku je pojednano o vztahu struktury, soumérnosti a anizotropie mechanickych vlastnosti
zviadté modulu v tahu, tfeni a splyvavosti bavinenych tkanin tfi zakladnich vazeb : platnové, kep-
rové a atlasové. Anozotropie struktury tkanin je kvantifikovdna soustavou vazbovych bodl, které
tvofi dvojrozmérnou mfizku. Z ni je tak vytvofen soumérny utvar pro vazné body osnovni a Utko-
vé. Ty vytvafeji polarni diagramy ve tvaru rdzice s vyraznymi osmi maximy se &tyféetnou osou
soumérnosti, se stejnou osou soumérnosti jakou maji polarni diagramy modulll v tahu. V§echny
zavedené charakteristiky uvazovanych textilii vykazuji anizotropii.

Klicova slova: Struktura, soumérnost a anizotropie tkanin, elasticky modul v tahu, splyvavost.

Uvod

Je snahou, jak teorie tak experimentu, vytvofit struk-
turu textilii z jejich zakladnich prvkd, jako jsou viakna
a vytvareni ploSnych textilii z linedarnich zadanych vlast-
nosti. Orientace a rozloZeni vidken a jejich orientace vy-
tvareji v tkaninach statickou periodickou stavbu tkanin,
jejich geometrickou strukturu. Vazboveé sily, které drzi
vlakna pohromade vytvareji pak jejich fyzikalni struktu-
ru. Je snahou jak experimentu, tak i teorie odvodit ze
struktury vlastnosti textilii pro jejich technologii vyroby.
Z vychozi geometricke a fyzikalni struktury tkanin vyply-
vaji jako dlsledek vSechny vlastnosti textilii, jako jsou
pruznost, pevnost, soucinitel tfeni a splyvavost. Je proto
snahou textilniho vyzkumu objevovat vztahy mezi struk-
turou a viastnostmi. VSechny tyto vlastnosti sdruzuje
anizotropie textilii. Pfedmetem ¢lanku je hledat tyto sou-
vislosti.

Strukturni anizotropie
Jako pfedmét vyzkumu byly vybrany bavinené tkani-
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ny zékladnich vazeb: platnové, keprové a atlasové. Je-
jich zakladni textilni charakteristiky jsou shrnuty v tabul-
ce a jejich strukturni zobrazeni je na obr. 1. Textilie jsou
chapany jako dvojrozmerné periodické struktury, které
tvofi pét elementarnich dvojrozmérnych bunék uvede-
nych na obr. 2. Jako strukturni charakteristika byla zvo-
lena hustota vazbovych bodu H(uv), definovana vzta-
hem (2). Jejim uzitim byly zkonstruovany polarni
strukturni diagramy pro zakladni vazby platnovou, kep-
rovou a atlasovou. Polarni diagramy téchto struktur
H(uv) = H(&) maji ¢tyi¢etnou nebo dvojcetnou osu sou-
mérnosti a jsou uvedeny pro licarub naobr. 3,4 a 5.
Jim pfislusné polarni diagramy moduld v tahu jsou na
obr. 6. Anizotropii jevila také splyvavost vech tfi typd
tkanin, jak ji znazornuje obr. 7. Prace ukazala na sou-
vislost struktury a vlastnosti tfi typu tkanin, platnové,
keprove a atlasove. V ¢lanku je rozliSena celkova (vSes-
mérova) a jednosmérova splyvavost a uvedena jedno-
ducha metoda k hodnoceni jednosmérové splyvavosti
spolu s jednoduchym méficim pfistrojem jednosméro-
vé splyvavosti.
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OBJECTIVE EVALUATION OF THERMAL EFFICIENCY OF
PROTECTIVE GARMENTS CONTAINING PCM PARTICLES

Lubo$ Hes, L., Balcafikova, V.

Technical Univerzity of Liberec, e-mail: luboshes @ hotmail.com

"This paper brings concise explanation of the function of fabrics and clothes which provide
increased thermal protection (insulation) on principle of dynamic thermal resistance given by
accumulation of heat in PCM particles integrated into protective textile layer. Besides description
of structure of the fabrics, a simplified thermo-mechanical model of their thermo-protective func-

tion is given.

In the second part of the paper, new method of thermal efficiency evaluation of the protection
layers in time course time is described. This method is based on “time of at least twofold thermal
protection” and an original device for application of this easy method is introduced. In the end,
first findings found by the new method which emphasize necessity of relatively high amount of
the PCM elements for sufficiently good protection effect are given.

1. Introduction

Several companies in the world offer sport clothes
with higher thermal capacity, which provide temporary
protection against overheating whether caused by stay
in hot surroundings or by higher production of metabolic
heat during high sport or work strain. Protective func-
tion of those products is based on heat absorption dur-
ing phase change in so called “phase change materi-
als” (PCM) which are put inside protection layer of the
special clothes.

Due to intensive marketing, these clothes are known
to public and they found their customers. However, pro-
ducers of the fabrics are not able to characterize the
effect of the proclaimed heat protection in simple man-
ner. There is growing suspicion among textile special-
ists that the protection is not necessarily proportional to
high price of these “performance” fabrics and garments.

Objective of this paper is a simplified analysis of
thermoprotective mechanism of fabrics containing PCM
elements and a proposal of new method and related
devices which allow easy evaluation of thermal effi-
ciency of the thermoprotective clothes of the “outlast”

type.

2. Dynamics of fabric heating

While dressing especially of underwear with tempera-
ture different from body temperature we feel effect of
heat accumulation in the clothes, which is given by area
related thermal capacity of clothing C [J/m?] calculated
as a product of specific heat ¢ [J/kg] and surface den-
sity of the fabric M [kg/m?. Thermal conductivity of tex-
tile material takes share on the overall thermal-contact
perception of the fabric. Well known Prof. Kawabata first
pointed out the importance of dynamics of thermal-con-
tact perception as a part of feel or hand [1]. Resulting
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parameter called thermal absorbtivity b [Ws"?/m?K] in-
troduced by Hes in [2] can be determined with commer-
cial apparatus ALAMBETA described in [3].

Thermal capacity of clothes has to defend the body
from sudden temperature changes in the environment,
for example when leaving air-conditioned space and
entering to tropical atmosphere.

In fact, this balancing effect is weak and short. Wool
clothes provide much higher “buffer” effect due to va-
porization heat of absorbed water, but only in case if
high temperature of surrounding air comes with low
humidity. Yet this is not a usual case. That is why fab-
rics based on heat accumulation by means of phase
change appeared on the market.

This principle was first used in civil engineering - un-
der roofs of “intelligent” houses there were put closed
containers with PCM materials. The heat accumulated
during hot days warmed the whole house during cold
nights. Dr Barbara Pause published this principle first
— see in [4] after the suitable way of application of these
materials in fabrics was solved. The mostly used
materals — alkens — are products of organic chemistry
and their melting temperature lies usually between 15
and 40 °C. As an example eicosan can be used, with
melting temperature 36,1 °C.

3. A theory of using of phase change materials
in thermo-protective garments

These wax-like materials are enclosed in small cap-
sules of diameter 5 to 15 micrometers and can be in-
put and fixed inside any textile structure (e.g. in non-
woven fabric) or on the surface of textile fabric by
means of a resin. Recently, the PCM elements were
successfully built inside acrylic fibres. These PCM ele-
ments are characterized by relatively high phase
change heat L [cca 250 J/kg] which is taken off the fab-
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ric during its heating-up in consequence of higher ex-
terior temperature tz, or when cooling it down from
melted state. In both cases in the course of phase
change tpc [sec], PCM elements keep respective textile
layer with thermal resistance Ry at the phase change
temperature toc for time of fractions to multiples of min-
utes.

If the user of the protection clothes is exposed to high
exterior temperature tg, then protective ciothes consist-
ing of two textile layers with inner and exterior thermal
resistance Rpror @ R, and PCM layer which is laid be-
tween the textile layers, should guarantee that the skin
temperature t, of the wearer does not exceed at least
for certain time the temperature limit level which brings
thermal comfort feeling. With certain simplification and
for Rpror >> R the above mentioned mechanisms can
be quantified in the following way:

Heat flow g, [W/m?] to the skin (ts » 33°C) without pro-
tection:

Qo = (te — ts)/(Re + Rec*+ Rppror) (1)

Heat flow q, [W/m?] to the skin with protection (tpc ~
35-38 °C):

dr = (trc — ts)/(0,5Rpc + Rpgor) @)

If PCM protection appears, then gp << q,
Heat flow to PCM layer during the time of protection

toch:
Gpem = (te — tec) /(0,5Rpc + Rg) 3)

Total heat L [J/m?] necessary for complete melting of
PCM layer:

L = gpcum-tec (4)

Time of thermal protection provided e. g. by protec-
tion glove determined under precondition (in the prac-
tice only hardly feasible) that temperature of PCM layer
is for certain time in the whole PCM layer constant:

tec = L/Qpcm = L.Re/(te — tec) )

From this simplified analysis follows that level of pro-
tective function of PCM is strongly affected by the level

—

[y
Tk

P

Fig. 1 Scheme of the PC Tester instrument for evaluation of
efficiency of thermal protective fabrics
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of phase change temperature and the level of thermal
resistance, and that the most important factor is mass
of PCM elements inserted into active layer of clothes.
If their weight portion is low (lower than 30%), the out-
side penetrates through the PCM layer to inside layers
which are in contact with skin and the second part of the
equation is invalid. To get really effective PCM heat pro-
tection, we have to use thick textile layers, which are
less flexible and consequently less comfortable.

4. New method for evaluation of thermal
efficiency of PCM protection

New instrument called PC Tester is based on com-
mercial equipment ALAMBETA for the measurent of
thermal-contact and thermal-isolation characteristic of
flat textiles. The scheme of this equipment is shown on
Fig. 1.

The instrument consists of two blocks — boxes with
different temperatures. The temperature of the first one,
so called SKINBOX, is kept on skin temperature t,, by
means of classical circulation thermostat 2. The second
one is HOTBOX 3; itis heated or cooled electrically. The
temperature in this case is kept by digital regulator or
computer 4 on different level tz . Tested fabric 5 contain-
ing PCM elements is located between sensing areas of
both boxes, and in the course of the testing proccess it
is surrounded by two flat textiles 6 and 7 which simu-
late both effect of thermal resistance of underwear with
respective air gaps Rpror and effect of total thermal re-
sistance Rg between PCM layer and the environment
with temperature te.

When evaluating effect of PCM layers it is necessary
to prepare the PCM layer with thermal resistance Rpq
as well as the simulation layer with the same thermal
resistance Rgyy, but without PCM elements.

Evaluation of the efficiency is started by allocation of
layers 4, 5 (SIM) and 6 between sensing surfaces of
both boxes and their bringing into mutual thermal con-
tact. The computer begins to register level of heat flow
q[W/m? passing through sensing surface of the
SKINBOX. As it is evident from fig. No 2., the heat flow
reaches its maximum Qa0 in short time t, not exceed-
ing several seconds, because effective surface thermal
capacity of fabrics, given by product of specific heat ¢
[J/kg] and surface density of fabric [kg/m?] is very low.
The final value of thermal resistance is then given by the
relation (1).

In next step the textile fabric 5(SIM) replaces protec-
tive layer 5(PCM) in the measured assmbly and mea-
surement is repeated. In this case the increase of the
level of heat flow is slower, because of the effect of heat
accumulation needed to accomplishing of the phase
change. In theory, the above mentioned accumulation
of heat should be constant for some time and conse-
guently, the heat flow should not change in the mean-
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ing of the relation (3). Time of protection should be char-
acterized by the time of protection according to the re-
fation (5). In reality, there is no “plateau” with constant
value q at the registration of the heat flow going though
the system with PCM layers, because PCM layer is not
continuous in usual application in textiles. A non re-
duced heat flow penetrates between fibres from outside
layer, and as a result of it the curve of heat flow is
smooth and continuous and reminds again an exponen-
tial one. How can we then simply evaluate time of pro-
tection?

In physics, the exponential curves characterize a lot
of natural processes, as e.g. radioactive isotope decay.
For simple expression of the radiation intensity drop, the
radioactive half time was introduced, which is given by
time necessary for drop of radiate level intensity to half.
This parameter is useful, because it is clear for under-
standing. Similarly, analogy of this parameter will be
used for evaluation of the thermal protective efficiency
of fabrics containing PCM elements.

As the time of protection t¢c will be appointed the time
in which heat flow will be lower or equal to one half of
the maximum rate of heat flow g, achieved when
measuring the fabric simulating the protective layer, but
without PCM elements.

Because thermal resistance R of fabrics is given by
the known relation

R=(t - tas)/Q (6)

then the time of protection means in reality also the time
for what effective thermal resistance of protective fab-
ricis at least twofold in comparison with the same layer
without PCM elements.

5. Experimental results

First prototype of the equipment was made in coop-
eration with Prof. R. Gomes at the University of Minho.
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Fig. 2 Time course of heat flow passing through the simulated skin
during the evaluation of thermal efficiency of the PCM fabrics
in the PC Tester
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The results were published at a conference in Portugal
in 2001, but there was no detailed description of the
device and method given [5]. During the preliminary
tests the PCM layer (melting point 28 °C) was sur-
rounded by textiles with the same thermal resistance R
(about 0,1m?K/W) and the quantity of PCM elements
was raised from 0 to 50% of the sample weight. Time
necessary to reach the 50% level of q.,, . with raising
proportion of PCM was increasing almost linearly to 620
sec, which in some extend proves the validity of rela-
tion (5).

Another prototype of the device PCM tester was build
recently in the Textile Research Institute in Taipei, Taiwan,
and the method was once more verified, by providing simi-
lar results. A priority of the described method of evalua-
tion of thermal efficiency of PCM fabrics is covered by a
patent application since 2001. The theoretical analysis of
heat transfer in protective textile was completed at the
Technical University of Liberec in 2002.

6. Conclusion

Function of thermo-protective fabrics containing PCM
elements was analysed theoretically in this work and a
new method for evaluation of thermo-protective function
of these fabrics was proposed. This method provides
the simulation of real boundary conditions at wearing of
these fabrics and enables to characterize thermal effi-
ciency of the PCM fabrics by the only parameter which
is the time of at least twofold rise in thermal resistance.
Preliminary tests carried out on the first prototype of the
related instrument showed, that in order to reach the
meaningful time of thermal protection, it is necessary to
apply relatively high amount of PCM elements, when
severe boundary conditions (in practice frequently
occuring) of wearing of the protective clothes are set
on the device.
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OBJEKTIVNi HODNOCENi UCINNOSTI TEPELNE
OCHRANNYCH TEXTILIi OBSAHUJICi PCM CASTICE

Translation of article:
Objective evaluation of thermal efficiency of protective garments containing PMC
particles

V praci je struéné vysvétlena funkce textilii a odévu poskytujici zvy$enou tepelnou ochranu
(izolaci) na principu dynamického tepelného odporu vytvofeného akumulaci tepla v tzv. PCM
¢asticich, které jsou integrovany do ochranné textilni vrstvy. Kromé popisu struktury téchto textilii
je téz uveden zjednoduSeny termomechanicky model jejich tepelné-ochranné funkce.

Ve druhé casti pfispévku je popsana nova metoda hodnoceni tepelné udinnosti téchto ochrannych
vrstev pomoci tzv. doby nejméné dvojnésobné tepelné ochrany a je uveden i plvodni pfistroj pro
aplikaci této jednoduché metody. V zavéru jsou zminény i prvni vysledky ziskané novou metodou,
které zdlraznuji nezbytnost aplikace relativné vysokého mnozstvi PCM ¢astic, aby ochranny

efekt byl dostate¢né vyrazny.

1. Uvod

Nékolik firem na svété v posledni dobé nabizi sportov-
ni odévy se zvy3enou tepeinou kapacitou, které posky-
tuji docasnou tepelnou ochranu proti pfehrati, at jiz zpd-
sobeného pobytem v horkém prostredi, nebo zvySenou
produkci metabolického tepla pfi vysoké sportovni nebo
pracovni zatéZi. Tyto odévy se diky intensivnimu marke-
tingu staly zname vefejnosti a nasly své zakazniky.
Nicméné, vyrobci téchto odévli nejsou schopni jednodu-
chym zpUsobem charakterizovat Gi¢innost proklamované
tepelné ochrany. Mezi textilnimi odborniky proto kli¢i
podezieni, Ze tato ochrana nemusi byt vzdy umérna
vysoké cené téchto“performance” textilii a z nich zhoto-
venych odévd, zaloZzenych na pohlcovani tepla pfi fazové
zméné tzv. ,phase change* materiall (PCM) uloZenych
uvnitf ochranné vrstvy téchto specialnich odéva.

