
Rodnik 7.
2000

tsst i l335-0617

lndexed in:

Chemical
Abstracts,

World Texlile
Abstracts

EMBASE

Elsevier
Eiobase

Elsevier
GeoAbstracts



Vldkna a  tex t i l  (4 )  2OOO

CONTENT OBSAH

178 Borsig E., Marcincin A., Hodul P., Fiedlerovd A., Hr1kovd L.. 178 Borsig E., Marciniin A., Hodul P., Fiedlerovd A., HrdkovA L..
Chemical ly Modif icat ion of Polypropylene Chemick6 modif ikdcia polypropyl6nu

184 Uihelyiovd A., Marciniin A. 184 Ujhelyiovd A., Marcincin A.
Unevenness of geometry and structure of synthetic fibres and Nerovnomernost' geometrie a Strukt0ry syntetickfch vldkien
methods of their estimation a met6dy jej hodnotenia. Rozptyl mechanicklich vlastnosti

189 Sirkovd B. 189 Sirkovd B.
Study of Approximations of Individual Models by a Part ial Sum St0Oium aproximdcii  individu6lnych modelov pomocou
of Fourier Series parcidlnych s06tov Fourierovyich radov

195 Dordevic M., Gligorijevic V. 195 Dordevic M., Gligorijevic V.
Relaxation Processes and Balance of the Interlock Knitted Relaxacn6 procesy a rovnov6ha v interlokovyich pletenin6ch
Fabrics 

200 Jambrich M., Murdrovd A., D1ubas F.
200 Jambrich M., Murdrovd A., DZubas F. Aspekty vlivoja celul6zovlich vl6kien

Aspects of the Development of cel lulose Fibers 
z vEDEcKovvsKUMNvcH A vvvoJovvcn

NEWS FROM DEPARTMENTS: THEORY, TECHNOLOGY PRACOVISK
AND APPLICATION 

2oG eapekovd v.
Spolupr6ca VUTCH-CHEMITEX spol. s r.o. so zdruZenfm MTL206 eapekovd V.

Cooperation of VUTCH-CHEMITEX LTD. with MTL 
SyMpOZtA - KONFERENCTE

SYMPOS|A - CONFERENCES 
2Q7 Murdrov| A.

207 Murdrovd A. PrvA stredoeur6pska konferencia o vldknotvornfch
The First Central European Conference on Fibre Grade Poly- polym6roch, chemickfch vldknach a Specidlnych textilidch
mers, Chemical Fibres and Special Textiles 

209 Hodul p.
209 Hodul P. Efektfvnej5ie vyuZitie reaktivnych farbiv

More effective use of reactive dyes 
215 Herchtovd l.

215 Herchlovd l. Vfsledky posudzovania zhody ostatnych urdenfch vfrobkov
Results of Accordance Estimation for Remaining Determined vo VUTCH-CHEMITEX spol. s r.o.2i l ina, Autorizovan6 osoba,
Products SKTC - 119 za l l l .  Stvrtrok 2000

217 Sodomka L. 217 Sodomka L.
Texti le scienti f ic conference STRUTEX Texti le scienti f ic conference STRUTEX

218 News 218 Zo zahranicnl ich dasopisov
223 eapekovd V., Remekovd V. 223 eapekovd V., Remekovdt V.

Directory of Texti le, Fibre and Clothing Manufactures in Zoznam texti lnfch, vl6kndrskfch a odevnfch podnikov
Slovakia Slovenskej republiky

231 Instruct ion tor Authors 231 Initrukcie pre autorov

VlAkna a textilT (4) 177 (2000) 177



CHEMICALLY MODIFICATION OF POLYPROPYLENE
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upolebor @ sa vba. sk

-' Faculty of Chemical Technology, Slovak University of Technology, Radlinskeho 9, 812 37 Bratislava, Slovak
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The paper brings a brief survey of the direct chemical methods for preparation of polypropylene
(PP) der ivat ives,  using most ly peroxides, UV or gamma irradiat ion and in some cases also strong
acidic reagents for  format ion of  precursors of  the binding the funct ional  groups or s ide chains on
the PP backbone. By this means sulfonated, chlorinated, carboxylated, hydroperoxidated PP as
the examples of  funct ional ized PP's can be prepared. As examples of  b inding side chains to the
PP, the grafting of PP with unsaturated monomers l ike styrene, methyl methacrylate, acrylates,
maleic anhydride and its derivatives are described. Application of PP derivatives and their impor-
tance in preparat ion of  polymer blends and composi tes is i l lustrated.

Introduction

Polypropylene is generally known as a polymer with
a wide range of appl icat ion in plast ic industry, mainly
in the production of dif ferent car parts (bumpers),
water and waste pipe, household and kitchen uten-
si ls and appliances, package, toys, a variety of
moulds for sports equipments, furniture, machines,
etc.,  but also as sol id f iber for technical and text i le
application.

It  is due to relat ively good mechanical propert ies
of polypropylene, i ts low price and to another impor-
tant property, ecological ly fr iendly production and i ts
waste processing. Further extension of the applica-
bi l i ty of polypropylene requires, however, the com-
bination of the propert ies with other polymers or
materials, chief ly with polar polymers ( in polymer
blends) and with glass and metal (either as a f i l ler
or in the preparation of e.g. sandwich products). This
can only be reached i f  part of polypropylene mol-
ecules wil l  also contain polar groups or chains that
wil l  enable the combination of the propert ies with
other, usual ly polar, material.

By introducing polarity into the polypropylene chain,
an interfacial agent can be obtained for composite
materials, where there improves the compatibi l i ty of
PP with polar polymers, such as polyamide or poly-
ester [1-5] or adhesion of PP to the glass or metal
surface [6] but also the required propert ies l ike sur-
face dyeability, hygroscopicity and surface conduc-
t ivi ty (mainly of f ibres) [7].

Chemical bonding of polar groups or chains to a
PP molecule can in principle be achieved in two
ways.

The f i rs t  t rad i t ional  way of  b inding to nonpolar
polypropylene macromolecule without typical reac-
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tive sites uses a radical chain transfer reaction most
often, a reaction site with active free radical being
formed and th is  radica l  is  used for  b inding the polar
component [8].  The second newer way of obtaining
the reaction centre is the copolymerization of a
monomer unit with an active group (most frequently
with free double bond) into a polypropylene chain,
which is  then used for  b inding the requi red polar
group [9] .' To make the article more lucid, the methods of the
chemical binding of polar components to PP were
divided into two groups:
A) Functionalization of polypropylene (binding of low-

molecular functional groups)
B) Grafting of polypropylene (binding of PP chains to

the backbone of PP)
There is natural ly no sharp boundary between the

two groups and in the case of the binding of low-
molecular functional groups to PP, they are often
used for the consecutive polypropylene graft ing.
However, to just i fy this division al l  the same, the f irst
group (A)  wi l l  inc lude the methods prov id ing
functional ized PP, which can be used separately for
var ious purposes,  such as e.g.  polymer b lends re-
gardless of the fact whether i t  can be later used for
graft ing or not. The second group (B) wil l  include only
direct or indirect methods of PP graft ing.

A. Functional izat ion of polypropylene

The chlorination of PP belongs to the oldest and
relat ively simplest methods of introducing the polar
heteroatom into the PP chain. The procedure is ac-
tual ly  the same as the in  the chlor inat ion of  low-
molecular hydrocarbons using a radical chain reac-
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The b inding of  male ic  anhydr ide to i ts  polymer
chains probably belongs to the most  s tudied
functionalization reactions of PP [6]. This follows from
the excel lent compatibi l iz ing propert ies of this modi-
f ied PP for the preparation of PP blends and com-
posites l2-5, 121. There were published several
mechanisms for this functionalization reaction. On the
basis of the study of the kinetics and the reaction
products of functional izat ion, i ts mechanism is cur-
rently described by the fol lowing Scheme (3) t13, 141.

The reaction mechanism is derived from the prin-
ciple of the majority of PP functionalization of the so-
cal led chain transfer graft ing using the free radical
sources as init iator. This mechanism is part icularly
interesting (as has been experimentally confirmed)
because the polymer radical being formed on the
backbone of the PP chain during init iat ion is not re-

9Hs eH 9Hs CHi
I i"' conc. HrSOo i"r i"3-cH2-cH-cH2-cH- 

-  
-6Hr-? CH2-CH- +

so3H

CH" CH.
l - t -

+ -CH2-C:CH-CH- + SO,  + l -1rg

Scheme 2

cH"
t "

CH"
t --cHz-9- ?'.

*  c tz  + -6Hr-? + Cl '

c l
Scheme 1

t ion (Scheme (1)). The chlorination is ini t iated by UV
radiat ion or by thermal decomposit ion of peroxide
and is carr ied out in a solut ion (mainly of atactic PP)
in chlorinated solvents, e.g. CCla or in a monomer
s lurry  of  PP.  Chlor inated PP is  used as a
compatibilizer for the preparation of PP-EVA and PP-
PMMA blends and as a secondary p last ic izer  for
PVC. l t  can also be used for graft ing with a cationic
mechanism [1 0] .

Sulfonation of PP is not successful in the meas-
ure required. There is always formed, in addit ion to
a sulfonic group, unsaturated PP chain (Scheme (2)).
This process leads practical ly to dehydrogenation
with the formation of olef inic bonds and, ult imately
to charring. The planned use of sulfonated PP as
ion-exchanger is  thus very l imi ted [1 1] .

t t l

,TY - .,Itt-f'-.r\

Ene-reaction

End chain grafting
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sponsible for direct reaction with maleic anhydride
under formation of succinic radical on PP chain (see
Scheme 3). The pscission of PP chain takes place
at first with the formation of end PP radical and a
vinyl idene group at the other end of PP chain. These
both fragments of PP chain formed are responsible
for end-chain graft ing of PP with maleic anhydride
(MA).On the basis  of  the C13 NMR study,  Heinen et
al.  [13] argue that the end succinic group has a doubl
bond at the end of PP chain. The succinic radical
formed at the end of PP chain is deactivated by one
of the possible recombination reactions indicated in
the scheme (3) [14]. The homopolymerization of MA
is not  real  dur ing graf t ing,  main ly  because the
functional izat ion usually proceeds at the tempera-
tures higher than the cei l ing temperature of MA and
because i t  is known that the procedure of MA
homopolymerization i tself  under special condit ions
is  d i f f icu l t  g iv ing a not  uni form product  [15,  16] .  Most
grafts consist of single succinic anhydride units and
this is ascribed to a relat ively rapid intramolecular
hydrogen abstraction by P-MA' radicals.

The functional izat ion reaction of PP with MA can
be conducted in three ways: in melt (reaction injec-
t ion mould ing) ,  in  the sol id  phase,  and in  so lut ion
[17]. These procedures give conversions of mainly
about 2 wt.% of MA bound to PP. The graft ing in
the solid phase has certain advantages from the point
of view of easier el imination of unchanged MA and
about  1.5 wt .% of  b inding of  MA to PP is  obta ined
[18-20] .  MA-modi f ied PP has longer  been used in
reinforcement of glass of carbon fibres in PP; recently
i t  has been used in the preparation of PP blends with
polar polymers (PP-PET, PP-PAm), PP composites
wi th inorganic  f  i l lers  and mul t i layer  systems.
Maleinated PP forms a very effective interface be-
tween the PP phase and the polar component of the
system. l t  is strongly ref lected in an increase of ten-
si le strength, st i f fness, and other mechanical prop-
erties. For example, isotactic PP grafted with MA was
used as an adhesive bonding the cold-rol led steel
sheets for the correlation of its bondability. lt was
found that the maximum adhesive strength 159 kg/
cm2 was obtained from a degree of graft in g 0.217 %
[21]. ln the case of the preparation of blends from
PP and polar polymers the reaction of succinic an-
hydride group bound to PP is used for direct spon-
taneous reaction between maleinated PP with end -
OH groups in the case of polyester and with -NH-
groups in the case polyamide 6 (PA6). In both cases
the covalent bond is formed between PP and PAO
chains, which has a posit ive effect on the mechani-
cal properties of the mixture thus prepared - this way
is also denoted as reactive extrusion [221.

Another signif icant way of the functional izat ion of
PP is the binding of oxazol ine monomer groups e.g.
in the form of r icinoxazoline maleinate [23]. The role

1 8 0

+  * C - N H - C H 2 - C H 2 - O - C +

Scheme 4

of the relatively large ricino-maleate group is not only
to apply at least one of the double bonds for bind-
ing to PP by the so-cal led ,,chain transfer,,  graft ing
(see Part Graft ing of PP) but also to raise the boi l-
ing point and/or to lower the pressure of part ial  va-
pours of the monomer used at the reaction tempera-
ture. Oxazoline group is known to react spontaneously
with free carboxyl ic group which is useful for the
preparation of a mixture of PP with polar polymers
or polymers with carboxyl ic groups (see Scheme 4)
[23]. Great interest in the principle of the spontane-
ous reaction is documented by a number of refer-
ences [see in 24].

The functional izat ion of PP by the method of chain-
transfer graft ing has, however, also some disadvan-
tages, e.g. a relatively lower reaction efficiency which
often leads to PP degradation. A certain solut ion to
these problems is  the in t roduct ion of  v iny l idene
groups into PP as early as during i ts preparation; this
can be solved by using a Ziegler-Natta catalyst dur-
ing the polymer izat ion of  propene.  l t  is  then easy to
bind var ious funct ional  groups to he chain end such
a  PP type ,  e .g .  -S | (OR) . ,  -B r ,  -OH,  -NHz,  -SH,
epoxide group but also the often required MA group
19,241(see Scheme (5)). The properly functional ized

QHs
a)  H3C-CH2-CH2-PP-C=CH2

I
H:Q

H3C -  CH2-CH2- PP -  CH- CH2-F

o o t
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PP can also be used for PP grafting with various vi-
nyl monomers. For instance, an anhydrideterminated
PP was produced using a Lewis acid-catalysed Al-
der Ene reaction. The MA incorporation onto the
polymer was terminal ly posit ioned [25]. Anhydride-
terminated PP is used e.g. for reactive blending of
PP with polyamide 6, anhydride groups react with
the amine-terminated polyamide 6 to yield polypropy-
lene-block-polyamide 6 in situ. Such block copoly-
mers are eff icient dispersing agents [26].

A carbamate group can be bound to PP chain un-
der the effect of the decomposit ion of azides, e.g.
buty lazoidoformate.  Ni t rene being formed dur ing
decomposit ion is able to insert into the C-H bond
(see Scheme (6)) of PP chain. But the successful-
ness of this reaction is only about 30 %; i t  is chief ly

due to the fact that the greater part of azide is de-
composed by radical mechanism 1271.

A very successful procedure of the catalyt ic
hydroxylation of PP surfaces under the effect of a
CrO3 mixture, a mixture of acetic acid and its anhy-
dride was worked out; it increases the polarity of the
PP surface to such an extent that the technically
required adhesion to other polar surfaces is reached
(see Scheme (6)) [28].

Cold plasma can be useful for an eff icient modif i-
cation of PP surfaces. In the presence of gas CO2

oH carboxylic or ester group can be bound to PP chains
(see Scheme (6)).

B. Graft ing of polypropylene

The grafting of PP also belongs to the methods with
similar aims - to insert the polar polymer chains into
the PP chains and thus to improve i ts compatibi l i ty
with polar polymers or polar inorganic or organic f i l l -
ers.

One of the first wider used grafting procedures was
the method based on the principle of hydro-
peroxidized PP as an intermediate stage of grafting
reaction itself. lt solved the problem of the creation
of a reactive site on PP chain. Hydroperoxidized PP
which is actually the product of PP oxidation can be
obtained in several ways. Ozonolysis of PP belonged
to the first of them and was introduced by G. Natta
and co-workers [29]. Ozonolysis leads, however, to
a considerable reduction of the molecular weight of
PP, at 30 oC it is even several times lower [30]. The
oxidation reaction of PP can further be initiated by
thermal decomposit ion of radical ini t iators, by UV or
gamma radiat ion (Scheme (7)) t311.

The grafting of hydroperoxidized PP can then be
launched in the presence of vinyl monomer by add-
ing a redox catalyst (e.9. ferric acetylacetonate or
ferrous sulfate l32l) but also by the thermal decom-
posit ion of hydroperoxide [33].

The PP graft ing can also be carr ied out under di-
rect irradiation (gamma or UV in the presence of a
photosensitizer) of the polymer in the presence of a
monomer,  l ike s tyrene,  v iny lpyr id ine,  M MA, MA,
acrylamide, AA, 1-vinyl-2-pyrrol idone (Scheme (8))

[34]. Radiation grafting is successfully used for the

CHo
| 

- 
radiation

- p H - C H - - p ' + M  - 4
gY + photosensitizer

----+ graftcopolymer

Monomers: S, vinylpyridine, MMA, MA, acrylamide,
AA, 1 -vinyl-2-pyrolidone

-N2

H3C-C-OCO-NH

cHs

C H a
t -

-CH-CH2-

ACOH + Ac2O
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9Hs
I co.-g -CHz-  - -2 -

rnrt iat ion . O,
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cHs cHg

o'
I
o
I- c -
I
cHg

o' oH
t l
o o
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I monomer
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modif icat ion of the surface of PP products, e.g. for
the grafting of PP fibres with methacrylic acid, acry-
lonitrile and vinyl acetate to increase the moisture
content and to achieve the dyeing of grafted fibres

[35]. Acrylic acid-modified PP fibres have the advan-
tage of a softer hand and higher extension before
breaking but the disadvantage of a lower breaking
strength [36]. UV radiat ion in the presence of ben-
zoin ethyl ether as photoinitiator was used at graft-
ing of 2-hydroxy-ethylmethylacrylate onto PP [37].
Also benzophenone was an efficient photoinitiator for
photograft ing of PP f i lm with acrylamide [38].

Initiation of grafting

Ro-oR ----+ 2 Ro'

- RO- (M)n-r- M' --+ P'(RO- (M)n-r- M- H
+ nMy'

,/
Ro ' . .

\
+ ppH \  pp.  ( *  ROH)

Grafting - (grafti ng copolymerizati on)

P '+  nM -+  p - (M)n_1 -M '

Scheme 9

Table 1 Graft ing of PP with various monomers in the sol id phase
([monomer] =15 wt. %, [peroxidel = 37 mmol/1 kg)

lnitiator Reaction Reaction
temperature time")

Type I 'cl  [min]

Grafted amount MFI
of monomer in PP [g/10 min]
Type [u/t. %] b)

?n'
+ Ro. 

**n. --rrl9-cf * noH

l*'

CH"
I

-"rltn-.ri

CH"

\ r c H ' l --cH2-gH + C^7"-"rf ,

I
l n Mv

-r* , -a(t t '
- l

(\a) n_r
I

Scheme 10 M'

TBPEH
TBPEH
TBEC
TBEC
TBIC

210
210
210
210
210

1 0 . 1
1 1 . 3
9.0
8.2
10.7

0 . 1 5
0.39
1 . 1 1
0.07
6.29

97
97
125
125
125

BA
MMA
MMA

S
MMA

a) Reaction time was established from half life time of peroxides
in minutes x 7. Half l i fe t ime of peroxides used:
TBPEH = terl. butylperoxy ethylhexanoale t,,2 = 30 min, at g7 'C

TBEC = tert. butylperoxy ethylhexylcarbonate 1112 = 30 min. at 125 
'C

TBIC = tert, butylperoxy isopropylcarbonate 1112 = 30 min, at 125 
'C

b)  MFl"  =  0 .35 g/10 min

The graft ing of PP init iated by thermal decompo-
sition of radical initiator is called chain transfer graft-
ing. This name denotes the principle of the method
consisting in the transfer of the initiating centre from
the radical of the initiator (but it usually also proceeds
by transfer from the propagating radical of the po-
lymerizing monomer) onto the PP chain (Scheme
(9)). The radicals on the PP chain are used only
partially for grafting since part of PP radicals is sub-
jected to consecutive degradation and dispropor-
t ionation. This method enables graft ing of al l  com-
mon monomers of vinyl or vinyl idene type but also
polyfunctional monomers like glycidyl methacrylate

182
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[5, 39], acrylonitr i le [33] or vinyl chloride [40]. lnter-
esting results are obtained in the sol id phase graft-
ing (below melt ing point of PP), graft ing eff iciency
reached being about 60 % (i .e. about 60 % of added
monomer is grafted onto PP) [41 -441 (Tab. 1). An-
other advantage of PP graft ing in the sol id phase is
that  the beta-sc iss ion of  PP chains,  which takes
place to a considerable degree during the process
in mel t ,  can be s igni f icant ly  l imi ted l44 l  (Scheme
(10)). A special type of PP graft ing is cationic graft-
ing of  PP us ing s i loxonium dicat ion (DlC),  which is
able to transfer a cation to the PP chain. The PP.
cation formed init iates the graft ing of the cations of
polymerizable monomers, such as e.g. tetrahydro-
furan (Scheme (1 1)). No crossl inking was observed

ct ooc) tr )s i 1Me y2-{ o -si 1 lvte )r$ o - t. )si 1Me ;rcl ooc)



and signif icant changes of molecular weight were
noted [45].
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UNEVENNESS OF GEOMETRY AND STRUCTURE
OF SYNTHETIC FIBRES AND METHODS FOR EVALUATION

OF DISPERSION OF MECHANICAL PROPERTIES

Ujhelyiova A., Marcincin A.

Department of Fibres and rextite chemistrv' 
[:;: y, ;i:!i';::i :,::!'3:;1,'^;.:the 

stovak universitv of rechnotosv'

1.  ln t roduct ion

The unevenness of the geometry (cross-section) of
synthetic fibres prepared from melt is a result of the
simultaneous influence of polymer properties and pro-
duction technology characterized by precise mechani-
cal and technological equipments and their regulation.

The fundamental polymer propert ies affect ing the
unevenness of the fibre cross-section include:

a) elasticity of melt which creates the effect of the
sinusoidal shape of a f ibre longitudinal cross-section
and which can be characterized by the amplitude and
wave length,

b) evenness of the distribution of additives, stabilizers,
pigments, delustrants and their subsequent influence
on rheological properties, the kinetics of crystallization,
etc.

Technological equipments have effect on the f ibre
unevenness, mainly by the inhomogeneous heat f ield,
unevenness of meter pumps, pulsation dosing, uneven-
ness of the drawing-off mechanism, unevenness of the
drawing and forming process, and also by their precise
regulat ion.

The experimental est imation of the structural and
geometric unevenness of fibres based on the measure-
ments of some properties (e.9. mechanical) of individual
fibrils represents an excessive number of these meas-
urements and shows to be unpractical from the aspect
of the temporal claims on them. Mechanical and physi-
cal properties depend, however, on the mechanical and
physical propert ies of individual f ibr i ls contained in a
fibre bundle. lt follows that to find variables and methods
characterizing the fibre unevenness on the basis of the
analysis of the stress dependence on the fibre strain
and not on individual fibrils is very important.

Beyreuther  and a l .  descr ibed the est imat ion and
evaluation of the cross unevenness of f ibres on the
basis  of  the analys is  of  the f ibre work ing d iagram
(bund le  o f  f i b r i l s )  t1 l  The i r  method  was  used  to
evaluate the unevenness of technical f i laments and
staple f ibres.

F  - F

r20

The evaluation of technical f ibres is based on the
assumption that average values of the mechanical and
physical properties of fibres correlate with the distribu-
tion of the properties of individual fibrils. The narrow
distribution of the mechanical and physical properties
of f ibres is condit ional on the high evenness of f ibre
properties (high fibre quality) and, on the contrary, broad
distribution is conditional on the low evenness of fibrillar
properties and thereby on the low average values of
mechanical and physical fibre properties (low quality).

ln evaluating staple fibres the maximum draw ratio
depends on f ibr i ls with the lowest deformation during
spinning. Then the distribution of the mechanical and
physical properties of individual fibres determines the
breadth of the distribution of the draw ratio. This breadth
is affected chiefly by dosing, on which is subsequently
dependent also the eff iciency and quali ty of the spin-
ning process.

