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Prihovor séfredaktora

Vazeni cCitatelia,

dostava sa Vam do ruk prvé cislo 9. vocnika casopisu Vidkna a textil,
ktory v sucasnosti vydava spolocne pdt organizdcii so zakladnou orienta-
ciou casopisu na viaknarenski a textilnu odbornu verejnost’ v ramci SR
a CR.

V sucasnosti je nas casopis jediné odborné periodikum technického
zamerania pre uvedene priemyselné odvetvia, ktoré je vydavané v ramci
oboch statov.

V zaujme rozsirenia poctu citatelov z radov odbornej verejnosti sa
rozhodla redakcna rada o urcitu inovdaciu obsahu casopisu. Predovsetkym chceme pévodné clanky
uverejiiovat okrem anglickej jazykovej verzie aj v slovenskom alebo ceskom jazyku. Uvedenym spésobom
cheeme casopis priblizit vicsiemu okruhu odbornych pracovnikov. Dalej rozsirujeme obsah casopisu
o dalsie odborné casti, ktoré maju citatelom poskytnut najmd najnovsie informdacie o technickych
novinkach, resp. patentoch.

Zaroven sa chceme viac priblizit odbornikom z vyrobnej a podnikatelskej sféry, aby sme ziskali viac
povodnych prispevkov prave z tejto oblasti. Chceme tak podporovat’ Siroku vymenu ndzorov z oblasti
vyskumu, vyvoja ale aj priemyselnej praxe, najmd v odvetvi vidknarenskej a textilnej vyroby.

Boli by sme radi, keby nas c¢asopis bol vyuzity aj na Zivi odbornu diskusiu o sucasnych problémoch
vo vyrobnej sfére, resp. keby aj takymto sposobom boli formulované podnety pre zakladny a aplikovany

vyskum a vyvoj v sulade so sucasnymi trendami vo svete.

Dovolte vyslovit' presvedcenie, Ze prave v obdobi, na prvy pohlad, neprekonatelnych technickych,
ekonomickych alebo financnych problémov, je potrebna zZiva informacna vymena a vzajomnd podpora
medzi odbornikmi v pribuznych odvetviach.

Casopis Vidkna a textil ma velmi dobrii odozvu v zahranici a je karentovany v piatich vyznamnych

svetovych databazach.

Chceme preto vyzvat dalSich prispievatelov k intenzivnej spolupraci, aby sme aj takymto spésobom
prezentovali tradicne dobrii odbornii uroveri vidknarenského a textilného priemyslu na vizemi SR a CR.

Vazeni Citatelia, urcite uvitame aj Vase podnetné navrhy na zlepSenie kvality casopisu, jeho Struktury
a jednotlivych rubrik s cielom, aby casopis este lepSie sluzil svojim Citatelom a odbornej verejnosti.

Ing. Jozef Sestdk, CSc.
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PROCESSING OF THE ORGANIC PIGMENT DISPERSION
IN POLYPROPYLENE AND POLYPROPYLENE FIBRES

Marcin€in A., Ujhelyiova A., Hricova M.

Slovak University of Technology, FCHFT, Department of Fibres and Textile Chemistry
812 37 Bratislava, SK

Pigmenting of synthetic fibres in mass represents an important dyeing method based on
dispersion of pigment in mass of polymer before spinning. In this paper the processing of organic
pigments in polypropylene (PP) dispersion are discussed. The rheological properties and filtration
ability of pigment dispersion in oligomeric polypropylene as method for study of the dispersion
process and agglomeration of pigments particles are presented. It was found out that these
methods are very convenient for the study of mutual interactions of components in the binary or
ternary system, PP - pigment and PP — pigment — dispersant.

Rheological properties of pigment dispersion in polymer provide a valuable information
concerning the dispersion degree of pigments in polyolefine and flow properties of the dispersion.
The proportionality between some parameters of rheological empirical equations and filtration
ability (filterability) of the pigment dispersion was confirmed our experimental work.

1. INTRODUCTION

Organic pigments used for pigmenting of synthetic fib-
res cover a number of classes of the compounds with
difference in structure, containing chromophore groups.
They are insoluble and have the worse dispersing abi-
lity in polymers, mainly in the polyolefins. They provide
high colour strength and brightness shades with high
fastness properties. Several important groups are often
used for mass pigmenting of the synthetic fibres:
monoazopigments and disazopigments, isoindoline,
perylene, antraquinone, quinacridone, phtalocyanine
and disoxazine pigments [1].

The latest developments in synthesis of organic pig-
ments led to the formulating a high performance pig-
ments having better processing, fastness and applica-
tion properties [2, 3).