Cilem tohoto pfispévku je zjednoduSena analyza
tepelné ochranného mechanismu textilii obsahujicich
PCM ¢astice, a ndvrh noveé metody a souvisejiciho zafi-
zeni, které by umoznily jednoduché hodnoceni tepelné
Gcinnosti tepelné ochrannych odévl typu ,outlast’.

2. Dynamika ohievu textilii

Pfi oblékani odévu, zejména pak spodniho pradla o
teploté odlidné od teploty pokozky vnimame vliv akumu-
lace tepla v odévu, dany ploSnou tepelnou kapacitou
odévu C [J/m?] danou souginem mérného tepla ¢ [J/kg]
a plodné hmotnosti textilie M [kg/m?. Na celkovém
tepelné-kontaktnim viemu se pak podili i tepelna vodi-
vost textilie. Na dllleZitost dynamiky tepeiné-kontaktniho
viemu coby soucasti omaku jako prvni upozornil znamy
Prof. Kawabata [1]. Vysledny parametr zvany tepelna
jimavost b [Ws'?/m?K] zavedeny Hesem v [2] Ize pak
méfit pomoci komeréniho pfistroje ALAMBETA popsa-
ného napf. v [3]. Tepelna kapacita odévu pak by nas do
jisté miry méla chranit pfed nahlymi zménami teploty
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okoli, napf. kdyz opoustime klimatizovany prostor a
vstupujeme do tropického prostredi.

Ve skutec€nosti je vSak tento kompenzaéni efekt slaby
a kratkodoby. Daleko vy33i tzv. buffer” efekty poskytuiji
diky vyparnému teplu sorbované vody vinéné odévy,
avsak jen tehdy, je-li vnéjsi vysoka teplota okolniho
vzduchu doprovazena jeho nizkou vihkosti. Toto v§ak
neni bézny pfipad. Proto se na trhu objevily textilie
zaloZeneé na akumulaci tepla pomoci fazové zmény.
Tento princip byl nejdfive pouzivan ve stavebnictvi —
pod stfechami ,inteligentnich“ domd byly umistény
rozlehlé uzaviené nadoby obsahujici PCM materidly.
Teplo akumulované béhem horkého dne pak ohfivalo
cely dim béhen chladné noci. Jako prvni publikovala
tento princip Dr. Barbara Pause - viz [4] poté, co bylo
vyfe$ena vhodna forma aplikace t€chto materialli v tex-
tiliich. NejCastéji pouzivané materidly — alkeny jsou
produkty organické chemie, a jegjich tavna teplota bézné
lezi mezi 15 az 40 °C. Jako priklad uvedme eicosan,
s teplotou fazové zmény 36,1 °C.

3. Teorie pouziti fazové zmény materialu
v tepelné ochrannych odévech

Tyto vosku podobajici se materialy jsou zapouzdreny
v malych kapslich o priméru 5-15 mikrometr( a tyto
mohou byt uloZeny a zafixovany uvnitf jakékoli textilni
struktury (napf. v netkané textilii) nebo povrchu latky
textilie pomoci pryskyfice. V posledni dobé se podafrilo
zabudovat PCM ¢&astice pfimo do hmoty akrylatovych
vlaken. Tyto PCM jsou charakterizovany relativné vyso-
kou fazovou zmeénu tepla L [asi 250 J/kg] odebiranou
z textilie pfi jejim ohfevu v dusledku vys$si teploty okoli
tg, nebo kdyz dochazi k chladnuti z roztaveného stavu.
V obou pfipadech, b&hem &asu fazové zmény tp [sec],
PCM &astice udrzuji pfislusnou textilni vrstvu s tepelnym
odporem Rpc nNa teploté fazové zmény tec po dobu
zlomkd aZ nasobkd minut.
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Je-li napf. nositel ochranného odévu vystaven vysoke
teploté okoli tg, pak ochranny odév, sestavajici ze dvou
textilnich vrstev o vnitfnim a vnéjSim tepelném odporu
Re a Rg, a z PCM vrstvy, umisténé mezi témito vrstva-
mi, ma zajistit, aby teplota pokozky nositele tg tohoto
odévu alespon po néjakou dobu nepfestoupila mezni
Uroven, ktera poskytuje pocit tepelného komfortu. Po
jistém zjednoduseni a pro Ry >> R Ize vySe popsané
mechanismy kvantifikovat nasledovné:

Tok tepla q, [W/m?] do pokozky (ts ~ 33 °C) bez
ochrany:

0o = (te — ts)/(Re + Rpct+ Roch) (1)
tok tepla gp do pokozky s ochranou (tp¢ ~ 35-38 °C):

ge = (tec — t5)/(0,5Rpc +Roch) ()

Jestlize se PCM ochrana projevuje, pak gp << g, tok
tepla gpc do PCM vrstvy béhem doby ochrany tocy:

Geem = (te = tec)/(0,5Rpc +REg) (3)

celkové teplo L [J/m?] nutné pro Upiné roztaveni PCM
vrstvy:

L = Qecm-tec (4)

Cas tepelné ochrany poskytnuty ochrannou rukavici
stanoveny za (v praxi obtizné realizovatelného) pfedpo-
kladu, ze teplota PCM vrstvy je skute¢né po jistou dobu
v celé PCM vrstvé konstatni:

tec = L/Gpcm = L.Re/(te — tec) ()

Jak vyplyva z této jednoduché analyzy, uroven
ochranné funkce PCM je silné ovlivnéna zvolenymi
teplotami fazové zmény a hladinou tepelného odporu,
vloZzenych do aktivni vrstvy odévu. Jestlize je jejich
hmotnost nizka (niz8i nez 30 %), teplo pfivadéné zvenci
pronika skrz PCM vrstvu do vnitfnich vrstev dotykajicich
se pokozky, a druha rovnice této analyzy je neplatna.
Nasledné, pfi pozadavcich na ucinnou tepelnou
ochranu pomoci PCM ¢astic je nutno pouzivat tlusté
textilni vrstvy, ktere jsou mené flexibilni, tudiz také mené
komfortni.

4. Nova metoda pro hodnoceni tepelné
uc¢innosti PCM ochrany

Novy pristroj PC Tester je do jisté miry zalozen na
komerénim pfistroji ALAMBETA pro méfeni tepelne-
kontaktnich a tepelné-izolagnich vlastnosti plosnych
textilii. Schema pfistroje je uvedeno na obr. 1.

Prfistroj sestava ze dvou teplotné se odliSujicich
blokll — box(, z nichz prvni tzv. SKINBOX, posice 1, je
pomoci kiasického obéhového termostatu 2 udrzovan
na kozni teploté tgc. Druhy tzv. HOTBOX 3 je vytapén
resp. chlazen elektricky. Teplota je udrzovana digitélnim
regulatorem, resp. pocitaem 4 na odlidné teploté t:.
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Zkous$ena textilie 5 obsahujici PCM &astice se pak pii
méFeni nachazi mezi snimacimi plochami obou box,
avsak pfi testovani je obklopena dvéma ploSnymi texti-
liemi 6 a 7, které simuluji jak vliv tepelného odporu
spodniho pradla a souvisejicich vzduchovych mezer
Roch, tak celkového tepelného odporu Rg mezi PCM
vrstvou a vnéjsim prostfedim o teploté tg.

PFi méfeni ucginnosti PCM vrstev je zapotfebi mit
k dispozici jak vlastni PCM vrstvu o tepelném odporu
Rec, tak tzv. simulacni vrstvu 5(SIM) se stejnym tepel-
nym odporem Rgy, aviak bez PCM ¢&éstic.

Hodnoceni G¢innosti pak za¢ina umisténim vrstev 4,
5(SIM) a 6 mezi snimacimi plochami obou box( a jejich
uvedenim do vzajemného tepelného kontaktu. Poditac
pak zadne registrovat Urovef tepelného toku q [W/m?]
prochazejiciho mérici plochou SKINBOXU. Jak je patrno
z obr. 2, tepelny tok dosdhne svého maxima quayxo
béhem kratké doby t, nepfevysujici nékolik sekund,
protoZe efektivni plodna tepelna kapacita textilii dana
soucinem meérného tepla ¢ [J/kg] a plodné hmotnosti
textilie [kg/m?] je velmi nizka. Kone&na hodnota
tepelného odporu je pak dana vztahem [1].

V dal$im kroku se textilie 5(SIM) v proméfovaném
souboru nahradi ochrannou vrstvou 5(PCM) a mefeni
se zopakuje. V tomto pfipadé vSak uroven tepelného
toku vzrlsta pomaleji, nebot se projevuje akumulace
tepla potfebna k dosazeni fazové zmény. Teoreticky by
zminéna akumulace tepla méla byt po jistou dobu
konstantni, a nasledné i tepelny tok by se ve smyslu
rovnice (38) nemél ménit. Doba ochrany by pak byla
jednoznacné charakterizovana ¢asem ochrany dle
vztahu (5). Ve skutecnosti vSak pfi registraci tepelného
toku prochazejiciho systémem s PCM vrstvou prakticke
zadné ,plato” s konstantni hodnotou g nevznika, a to
proto, Zze PCM vrstva pfi béZzné aplikaci v textiliich neni
souvisla. Mezi vliakny pronika neomezovany tepelny tok
z vnéjsi vrstvy, dusledkem &ehoz je krivka tepelného
toku hladka a spojita a pfipomina opét exponencidlu.
Jak tedy jednoduSe hodnotit dobu ochrany?

Ve fyzice charakterizuji exponencialni kfivky mnoho
pfirodnich déjd, jakym je i napf. rozpad radioaktivnich
izotopl. Pro jednoduché vyjadfeni poklesu urovné
intenzity zareni byl zaveden tzv. poloCas rozpadu, dany
dobou potfebnou k poklesu intenzity radioaktivniho
zareni na polovinu. Tento parametr se vzil, protoze je
snadno pochopitelny. Proto bude analogie tohoto
parametru pouzita i k hodnoceni GCinnosti tepelné
ochrannych textilii obsahujicich PCM ¢astice.

Pribéh tepelného toku simulovanou pokozkou pfi
ovéfovani ucinnosti tepelné-ochrannych textilii v pfistroji
PC Tester je na obr. 2.

Jako doba ochrany tpc bude stanovena doba, po
kterou tepelny tok gpcy bude niz8i nebo roven polovine
maximalni hodnoty tepelného toku ¢,y dosazené pfi
proméfovani textilie simulujici ochrannou vrstvu, aviak
bez PCM ¢astic. Protoze tepelny odpor R textilii je dan
znamym vztahem
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R = (te - tsk)/q (6)

znamena doba ochrany ve skute¢nosti také dobu, po
kterou je efektivni tepelny odpor ochranné textilie nej-
méné dvojnasobny ve srovnani s stejnou vrstvou bez
PCM ¢&astic.

5. Experimentalni vysledky

Prvni prototyp pfistroje byl realizovan na MINHO
université v Portugalsku, a to ve spolupraci s Prof. R.
Gomesem. Vysledky byly publikovany na konferenci
v Portugalsku v r. 2001, avSak bez podrobného popisu
pFistroje a metody [5]. PFi prvnich prfedbéznych testech
byla PCM vrstva o tavné teploté 28°C obklopena texti-
liemi o shodnych tepelnych odporech R (pfiblizné) =
0,1m?K/W, pfiéemz mnozstvi PCM &astic se z nulového
podilu postupné zvySovalo az na 50% hmotnosti PCM
vzorku. Doba nabéhu na 50% Q. S€ zvySujicim se
podilem PCM zhruba linearné rostla az na 620 s, coz
potvrzuje platnost vztahu (5).

Podobnych vysledkt bylo dosazeno ve Vyzkumném
ustavu textilnim v Taipei na Tajvanu, kde byl sestaven
druhy prototyp PCM testeru a kde nova metoda byla
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podruhé ovéfena. Popsana metoda méreni a hodnoceni
tepelné ucinnosti PCM byla v roce 2001 navrzena
k patentovani. Teoretickd analyza pfenosu tepla
v ochranné textilii byla dokon&ena na Technické univer-
sité v Liberci v r. 2002.

6. Zavér

V praci byla teoreticky analyzovana funkce tepelné
ochrannych textilii obsahujicich PCM ¢astice, a byla
navrzena i nova metoda méreni a hodnoceni tepelné-
ochranné funkce téchto textilii. Nova metoda umoznuje
simulovat realné okrajové podminky pfi noSeni téchto
textilii a charakterizovat ucinnost téchto textilii pomoci
jediného parametru, kterym je doba zvyseni efektivniho °
tepelného odporu na nejméné dvojnasobek. Na prvnim
prototypu pfistroje bylo ovéfeno, ze k dosazeni doby
vyznamneé doby ochrany je zapotfebi aplikovat relativné
vysoka mnozstvi PCM ¢astic, pokud na pfistroji
nastavime nepfiznivé (av8ak v praxi se vyskytujici)
okrajové podminky jejich noSeni.

Podékovani: Tato publikace ¢dstecné vznikla za podpory grantu
MSMT & LN00B09O.
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THE PLASMA SURFACE ACTIVATION OF ARAMIDE
REINFORCEMENT MATERIALS FOR RUBBER INDUSTRY
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Rubber Research Institute of Matador, a.s., Puchov, Slovakia
peter.janypka @ matador. sk

The adhesion properties of reinforcement materials for rubber industry treated in nitrogen plasma
was measured. The plasma was generated by a pulsed electric voltage on the yarn surface. The
adhesion between rubber blends and aramide tire cord was evaluated and compare with stand-
ard chemical treatment (RFL coated) materials. The experimental measurements were done on
the standard tyre cords materials with static and dynamic adhesion test methods.

1. INTRODUCTION

The textile reinforcing materials for the rubber indus-
try like rayon and nylon possess polar surface resulting
in strong physical or even chemical bonding to resorci-
nol-formaldehyde resin. The RF component promotes
adhesion to the textile fabric via polar covalent interac-
tions, while the dried latex rubber (L) covulcanizes with
the rubber matrix ensuring adhesion to that material [1].
The optimization of treating process was published by
many authors, because the treatment of advanced paly-
ester tyre cord, which is used as conventional carcass
materials for radial passenger tyres and also for all other
rubber applications [2,3]. The influence of prolonged
periods of storage can have detrimental effect on the
adhesion characteristics of dipped cord [4] and also the
influence of temperature and time on cord stiffness is
studied in [5]. All these influences on the adhesion of
layers aramide fibres-RFL — rubber are reduced using

. Predip

Greige cord  Chemical treatment

Rubber

RF resin
Latex

Primer = predip

Aramide fiber

Fig. 1 The principle and systems of adhesion of reinforcement ma-
terials for the rubber industry — “conventional technology”
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the alternative way for surface activation of aramide tyre
cord by the low temperature nitrogen plasma at atmo-
spheric pressure.

In the rubber industry, the “conventional technology”
activation of surface textile reinforcement materials is
used most of all, in which the chemical treatment of
greige material is the last operation of dipping process.
The standard process of manufacturing textile tyre cord
fabric consists of the following steps:

Twisting

Weawing

Dipping and Hot Stretch

For the aramide and polyester tyre cord, as the wide
used materials for radial passenger tyres, the “conven-
tional technology” double dipped process is used dur-
ing the final step of the production of tyre cord fabric.
The chemical treatment consists of the predipped and
dipped process for bonding with rubber matrix (Fig. 1).

The comparison of adhesion between rubber blends
and standard aramide tyre cord chemically treated and
surface activated by atmospheric — pressure plasma is
evaluated in this paper by static and dynamic testing
methods.

2. EXPERIMENTAL

FIBRES AND RAW MATERIALS USED

The properties of commercial types of aramide cord
1100 D tex 1x 2 twist 420/460 used as reinforcing mate-
rials in car tyres were evaluated during the experiment.

The first type of aramide cord was treated by chemi-
cal surface treatment based on RFL and the second
type was without any chemical surface treatment.

The rubber compound A wase used for fabric coating
of all tested reinforcing materials contained natural rub-
ber, SBR and polybutadiene rubber.
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Tabie 1 The physical-mechanical properties of aramide tyre cord
1100 Dtex 1x2

Specification Breaking Elongation Elongation  Thickness

of aramide Strength  at Break at tension [%]  [mm]
cord [N] [%] 45 N 90N

1100Dtex x1x2 350 47 0,9 1,5 0,56

TEST METHODS

The static adhesion of the tested cords to rubber was
characterised in the standard H-pull test (ASTM D 2138-
83) by the force required to draw out the filament bundie
of a rubber block.

The adhesion between aramide cords and rubber
blend after dynamic strain was characterised by dy-
namic adhesion (Henley test method) according to STN
62 1464. The principle and conditions of stress using the
Henley Test Method:

The testing method is used to evaluate adhesion
properties of textile reinforcing materials and those of
metal reinforcing materials cured in a rubber compound
test sample of cylindrical shape. The test sample is
stressed in its central part applying dynamic pressure
and bending force in the Henley testing apparatus. The
sample is compressed between two anvil stakes in a
speed of 450 cycles per minute (Fig. 2). Consequently,
the adhesion of cord to rubber is measured in the cen-
tral {deformed) and in the edge (non-deformed) parts of
the test sample. The frequency of anvil stakes is 7.5 Hz.
The standard conditions of measuring various kinds of
cords are given in Table 2.