By detect ion of  the geometr ic  unevenness of  f i la-
ments and staple f ibres one may evaluate the spinning
process and i ts unevenness.

The above-indicated method 11, 2) is based on the
distr ibution of the f ibre elongation at break and on the
comparison of the theoretical and real form of the strain
dependence. The theoretical form of the stressistrain
dependence is obtained for an ideal even fibre with the
same strength (F.) and the same break elongation (e)
of al l f ibr i ls. In the drawing test of f ibres the f irst f ibr i lwith
the strain e, will be broken after achieving the stress Ft
and after achieving the stress F. and the strain e2 all
f ibr i ls in the f ibre wil l  be ruptured. In this way, i t  wi l l  be
possible to obtain the distr ibution of the strain at the
interval rr . r ( e2. On the basis of the difference between
the theoretical and the real case it is possible to define
the three surfaces, A,n"o,, A1ss1 ?nd Arost, among which
there exists the relation:

Azost : A,n"o,. - Ar"at (1)

From the values F.,, Fz, Fs, c1, e2it is possible to cal-
culate in a simple way the relation of A,""/Arneor [1, 2] as
fol lows:

. \b f  -4e le - ,  +6e lc i
(2)
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A, " " r  /A tnuo , .=1-D (3 )  0 .456

which, after the mult ipl icat ion (ez - e)12, suff iciently areal
characterizes the breadth of the distribution of the Ateor

fibre unevenness. This value serves as a basis for 0'452

the calculation of the standard deviation, o6, dfid the
variation coefficient of the break elongation of all fi- I

\ \  ' /  " - +2
t_  Y- . '

0.448

0.444

0.51
Y, "/o

0.46

0.41

0.36

0 .31

0.26

1 2
Y r %

1  1 . 5

1 1

10 .5

1 0

9 .5

9

bri ls in a f ibre.
In our work, the evaluation of the cross uneven-

ness of the technical PET f ibres and blend PP/PET
fibres are presented.

2. Experimental

Fibres

For the measurement of the unevenness of the
cross'section were used PET technical filaments from
the company Slovensk! hodvdb Inc., Senica, T6 =
1150 dtex as well as blend PP/PET fibres prepared in
a standard way on the laboratory line, Department of
Fibres and Textile Chemistry, T6 = 330 dtex.

Measurement of mechanical propert ies

Mechanical propert ies of the blend PP/PET f ibres
were measured on the INSTRON 1112 apparatus
under the fol lowing condit ions:

rate of the shif t  of clamps = 50 cm.min-1
rate of the shif t  of paper :  30 cm.min-1
test length :  1 0  c m .
From the stress/strain dependencies the uneven-

ness of the technical PET f ibres depend on the de-
formation gradient and the variation coefficient of the
diameter, strength and break elongation of blend PP/
PET f ibres was estimated.

3. Results and discussion

Dur ing measurements,  the dependence of  me-
chanical and physical fibre properties on the kinetics
of deformation al lows one to assume also the exis-
tence of the dependence of the variation coefficient
of basic variables on the fibre deformation gradient.
This dependence is associated also with the optimi-
zation of condit ions for measuring the mechanical
and fibre properties to obtain results at the maximum
sensit ivi ty of the procedure. The dependencies in
Figs. 1-3 confirm this assumption and, at the same
time, permit one to choose the average optimum
deformation gradient of technical PET f ibres, with
which the highest variat ion coeff icient is attained by
means of the evaluation method. The dependence
of A,""'/A,6se1p€rSS€s through the minimum of the ave-
rage deformation gradients (according to the extent
of appl icat ion of the common instruments) (Fig. 1)
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Fig. 1 Dependence of A,".,/Atneor (1) and of the variation coeffi-
cient (2) on the deformation gradient of technical PET fi-
bres.
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Fig. 2 Dependence of the standard deviat ion (1) and variat ion
coefficient of the unevenness (2) on the deformation gra-
dient of technical PET f ibres.
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Gradient deformdcie

Fig. 3 Dependence of the strength (1) and variation coefficient
(2) on the gradient of the rate of the deformation of tech-
nical PET f ibres.

at the proportional growth of the fibre strength de-
pend on the deformation gradient (Fig. 3). The f ibre
elongation at break (Fig. 4) shows a moderate maxi-
mum at average deformation gradients.

In the region of the minimum of A.u"/A16"o,.,  which
corresponds to the maximum of the dispersion of the
fibre elongation at break, there is also the corre-
sponding maximum of the standard deviation (Fig. 2).

1 8 5



1 9 . 5

t,
o // o

1 8 . 5

1 7 . 5

1 6 . 5
0 0.002 0.004 0.006 0.008 0.01

Gradient deformicie

Fig.  4 Dependence of  the elongat ion at  break on the deformat ion
gradient of technical PET f ibres.
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Fig.7 Dependence of the diameter (1) and variat ion coeff icient
(2) on the concentrat ion of PET of the blend PP/PET f i-
bres.
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Fig. 5 Dependence of the strength (1) and variation coefficient (2)
on the concentration of PET of the blend PP/PET fibres.
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Fig.6 Dependence of the elongation at break (1) and variat ion
coefficient (2) on the concentration of PET of the blend
PP/PET f ibres.

However, the sensit ivi ty of this method is determi-
nable by the variat ion coeff icient, the dependence
of which is conformable with the dependence of the
standard deviat ion shown in Fig. 2. l t  is interesting
to compare the average variation coefficient of the
elongation at break and the variation coefficient of

1 8 6

o f  p p

1 . 7 5  | l

2 . 6 3 . 1  3 . 6  4 . 1  4 . 6

Vd,o

Fig. 8 Dependence of the variat ion coeff icient of the strength and
that of the variat ion coeff icient of the elongation at break
on the variat ion coeff icient of the diameter of blend PP/
PET f ibres.

the dispersion of the gradient A,.""/Atn"o.., or that of
the strength depend on the deformation gradient. The
resul ts  point  to  the d i f ferent  independe course of
these dependencies.

Figs. 5-8 show the evaluation of the geometric
unevenness of blend PP/PET f ibres and the corre-
lat ion of these results with the strength/strain varia-
t ion coeff icient.

As can be seen in Figs. 5 and 6, the strength/strain
dependencies of blend PP/PET f ibres on the con-
centrat ion of PET are without the classical internal
relat ion of the indirect proport ional i ty. By comparing
these dependencies with Fig. 7 i t  is possible to de-
duce that in the case of blend f ibres the unevenness
of mechanical and physical propert ies is contingent
upon other variables besides those involved in the
unevenness of the f ibre diameter. Despite this fact
i t  is possible to consider the direct ly proport ional
relat ion between the variat ion coeff icient of the
diameter and the f ibre elongation at break.
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4.  Gonclus ion

The optimum deformation gradient of technical PET
fibres for estimation of the structural and geometric
unevenness is at the minimum value of A..""/A,n"o,.,
which corresponds to the maximum value of  the
standard deviation and variation coefficient.

The variation coefficient of the diameter of blend
PP/PET f ibres (geometric unevenness) is direct ly

proportional to the variation coefficient of the break
elongation of these f ibres.
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mech an i cko -ty ztkitl n ych vl astn osti j ed n otl ivlich f i b ril
vo zvAzku vl6kna. Z toho vyplfva, 2e je dOleZite najst
velidiny a met6dy, ktor6 mOZu charakterizovat ne-
rovnomernost vlAkna na zdklade anal;izy z6vislosti
napdtia od deformdcie vldkna a nie jednotlivfch fibril.

Beyreuther a jeho spolupracovnici popisal i  stano-
venie a hodnotenie priecnej nerovnomernosti vldkien
na zdklade analyzy pracovnej krivky vldkna (zvdzku
fibri l )  [1].  Pomocou tejto metody hodnoti l i  nerovno-
mernost nekonecnfch technickyich a tieZ striZovfch
vl6k ien.

Pri hodnotenf technickfch vlakien sa vychddza
z predpokladu, Ze priemern6 hodnoty mechanicko-
tyzikitlnych vlastnosti vldkna korelujri s distribfciou
vlastnosti  jednotl ivfch f ibr i l .  Uzka distr ibIcia mecha-
nicko-fyzikalnych vlastnosti fibril podmiefi uje vysokti
rovnomernost vlastnosti vl6kna (vysoka kvalita vld-
kien) a naopak Sirokd distr ibfcia podmienuje nlzku
rovnomernost vlastnosti  f ibr i l  a t fm aj niZSie prie-
mern6 hodnoty mechanicko-tyzikAlnych vlastnosti
vldkna (nhka kvalita).

Pri hodnoteni striZovfch vldkien maximdlny dlZiaci
pomer zdvisi od f ibr i l  s najniZ5ou deform6ciou pri
zvldknenf. Distrib0cia mechanicko-fyzikdlnych vlast-
nosti jednotlir4ich vldkien potom urduje Sirku distribucie
dlZiaceho pomeru. Na Sfrku distr ib0cie dlZiaceho
pomeru vplyiva najmai ddvkovanie, od ktor6ho ndsledne
zdvisi i 06innost a kvalita zvldkiovacieho procesu.

Tak pri nekonednfch ako aj pri striZovfch vldknach
je moZn6 stanovenim ich geometrickej nerovnomer-
nosti hodnotit najmd zvldknovaci proces a jeho
nerovnomernosti.

Nerovnomernosf geometrie a Struktury syntetickfch vl6kien
a metody iei hodnotenia. Rozptyl mechanickfch vlastnosti

Ujhelyiove A., Marcincin A.

1 .  Uvod

Nerovnomernost geometrie (priecneho rezu) synte-
tickfch vldkien pripravenych z taveniny je vfsledkom
simultann6ho vplyvu vlastnosti  polym6ru a techno-
logie 4iroby charakterizovanej precfznostou strojno-
technologickfch zariadeni a ich reguldcie.

K z6kladnfm vlastnostiam polymeru, ktor6 vplfvaj0
na nerovnomernost prierezu vldkien patr ia:

a) elasticita taveniny, ktord pri vy55fch Smykovfch
deformAcidch vytvdra efekt sinusoidn6ho tvaru prie-
rezu vldkns p9 O[Zke a moZe sa charakterizovat
ampli tr idou a dlZkou vlny,

b)  Strukturna nehomogeni ta taveniny polym6ru,
vfskyt gelovitlich castic ako vysledku radikalovfch
interakci i  pr i  synt6ze a tepelnom zataZenf polymeru,

c) rovnomernost rozdelenia adit [v, stabi l izdtorov,
pigmentov, matovacich prostriedkov a ich n6slednf
vplyv na reologick6 vlastnosti, kinetiku kry5talizdcie
a pod.

Technologick6 zariadenia ovplyvnujd nerovnomer-
nost vldkien najmd nehomog6nnym teplotnlm polbm,
nerovnomernostou ddvkovacfch cerpadiel,  pulzac-
nyTm ddvkovanim, nerovnomernostou odtahov6ho
mechanizmu,  nerovnomernostou d lZ iaceho a tva-
rovacieho procesu a preclznostou ich reguldcie.

Experimentdlne stanovenie Strukt[rnej a geome-
trickej nerovnomernosti vldkien na zAklade merania
niektorfch vlastnosti napr. mechanickfch pre jedno-
t l iv6 f ibr i ly, predstavuje neunosnf pocet meranf a je
nepraktickf i z casov6ho n6roku na meranie. Mecha-
nicko- fyz ikd lne v lastnost i  v ldkna v5ak zdvis ia  od
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VyS5ie uvedend metoda 11,21sa zakladd na distr i-
b0cii taZnosti vldkna. Porovndva sa teoretickli a redl-
ny tvar zdvislosti napdtia od deformdcie. Teoretickf
tvar zdvislosti naptitia od deformdcie sa ziska pre
ide6lne rovnomern6 vldkno s rovnakou pevnostou
(F.) a rovnakou taZnostou (ez) v5etkfch f ibr i l .  Pri
tahovej skuSke vldkna sa pri  dosiahnuti  napdtia F2
pretrhne prvd fibrila s deformdciou e1 a pri dosiahnuti
napdtia Fg a deform6cii  e2 bud0 pretrhnut6 v5etky
f ibri ly vldkna. Takto sa zlska distr ibfcia deform6cii
v intervale e1 ( e ( 82. Z rozdielu zdvislosti pre
teoretickyi a redlny pripad je moZn6 vymedzit tr i
plochy: A,"o,., Arear ? A.or, - medzi ktorfmi existuje
vztah (1) .

Z takto urcen;ich hodnot F,, Fr, F3, rr ,  ez ja moZn6
jednoduchfm sposobom stanovit pomer A,."ur/At"o,
11,21podl 'a vztahu (2) a (3), ktoryi po vyndsoben[ (e2
- Ei l7 dostatocne charakterizuje Sirku distr ib0cie
nerovnomernosti  vldkna. Tdto hodnota je zdkladom
pre vfpocet Standardnej odchflky oo €I variadn6ho
koeficienta taZnosti v5etkyich fibril vo vldkne.

V naSej prdci prezentujeme hodnotenie priecnej
nerovnomernosti  PET technick6ho vl6kna a zmes-
n;ich vl6kien PP/PET.

2. Experiment6lna cast '

Vl6kna

Pre meranie nerovnomernosti  priecneho rezu sa
pouZil i  nekonedn6 technick6 PET vldkna SH Senica,
a.s .  To = 1150 dtex a t ieZ zmesn6 v ldkna PP/PET
pripraven6 Standardnfm postupom na laboratornej
l inke, Katedra vldkien a text i lu CHTF STU, T6 : 330
dtex.

Meranie mechanickfch vlastnosti

Mechanick6 vlastnosti  technickl ich PET vlakien sa
meral i  v zdvislost i  od priemern6ho gradientu defor-
m6cie pri  merani.

Mechanick6 vlastnosti  zmesnfch PP/PET vldkien
boli  meran6 na pristroj i  INSTRON 1112 pri  podmien-
kach:

rfchlost posuvu svoriek = 50 cm.min-l
r l ichlost posuvu papiera = 30 cm.min-1
upinacia d lZka = 10 cm.

Z nameranyich zdvislosti napdtia od deform6cie
bola stanovend nerovnomernost PET technickyich
vldkien v zdvislosti od gradientu deformdcie a variad-
n;i koeficient priemeru, pevnosti a taZnosti zmesnfch
PP/PET vldkien.

3. Visledky a diskusia

Zdvislost mechanicko-fyzik6lnych vlastnosti vldkien
od kinetiky deformdcie pri merani dovoluje predpokla-
dat t ieZ existenciu zdvislost i  variacneho koeficienta
zdkladnl ich vel icin od gradienta deformdcie vl6kien.
Tdto zdvislost s[visi tieZ s optimalizdciou podmienok
merania mechanicklich vlastnosti vldkien pre ziskanie
vfsledkov pri maximalnej citlivosti metodiky. Zdvislosti
na obr. 1-3 potvrdzuju tento predpoklad a zdrovei
dovol 'ujr i  volbu optim6lneho priemern6ho gradienta
deformdcie technickfch PET vlakien, pri  ktorom sa
ziska najvy55i variacny koeficient hodnotenej metody.
Zdvislost A,."ur/Atuo, prechddza pri strednyich gradientoch
deformAcie minimom (podl'a rozsahu beZnych pristro-
jov)  (obr .  1)  pr i  0mernom raste pevnost i  v ldk ien od
gradientu deformdcie (obr. 3). TaZnost vldkien (obr. 4)
vykazuje mierne maximum pri strednfch gradientoch
deformdcie.

V oblasti minima A,""r/At"o,, ktor6 zodpovedd maxi-
mdlnemu rozptylu taZnosti vldkien, je aj zodpovedaj[ce
maximu smerodajnej odchflky (obr. 2). Pre cit l ivost
tejto metody je vSak urcuj0ci variacnf koeficient, zAvi-
slost ktor6ho je zhodnd so zdvislostou smerodajnej
odchflky na obr. 2. Je zauj imav6 porovnat strednf
variacnf koeficient taZnosti a variadnf koeficient roz-
ptylu gradienta A,"u,/A,"o,. resp. pevnosti v zdvislosti od
gradientu deformdcie. Vlisledky poukazuju na rozdielny
nezdvisl;i priebeh tlichto zdvislostl.

Na obr. 5-8 je hodnotenie geometrickej nerovnomer-
nosti  zmesn;ich PP/PET vldkien a koreldcia t fchto
vyisledkov s variacnl im koeficientom pevnosti
a taZnosti.

Ako vyplyva z obrdzkov 5 a 6, zdvislost i  pevnosti
a taZnosti zmesnlich PP/PET vldkien od koncentrdcie
PET sti bez klasick6ho vnftorn6ho vztahu nepriamej
umernosti. Porovnanim hichto zdvislostls obr. 7 vyplfva,
2e pri zmesnych vldknach nerovnomernost mechanicko-
tyzikilnych vlastnosti je podmienend e5te d'alSimi
premenn;imi ako tfmi, ktor6 zahina nerovnomernost
priemeru vldkien. Napriek tomu je mo2n6 uvaZovat
o priamo[mernom vztahu medzi variacnlim koeficientom
priemeru a taZnosti vldkien (obr. 8).

4.Z6ver

.  Opt imdlny gradient  deformdcie technick lch PET
vldkien pre stanovenie Struktfrnej a geometrickej
nerovnomernosti je pri minimdlnej hodnote A,."u,/A,"o,.,
co zodpoved6 maximdlnej hodnote smerodajnej
odchyilky i variadn6ho koeficienta.

o Variadnl i  koeficient priemeru zmesnyich PP/PET
vldkien (geometrickd nerovnomernost) je priamo-
0mernf variacn6mu koeficientu taZnosti tfchto vld-
kien.
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Brigita Sirkov6
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1.  Mutual  in ter lac ing of  threads

By mutual interlacing of two groups of threads
(warp and weft) arises a fabric with specific proper-
ties from the aspect of the area geometry as well as
of spatial geometry.

For interlacing of threads and for the fabric bind-
ing i t  is characterist ic that the binding form repeats
regularly in the complete area of fabric. Any devia-
t ion or change of the binding repeat is usually caused

- by variat ions of the material propert ies in warp
and weft ( irregulari ty)

- by the inf luence of the weaving process (varia-
tions of threads tension, loom restart and result-
ing fabric barr iness, deviat ion of the beat-up in-
tens i t y  . . . )

To describe the mutual position of warp and weft
threads in the fabric i t  is possible to use:

- a graphic representation of interlacing (Fig. 1)
- a representation by means of longitudinal and

transversal cross sections (Fig. 2, 3).

Plain weave Twill weave Satin weave
Binding repeat Binding repeat Binding repeat

Fig. 1 The graphic representation of the binding repeat

Fig.2 Geometry of the plain weave

In order to create an area representation of a bind-
ing, i t  is necessary to dist inguish the weft or warp
binding points and to draw then one by one in the

Vldkna a textil 7 (4) 189-194 (2000)

Fig. 3 Geometry of the twill weaves

fabric pattern. This is nevertheless not a proper form
for evaluation of the spatial fabric structure. To ex-
press the form of the binding wave of a thread (or
of i ts central l ine) necessary for evaluation of the
fabric from the point of view of the spatial geometry,
i t  is more proper to define the mutual posit ions of
wefts and warp ends by means of longitudinal and
transversal cross sections of the fabric

The longitudinal section shows the shape of the
binding wave of the warp thread and the transver-
sal section expresses the shape of the binding wave
of the weft thread. The main parameter is here the
height of the binding wave, from which i t  is possible
to express the relative waviness of the warp and weft.
The binding wave and its form are affected by the
complexity of the interlacing. There are two sorts of
bindings - the basic ones and the derived bindings.
Among the basic weaves the simplest one is the plain
weave. With the more complex weaves the impor-
tant feature is for first the length of threads float (i.e.
the length of the section of loose thread of one sys-
tem lying freely across the threads of the other sys-
tem), and for second i t  is the number of threads
passages of one system from the face of fabric to
the reverse. From both the longitudinal and trans-
verse cross sections it is perceptible, that the shapes
of the binding wave are necessarily periodic. For this
reason for the descript ion of the binding wave an
operative mathematical model using the Fourier se-
r ies was created. From the approximation of the
course by a sum of the Fourier series we obtain also
the spectral characteristic of the waviness of the in-
terlacing threads in the form of sequence of mem-
bers of the series. The wave characteristics or the
wave spectrum represent certain properties of the
interlacing, they can be regarded also as a sort of
characterisation of the cloth binding.
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2. General possibi l i t ies and study of the ap-
proximations of individual models by a part ial

sum of Fourier series

The known theoretical mathematical models are
general ly aimed to the descript ion of the central l ine
of the binding wave by some discontinuous func-
t ion (Pierce model ,  hyperbol ic  model . . . ) .  l t  is  char-
acteristic for the weaves, that the shapes of inter-
lac ing are cont inuous and smooth funct ions.  The
describing function is defined on the specif ied inter-
val R given by the number of the binding repeats.

For comparison, six ideal ised models of interlac-
ing were chosen for the study of application of Fourier
analysis of binding wave in the plain as well  as in
the higher derived bindings.

1 . Approximation by a partial sum of FS with the
l inear descript ion of the central l ine of the bind-
ing wave.

2. Approximation by a part ial  sum of FS with the
circular arch descript ion of the central l ine of
the binding wave.

3. Approximation by a partial sum of FS with the
parabolic descript ion of the central l ine of the
binding wave.

4. Approximation by a partial sum of FS with the
hyperbolic description of the central line of the
binding wave.

5. Approximation by a partial sum of FS with the
sine descript ion of the central l ine of the bind-
ing wave.

6. Approximation by a part ial  sum of FS with the
rectangular descript ion of the central l ine of
the binding wave.

From the attained results it follows that the shape
of binding wave depends on several basic param-
eters, which arise from parameters of the fabric.
Basic parameters of the fabric are count of threads
and the setting of threads.

The difference between the six above-mentioned
models results from the basic descript ions of the
central line of binding wave. We can assume, that
gross description (the rectangular description and the
circular arch descript ion of the central l ine) wi l l  show
different values when comparing with the real de-
script ion of the shape of binding wave. These mo-
dels have been used here on the purpose of the com-
parison of the descript ion of the shape of binding
wave and their possible dif ferences. These dif fer-
ences in the descript ions are evident also from the
spectral characterist ics of the individual binding
waves.

The simplest descript ion of the central l ine of the
binding wave is the descript ion by means of straight
l ines. This descript ion is appl icable in every interlac-
ing of basic bindings as well  as of higher derived

1 9 0

bindings. l t  is necessary to test agreement of the
above-mentioned approximations of binding waves
with the real interlacing from the aspect of the thread
length as well  as of the interlacing angle in the bind-
ing wave. The above-mentioned models arise from
an identical geometry of the binding cel l  for possi-
bi l i ty of the confrontat ion.

Basic parameters (units of the length are in the
mil l imetres [mm]) for approximation of the shape of
binding wave by a part ial  sum of Fourier series:

Basic parameters of the fabric
d1 :  0 .203 dz = 0.203 A :  0 .351 H1 = 0.101 H2 :  0 .101

Linear, rectangular, parabolic and sine variants in
the papers wil l  be introduced only.
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Fig. 4 Graphical depict ion of the individual descript ions of the
central l ine in binding wave
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The above-mentioned approximated courses have
used a ident ica l  number of  harmonic components of
a part ial  sum of Fourier series for approximation of
the central l ine of binding wave. Differences in the
shapes of  ind iv idual  b inding waves as wel l  as in  the

Table 1. Comparison of basic parameters of binding wave result
from the above-mentioned models by a part ial  sum of
Fourier series (FS) and from Pierce models.