The “latent pigments” [4] and “monocolorants” [5] with
the particle size within 80—300 nm, belong also to new
groups of pigments for synthetic fibres.

The pigmentation of the chemical fibres consists of
two steps: 1. the colour medium (concentrate) prepara-
tion and 2. mixing of the colour concentrate with a basic
polymer before spinning. Colour concentrate includes
the pigment, polymer carrier and dispersant, as a rule.
It can be added to basic polymer by several procedures.
The next two ones are very often used in industry:

a) injecting of colour concentrate into the polymer melt

using a side extruder,

b) dosing a solid concentrate by means of volume or

weight feeders in feedstock of extruder.

The degree of pigment dispersion in colour concen-
trate strongly depends on mutual interactions of the
compaonents mainly at interface of solid particles (ther-
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modynamics) and also on kinetic conditions and rheol-
ogy in dispersion and mixing process [6, 7].

In our experimental work the rheological behaviour
and filtration ability of the pigment dispersion in low mo-
lecular polypropylene as indirect methods for evaluation
of the dispersion degree and agglomeration of pigment
particles were investigated. The role of dispersant in PP
dispersion and PP spun dyed fibres were also evalu-
ated. Dispersants used for increase of the dispersion
degree of the pigment in PP were based on low molecu-
lar compounds and oligomers with polar functional
groups.

The several selected parameters of rheological em-
pirical equations derived for solid particle dispersions
and filterability were used for estimation of mutual inte-
raction of components in pigment dispersion. The
following equations were used [7, 8]:

a) Ostwald and de Waele (power law):

T=ky" (1)
where 1 is the shear stress, ¥ is the shear rate, k is coef-
ficient and n is power law index
b) Einstein equation:

N =np(1 + ke.®) 2

where n and n, are the viscosities of the dispersion and
liquid medium, k¢ is a shape coefficient, @ is the volume
fraction of the pigment,

c¢) Doroszkowski and Lambourne:
logn = logn,, + A.1" (3)

where A is an agglomeration coefficient, log n., is the
viscosity at “infinite” shear stress for ' — 0.



d) The filterability (F4) of pigment dispersion in oligo-
meric model liquid was evaluated by means of pres-
sure increment (Ap) in front of filter on mass filtrate
unit (m):

Fg = Ap/m (4)

The correlation between F4 and 1. or A was found out
and influence of some dispersants on rheological prop-
erties and filterability of the pigment dispersions as well
as colour properties of fibres were evaluated.

2. EXPERIMENTAL

Material used

The following pigments (Table 1) and oligomeric ad-
ditives in experimental work were used:

Table 1 Pigments used

density spec. surf.

Pigment p25°C  s.107°

[kg.m™]  [m’kg™']
C.1.P. Red 144 (disazopigment) 1423 20,4
C.I.P. Yellow 95 (disazopigment) 1355 34,4
C.I.P. Green 7 (phtalocyanine) 2 320 81,5
C.I.P. Red 177 (anthrachinone) 1 369 37,4
C.I.P. Black 7 (soot) 1734 59,0

Polymers, oligomers and additives
Polypropylene (PP TG 900), py3-c = 910 kg.m™, MFI

=15.10°kg.s™ (9 g/10 min), T,,=166 °C
Polypropylene (PP 1 000),

Paoc = 826 kg.m™, g = 26,4 mPa.s
Polyoxyethylene glycol 600 (PEG 600),

paoc = 1 080 kg.m™, ngo-c= 16,0 mPa.s
Polyoxyethylene glycol 6 000 (PEG 6 000),

peoc = 1090 kg.m™, ngoec = 623 mPa.s
Monoglyceride of stearic acid (MGS),

peoc = 924 kg.m™, T, =40 °C

Methods

Rheological properties of the pigment dispersion us-
ing the rotary viscosimeter Rheotest |l were investi-
gated.

Filterability of the dispersion was measured by means
of the laboratory equipment Filtertest. Filterability F; was
evaluated as ratio of filtration pressure per weight unit
of the filtrate. The pigment dispersion was filtrated un-
der defined conditions through the holes of a metalic
filter of 6 400 mesh. [11]

The colorimeter Datacolor for Relative Colour
Strength evaluation was used [12].

The dispersion of organic pigment in PP 1000 was pre-
pared in laboratory scale using a high speed homo-
geneizer at constant temperature 80 °C and time 10 min.

4

The polypropylene spun dyed fibres were prepared
using a pilot spinning line at 250 °C. The concentrates
with content of pigment of 20 wt % for pigmenting of PP
fibres in mass were used. Linear density of fibres was
Taex = 168 dtex x 48 f.