Table 2 Standard Conditions of Measuring for Henley Test

Kind of Tyre Cord  Time [hours] Deformation [%]
Rayon Cord 12 37,41,45
Nylon Cord 12 35,43,51
Polyester Cord 12 35,39,43
Aramide Cord 12 35,43,51

Note: Conditions apply to constant temperature of 80 °C

The changes in the .chemical structure of the fiber
surface were investigated by infrared spectroscopy
using an attenuated total reflection (ATR-IR) method.
Absorption spectra were obtained by FTIR spectroscop
MATSON with KRS-5 crystal.

The changes in the surface morphology of reinforc-
ing aramide fibres after surface activation by low tem-
perature nitrogen plasma at atmospheric pressure were
analysed by scanning electron microscopy. The
samples were sputtered with Au layer using a Sputter
Coater of Balzers-SCD 050. The surface morphology
was evaluated by scanning electron microscope Tesla
BS-300 with attached digital unit Tescan.

The total volume between fibres in the cords, even-
tually of pores on the surface of treated cords and the
distribution of size of the pores were analysed by the
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Fig. 2 The principle of Henley Test Method. 1 — Compound, 2 -Tyre
Cord, 3 — Clamps, 4 — Positioning of Deformation, 5 — Fixed
Anvil, 6 - Moved Anvil

method of the mercury porosimetry. Measurements
were performed on the apparatus Porozimetro 1500, of
Carlo Erba, Milan with attached evaluated unit CVT 960.
With the maximum used pressure of the mercury 150
Mpa, we can achieve pores of 5 nm in size.

TEST DEVICE

Our patented device was used for this surface treat-
ment [6] and the information about it was published in
more articles on reinforcing materials {[7—11]. The device
simplifies the surface treatment of reinforcing materials
to required improved adhesion levels without RFL. Ac-
tually, one from the most widely applied techniques for
the surface activation of polymers is the plasma treat-
ment in which the polymeric surface is exposed to low-
temperature plasma . The vast majority of applications
were made at reduced pressures within 10°-10 Torr
[12-15], where the plasma can easily be generated and
brought into direct contact with the fiber surface. High
power consumption, long processing times and difficulty
to scale-up of an experimental set-up to a large produc-
tion reactor are disadvantages of the techniques.

The plasma reactor (Fig. 3) consisted of two on-axis
arranged electrodes housed in a glass chamber. Nitro-
gen of a technical purity was introduced into the cham-
ber with a flow rate on the order of 1 cm® per second.
The grounded stainless-steel tubular anode (Fig. 3— 1)
was 1 mm in inner diameter. The cathode (Fig. 3 - 2)
was a 15 mm diameter hemispherically capped brass
rod with a 2 mm diameter hole in its axis. The treated
cords (Fig. 3 — 3) moved on the axis of the electrode
system with a speed from 1.5 to 60 m per minute. The
distance between electrodes was adjusted to 15 mm.
The cathode was connected with a tyratron source of
pulsed high voltage. The HV pulse rate was maintained
at 100 Hz and the peak voltage was approximately 25 kV.
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Fig. 3 The Principle of surface activation in Plasma reactor; 1 - steel
anode, 2 — brass cathode, 3 — treated cord /time/

Fig. 4 Plasma reactor

3. RESULTS

The experimental was concentrated on the following
areas:

— the influence of plasma treatment on the structural
properties of aramide tyre cord

— evaluation of adhesion between the N, plasma and
RFL treated aramide cord.

The results of the influence of the aramide cords sur-
face treatment obtained by mercury porosimetry are
summarized in Table 3.

From the comparison of the value of the volume pores
of untreated aramide cord and aramide cord treated by
RFL is evident decreasing of total volume pores from
0,538 cm¥/g to 0,229 cm®/g. After application of plasma
treatment the value of total volume of pores is
0,452 cm®/g. The volume of the pores was reduced in
the case of application of chemical treatment by RFL,
because the pores were filled with RFL resin. The re-
sults confirm that the aramide cord after chemical sur-
face treatment has reduced the volume of pores, which
are available for rubber compound penetration (the
pores of size greater than 10 mm).

The results of dynamic adhesion of aramide cords to
rubber compound measured by a method of Henley test
are shown in Tabie 4.

In the case of untreated aramide cord, adhesion was
measured also after washing of acetone which the
preadhesion surface treatment applied by the producer
of cords was removed from the surface of cords. From
results in table 4 is evident that the valued of static and
dynamic adhesion to rubber compound increased after
surface activation.

In the case of treated aramide cord by low tempera-
ture nitrogen plasma at atmospheric pressure, the 90 %
level of static adhesion and 60 % level of dynamic ad-
hesion in comparison with surface treated cord by RFL
was obtained. These changes in adhesion of aramide
are connected not only with chemical changes of the
cord surface, but also with changes of morphology of
the cord surface, which is illustrated in Fig. 5.

Table 3 The influence of surface treatment on the structural properties of aramide cords 1100 Dtex 1x2

Specification Total Total volume Volume of pores (V,q) Ratio

of aramide porosity of pores (V1), with diameter 10 um, Viol VI,
cord [%] [cm?/g] [cm?/g] [%]
Untreated cord 44,08 0,538 0,198 36,8
Untreated cord + N2 plasma 39,66 0,452 0,176 38,9
Cord treated by RFL 24,01 0,229 0,067 29,3
Hot rubberized cord treated by RFL 9,01 0,084 0,014 16,6

Table 4 The influence of surface treatment on the static and dynamic adhesion of aramide cord to rubber blend (compound A)

Specification

Method of surface treatment

Adhesion by HENLEY test

of aramide wash activation STN 62 1464
cord in acetone by plasma Static, [N] Dynamic, [N]
Untreated cord - 69 +2,5 55+ 6,0
Untreated cord - + 108 £ 8,5 86 + 22
Untreated cord + - 74 £ 71 60 + 9,3
Untreated cord + + 117 £ 4,2 83 + 3,1
Treated cord by RFL - - 126 + 4,2 135+ 6,5
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Table 5 The influence of surface treatment on the adhesion of
reinforcing materials to rubber blends

Type Method Static  Adhesion by HENLEY-test
of cord of surface adhesion (STN 62 1464)
treatment H-test, [N] Static, [N] dynamic [N]
Aramide untreated 35+1,9 69+25 55+6,0
cord N, plasma 5217 118+ 50 9374
treated
treated 102 + 3,8 130 £ 3,1 138 +8,3
by RFL

In the experifmental work, it was also interesting to
compare the level of dynamic adhesion and static ad-
hesion to rubber compound after nitrogen plasma treat-
ment or chemical treatment by RFL. The results are
summarized in table 5.

Results in table 5 demonstrated positive influence of
surface treatment by nitrogen plasma on the adhesion
of aramide cord to rubber.

4. DISCUSSION

The results presented in the paper confirmed that the
application of low temperature nitrogen plasma at atmo-
spheric pressure on the surface of aramide cords im-
proves adhesion between cord and rubber compound
in comparison with untreated cord.

The values of the volume of pores, which are avail-
able for rubber penetration (pore sizes greater than 10
um) obtained by mercury porosimetry are different for
individual surface treatments used.

The plasma surface treatment of aramide cord,
based on these obtained results, is more advanta-
geous for fabric coating in practical use than the
chemical surface treatment.

The changes in the surface of aramide cord after sur-
face treatment were evaluated by scanning electron
micrascopy. The obtained figures of chemical treated
cords demonstrate unevenness of the RFL coat created
by the treatment in comparison with the surface of
plasma treated aramide cord.

Fig. 5 The morphology of surface of the aramide cord; a — treated cord by the nitrogen plasma; b — chemical surface treatment by RFL

1568
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The values of the static and dynamic adhesion of
untreated aramide cords and the nitrogen plasma
treated cords demonstrate positive influence of plasma
surface treatment on the adhesion of aramide cord to
rubber blend. The static adhesion (by Henley test) af-
ter plasma surface treatment of aramide cords is at 90
% level of the chemical surface treatment in this time
and the static adhesion (by H-test) after plasma surface
treatment is at the 50 % level of the chemical surface
treatment in this time..

In the next measurements we want to achieve the
comparable level of adhesion with the level of adhesion
after chemical surface treatment and simultaneously to
eliminate the imperfections of the chemical surface
treatment (the pores volume reduction, which are avail-
able for penetration of rubber compound, the uneven-
ness of the RFL coat, the low value of adhesion be-
tween the cord and the RFL coating layer, etc.). It will
be also necessary to study the influence of the low tem-
perature plasma application at atmospheric pressure on
the dimensional and stiffness characteristics of aramide
tyre cords in more detail.

5. CONCLUSION

The obtained results of the surface treatment by low
temperature nitrogen plasma at atmospheric pressure
demonstrate that this method of the surface treatment
of aramide cord introduces a suitable and technologi-
cally applicable system for the improvement of adhesion
of aramide reinforcing materials to rubber.

By optimising the conditions of the plasma surface
treatment we can improve the dynamic adhesion three
times in comparison with untreated cord in the case of
aramide cord.

The hydrophilicity and basic groups density on the
surface of treated cord were improved by plasma treat-

ment and also the surface coating of plasma treated
cord by rubber compound was more uniform.
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AKTIVACIA POVRCHOV ARAMIDOVYCH VYSTUZNYCH
MATERIALOV PLAZMOU PRE GUMARENSKY PRIEMYSEL

Abstract of article:
The plasma surface activation of aramide reinforcement materials for rubber
industry

Clanok sa zaobera hodnotenim adhezivnych viastnosti aramidovych kordov povrchovo uprave-
nych dusikovou plazmou ku gumarskej zmesi pouzivanych pre gumarsky priemysel. Plazma bola
na povrch vidkna generovand striedavym elektrickym napétim. Adhézia medzi gumovou matricou
a aramidovym kordom upravenym dusikovou plazmou bola porovnavana s adhéziou medzi gumo-
vou matricou a aramidovym kordom upravenym beznou chemickou Upravou (RFL impregnaciou).
Experimentélne merania boli prevedené dynamickymi a statickymi metédami pre meranie adhézie
textilnych vystuznych materidlov ku gumarskej zmesi na §tandardnom aramidovom korde.
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DETERMINATION OF HAZARDOUS ARYLAMINES IN
TEXTILES AND TEXTILE PRODUCTS

Hustavova, M., Pollak, M.

VUTCH-CHEMITEX spol. s r. 0., Zilina, Slovak Republic
Authorized Body SKTC-119

1. Introduction

Safety of textile products and other consumer goods
is an important factor influencing possibility of increas-
ing export of the articles to EU-countries. Only manu-
facturers comparable with the most advanced ones in
EU-countries have a guaranteed success. Protection of
consumer, living and working environment plays at least
the same role as fashion in textile manufacture. Today
there are many environmental labels trying to present
health safe products to consumers. A class of so-called
~green” textiles or eco-textiles was created as well. La-
bels OKO-TEX Standard 100, TOXPROOF and eco-tex
belong undoubtely among the most important environ-
mental labels in Germany but also in Europe. The Eu-
ropean eco-label well-known as the European flower
should be mentioned in this connection as well. It will cut
down the immense number of environmental labels in
the textile sector.

2. Arylamines

New regulations are being adopted in the frame of EU
on the basis of new scientific knowledge about demon-
strable hazardous properties of certain chemical sub-
stances. Azodyes used for dyeing of textile products
and consumer goods are the most frequently discussed
and the best regulated substances. They have the ca-
pacity to release certain arylamines by reductive cleav-
age and in the course of physiological processes. The
arylamines were defined as demonstrable hazardous
substances which may pose cancer risk. Azodyes are
released from a textile surface on human skin by per-
spiration.

Findings of tests demonstrate that the aromatic
amines can be subsequently resorbed through the skin
into human body. Considerable risk of cancer exists
when contact with the human skin is repeated. Obser-
vation of the prohibition against use the dyes can be
testified simply by a declaration, however analytical
verification is necessary as well to inspect compliance
with the regulation on the market.

The Council Directive 76/769/EEC relating to re-
strictions on the marketing and use of certain hazard-
ous substances and preparations (azodyes) was
amended for the nineteenth time and adopted as Direc-
tive 2002/61/EC on a session of the European Parlia-
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ment and Council of the European Union on July 19,

2002. Arylamines released by reductive cleavage are

classified into two groups designated as:

MAK - Ill A1 — arylamines demonstrably carcino-
genic for a man

MAK - Ill A2 — arylamines suspected to be carcino-
genic for a man on the base of
demonstrable carcinogenic effect on
animals.

List of arylamines prohibited in EU

No. Arylamine CAS number
1 4-aminobiphenyl 92-67-1
2 benzidine 92-87-5
3 4-chloro-o-toluidine 95-69-2
4 2-naphthylamine 91-59-8
5 4-chloroaniline 106-47-8
6 2,4-diaminoanisol 615-05-4
7 4,4 -diaminodiphenylmethane 101-77-9
8 3,3'-dichlorobenzidine 91-94-1
9 3,3'-dimethoxybenzidine 119-90-4
10  3,3'-dimethylbenzidine 119-93-7
11 3,3'-dimethyl-4,4"-diaminodiphenylmethane 838-88-0
12 p-cresidine (2-methoxy-5-methylaniline) 120-71-8
13 4,4’-methylene-bis-(2-chloroaniline) 101-14-4
14  4,4'-oxydianiline 101-80-4
15 4,4'-thiodianiline 139-65-1
16 o-toluidine 95-53-4
17 2,4-diaminotoluene 95-80-7
18 2,4,5-trimethylaniline 137-17-7
19 2-amino-4-nitrotoluene 99-55-8
20 o-aminoazotoluene 97-56-3
21 o-anisidine (2-methoxyaniline) 90-04-0
22 4-amino azobenzene 60-09-3
23 2,4-xylidine (2,4-dimethylaniline) 95-68-1
24 2,6-xylidine (2,6-dimethylaniline) 87-62-7

3. Analytical methods for evaluation
of arylamines according
to the Directive 76/769/EEC

Use of azodyes which may release one or more aro-
matic amines listed above in detectable concentrations
i.e. above 30 ppm (mg.kg™) in final products or in the
dyed parts thereof must not be used in textile and
leather articles which may come into direct and pro-
longed contact with the human skin or oral cavity (e.g.
toys).

A maximum concentration of 70 ppm is allowed for
textile articles made of recycled fibres if the amines are
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Fig. 1 A sample containing benzidine from the international round test

Fig. 2 Typical mass spectrum and structural formula of benzidine

released by residua deriving from the previous dyeing
of the textiles. This is the case for a transitional period until
January 1, 2005. This provision will enable to recycle tex-
tiles. The measure is beneficial to the environment.

A prerequisite to implementation of this Directive is
harmonization of test methods for determination of the
substances. The tests will be developed by the Euro-
pean Committee for Standardization (CEN) preferen-
tially on the European level. Member States shall adopt
and publish laws, regulations and administrative provi-
sions necessary to comply with this Directive not later
than September 11, 2003.

Vigkna a textil 9 (4) 160-164 (2002)

The most stringent and thoroughly elaborated criteria
for use of certain azodyes in textile manufacture are
valid in Germany at present. A test method for proof of
prohibited azodyes has been worked out by the German
Federal Institute for Protecting Consumer Health and
Veterinary Medicine. It was published in the Federal
Gazette of test methods in accordance with § 35 of the
German Law relating to foodstuffs and consumer goods.
Publication of the above-mentioned methods enables to
prove results of analyses in all testing laboratories un-
der the same conditions and in the same manner in
spite of the existence of a number of applications (TLC,
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HPLC, GC/MS). This method is used also in the frame
of OKO-TEX Standard 100. Practical proof limit is 30
ppm. The limit must not be confused with the absolute
proof limit of aromatic amines which can be even 1 ppm.
The aim of the limit set up this way is to prevent false
positive findings.

Test results are expressed as follows:

— if content of an amine is < 30 mg.kg™" (ppm), then no
prohibited azo dyes have been determined in the
sample tested under given conditions

— if content of an amine is > 30 mg.kg™' (ppm), then pro-
hibited dyes have been used in manufacture and fin-
ishing the textile test sample

A positive result must be confirmed by another alter-
native method for determination of arylamines. Prohib-
ited azodyes which have the capacity to release by
cleavage of their azo groups amines: o-aminoazo-
toluene and 2-amino-4-nitrotoluene are proved by this
method as o-toluidine and 2,4-diaminotoluene. When
concentration of 2-naphtylamine >30 ppm is found, fur-
ther information (e.g. about chemical structure of the
dyes etc.) is necessary to be obtained.