Thread Interlacing Warp
length angel contraction

(period 2A) o t ' l  so [%]
lmml

Model using the FS 0,789 36,32 12,403
with l inear descript ion

Model using the FS 0,837 43,106 19,241
with parabolic descript ion

Model using the FS 0,897 49,107 27,747
with rectangular description

Model  us ing the FS 0,829
with sine descript ion

Pierce model 0.849

f l n ,  f p n ,  f o n ,  f t n  ( w a v e s / p e r i o d  ( m m )  )  2 0

resultant values, which define the binding wave, we
can see from the graph and the fol lowing Table 1.

The coeff icients aln, apn, aon, asn are equal to zero
due to the oddness of  the descr ibed funct ions of
binding waves.

3. Possibi l i t ies of the exploitat ion of the model
for descript ion of binding wave using the

Fourier series

From the above presented results and from spec-
tral characteristics mentioned before we can assume,
that each binding in the longitudinal as well  as in the
transverse section will have its own special spectral
characterist ic, which:

- evaluates the given course of the binding wave
regarding the geometry of binding wave.

- evaluates the given course of the binding wave re-
garding eventual deformation and random changes
of the stress state of the individual threads.

We can see that the shape of the Fourier wave
spectrum as the possible characterist ics of the in-

Fig. 6 Graphic expression of coeff icients of Fourier series in the plain weave of individual models above-mentioned

42,205 18,185

60 20,92

1 9 1vldkna a textil 7 (4) 189-194 (2000)



0 .  l 3
U  I J

0 .  l l
J I

n

0.087
^  Sp-
- l l

tr 
' 

0.065
.l So

n

0.043
Ssn

- 0022

n

0 1.57 3.33 5 6.67 8.33 I0 n.6 ' t  13.33 15 16.67 18.33 20
.0, fln,fpn, fon, fsn ( wavesiperiod (mm) ) 20

Fig. 7 Graphic expression of Spectral characteristics of the individual models by a partial sum of FS in the plain interlacing go from
above-mentioned coefficients of FS

0 . 1
0 . 1

0.08

0.06

n o.o4

0  r . 5  3  4 . s  6  7 . 5  9  r 0 . 5 1 2 1 3 . s  l 5
o  f tn  15

Iwaves/period (mm) ]
Fig. I Characteristic of the sine curves

0 . 1  l
0 . n

0.088

0.066

Sp' m  0 0 4 4
n

0.022

0
--l '-----#

0  3  6  9  t 2  1 5
0  f  l s

1*uu.rlf,.riod (mm) l
Fig.11 Characterist ic of the derived weaves

mately an exponential shape (exponential envelope
for the fabrics with the plain weave (Fig. 10)). Theo-
retically it would limitate to a wave spectrum in the
form of an endless rectangular "pulse", which belongs
to the white noise (Fig. 9) ( in the fabric and in i ts
interlacing it represents the endless float of the thread
(F ig .  1  1 ) ) .

The spectral characteristics and possible diffe-
rences between theoretical characteristics and real
characteristics of a thread wave (the tail of the cha-
racterist ics) wi l l  supposedly al low to f ind the typical
signs of the real weaving process and various tran-
sition processes connected with starting of the loom,
transit ion to dif ferent bindings, change of the tension
of the thread in the interlacing.

We can evaluate the binding wave in the individual
cross sections for any specif ic binding repeat:

A. individual ly, each binding waves of the binding
repeats separately in the x as well as y direc-
t ions (the s.c. characterist ic of the binding wave
(Fig. 12, 13))

B. the binding repeat as a complex function ( in-
terlacing in both the longitudinal as well as trans-
verse sections, forming thus the s.c. characte-
r is t ic  of  the b inding repeat  (F ig.  14,  15)) .

Ad A) The characteristic consists of the part I - corre-
sponding to the repeat of the binding (low fre-
quency : longer wavelengths) and of part ll- de-
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Fig. 9 Characteristic of the white noise
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Fig. 10 Characteristic of the plain weaves

terlacing is formed in the extreme only by one value
for the theoretically pure sine-binding curve (Fig 8).
For the real non-sinus waviness the characteristic
generally a row of wave components fulfilling approxi-
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b inding wave and her character is t ic  in the pla in weave

Fig. 14, 15 Spectral characterist ics of the binding repeat in the plain weave (K) and in a derived interlacing (R)

scribing the detai led shape of the binding wave
(on the contrary to the first one it shows a higher
frequency : low wavelengths). At the separate
evaluation of the binding wave (of its character-
ist ics) i t  is possible to pick up various changes
of  the posi t ions of  ind iv idual  threads.  On the
base of the spectrum characterising the wavi-
ness and distr ibution of threads in the binding i t
i s  poss ib le  to  eva lua te  the  ind iv idua l  b ind ing
wave in the forming zone (the posit ion near to
the cloth fell) as well as in any place inside of the
fabric in the steady state,

Ad B) Characterist ic arises from the s.c. power cha-
racter is t ics of  ind iv idual  b inding waves in  the
binding repeat  in  the longi tudinal  as wel l  as in
the transversal sections.

We assume that i t  wi l l  be possible to use the spec-
tral characterist ics especial ly for the valuation of the
fabrics with the specif ic interlacing from the point of
view of the biaxial straining where, i t  depends on the
mutual  in ter lac ing of  threads in  the ind iv idual  sec-
t ions.  Accord ing to the ar t  o f  the deformat ion of
threads during the straining we can also determine
the mechanical propert ies of threads from the aspect
of the anisotropy and of the isotropy of the fabrics.

From the aspect of the straining i t  is possible to
divide the weaves into two classes:

1.  the same inter lac ing in  both sect ions
2. dif ferent interlacing in both sections
In the f irst point we can assume, that with the fab-

r ics woven from identical materials in warp as well
as in weft and with the identical mutual interlacing
in the longitudinal as well  as in the transversal sec-
t ions, during the fol lowing biaxial straining the de-
formation or elongation of the fabric wi l l  show a spe-
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cif ic symmetry. This symmetry is characterist ic for
isotropy of the fabric. During the straining of the fabric
even with small  changes of parameters (variat ion of
the sett :  change of the distance of both systems of
threads, irregulari ty of the yarns...)  arise certain of
the dif ferences of deformations in individual direc-
t ions. These dif ferences wil l  cause changes symme-
t ry ,  which should be character is t ic  for  anisot ropy
behaviour of the fabric, defined by s.c. axis of the
anisotropy.

Conformity in the interlacing occurs for f i rst with
the basic weaves, as they are plain ones, twi l l ,  and
satin weaves. Differences in the interlacing in the
individual sections arise with derived weaves as rep
and combined twi l l  weaves. With these interlacing
we must take in account the number of threads in
the b inding repeat  in  ind iv idual  d i rect ions,  the set-
t ing of threads, complexity of the interlacing and the
float as well  as the parameters of threads from the
point of view of the materials and of the count of the
yarn.

We can say that the mutual interlacing of threads
together with the materials and i ts count determine
result ing propert ies of the fabric. The changes of
thread propert ies or of the interlacing in individual
direct ions change also the propert ies of the fabric,
what we can see again from the spectral characte-
r ist ics of changed binding.

4.  Conclus ions

All necessary information about the fabric can be
deduced from the descript ion of mutual relat ions of
the binding cel l .  Basic at the every model is to de-

0.004
-0 .003

0.002
-0 .001

0
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scribe the real interlacing, real binding wave in the
fabrics.

Above-mentioned models using a part ial  sum of
Fourier series, we can use as possibly substi tut ion
of  the c lass ic  models because descr ip t ion of  the
shapes of binding waves is continuous and smooth
functions as in the real bidding wave. Except of the
approximated course at the above-mentioned of the
models arise spectral wavy spectrum, which we can
use as the characterist ics of the interlacing.

Evaluation of the fabric by means of the Fourier
spectral characteristics is possible separately for the
longitudinal and transverse section as well  as to-
gether in the both sections. lt is impossible to achieve
the whole spectral characteristic of the fabric.

Other exploitation of the spectral characteristic is
possible for evaluation of the mechanical properties
(anisotropy and isotropy of the fabric) in virtue of
change of the symmetry on the asymmetry of the in-
terlacing in consequence of change of the interlacing
in longitudinal as well as in transverse sections.

5. References

11l NOSEK, S.: Teorie tkani |  (Theory of Weaving l) ,  D0m
techniky, Pardubice, 1988

12) REKTORYS, K.: Piehled uZit6 matematiky |  (Review of
mathematics l) ,  Praha, 1995

l3l NOSEK, S.: Struktura a geometrie tkanin (Structure and
geometry of the fabrics)

t4l ANGOT, A.: UZitd matematika (Applied mathematics),
Praha 1960

194 vl'kna a textil 7 (4) 189-194 (2000)



RELAXATION PROCESSES AND BALANCE OF THE INTER.
LOCK KNITTED FABRICS

Dordevic  M.1,  Gl igor i jev ic  V2

'High Tehnical Schoot of Textile, Leskovac

2Faculty of Technology, Leskovac

Summary: The influences of the different structures of interlock knitted fabrics on the rheological
properties, streched with a constant load, were investigated. By studying the kinetics of the re-
laxation processes of knitted fabrics, the influences of the particular components of deformation
(elast ic,  h igh-elast ic and plast ic) ,  compared to the total  deformat ion,  where found out.  Analyzing
of the obtained values, the dependence of  the physical  and mechanical  propeft ies on the st i tch
densi ty as wel l  as rheological  propert ies on the fabr ics '  structure,  durat ion and direct ion of  load-
ing,  were also determined.

Keywords: kni t ted fabr ic,  re laxat ion,  s l id ing,  e last ic,  h igh-elast ic,  p last ic

In t roduct ion

The main demand concerning the knit ted fabrics
qual i ty  is  the stabi l i ty  of  shape and d imension of  the
final product. This demand is direct ly related to the
knitted fabrics' deformation characterist ics when in-
f luenced by external  forces.  Dimensional  s tabi l i ty  of
knit ted fabrics depends upon few factors:

- raw material property of yarn the knit ted fabrics
is made of,

- st i f fness in dif fract ion and interlacing of yarn,
- type and structure of knit ted fabrics,
- direct ion, extent and duration of external forces

acting.
After the knit t ing, during the f inishing and practi-

ca l  use,  leads to decreasing of  energy of  in ter-
molecular interaction during the swell ing of the yarn,
or to increasing of thermal movement energy when
the higher temperature causes the accelerate of re-
laxation processes in the yarn. This leads to accel-
erate of relaxation processes of knitted fabrics de-
formation during the stretching and equil ibr ium state
may appear much sooner. The knit ted fabrics there-
fore changes i ts shape, dimensions and structure.
One of  the most  important  proper ty  of  garment 's
knit ted fabrics respectively is i ts '  resi l ience in direc-
t ion of courses and loop wales. With laundry prod-
ucts which are manufactured in interlock weave, this
property is manifested on the elbow and knee bend.

The studying of the kinetics of the relaxation proc-
esses which appear in the fabrics during i ts elonga-
t ion, is of enormous theoretical and practical impor-
tance, since i t  provides the accurate conducting of
technological process in knit t ing and f inishing on the
whole.

Vldkna a textil 7 (4) 195-199 (2000)

2. Theoretical part

2.1 Archeotogical propert ies of knit ted iabrics

Different text i les have dif ferent abi l i ty of bearing
par t icu lar  loadings wi thout  being damaged,  i .e .  they
show dif ferent strength when exposed to external
forces action. From theological aspect, the knit ted
fabrics is a specif ic anisotropic material because i t
becomes considerably deformed when effected by
weak loadings wi th s imul taneous appearance of
theological propert ies of resi l ience and plast ici ty and
late resi l ience. With knit ted fabrics loading there is
a change of internal forces which leads to knit ted
fabrics deformation with growing time of force action,
deformation gradually increases up to a certain l imit
value which depends on the yarn property and knit-
ted fabrics' structure. The greatest increase of knit-
ted fabrics deformation appears at the beginning of
loading.  Wi th growing t ime of  loading,  the deforma-
t ion increases, and this phenomenon is cal led sl id-
ing of material.  In sl iding of material,  knit ted fabrics'
structural elements are oriented in the direct ion of
load force action (and stretching of knitted fabrics
appears) there in the knit ted fabrics stretches.

After the disloading, the knit ted fabric shrinks and
inf luenced by thermal movement of yarn structural
segments, loops take the most stable shape. Dura-
t ion of  establ ish ing the in i t ia l  d imensions pr imar i ly
depends on knit ted resi l ience. The longer the dura-
t ion of relaxation after disloading is, the less is the
knitted fabric deformation, and i t  may eventual ly dis-
appear. This archeological phenomenon is called late
resi l ience. l t  actual ly presents the t ime needed for
knit ted fabrics' complete relaxation. l f  the duration
of loading is longer, the knit ted fabrics won't reach
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Fig. 1 Celuin's mechanical model: H - Hook's model, N - New-
ton's model

the init ial  dimensions, i .e. knit ted fabrics takes both
residual and plast ic deformation. Most appropriate
of knitted fabrics resilience, sliding and late resilience
is Celuin's mechanical model and for showing ar-
cheological property of plast ici ty, Prautl 's mechani-
ca l  model  (1)  (F igure 1,  2)

2.2 Relaxation processes of knitted fabrics
stretching and deformation

The main characteristic of mechanism in knitted
fabrics' stretching is i ts relaxation feature. Relaxa-
tion processes of knitted fabrics stretching and de-
formation during and after the loading are long last-
ing. ln knitted fabrics stretching, the flow of relaxation
processes inf luences a shape of part icular compo-
nents of deformation in regard to total knitted fab-
r ics'  deformation. Within the knit ted fabrics the yarn
transforms into the loop and i t  is mostly effected by
force in the direct ion of longitudinal center. This is
part icularly evident during the knit ted fabrics stretch-
ing since then the deformation of yarn and loops
within the knit ted fabrics' structure appears.

High-elast ic propert ies of knit ted fabrics are esti-
mated by the values of sl iding and late resi l ience
coeff icient. Sl iding and late resi l ience are typical ly
temporal phenomena which are manifested within
long t ime period of studying the knit ted fabrics be-
haviour during the stretching and relax. The compo-
nent of residual deformation includes not only plas-
t ic deformation of material,  but a part of high-elast ic
deformation as well .  l t  is possible, by determinating
the deformation, to predict properly the knit ted fab-
r ics'  behavior under the standard terms of exploita-
t ion since in such condit ions the residual deforma-
tion has a character of plastic deformation. After the
wett ing and laundry of material,  the deformation usu-
al ly completely disappears (2).

With certain duration of loading, i .e. disloading, we
can show the knitted fabrics deformation by using
the coefficient of archeological properties of knitted
fabrics expressed as (3):

Ku = (Lr - Lo)/Lo .100 (%)
Ko = (Lz - L.')/Lo .100 (%

Fig 2 Prautl 's mechanical model: V- Saint-Venant's model, H -

Hook's model

K",  :  (Lr -  Ls) /Lo .100 (%)
K,p = (L, - Lo)/Lo .100 (%)
Kz,d:  (Lo -  Lo) /Lo .100 (%)

Lo -  the in i t ia l  length (mm)t  Lr  -  sample length 5s
after the knit ted fabrics' loading (mm)i Lz - sample
length after certain duration of loading (1 ,5 24h)
(mm)l  Ls -  sample length Ss af ter  the d is loading
(mm); Lo - sample length after the 15 days relaxa-
t ion t ime (mm).

Experimental part

3.1 Mater ia l  and methods of  ident i f icat ion

The inf luence of knit ted density on the change of
rheologica l  proper t ies of  in ter lock kni t ted fabr ics
made of cotton yarn, mass T, :  20 tex, has been
examined in this work. Knitted fabrics were manu-
factured on the double needle c i rcu lar  machine
"Terot", f inesess ol 20e.

Cool ing depth has been changed on the machine
so that manufactured knit ted fabrics have dif ferent
densit ies, both horizontal ly and vert ical ly knit ted sam-
ples, after being taken off the machine, were left  to
relaxation tor 24h in standard condit ions. Structural
elements of knitted fabrics were determined by stand-
ard methods. Density coeff icient C, cover factor Cf
(textrz cm-1), loop module (ml) and interlacing of yarn
(u) were calculated on the basis of resulting data. Me-
chanical characteristics of knitted fabrics were given
throughout vertical and horizontal breaking strength,
and vertical and horizontal breaking extention.

Physical and mechanical propert ies of knit ted fab-
r ics are: mass, breaking force, breaking extention,
interlacine and relative breaking force, as determined
by standard methods.  Kni t ted fabr ics '  rheologica l
propert ies were determined at constant loading of
5%, vertical and horizontal breaking strength. Accord-
ing to data (4) loading of 5% of breaking strength
represents changes which appear during the exploi-
tation of knitted product made in interlock weave.

Duration of loading of samples was 1,5 and 24h
and resting time after the relaxation was 15 days.
Dimensions of examined samples were 50 x 50 mm.
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4.  Resul ts  and d iscussion

Physical and mechanical properties of used yarn are
shown in table 1; test ing results of geometrical and
mechanical properties of yarn axe given in table 2.

I t  is  important  to  not ice that ,  wi th  breaking
extention, the stretching in the direction of loop wales
grows with the increase of stitch density tor 20%, and
decreases in the direction of loop courses for 33%.

Table 1 Physical and mechanical propert ies of yarn

Table 3. shows values of elast ici ty coeff icient of
examined interlock knit ted fabrics

By analyzing the obtained values (table 2), we can
see that surface mass and cover factor are in direct
function with stitch density. Namely, with decrease of
density coeff icient, yarn length in loop is deceasing
while surface mass and cover factor are increasing.
Knitted fabrics'breaking force and streatching depend
upon yarn breaking force and breaking extention, cover

Parametres Yarn mass Yarn twist Breakin force
Breaking

elongation

Relative

breaking force

Fr CV
cN tex-r (%)

14,27 4,56

C V e C V
(,/") (%) (%)
6,23 7,4 4,06

Tt
TEX

19,52

Tm
m

775,4

Fa
CN

277,55

CV
( % )

5 ,08

CV
('/")
2,06

Marks
Values

Table 2 Geometrical and mechanical propert ies of interlock knit ted fabrics with dif ferent densit ies

m U Fau Fan rv 15
N % %

C G h G v
_  1  - 1

cm cm
t "

P

mm
cl

texl/2cm-1
Qm2

g m -

0.929
0.857
0 . 8 1 1

1 0 . 6
1 0 . 8
1 1 . 0

1 1 . 4
12.6
1 3 . 5

196.4
2 1 2 . 6
228.8

4.08
3.88
3.75

'10.828

1 1 . 3 8 6
11.781

6 .63
6 .31
6.09

476.2
504.6
529.0

274.0
296.2
342.0

23.1
22.0
21.2

86.8 248.2
93.2 202.0
104 .0  186 .0

c0
:t!

z
s0

8 6

50
IO

H

€0

fl

50

o
0 1 0 ' o 3 0 i o 5 0 6 0 7 0 s s f r

e
Fig. 3 F - e collective curves

Figure 3 shows col lect ive curves F - e describing
dependence of breaking force upon knit ted fabrics'
stretching in the direct ion of loop wales for dif ferent
values of density coeff icient. With decrease of den-
sity coeff icient, st i tch density increases, as breaking
force of knit ted fabrics does, in the direct ion of loop
wales from 476,2 to 529,0 N.

Table 3 Coefficient elasticity of examined knitted fabrics with dif-
ferent densit ies for the t ime of t  h

interlock knitted fabrics

horisontal vertical

factor (coefficient of knitted fabrics' yarn fullness) and
knitted fabrics'loop density. Measured results of break-
ing force and breaking extention in the direction of loop
vales and courses are shown in table 2. lt is noticeable
that breaking force of knitted fabrics is about 1,7 times
higher in the direct ion of loop wales than in the direc-
t ion of loop courses. With decreasing of cool ing depth,
i .e. the increasing of st i tch density, breaking force of
knitted fabrics increases in the direction of loop courses
tor 24,8%. Based on this data, we can conclude that,
with the increasing of stitch density, knitted fabrics will
have more compact structure which is less elastic be-
cause reaction force in knitted fabrics is higher during
the knitting . With increasing of knitting density, that is,
with decreasing of density coefficient, elasticity of knit-
ted fabrics is decreasing horizontally and vertically.

Table 4. shows sliding coefficients of examined knit-
ted fabrics during different times of action of loading
force.

With the increasing of loading t ime, deformation of
knitted fabrics is gradually growing, that is material is
sl ides and knit ted fabrics dimensions are changing.
During increasing of loading t ime from 1 to 5 h , knit-
ted fabrics deformation grows but with further increase
of loading time up to 24 h growth tendention is decreas-
ing. Increased knitting densitu covses decreasing of slid-
ing coefficient , and we can also see taat material slid-
ing is stronger in the direction of loop kows (figure 4).

Values of elast ici ty coeff icient for examined knit-
ted fabrics aper the disloading are given in table 5.

Analysis of obtained values (table 5) shows that
elast ic component of deformation is decreasing with

110 @

u f/o)

0.929
0.857
0 . 8 1 1

121.4
1 0 1  . 6
89.2

48.3
42.0
38.2
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Table 4 Sl iding coeff icients during loading of interlock knit ted fabrics with dif ferent densit ies for the t ime of 1.5 and 24h.

t h
Loadin t ime

5 h
horisontal vertical

24h
horisontalhorisontal vertical

8.2
7.0
5.2

16.2
14.6
12.1

7.8
5.9
4.8

14.4
12.8
1 0 . 9

5.4
4 .1
3.4

1 0 . 8
8.4
7.2

0.929
0.857
0 . 8 1 1

Table 5 Eelastici ty coeff icient at disloading for interlock knit ted fabrics with dif ferent st i tch densites,

t h
Loadin t ime

5 h
horisontal vertical horisontal vertical

24h
horisontal vertical

22.4
20.0
18.2

68.8
52.4
46.3

28.2
25.0
20.2

72.4
58.6
50.0

26.8
23.2
1 9 . 0

70.2
54.0
48.6

0.929
0.857
0 . 8 1 1

Table 6 Late elasticitv coefficients interlock knitted fabrics with different stich densites

t h
Loadin t ime

5 h
horisontal vert ical

2 4 h
horisontalhorisontal

0.929
0.857
0 . 8 1 1

58.6
50.7
44.2

27.4
24.8
20.6

52.0
42.8
38.6

56.2
46.6
40.1

30.1
27.6
23.5

33.2
30.8
26.7

Table 7 Residual deformation koeff icients interlock knit ted fabrics in dif ferent st i tch densit ies

t h
Loadin t ime

5 h
horisontal vert ical

2 4 h
horisontalhorisontai vertical

0.929
0.857
0 . 8 1 1

42.2
36.1
26.6

10.2
8 .0
6.2

34.4
24.5
18.2

37.8
28.3
24.6

8 .9
o . o

5 .0

12.0
10.2
7 .6

the increase of knit t ing density. With the increase of
loading t ime, in al l  examined samples, elast ici ty of
knitted fabrics is decreasing. After removal of exter-
nal force action, processes of relaxation took place
in the same t ime but with dif ferent velocity. Table 6
shows late elast ici ty coeff icients in examined knit-
ted fabrics

Values of late elasticity coefficients (table 6) are
decreasing with increase of knit t ing density. We can
also seetaat, with the increase of loading t ime of

15

't4

'13

12

1 1

10

I

I
a '

c

Fig. 4 Inf luence of density coeff icient on the change sl iding of
knitted fabrics
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Fig. 5 Inf luence of density coeff icient on the change remaining

deformations of knitted fabrics

knitting, values of late elasticity coefficients are increas-
ing. Late elasticity of knitted fabrics can theoretically
last endlessly long i but practically only untill complete
stabilisation of knitted fabrics. Values of residual de-
formation koefficiets are shown in Table 7.