3. RESULT AND DISCUSSION

Power law index n (equation 1)

The results of the basic rheological measurements of
pigment dispersions in PP 1000 are given on the Fig-
ures 1, 2. Dependence reveals the straight line of the
logt vs. logy curves which consist of two linear parts at
higher pigment concentration with transition at shear
rate ~ 100 s™' approximately. The transition between
difference in rheological behaviour of pigment disper-
sion in oligomeric PP 1000 is slightly shifted to higher
shear rate at higher pigment (critical) concentration.

The dependence of the power law index (equation 1)
on pigment concentration is splited for lower and higher
deviation of the flow of dispersion from Newtonian
behaviour at “critical” pigment concentration. It is evi-
dent, that higher concentration of pigment particles in
hydrophobic medium of PP 1000 enables mutual inter-
action and agglomeration of pigment particles. The re-
sults in the Table 2 indicate that critical pigment concen-
trations depend on chemical and morphological
structures of pigments. Critical concentration for C.I.P.
Red 144 is 6 vol. %, for C.I.P. Green 7 is 8 vol. % and
for C.1.P. Yellow 95 is 12 vol. % respectively. The simi-
lar changes in rheological properties of pigment disper-
sion in PEG 600 has not been observed. For dispersion
is characteristic one power law index (Table 2).

The presence of monoglyceride of stearic acid (MGS)
in PP 1000 changes significantly the rheological
behaviour of pigment dispersion. The share stress in-
creases with content of MGS with maximum values at
40-50 %/pigment in PP 1000 (Fig. 3).

The same influence of MGS on rheological properties
of dispersion was observed in the case of the blend
PEG 600 and MGS was added to pigment dispersion
in PP 1000 (Fig. 4). In both cases the MGS additive in-
creases the share stress at the constant share rate and
“increases” the effective concentration of solid particles
in dispersion.

The shape coefficient kg (equation 2)

The coefficient kg expresses the shape of solid mono
particles and their agglomerates. Results on the Fig. 5
show on significantly higher kg values for pigments in
PP 1000 than for ideal spherical shape (kg = 2,5). The
agglomerate shape for C.I.P. Yellow 95 and C.I.P. Black
7 do not change in dependence on pigment concentra-
tion in PP 1000, but kg for C.I.P. Black 7 is three time

Vidkna a textil 9 (1) 3-11 (2002)



Table 2 Index pseudoplasticity n for pigment dispersion in PP 1000 and in PEG 600
n

C pig C.LLP. Red 144 C.L.P. Yellow 95 C.I.P. Green 7

[%] PP 1000 PEG 600 PP 1000 PEG 600 PP 1000 PEG 600
3 0,91 0,80 0,98 0,81 - 0,86
5 0,70 0,66 0,97 0,74 0,96 0,77
6 0,44; 0,60 0,61 0,97 0,22 0,89 0,72
8 0,37; 0,50 0,46 0,94 0,62 0,49; 0,74 0,59
10 0,32; 0,75 0,29 0,89 0,49 0,30; 0,64 0,44
12 0,28; 0,63 - 0,59; 0,81 0,39 020; 0,56 0,29
15 0,24; 0,46 - 0,41; 0,83 - 0,14; 0,41 -

higher than for C.I.P. Yeliow 95. The moderate increase
of kg at higher pigment concentration exhibit C.I.P.
Green 7 and strong dependence of this quantity on con-
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Fig. 1 Dependence of logt vs. logy for dispersion of C.L.P. Yellow
95 in PP 1000 at 80 °C (t [mPa.s])
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Fig. 2 Dependence of logrt vs. logy for dispersion of C.I.P. Red 177
in PP 1000 at 80 °C (t [mPa.s])
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centration is observed for C.I.P Red 144. The soot and
red diazopigment exhibit the high shape asymmetry of
pigment particles in PP 1000.
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Fig. 3 Dependence of logt vs. logy for 8 % dispersion of C.1.P. Red
177 in PP 1000 with MGS at 80 °C (1 [mPa.s])
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Fig. 4 Dependence of logt vs. logy for 8 % dispersion of C.I.P. Red
177 in PP 1000 containing blend MGS+PEG 600, 40%/pig-
ment, at 80 °C (t [mPa.s])



Viscosity at infinite shear stress (rate) n,and
agglomeration coefficient 1 (equation 3)

The dependence of the viscosity ., on pigment con-
centration is typical exponential (Fig. 6). In harmony with
shape coefficient of pigment particles the viscosity of
C.I.P. Black 7 dispersion in PP 1000 is the highest and
C.L.P. Yellow 95 is the smallest. The dispersion viscosity
proportionally increases in dependence on pigment con-
centration (Fig. 6).