Process of determination of arylamines consists of
steps as follows:

1. Sample preparation

2. Extraction — method depending on material com-

position of the sample

3. Reductive cleavage of azodyes

4. Separation and concentration of amines

5. Detection and determination (TLC, GC/MS).

Methods for determination of arylamines in textiles by
thin-layer chromatography and gas chromatography
with FID detector were tested and adopted by the ac-
credited testing laboratories of VUTCH-CHEMITEX,
spol. sr. 0., SKTC-119, Zilina already in 1999. Presence
of the health harmful arylamines was tested and proved
in textile samples dyed in the laboratory for coloristics
of SKTC-119 and subsequently also in textite samples
obtained in the frame of round tests organized on an
international level. The substances were proved also in

a sample of Midlon Red. Arylamines: 3,3-dimethoxy-

benzidine; benzidine; 3,3-dimethylbenzidine were in-

volved.

A gas chromatograph with mass detector was added
to instrumentation of the analytical laboratories as pre-
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cise and clear analytical results are required increas-
ingly. Thus, possibilities of analysis of arylamines in
textiles have been extended considerably.

Capability to determine arylamines by GC/MS was
checked in the frame of international round tests orga-
nized by the International Association OKO-TEX in the
first quarter of the year 2002. Twenty European testing
laboratories participated in the tests. Benzidine was
proved and determined in a textile sample. Result of the
international round tests confirmed clearly that the test-
ing laboratories of SKTC-119 have managed success-
fully procedures for analysis of arylamines in textiles.
The results can be seen in Figures as follows:

4. Conclusion

Prohibited dyes are used for dyeing of textile products
imported mostly from countries with cheap labour force
and cheap raw materials. Low price of the products is
often a result of non-consistent quality control and low
level of environmental standards. Manufacturers and
importers are aware that environmental safety of prod-
ucts is an inevitable condition of successful export to-
day.

An indirect proof through amines is the only possible
and correct way regarding great number of azodyes
capable of decomposing by potential cleavage into
arylamines that are known or suspected carcinogens.
Occurance of 123 dyes, coupling ingredients and devel-
opers is still aniticipated on the market. An authorized
testing laboratory with an appropriately qualified staff
and proper equipment is able to carry out successful
determination of all hazardous arylamines in the applied
azodyes using a suitable time-undemanding analytical
method without need to have all reference samples of
azodyes at disposal.

5. Literature

[1] Directive 76/769/EEC
(2] Directive 2002/61/EC
[3] OKO-TEX Standard 100

Recieved: October 2002
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SLEDOVANIE NEBEZPECNYCH ARYLAMINOV
V TEXTIiLIACH A TEXTILNYCH VYROBKOCH

Translation of article:
Determination of hazardous arylamines in textiles and textile products

1. Uvod

Bezpecnost textiinych vyrobkov a ostatnych spotreb-
nych predmetov je déleZitym faktorom pre zvySenie ich
exportuschopnosti do krajin EU. Zaru¢eny uspech ma-
ju len vyrobcovia porovnatelni s najvyspelejsimi vyrob-
cami v tatoch EU. Ochrana spotrebitela, ochrana Zivot-
ného a pracovného prostredia hraju pri vyrobe textilii
minimalne taku déleZitd rolu ako méda. V sucasnosti je
k dispozicii velké mnozstvo ekoznaciek, ktoré sa sna-
Zia spotrebitelom prezentovat tzv. zdravotne neskodné
vyrobky. Bola vytvoreng aj tzv. trieda textilii pomenova-
nych ako ,zelené* textilie alebo ekotextilie. K najdélezi-
tejSim ekologickym znackam v Nemecku a aj v Eurdpe
patria urgite znatky OKO-TEX Standard 100, TOX-
PROOF a eco-tex. V tejto suvislosti treba spomentt aj
europsku ekoznacku znamu ako eurdpsky kvet, ktora
obmedzi neprehladne velké mnozstvo ekologickych
oznaceni v textilnom sektore.

2. Arylaminy

Vdaka novym informaciam o preukazatelne zisteny-
ch nebezpeénych vlastnostiach niektorych chemickych
latok sa v ramci EU pristupuje k schvalovaniu novych
legislativnych opatreni. Jednou z najviac diskutovanych
a legislativne najviac ,0Setrenych® Iatok su azofarbiva,
pouzivané pri farbeni textilnych vyrobkov a spotrebnych
predmetov. Redukénym Stiepenim azofarbiv a v priebe-
hu fyziologickych pochodov mézu vznikat arylaminy,
ktoré boli preukazatelne definované ako nebezpeéné
latky. Pésobenim potu dochadza k uvolfiovaniu azofar-
biv z povrchu textilu na povrech lfudskej pokozky.

Skusky ukazali, ze nasledne sa aromatické aminy
mOzu resorbovat cez pokozku do vnutra ludského te-
la. Pri opakovanom kontakte s pokozkou existuje neza-
nedbatelné nebezpecenstvo vzniku rakoviny. Dodrzia-
vanie zakazu ich pouzivania je sice mozné spinit
jednoduchou deklaraciou, ale je nevyhnutna aj moznost
analytického preverenia v ramci kontroly plnenia legis-
lativneho opatrenia na trhu uvedenych vyrobkov.

Na zasadnuti eurdpskeho parlamentu a rady dria 19.
jula 2002 bola opatovne novelizovana Smernica Rady
76/769/EHS o obmedzeniach predaja a pouzivania
niektorych nebezpeénych latok a pripravkov (azofarbiv)
ako Smernica ¢. 2002/61/ES. Arylaminy, ktore vznika-
ju ich redukénym Stiepenim st rozdelené do dvoch sku-
pin, oznacenych ako:
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MAK Il A1 — arylaminy preukazatelne rakovinotvorné
pre Cloveka

MAK Il A2 — arylaminy, u ktorych sa predpoklada ra-
kovinotvorny uéinok na ¢loveka na zak-
lade preukéazatelného karcinogénneho
Géinku na zvieratach

3. Analytické metédy na hodnotenie arylaminov
podla Smernice ¢. 76/769/EHS

Azofarbiva, ktoré mozu uvolnovat 1 alebo viac aroma-
tickych aminov, ktorych zoznam je uvedeny v pred-
chadzajucej €asti prispevku, v zistitelnych koncentra-
cidch, t.j. nad 30 ppm (mg.kg™") vo findlnych vyrobkoch
alebo v ich farbenych Castiach sa nesmu pouzivat v tex-
tilnych a koZenych vyrobkoch, ktoré mézu prichadzat
do priameho a dlhodobého kontaktu s ludskou pokoz-
kou alebo s ustnou dutinou (napr. hracky).

Na textilné vyrobky vyrobené z recyklovanych viakien
je povolena maximalna koncentracia aminov 70 ppm
docasne do 1. 1. 2005, ak sa aminy uvolfuju zo zvys-
kov z predchadzajuceho farbenia tychto textilii. Tym sa
umozni recyklacia textilii, Co je prospesné pre zivotné
prostredie.

Podmienkou implementacie tejto Smernice je harmo-
nizacia skusobnych metod pre ich stanovenie, ktoré vy-
pracuje Europsky normalizacny vybor (CEN), najlepSie
na eurdpskej urovni. Clenské §taty su povinné do
11. 9. 2003 schvdlit a zverejnit zakony, nariadenia a ad-
ministrativne opatrenia zabezpecujlice sulad narodnej
legislativy s touto Smernicou.

NajprisnejSie ale aj najddslednejSie prepracovaneé kri-
téria na pouzivanie vybranych druhov azofarbiv pre vy-
robu textilii maju v suasnej dobe v Nemecku. Nemec-
kym spolkovym Ustavom pre ochranu zdravia
spotrebitelov a veterinarnu medicinu bola vypracovana
testovacia metdda urCena na dékaz zakazanych azo-
farbiv. Bola zverejnena v Uradnej zbierke sku$obnych
metod podla § 35 Nemeckého zakona o potravinach
a spotrebnych predmetoch. Zverejnenie uvedenej me-
tody umoziuje preverit vysledky analyz vo vSetkych
skusobnych laboratériach pri rovnakych podmienkach
a rovnakym spdsobom napriek extistencii viacerych ap-
likacii (TLC, HPLC, GC/MS). Ide ¢ metddu pouzivanu
aj v ramci normy OKO-TEX Standard 100. Prakticka
hranica dokazu je 30 ppm. T4 sa nesmie zamienat s ab-
solutnou hranicou dokazu aromatickych aminov, ktora
mdze byt aj na urovni hodnoty 1 ppm. Cielom takto sta-
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novenej hranice je zabranit chybnym pozitivnym néle-

zom.

Vysledky skusky sa vyjadruju nasledovnym spéso-

bom:

— ak je obsah jednotlivého aminu < 30 mg.kg™ (ppm),
potom pri danych podmienkach sku$ania neboli
v skusanej vzorke vyrobku stanovene zakazané azo-
farbiva.

~ ak je obsah > 30 mg.kg™ (ppm) jednotlivého aminu,
potom pri vyrobe alebo Uprave skusanej textilnej
vzorky boli pouzité zakdzané azofarbiva.

Pozitivny vysledok je potrebné potvrdit prostrednic-
tvom dalSej alternativnej metddy

stanovenia arylaminov. Zakazané azofarbiva, ktoré by
mobhli pri tiepeni svojich azoskupin vytvarat aminy: o-
aminoazotoluén a 2-amino-4-nitrotoluén sa dokazu tou-
to metodou ako o-toluidin a 2,4-toluyléndiamin. Pri zis-
teni 2-naftylaminu v koncentracii > 30 ppm je potrebné
ziskat d'alSie doplnkové informacie (napr. o chemickej
Strukture pouzitych farbiv a pod.).

Postup stanovenia arylaminov pozostéava z nasledov-
nych krokov:

1. Priprava vzorky

2. Extrakcia — spdsob podla materialového zlozenia

vzorky

3. Redukéné Stiepenie azofarbiv

4. Separdcia a koncentracia aminov

5. Detekcia a stanovenie (TLC, GC/MS) )

V akreditovanych skuSobnych laboratériach VUTCH-
CHEMITEX, spol. sr.0., SKTC-119, Zilina boli uz v r.
1999 odsku$ané a zavedené metddy na stanovenie
arylaminov v textiliach tenkovrstvovou chromatografiou
a plynovou chromatografiou s FID detektorom. Pritom-
nost zdraviu nebezpecnych arylaminov bola odskusa-
na a nasledne dokazana v textilnych vzorkach modelo-
vo vyfarbenych v laboratériu koloristiky SKTC-119,
nasledne aj v textilnych vzorkach ziskanych v ramci
medzilaboratérnych porovnavacich skisok realizova-
nych na medzinarodnej trovni, ako aj vo vzorke farbi-
va Midlonova ¢ervend. Slo o tieto arylaminy: 3,3-dime-
toxybenzidin; benzidin; 3,3-dimetylbenzidin.
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Vzhladom na zvySujuce sa naroky na presnost a jed-
noznacnost analytickych vysledkov, bolo pristrojové vy-
bavenie analytickych laboratérii dopinené o plynovy ch-
romatograf s hmotnostnym detektorom, ¢im sa
moznosti analyzy arylaminov v textiliach podstatne roz-
§irili.

Schopnost stanovovat arylaminy pomocou GC/MS
bola preverena v ramci medzinarodnych porovnavacich
testov, ktore organizovalo medzinarodné zdruzenie
OKO-TEX v prvom $tvrtroku r. 2002 a ktorého sa zU-
Gastnilo 20 eurdpskych skuSobnych laboratérii. V tex-
tilnej vzorke bol dokazany a stanoveny benzidin. Vys-
ledok MPS jednoznaéne potvrdil, Ze metodiky analyzy
arylaminov v textiliach boli viaSobnych laboratériach

SKTC-119 uspedne zvladnute. Vysledky su znazor-
nené na nasledujucich obrazkoch 1 a 2.

4. Zaver

Problematika pouzivania zakazanych farbiv je v su-
Gasnosti zamerana na textilné vyrobky, ktoré st impor-
tované z krajin s lacnou pracovnou silou a vyuzivanim
lacnych surovinovych vstupov, vych je nizka cena ¢asto
vysledkom nedbslednej kontroly kvality a nizkej urovne
enviromentalnych noriem. Environmentalna vhodnost
vyrobkov je v su¢asnej dobe pre vyrobcov a importé-
rov nevyhnutnym predpokladom uspesnej realizacie
exportu.

Vzhladom na velky pocet azofarbiv, ktorych potencidl-
nym Stiepenim mozu vznikat rakovinotvorné a podoz-
rivé arylaminy (ide o 132 farbiv, kopula¢nych zloziek
a vyvijadov, o ktorych sa predpoklada, ze sa este vys-
Kytuju na trhu) je ich nepriamy dékaz cez aminy jediny
mozny a spravny spdsob. Pri zvoleni vhodnej analytic-
kej metédy, pri ktorej nie je potrebné mat k dispozicii
vSetky referencné vzorky azofarbiv a ktora je naviac ¢a-
sovo nenarocnd, sa v ramci kompetentného, vhodne
personalne a technicky vybaveneho skusobného labo-
ratéria, zabezpedi Uspednée stanovenie vietkych nebez-
pecnych arylaminov v pouzitych azofarbivach.
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IMPLEMENTATION OF THE ECO-LABEL
“ENVIRONMENTALLY FRIENDLY PRODUCT”
IN CONDITIONS OF THE SLOVAK REPUBLIC

Dubnicka, A., Sladek, D.

VUTCH-CHEMITEX, spol. s r. 0., Zilina, Slovak Republic

Protection of the environment plays an increasingly
important role in developed countries and it becomes a
decisive condition of sustainable development of the
society. Systems of environmental management of in-
dustrial and manufacturing activities are being intro-
duced, enhanced attention is paid to the influence of
products on the environment and on human health, prin-
ciples of prevention and principles of voluntariness with
participation of public are being implemented increas-
ingly.

Tendencies of propagation of indirect tools are appar-
entin the environmental policy besides the national leg-
islation. They are based to considerable extent on vol-
untary activities of manufacturers and increasing
environmental awareness of citizens. Systems of envi-
ronmental evaluation and labelling are being imple-
mented. They declare that a product meets in conformity
with present stage of knowledge selected parameters
reducing or even eliminating adverse effects on the en-
vironment and/or human health. At the same time, there
is apparent an effort to assess product in the whole life
cycle, i.e. from raw materials, through manufacture, ap-
plication up to its disposal or recycling. Introduction of the
systems follows not only from the effort and require-
ments of state environmental bodies, but also from in-
terests of manufacturers and customers.

Labelling of environmentally friendly products with a
guaranteed eco-label is a recognized and motivating
indirect tool of the environmental policy. Thus, custom-
ers obtain positive information about “cleaner” products
acceptable from the environmental point of view.

Some countries, carrying out environmental evalua-
tion and eco-labelling of products, implement a unified
system according to the Directive of the European
Union EEC 880/92 as amended by the Directive of the
European Union No. 1980/2000 and No. 761/2001/EC
concerning a scheme for awarding eco-label of the
Community. The Slovak Programme of environmental
labelling follows from the scheme. The Programme was
adopted by the Governmental Ordinance of the Slovak
Republic on February 6, 1996 as a National Programme
of Environmental Assessment and Labelling of Products
in the Slovak Republic (further Programme) with valid-
ity from April 15, 1997. The label “Environmentally
Friendly Product” { EFP) becomes an important infor-
mative tool of environmental and customer-oriented
policy as a result of implementation of the Programme.
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Basic documents for environmental assessment and
labelling of a product group are a technical report and
a directive. The technical report justifies selection of a
given group of products from environmental point of
view and it is a basis for working out a draft directive.
The directive is a technical document for assessment
of the group of products. It includes definition of terms,
exact specification of the group of products subject to
the directive, basic and specific requirements as well as
way of verification.

Basic requirements refer to environmetal properties
and performance characteristics of a product. They are
to ensure that the product is comparable regarding its
performance characteristics with competitive products
designed for the same purpose (environmental proper-
ties have not been achieved at the expense of quality).

Specific requirements are higher than that con-
tained in general binding regulations and technical stan-
dards. They are set up with regard to present level of
science and technique and they must be achievable for
a manufacturer. Method of verification of properties in-
cluding test methods is given in a separate part of the
Directive. Test methods according to STN, EN and ISO
standards are used preferentially.

Coordinator of the Programme is Ministry of the En-
vironment of the Slovak Republic. Minister of the Envi-
ronment approves directives, awards and withdraws the
applicants authorization to use the label on the base of
recommendation of the Commission for environmental
assessment and product labelling.