Residual  deformat ion is  determined af ter
stabi l isat ion of knit ted fabrics and i t  represents. The
part of knit ted fabrics permanent deformation. After
removal of loading, and 15 days of relaxation, there
are residual deformations in examined samples and

-r-hqisonbl
- . -hqisonhl
-e-hqisonhl
-v-wrtcal
-o-wrtical
-*-rerlical
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their values depend upon knit t ing density and load-
ing t ime.  Kni t ted fabr ics wi th h igher  densi ty  have
lesser residual deformation compared to knitted fab-
r ics with lower density. With the increase of loading
time plast ic deformation, and by that knit ted fabrics
structure is higher (Figure 5).

CONCLUSION

1. l t  is proven by experimental results that break-
ing extention of knit ted fabrics depend upon break-
ing force and breaking extent ion of  yarn,  k ind of
weave and st ich density.

2. Knitted fabrics breaking force is about 1,7 t imes
higher in the direct ion of loop wales than in the di-
rect ion of loop. Courses with regard breaging elon-
gation of knit ted fabrics with the increase of knit t ing
density elongation in the direct ion of loop wales in-
creases for 20% , and decreases for 34% in the di-
rect ion of loop courses.

3. Deformation of knit ted fabrics depends upon
sti teh density, t ime and direct ion of loading force
action.

4. With the increase of st i tch density, both elast ic
and high-elast ic component of deformation, and re-
sidual deformation are decreasing of knit ted fabrics.

5. Loading t ime of knit ted fabrics has great inf lu-
ence on values of part icular components of defor-
mation and also on the share of lattest, compared
to total deformation. With longer loading t ime, total
deformation of knit ted fabrics is increasing on ac-
count of the sl iding increase and late elast ici ty of
knit ted fabrics.

Based on the results, we can conclude that, at
certain extent, the examined kind of knit ted fabrics
shows rheologica l  phenomena of  s l id ing and la te
elastici ty as well  as rheological chaxacterist ics of
p last ic i ty .  These values depened upon values of
knit ted fabrics structural elements, physical and
mechanical characterist ics of yarn, t ime and direc-
t ion of loading force action relaxation t ime of knit ted
fabrics.
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ASPECTS OF THE DEVEVOPMENT OF CELLULOSE FIBERS

Jambr ich,  M. ,  *MurdrovA,  A. ,  **DZubas,  F.

Faculty of lndustrial Technologies TrU P1chov

*Faculty of Chemical Technology STU Bratislava

**S/ovensky hodvdbi. s. c. Senica

The cel lulose f ibers are mainly produced from the
solut ion of xantogenate of cel lulose - viscose. ln a
hundred years old development, this process has
enabled a production of a wide range of f ibers as-
sortment. Apart from its indisputable advantages the
process entails few negative sides. These are mainly
ecological and economic.

An intensive research has started in the area of
preparing the cel lulose f ibers with new procedures
without the carbon disulphide two decades ago. At
the moment, two procedures dominate the research
and development:

- dissolving cel lulose in N-metylmorfol in-N-oxide
(NMMNO) ,

- procedure based on using the carbamate of cel-
lu lose.

The process of preparing cel lulose f ibers with
NMMNO offers a wide range of development of tex-
t i les as well  as technical f ibers.

The proceeding of the carbamate of the cel lulose
preparation is based on the use of activated cellu-
lose and urea.

The preparation of fibers from the carbamate of the
cel lulose has a great potential to solve environmen-
tal problems.

After years of stagnation and production cuts the
cel lulose f ibers, the oldest among popular chemical
fibers, are enjoying their renaissance today (table 1).
Cotton supplying, technical solutions of EKO problems
in a viscose fibers production and the development of

new cel lulose solvents especial ly the NMMNO and
cellulose derivatives (carbamate) are the main factors
that caused this situation (picture 1) [1 , 21.

The cel lulose f ibers are mainly produced from the
solut ion of xantogenate of cel lulose - viscose. In a
hundred years old development, this process has
enabled a production of a wide range of f ibers as-
sortment. Apart from its indisputable advantages the
process entai ls few negative sides. These are mainly
ecological and economic [1 ,  3]:
- works with lower concentrations in a solution
- the regeneration of used chemicals and their return

back to the process is insuff icient. The chemicals
coming into the process mutually react and change
into chemicals diffused in the water environment and
in the air and their regeneration is energetically and
economically demand ing.

- the CS, and HrO concentration in the air is limited in
rTrg/m3, whereas economically suitable concentra-
tions for regeneration are in g/m3

- the ZnSOo is harmful for l ive water organisms plus
ZnSOo is a raw material being in defici t

- the NarSOo regeneration is energetically demanding
- the hemicel luloses l iquidation, especial ly the a-cel-

lufose with PS < 200 is very demanding and pafis of
i t  goes to drainage and inf luences the BKS - 5.

The above ment ioned reasons served the main
cause for the aboli t ion of production l ines in the world
as well as in the Slovakia. Lots of big companies inno-
vate and rationalize their production of viscose fibers.

Table 1 The development of production and consumption of f ibers ( in 1000 t)

1 994 1 995 1 996 1 997 1 998

cELLULOSTC (CF)
- Acetate
- Yarn + monofilament
- Staple + Tow
SYNTETTC (SF)

- Yarn + monofilament
- Staple + Tow
- Polyolefine

NATURAL FIBRES (NF)
- Raw cotton
- Raw wool
- Raw si lk

GLASS FIBRES (GF)

0,536
0,655
1 ,653

9,087
8,852
4,228

18,401
1 ,554
0,069

2,360

0,550
0,674
1 ,765

9,686
8,698
4,359

18 ,607
1,484
0,092

2,438

0,584
0,651
1 ,623

10,322
9,374
4,459

19 ,296
1,474
0,071

2,492

0,594
0 , 6 1 9
'1 ,690

1 1 , 5 3 0
1 0 , 1 5 4
4,600

19 ,453
1,429
0,069

2,560

0,450
0,420
0,420

12,150
9,690
4,990

1 9 , 1 3 0
1,430
0,070

2,500
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The production of yarn fibers such as the yarn is a
continual proceeding. A further development of viscose
processes consists in looking for procedures of de-
creasing the CS2 consumption by cellulose activation,
shortening preparation time of viscose, CS, regenera-
t ion and exhalat ions l iquidation. Due to this fact new
factories for viscose fibers production are being built up
on the American and Asian continent with a capacity of
about 300 000 t. Their production is being innovated in
Europe. The above mentioned tendencies assume that
the viscose process of cel lulose f iber production wil l
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Picture 1 Chemical reactions. viscose, carbamate, NMMNO
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survive the turn of the century [4].  In 1998 the produc-
t ion of technical cel lulose f ibers increased about 5%
regardless the fact that the total production of viscose
fibers has decreased about 70 000 t.

An intensive research has started in the area of pre-
paring the cellulose fibers with new procedures without
the carbon disulphide two decades ago. At the moment,
two procedures dominate the research and develop-
ment [5, 6, 7]:

-  d issolv ing cel lu lose
(NMMNO),  (p ic ture

@  o r i g l n s
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- procedure based on using the carbamate
of  ce l lu lose (p ic ture 1,  6) .

The research and development of the cel lu-
lose f iber preparation based on the use of the
NMMNO solvent enables a gradual real izat ion
of production and commercialization. Currently,
a production of staple fibers has been estab-
l ished marked as Lyocel and Tencel. The
Courtauld Company has produced 100 000t
of staple f ibers the Tencel and Lyocel in 1997
(in Mobile USA and in Grimsby in Great Bri t-
ain) and 2000 t of yarn technical f ibers in the
same year .  Thanks to the Lenzing
Courtaulds l icense the AKZO Nobel from Ger-
many (Obernburg) gears up for a production
of 6000 t of yarn technical f ibers (New - Cell)
per year. ln Austr ia (Heil igenkreuz) the Lyocel
production is in a process of preparation with
a capacity of 12 0001 per year and the plan is
to extend i t  to 25 000 t a year. In Germany in
Rudolstadt TITK a lot of attention is being con-
centrated on the process of cellulose staple
f iber preparation, even though the main atten-
t ion is  focused on yarn f ibers ca l led the
ALCERU. Currently, a new testing production
l ine is being bui l t  up for the staple prepara-
t ion in AG Schwarza and of yarn production
and a test ing product ion l ine in  Myt isec in
Russia cal led the ORCEL. Among other pro-
ducers of the Lyocel are the South Korea (COCEL
- Roces) and the Taiwan (test ing production l ine
Chang Hua).

The process of  prepar ing cel lu lose f ibers wi th
NMMNO offers a wide range of development of tex-
t i les as well  as technical f ibers. The technical f ibers
prepared from the solut ion of NMMNO have a rela-
t ively high dry tenacity (* 4,8 cN / dtex) and a wet
tenacity of (- 3,6 cN / dtex). High wet tenacit ies, a
high module of f lexibi l i ty with a low diminishment with
a good thermal stabi l i ty up to 150 oC are good pre-
supposit ions to a wide technical appl icat ion (table 2,
3 ) ,  [ 8 ,  9 ,  1 0 ,  1 1 ] .

These types of fibers have a deforming curve (o/e)
close to a synthetic f ibers (picture 4). They are suit-
able to be mixed with PET, PP, cotton, l inen and

Table 2 Physical - mechanic propert ies of cel lulose f ibers

I\IMMNO ( 40 % wcigbt of ErO ) + cdlulorc

HTO + NMIVINO

EzO + NMIIINO HzO
l. Miring cquipment
2. Ertruder (fwo - spird)
3. Fibriforming block + filter
4. Fibriforming - weshing bath
5. second rnd third wrsh 7 ,
5. drying 

--1

7, fiber winding

Picture 3 The scheme of the preparation of
the N-methylmorhpoline-N-oxide (N M

AL
HH-\r
tl
cel lulose f ibers with
MNO) solvent

Viscose

o 5 '10 15 20 25 30
Ertention (7o)

Picture 4 Stress/strain performance

wool. When being strained the wet f ibers have higher
fibrillation what represents a problem for further prop-

55
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5
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Properties Dimension
Viscose fibers

Normal Polynosics Modal (HWM)
Lyocell Cupro

Dry tenacity cN.dtex-l
Wet tenacity cN.dtex-l
Dry elongation %
Wet elongation o/o

Module of f lexibi l i ty cN.dtex-1
Secondary bulge %
Degree of polymerization PPS

2,0  -  2 ,5
1 , 0 - 1 , 5
1 8 - 2 3
22-28

5,0
90-1 1 0

290 - 320

3,64,2
2,7-3,0
1 0 - 1 5
1  1 - 1 6
23,0

60-75
450-500

3,H,8
1,8-2,2
14-16
15 -18
12,0

75-80
400-450

4,24,8
2,6-3,6
1 0 - 1 5
1 0 - 1 8
20-35
65-70

550-600

1,5-2,0 2,5-3,0
0,9-1,2 2,6-3,2
10-20 18-10
16-35 12-14

100-120 4045
280-320 2000-3000
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Table 3 The application of the Lyocel l  f ibers

Technical Texti les Nonwovens Special Papers

Agricultural text i les
Backing cloths
Belt ing
Breathable and waterproof barriers
Carbon f ibre precursor
Coated fabrics
Composite reinf orcement
- plast ics and resins
- coatings
- concrete
- plaster
- particle - boards
-  moulds
-  rubber
- bitumen
- tarmacadam
Felts
Flame retardant fabrics
Flock
Medical and sport bandages
Mil i tary text i les
Operating room texti le
Protective clothing
Ropes and nett ing
Workwear
Scrims
Sewing threads
Tents
Wall papers and wall coverings

Artificial leathers
Battery separators
Coating substrates
Composite reinf orcement
Diskette l inings
Disposable clothing
Filters
Hygiene
- absorbent pads
- coverstock
- pulp reinforcement
- f luid distr ibution
- incontinence pads
- tampons
Inter l in ings
Medical
( US FDA 51OKs avai lable)
- swabs
- dressings
- bandages
Sponge reinforcement
Waddings
Wipes
- wet wipes
- l int free wipes
- industr ial wipes

Adhesive substrates
Battery electrodes
Battery separator papers
Calendar bowl papers
Cigarette filters and papers
Electr ical papers
Fancy papers
Filters
- smoke
-  a i r
-  o i l
- beverage
- blood plasma
Flushable papers
Glass papers (binder)
Insulat ion papers
Laminating substrates
Map papers
Medical papers
Napkins, tablecloths and t issues
Photographic papers
Reinforced papers
Security papers
Special print ing papers
Stenci l  papers
Tea bags
Vegetable parchment

Picture 5 REM shots pf the f ibers
-  N M M N O
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ert ies solut ion of this f iber. On the other hand this
fact enables to facilitate the microfibers preparation
(picture 5).

These f ibers are appl icable in the area of clothing
(work or protecting cloths, dresses, underwear, shirts),
housing text i le  and especia l ly  in  technica l  text i les
(nonfabric materials, paper for maps, printing and filter
and composite materials in combination with synthetic
f ibers, cigarette f i l ters), threads, bracing yarn f ibers.
They can be applied in households, medicine and in-
dustry. Our institutions have been focusing on this proc-
ess of f iber preparation as well  [9, 10, 1 1, 121.

The second proceeding of fiber preparation is based
on the carbamate of cel lulose that comes out of the
activated cel lulose and urea. The NESTE Company
from Finland worked out this process and prepared the
product called the CELLCA. The IWCH from Lodz (in
Poland) focuses on the carbamate of the cel lulose
preparation and the VUCHV from Svit concentrates
on f iber  preparat ion.  The Zimmer Company in  coop-
erat ion wi th d i f ferent  inst i tu t ions f rom Europe con-
centrates on the preparat ion of  the carbamate of
ce l lu lose and f ibers.  The Company cal led i ts  f iber
and  the  p roceed ing  o f  i t s  p repara t ion  the
c A R B A C E L L  [ 1  , 7 , 9 ,  1 1 ,  1 2 1 .

The proceeding of the carbamate of the cel lulose
preparation is based on the use of activated cellulose
and urea. lt is an organic synthesis that one can easily
regulate from the energetic and thermodynamic param-
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Table 4 The basic items of the structure and properties of the different types of the cellulose fibers

Type of fiber rw SN
% %

tdry

%
Kp
%

o

g.cm-3
rdj
dtex

An.1o-3 "ory
cN.d tex- '

ow

cN.dtex-1

Cel /NMMNO
Cel/PF/DMSO
CeUcarbamate
Cel/NrO*/DMF
Viscose
Viscose polynosics
Cotton

1 , 5 3
1 , 5 1 - 1 , 5 2

1 , 5 1 - 1 , 5 2
1 ,50 -1 ,57
1 ,52 -1 ,54

48
34

iu
36
68

65
'j

39
55

60-80

1 , 9 0
2,00
1 , 9 0
1 , 8 0
1 , 7 0
, :u

4,5
1 , 9 6
3,00
1 , 9 0
2,50
4,00

2,0-3,6

1 4
6 ,8
1 5 , 0
1 9 , 0
21,7
10,4
7-9

3,5
1 , 2 6
1 , 7 0
1 , 3 0
1 , 5 0
2,8

2,6-3,9

1,5 60-65
8,2 85-93
12,0 100 -120
'15,0

26,0 90-1 10
14,4 71-75

12-14 40-50

NMMNO -  N-methy lmorphol ine-N-ox ide
DMF - dimethylformamide
PF - paraformaldehyde

cel - cel lulose
DMSO - dimethylsulfoxide
SN - secondary bulge

carbamate of cellulose

cerbamete of
cellulose
purification

consequenl
treatment

Picture 6 The scheme of the preparation of carbamate of cellulose and the preparation of fiber with acid (A) and carbonate (B)
process

eters. The carbamate of the cellulose, with a degree of
substitution expressed in a volume of N 2,5-3%, is sta-
ble and transportable after drying. The spinning solu-
tion of the carbamate of the cellulose is being prepared
in the NaOH with the concentration close to viscose
process. First, the fiber is being prepared to the H2SO4
solution and consequent classical operations of wash-
ing and drying follow (picture 6). For this fiber prepara-
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tion the equipment for the viscose fiber preparation can
be partially used. The properties of the fibers from the
carbamate of the cellulose are stated in the table 4. This
proceeding of fiber preparation has not so far left the
doors of laboratories and testing experiments.

Based on the research and development that has
been done so far the fol lowing statements can be
concluded:
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- The preparation of fibers from the carbamate of the
cellulose has a great potential to solve environmen-
tal problems [12].

- The existing equipment for the viscose fiber prepa-
ration enables to prepare fibers from the carbamate
of the cellulose and from the mixture of viscose and
the carbamate of the cellulose.

- After being dried the carbamate of the cellulose is
stable and transportable and that allows concentrat-
ing the carbamate production to few regions.

- Properties of the fibers from the carbamate of the
cel lulose are suitable to be applied in text i le and
technical products.

- This process of fiber preparation from the carbamate
of the cellulose is worth to be further developed. For
the preparation of cellulose fiber without carbon di-
sulphide proceeding few other solvents have been
verified. The physical - mechanic properties of the
fibers prepared by different proceeding are stated in
the table 4.

The cel lulose f ibers are an inevitable part of tex-
t i les in the area of clothing, housing text i le as well
as in technical applications. Based on these facts the
existence of their production in the upcoming period
is just i f ied and worth to be further researched, de-
veloped and invested in. A permanent renewal of

wood substance (-120 mld t/r) and insufficient re-
sources of natural f ibers both support the idea.
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z vEDEcKovVsKUMruYcn n vVvo.tovYcH pRAcovisr

Spolupr6ca VUTCH-CHEMITEX spol s r.o. so zd ruilenim MTL
Cooperation of VUTCH-CHEMITEX Ltd. with MTL

:.uapeKovd,  V.

VUTCH-CHEM\TEX spo/. s r.o. Zitina, Stovenskd republika

VUTCH-CHEMITEX spol. s r.o. Zilina podpisal v ro-
ku 2000 memorandum o porozumenI  so svetovou
sietou skriSobnyich laboratori f  Merchandise Testing
Laboratories (MTL).

Predmetom zmluvy je:
) spoluprdca v skriSobnictve a in5pekcnej sluZbe

v strednej a vyichodnej Europe
F spolocn6 konzultdcie a technickd pomoc
) marketingov6 podpora spolodnfch aktivft .
Merchandise Testing Laboratories lnc. je sku5obn6

laboratorium poskytujfce svojim zakaznikom sluZby
v oblasti sk(Sobnictva v plnom rozsahu. Ma siet labo-
rator i f  po celom svete,  napr .  v  USA, Hong Kongu,
Taiwane,  C[ne,  Ind i i ,  Turecku,  Tal iansku,  Angl icku,
Austr6l i i ,  Mexiku ai. .  Je drZitelbm osveddenia o akre-
ditacii pre skuSanie odevov a textilnlich materi6lov naj-
vAc5fch obchodnlkov USA.

Merchandise Testing Laboratories lnc. md samo-
statn6 oddelenia pre obuv, hradky, zdravotnicke vyi-

robky, kozmetiku, sviedky, elektr ick6 a mechanick6
vfrobky, ndbytok a obaly. Zabezpecuje takmer v5etky
sluZby v oblasti skti5obnrctva od sk05ania pevnosti aZ
po oznacovanie vyrobku znadkou. Md prehl'ad o naj-
nov5ich vlddnych nariadeniach a predpisoch, ako aj
o pr iemyseln l ich normdch na celom svete,  napr .
CPSC, ASTM, ISTA, 'ANSI,  ISO, J IS,  AS A EN.

Merchandise test ing Laborator ies Inc.  vykondva
skriSky a analyzy odevov a textilnej galant6rie. Zame-
riava sa na 5 hlavnfch oblastf:

} sk0Sky tyzikdinych vlastnosti
)  stdlost vyfarbenia
) identi f ikdcia vldkien
F horl 'avost
) anallTza ch17b.
Vykondvanim tychto skri5ok MTL zabezpecuje svo-

j im kl ientom hodnotenia nezdvadnosti  a kval i ty potreb-
n6 pre medzin6rodnf obchod.
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SYMPOZIA A KONFERENCIE

1st CEC
THE FIRST CENTRAL EUROPEAN CONFERENCE ON FIBRE

GRADE POLYMERS, CHEMICAL FIBRES AND SPECIAL
TEXTILES

Ing.  Anna Murdrovd,  PhD.

Chemickotechnologickdt fakulta, STU, Bratislava

Zakladluca konferencia o vldknach a textile v stre-
doeuropskom regione sa uskutocni la  v  Polsku
v LodZi, v dnoch 3. a 4. oktobra 2000. Organizdtor-
mi konferencie boli pod zd5titou Polsk6ho vyboru pre
vedu, vyskum a vfvoj InSti t0t chemickyich vldkien
v LodZi, TechnickA univerzita v LodZi, Bielsko - Biala
Branch a STU Bratislava, SR. Rokovacfm jazykom
bola angl ic t ina.

Na konferenci i  bolo 57 0castnikov z 10 kraj in sve-
ta. Celkom odznelo 19 predndSok a bolo vystavenfch
8 posterov. Odbornf program konferencie bol roz-
delenf do tfchto 6 sekci i :

1 .  P len6rna sekcia
2. Celuloza ajej derivaty
3.  Chemick6 v ldkna
4. Syntetick6 polym6ry a vldkna

5. Specidlne text i l ie
6. Posterovd sekcia
Abstrakty v5etkfch predndSok z tejto konferencie

su uveden6 v zbornlku abstraktov. Plendrne predn65-
ky bol i  zameran6 na hodnotenie doterajSieho vfvo-
ja v oblasti najmd masovo vyr6banfch chemickyich
a syntet ickfch vl6kien. V prvej plendrnej prednd5ke
na t6mu ,,Progress in chemical f ibres", Alojzy Urba-
nowski z In5tit0tu chemickfch vldkien Lodl, uvAdza
akd bola vfroba a spotreba prirodnfch a chemickych
vldkien v roku 1999 vo svete. Vl iroba bavlny md
v textilnom priemysle stdle svoje nezast0pitel'n6 pos-
tavenie, jej relativny podiel voci chemickfm vldknam
klesd. Zastr ipenie chemickyich vldkien v roku 1999
bolo 56 %. Prevl{dajI vlakna polyesterove, polyami-
dov6, akryl -  polypropyl6nov6 a celulozov6. Polyes-
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terov6 a polypropyl6nov6 vldkna sa vyvfjaju najdy-
namickej5ie. Produkcia celulozovfch vlakien v roku
1999 klesala. Je pozoruhodn6, Ze v roku 1999 sa sta-
la eina najvdcsim producentom polyesterovych vld-
kien, a tak predstihla USA, kto16 po desatro6ia boli
na 1 . mieste.

Druhd plendrna prednd5ka na t6mu ,,The develop-
ment of fibres for technical textiles" od Martina Jam-
bricha a d'alS(ch spoluautorov z TrU Trencin bola za-
merand na rozvoj technickfch vldkien a vyuZit ie
chemickfch vldkien do technickfch aplikacii. V pred-
nd5ke sa uvddzali  Struktfra a vlastnosti  zdkladnfch
skupin technickfch vldkien a Specidlnych typov vld-
kien.