The relation (3) provides the straight line dependence
of logn vs. t™' for pigment dispersion in PP 1000 with
defined coefficients n, and A. The coefficient A com-
prises the ability of pigment particles to create a labile
network in dispersion as result of the mutual interaction
of component in dispersion. The results on the Fig. 7

15 r 4
Ke
10 +
5 L
1-Yellow 95
2-Red 177 1
3-Green 7
4-Black 7
0 1 i I
0 0,04 0,08 0,12 ® 0,16

Fig. 5 Dependence of shape coefficient ke on volume fraction © of
pigments in PP 1000 at 80 °C

1-Yellow 95
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40 L 3-Green 7 :
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20 L I i
0 0,04 0,08 0,12 o 0,16

Fig. 6 Dependence of viscosity 1, on volume fraction @ of pigments
in PP 1000 at 80 °C
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Fig. 7 Dependence of the agglomeration coefficient A on volume
fraction @ of pigments in PP 1000 at 80 °C
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Fig. 8 Dependence of logF of the filterability F4 vs. log pigment con-
centration in PP 1000 at 80 °C

reveal the great difference in agglomeration ability of
pigments in polyolefin medium. The C.I.P. Black 7 and
C.I.P. Yellow 95 exhibit the higher agglomeration abil-
ity than antraquinone C.I.P. Red 177 and phtalocyanine
C.I.LP. Green 7 in PP 1000.

Filterability of pigment dispersion

The filtration ability of the pigment dispersion was
measured at constant filtration rate. The clinging coef-
ficient at filtration of the fine particles in the dispersion
is very low and filtration process can be considered as
a flow of the dispersion through the capillary of visco-
simeter, where the sum of the cross sections of holes
in a metal sieve represents an effective capillary cross
section of the viscosimeter. The filterability F4 of pigment
dispersion in PP 1000 is given in the table 3. There are
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Table 3 Filterability F. of organic pigments in PP 1000,
T = 80 °C, sieve 6400 mesh.

Fy A Fy

o Pigment 4, @ Pigment »

[MPa.kg™) [MPa.kg™}
0,005 C.I.P. Yellow 95 12 002 C.IP.Yellow 95 12,7
C.l.P. Red 177 31,5 C.I.P. Red 177 385
C.ILP.Green7 141 C.LP.Green7 136
C.L.P. Black 7 5,9 C.I.P. Black 7 12,7
0,01 C.LP. Yellow 95 45 0,04 C.IP. Yellow 95 46,6
C.I.P. Red 177 119 C.l.P.Red 177 1721
C.I.P.Green7 13,2 C.I.P. Green 7 312
C.I.P. Black 7 57,4 C.|.P. Black 7 229

the highest value of F, for C.I1.P. Red 177 and the smal-
lest for C.1.P. Yellow 95 dispersions. Filterability is pro-
portional to pigment concentration and for logarithmic
scale the straight line dependence for all pigments were
found out (Fig. 8).

Dependence of filterability on coefficients of
rheological equations

It was confirmed that dependencies of the n,and A
provide the similar straight line dependence on pigment
concentration in the oligomeric medium as filterability.
Then it can be written:

logn,, = a; + by.logd 4)
logh = a, + b,.logd (5)
logFy = a3 + bs.logd (6)

The similarity of these relation results from the ana-
logy of the dispersion flow in the viscosimeter and the
flow of dispersion through the holes of a metallic sieve
during filtration.

From these equations (4-6) can result the relation
which have expressed the correlation of filterability F4

Table 4 Coefficients of rheological relations (4, 5, 6) for some
pigments in PP 100 at 80 °C

C g, Na k Fq

12% a, b, a, b, a, b,
C.ILP. Yellow 95 1,15 0,30 0,8 3,3 65 1,7
C.I.P. Red 177 1,22 0,35 1,4 3,3 7,4 1,7
C.I.P. Green 7 1,10 040 04 3,3 7,7 1,7
C.I.P. Black 7 1,05 0,60 0,2 3,3 80 1,7

to viscosity of pigment dispersion at infinite stress n,,
and agglomeration coefficient A:

logFy = az + bs[logn,, + logh — (a, + a;) }/(by + b,) (7)

Coefficients a; and b; for some pigments in PP 1000
are given in the Table 4.