The Commission for environmental assessment and
product labelling is a collective authority. Its members
and representatives of industry, trade, customer orga-
nizations, environmental organizations on level of gov-
ernmental bodies and voluntary non-state organiza-
tions. The Commission is established by Minister of the
Environment and it is bound to follow the Organizational
Manual and Rule of Procedure.

The Commission inspects fairness of the activities
connected with implementation of the Programme, sets
up course of works concerning preparation and revision
of the directives and recommends their final wording for
approval by the Minister of the Environment. It prepares
proposals for authorization to use the label “Environ-
mentally Friendly Product” for the Minister.

The Programme is safeguarded organizationally by
the Slovak Environmental Agency — Centre for waste
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Institutional Elements of the Programme

GESTOR

and environmental management (SAZP — COHEM) ,
Department of environmental management in Trnava.
Fees paid for awarding and use of the label “Environ-
mentally friendly product” depend also on the output.
They are not too high and belong to the lowest ones
among neighbouring countries. They are destined
mainly for publicity campaign in support of the label.

annual year 1998 from the year 1999

output rate max. fee rate max. fee

mil. Sk % thousand Sk % thousand Sk
up to 15,0 0,01 1,5 0,02 3,0
15,0-50,0 0,01 50 0,02 up to 0,0
50,0-100,0 0,01 10,0 0,02 upto20,0
100,0 and more 0,01 15,0 0,02 upto 30,0

Nineteen directives have been adopted in the frame
of implementation of the Programme up to now. The first
directive was adopted for bed linen. The label “Environ-
mentally Friendly Product” was awarded for several
times only to the company BZ Texicom a.s. for a Set of

bed linen made from 100% cotton — Ty & Ja and Sheets
- Ty & Ja with authorization to use the label from 1997
to 20083.

A decisive stage of bed linen is that of manufacture
and that of use — direct long-term contact with a man -
from viewpoint of its influence on the environment. Bed
linen Ty & Ja is offered in a wide gamut of colours in
spite of the fact that use of suitable auxiliaries and dye-
stuffs for its manufacture was rather limited to meet re-
guirements for protecting the environment and human
health (content of heavy metals, formaldehyde etc. in
the product). Application of biologically non-degradable
agents containing chlorine, formaldehyde, volatile or-
ganic substances in amounts exceeding the limits, dye-
stuffs and pigments cleaving carcinogenic aromatic
amines and heavy metals in amounts exceeding the lim-
its is banned.

The Directive No. 0001 Bed linen, valid until now, is
being amended on the base of EU Direction No. 1999/
178/EC (setting up environmental criteria for awarding
eco-label EC for textile products). The evaluating crite-
ria concern particular kinds of textile fibres and chemi-
cals used in their manufacture. The European Directive

Steps for awarding authorization to use the label “Environmentally Friendly Product”

Step Participant

Activity

Result

1. Manufacturer/ importer
applicant

Application

Registered application

Obtaining information materials and/or consultations

in the Centre for waste and environmental management
Sending complete application, payment of registration fee

2. Centre for waste and environment.
management + qualified corporate
bodies and natural persons

3. Commission
conformity assesment

4. Ministry of Environment
of the Slovak Republic

5. Ministry of Environment
of the Slovak Republic

Assessment of conformity of the products
with requirements of the Directive

Clearance of the report about results of

Authorization to use the fabel EFP

Agreement about conditions of the contract and about
authorization to use the label EFP

Report about results of
conformity assessment

Proposal to award or not
to award authorization to
use the label EFP

Decision of Minister of the
Environment

Contract and acceptance
of the authorization to
label the product
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A list of directives on environmental assessment of products approved up to now

Name of the directive Number Validity
Bed linen 0001 April 1997-April 1999
0001/2000 September 2000-September 2003
Toilet paper from 100% recycled fibres 0002 April 1997-April 1999
0002/2000 September 2000-September 2003
Paper handkerchieves from recycled fibres 0003 April 1997-April 1999
0003/2000 September 2000-September 2003
Plastic products containing recycled plastics manufactured 0004 April 1997-April 1999
by intrusion and extrusion for outdoor application Directive was held up temporary
Water dilutable paints 0005 April 1997-April 1999
0005/2000 September 2000-September 2003
Water dilutable adhesives and putties 0006 April 1997-April 1999
0006/2000 September 2000-September 2003
Electric automatic washing machines for household 0007 April 1997-April 1999
Directive under revision
Radial tyres for passenger cars 0008 February 1998-February 2000
Directive under revision
Electric refrigerators and freezers for household 0009 September 1999-September 2001
Heating boilers for gas fuels with atmospheric burner 0010 September 1999-September 2001
Heating boilers for gas fuels with overpressure burner 0011 September 1999-September 2001
Means for winter service 0012 September 1999-September 2001
Biodegradable plastic packaging materials 0013/2000 September 2000-September 2002
Washing agents for textiles 0014/2000 September 2000-September 2002

will be taken over before the end of 2002 on the base
of recommendation of the authorized bodies. The envi-
ronmental criteria are expected to be extended using the
method of life cycle assessment (LCA, e.g. according
to 1ISO 14040 series) similarly as when awarding eco-
label EU with the flower.

Although the Programme of Environmentally Firendly
Product goes already on for over 5 years, it is not pos-
sible to evaluate it as very successful one because only
32 products from 9 manufacturers have been awarded
the label until now. Only two textile products have been
labelled. Lower economic efficiency of the Slovak en-
terprises is given as the main reason. However, the
reason is more likely on the side of manufacturers and
partly also on the side of public in our opinion because
there are also economically stronger enterprises than
BZ Texicom which did not show interest in the label for
the present. On the other side it is necessary to empha-
size that particular directives have not been adopted for
many groups of products yet and besides sufficient pro-
fessional capacities are not available to establish a valu-
ation commission due to complexity of the matter (e.g.
life cycle assessment).
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Intensive communication between testing laborato-
ries, research institutes and environmental organiza-
tions and associations, self-administration and state
administration is aimed at extension of technical possi-
bilities and information sources. The above-mentioned
Programme is not self-funding one and it is not pro-
moted sufficiently for the present. The situation might
improve in the near future due to legislation adopted
lately (mainly the Act No. 469/2002 Coll. on environmen-
tal product labelling with validity from December 1,
2002). It anticipates also accession of the Slovak Re-
public to the European Union and possibility of certifi-
cation and eco-labelling with EU flower.
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A list of products authorized to bear the label “Environmentally friendly product”

Product name/ Manufacturer ‘ Directive No. Validity

Set - Ty & Ja bed linen made from 100% cotton 0001 1997-1999
Bavinarske zavody — TEXICOM, s. r. o Ruzomberok 0001/2000  2000-2003
Sheets — Ty & Ja bed linen made from 100% cotton 0001 1997-1999
Bavinarske zavody — TEXICOM, s. r. o Ruzomberok 0001/2000  2000-2003
EKOKRYL-MAT V 2045 disperse acrylate paint, matt 0005 1997-1999
Chemolak, a.s. Smolenice 0005/2000 2000-2003
EKOKRYL-LESK V 2062 disperse acrylate paint, 0005 1997-1999
lustre, Chemolak, a.s. Smolenice 0005/2000 2000-2003
FARMAL V 2073 interior paint Chemolak, a.s. Smolenice 0005 1997-1999
PAMAKRYL IN disperse acrylate paint PAM, s.r.o. Bratislava 0005 1999-2002
SADAKRIN disperse acrylate paint for plaster cardboard PAM, s.r.o. Bratislava 0005 1999-2002
DUVILAX LP, disperse adhesive for parquets and cork, Duslo, a.s. Safa 0006/2000 2000-2003
DUVILAX LS-50, disperse adhesive for wood, Duslo, a.s. Sala 0006/2000 2000-2003
DUVILAX L-58, disperse adhesive for wall tiles and flooring, Duslo, a.s. Sala 0006/2000 2000-2003
TENTO ECO, 3-ply paper handkerchieves from recycled fibres, Tento, a.s. Zilina 0003 1998-2001
TENTO -'BUTTERFLY, toilet paper up to 25 g/m? Tento, a.s. Zilina 0002 1998-2001
TENTO - LUXUS, toilet paper up to 25 g/m?, Tento, a.s. Zilina 0002 1998-2001
TENTO - STANDARD, toilet paper up to 25 g/m? Tento, a.s. Zilina 0002 1998-2001
TENTO - MAXI, toilet paper up to 25 g/m?, Tento, a.s. Zilina 0002 1998-2001
TENTO - ECONOMY, toilet paper up to 25 g/m?, Tento, a.s. Zilina 0002 1998-2001
TENTO - Julius Meinl, toilet paper up to 25 g/m?, Tento, a.s. Zilina 0002 1998-2001
TENTO - EKO, toilet paper up to 25 g/m?, Tento, a.s. Zilina 0002 1998-2001
TENTO - JOKER, toilet paper over 25 g/m?, Tento, a.s. Zilina 0002 1998-2001
HARMASAN — SOLO SOFT, toilet paper over 25g/m? “Z" Harmanecké papierne, a.s. Harmanec 0002 1997-1999
HARMASAN — MYVAL, toilet paper over 25 g/m? “Z" Harmanecké papierne, a.s. Harmanec 0002 1997-1999
HARMASAN - ENCIAN, toilet paper over 25 g/m? “Z" Harmanecké papierne, a.s. Harmanec 0002 1997-1999
HARMASAN — DIVY MAK, toilet paper over 25 g/m? “Z" Harmanecké papierne, a.s. Harmanec 0002 1997-1999
HARMASAN - LEKNO, toilet paper up to do 25 g/mz “Z", Harmanecké pépierne, a.s. Harmanec0002 1997-1999
HARMASAN - BRECTAN, toilet paper up to 25 g/m? “2” Harmanecké papierne, a.s. Harmanec 0002 1997-1999
Radial tyre for passenger cars 165/70 R 13 ECOFLEX-T, Matador, a.s. Puchov 0008 1998-2001
Water-soluble PVA foil SELEKT VF — H 108808, SELEKT, Vyskumny a §lachtitelsky Ustav, a.s. Bugany 0013 2001-2004
Steel enamelled shower basin ESTAP, FESTAP, s.r.0. Bratislava 0017 2001-2004

168 Vidkna a textil 9 (4) 165-170 (2002)



REALIZACIA EKOLOGICKEJ ZNACKY
,ENVIRONMENTALNE VHODNY VYROBOK*
V PODMIENKACH SR

Translation of the article:
Implementation of the eco-label “Environmentally friendly product” in conditions
of the Slovak Republic

Ochrana zivotného prostredia sa vo vyspelych kraji-
nach sveta dynamicky vyvija a stava sa rozhodujucou
sucastou podmienok trvalo udrzatelného rozvoja spo-
lo¢nosti. Realizuji sa systémy environmentalneho
riadenia priemyselnych a vyrobnych &innosti, zvy3ena
pozornost sa venuje vplyvu samotnych vyrobkov na zi-
votné prostredie a zdravie ludi a CastejSie sa zacinaju
uplatnovat zasady preventivnosti a principy dobrovol-
nosti aj s UCastou verejnosti.

V environmentalnej politike sa popri narodnej legisla-
tive prejavuju aj tendencie rozSirovania nepriamych
nastrojov, zalozenych v nemalej miere na dobrovolnych
aktivitach vyrobcov a rasticom environmentalnom po-
vedomi ob&anov. Uplatfiuju sa systémy environmental-
neho hodnotenia a oznaCovania, ktore deklaruju, ze vy-
robok spina v sulade s aktualnym stavom poznania
vybrané parametre, minimalizujuce alebo dokonca vy-
lu€ujuce nepriaznive Ucinky na zivotne prostredie a/ale-
bo zdravie ludi. Je pritom snaha posudzovat vyrobok
v celom Zivotnom cykle, t.j. od suroviny, cez vyrobu,
pouzitie az po jeho zneSkodnenie Ci recyklaciu. Uplat-
novanie takychto systémov vyplyva nielen z usilia a po-
Ziadaviek Statnych organov zivotného prostredia, ale aj
zo zaujmov na strane vyrobcov a spotrebitelskej verej-
nosti.

Uznavanym a motivujucim nepriamym nastrojom en-
vironmentalnej politiky je oznacovanie vyrobkov menej
znedistujucich zivotné prostredie garantovanou environ-
mentalnou znackou. Spotrebitel'ska verejnost tak dos-
tava pozitivne informacie o vyrobkoch, pouzivanim kto-
rych prispieva k ochrane zivotného prostredia.

Niektoré z krajin, v ktorych prebieha environmental-
ne hodnotenie a oznacovanie vyrobkov uplatiuju jed-
notny systém podla nariadenia Eurdpskej tunie EEC
880/92, ktoré bolo revidované nariadenim Eurdpskej
Unie ¢. 1980/2000 a ¢. 761/2001/EC o schéme Spolo-
Censtva na udelovanie environmentalnej znacky. Z ne-
ho vychadza aj slovensky program environmentalneho
znacenia. Ten bol prijaty uznesenim viady Slovenskej
republiky dria 6. februara 1996 a vyhlaseny ako Narod-
ny program environmentalneho hodnotenia a oznaco-
vania vyrobkov v Slovenskej republike (d'alej program)
s ucinnostou od 15. aprila 1997. Realizaciou programu
sa znac¢ka Environmentalne vhodny vyrobok (dalej
EVV) zaraduje k délezitym informativnym nastrojom en-
vironmentalnej a spotrebitel'skej politiky.

Zéakladnym dokumentom na environmentalne hodno-
tenie a oznaCovanie urcitej vyrobkovej skupiny je tech-
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nicka sprava a smernica. Technicka sprava zdévodnu-
je, preco bola dané skupina vyrobkov vybrana z hladis-
ka vplyvu na Zivotné prostredie a je zakladom na vyp-
racovanie navrhu smernice. Smernica je technicky
dokument na posudzovanie prislusnej skupiny vyrob-
kov. Obsahuje definiciu pojmov, presné vymedzenie
skupiny vyrobkov na ktort sa smernica vztahuje, zak-
ladné a Specifické poziadavky a spdsob overovania.

Zakladné poziadavky sa vztahuju k environmental-
nym a k funk&nym vlastnostiam vyrobku a maju zabez-
pecit, Ze vyrobok je svojimi funk&nymi vlastnostami po-
rovnatelny s konkurenénymi vyrobkami sluziacimi
rovnakému ucelu (environmentalne vlastnosti neboli do-
siahnuté na ukor kvality).

Specifické poziadavky su vyssie, ako je ich Groven
vo véeobecne zavaznych predpisoch a technickych
normach. Su stanovené s prihliadnutim na su¢asnu uro-
ven vedy a techniky a musia byt pre vyrobcu prakticky
dosiahnutelné. Spdsob overovania vlastnosti vyrobkov,
vratane skusobnych metdd je uvedeny v samostatnej
Casti smernice. Prednostne sa pouzivaju skusobné me-
tédy v zmysle noriem STN, EN a ISO.

Gestorom programu je Ministerstvo zivotného pros-
tredia (MZP SR). Minister ZP SR schvaluje smernice,
udeluje a odobera Ziadatelom pravo pouzivat znacku na
zéklade odporucania Komisie environmentalneho hod-
notenia a oznagovania vyrobkov.

Komisia environmentaineho hodnotenia a oznagova-
nia vyrobkov je kolektivna autorita pozostavajlca z Cle-
nov zastupujucich zainteresované zaujmové skupiny:
priemysel, obchod, spotrebitel'ské organizacie, organi-
z4cie Zivotného prostredia na urovni viadnych organov
a dobrovolnych nestatnych organizacii. Zriaduje ju mi-
nister ZP a riadi sa Organizaénym a rokovacim poriad-
kom.

Komisia kontroluje nestrannost vykonov spojenych
s realizaciou programu, odporuca vytvorit nové skupi-
ny vyrobkov, uréuje postup pri tvorbe a revizii smernic
a odporuca ich koneéné znenie na schvalenie ministrovi
7P SR. Pripravuje pre ministra navrh rozhodnutia o ude-
leni prava pouzivat znacku EVV.

Organizacéné zabezpecenie programu realizuje Slo-
venska agentura zivotného prostredia — Centrum odpa-
dového hospodarstva a environmentalneho manazeér-
stva (SAZP - COHEM) Odbor environmentéalneho
manazérstva v Trnave.