PredndSka od Henryka Struszczyka z InStittitu che-
micklch vldkien v Lodli bola na t6mu ,,Some aspects
of the modification on natural polymers." Pr[rodn6 po-
tym6ry fyzik6lno - chemickou modif ikdciou dosahu-
j0 vynikajuce vlastnosti ako ,,hight" materidly, ktor6
maj0 5irok6 uplatnenie v medicfne, biotechnologidch,
kozmetike a polhohospoddrstve. V prednd5ke sa po-
jedndva o prirodnyich polym6roch celulozovyich, lig-
nfnov;ich, chit(novfch, chitozdnovych, Skrobovych,
alebo protefnovilch. Z uvedenlich polym6rov autor
prezentuje modifikdciu celulozovyich a chitoz6no4ich
polym6rov, ktor6 bol i  cestou mokr6ho zvldknovania
vyu2it6 vo vldknach, folidch a inyich produktoch. Chi-
tozdn je vfsledkom deacetyldcie prirodn6ho chitinu.
Fyzikdlno-chemickou modifikdciou chytozdnu sa me-
nia molekuldrne, supermolekuldrne a morfologicke
charakteristiky s cielbm zvf5it bioaktivitu.

Na konferencii sa zudastnili zdstupcovia firmy Len-
zing AG Reinhard Kampl a Josef Bachinger s pred-
nd5kou ,,The role of manmade cel lulosics in global
fibre markets". V prvej 6asti prezentovali vyTvoj vis-
kozovfch vldkien od 19. storodia a r6zne inovdcie.

Moddlov6 a polynozick6 vldkna dosiahl i  vo vyrobe
maximum v 70. rokoch s vfrobou 200 000 ton. Dnes
tradicn6 technologie nahrddzaju nov6 roztokove
zvldknovania, s novou generdciou vldkien.

Kiril l E. Perepelkin z Univerzity pre technologiu a di-
zqn zo Sankt Peterburgu zaujal prednd5kou na t6-
mu ,,Principal physico-chemical and technological re-
gulari t ies of chemical f iber formation and new ways
of chemical f ibres formation processes creation".
v ktorej uvddza vfuie do budricnosti na vSetkfch stup-
noch tvorby vldkien. Rozne sposoby modif ikdcie vld-
kien pokladAza naj lep5ie metody na zlep5enie vlast-
nosti  vldkien. V druhej predn65ke Kir i l l  E. Perepelkin
,,Aramide f ibers development - today and future" ho-
voril o 4ivoji aramidovfch vldkien.

Ucastnici z Chemickotechnologickej fakulty STU
Bratislava sa prezentoval i  Styrmi predndSkami:

- A. Marcincin: , ,Polypropylene Fibres, Mass Pig-
menting and/or Exhaustion Dyeing"

- P. Hodul a kol. :  , ,B-cyclodextr ine in text i l  f inishing"
- M. Kri5tof ic: , ,Blended Fibre - forming System

PA6/ Copolyamides"
- A. Murdrovd a kol. :  , ,The inf luence of Geometric

Modif icat ion of PET f ibres on Dyeing".
V posledne uvedenfch prdcach su vlisledky vlas-

tn6ho vfskumu v s06astnosti  na pracovisku. Okrem
niektorlich vySSie uvedenfch citovanfch prdc boli na
konferencii v5etky d'al'Sie prednd5ky zaujimavd svo-
j im obsahom a podnetom do diskusie, di uZ v r6mci
vyst[penia alebo v kulodroch.

Zbornk v5etkfch predndSok v plnom zneni bude
pre r idastnlkov konferencie dodatocne skompletizo-
vanf .

2 nd CEC bude v Bratislave, 6-7. septembra 2001,
na ktor0 srdedne pozyivaj0 v5etkfch zdujemcov us-
poriadatel ia.
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EFEKT1vNEJSTE vyu Znv REAKrivruvcH FAneiv

Hodu l  P .

Chemickotechnologickd fakulta, ST U, Bratislava

Kl'ticovfm faktorom na ceste ku komercn6mu us-
pechu text i lnfch vfrobkov je farbenie a to predov-
Setkfm v sektore vlirobkov, ktor6 ovplyvnuje moda
ako s0 odevn6, dekoracn6 a potahov6 bytov6 texti-
l ie. V spotrebe vldkien v text i le je bavlna na prvom
mieste, preto md vel 'k! vyznam dopad jej zo5l 'ach-
tovania vrdtane farbenia na 2ivotn6 prostredie.

Zakladnym probl6mom pri farbeni celulozovfch vla-
kien najvfznamnejSou skupinou farbiv - reaktlvny-
mi farbivami, je znecistovanie odpadovl ich vOd nez-
reagovanym a hydrolyzovanfm farbivom v pracich
voddch po farbeni. VyuZitie farbiva sa pohybuje v roz-
medzi 55-95 %. Poulitie reaktivnych farbiv je pod
std le s i lne j5 im t lakom legis la t lvnych opatreni  na
ochranu Zivotn6ho prostredia. Zvl i5enie vyuZitel 'nosti
farbiva sa d6 dosiahnut optimalizdciou predupravy,
zvyi5en[m reaktivity celulozy chemickou modifik6ciou,
pouZit im viacfunkcnl ich farbiv a monitorovan[m
a riadenfm procesu farbenia v redlnom dase.

V5etky reaktivne farbivd reaguju mechanizmom
nukleofi lnej substi tucie alebo adlcie, pripadne obo-
ma typmi reakci i  (Obr. 1). Priebeh reakcie zdvisi od
stavu celu lozov6ho polyanionu ako nukleof i ln6ho
reaktantu. Ako konkurencnd reakcia prebieha reak-
cia farbiva s hydroxylovl imi ionmi za vzniku hydroly-
zovanej formy farbiva. Stupen f ixdcie farbiva zdvisl
od viaceryich faktorov - pomeru rfchlostnfch kon-
Stdnt reakcie farbiva s celulozou a hydrolytickej reak-
cie, substantivi ty (t . j .  od vzdjomn6ho pomeru adsor-
bovan6ho farb iva a farb iva v  k [pel i ) ,  d i fuzneho
koeficientu farbiva v celulozovom materidl i ,  pomeru
kfpel 'a a plochy povrchu materidlu, na ktorom sa
mOZe farbivo adsorbovat.

Farbenia reaktivnymi farbivami zahrnuje tri stup-
ne :

. vytahovanie farbiva v pritomnosti elektrolytu, ob-
vykle v neutr6lnom prostredi,

chl6rtriaz[n

o
F-SO2-CH2-CH2 + O{e l l

Vinylsulfon

o f ixdcia farbiva na celulozovd vldkna za podmie-
nok optimdlneho pH a teploty,

. zdveredn6 spracovanie, odstr6nenie elektrolytov,
alkal i f  a nefixovan6ho farbiva.

ZvySovanlm teploty  sa zniLuje substant iv i ta
a urychl 'uje sa hydrol l iza farbiva, pricom oba t ieto
efekty zniluju [rcinnost fixdcie. Vzrast koncentrdcie
elektrolytu vZdy zvy5uje substantivitu bez znilenia
reaktivi ty za predpokladu, Ze farbivo zostane fplne
rozpusten6. Pozitivny vplyv elektrolytu je zvl65t vf-
razny v pripade farbiv s vdic5im poctom reaktivnych
skupln, pri  vySSej hodnote pH a pri  sftej5om vyfar-
benf. Egdlnost vyfarbenia moZno ovplyvnit r iadenim
rfchlosti  adsorpcie tak, aby sa dosiahlo rovnomer-
n6 rozdelenie farbiva v text l l i i  alebo vyuZit im migrac-
nfch vlastnostf farbiva v neskorSej fdze farbiaceho
procesu. Prvf postup poskytuje lep5ie vyuZit ie far-
biva a zabezpecuje lepSiu reprodukovatel'nost ale vy-
Zaduje dokonalej5iu kontrolu a riadenie procesu z mi-
nri ty na minti tu. Ak sa farbf v ndvine na egdlnost ma
rozhodujuci vplyv rlichlost vytahovania farbiva, rfch-
lost prt idenia k0pel 'a a hustota ndvinu. R;ichlost vy-
tahovania farbiva sa meni v zdvislosti od teploty a jej
gradientu a pH a rfchlost i  zmien pH.

1.  Chemick6 modi f ik6c ia ce lu lozy

Vfsledok farbenia a tlace pri zoSl'achtovanf bavlny
z6visiod jej nadmolekulovej a morfologickej Struktfry.
V dosledku toho vznikaju rozdiely podla proveniencie,
zrelosti a sp6sobu pred0pravy. Pri vldknach z regene-
rovanej celulozy je to podobne. Pri posobeni koncent-
rovanfch roztokov hydroxidu sodn6ho na bavlnu pre-
bieha celf  rad chemicklch a fyzikdlnochemick;ich
zmien. Celuloza napudiava, diastodne sa rozruSuju ko-
h6zne sily medzi makromolekulami a kryStalitmi, vzni-
kd a lka l ice lu loza a molekulovd z lucenina celu lozy

F-NH 
r*Y'*g+err -J'--'16T-l 

r-NH '/*Y* *t?*yr | :X:"1- 
oy: +c

ct L 
ct ocerl o_cell

- " " "- >-- 
[ r- sor-. rt-. *, - o - cerrJ 

+ 
F- so2 - c H2 - c H2 - o - cell
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Obr.l Reakcie celul6zy s reaktlvnymi farbivami
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s hydroxidom sodnfm. Po odstr6nenf hydroxidu vypie-
ranim vodou sa zfska hydrdtceluloza (celuloza ll), kto-
rd md in0 nadmolekulov0 Strukturu ako celuloza nativ-
na (celulozal). Spracovanie bavlny v koncentrovanlich
roztokoch hydroxidu sodn6ho je zakladom dvoch dOle-
Zityich technologickfch operdcii- merceriz1cie a lIho-
vania, ktonimi sa zlepSuje prijem farbfv, dosahuje sa syi-
tej5ie a bri lantnej5ie vyfarbenie a vyrovn6vajf sa
rozdiely spOsoben6 Strukturdlnymi zmenami r6zne zre-
lej bavlny a bavlny rOzneho povod 11 ,21. Zlep5enie vy-
farbitelhosti bavlny udinkom hydroxidov, ktor6 vyvol6-
vaj0 intrakry5talick6 napuciavanie, je dan6 zmenami
nadmolekulovej Strukt0ry. Farbivd sa adsorbujI pre-
vaZne v mikroporoch sekunddrnej steny (s priemerom
3 a2 4 nm), ktoryich mnoZstuo sa mercerizdciou zvy5u-
je. Mercerizovand bavlna sa preto, za inak rovnakfch
podmienok, vyfarbi slitej5ie ako bavlna nemercerizova-
nd, 6o umoZnuje dosiahnut usporu v spotrebe farbiva
o 14 a2 40 %. Pozoruhodn6 je,2e pri  rovnakom mnoZ-
stve farbiva na materidli, je mercerizovanA bavlna s!-
tej5ie vyfarbend. Je to v dosledku znftenia koeficientu
rozptylu svetla mercerizdciou.

Bredereck a Bluherova [3] pozorovali obdobn6 zme-
ny pri spracovani bavlny v kvapalnom amoniaku.

Napriek tomu, Ze mercerizdciou a lfhovanlm sa zlep-
Sujr i  kolorist ick6 vlastnosti  celulozovl ich materidlov
vplyvom chemickfch cinidiel, nemoZno tieto operdcie
pokladat  za chemicku modi f ikdc iu v  pravom s lova
zmysle.

Snaha o lep5ie vyuZit ie farbiv a probldmy spojen6
s farbenfm zmesouich materi6lov si vyZaduj0 chemic-
k[ modifikdciu celulozy spocivajIcu v zavedenI Speci-
f ickyich funkcnyich skupln, ktor6 s[ schopn6 reakcie
s farbivom alebo bocnlich retazcov, ktor6 tak6to sku-
piny obsahujr i .

Zmesi vlna/bavlna sa farbia dvojstuphovo. Spravid-
la sa najskor, pri mierne zvy5enom pH, zafarbfbavlne-
nf podiel a potom sa farbi vlna. Pri  jednokfpelbvom
farbeni sa bavlna vyfarbf menej sfto ako vlna. Zvyie-
nie pH potrebn6 na slitej5ie vyfarbenie bavlny prina5a
so sebou r iziko poSkodenia vlny. Preto je farbenie ton
v tone obtiaZne. Farbenie vyZaduje pouZit ie ochran-
nlich prostriedkov tenzidov6ho typu a vyiber vhodnfch
novyich typov farbiv.

Reakcie celulozy moZno v zdsade rozdeli t  na dve
zdkladn6 skupiny - reakcie na hydroxylovfch skupi-
n6ch a reakcie degrad6cie polym6rneho retazca, kto-
16 pre danf prfpad neprichddzaluv uvahu. K reakcidm
na hydroxylovfch skupindch patria esterifikdcie (nitrd-
cia, acetyldcia, xantogendcia a pod.), eterifikdcie (alky-
l6cie, aryl6cie), substitricie vodiko4Tch atomov hydro-
xylovfch skupfn a oxidacn6 reakcie na primdrnych
a sekunddrnych hydroxylovlich skupindch. Chemickou
modifikdciou celulozy, ktorej vfsledkom je zavedenie
aminoskupln, sa reaktivita celulozy podstatne zvlSi.

Modi f ikdc ia v ldk ien musi  byt  co naj jednoduchSia,
rfchla a vysokoricinnd tak, aby sa nadmieru nezvy5o-
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val i  v f robn6 n6klady.  Nesmie zhorSovat  zdk ladne
vlastnosti materi6lu (pevnost, taZnost, belost, ohmat
a pod.) a nesmie zanechat na vldknach Ziadne toxic-
ke latky. Md umoZnit egdlne jednok0pelbv6 farbenie
bav lnyvzmes i  sv lnou .

Stale Sir5ie pouZitie v textiln;ich vfrobkoch nachdd-
zfu zmesi lyocelovych vldkien s prfrodnfmi vldknami
(CLY/bavlna, CLY/vlna, CLY/hodvab). Vhodne sa
v nich vyuZfvajf pevnostn6 vlastnosti CLY, hlavne vy-
sok6 pevnost v mokrom stave, prijemnf ohmat a kom-
fort pri nosen[. Aj tieto zmesi spOsobuju pri farbenipro-
blemy.

Junger a kol.  [4] sa pokrisi l i  zlepSit vyfarbitel 'nost
lyocelovlich vl6kien ich kationizdciou. Postup je zalo-
Zeny na aktivdcii celulozy epichlorhydrfnom zavzniku
2-hydroxy-3-chlorpropylesteru celulozy a na nasledov-
nej amindcii etyl6ndiamindihyd rochloridom

cel-  oH + H2c- cH- cH2- cr  
zn(aF{ 

cel-o- cHz- 
!H- 

c H2 -  c l

O H

Celulozo4i materi6l napucanf vo vodnom roztoku
tetrafluoroboritanu zinodnat6ho alebo hydroxidu sodn6-
ho sa odZmyika a tri hodiny sa spracovdva v epichlor-
hydrfne pri teplote 90 

'C, Po ukonceni reakcie sa pe-
rie vodou a extrahuje acetonom. Druhf stupen reakcie
s etyl6ndiamindihydrochloridom prebieha vo vodnom
prostredf s postupnlim pridavanlm vodn6ho roztoku
hydroxidu sodn6ho pri  teplote 30 

'C, v priebehu jednej
hodiny. Nasleduje pranie a extrakcia acetonom

Cel l  -O-CH2-CH -CH2-C l  +  6111r11-CH 2 -CH2-NH3Cl  
- *

a  cer  -o -cHz-cH-cH2-NH.cH2cHz-NHz

OH

Takto modifikovan6 vldkna sa vyfarbuj0 sltej5ie a pri-
tom je moZnost menit hlbku vyfarbenia zmenou stup-
na substitircie v prvom stupni reakcie. Stalosti vyfarbe-
nia reaktivnymi farbivami bol i  4 ai 5.

Aminoskupiny moZno na celulozove vldkna zaviest
viacerymi sposobmi, napr. acyldciou 4-tolu6nsulfoch-
lor idom ( tosy l6c iou)  a nasledovnym St iepenfm sul -
foesterov amoniakom:

cett-oH. 
",ror@cH3 

-->

* cett-o-tor@"r, J-.I5

+ cer-NHr + Hoso,lNar"
\Y

ako aj reakciou celulozy s epichlorhydrlnom a trieta-
nolaminom.

Herlinger a kol. [5] vyuZil i  na zvf5enie reaktivity ba-
vlny substitr iciu aminoetylsulfdtom v alkalickom pros-
tredi:
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Cell-OH + HOgS-O-CH2-CH2-NH, + 2 NaOH ---->

---> Cell-O-CH2-CHz-NHr + NarSOo + HzO

Bavlnend tkanina sa impregnovala na fuldre k0pelbm
obsahujr ic im kysel inu aminoety lsu l fonov0 (2-15
% hmot.),  hydroxid sodn;i  (25 %\, tetrahydridboritan
sodnyi (1%) a zmdcadlo a n6sledne sa f ixovala pri  tep-
lote 130 "C pocas 5 mintlt. Zvy5ok chemikaliisa potom
odstrdni l  pranim v deionizovanej vode. Pri  pouZit i  2
% hmot. kysel iny 2-aminoetylsulfonovej na hmotnost
tkaniny sa obsah dusika v tkanine pohyboval okolo
1 o/0, co postacovalo na dosiahnutie slteho vyfarbenia
reaktfvnymi farbivami. Za tfchto podmienok je substi-
tuovand zhruba ka2da 87 glukopyran6zovd jednotka.
Pridavok NaBHo zamedzuje zoZltnutiu materidlu pri fi-
xdci i .

Stupen vytiahnutia farbiva sa zvyiSil o 10 aZ 20 %. Ne-
vyhodou je,2e pri fixdcii farbiva v silne alkalickom pros-
tred[6ast farbiva desorbuje. Preto sa farbivd na mate-
r idle f ixoval i  za sucha pri  teplote 120'C. VftaZnost
farbfv po takejto 0prave je uvedend na Obr. 2.
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nemodifikovani bavlna

Obr.2 Vftainost reaktfvnych farb[v pri fix6cii za sucha

Lewis a Tapley [6] pripravili oxiddciou celulozy jodista-
nom sodnfm 2,3-dikarbonylcelulozu (dialdehydovand ce-
luloza) ako derivdt urdenyi na reakciu s novovyvijanou
skupinou reaktivnych farbfv - alkylaminoderivdtov
(obr. 3)

?' ?o.'
^a 

N\r'A.a o)i'\f N H-Ar kY rene-NH'

HHr-Alkylen*rr\A .\)
so3H cl

Obr. 3 Strukt0ra farbiva Alkylamino Blue TPD

VdicSina oxidacnfch cinidiel posobina celulozu kom-
plexne a ne5peci f icky.  Vfnimkou je kysel ina jodistd,

ktord za vhodn;ich podmienok oxiduje celulozu zavzni-
ku anhydroglukozovyich dialdehydov :
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+ NalOa *

i l i l
oo

a\

,N

t l
o

Hi':;
I
I

cH2oH

, -o{o-
.-.,\"n HCA 

+ Nalos + Hzo

Reakcia prebieha naj lep5ie pri  pH 2-5 pri  teplote
20'C v tme aby sa zabrdnilo vedl'aj5fm reakcidm .Zak-
lad nlim probl6mo m, 2e jod istanom oxidovan6 cel u loza
vel'mi I'ahko degraduje uZ v mierne alkalickom prostredf
co je spojend s poklesom pevnosti. Jej stabilitu moZ-
no zvliSit redukciou karbonylovlich skupin tetrahydrid-
boritanom sodnfm.

Adicno-el iminacnd reakcia aldehydov s primdrnymi
amlnmi prebieha cez adiciu aminu ako nukleofiln6ho ci-
nidla na aldehyd zavzniku nestabiln6ho karbinolami-
nu. Po elimindcii vody vznikd Schiffova zdsada. Reak-
cia alkylamlnov6ho farbiva s oxidovanou celulozou
prebieha nasledovne.

cH2oH
t -

v-u\ro-
la"* ,") 

+ 2 Hzl"l-F-NH 2=+

o cHzoH
t -

l-"\ro-
-I..n ,"4

H2NH-N N-F-NH 2

Pri farbenisa dosiahlo podstatne vySSie vyuZitie far-
biva v porovnanis nemodifikovanou bavlnou, ktord sa
pouZitfmi farbivami prakticky nevyfarbila. Pri opakova-
nom pranf sa v5ak farbivo postupne uvolhuje.

Ani jeden z uveden;ich sposobov modifik6cie nie je
v Stddiu kedy by sa mohol technologicky aplikovat. S0
to iba pokusy, ktor6 naznacuj0 urcitd moZnosti zvf5e-
niavytalnosti farbiv.

2. Bifunk6n6 reaktivne farbiva

Na rozdiel od chemickej modifikacie celulozy sa v ko-
loristickej praxi uZ dnes beZne pouZivaj0 polyfunkcne
reaktivne farbivd. Farbivd s minimdlne dvoma funkcnf-
mi skupinami umoZnujI pri farbenlcelulozovfch vldkien
dosiahnut vysokyi stupei vyuZitia farbiva pri vzniku sta-
bilnej chemickejviizby. Stupen vytiahnutia farbiva sa-
motnyi v5ak neposkytuje informdcie o tom, ktor6 sku-
p iny sa skutodne vyuZi l i  na vdzbu s ce lu l6zou.
Doneddvna bola nevyjasnend otdzka ci sa v redlnych
podmienkach naviaZu na celulozu vSetky disponibiln6
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Obr. 4 Chemickd Strukt0ra bifunkdn€ho reakt(vneho farbiva s reak-
tivnou s-triazinovou a etylsulf6novou skupinou

funkdn6 skupiny. Po odstrdneni neviazan6ho farbiva
pranim sa na zdklade nlOfy vyfarbenia dd povedat, Ze
aspoi jedna skupina s celuldzou zreagovala. Di lger
a kol. [7] pouZili na materi6lovri bilanciu procesu farbe-
nia bifunkcn6 reaktfvne farbivo znadkovan6 nuklidom
ttO v s-triazinovom kruhu (Obr. 4). Postup bol zalole-
nf na vyfarbenf bavlny, dezintegrdcii vyfarbenlich vzo-
riek, ich enzymatickom Stiepenia na izol6cii produktov
Stiepenia filtrAciou a ultrafiltrdciou. lnterpret6ciou 13C

NMR spektier sa ziskali poznatky o reakciijednotlivlch
funkdnfch skupin.

Pri bifunkdnfch reaktivnych farbivdch je podstatne
vtic5ipocet moZnfch reakdnyich produktov ako pri mo-
nofunkcnfch. V prfpade farbiva obsahujuceho jednu s-
triazinov0 a jednu vinylsulfonovf skupinu z deviatich
moZnosti5 predstavuje reakcn6 produkty s fixovanlim
farbivom (Obr. 5).

cl

*A*
,- *, i* JL *r 

O 
ro2-cH r{H 24cerl

OH

*4,
,- *, \*,tt- *r 

@ 
so2{H r{H r€erl

GCell

,uA*
,- *, i* Jt- *r 

@ so2 - cH - cHz

o_C.ell

*A*
, - *, \^. JL *r 

@ 
ro2-cH z4H 24H

G{-ell

*A*
,- r, \*ll- ^,r -@ so2{H 2{H 2.*erl

Obr. 5 Reakdn6 produkty fixdcie bifunkdn6ho reaktivneho farbiva
na celul6zu

Prftomnost dvoch alebo viacerfch reaktivnych sku-
pln vSak neznamen6,,2e sa jednoducho zui5i vyuZitie
farbiva. Hlbka vyfarbenia a podiel bifunkdne viazan6-
ho farbiva je optimdlny vtedy, ak sa vhodne vyuZije
reaktivita oboch skupfn (Obr. 6). Dilger a kol. [7] sledo-
vali materidlov0 bilanciu produktov pri niekolklch reZi-
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Obr. 6 VplW teplotn6ho reZimu na stupen vyuZitia farbiva (1) a po-
diel bifunkdne viazan6ho farbiva (2)

moch farbenia. Zistil i, 2e pri koncentrdcii uhlicitanu sod-
n6ho 20 gL-1 sa bilancia menipodl'a toho, ci sa farbf pri
teplote 50'C alebo sa pracuje v reZime 40-60 "C.