The analysis of the equations 4, 5, 6 and 7 and our
experimental results provide unambiguous information
that high values of filterability are proportional to infinite
viscosity 1., and A for the same kind of pigment disper-
sion in PP 1000. Higher value of n,,and A result from
higher degree of pigment dispersion in liquid media,
what leads to conclusion that filterability of fine pigment
particles is not connected with high size of primary pig-
ment particles but it is a result of agglomeration ability
(cohesive interaction) of particles in the defined me-
dium. While, the “infinite” viscosity is directly propor-
tional to degree of desintegration of agglomerates at
“infinite” shear stress, the agglomeration coefficient A is
responsible for desintegration of agglomerates by stress
and shear conditions in dispersion. On the basis of such
understanding of the rheological parameters of pigment
dispersion the deterioration of processing of pigments
decreases in line C.1.P. Yellow 95, C.|.P. Black 7, C.I.P.
Green 7 and C.I.P. Red 177.

Influence of dispersant

The positive influence of some polar compounds such
as monoglyceride of stearic acid and polyoxyethylene
glycol on processing of pigment dispersion in polyolefin
is given in the Table 5. The results in the Table 5 reveal
that polyoxyethylene glycol has a positive influence on
n.and A for C.I.P. Yellow 95 while MGS exhibits high
positive activity on C.I.P. Red 177 in PP 1000. Both
compounds in role of dispersants do not influence the
processing of the dispersion of C.I.P. Green 7 in PP
1000. From these results it can be seen that for some
individual pigments in PP the dispersant with strong
polar groups and hydrogen bounds is convenient (C.1.P.
Yellow 95 — PEG), for other pigments the less polar dis-
persant is more suitable (C.I.P. Red 177 — MGS). Both
dispersants have no positive or negative influence on
rheological behaviour and filterability of C.I.P. Green 7
dispersion in PP 1000.

Several dispersants were applied in pigmenting of
polypropylene fibres in mass. Results in the Table 6

Table 5 Influence of MGS on rheological behaviour of pigments in PP 1000 and filterability of dispersion, ¢y gmen = 8,0 vol. %.

c C.L.P. Yellow 95 C.ILP. Red 177 C.I.P. Green 7

disp- MNwo A Fq N A Fq N A Fq

0 44 3,0 51,5 51 1,4 231 47 1,2 100
0,8 44 11,7 15 57 1,8 327 48 3,2 115
2,4 47 7,8 27 57 9,4 58 48 3,9 102
3,2 50 9,4 33 58 10,3 45 47 2,6 102
4,0 50 5,5 35 57 10,9 33 48 2,6 117
8,0 50 54 35 57 13,0 31 48 3,9 112
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Table 6 Influence of dispersants (40 wt.%/pig.) on Relative colour
strength (RCS) of pigments in PP fibres. RCS without
dispersants is 100 %

Relative colour strength [%]

Pigment PP 1000 PEG 600 MGS MGS+PEG 600
C.LP. Yellow 95 105 166 175 180
C.P.Black7 130 96 109 87
C.P.Green7 125 95 130 110
C.IP.Red 177 117 97 133 98

confirm the interpretation and conclusion of rheological
behaviour and filtration ability of pigments in model oli-
gomeric liquids, and reveal a significant positive influ-
ence MGS on colour strength of C.I.P. Red 177 and
PEG on the same quantity of C.l.P. Yellow 95 in PP fi-
bres. Both do not influence on colour strength of C.I.P.
Green 7 in PP fibres.

CONCLUSION

— Rheological behaviour and filterability of pigment dis-
persion in model liquids represent the sensitive meth-
ods for evaluation of pigment and concentrate process-
ing in pigmenting of polypropylene fibres in mass.

— Degree of pigment dispersion is proportional to colour
strength of pigment in polymer medium (PP oligomer,
PP fibres) and depend on the mutual interactions of
components (thermodynamic conditions), and rheo-
logy (kinetic conditions) of multicomponent system in
procedure of pigmenting of fibres in mass.

The financial support of the Slovak grant agency
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SPRACOVATELNOST DISPERZil ORGANICKYCH
PIGMENTOV V POLYPROPYLENE
A POLYPROPYLENOVYCH VLAKNACH

Translation of Article:
Processing of the organic pigment dispersion in polypropylene and polypropy-
lene fibres

Pigmentacia syntetickych vlakien v hmote predstavuje déleZity postup farbenia, ktory je zalo-
Zeny na dispergacii pigmentov v polyméri pred zvlaknenim. V tejto praci sa Studuju spracova-
tel'ské vlastnosti disperzii organickych pigmentov v polypropyléne (PP). Reologické vlastnosti
a filtrovatelnost disperzii pigmentov v oligomérnom PP sa predstavuju ako metddy pre hodno-
tenie dispergacného procesu a aglomeracie pigmentovych astic v disperzii. Z vysledkov prace
vyplyva, ze tieto metédy su velmi vhodné pre Studium vzajomnych interakcii zloziek v bindrnom
alebo ternarnom systéme PP-pigment a PP—pigment—dispergator. Reologické vlastnosti dis-
perzii pigmentov poskytuji cenné informécie o stupni disperzity pigmentov v polyolefinoch a o ich
tokovych vlastnostiach. Zistila sa priamoumerna zavislost medzi niektorymi parametrami reolo-
gickych empirickych vztahov a filtrovatelnostou pigmentovych disperzii.