Za ziskanie a pouzivanie znacky EVV sa platia poplat-
ky zavislé aj od objemu realizovanej produkcie. Tie nie
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Postup na udelenie prava pouzivat znacku EVV

Krok  Udastnik Cinnost

Vysledok

1. Vyrobca/dovozca Ziadatel ~ Podanie Ziadosti

Zaregistrovana prihlaska

Ziskanie informacnych materidlov a pripadné konzultacie

na COHEM/OEM

Zaslanie kompletnej prihlasky, zaplatenie

registracného poplatku

2. COHEMJOEM + sposobilé

pravnické a fyzické osoby s poZiadavkami smernice

Postdenie zhody prihlasenych vyrobkov

Sprava o vysledkoch
posudenia zhody

3. Komisia Prerokovanie spravy o vysledkoch postidenia zhody Navrh na udelenie alebo
neudelenie prava pouzZivat
znatku EVV

4. MZP SR Udelenie prava pouzivat znacku EVV Rozhodnutie ministra ZP

MZP SR Dohodnutie zmluvnych podmienok a uzavretie zmluvy Zmluva a prevzatie prava
Ziadatel o prave pouzivat znacku EVV oznacovat vyrobok

st prili§ vysoké a v ramci okolitych krajin patria k naj-
niz§im. Sluzia predovSetkym na propagaciu znacky
medzi verejnostou.

V ramci doterajSej realizacie programu bolo prijatych
19 smernic. Z nich bola prva smernica uréena pre pos-
telnt bielizen. Na jej zaklade bola znacka Environmen-
talne vhodny vyrobok viackrat pridelena zatial len spo-
loénosti BZ Texicom a.s. za Supravu postelnej bielizne
z0 100% baviny — Ty & Ja a Prestieradla - Ty & Ja
s platnostou opravnenia pouzivat znacku na obdobie od
r. 1997 do roku 2003. .

Rozhodujucimi etapamii z hladiska vplyvu na ZP pri
postelnej bielizni je faza vyroby a faza pouzivania — pria-
my dlhodoby kontakt s Clovekom. Postelna bielizen
Ty&dJa je ponukana v Sirokej farebnej Skale napriek to-
mu, ze moznost pouzitia vhodnych pomocnych priprav-
kov a farbiv na ich vyrobu bola znaéne obmedzena

z hladiska splnenia poziadaviek na ochranu zivotného -

prostredia a zdravia cloveka (obsah tazkych kovov, for-
maldehydu a pod. vo vyrobku). Vyligené je pouzivanie
biologicky nerozlozitelnych pripravkov, obsahujicich
chior, formaldehyd, prchave organické latky nad stano-
vené limity, dalej su vylu€ené farbiva a pigmenty uvol-
riujice karcinogénne aromatické aminy a tazké kovy
prekracujuce stanovene limity.

Doteraz platna smernica ¢. 0001 Postelnd bielizeri sa
rozsiruje a dopifa na zaklade rozhodnutia EU &. 1999/
178/EC (ustanovuje ekologické kritéria pre udelovanie
environmentalnej znacky spoloCenstva pre textilné vy-
robky). Hodnotiace kritéria su zamerané na jednotlivé
druhy textilnych vlakien, procesy a chemikalie pouziva-
né pri ich vyrobe. Na zaklade odporuc¢ania autorizova-
nych oséb sa eurdpska smernica prevezme do konca
roku 2002. Je tiez predpoklad roz&irenia environmen-
talnych kritérii aplikovanim metédy posudzovania Zi-
votného cyklu vyrobkov (LCA, napr. podia noriem ra-
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du 1SO 14040) podobne ako je to pri udelovani znac-
ky EU kvetu.

Hoci program EVV trva uz vyse 5 rokov, nie je moz-
né ho v plnej miere hodnotit ako Uspedny. Predovset-
kym z toho dévodu, ze doteraz ziskalo znacku len 32
vyrobkov od 9 vyrobcov a z toho len 2 na textilné vyrob-
ky. Ako ddvod sa uvadza predovsetkym nizSia ekono-
micka vykonnost slovenskych podnikov. Nakolko vSak
o znacku este neprejavili zaujem ani ekonomicky silnej-
Sie podniky od BZ Texicom, vidime dovod skér v ne-
zaujme a nepochopeni situacie vyrobcami a Ciastocne
aj verejnostou. Na druhej strane vSak treba zdéraznit,
Ze pre mnohe skupiny vyrobkov este neexistuju prislus-
né smernice a dokonca, vzhladom na zlozitost (napr.
posudzovania LCA) ani dostatoéné odborné kapacity
pre zostavenie hodnotiacej komisie.

V sucasnosti sa zintenziviuje vzajomna komunikéacia
medzi ski§obiiami, vyskumnymi Gstavmi, podnikmi, en-
vironmentalne zameranymi organizaciami a zdruzenia-
mi, samospravou a statnou spravou s cielom rozsirit
technické moznosti a informacné zdroje. Zatial v§ak
uvedeny program nie je samofinancovatelny a dosta-
to¢ne spropagovany. Mozno aj z pohladu nedavno pri-
jatej legislativy (predovSetkym zakona &€. 469/2002 Z. z.
o0 environmentalnom znaceni vyrobkov s G¢innostou od
1. decembra 2002) by sa situacia v blizkej budicnosti
mohla zmenit k lepSiemu. Ta predpoklada tieZ pripoje-
nie Slovenska k EU a moznost certifikacie pod znackou
EU kvetu.

Uvedeny material odznel ako predndska na medzina-
rodnej konferencii ,ECO-labelling of textiles in Central
European Countries in the perspective of integration to
EU¥, poriadanej v drioch 15.-16. 10. 2002 v Ustroni,
Polsko
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Suhrny diplomovych prac na
Katedre chémie atechnoldgie polymérov a textilu, FPT TnU
so sidlom v Puchove v ramci inzinierskeho studia
v Skolskom roku 2001/2002

Maria Markechova: 3 )
FARBENIE VLNENYCH CESANCOV REAKTIVNYMI
FARBIVAMI

Buducnostou farbenia viny vo v3etkych odtiefioch su
reaktivne farbiva, ktoré by mohli v Merina a.s. nahradit
pouzivané 1:2 kovokomplexné farbiva. Diplomova pra-
ca je zaloZena na vykonani radu sku3ok, kde konkrétne
vysledky poukazu na vyhody, &i nevyhody reaktivnych
a 1:2 kovokomplexnych farbiv.

DYEING OF THE WOOL LOOSE STOCK WITH A
REACTIVE DYE

The future of dyeing wool in all different shades, is with
reactive dyes, which could replace the 1:2 metalcom-
plex dyes currently used in Merina, a.s. Trentin. The
thesis is based on a number of tests and experiments
in which the results should point out the advantages and
disadvantages of reactive and 1:2 metalcomplex dyes.

Alena Zoldakova:
PRIPRAVA BIOSURFAKTANTOV KARBOXYMETYL-
SKROBU

V tejto praci sa Studovali fyzikalno-chemicke vlast-
nosti derivatov pripravenych chemickou modifikaciou z
O-karboxymetylSkrobu réznymi postupmi. Stanovili sa
ich povrchovo-aktivne viastnosti: emulgaéna ucinnost,
pracia a antiredepozi¢na ucinnost, povrchové napétie.

PREPARATION OF BIOSURFACTANTS OF
CARBOXYMETHYLSTARCH

In this work physico-chemical properties of O-
carboxymethylstarch derivatives performed chemical
modification various procedure was studied. The sur-
face-active properties was determine: emulsifying per-
formance, washing performance, antiredeposition per-
formance and surface tension of water.

Danka Hanecakova:
NAVRH ODEVU A ZODPOVEDAJUCA KVALITA
TEXTILNYCH MATERIALOV

Diplomaova praca je zamerana na hodnotenie kvality
vybranych druhov textilii uréenych pre navrhnuty model
odevu s konkrétnymi poziadavkami, s ohladom na
oblast pouZitia. Zaobera sa najméa hodnotenim tepelno-
vlhkostneho komfortu, ostatnymi vlastnostami uzitko-
vych ukazovatelov a posudenim vhodnosti aplikacie
pouzitych druhov materialov.
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LAYOUT OF A CLOTHES MEDEL AND RESPOADIG
QUALITY OF TEXTILE MATERIALS

The diploma work is aimed at the quality assessment
of selected textiles, designated for the proposed model
of clothes with evaluation of warmth — humidity comfort,
properties of consuption qualities and assessment of the
employed materials application suitability.

Anna Jurikova:
VPLYV MATERIALOVEHO ZLOZENIA PRIADZE NA
VLASTNOSTI HRUBYCH PANCUCHOVYCH
VYROBKOV

Predlozena diplomova préaca bola zamerana na pri-
pravu hrubych pancuchovych vyrobkov zo zmesi vla-
kien PP, ba, vl, In, VSs. a hodnotenie ich fyzikalno —
mechanickych a Uzitkovych vlastnosti. V diplomovej praci
je spracovany prehlad o rozvoji PP viakien a o odevnych
vyrobkoch. Vlastnosti pripravenych viakien boli hodno-
tené pomocou laboratérnych metodd a uzitkove viast-
nosti pancuchovych vyrobkov nosenim a hodnotenim
vybranymi probantkami. Ziskané vysledky budu sluzit
ako podklad pre vyvoj dalSieho sortimentu.

INFLUENCE MATERIAL COMPOUND FILATURE AT
PROPERTIES ROUGHT STOCKING PRODUCTS

The diploma work has been aim at preparation rought
stocking products of the compound fibres PP, cotton,
wool, VSs, flax and evaluation physical — mechanical
and using properties. Within the diploma work is num-
ber review development PP fibres and clothes product.
The properties preparation fibres has been the evalua-
tion laboratory method and using properties wear and
evaluation choice a man. Obtain result shall has basic
for evolution next assortment.

Ivana Cmikova:
MOZNOSTI VYUZITIA VYPOCTOVEJ TECHNIKY PRI
TVORBE STRIHOVEJ DOKUMENTACIE V ODEV-
NOM PRIEMYSLE

Diplomova praca sa zaobera moznostami vyuzitia
vypoctovej techniky pri tvorbe strihovej dokumentacie
v odevnom priemysle. Analyzuje v suCasnosti najroz-
Sirenejsi software svetovych vyrobcov CAD/CAM systé-
mov pouzivanych v technickej priprave vyroby. Porov-
nava moznosti jednotlivych systémov a uvadza vyhody
oproti priprave vyroby klasickym spdsobom. Vyhodno-
tenim moznosti jednotlivych systémov praca prinasa
navrhy na komplexné vyuzitie systému Investronica
Sistemas v spolo¢nosti Ozeta, a.s. Trencin.
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POSSIBLE APPLICATION OF COMPUTER-CON-
TROLLED TECHNIQUE AT THE CREATION OF CUT
DOCUMENTARY EVIDENCE IN CLOTHING INDUS-
TRY

The submitted diploma work treats the application of
computer — controlled technique at the creation of cut
documentary evidence in clothing industry, analysing
the present most spread software of the world — wide
known producer of CAD/CAM systems used in the tech-
nical preparation of manufacture. The diploma work is
trying to compare the possibilities of the individual sys-
tems and introduces the advantages opposite to the
preparation of manufacture according to the classical
way. By evaluating the possibilities of the respective
systems the diploma work if offering suggestions for a
complex utilization if the Investronica Systemas system
within the Ozeta joint — stock company Trend&in.

Elena Kimakova: )
KVALITATIVNE HODNOTENIE VYROBKOV ass.
'MERINA, Z HLADISKA MECHANICKYCH VLASTNOSTI
Diplomova praca sa zaobera kvalitativnym hodno-
tenim vytypovanych vzoriek vyrobkov a.s. Merina z po-
hladu mechanickych vlastnosti. V teoretickej asti sa
nachadza prehlad poznatkov o prirodnom viakne — vine
a o chemickom vldkne — polyester, ktoré su spracované
u vyrobcu do finalnych vyrobkov (tkanin). Experimen-
talna ¢ast obsahuje skusobné metodiky, popis a vysled-
ky experimentov, ktoré su spracované tabulkovou a
grafickou formou v obvyklom rozsahu, pouzivanom vo
vyrobnom procese a.s. Merina.

QUANTITATIVE EVALUATION PRODUCTS FROM
MERINA, a.s. HAVING CONCENTRATED ON THEIR
MECHANICAL PROPERTIES

The thesis deals with the quantitative evaluation of
selected products samples from Merina, a.s. having
concentrated on their mechanical properties. In the
theoretical part there is an overview of knowledge of a
natural fibre — wool and a chemical fibre — polyester
which are worked by the manufacturer into the final
products (textiles). The experimental part contains test-
ing procedures, description and experiments results fur-
ther processed in the form of charts and graphs to the
ussual extent used in Merina, a.s. manufacturing process.

Lenka Jancikova:
INOVACNE STRATEGIE USPESNEJ ODEVNEJ FIRMY
Tato diplomova praca sa zaobera moznostami aplika-
cie inovaénych zmien v Uspesnej odevnej firme. Vysvet-
luje podstatu pojmov inovacia, sortiment a marketing
ako dolezitu sucast inovacnej stratégie. Ciefom tejto
préace je analyzovat inovaéné zmeny vo firme Makyta,
a.s. Puchov v oblasti vyrobkovej, procesnej, organizag-
nej a navrhnuat inovaénu stratégiu predaja, konkrétne
vytvorenie koncepcie Médneho klubu ,Makyta” na za-
klade prieskumu.
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INNOVATION STRATEGIES OF THE SUCCESSFUL
CLOTHING COMPANY

This registered labor deals with abilities of the appli-
cations innovations changes in successfull clothing
business. Represents the entity of the terms innovation,
assortment and marketing as an important component
of the innovation strategy. The goal of this labor is to
analyse innovation changes at business Makyta, a.s,
Puchov in sphere manufactural, procedural, organiza-
tional and to vote the sale innovation stategy, concrete
creation of the Fashion club ,Makyta" design following
marketing inquiry.

Zuzana Lavorova:
NAVRH SYSTEMU SLEDOVANIA KVALITATiVNYCH
UKAZOVATELOV PRI SPRACOVANI POTNEJ VLNY
NA VLNENY CESANEC

Cielom diplomovej prace je navrhnit a na vzorke viny
urcitej partie odskusat systém sledovania kvalitativnych
ukazovatelov pri spracovani potnej viny na vineny
Cesanec. Na vzorke viny partie 43 196 s jemnostou 66/
64 s’ sa sleduju parametre v |laboratdriu pracovne viny
a v laboratoriu Uster.

THE CONCEPT OF THE SYSTEM OF THE QUALITY
INDICATORS USED WITH WOOL MANUFACTURING
EXECUTED ON A SPECIFIC WOOL TOP

The aim of this study is to make conception and un-
dergo the experiment on the system of the quality indi-
cators used with wool manufacturing executed on a
specific wool sample. The parameters are examined on
the sample of wool (lot 43 196, softness 66/64) in the
laboratory of a wool scouring mill and in the Uster
laboratory.

Lucia Vargova: )
TEXTILNE POMOCNE PROSTRIEDKY NA
OLEOCHEMICKEJ BAZE

Studovali sa fyzikalno — chemické viastnosti avivaz-
nych a mékdiacich textilnych pomocnych prostriedkov,
pripravenych z produktu OLEO I, ktory je technicky
Cisty, svetlofarebny a biodegradabilny. Stanovili sa:
Cisla kyslosti, viskozita pripravenych textilnych po-
mocnych prostriedkov, bod samovznietenia emulzie
Techazil - 31 V.

TEXTILE AUXILIARIES ON OLEOCHEMICAL BASE
The physico — chemical properties of fabric softeners
obtained from the OLEOQ | product were examined. The
product OLEO I is technically clean, light — coloured, and
biodegradable. The following indicators were set: the acid-
ity number, viscisity of fabric softeners, the point of spon-
taneous combustion of the Techazil — 31 V emulsion.
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Zuzana Kuzmova: 5 )
VYBER VHODNEJ PAD STRIZE PRE KUSOVE FAR-
BENIE DAMSKYCH PLASTOV MANIPULOVANYCH
Z0O ZMESI VLJPAD

Ulohou diplomovej préce je najst a posudit vhodnu
PAD striz pre kusové farbenie damskych plastov mani-
pulovanych zo zmesi vi/PAD pomocou réznych rezer-
vacénych pripravkov. Na zaklade ekonomickej analyzy
farbiacich receptur s rdznymi rezervacnymi pripravkami
bude navrhnuta ekonomicky najvyhodnejSia PAD striz.

THE SELECTION OF SVITABLE PAD STAPLE OF
PIECE - DYEING OF WOMENS' OVERCOATS MA-
NIPULATED MADE OF WOOL/PAD BLEND

The task of the diploma thesis is to find and assess
svitable PAD staple for piece- dyeing of womens' over-
coats made of wool/PAD blend, with the help of various
blocking agents. On the basic of economic analysis of
dyeing formulas with various blocking agents, the most
svitable PAD stapel is going to be suggested.

EvaBenkova: ] 3
VPLYV MATERIALOVEHO ZLOZENIA PRIADZE NA
VLASTNOSTI PONOZIEK

Diplomové praca je zamerana na pripravu a hodno-
tenie Uzitkovych vlastnosti tenkych ponoziek pri réznom
materialovom zlozeni priadze. Zakladnou surovinou
hodnotenych ponoziek je polypropylén v zmesi s prirod-
nymi aj syntetickymi viaknami, ako bavina, lan, viskézo-
vé vlakna a lycra. V experimentélnej ¢asti diplomove;j
prace sa hodnotia: fyzikalno — mechanické viastnosti
priadzi, UZitkove vlastnosti ponozkovych pletenin v labo-
ratérnych podmienkach a nosenim.