Druhf postup zaistuje lepSie vyuZitie farbiva a vy55f
podiel farbiva viazan6ho dvoma vdzbami, 6o sa preja-
vi vo zvli5enfch stdlostiach vyfarbenia.

3. Pocitadov6 r iadenie farbiaceho procesu

V poslednych dvoch desatrociach nastali pri farbeni
nalvyraznej5ie zmeny ako vlisledok aplikdcie pocitacov
pri kontrole a riadenf cel6ho procesu. Automatizaciaza-
6ala zav eden im syst6m u u d rZ i avan i a casovo-teplotn 6-
ho reZimu podl 'a zvolen6ho postupu a to vypfnanim
a zapfnanim ohrevu farbiaceho kupela. K plne automa-
t izovan6mu procesu sa dospelo po apl ikovanr vhod-
nlch ddvkovacich syst6mov pre d6vkovanie farbfv
a pomocnlich prostriedkov ako aj vkladania a vyklada-
nia materidlu.

Pri konvendnom farbeni, napr. v ndvine, spodlva
riadenie procesu na vopred urcenfch zmendch teplo-
ty, r;ichlosti pr0denia k0pela a ddvkovania farbfv a po-
mocnyich prostriedkov. Takto fixne postavenyi reZim ne-
re5pektu je zmeny v surov ine,  v  kval i te  ndvinu
a Specifik6 farbiaceho zariadenia.

Shamey a Nobbs [8] vypracovali spolahlivli kontrol-
nf a riadiaci syst6m pre farbenie s maximdlnym eko-
nomickym efektom a minimdlnou koncentrdciou farbi-
va v  odpadovfch voddch.  Riadenie procesu je
zalo2en6 na jeho monitorovani v minimdlnych caso-
vfch intervaloch, pricom sa sleduje teplota, pH a kon-
centrdcia farbiva a e lektrolytov a ich redlna hodnota sa
upravuje podl'a limitov vymedzenfch programom zoh-
l'adfiuj0cim stav farben6ho materidlu. Odstrdnia sa tak
chyby dan6 I'uds$im faktorom, dosiahne sa vySSia rep-
rodukovatelhost procesu, zlep5f sa eg6lnost vyfarbe-
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nia, zni2i sa riziko agregdcie farb(v alebo ich vyzr62a-
nia pri malom pomere kupel'a a znlZi sa podiel hydro-
lyzovan6ho farbiva. Celkove sa to odrazi aj v lep5ich
stdlostiach vyfarben ia.

4. Cistenie odpadovfch v6d po farbeni

Pre textiln6 zoSlachtovanie je charakteristickd vyso-
kd spotreba vody, ktord je vy55ia ako napr. v celulozo-
papierenskom ci chemickom priemysle. Podl'a spraco-
van6ho materidlu a formy, v ktorej sa zo5l'achtuje, sa
ridaje pohybujti v rozmedzf od 30 do 350 m3 na tonu
[9]. Stale rast0ce ndklady na vodu a stocn6 si vyZadu-
j0 znilenie spotreby vody. Jednu z ciest pritom pred-
stavuje recirkuldcia vod po farbenf a pldchanlpo farbe-
nf. Tento postup je pouZitel 'nf iba v pripade
separdtneho distenia vOd. Potreba cistit odpadov6 vo-
dy ma v5ak aj ekologickf aspekt. Na prvf pohl'ad by sa
mohlo zdat, Ze pritomnost farbiv vo vode md negativ-
ny vplyv iba z estetick6ho hl'adiska. Vy55ie koncentrd-
cie slitych farblv mOZu, v dosledku absorpcie a reflek-
tancie svetla, obmedzit rast bakt6ri i  potrebnfch na
rozklad necistot vo vode, ako pruf stupen nutricnej re-
faze. iaZisko pritom zostdva na odfarbovanlvOd po far-
benl reaktivnymi farbivami. Aj napriek tomu, Ze na od-
farbovanie vOd bol v publikaciach popisanli celf rad
postupov, v praxi sa zatial'uplatnuju iba ojedinele.

Typickyim konvencnlim sposobom je cistenie v6d ak-
tivovan;im kalom. Tento postup v5ak dostatocne nevy-
hovuje pre cistenie textilnlich odpadovfch vod obsahu-
jt icich farbivd a text i ln6 pomocn6 prostr iedky.
Neosveddil sa ani celf rad d'al5ich postupov, ako s0 re-
v erzn6, osmoza, u ltraf i ltrdci a, ch em ickd koag u l6ci a, ad -

sorpcia, elektrolfza, extrakcia a pod. Potencidlne naj-
perspektivnejiie s[ procesy zaloZen6 na chemickej
a fotochemickej oxiddcii ako s0 ozonizicia, oxiddcia
peroxidom vodika samotnfm alebo s Fentonovfm 6i-
nidlom, fotochemickd oxiddcia UV/ HrOr, fotokatalytic-
kd oxiddcia katalyzovan6 oxidom titanici[im a oxiddcia
peroxodisiranom sodnlim [9-13]. Tieto syst6my produ-
kuj0 ucinnf oxidans - hydroxylov6 radikdly HO'.

S pouZitim ozonu na distenie odpadoWch v6d sa za-
calo v sedemdesiatych rokoch. Pri cisteniodpadovfch
vod po farbenije vhodn6 zaradif. ju na separdtne cis-
tenie a pripadn6 docistenie aktivovanfm kalom. Ozon
sa rozklada podl'a nasleduj0cich reakcif:

Os + H2O -+ 2 OH;
0 3  +  O H !  - + ' O H  +  2 O ,
HO' + OH! -+ HrO + O,

Ozon Stiepi chromoforoui syst6m farbfv, dfm ich pre-
vedie na bezfarebn6 rozkladn6 produkty. Predov5et-
k;im sa Stiepia vdzby -CH=CH- a -N=N- ako aj aro-
matick6 a heterocyklicke kruhy [10]. Adsorpcia svetla
sa tak pos0va mimo viditelhu oblast. Pri teplote 80 "C je
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odfarbovanie ryichlejSie ako pri 25 "C .Ucinok ozonu
vel'mi zdvisi od typu farbiv napr. reaktivne farbivd sa
rozkladaju rfchle ale disperzn6 farbivd sa rozkladajti
pomal5ie a menej 0cinne. Strickland a Perkins [10] zis-
tili, Ze reaktivne farbivd Cibacron Yellow Cs-G a Cibac-
ron Yellow CR sa d6vkami ozonu 50 mg.L-l pri redl-
nych koncentrdcidch farbiva vo vode odfarbujr i
v priebehu 10 aZ 60 s. Nevfhodou ozoniz{cie je, Ze sa
vliraznejSie nemeni CHSK ani celkovyi obsah organic-
ky viazan6ho uhlika TOC.

Vysoko ucinnf syst6m na odfarbovanie odpadovfch
vOd predstavuje Fentonova reakcia:

Fe2* + HzOr-+ Fe3* + Ho' + Ho-

Praktick6 pouZitie Fentonovho cinidla prebieha v dvo-
ch stupfioch a to redoxnom odfarbenf a koaguldcii. Pro-
ces koaguldcie je vyvolan;i vznikajfcim kationom Fet*,
ktorf pri pH 3,5-7 vytvdra hydrokomplexy, ktor6 maj0
tendenciu polymerizovat. Po sedimentdci i  sa preto
podstatne zniZuje CHSK,

Prousek [13] sledoval 0cinnost Fentonovej reakcie pri
odfarbovanf vOd po farbeni niektoryimi kovokomplexnli-
mi a kyslfmi farbivami. KedZe atak hydroxyloveho ra-
dikalu je smerovanf predov5etkfm na chromofor, moZ-
no si s urcitfm pribliZenim na zdklade publikovanyich
poznatkov utvorit obraz aj o reaktivnych farbivdch. Ako
optimdlne podmienky autor uvAdza pomer HrOr: Fe2*
= 1,75 :  1 ,00 a2 1,75 :2,00 (mol) ,  hodnota pH 3,  cas
samotnej reakcie t h pri  teplote 24'C a po pridanif lo-
kulantu (Zetag 57) sedimentdcia jednu hodinu. Zauve-
denlch podmienok sa farbiva pri koncentrdcii 100 aZ
400 mg.L-lodb0ral i  na 98 a2 99 %.

Nevfhodou tohoto postupu je vznik znacn6ho mnoZ-
stva kalov. Rearick a kol.[14] publikovali materidlovrl bi-
lanciu kalov v pilotn;ich podmienkach.

Ako naj0cinnej5i postup pre distenie odpadovfch
vod po farbeni sa zdd byt proces vyuZivajfci degra-
d6ciu syst6mom H2O2/UV. V5eobecne akceptovanf
mechanizmus fotolyizy peroxidu vodika je zaloleny
na jeho Stiepenf na dva hydroxylov6 radikdly a d'al-
Sie reaktivne produkty, ktor6 atakuj0 farbivd:

HzO, + hv -+ 2 HO'

Reakcie hydroxylovfch radikdlov v prftomnosti or-
ganickfch latok moZno podl 'a ich mechanizmu roz-
del i t  do troch skup[n

- od5tiepenie vodikov6ho atomu
H O ' + R H + R ' + H z O

- elektrof i lnd adicia
HO' + PhX -+ HO-Ph'-X

- prenos elektronu
H O ' + R X + R X ' - + H O -

Ak sa pouZije peroxid vodika vo velkom prebytku
vznikajr i  hydroperoxylov6 radikaly HOO', kto16 s0
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menej reaktfvne [12]. H2OrlUV system umoZnuje up-
lne rozloZit znecistujfce l6tky, ako sti farbivd a or-
ganick6 koloristick6 pomocn6 prostriedky napr. zm6,-
cadl6 a egal izacn6 prostr iedky na oxid uhl ici t f
a vodu. V zdvislosti na charaktere necistot ako ved-
l'aj5ie produkty su kyseliny, kovy, soli.

Dal5ie vyihody tohoto postupu spocivaju v tom, Ze
sa el iminuje vznik kalov a probl6m ich uloZenia, da-
j I  sa dodrZat  l imi tn6 hodnoty emis i i  do ovzduSia
a predchSdza sa vzniku nepri jemn6ho zdpachu.

Aj samotn6 UV Ziarenie je schopn6 degradovat or-
ganick6 l6tky, ale ak sa kombinuje s peroxidom vo-
dika fcinok je podstatne vy55i. V praxi uZ pracuje
okolo 40 zariadenl na distenie vod pod oznadenfm
Perox-pure Chemical Oxidation Technology.

Yang a kol. [1 1] sledovali fcinnost HrOrlUV na dva-
ndstich komercnlich farbivdch (reakt(vnych, kyslfch,
priamych, kypovlich, disperznych a bdzickych), pri
koncentrdcii 0,9 aZ 1 g.L-l. V pripade reaktivnych far-
b lv  obsahoval  s imulovanf  farb iac i  kr ipe l '  60 g.L-1
NaCl a 10 g.L-l  NarCO.. Koncentrdcia peroxidu vo-
dika sa vol i la na zdklade predpokladanej rozkladnej
reakcie v stechiometrickom pomere. PouZila sa 300
W UV lampa. Aj pri vysokej koncentrdcii farbiv sa do-
siahlo odfarbenie vody u2 v priebehu desiatok se-
k[nd (Obr. 7).
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Obr. 7 Zmena sfarbenia vody v z6vislosti od casu zdriania v reak-
tore pre farbivo Reactive Black 5

Pri cisteni vod obsahujr icich farbivd moZno u2 roz-
Stiepenim mal6ho poctu vdzieb chromoforu dosiah-
nut odfarbenie. Niektor6 rozkladn6 produkty su i  na-
d'alej neZiadrice. Preto sa sledoval aj celkovli obsah
organicky viazan6ho uhl lka TOC (Obr. 8).

Z vfsledkov vidiet,  Ze v tomto pripade sa dosiahlo
aj podstatnf znllenie TOC, do je prednostou tejto
metody v porovnani s infmi.

r0

0

cas, s

Obr. 8 Zmena TOC v zdvislosti od casu zdrlania v reaktore pre
farbivo Reactive Black 5

Sebb a Lange [9] pouZil i  na odfarbovanie vod pe-
roxodisiran sodnf. Autori  v prdci pouZil i  4 reaktivne
farbivd, 2 zo skupiny azovlich .a 2 antrachinonov6.
Pri koncentrdci i  farbiv 0,5 g.L- 'sa vody pri  teplote
130 "C odfarb i l i  v  pr iebehu 30 aZ 300 s.  Voda sa
moZe po kvantitativnom rozlolenf peroxodisiranu
opat pouZit na pripravu farbiacich k0pelbv.

V priebehu takmer 50 rocnej historie reaktlvnych
farbiv sa objavujf neustdle moZnosti  zdokonal 'ova-
nia procesov farbenia zauj imav6 pre chemikov, pro-
cesarov ako aj ochrancov Zivotn6ho prostredia.
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Vfsledky,posudzovania zhody ostatnych urdenfch vfrob-
kov vo VUTCH-CHEMITEX spol. s r. o.Zilina, Autorizovana

osobasKTG-ll9 za llL Stvrt'rok 2000

Herchlovd,  l .

VUTCH-CHEM\TEX spo/. s r.o.,Zi l ina, Autorizovand osoba SKIC h 119

Posudzovanie zhody urcenyich textilnyich a odev-
nfch vyrobkov, vlirobkov spotrebnej ch6mie a textil-
nfch podlahovfch krytin vykondva Autorizovand oso-
ba SKTC-1 19 od 1 .  janudra 2000 s fc innostou
zdkona NR SR e. 26411999 Z.z. o technickfch po-
2iadavkdch na vyirobky a o posudzovanf zhody
a o zmene a doplnenl niektorfch zdkonov a Nariade-
nia vl6dy SR c. 40011999 Z.z.

Vlsledky posudzovania zhody ostatnyich urcen;ich
vyrobkov za lll. Stvrfrok 2000 sri uveden6 v nasle-
dujucom tabulkovom prehl 'ade:

Pocet Celkom Tuzemsko Dovoz

vydanfch certifikdtov
- z toho neurcen6 vyirobky

vydanfch potvrdenf o zhode

vydanyich odmietnuti  potvrdit  zhodu
- z toho spotrebnA ch6mia

V hodnotenom obdobf AO SKTC-119 vykonala aj
posudzovanie zhody neurdenlich vfrobkov, ktor6
predstavuju z celkov6ho po6tu vydanfch certifikdtov
1 , 4  o / o .

V tejto skupine neurcenfch vfrobkov s0 zastfpe-
n6 predov5etkfm vlnen6 postelh6 s0pravy pre dos-
pelfch p0vodom z Nemecka a Bulharska a metrdZ na
virobu postel'nej bielizne povodom zo Slovenskej re-
publ iky.

Pre neurcen6 vyirobky vyplfva povinnost podl'a
S 10, odsek 1 zdkona e . 26411999 2.2., ktorf usta-

novuje povinnost vyirobcom a dovozcom uvddza{ na
trh iba bezpecnyi v;irobok.

V pocte vydanlch potvrdenf o zhode predstavuj0
najvac5f podiel textiln6 podlahov6 krytiny celkom 53,5
%. Vyrobky spotrebnej ch6mie s[ zastupene 46,4 %.

Z celkov6ho poctu odmietnuti potvrdit zhodu za toto
obdobie bolo 11 odmietnutl ,  6o tvori  84,6 % vyda-
nlich odmietnutf potvrdit zhodu AO SKTC-1 19 na tex-
t i ln6 a odevn6 vyirobky.

Najviac vydanlich odmietnuti potvrdit zhodu na tex-
tiln6 a odevn6 vfrobky bolo pdvodom z tfchto kra-
jln, ktor6 uvddzame v grafickom znAzorneni na obr. 1.

Prekrodenie jednotlivfch limitov zdraviu Skodlivfch
ldtok a kvalitativnych parametrov, ktor6 su dovodom
odmietnutia potvrdit  zhodu na text i ln6 a odevn6 vf-

E st6losti yyfarbenia

E P H

1t'aZk6 kovy

gformaldehyd + rozmerov6 zmeny

Sformaldehyd + pH

Obr. 2

robky za lll. Stvrtrok 2000 su uveden6 v nasledujri-
com grafe na obr. 2.

Z vfsledkov posudzovania zhody textilnyich a odev-
nfch vlirobkov m62eme konStatovaf., 2e najviac ne-
dostatkov v kvalite textilnfch a odevnfch vlirobkov
sa vyskytuje v stdlostiach vyfarbenia, pH vodn6ho vyi-
luhu a obsahu taZkfch kovov (Cr, Ni).

Dojcensk6 a detskd vyirobky pre deti do 3 rokov
predstavuj0 36,3 o/o z celkov6ho podtu odmietnuti pot-
vrdit  zhodu na text i ln6 a odevn6 vfrobky.
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Vfrobok
Skodliv6 l6tka, Stanovenf Stanoven6 % Krajina

kvalitativny limit hodnoty prekrobenia povodu
parameter

detskd a doj6ensk6 tr idki l  formaldehyd 20 mg.kg-1 38 mg.kg-1 90
zmena rozmerov
p o p r a n i - ( S i r k a )  x 6 %  + 1 2 , 0 %  1 0 0  I n d i a

vrchn6 o5atenie pre deti do 3 rokov
(tepl6ky, bundy a s0pravy) taik6 kovy (Ni) 1,0 mg.kg-1 1,22 mg.kg-l 22 Oina

detsk6 a doj6ensk6 st6lost vyfarbenia pri
denimov6 ko5ele mokrom otere 2-3 1-2 India

detsk6 a dojdensk6 st6lost vyfarbenia pri
denimov6 nohavice mokrom otere 2-3 1-2 Cina

Statist ick6 zhodnotenie prekrocenia predpisanfch a) nizka pracia schopnost pracieho prostr iedku,
l imitov zdraviu Skodlivl ich l6tok a kval i tatfvnych pa- b) prekrodenie l imitu hodnoty inkrustdcie,
rametrov u dojcenskyich a detsklich vyirobkov pre deti c) vysokd zmena farebn6ho odtiena tkaniny.
do 3 rokov je uveden6 v nasleduj0com tabulkovom V tejto skupine s0 vl irobky zastupen6 p6vodom
prehlade'.  z Ceskej republiky a Spanielska.

V tejto skupine vfrobkov podiel odmietnuti potvrdit Novli zAkon NR SR d.26411999 Z.z o technickfch
zhodu vydanfch na vfrobky bolo p6vodom z Azie poZiadavkach na vfrobky a o posudzovani zhody
(Cina a India)  .  aozmeneadoplneni  n iektor ; ich zdkonov a Nar iade-

Vyirobkyspotrebnejch6mie predstavovali 15,3 oh z cel- nia vlddy SR 6. 40011999 2.2., zavdzuje v5etkfch vV-
kov6ho poctu odmietnuti potvrdit zhodu. Dovody od- robcov, dovozcov a distributorov, ktori moZu ovplyvnit
mietnutia potvrdit zhodu na vlirobky spotrebnej ch6mie bezpednostn6 vlastnosti vfrobku, k dodrZiavaniu po-
bol i  nasledovn6: Ziadavky uvddzat na trh len bezpecn6 vyrobky.
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Textile scientific conference STRUTEX

Sodomka. L.

TU Liberec, 1lkova 6, 461 27 Liberec, CZ

During two days 29th and 30th November the 7th
conference entitled STRUTEX, dealing with structure
and structure mechanics of textiles, has been organ-
ised on the Technical university (TU) in Liberec, CR.
The conference has been opened in 9 o'clock 29th
November in the area of the student houses. The
opening speeches have been presented by the rec-
tor of TU Liberec D. Lukai and by the dean of the
textile faculty R. Kovdi.

The conference programme has been divided into
three parts :  1. the structure and the structure me-
chanics of text i les (15 contr ibutions),2. text i les of the
new milenium (10 contr ibutions) and 3. posters (27
contr ibutions). The main index of the conference has
been that most part of the contr ibutions has been
presented by the young text i le scientists. The ma-
jority of the reports have been directed to the fibres
and their spinning. l t  has been reported also about
the structure and properties of the area textiles, their
technology, structure and propert ies. The great at-
tention has been devoted to the drapeness and fr ic-
t ion of the text i les. They have been appeared also
some theoretical works about spinning, hair iness of
the yarns, about the applications of lasers in the tex-
t i le f ields and also the contr ibutions on the topic

, ,Cul ture and text i les"  and a lso on the prognost ic
contr ibution about the perspectives of text i les in the
th i rd mi len ium.

ln the following text the extract of the most inter-
esting title of the conference as concrete examples
have been shown: Numeric simulat ion of the draw
test of the wovens, Textile structure analysis, Wo-
ven 25 000 year old?, Structure, electr ical,  adhesive
and thermal propert ies of carbon f ibres, The capi l-
lary effects between f ibres, The binding regidity of
the test probes of the area text i les with the chang-
ing breath, Usable properties of semi-permeable tex-
t i le  mater ia ls  us ing in  c lo th ing industry  and many
others between 52 contr ibutions.

The main organisators of the conference are B.
Neckdi and M. Dostdlovd, department of the text i le
structure textile faculty TU Liberec.

Al l  contr ibution have been published in the pro-
ceedings STRUTEX 2000 having 367 pages in czech
with short engl ish abstracts, which can be ordered
on the address. M. Dostdlovd, TU Liberec, Hdlkova
6, 46017 Liberec 1 and some information about con-
ference is being possible to seek on lnternet pages
on the address www.texti l .cz.
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zo zAHRANrcruYcn cnsoPtsov

SpolocnostWoolmark predstavuje vlnu Total Easy
Care Wool s lahkou udribou
AMERICA'S TEXTILES INTERNATIONAL, 28, 1 999,
d .10 ,  s .  52

Vlna Total Easy Care sa mOZe prat v pracke a suSit
v su5icke pri nfzkej teplote. Odevy vyroben6 z tejto vl-
ny sa nezrAialu a nestrAcajti tvar ani po 50 praniach,
uchov6vaj0 si mdkkf vlnen;i ohmat a lesk. V sucasnej
dobe dod6va priadze, ktor6 moZno prat v pradke vySe
100 pranf. Podnetom pre vyvoj Total Easy Care Wool
bol zvy5enyi dopyt po Sportovfch odevoch a odevoch
pre volhf das s lahkou [drZbou. Total Easy Care Wool
umoZnila spotrebitelbm prvfkrdt prat vlnen6 svetre
a nohavice doma v pracke. Spolocnost Woolmark po-
n0ka sprdvu, v ktorej podrobnejSie pojedndva o tejto
novinke, analyzuje situdciu na trhu, vyrobne kapacity,
poskytuje prehlad skti5obn;ich metod Woolmark a in-
formuje o oznadovanf. Jej cena je 120 doldrov.

Texti lnf priemysel a ochrana Zivotn6ho prostredia
AMERICA'S TEXTILES /NTERNATIONAL, 28, 1999,
6.12,  s .  30-31

V;iznamnfm prlnosom textilneho priemyslu k budo-
vaniu modelu udrZatelh6ho rozvoja je vfroba polyes-
terov6ho r0na z regenerovanlTch ndpojovyich fliaS, pes-
tovanie organickej bavlny, navddzanie upravdrenskych
technologiis minimdlnym dopadom na Zivotn6 prostre-
die, recykldcia odpadovyich vod, farbenie v nadkritic-
kom COr, regener6cia odpadu. Konkr6tnym prispev-
kom f i rmy  Bur l i ng ton  Chemica l  Co .  j e  e l im indc ia
pouZitia toxicklich chemikdlii a ich nAhrada ne5kodnli-
mi ldtkami. Viic5inu produktov radu Burco vyrdba firma
Burlington z prirodnfch surovin bez vzniku toxickfch
splodin. Burco SA-200 je prv6 reaktfvne zdsadit6 far-
bivo vyrdban6 priamo z CO2 ziskavan6ho z ovzdu5ia.
Rehance je novf proces tlace textilii nahr6dzaj[ci po-
stupy s plastizolmi a eliminujfci PVC a ftaldty z proce-
su.