1.Uvod

Organické pigmenty uréené pre pigmentaciu syntetic-
kych vilakien v hmote predstavuju niekolko skupin latok
s rozdielnou Strukturou, ktoré obsahuju chromoforové
skupiny. Vyznacuju sa nerozpustnostou a nizkou disper-
govatelnostou v polymeéroch, najma v polyolefinoch. Na
druhej strane poskytuju vysoku farebna silu a brilantné
odtiene vyfarbenych vlakien s vysokymi stalostami.
K délezitym skupinam pigmentov pre sfarbenie synte-
tickych vlakien patria monoazo- a disazopigmenty,
izoindolinové, perylenové, antrachinomove, chinakrido-
nove, ftalocyaninove a disoxazinove [1].

Sucasny vyvoj syntézy organickych pigmentov sledu-
je pripravu vysokouzitkovych pigmentov so zlepSenymi
spracovatelskymi viastnostami, stalostnymi a aplikac-
nymi charakteristikami [2, 3]. Su to najma ,latentné pig-
menty* [4] a ,nanokoloranty” [5] s velkostou Castic 80—
300 nm.

Pigmentacia chemickych vlakien v hmote pozostava
z dvoch postupov: 1. Priprava farebnych koncentratov
a 2. ich dispergacia a homogenizacia so zakladnym po-
lymérom pred zvlaknenim. Farebné koncentraty sa
skladaju spravidla z pigmentu, polymérneho nosica
a dispergatora. Pridavaju sa k zékladnému polyméru
pred zviaknenim niekolkymi postupmi, najcastejsie in-
jekénym postupom alebo davkovanim koncentratu do
nasypky extrudera.

Stupen disperzity pigmentu v koncentrate silne zavi-
si od vzajomnych interakcii medzi komponentami najma
na fazovom rozhrani tuhych Castic a tiez od kinetickych
podmienok a reoldgie dispergacného a homogenizacné-
ho procesu [6, 7].

V experimentalnej praci sa Studovali reologické viast-
nosti a filtrovatelnost disperzii organickych pigmentov
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v nizkomolekulovom polypropyléne ako metddy pre po-
sudenie stupna disperzity a aglomeracie pigmentovych
&astic. Dalej sa posudila Gloha dispergétorov v PP dis-
perziach a PP vlaknach farbenych v hmote. Disperga-
tory pre zvySenie stupna disperzity pigmentov v PP boli
na baze oligomérov s polarnymi funkénymi stupfiami.
Pre posudenie vzajomnych interakcii zloziek v disper-
zii pigmentu sa stanovili niektoré vybrané koeficienty
reologickych vztahov odvodenych pre disperzie tuhych
Castic a filtrovatelnost tychto disperzii. Pouzili sa pritom
nasledovné vztahy [7, 8]:

a) Ostwaldov a de Waeleov

T=ki" 1)

kde tje Smykové napatie, ¥ je Smykova rychlost,
k a n su koeficienty,

b) Einsteinova rovnica
n = no(1 + ke.®) (2)
kde n je viskozita disperzie, n je viskozita prostre-
dia, ke je tvarovy koeficient a @ je objemovy zlomok
pigmentu v disperzii.
¢) Doroszkowského a Lambournerova rovnica
logn = logn.,, + At (3)

kde A je koeficient aglomeracie, 1., nekonecna vis-
kozita pre 1" — 0.

d) Filtrovatelnost Fy; pigmentovych disperzii v oligo-
mérnych modelovych kvapalinach sa stanovila me-
ranim prirastku tlaku pred filtrom (Ap) na jednotku pre-
filtrovanej disperzie

Fq = Ap/m (4)
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2. Experimentalna ¢ast

Metody merani

Reologické vlastnosti pigmentovych disperzii sa me-
rali na rotaénom viskozimetri Rheotest Il.