THE INFLUENCE OF MATERIAL COMPOSITION
YARN ON THE PROPERTIES OF SOCKS

This work is directed on preparation and valution of
utilitarian gualities of thin socks with various material
composition. Basic raw material of tested socks is
polypropylen in the mixture by natural and synthetic fi-
bres, such as cotton, flax, viscose yarn and lycra. The
experimental part of this registered work there are
evaluated: physical and mechanical characteristics of
yarn applicated for production of socks, evaluation of
socks in the laboratory term, evalution of worn socks.

Miroslava Mozolova:
VPLYV SOLI NA FARBENIE BAVLNENYCH
UPLETOV REAKTIVNYMI FARBIVAMI

Cielom diplomovej prace bolo skimat ako sa zmeni
vyfarbenie bavinenych Upletov predovSetkym z hiadiska
posunu odtiefa a stalosti vyfarbenia, ked' sa pomerne
radikalne zvysi a znizi doporuéené mnozstvo elektro-
lytu. Na zaklade dosiahnutych vysledkov si Slovenka
a.s. upravi receptury, pripradne obmedzi pouzivanie
menej vyhodnych farbiv.
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SALT INFLUENCE ON DYEING COTTON TWIST
PIECEGOODS BY REACTIVE DYES

An aim of my task was the research of changes of
dyeing cotton twist piecegoods mainly from the colour
shade move and fastnes properties, when the
reconnended electrolyte amount is relative radical
raised and reduced. Based on these results Slovenka
a.s. should regulate its dyeing proceduress or should
limit using less suitable dyes.

Dorota Kocmanova:
ANALYZA PROCESU PRIPRAVY VYROBY
ODEVNEJ FIRMY MAKYTA, a.s. PRE PODMIENKY
VNUTORNEHO TRHU

Tato diplomova praca pojednava o procese pripravy
vyroby odevnej firmy Makyta, a.s. pre podmienky vnu-
torného trhu. Navrh opatreni na odstranenie nedostat-
kov vznikol na zaklade podrobnej analyzy predvyrob-
ného procesu a komunikacie so softwarovymi
spoloénostami.

ANALYSIS PROCESS OF PRODUCTIONS PREPAR-
ING OF CLOTHES FIRM MAKYTA, a.s. PUCHOV FOR
SLOVAK MARKET CONDITION

The following work deals with process of productions
preparing of clothes firm Makyta, a.s Puchov for Slovak
market condition. My improving suggestions stands on
concrete analysis of preparing process and communi-
cation with software companies.

Alzbeta Vrablova:
ESTERIFIKACIA XYLANOV, CHARAKTERIZACIA
A STUDIUM ICH VLASTNOSTI

Studovali sa fyzikalno — chemické vlastnosti novych
derivatov pripravenych parcialnou hydrofobizaciou
xylanov s vinyllauratom, s chloridmi vy$Sich mastnych
kyselin (stearoylchloridom), a s vinyllauratom za vplyvu
ultrazvuku. Stanovili sa povrchovo - aktivne viastnosti:
emulgacna Ucinnost, povrchové napétie, kriticka mice-
lova koncentracia, pracia ucinnost, antiredepozi¢na
ucinnost a penivost.

ESTERIFICATION OF XYLANS, CHARACTERIZA-
TION AND STUDY OF THEIRS PROPERTIES

The physico — chemical and performance properties
of newly synthesised derivates prepared by partial
hydrophobization of xylans with vinyllaurate, with chlo-
rides of higher fatty acids (stearoy! chloride), with vinyl-
laurate under influence ultrasound were studied. Emul-
sifying power, surfacetension, critical micelle
concentracion, wasching performance, antiredeposition
efficiency and foamability were determined.
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Zuzana Borotova: )
SPECIFIKA VYROBY DAMSKYCH NOHAVIC
V PODMIENKACH TRECOM, s. r. 0, TRENCIN

Tato diplomova praca sa zaobera Specifikami vyroby
damskych nohavic v podmienkach zadavatela Trecom,
s.r. 0, Trendin. V experimentinej Casti prace sa stano-
vili mechanické parametre tkanin, priadzi a mikrosko-
picka analyza odevnych textilii pouzivanych pre damsku
konfekciu. V dalSej Easti praca riesi technicko — organi-
za&ny projekt damskych nohavic a jeho vyhodnotenie.

SPECIAL CHARACTERISTICS OF LADIES PANTS
MANUFACTURE IN CONDITION WITH TRECOM,
Lmt., TRENCIN

This thesis analyze special characterictics of ladies
pants manufacture, in condition with Trecom, Lmt,
Trencin. In the experiment part are set mechanical pa-
rameters of fabric, yarn and microscopical analysis of
fabric used for ladies clothing industry. The next part of
this thesis deals with technical — organizational design
of ladies pants and its evaluation.

Lucia Petrociova: ] )
VPLYV GEOMETRIE POLYPROPYLENOVYCH
VLAKIEN NA UZITKOVE VLASTNOSTI TEXTiLli
Diplomova praca bola zamerana na hodnotenie vply-
vu zmeny tvarovacieho procesu PP vlakien a na uzitko-
ve vlastnosti ich textilii. Posudzuje vplyv prie¢nej a
pozdizpej geometrie a fyzikalno — mechanické viastnosti
PP viakna na uzitkové vlastnosti ich textilnych vyrobkov.

THE INFLUENCE GEOMETRY POLYPROPYLENE
FIBRES ON UTILITY QUALITIES OF PRODUCTS
The thesis analyzes the influence of change of the
forming process on utility qualities of textile. It appreci-
ates the effect of cross — section and longitudinal geom-
etry on utility qualities of products and it also evaluates
physico — mechanical qualities nature of PP fibres.

Folvar¢ikova Katarina:
STRUKTURA A VLASTNOSTI VLAKNITYCH MATE-
RIALOV Z NOVEJ GENERACIE POLYOLEFiINOV
Diplomova préca je zamerana na pripravu vlakien
z novej generacie polyolefinov — z metalocenového
polyméru. V experimentdlnej ¢asti prace su uvedené
postupy pripravy polypropylénovych strizovych vliakien
z Zigler — Nattovych polymérov a metalocenového
polypropylénu, hodnotenie ich Struktdrnych parametrov
a fyzikdlno — mechanickych vlastnosti a popis metdd pri
analyze vlakien.

THE STRUCTURE AND PROPERTIES OF FIBRES
MATERIALS FROM THE NEW GENERATION
POLYOLEFINS

The purpose of this work is the preparation of fibres
from the new generation polyolefins — from metallocene
polymers. This work contains process of preparation of
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polypropylene fibres from Zigler-Natta and metallocene
polypropylene, evaluation of structure parameters and
physical-mechanical properties and an experimental
apparaturs description.

Ludmila Balogova:
SLEDOVANIE VPLYVU VPICHOVACICH IHIEL, IN-
TENZITY VPICHOVANIA A ZAKLADNYCH PARA-
METROV PPs A PESs NA VYSLEDNU UCINNOST
FILTRACIE NETKANYCH TEXTiLIi

Cielom tejto diplomovej prace bolo sledovanie vplyvu
vpichovacich ihiel, intenzity vpichovania a zékladnych
parametrov PPs a PESs na vyslednu Gcinnost filtracie
netkanych textilii. Hlavnou ¢astou bolo stanovenie
priedusnosti netkanych filtra¢nych materialov v zavis-
losti od druhu pouzitej ihly, intenzity vpichovania a
zakladnych parametrov PPs a PESs vlakien.

OBSERVATION OF INFLUENCE OF NEEDLING,
ITS INTENSITY AND BASIC PARAMETERS PPs
AND PESs ON THE RESULTING FILTRATION
EFFICIENCY OF THE NON - WOVEN TEXTILES

The intention of my diploma work is to observe the
influence of needling, its intensity and basic PPs and
PESs fiber parameters on the resulting efficiency of the
non — woven textiles. The aim of the main body of my
work is to inspect and find out the permeability of the
non — woven filtration materials in relation to the kind of
needle used, intensity of needling, as well as PPs and
PESs fibres parameters.

Lenka Koristova:
NAVRH ZVYSENIA PRODUKTIVITY A
EFEKTIVNOSTI PRACE V ODEVNEJ FIRME
M-S, s.r. 0., ZILINA

Cielom diplomovej prace bolo rozpracovanie navrhu
projektu novej vyrobnej haly z technického a technolo-
gického hladiska. Prestahovanim &asti vyroby z podla-
Zia na prizemie sa zlepSi komunikacia, znizi sa Casova
narocnost transformacného procesu a skvalitni sa
kontrola.

THE CONCEPT OF THE INCREASING OF THE PRO-
DUCTIVITY AND EFFECTIVENES OF WORK IN THE
TEXTILE FIRM

The aim of diploma work was elaborates a suggestion
of a new production hall project from the technical and
technological standpoint. The moving of a part of pro-
duction from the floor to the ground floor improves the
communication, reduces the time pretension of the
transformation process and improves the quality of the
control.

Ingrid Put$kova: )

VPLYV TECHNOLOGICKYCH PARAMETROV
TERMICKEHO SPEVNOVANIA NETKANYCH
TEXTILIi NA ICH SEPARACNU UCINNOST

Vidkna a textil 9 (4) 171-175 (2002)



Témou diplomovej prace su netkané textilie pouzi-
vane ako filtraéné materialy na separaciu necistot
v ovzdusi. Predmetom skimania st zmeny fyzikalno —
mechanickych vlastnosti (hrubka, plosna hmotnost,
pevnost v tahu, taznost) a funkénych vlastnosti (prie-
dusnost) filtraénych materidlov v zavislosti od pouZzitého
vychodiskového materidlu a od intenzity jednostran-
ného povrchového natavenia textilie.

INFLUENCE OF THE TECHNOLOGICAL PARAM-
ETERS OF THERMIC HARDENING NON-WOVEN
FABRIC FOR THEY SEPARATION EFFICIENCY

Theme of diploma work are non — woven fabric appli-
cable as filter material for separation impurities in atmo-
sphere. Object of search are change physico-mechani-
cal properties (roughness, areal weight, tensile strengh,
elongation at break) and functional properties (air-per-
meability) at relation of used basic fibrous material and
intensity unilateral superficial smelting.

INSTRUCTIONS FOR AUTHORS

The journal ,VlIakna a textil“ is the scientific and pro-
fessional journal with a view to technology of fibres and
textiles, with emphasis to chemical and natural fibres,
processes of fibre finishing and dyeing, to fibrous and
textile engineering and oriented polymer films. The origi-
nal contributions and works of background researches,
new physico-analytical methodes and papers concern-
ing the development of fibres, textiles and the market-
ing of these materials as well as review papers will be
published in the journal.

Manuscript

The original research papers are required to be writ-
ten in English language (maximum 10 type-written
pages) with summary (abstract — maximum 10 lines).
Text of contribution from Slovak and Czech Repubilic
have to be in Slovak or Czech language as well.

The other parts of the journal will be published in Slo-
vak language, the advertisements will be published in
a language according to the mutual agreement.

The first page of the manuscript has to contain:

¢ The title of the article.

¢ The initials of the first name (s) and also surnames

of all authors.

* The complete address (es) of the working place of

the authors, (e-mail if it is possible).

The manuscript has to be type-written at the size A4
in standard form, 30 lines with 65 beates, at a page. The
total number of figures and tables would have been less
than 10.

All figures, tables, schemes and photos have to have
their own number and title.
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The figures would have been drawn at the tracing
paper or Bristol, drawn round by black ink, numbered
by Arabic numerals and titled beneath the figure.

The tables would have been written at an individual
piece of paper with number and title above them.

Photos and schemes have to be sufficiently contras-
tive at a photographic paper or to be drawn at a white
paper.

Equations and schemes are stated right in the text.

Numbers of the figures and tables shall be stated in
the text at the left margin.

Physical and technical properties have to be quanti-
fied in Sl units, names and-abbreviations of the chemi-
cal materials have to be stated according to the [UPAC
standards.

References in the text have to be in square brackets
and literature cited at the end of the text has to respect
the international conventions.

The manuscript together with the tables and figures
are demanded as hard copy.

Authors are kindly requested to deliver all papers to
be published on PC disks 3,5" in WINWORD and by
e-mail.
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ZO ZAHRANICNYCH CASOPISOV

Polyesterové vlakno s absorpénou schopnostou
porovnatelnou s bavinou
ADVANCES IN TEXTILES TECHNOLOGY, 2002,
€. 2,5 2-3

US Patent 6 258 309 udeleny korejskej firme
SAEHAN INDUSTRIES, INC. popisuje polyesterové
strizové vlakno, modifikované anorganickymi zlGéenina-
mi, s absorpénymi schopnostami porovnatelnymi s pri-
rodnymi materialmi. Castice anorganickych zltu¢enin,
napr. oxidu vapenatého, hore¢natého, manganicitého,
resp. ich zmesi sa pridavaju do taveniny medzi stupfiom
polymerizacie a zvlakfiovania. Ostatné aditiva ako sta-
bilizatory, antioxidanty, absorbery UV-Ziarenia sa pri-
davaju bezprostredne po esterifikacii alebo poCas po-
lykondenzéacie. Uprava nezvySuje vyrazne vyrobné
naklady. Ostatné fyzikalne vliastnosti vidkna zostavaju
v podstate nezmenené. Novy material méze plne nah-
radit bavinu v odevnych textiliach.

Textilie odolné voéi prerezaniu a prepichnutiu
ADVANCES IN TEXTILES TECHNOLOGY, 2002,
€. 2,5.34

Firma JHRG LLC (USA) patentovala spésob vyroby
textilii odolnych voCi prerezaniu a prepichnutiu, ktore za-
roven neprepustaju vzduch a kvapaliny. Na textiliu ob-
sahujuicu viac ako 25 % vlakien pre narocne aplikacie,
napr. polyetylén s vysokym modulom alebo s vysokou
pevnostou v tahu, sa laminuje termoplasticky film. Po-
diel etylénu vo filme musi byt minimalne 20 %. Film sa
spolu s textiliou navija v napatom stave a zohrieva sa,
aby zmékol. Dochadza ku zrazeniu textilie a laminacii
vrstiev za pdsobenia tlaku. Jednym z variantov popisa-
nych v patente USA 6 280 546 je laminat s vonkajSou
vrstvou, ktoru tvori textilia pre narocné aplikacie a vnu-
tornou vrstvou vo forme filmu z polyetylénu s nizkou
hustotou, medzi ktoré je viozena mriezka.

Nezrazava vina
ADVANCES IN TEXTILES TECHNOLOGY, 2002,
¢ 2,5.4-5

Danskym vyskumnikom z firmy NOVOZYMES bol
udeleny US patent 6 258 129 na enzymaticku nezraza-
vU Upravu viny. Na vinu sa najprv pdsobi v plynnom
prostredi nizkoteplotnou plazmou. Dalej sa upravuje vo
vadnom roztoku peroxidu vodika za pritomnosti neiéno-
vého zméagacieho prostriedku a katalyzatora. Po plakani
nasleduje enzymaticka Uprava v kyslom, neutrdlnom
alebo zasaditom prostredi s pridavkom povrchovoaktiv-
nych prostriedkov. Pred enzymatickou Upravou alebo
pocas nej je vhodné na vinu kratko pdsobit ultrazvukom.
Proteolyticky enzym médZze byt ZivoiSneho alebo ras-
tlinného pdvodu. Overeneé bolo aj pouzitie mikrobialnych
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enzymov. Nezrazava uprava zlepSuje belost viny, zni-
zuje jej Zzmolkovitost a zlepSuje jej méakkost.

Spracovanie v nadkritickom oxide uhli¢itom
ADVANCES IN TEXTILES TECHNOLOGY, 2002,
¢. 2,s.5-6

Metdda zariadenia farbiv a inych chemikalii do had-
kritického kvapalného oxidu uhli¢itého za uéelom upra-
vy textilii je popisana'v patente USA 6 261 326. V na-
vrhovanom systéme sa farbivo pred Upravou rozpusti
v rozpustadle, ¢im sa riesi problém aglomeracie Castic.
Farbivo sa davkuje do uzatvorenej nadrze s cirkulac-
nym okruhom, Cerpadlom, filtrom a rozvodnymi ventil-
mi, naplnenej nadkritickym kvapalnym oxidom uhliCitym.
V procese zmieSavania sa mdze pridat povrchovoaktiv-
ny prostriedok alebo dispergator. Obsah nadrze sa nas-
ledne zohrieva tak, aby sa dosiahol tlak rovnaky ako
v Upravarenskom systéme. |zolacia systému pripravy
Upravarenského roztoku je zabezpecena prostrednic-
tvom ventilov.