Kon5trukcn6 r ie5enie sklddok odpadu v seizmicky
aktivnych oblastiach
GEOTECHNICAL FABRICS REPORT, 17 , 1999, C. 1 ,
s .2f29

Vfsledky Sttidie vypracovanej autormi prispevku uka-
zuju, Ze v seizmicky aktivnych oblastiach je pri kon-
Strukcii skladok odpadu vhodn6 klast tkanI geotextiliu
z polypropylenovl ich pdsok v priamom kontakte
s geomembr6nou z HDPE a zasypat ju vrstuou piesku.
Sk05ky potvrdili, Ze pre tento ucel s0 vhodn6 aj tkan6
geotexti l ie z polyesteru/polypropyl6nu v kombindci i
z HDPE s vhodne upravenyim povrchom. Pri vyibere
kon5trukcnfch materidlov je v5ak vldy potrebn6 vyko-
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nat Specificke sktiSky z d6vodu variability synteticklich
materidlov a rozdietnej citlivosti na trenie na ich styc-
nfch plochach.

S6ria prispevkov o filtr6cii: zAvery
GEOTECHNICAL FABRICS REPORT, 17, 1999, C. 2,
s .24-27

Poslednli zo s6rie prispevkov o filtrdcii sumarizuje ich
zdvery a poddva prehl'ad z6sad, ktore treba dodrZiavat
pri navrhovani a aplikacii geotextilnlich filtrov:

1) Vecn6 pos0denie apl ikdcie
2) ldentifikacia ndrodnosti fyzikalnych podmienok
3) Hodnotenie potencidlneho sprdvania sa pri fi ltro-

vani pody a pri fi ltrdcii vyluhu
4) Vliber geotextiln6ho filtra s vhodnyimi hydraulickf-

mi a mechanicklimivlastnostami a ak treba overe-
nie vhodnosti  skuSkami

5) Kontrola kvality pocas in5taldcie.
Nov0 gener6ciu geotextilnfch filtrov predstavuju viac-

vrstvov6 geotexti ln6 f i l t re vyhovuj0ce aj extremnym
hydraul ickfm a in5talacnym podmienkam, ktor6 0cin-
ne nahrddzalu filtre so Strukturou pasok/geotextilia.

Pro jektovanie a v fs tavba uz6verov kalo jemov
spevnenfch geosyntetickfmi materi6lmi
GEOTECHNICAL FABRICS REPORT,17, 1999, c. 3,
s .  21-27

Pri projektovani uzdveru kalojemu treba vychddzat
z toho, ci uzdver ma zabranovat infiltrdcii povrchovej
vody a uvolhovaniu prchavlich plynov z odpadu, alebo
ci md len zabranovat kontaktu cloveka s odpadom.
Autori prlspevku po vymedzenf pojmov zhrnuli postup
projektantov do deviatich bodov.

1) Definicia podnych podmienok
2) Definicia materidlu (Strk, piesok), na ktoryi sa bu-

de geotextilia in5talovat a jeho hrubky
3) Stanovenie zatalenia sposoben6ho stavebnfmi

mechanizmami
4) Vfpocet nosnosti a koeficientu bezpecnosti
5) Stanovenie pevnosti geotextilie v tahu
6) Limitovanie elastickej deform6cie
7) Stanovenie poZadovanej pevnosti  v pozdlZnom

a v priednom smere
8) V;iber tkanej geotextilie s dostatocnou pevnostou
9) Volba syst6mu ukotvenia geotextilie.

Geomembr6ny a geosyntetick6 i lov6 vyistelkov6
materi6ly v uzdveroch skl6dok odpadu
GEOTECHNICAL FABRICS REPORT, 17, 1999, C. 5,
s. 20-23

PoZiadavky pre kon5trukciu uzdverov komundlnych
skladok odpadu stanovuje zdkon 40 CFR 258.60.
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V prispevku sa kon5tatuje, Ze geomembrdny a geosyn-
tetick6 ilov6 vfstelkov6 materidly sri vhodnej5ie ako
vfstelky zo zhutnen6ho ilu, pretoZe 0cinnej5ie zabra-
nuj0 prieniku vodnej pary a plynov zo skl6dky do pros-
tredia. Toto tvrdenie je podrobne zd6vodnen6. Kfm
pevnost vlastn6ho materidlu v Smyku uddva zvydajne
vfrobca, autori prispevku upozoriu ju, 2e pre praktickti
aplikdciu je doleZit6 poznat aj sprdvanie sa syst6mu na
rozhranI geosynteticky materidl/dhtSi syntetick]i alebo
prirodn;i materidl, ktoryi je s prfsluSn;im geosyntetickfm
materidlom v kontakte zhora aj zospodu.

Meranie tecenia geosyntet ickfch mater id lov:  t r i
metody
GEOTECHNICAL FABRICS REPORT, 17, 1999, d. 6,
s. 26-29

Tecenie polym6rnych geosynteticklich materidlov sa
beZne stanovuje metodou ASTM D 5262, pri ktorej sa
vzorka materidlu podrobi kon5tantn6mu zataZeniu. Me-
ria sa deformdcia ako funkcia metoda superpozlcie
cas/teplota vychddza z konceptu, 2e zvy5en6 teplota
urlichluje tedenie, clm sa skracuje 6as potrebnli na do-
siahnutie prlslu5nej hodnoty tedenia. Z vfslednej teore-
tickej krivky sa daju predpovedat deformacn6 vlastnosti
materialu. StupnovA izotermickd metoda je kombind-
ciou horeuveden;ich metod. VyuZiva kon5tantn6 zata-
2enie na zistenie zAvislosti deformdcia/cas a taktieZ
zvfSen0 teplotu na urfchlenie tecenia. V5etky tri me-
tody majd vfhody a nevlihody, ale rozhodne tieZ opod-
statnenie v skri5obnej praxi.

Geomrieiky Terragrid
GEOTECHNICAL FABRICS REPORT,17,1999, d. 7,
s. 29

GeomrieZky firmy Webtec, Inc. (USA) s0 vhodn6 na
spevnovanie svahov, opornyich mIrov, stabi l izdciu
podloZia a pod. Materidl Terratex sa doddva pre sta-
vebnlctvo vo forme tkanlch a netkanyich geotextili i.
GeomrieZky TerraCell  sa podobne ako geomrieZky
Terragrid pouZivajf na stabilizaciu svahov a ako pro-
tierozne materidly. Textflia Terralute podlieha biologic-
k6mu rozkladu. V ponuke firmy Webtec je tieZ rohoZ
TerraGuard. Prefabrikovan6 drendZne syst6my pre ho-
rizontdlne aj vertikalne aplikdcie sa dod6vajI pod ndz-
vom TerraDrain.

Technologia C 350 f irmy North American Green
GEOTECHNICAL FABRICS REPORT, 17, 1999, 6. 8,
s .  1

Firma North American Green vyrdba patentovanou
technologiou kompozitnf stabilizacnI rohoZ C 350, kto-
rdzabranuje erozif na svahoch a spevnuje podu ohro-
zenu splavovanfm. Po zasadenIvegetdcie plnf funkciu
muldovacej plachticky. Optimalizuje podmienky pred
zasadenfm rastlin aj pocas ich rastu. Je vyrobenaztrq-
rozmern6ho sietov6ho prvku zo syntetick6ho materid-
lu az organickfch vldkien. Sk05ky ukdzal| 2e p6da
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spevnend geokompozitnou rohoZou C 350 so zakore-
nenou vegetdciou md rovnakrl odolnost vodi erozii ako
keby bola spevnend kamennou hr6dzou hrubou 600
mm. Pritom ndklady su neporovnatel'ne niZ5ie.

Prirucka pre rok 2000
GEOTECHNICAL FABRICS REPORT, 17, 1999, C. 9,
s. 1-230

Prirucka ma niekolko castf:
- abecednf register vfrobkov s ndzvami firiem, ktor6

ich vyrdbaj0;
- abecednf register Specifick;ich aplikdcii geosyntetic-

kyich materidlov s n6zvami firiem, ktor6 ich realizu-
jrl ;

- abecednyi register sluZieb so zoznamom firiem, kto-
16 ich poskytuj0;
zdkladn6 parametre geotexti lnfch vl irobkov
geomembrdn, geosyntetickfch rlovfch vyistelkovfch
mater id lov,  drendZnych vy i robkov,  geomrieZok,
geobuniek, prot ieroznych materidlov. Vfrobky sri
uveden6 v abecednom poradf podl'a firiem, ktor6 ich
vyrabajf. Uvddza sa ndzov vyrobku, technologie je-
ho vfroby, hmotnost, materidlovd zlolenie, fyzikAl-
ne a mechanick6 vlastnosti, odpor[6an6 aplikdcie
a pod.

Nov6 vfrobky chemick6ho priemyslu
INTERNATIONAL TEXTILE BULLETIN,  45,  1999,
c. 6, s. 52

T e c o v i n APN - emulzia z alifatickyich uhlbvodi-
kov, polysi loxdnov, kondenzacnlich produktov mas-
tn;ich kyselfn a kationaktlvneho pufrov6ho syst6mu.
Prostriedokzniluje statick6 trenie. Vldkno m6 po up-
rave velk0 dynamick0 hladkost povrchu.

A I v i r o n PES - anionaktivny, nepenivyi, egaliza6-
n;i, migracnf a dispergacnf prostriedok pouZivan;i pri
farbeni PES a jeho zmesi. Je zloleny z modifikovanfch
esterov kyseliny fosforecnej, etoxyldtov mastnfch alko-
holov a esterov kysel iny slrovej. Vlastnosti :  mdkkf ,
vlddny ohmat, lep5ia spracovatelhost pri farbeni, prul-
nost textflie. Vlirobcom uvedenyich textilnfch pomoc-
nfch prostriedkov je Svajciarska firma Textilcolor AG.

Novf postup predripravy a 0pravy tkanin
MELLIAND TEXTILBERICHTE, 80, 1999, d. 10,
s.842-845

. V prispevku je predstavenyi no4i sposob predupra-
vy a fpravy tkanfn Fleissner-Aqua Tex. Je to proces,
ktor17 vedie nielen k tispordm energie, ndkladov, ale aj
k zlep5eniu kvality vfrobku a je prijatelhyi pre Zivotn6
prostredie. Syst6m Fleissner-Aqua Tex sa pouZiva pri
tiprave tkanin z pradenfch priadzf. U upravenlich tka-
nfn doch 6dza k zlepSeniu meratelhyich fyzikdlnych
vlastnosti, napr. k zvf5eniu hustoty tkaniny, pevnosti
v odere, kznileniu sklonu ku Zmolkovaniu, k zoptima-
l izovaniu nekrdivosti ,  ku zlep5eniu ohmatu a optiky,
k pozitivnemu ovplyvneniu priedy5nosti a priepustnosti
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vody, ku zlep5eniu prfjmu farbiva. PouZitie upravenfch
tkanin: airbagy, ndbytkov6 l6tky, automobilov6 textilie,
denfm, filtre, bytov6 textilie.

Lenzing Modal Sun
MELLIAND TEXTILBERICHTE, S0, 1999, c. 11-12, s.
880

Firma Lenzing AG, Rak0sko vyvinula novf typ vldk-
na Lenzing Modal Sun na vyrobu odevov chrdniacich
pred pOsobenfm slnedn6ho Ziarenia. Ochrana pred
slnecnlim Ziarenim priddvand vo forme pigmentov po-
cas vfroby vlAkien je zdravotne nezdvadnd a stdla
v prani. Pri zohl'adneni urdity?ch krit6rif pri vfrobe texti-
li l pon{ka vldkno Modal Sun aktivnu ochranu pokoZky
s ochrannfm faktorom minimdlne 30 +, stanovenym
podl 'a austrdlsko-novoz6landskej normy AS/NZS
4399.

N6vrh normy DIN: skratka CO pre bavlnu
MELLIAND TEXTTLBERTCHTE, 81, 2000, 6. 1/2, s. 6

V novom nAvrhu normy DIN z decembra 1999 ,,Tex-
tiln6 vldkenn6 materialy 1. 6ast - Textiln6 vldkna a ich
skratky" sa uv6dza, Ze namiesto skratky Bw (Baumwol-
le) sa pre bavlnu bude pouZivat znadka CO, cim sa
prispOsobi medzindrodnej norme ISO 6983:1 984,,Tex-
tiles - Natural Fibres Generic names and definitions".
(Vycerpdvaj0ce)

Asota: nov6 dut6 polypropyl6nov6 vl6kno
MELLIAND TEXTTLBERTCHTE, 81, 2000, d. 1/2, s. 6

Na vfstave Domotex 2000 vystavoval rak0sky vlirob-
ca polypropyl6novfch vlAkien Asota GmbH v Linci no-
v6 polypropyl6nove striZove vldkno Asota M40 s troma
dutinami, ktor6 je vhodn6 na vlirobu textilnlich podla-
hovlch krytln. Vldkno sa mOZe priddvat aj do vlnenfch
zmesi (20-30 % vlny). Koberec so svojimi vlastnosta-
mi (jemni vlnenyi lesk, maikkf ohmat, dobrd zotavova-
cia schopnost) je porovnatel 'nf s dobrfmi vlnenl imi
kvalitami. Asota so sesterskfmi polypropyl6novfmi fir-
mami Drake a Plasticers patrldo anglickej Chapelthor-
pe Plc. RodnA kapacita v Linci je 25 000 t (titer 1-400
dtex). (Vycerpavaj0ce)

Novy sposob pradenia ComforSpin
MELLIAND TEXTILBERICHTE, 81, 2OOO, 6. 3,
s . 1 3 3 - 1 3 6

V praxi pracuje viac neZ 100 dopriadaclch strojov
K4O-ComforSpin. V prispevku je predstavenf novyi
spOsob pradenia, popisan6 s0 vlastnosti priadziako aj
vfhody pri d'alSom spracovani. Priadze COM 4 maj0
oproti klasickfm priadzam lep5ie pevnosti a roztaZnos-
ti. Charakteristick6 je ich nfzka chlpatost. V krdtkosti su
vysvetlen6 nov6 moZnosti a uspory ndkladov.

Sance pre biofunkcn6 textilie
MELLIAND TEXTILBERICHTE, 81, 2000,6.4, s. 238

Ustavy v Hohensteine ocakavaju,2e biofunkcn6 tex-
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tilie sa zacn0 priemyselne vyrdbat o 5-6 rokov. Jednd
sa o textflie s terapeutick;imi ucinkami. Ucinne ldtky sa
dostdvaj0 do vldkien bud'pri zvldknovanf alebo sa na-
ndSajf na povrch vldkien. Telesnou vlhkostou a teplo-
tou sa prendSaju na pokoZku.  Na zabezpecenie
vdcSich ploch pokoZky vystacia parci6lne kontakty.
V s0casnosti sa pracuje na novej metode inkorpordcie
a odovzddvania ucinnlich ldtok. Ustavy v Hohensteine
vyvrlaj[ vodne roztoky 0cinnyich l6tok, ktor6 s[ uzatvo-
ren6 do mikrokapsuli .  Dalej pracujt i  na inkorpordci i
0cinn;ich latok do polym6rov so sietovou Strukt0rou,
ktor6 majf schopnost absorbovat vodu.

PouZit ie nezakrutenej predpriadze na vfrobu I 'ano-
vfch priadzi
MELLIAND TEXTILBERICHTE, 81, 2OOO, d. 5,
s. 356-359

Lanov6 v ldkna ov i jan6 v iskozovfmi  v laknami sa
moZu spracovat ako predpriadza. Valcekovf prietaho-
v1i mechanizmus dosahuje pracovnf ryichlost 320 ml
min. Predpriadza s novou Strukt0rou sa pouZiva na r,ni-
robu vysokokvalitnej lanovej priadze. PoZiadavky na
ovljaciu priadzu si odporuju, pretoZe na 4irobu pred-
priadze je potrebnd dostatocnd pevnost a pri spraco-
vanIna dopriadacich strojoch zas co najniZ5ia pevnost.
Tieto ndroky splna viskozov6 vldkno. S0 vypracovan6
odporucania na 4iber jemnosti ovijacich niti, ich nap-
nutie pri tvorbe predpriadze. V prispevku s0 uveden6
krdtke pozndmky o vfkone predpradiarne a ku kvalite
jemnyich priadzi. PouZitim ovijacej farebnej priadze
s kontrastnfm odtienom sa ziska efektnd priadza.

Chemick6 vldkna - vfznamnf faktor hospod6rske-
ho rozvoja
TEKSTILNAJA PROMYSTENNOST, 1999,  E.  2_3,
s .12-17

SIbor Statistickfch udajov dokumentuje situdciu vo
vfrobe a spotrebe chemickfch vl6kien v Rusku, v 26-
padnej Europe a vo svete. Vo forme tabulky s[ pribli-
2en6 [daje o vfrobe jednotl ivyich typov chemickych
vl6kien vo svete av Zfupadnej Europe. V d'alSej tabul-
ke s0 tieto 0daje podrobnej5ie rozpisan6 pre jednotli-
v6 regiony a Staty. Porovndvajti sa objemy vfroby po-
lyesteru v  rokoch 1990 a 1995 s vyhodnotenfm
percentudlneho rastu. Uvedenli je odbyt jednotlir4ich ty-
pov vldkien v rokoch 1990, 1995 a predpoklad pre rok
2000. Vydlslend je spotreba vSetkfch druhov textilnfch
vldkien podla regionov spolu s predpokladom pre rok
2000. Podrobnej5ie je mapovan6 situdcia v Stdtoch by-
val6ho ZSSR a v Cine. Udaje v tabulkdch su podrob-
ne komentovan6.

Nov6 zvukovoizoladn6 obkladov6 materi6ly
TEKSTITNAJA PROMYSLENNOSi ,  1999 ,  ' .  2_3 ,
s. 34-35

V sudasnej dobe sa pre 0dely zvukovej izoldcie naj-
dastej5ie pouZivaj0 materidly z penov6ho polyuretdnu
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s otvorenou porovitou Strukt0rou. CNICHBI v spoluprd-
ci s firmou Rosekoplast vyvinul novli sortiment textilno-
polym6rnych materidlov na bdze netkanfch polypropy-
l6novfch textili i. Autori prlspevku Studovali izolacn6
vlastnostivzoriek tfchto materiAlov s hmotnostou 800-
1670 glmz. Krit6riom hodnotenia bol koeficient zvuko-
vej pohltivosti. Vfsledky uk6zali, Ze skfmanf materidl
s  hrubkou 10 mm vyhovuje norme TU 8714-055-
00300191-94, umoZnuje podstatne znili l hladinu hlu-
ku a zlep5it akusticky komfort v kabine automobilu.

In tenzi f ik6c ia procesu mercer izdc ie bavlnenfch
tkanin
TEKSTILNAJA PROMYSIENNOSi, 1999, d. 4,
s .  1  1 - 1 2

St[dium vplyvu naparovania na stupen mercerizdcie
zrebnfch bavlnenyich tkanln sa uskutocnilo za tidelom
z4i5enia produktivity technologick6ho zariadeni a, zni-
Zenia koncentrdcie roztoku hydroxidu sodn6ho v im-
pregnacnom k0peli  a dosiahnutia optimdlnych para-
metrov merce ri zdci e tkan in z bezv r eteno4ich priadzi.
Dosiahnut6 vlisledky svedcia o tom, Ze predbeZnd na-
parovanie zrebnyich tkanin pred ich spracovanim v mer-
cerizadnom roztoku zlep5uje priemerne dvojndsobne
stupen impregndcie tkanfn. Zvyi5enie stupna merceri-
zdcieje podmienen6 vySSou sorpciou vldkna a hlb5im
preniknutim alkalick6ho roztoku do kapilarno--porovi-
tej Struktury zrebnej tkaniny.

Novf netkanf izolacni_materi6l
TEKSTILNAJA PROMYSLENNOSI, 1999, c. 5-6, s.
36

Novf netkany izolacn! materidl sa vyrdba z vldken-
nfch rrin spevnenyich prfdmi vody. Komfort nosenia
odevu, najmti v prlpade koZenyich a koZu5ino4ich vyi-
robkov, zvy5uju perfordcie s velkostou do 1 mm, kto-
16 umoZnuju unikanie pdr produkovanfch telom. V la-
boratornych podmienkach boli vykonan6 porovndvacie
skr.,r5ky zdkladnlch parametrov tohto nov6ho materid-
lu a analogicklch zahranicn;ich vl irobkov Thinsul i te,
Termolite a Sentipon. Pri men5ej hrubke materidlu bola
u nov6ho materidlu namerana vySSia pevnost v tahu
v obidvoch smeroch a boli dosiahnute aj lep5ie tepel-
noizoladn6 vlastnosti.

Nov6 ucinn6 text i ln6 pomocn6 prostr iedky
TEKSTILNAJA PROMYSTETVTOSi, 1999, C. 74, S. 4

Spolocnost TRAVERS ponIka Sirokf sortiment TPP
novej generdcie pre 0pravu textiln;ich materidlov zo
v5etklich druhov vldkien. Hoci sa orientuje na domdce
suroviny, ceny jej vyirobkov vzrdstli v auguste priemer-
ne o 40-60 %.

EM-1, EM-2, EM-3 - univerzdlne biologicky rozlo2r-
telh6 zmddacie prostriedky;

BIKOL, BIKOL-M - ustalbvade priamych farbiv atar-
biv reaguj0cich s vldknom. Neobsahuj0 formaldehyd;
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FOBORIT, FOBORIT M, FOBORIT T - pripravky na
hydrofobnu a oleofobnu upravu;

TRACKAN MGF, CVS, ASS - zmiikdovacie pros-
triedky s avivdZnym, antistatickfm a hydrofilnfm udin-
kom;

ARSOL - prostriedok na zlepSenie rozpustnosti far-
biv vo farbiacich roztokoch a tlaciarenskfch farbach;

VlK, VIK-S - pracie prostriedky na pranie bielych aj
farebnfch textilnyich materidlov zo vSetkfch vldkien.

Skval i tnenie pripravy a t lace vlnenfch tkanin upra-
venfch nizkoteplotnou_plazmou -
TEKSTILNAJA PROMYSLEIVNOSI, 1999, c. 11-12,
s. 37-38

Pri riprave vlnenyich materidlov plazmou dochddza
k modifik6cii a k ciastocnej de5trukcii povrchovej vrst-
vy vldkna. Uprava zlep5uje sorpdno-difuzne charakte-
ristiky kyslfch farblv, no sudasne mierne zvyrazfiuje
Zltkast6 sfarbenie prirodnej vlny. Cielbm popisovanfch
prdc bolo dosiahnutie bielej farby vlny a zlep5enie ko-
loristic$ich parametrov tlace. Na zdklade laboratornych
experimentov boli navrhnut6 relimy a recept[ra proce-
su bielenia tkaniny zo 100 % vlny s vyuZitfm peroxidu
vodika pri troch teplotnyich reZimoch. Analyiza vfsled-
kov sk0Sok potvrdi la ucelnost vclenenia bielenia do
technologick6ho procesu pripravy vlnenej tkaniny up-
ravenej plazmou pred tlacou.