Filtrovatelnost disperzii sa merala na laboratérnom
zariadeni Filtertest. Filtrovatelnost F,4 sa vypocitala ako
podiel prirastku tlaku pri filtracii a hmotnosti filtratu. Dis-
perzia pigmentu sa filtrovala za definovanych podmie-
nok cez kovoveé sito 6 400 mesh.

Relativna farebna sila sa stanovila pouZitim colorimet-
ra Datacolor. Disperzie organickych pigmentov sa prip-
ravili v laboratornych podmienkach pouzitim vysokoo-
tackoveho homogenizéra pri 80 °C za ¢as 10 minut.

Polypropylénové viakna farbené v hmote sa pripravili
na pilotnej linke pri 250 °C. Pri farbeni sa aplikovali kon-
centraty s obsahom pigmentu 20% hmot. Jemnost via-
kien bola Tdtex = 168 dtex x 48f.

3. Vysledky a diskusia

Index pseudoplasticity n (rovnica 1)

Vysledky zakladnych reologickych merani pigmento-
vych disperzii v PP 1000 st na obr. 1 a 2. Zavislosti log
1 =f (logy) st linedrne a pri vy$$ich koncentréaciach pig-
mentu sa skladaju z dvoch ¢asti s rozdielnymi smerni-
cami. Prechodova oblast, pri ktorej dochadza k zmene
v tokovych vlastnostiach disperzie sa posuva pri vys-
Sich koncentraciach pigmentu v disperzii ku vy§§im
Smykovym rychlostiam.

Zavislost indexu pseudoplasticity n od koncentracie
pigmentu sa Stiepi na dve urovne a to pre nizke (n;)
a vysoké Smykove rychlosti (n,). Je zrejmé, ze vys$sie
koncentracie pigmentovych ¢astic v hydrofébnom kva-
palnom prostredi PP 1000 umoznuju ich vzajomné in-
terakcie a tvorbu aglomeratov. Vysledky v tab. 2 indiku-
ju, Ze kriticka koncentracia pigmentov zavisi od ich
chemickej a morfologickej Struktury. Kriticka koncentra-
cia pre C.I.P. Red 144 je 6 % obj., pre C.I.P. Green 7
je 8 % obj. a pre C.I.P. Yellow 95 je 12 % obj. Podobné
zmeny v reologickych vlastnostiach pigmentov v PEG
600 neboli zaznamenané. Pre tieto disperzie je charak-
teristicka jedna hodnota indexu pseudoplasticity n
(tab. 2).

Pritomnost monoglyceridu kyseliny stearovej (MGS)
v PP 1000 meni vyznamne reologické chovanie sa dis-
perzie. émykové napétie stupa s obsahom MGS a do-
sahuje maximalne hodnoty pri koncentracii 40-50%
MGS na pigment v PP 1000 (obr. 3). Podobny vplyv
MGS na reologicke vlastnosti disperzie sa pozoroval aj
v pripade pridavania zmesi PEG a MGS do disperzie
pigmentu v PP 1000 (obr. 4). V obidvoch pripadoch
MGS ako kvapalné aditivum zvySuje Smykové napétie
pri konstantnej Smykovej rychlosti podobne ako ,zvyse-
nie“ koncentracie pigmentu.
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Tvarovy koeficient k¢ (rovnica 2)

Koeficient kg vyjadruje asymetriu tuhych monodgastic
a ich aglomeratov. Zavislosti na obr. 5 poukazuju na
vyznamne vy$Sie hodnoty ke pre pigmentové Castice
v PP 1000 ako zodpovedaju idedlnym sférickym cGasti-
ciam (kg ~ 2,5). Tvar aglomeratov pre C.I.P. Yellow 95
a C.I.P. Black 7 sa nemeni v zavislosti od koncentracie
pigmentu, avSak absolutne hodnoty kg pre C.I.P.
Black 7 su trojnasobne vysSie ako pre C.I.P. Yellow 95.
Mierne zvySenie ke pri vy$Sej koncentracii pigmentu vy-
kazuje C.I.P. Green 7 a silna zavislost tejto veli¢iny od
koncentracie sa nasla pre C.1.P. Red 144. Teda najvys-
Sia asymetria Castic pigmentu v PP 1000 sa stanovila
pre sadze a Cerveny disazopigment.

Viskozita pri ,nekone¢nom* Smykovom napati
N a koeficient aglomeracie L (rovnica 3)

Zavislost viskozity n, od koncentracie pigmentov je
typicky exponenciélna (obr. 6). V sulade s tvarovym
koeficientom pigmentovych Castic viskozita disperzie
C.I.P. Black 7 v PP 1000 je najvysSia a pre C.I.P. Yel-
noty rastu Umerne s koncentraciou tuhych ¢astic.