Zdokonaleny podklad z netkanej textilie pre vsi-
vané koberce
ADVANCES IN TEXTILES TECHNOLOGY, 2002,
¢. 2,5 7-8

Medzinarodny patent WO 00/12800 bol udeleny ho-
landskej firme AKZO NOBEL BV. Popisuje podklad pre
v8ivané koberce, ktoru tvori tkanina z termoplastickych
vlakien, spojena s netkanou textiliou prostrednictvom
termopojivého polyméru a termoplastickych viakien.
Netkana textilia je vyrobend z bikomponentnych viakien
so $truktdrou jadro/plast s jemnostou 5-20 dtex. Jad-
rom vlakna je polyetylentereftalat, plast tvori polyamid
6. Teplota tavenia termopojivého polyméru je 0 15-20
% nizSia ako teplota tavenia ostatnych viakien. Paten-
tovany podklad ma zlepSenu stabilitu a mechanické
vlastnosti.

Transplantat s antimikrobialnym prostriedkom
ADVANCES IN TEXTILES TECHNOLOGY, 2002,
€. 2,s.10-11

Firma Agio Technologies LLC vyvinula transplantat—
textiliu povrstvenu anorganickym a antimikrobialnym
prostriedkom, ktory sa na fiu nanasa rozprasovanim.
Textilia napriek povrstveniu zostava porovita, pruzna
a prepusta kvapalinu. Upravuje sa za mokra v napatom
stave a nasledne sa na fu pdsobi stlacenym vzduchom.
Pri suSeni sa antibakterialny prostriedok pritomny v p6-
roch textilie odstrani, &im dochadza k zachovaniu poro-
vitej Struktlry. Ako antibakterialny prostriedok st vhod-
né antibiotické zeolity, najviac sa v8ak osvedcil
dusicnan strieborny. V priklade je uvedena receptura
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Upravy polyesterovej pleteniny uréenej na cievne tran-
splantaty.

Sucasné trendy vlakien pre netkané textilie
TECHNISCHE TEXTILIEN, 44, 2001, &. 4, s. E 180
Priemysel netkanych textilii je vyznamnym odbytis-
kom chemickych vldkien. Ich svetova spotreba v roku
2000 predstavovala 3 miliény ton a predpoklada sa, ze
do roku 2005 sa zvysi na 3,7 milionov ton. Z uvedené-
ho mnozstva 2,1 miliéna ton pripada na polypropylén
250 000 ton na bikomponentné viakna (PP, PET) a 750
000 ton na polyesterové vliakna. V buducnosti sa o¢a-
kava vyrazny rast spotreby Specidinych PES viakien,
napr. kopolymérov, bioaktivnych viakien alebo ko-po-
lyesterovych vidkien podliehajucich rozkladu. Perspek-
tivu maju viakna vyrobené na baze kyseliny mlie¢nej,
ktoré nezatazuju Zivotné prostredie. Viakna pre naroc¢-
né aplikécie zatial' v priemysle netkanych textilii nehra-
ju vyznamnejSiu Ulohu. Viskézové viakna sa v tomto
sektore vyuzivaju najma pre hygienické aplikacie, hoci
ich podiel na svetovom trhu je pomerne maly (8 %).

Firma Honeywell rozsiruje vyrobu vlakna Spectra
TECHNISCHE TEXTILIEN, 44, 2001, €. 4, s. E 183

Firma Honeywell, USA zvySi kapacitu vyroby polye-
tylénového vlakna Spectra s vysokym modulom. ViIak-
no ma najvyssi pomer pevnost/hmotnost zo vietkych
syntetickych vlakien. Je lahké, ma vybornud odolnost vo-
¢i chemikaliam, vode a UV Ziareniu a vysoku schopnost
absorbovat energiu. Pouziva sa na vyrobu Specialnych
pracovnych odevov, ochrannych pomocok, lan a pov-
razov, nepriestrelnych viest, pancierov vozidiel, Sporto-
vych vyrobkov a pod. Viakno je zakladnym materialom
na vyrobu kompozitov Spectra Shield vyuzivanych v ar-
made, policajnych zboroch a v narocnych priemysel-
nych aplikaciach.

Nova linka na vyrobu polyesterovych netkanych
textilii spod trysky v Berline
TECHNISCHE TEXTILIEN, 44, 2001, ¢. 4, s. E 184
Firma Johns Manville Europe GmbH vyvinula novu
netkanu textiliu z jemnych viakien vhodnu na vyrobu fil-
trov. Filtratné médium Combi Fil ma vrstvenu Struktu-
ru tvorenu z ultrajemnych a hrubych polyesterovych via-
kien. Ultrajemné filamemty na povrchu filtra vyrazne
zlepSuju separacnu funkciu, hrub8ie vidkna na zadnej
strane zabezpe&uju minimalnu tlakovu stratu. Filter je pev-
ny, ma vysoku efektivnost, dihi zivotnost a lahko sa Cis-
ti. Namiesto tradi¢nych spojiv sa pri jeho vyrobe pouzivaju
ekologicky vhodnejSie polyesterové kopolyméry.

Spracovanie priadzi z dutych viakien do osnov-
nych upletov pre technické aplikacie
TECHNISCHE TEXTILIEN, 44, 2001, €. 4, s.
E 187-E 190

Clanok predstavuje nové typy osnovnych Upletov vy-
robenych s pouzitim priadzi z dutych vlakien v Struktu-
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re pleteniny, ktora zodpoveda predpokladanej oblasti
pouzitia. Tieto Uplety sa pouzivaju ako substraty biolo-
gickych filtrov, biofunkéné textilie v zdravotnictve, mézu
byt suéastou vyhrievacich a chladiacich prvkov, kolek-
torov, izolacii, absorbérov a pod. St vhodné aj na vy-
robu kompozitov. V prispevku su uvedené vysledky
skusok absorpénych a tepelnych vlastnosti vybranych
vzoriek osnovnych Upletov z priadzi z dutych vlakien.
V sucéasnej dobe sa overuju moznosti dalsich Struktu-
ralnych modifikacii tychto materialov.

Pouzitie termopojivych produktov firmy Ems pri
vyrobe textilii do automobilov
TECHNISCHE TEXTILIEN, 44, 2001, ¢. 4,
s. E 190-194

Na spevnenie textilného substratu ponuka SvajGiarska
firma Ems-Griltech termopojivé bikomponentné vlakna
s teplotou spracovania 115-170 °C. Teplom tavitelné
adhézne granule a prasky sa pouzivaju na laminaciu
dvoch alebo viacerych vrstiev materialu. Umoznuju
speviovanie a spajanie netkanych textilii bez pouzitia
rozpustadla a zatazovania zivotného prostredia prcha-
vymi organickymi zluceninami. Tieto netkané textilie si
zachovavaju priedysnost, vyborne odvadzaju vihkost
a spifajl poziadavky kladené na materialy pre nové kli-
matizované Struktury sedadiel. Vyrobky vyrobené s po-
uzitim termopojivych produktov firmy Ems spifiaju pred-
pisy EU pre recyklaciu. Polyesterové netkané Struktury
spojené adhezivami tavitelnymi teplom pouzivané v la-
minovanych konstrukciach st vhodnou nahradou poly-
uretanovej peny.

Skusky vyuzitia odpadovych vlakien z kobercov
v netkanych geotextiliach
TECHNISCHE TEXTILIEN, 44, 2001, &. 4, s. E 195
Legislativa 0 odpade vyzaduje spracovanie textilné-
ho odpadu do vyrobkov zodpovedajicej kvality s 6o naj-
vy§Simi nakladmi. V ramci vyskumného projektu vyko-
nal STFI Chemnitz skuSky spracovania odpadu zo
vSivanych kobercov s penovou Upravou do netkanych
geotextilii. Pre tento ucel bola navrhnuta optimalna tech-
nolégia trhania kobercov a nasiedného Cistenia tkaniny.
Z regenerovanych viakien boli vyrobené netkané texti-
lie spevnené mechanicky vézbovou nitou. Optimainy
podiel regenerovanych vlakien v tychto vyrobkoch je
10-15 % v pripade polypropylénu a 50 % v pripade vi-
ny. Z materidlov s obsahom polypropylénovej druhotnej
suroviny sa vyrabaju geotextilie plniace separacné
a ochranné funkcie, vinené regenerované viakna sa
pouzivaju do protieréznych rohozi a zatraviovacich ma-
teridlov.

Sikoplast: novy systém recyklacie odpadu z PP

netkanych textilii

TECHNISCHE TEXTILIEN, 44, 2001, ¢. 4, s. E 207
Novy Hybridsystem nemeckej firmy Sikoplast GmbH

umoznuje recyklovat odpad z PP netkanych textilii tak,
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Ze sa vracia priamo do procesu vytla¢ania. Odpadovy
material (vidkna, priadze, odstrizky) sa najprv rozseka
a bez medzistupfa peletizacie sa pneumaticky privad-
za do zasobnika, kde sa hromadi. To umoznuje dosa-
hovat konstantnu rychlost vytlaéania bez ohladu na
rychlost podavania odpadu do granulatora. Vyhodou je
to, Ze odpada medzistupen peletizacie a ze je mozné
recyklovat aj polyméry s vysokou rychlostou toku tave-
niny. Hybridsystem umozniuje bez predkompresie vyro-
bu netkanych textilii s hmotnostou 12 g/m?. Proces je
energeticky Usporny a Setrny k spracovavanému poly-
méru.

Hydrotex — proces recyklacie textilnych kompo-
zitov
TECHNISCHE TEXTILIEN, 44, 2001, ¢. 4, s. E 216
V Nemecku ma ¢oskoro nadobudnut platnost naria-
denie, podla ktorého az 80 % priemernej hmotnosti au-
tomobilu musi byt vyrobenych z recyklovatelného ma-
terialu. Firma Woma Apparatebau GmbH vyvinula
v spolupraci s Univerzitou v Kaiserslauterne proces
Hydrotex, ktory umozfiuje separaciu jednotlivych textil-
nych zloziek z automobilovych prvkov. VyuZiva vodné
trysky, z ktorych prudi voda pred tlakom rychlostou
250 m/s. Prud vody oddeluje napr. textiiné materialy
z elastickych substratov, laminatov alebo kompozitnych
prvkov a uéinne ich rozvlakruje. Problémom nie je ani
oddelovanie rubovych povrstveni alebo peny.

Vo vSetkych oblastiach sa o¢akava zvysenie spot-
reby technickych textilii
TECHNICAL TEXTILES, 10, 2001, ¢. 10, s. 5-7

V roku 1995 sa vo svete vyrobilo 9,3 miliard ton tech-
nickych textilii v celkovej hodnote 60 mifiard US dolarov.
Predpoklada sa, Ze v roku 2005 sa ich objem, zvysi na
13,7 miliard ton. Podla optimistickych prognéz by tech-
nicke textilie mali v roku 2005 dosiahnut 25 %-ny podiel
na trhu textilii. Najvacsim odberatelom technickych tex-
tilif je automobilovy priemysel. Vyrazne stipa spotreba
zdravotnickych a hygienickych vyrobkov. VA¢si odbyt
technickych textilii pre stavebnictvo limituje stagnacia
stavebného priemyslu. So situaciou v tomto sektore
CiastoCné suvisi aj spotreba textilii na ochranu Zivotné-
ho prostredia. Ich podiel na trhu je relativne maly, o¢a-
kava sa v3ak zvy3enie odbytu. Sektor ochrannych ode-
vov charakterizuje rychly rast a vysoké ceny. Objem
vyroby je v porovnani s ostatnymi maly.

Teijin investuje do svetlej budicnosti para-arami-
dovych viakien
TECHNICAL TEXTILES, 10, 2001, &. 10, s. 8-9
Para-aramidové viakna maju vysoky modul, vysoku
Specifickl pevnost, su lahké, odolné voéi chemikaliam
a vysokym teplotam. Firma Teijin ich vyraba pod ob-
chodnym nazvom TWARON. Pouzivaju sa na vyrobu
ochrannych odevov, pracovnych rukavic, nepriestrel-
nych viest, vyrabaju sa z nich kompozity pre naro¢né
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aplikacie v priemysle a v armade, optické kable a lanj,
geotextilie, rurky, odevy pre poziarnikov, plachty na ha-
senie poziaru, panciere vozidiel. V kombinacii s termo-
setovou Zivicou sa TWARON pouziva na speviiovanie
betdnovych stavieb najmé v oblastiach ohrozenych ze-
metrasenim. O¢akava sa roény 10 %-ny rast spotreby
tohto vidkna. Preto aj firma Teijin planuje v rokoch
2003-2004 rozsirit kapacity jeho vyroby.

Technolégia a pridana hodnota — optimalizacia
namiesto kompromisu
TECHNICAL TEXTILES,10, 2001, &. 10, s. 10-12
Netkane textilie Colback firmy Colbond (Holandsko)
sa vyrabaju z bikomponentnych vidkien s polyestero-
vym jadrom a s plastom z polyamidu. Jadro zabezpe-
Cuje tepelnu a mechanicku stabilitu rina, polyamid s vy-
bornou afinitou k farbivam a povrstveniam plni funkciu
spojiva. Material sa spevfiuje termicky pdsobenim tep-
la a tlaku bez pouzitia chemikalii. Netkané textilie Col-

back sa pouZivaju ako primarny podklad v§ivanych ko-

bercov, tvarovanych autokobercov, kobercovych
dlazdic. Maju vybornu rozmerovu stabilitu. Netkané tex-
tilie Colback st vhodné aj ako nosné textilie pre asfal-
tové natery a stredné membrany v stavebnictve. Novou
generaciou tohto materialu je vyrobok Colback Duolock
a Colback EasyTuft.

Vyroba Specialnych textilii je zarukou tspechu fir-
my Christian Eschler
TECHNICAL TEXTILES, 10, 2001, &. 10, s. 13-14
Svajéiarska firma Christian Eschler je poprednym vy-
robcom Sportovych odevov, v ktorych $pickovi $portovci
dosahuju vitazstva v najvysSich svetovych sutaziach.
Okrem lyZiarskych odevov pre olympionikov firma Es-
chler dodala u¢astnikom preteku Tour de France cyk-
listicke dresy vyrobené z PES vlakien s antimikrobial-
nou vyplfiou sedacej &asti nohavic, ktoré splnaju
najprisnejie hygienické pozZiadavky. Svoje poznatky
z vyroby Sportovych odevov vyuzila firma Eschler pri vy-
robe multifunkénych pracovnych a ochrannych odevov.
Ponuka ohfiovzdorné odevy pre poziarnikov a zachra-
nérov i klimaticky aktivne odevy pre cestarov a stavba-
rov s vysokym komfortom nosenia aj pri fyzicky naro¢-
nej praci, ktoré zaroven zabezpecuju ochranu voci UV
Ziareniu a znizuju riziko ochorenia tychto pracovnikov
na rakovinu koze.

Smery rozvoja geosyntetickych materialov
TECHNICAL TEXTILES, 10, 2001, ¢&. 10, s. 20-22
Textilny sektor geosyntetickych materidlov sa bude
podra prognéz rozvijat dvomi smermi. Jednym z nich je
dalSie zdokonalovanie a diferenciacia sortimentu, dru-
hym smerom, ktory uzko suvisi s pokrokom v oblasti
skusobnictva, je zvySovanie kvality. Predpoklada sa, ze
priemysel bude pozadovat nové kompozity na baze
geomembran ako aj integrované geotextilie so zvyse-
nymi pevnostnymi charakteristikami. V stavebnictve sa
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uplatnia nové typy high—tech systémov a multifunk&né
geomembrany so Specidinymi zatermi-a nastrekmi s ba-
rierovym efektom. RozSiri sa sortiment agrarnych
geotextilii s melioraénym G&inkom. Déraz sa bude klast
na vzdelavanie odbornikov a vyuzivanie modernych in-
formaénych médii.

Adresar priemyslu technickych textilii pre rok

2002
TECHNICAL TEXTILES, 10, 2001, €. 10, s. 28-82

Vidkna a textil 9 (4) 176-179 (2002)

Prva Cast adresara je abecedny zoznam firiem spolu
s ich kontaktnymi adresami, resp. osobami. V druhej
Casti su v abecednom poradi uvedeni vyrobcovia stro-
jov a zariadeni, skuSobnych pristrojov, vidkien a priad-
zi, tkanin, pletenin a netkanych textilii, povrstvenych
a laminovanych textilii, kompozitov, dalej vyrobcovia ag-
rotextilii, technickych textilii pre stavebnictvo, ochranu
Zivotného prostredia, zdravotnickych materialov,
geotextilii, ochrannych a inteligentnych odevov, obalo-
vych materialov...
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