Odhad nebezpecenstva pracfch prostriedkov dole-
Zit f  pre Zivotn6 prostredie
IENS/DE SURFACIANTS DETERGENTS, 36, 1999,
c. 6, s. 360-363

Pracie a cistiace prostriedky s[ jednou z najdoleZitej-
Sich skup(n chemikdlil, ktor6 sa po pouZiti l ikvidujri vo-
dou a dostdvaju do Zivotn6ho prostredia. S0 to chemic-
k6 produkty s  komplexnym z loZenlm, ich jednot l iv6
zlolky maju rozdielne funkcie. Eko-toxikologick6 uda-
je pre tieto produkty pochddzaju zo skfSania produk-
tov alebo z prlsluSnfch obsahovlich latok pouZitim adi-
t fvnej toxici ty. Metoda na prognozu ekotoxicity
produktov ddva realisticke hodnoty. U obsahovfch la-
tok sa neocakdvaju Ziadne synergick6 efekty.

Rozpustnost '  povrchovoakt ivnych prost r iedkov
v prack6ch do dom6cnosti
T EN Sl D E SU RFACIANIS D ET ERGETVIS, 37, 2000,
6 .  1 ,  s .52 -55

V cldnku je predstavenf novf meracisyst6m na sta-
novenie ryichlosti rozpu5tania tenzidov v prackdch pre
domdcnost meranim dynamick6ho povrchov6ho na-
pdtia on line. Sfcasne sa stanovlvodivost, zdkal, tep-
lota a pH hodnota pracieho k[pel'a. Rozpu5tanie ten-
zidov a experiment6lne vyisledky ovplyviuje tvrdosf vo-
dy, mechanika, teplota, koncentrdcia, velkost zfn atd'.
Diskutuje sa o rozpustnosti  anionovych tenzidov pri
zohl'adneni fdzov{ho chovania a doleZitfch proceso-
vfch parametrov.
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Bytov6 textilie bez negativneho vplyvu na Zivotn6
prostredie
TEXTILE WORLD, 149, 1 999, c. 9, s. 81-88

Ekologicky vhodne bytov6 textflie kupuje do svojich
domdcnostistdle e5te relativne nizky podet spotrebite-
l'ov.Z bytovfch textfliibez negativneho vplyvu nazdra-
vie prevldda v USA zdujem o postelhu bielizen vyrobe-
nI z certifikovanej organickej bavlny. Tak6to bavlna
neobsahuje Skodliv6 chemikdlie, farbivd ani pesticfdy.
VInen6 prikryivky obsahuj0 podas spdnku znadn6
mnoZstuo vlhkosti produkovanej telom a hroz(, 2e z vlh-
k6ho mater id lu preniknu Skodl iv iny do organizmu.
Organickd vlna musf byt certifikovand, nesmie obsaho-
vat horm6ny, antibiotikd ani l6tky doddvan6 za fcelom
dosiahnutia genetickfch zmien. Na rubovrl Ipravu eko-
logicky vhodnfch kobercov a matracov sa namiesto vi-
nylu pouZiva latex a polyuretdn. Ceny vyirobkov z orga-
nickf ch surovin s0 o 10-20 % vy5Sie ako ceny
vfrobkov z belnych surovfn.

Francfzska f irma vyr6ba tr ickS zabranujuce preni-
kaniu ultraf ialov6ho i iarenia
TEXTILE WORLD,149,1999,  c .10,  s .  21

Firma Damart uviedla na francrizsky trh trickd odrd-
Za1uce teplo a zabraiuj0ce prenikaniu ultrafialov6ho
Ziarenia. Vyrabajf sa zo zmesi bavlna/polyester s ke-
ramickfmi vldknami v jadre polyesteru. Tieto vldkna
majf dvojaku funkciu: odraZajI ultraf ialov6 Ziarenie
a zdrovefi zabranuj0, aby infraderven6 luce zohrievali
telo. V ponuke su pdnske, ddmske aj detske trickd.

Text i l ie  Hydro l ic  f i rmy Dyersburg povrstven6
striebrom
TEXTILE WORLD, 149, 1999, c. 1 1, s. 69

Vfsledkom spoluprdce firiem Dyersburg's a Nobel Fi-
ber Technologies, Inc. s0 nov6 textilie Hydrolic obsa-
hujuce antimikrobidlnu ochranu X-Static. Na povrch
vldkna je nanesend permanentnd vrstva 99 % strieb-
ra, ktord zabezpeduje trvald antimikrobidlne, antistatic-
k6 a dezodoracn6 vlastnosti. Vyirobca garantuje jej
fcinnost aj po 200 praniach. Tieto textilie sa zarad'uj0
do kategorie modernfch klimaticky aktlvnych materid-
lov, ktor6 v lete prrjemne chladia a v zime zabezpecu-
jri izoldciu proti zime. Budu sa z nich vyr6bat predov-
Setkyim odevy pre Sport a rekredciu. Firma Dyersburg
ponuka tieZ uplety na Sportov6 odevy, uniformy a det-
sk6 o5atenie. (Vycerpdvajuce)

Novf prostriedok proti roztodom
TEXTILE WORLD,149,1999,  c .  12,  s .  86

Svajciarska firma Sanitized AG vyvinula novyi pros-
triedok na ochranu kobercov a dhl5ich bytovfch textf-

li i voci roztocom a ich produktom metabolizmu, ktor6
moZu vyvoldvat alergie a astmatick6 obtiaZe. Uprava
ACTIGARD sa nandSa v procese vyroby koberca. Udr-
Ziava populdciu roztodov na kon5tantnej minimdlnej
urovni a navy5e chrdni voci bakt6ridm a plesniam.
Sprievodn6 mikrofotografie dokumentuju rozdiel medzi
upraven;im a neupravenfm kobercom. (Vy6erpitva1f-
ce)

Elektrochemick6 farbenie text i l i i
TEXTILVEREDLUNG, 34, 1999, c. 1 1 -12, s. 42

Firma BASF v Ludwigshafene, Vyiskumn;i [stav tex-
tilnej ch6mie a textilnej tyziky v Dornbirne a firma De-
Nora Deutschland GmbH v Rodenbachu zintenzfvni l i
spoluprdcu na dalSom vlivoji elektrochemick6ho postu-
pu pre textilnli priemysel, najmii farbenie indigom a ky-
povfmi farbivami. Pri novej technologii dochadzak re-
dukci i  farb iva pomocou pr fdu cez lzv.  medidtor ,
redoxnf syst6m Fe2*/Fe3* a k rispore chemikalii. Poci-
ta dokonca s farbiacimi procesmi bez odpadovfch vod.
Prv6 prevddzkov6 skti5ky boli tispe5n6.

Biotechnologick6 sposoby - ekologick6 a ekono-
mick6 vfhody
TEXTILVEREDLUNG, 35, 2000, c. 112, s. 6-10

lntegrovan6 biotechnologick6 postupy znamenaju
ilspory vody, energie, minimalizdciu zataZenia Zivotne-
ho prostredia a skracovanie procesov. Pracovnd sku-
pina firmy Bioverfahrenstechnik Dechema, e.V. porov-
ndvala dve rOzne metody odstranovania zvy5koveho
peroxidu z bavlnen6ho materidlu vybielen6ho peroxi-
dom vod[ka.

Nov6 PP v ldkno s t roma dut inami
yLlESSTOFFE/TECHN tSCH E TEXTT Lt EN, 45, 1 999,
c. 4, s. 36

Trh s podlahovfmi krytinami sa v sudasnosti nachdd-
za v lalkej situdcir . Zdkaznlk poZaduje rastricu kvalitu
a Zivotnost. Pomer cena/vfkon musi odoldvat hospo-
ddrskemu tlaku nAkladov. Pri kfpe kobercov je rozho-
duj0cim faktorom jeho ohmat. Pomocou dufch vl6kien
sa dosiahol miikkf ohmat a dobrd trvanlivos{ kobercov.
DoleZitou velicinou je optika vlasov6ho materidlu. Po-
uZitfm dutfch vldkien sa ziskaju koberce s matnym
a transparentnlim povrchom.

Pre pubtikovanie pripravila tng. Vateria eapekov|,
VUTCH-CHEMITEX spol. s r.o. Zilina, Slovenskd repu-
blika
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Toznam textilnfch, vl6kn6rskych a odevnfch podnikov
Slovenskej republiky

Directory of Textile, Fibre and Clothing Manufacturers
in Slovakia

Capekova, V., Remekov6,V.

VUTCH-CHEMITEX spo/. s r.o.(Ltd.), Zitina, Slovak Repubtic

CnSi A: Abece dny zoznam podnikov

PART A: Alphabetical List Of Manufacturers

Ndzov podniku: BCT-TEXCEL a.s.
821 08 Bratislava, Pdrickova 18
07155 56 00 10,55 56 00 32, bct@bct.sk

Predmet cinnosti: vyroba bavlnenyich a syntetickfch hladkfch, tvarovanlich, Sicich, vy5ivacich, hddkovacich a
pletacfch priadzi a niti

Business Activity: manufacture of cotton and synthetic flat, textured, sewing, embroidery, crochet and knitting
yarns and threads

Ndzov podniku: BZ-TEXICOM spol. s r.o.
023 01 RuZomberok, Textilna 23
08481432 20 41-9, 432 47 18, texicom @ rbk.sk

Predmet 6innosti: vyiroba bavlndrskych priadzl, tkanin, netkan6ho textilu, pletenin, konfekcie
Business Activity: manufacture of cotton yarns, woven fabrics, nonwovens, knitted fabrics, ready made

clothing

Ndzov podniku: GEMTEX a.s.
048 01 RoZiava, Stitnicka 25
09421777 42 22, gemtex@ ke.telecom.sk

Predmet dinnosti: vyiroba pletenej bielizne, Sportov6ho o5atenia, vrchn6ho o5atenia
Business Activity: manufacture of knitted underwear, sportswear, outerwear

Ndzov podniku: GUKOTEX Privat
974 93 Bansk6 Bystrica, DruZby 35
0881413 88 98

Predmet cinnosti: vfroba ddmskej konfekcie
Business Activity: manufacture of ladies' clothing

Ndzov podniku: CHEMOSVIT - Fibrochem a.s.
059 21 Svit, St0rova 101
0921715 11 11, www.chemosvit.sk

Predmet 6innosti: vfroba PP vldkien a textiln6ho hodvdbu, ponoZiek
Business Activity: manufacture of PP textile filament yarn, socks

Ndzov podniku: IMMEA spol. s r.o.
094 31 HanuSovce nad Toplbu, Pocekanec 15/5
09311445 00 66, hladm@ke.psg.sk

Predmet cinnosti: vliroba pleten6ho vrchn6ho o5atenia, pletenej bielizne
Business Activity: manufacture of knitted outerwear, underwear
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Ndzov podniku:

Predmet cinnosti:
Business Activity:

Ndzov podniku:

Predmet 6innosti:
Business Activity:

Ndzov podniku:

Predmet dinnosti:
Business Activity:

Ndzov podniku:

Predmet cinnosti:

Business Activity:

Ndzov podniku:

Predmet dinnosti:
Business Activity:

Ndzov podniku:

Predmet 6innosti:

Business Activity:

Ndzov podniku:

Predmet 6innosti:

Business Activity:

Ndzov podniku:

Predmet cinnosti:
Business Activity:

Ndzov podniku: MODEX a.s.
01 1 35 Zilina, Revolucnd 16
089/763 10 96, info@modex.coopex.sk
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ISTROCHEM a.s.
836 05 Bratislava, Nobelova34
071277 20 s3
vfroba PP a Vs textiln;ich vlaken
manufacture of PP and rayon textile fibres

I.TRAN s.r.o.
023 54 Turzovka, Predmierska 229
08241435 25 45-7 , itran @ gsm.globtel.sk
vfroba pletenlich rukavic, diapok, Sdlov, pleten6ho vrchn6ho osatenia, pletenej bielizne
manufacture of knitted gloves, caps, wrappers, knitted outerwear, knitted underwear

LINDA - CHEMES spol. s r.o.
066 33 Humenn6, Chemlonskd 1
0933177 1 22 50, linda@ chemes.sk
vfroba panduchov6ho tovaru
manufacture of hosiery

LEVITEX a.s.
934 36 Levice, Ku Bratke 5
0813/637 31 1 1, levitex@ba.telecom.sk
4iroba bavlndrskych priadzi, bavlnenlich a zmesov;ich tkanin, postelh6ho prddla, Satoviek,
oblekovln, pracovn6ho o5atenia, byto4ich textilif, zdravotnickych textili i, riprava textfli i
manufacture of cotton yarns, cotton and blended cloths, bed linen, ladies dress cloths,
suitings, workwear, household textiles, medicine textiles, textile finishing

LULLABY a.s
034 01 RuZomberok, Tatranskd 68
08481432 14 18,435 32 55
vliroba postel'nej bielizne, potlac reznlich tkan[n, vyiroba paplonov
manufacture of bed linen, printing of grey cloths, manufacture of quilted covers

MAKYTA a.s.
020 25 Puchov, ul. 1.maja 882
08251463 14 11-9, makyta@ px.psg.sk
ddmska a dievdensk6 konfekcia, bavlnen6 a vlnen6 kabdty, sakd,
sukne bl0zky

kostfmy, nohavice,

ladie's and girl 's clothing, cotton and wool coats, jackets, suits, trousers, skirts, blouses

MAYTEX a.s.
031 17 Liptovsgi MikulaS, ul.  1 .mdja 1207
0849/553 51 1 1, maytex_sale@isternet.sk
textilne a odevn6 r,nirobky, vliroba ploSnfch textitii, l'ahkej Sportovej, ddmskej a pdnskej
konfekcie
textile and clothing products, manufacture of flat textile materials, light sportswear, ladies
and men's clothing

MERINA a.s.
91 1 60 Trendln, ul.  M. R. Stefanika 19
08311741 41 11, www.rT'terina.sk
vliroba vlnenfch cesanfch priadzi, tkanin a pletenin, konfekcie a jedno0celovfch strojov
manufacture of worsted yarns, cloths and knitted fabrics, clothing and single - purpose
machines
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Predmet dinnosti: vfroba ddmskej konfekcie
Business Activity: manufacture of ladies' clothing

Ndzov podniku: NYLSTAR Slovakia a.s.
066 01 Humenn6, Chemlonskd 1
09331771 32 38

Predmet cinnosti: vliroba PA hodvdbu
Business Activity: manufacture of PA filament yarn

Ndzov podniku: ODEVA spol. s r.o.
08271 Lipany, ul. kpt. Ndlepku 4
09341457 22 21-3, odeva@odeva.sk

Predmet cinnosti: vfroba vrchn6ho o5atenia, ddmskej konfekcie, pracovn6ho o5atenia, sprostredkovatelskd
cinnost

Business Activity: manufacture of outerwear, ladies'clothing, workwear, mediatorial activities

Ndzov podniku: OZETA a.s.
911 34 Trendfn, Velkomoravskd 9
0831/656 21 11, oztrencin@ozeta.sk

Predmet dinnosti: vliroba konfekcnfch odevnfch vfrobkov,zdkazkov6 Sitie, obchodnd dinnost, vliskum a vlivoj
Business Activity: manufacture of ready made clothing, bespoke sewing, trade activity, research and develop-

ment

N6zov podniku: OZKN a.s.
081 93 Pre5ov, Masarykova 22
0911772 37 00, ozkn@psynetpo.sk

Predmet cinnosti: vliroba panskej konfekcie a konfekcie na vol'ny 6as, obchodnd dinnost, zAkazkov6 Sitie
Business Activity: manufacture of men's clothing and leisurewear, trade activity, bespoke sewing

Ndzov podniku: OZEX spol. s r.o.
080 01 Pre5ov, Masarykova 22
0911772 59 40, ozex@vadium.sk

Predmet dinnosti: vfroba panskej a ddmskej konfekcie, Sitie Specialnej konfekcie (poZiarnici)
Business Activity: manufacture of men's and ladies' clothing, special protective garments (firemen)

Ndzov podniku: PAUMA spol. s r.o.
920 41 Leopoldov, Trnavsk6 4
08041742 51 95

Predmet dinnosti: vfroba panduchov6ho tovaru
Business Activity: manufacture of hosiery

Ndzov podniku: PLETA - MODA a.s.
969 41 Banskd Stiavnica, Pletiarska 11
0859/691 25 1 6, info@pleta-moda.sk

Predmet cinnosti: vfroba a predaj pleten6ho vrchn6ho oiatenia pre deti a dospelfch
Business Activity: manufacture and sale of knitted outerwear for children and adults

Ndzov podniku: QUILTEX spol. s r.o.
031 01 Liptovskf Mikul55, Garbiarska 678
08491552 59 20, 552 24 48, quiltex@quiltex.sk

Predmet dinnosti: vyiroba postelhej bielizne, prikrfvok
Business Activity: manufacture of bed linen, quilted covers
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Ndzov podniku: RANSAN s.r.o.
969 OO Banskd Stiavnica, Antolsk6 16
0859/692 1200

Predmet dinnosti: vyiroba pleten6ho vrchn6ho o5atenia
Business Activity: manufacture of knitted outerwear

Ndzov podniku: RHODIA INDUSTRIAL YARN a.s. Humenn6
066 01 Humenn6, Chemlonskd 1
09331771 32 38

Predmet dinnosti: vfroba PA technick6ho hodvdbu
Business Activity: manufacture of PA industrial fi lament yarn

Ndzov podniku: SH-RESS a.s.
905 35 Senica nad Myjavou, Tovdrenska 532
0802/55 1283,55 13 19,  shs@secom.sk

Predmet cinnosti: vliroba VS a PES hodvdbu
Business Activity: manufacture of VS and PES filament yarn

N6zov podniku: SKLOPLAST Trnava a.s.
917 99 Trnava, Strojdrenska 1
0805/553 18 84

Predmet cinnosti: vfroba sklen;ich vldken, tkanln, prepletov a rohoZr s pouZitfm sklenyich vl6ken
Business Activity: manufacture of glass fibres, woven fabrics, stitch-bonded fabrics and mats employing glass

fibres

Ndzov podniku: SKLOTEX a.s.
050 80 Revfca, Priemyselnd 306/9
0941 1442 22 41 , 42 22 51, market@ lykotex.sk

Predmet cinnosti: vfroba technickfch tkanin zo sklenfch vldken, landrskych priadzi, tkanin, v5ivanfch
kobercov, textili i z druhotn;ich surovin, technick6 textilie

Business Activity: manufacture of glass fibre industrial fabrics, flax yarns, fabrics, tufted carpets, textiles
made of secondary raw materials, industrial textiles

Ndzov podniku: SLOVENA a.s.
010 61 2ilina, Kysuckd 3
089/562 1211-15, 562 03 84, slovena@psgnetza.sk

Predmet 6innosti: vfroba vln6rskych mykanyich priadzf, vlndrskych tkanin, tkanych kobercov, prikrfvok,
farbenie textilnyich materidlov

Business Activity: manufacture of woollen yarns, woollen cloths, woven carpets, blankets, dyeing of textile
materials

Ndzov podniku: SLOVENKA a.s.
975 67 Banskd Bystrica, Strieborn6 ndm.3
0881412 4 31 -6, slovenka@ bb.psg.sk

Predmet dinnosti: vfroba pleten6ho vrchn6ho o5atenia, netkanlich textili i a priadze
Business Activity: manufacture of knitted outerwear, nonwovens and yarns

Ndzov podniku: Slovensk6 lucobn6 z6vody a.s.
981 1 1 Hn[Sta - Likier, Hlavnd 133
08651542 31 41-2

Predmet cinnosti: vyiroba filtradnyich ldtok
Business Activity: manufacture of filter cloths

Ndzov podniku: SVIK spol. s r.o.
089 01 Svidnfk, BardejovskitT4T
0937 17 86 1 2 7 2, jskradova @ svik.sk

Predmet cinnosti: vfroba a predaj pracovnfch odevov a konfekcie
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Business Activity: manufacture and sale of worked and ready made clothing

Ndzov podniku: TATRAIAN a.s.
060 27 KeZmarok, Michalsk6 18
09681452 31 01 , 452 38 80, tatralan@tatralan.sk

Predmet cinnosti: landrske a bavlndrske vfrobky, netkan6 textflie zo syntetickyich vldken, zahranidno-
obchodnd 6innost

Business Activity: flax and cotton products, nonwovens made of synthetic fibres, foreign trade activity

Ndzov podniku: TATRASVIT SVIT - SOCKS a.s.
059 21 Svit, Mierovd 1
OgZl712 61 11 , tatrasvit@ ke.telecom.sk

Predmet cinnosti: vfroba pleten6ho o5atenia, panduchovyich vyirobkov, spracovanie textilnfch odpadov,
obchodnd cinnost

Business Activity: manufacture of knitted clothing, hosiery, textile waste recovery, trade activity

Ndzov podniku: TEXIPLAST a.s.
951 12lvdnka pri  Nitre, Novozdmocka20T
082656 43 05, 656 42 56, saubero@texiplast.sk

Predmet cinnosti: vfroba PP pasok, PP motuzov, PP tkanfn, obalovfch materidlov, tkan6 geotextilie
Business Activity: manufacture of PP bands, PP ropes, PP webs, packing materials, woven geotextiles

Ndzov podniku: TEXTILANKA v.d.
900 61 Gajary, Tovdrenske 38
07031779 72 12, textilanka @ ba.telecom.sk

Predmet cinnosti: textilnd vyroba, sietotlad, obchodnd cinnost
Business Activity: textile production, screen printing, trade activity

Ndzov podniku: TECHNOPOL TRIKOTA a.s.
852 50 Bratislava, Kutlikova 17
07168 28 61 51 , trikota@internet.sk

Predmet dinnosti: vliroba pletenej spodnej bielizne, vrchn6ho o5atenia
Business Activity: manufacture of knitted underwear, outwear

Ndzov podniku: VUTCH-CHEMITEX spol. s r.o.
011 68 Zilina, ul. J. Milca 8
089/562 24 18-9, vutch@nextra.sk

Predmet 6innosti: 4iskum, vyvoj, malotondZna vfroba a sluZby v oblasti textilnej ch6mie, textilnfch technol6gii,
ekol6gie a sk[Sobnictva (SKTC-119), certifikacnf orgdn, autorizovand osoba

Business Activity: research, development, small-scale production and services in the field of textile chemistry,
textile technologies, ecology and testing (SKTC-119), certification body, authorized body

Ndzov podniku: Vfskumni $tav chemickfch vlaken a.s.
059 21 Svit, Sturova 2
092175 64 M, 75 62 25, vuchv@ vuchv.sk

Predmet dinnosti :  vl iskum a vfvoj chemickfch vlaken a zariadeni pre ne, maloton6Zne vfroby, farebn6
koncentr6ty, SKTC-I 18, poradenskd dinnost

Business Activity: research and development of man made fibres and equipments for MMF, masterbatches,
SKTC-1 1 8, advisory activity

Ndzov podniku: VZORODEV v.d.
01 1 80 Zalina, D. Dlabaca 33
089/562 39 48, 5622374

Predmet cinnosti: vyroba ddmskej konfekcie
Business Activity: manufacture of ladies' ready made clothing
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Ndzov podniku: ZEKON a.s.
071 01 Michalovce, ul. S. Tuceta e3
09461644 1 5 31, zekon @ mail.pvt.sk

Predmet cinnosti: vliroba a predaj pracovnej konfekcie, Specidlnych vojensk;ich uniforiem, pdnskej konfekcie
Business Activity: manufacture and sale of workwear, special soldier's uniforms, men's ready made clothing

Ndzov podniku: ZORENA spol. s r.o.
917 64 Trnava, Hlavnd 25
0805/551 13 08-9, zorena@zorena.sk

Predmet dinnosti: vliroba osobnej bielizne, odevov z tkanin
Business Activity: manufacture of underwear, woven garments

Ndzov podniku: ZORNICA BANKO FASHION a.s.
957 12 Bdnovce nad Bebravou, Textilnd 4
0832162 1 1 1 1, mauks@zornica.sk

Predmet 6innosti: vfroba osobnej bielizne, odevov z tkanln, vf5iviek a pre5ivanfch textilif
Business Activity: manufacture of underwear, woven garments, needleworks and quilted textile products
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