Rovnica (3) dava priamoumernu zavislost pre dispet-
zie pigmentov v PP 1000 s definovanymi koeficientami
n- @ A. Koeficient A je spojeny so schopnostou pigmen-
tovych Castic tvorit labilnu siet v disperzii ako vysiedok
vzajomnej interakcie zloziek. Vysledky na obr. 7 pouka-
zuju na velky rozdiel v aglomeracnej schopnosti pig-
mentov v prostredi polyolefinu. C.I.P. Black 7 a C.I.P.
Yellow 95 vykazuju vySSiu aglomeraénu schopnost ako
antrachinonovy C.1.P. Red 177 a ftalocyaninovy C.I.P.
Green7.

Filtrovatelnost pigmentovych disperzii

Filtracia disperzii pigmentov v polyméroch sa usku-
toCniuje spravidla pri konstantnej rychlosti. Zachytava-
ci koeficient pri filtracii jemnych Castic v disperzii je velmi
maly, preto filtracia sa mdze porovnavat s tokom disper-
zie v kapilarnom viskozimetri, kde sucet prierezov otvo-
rov kovoveho sita predstavuje efektivny prierez kapila-
ry viskozimetra. Vysledky filtrovatelnosti pigmentovych
disperzii su v tab. 3. Najvyssie hodnoty F, patria disper-
zii C.I.P. Red 177 a najnizSie C.1.P. Yellow 95. Filtrova-
telnost je priamoumerna koncentracii pigmentu v dis-
perzii a v logaritmickej stupnici predstavuje priamku
(obr. 8).

Zavislost filtrovatelnosti od koeficientov reolo-
gickych rovnic

Experimentalne vysledky ukazali, Ze zavislost 1,
a A od koncentracie pigmentu v kvapalnom médiu su
analogické ako zavislost filtrovatelnosti. Potom sa moze
napisat:
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logn, = a; + by.logd (4)
logh = a, + b,.logd (5)
logF4 = az + bs.log® (6)

Podobnost tychto vztahov poukazuje na podobnost
toku disperzie vo viskozimetri a toku disperzie cez otvo-
ry filtracného sita pri filtracii. Z tychto vztahov (4-6) sa
mdze vyjadrit filtrovatelnost ako funkcia viskozity pri ne-
kone&nom Smykovom napéti .. a koeficientu aglome-
racie .

logF, = a3 + b[logn,, + logh — (a, + a,) J/(by + by) (7)

Koeficienty a; a b; pre disperzie niektorych pigmentov
v PP 1000 su v tab. 4.

Analyza rovnic 4-6 a 7 a experimentalne vysledky
poskytuju jednoznaénu informéciu, ze vysoké hodnoty
filtrovatelnosti su Umerné ,nekonecnej* viskozite n,
a koeficientu aglomeracie 1. Vyssie hodnoty n,, a A vyp-
lyvaju spravidla z vysokého stupria disperzity v kvapal-
nom prostredi, o vedie k zaverom, Ze filtrovatelnost
jemnych Castic pigmentu nie je spojena s velkostou pri-
marnych ¢astic, ale je vysledkom aglomeracnej schop-
nosti (kohéznych interakcii) Castic. Kym ,nekonec¢na"
viskozita je nepriamoumerna stupnu dezintegracie ag-
lomeratov pri ,nekone¢nom" Smykovom napati, koefici-
ent aglomeracie je ,zodpovedny* za dezintegraciu ag-
lomeratov v podmienkach Smykove;j rychlosti (napétia)
v disperzii. Na zaklade tychto poznatkov zhorSenie
spracovatelnosti pigmentov v polypropyléne stipa v ra-
de: C.I.P. Yellow 95, C.I.P. Black 7, C.I.P. Green 7
aC.l.P. Red 177.

Vplyv dispergatorov

Z vysledkov z tab. 5 je vidiet pozitivny vplyv niekto-
rych aditiv s polarnymi funkénymi skupinami ako napr.
monoglyceridu kyseliny stearovej a polyoxyetylén-
glykolu na spracovatelnost a filtrovatelnost pigmen-
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tovych disperzii. PEG zlepSuje parametre spracova-
tefnosti n., a A pre disperziu pigmentu C.I.P. Yellow
95, kym MGS vykazuje vy33iu pozitivhu aktivitu
v disperzii pigmentu C.I.P. Red 177 v PP 1000. To
dokazuje, ze pre niektoré pigmenty pri farbeni PP
vlakien v hmote je vyhodnejsi dispergator s polarnej-
§imi skupinami a vodikovymi vazbami (C.I.P. Yellow
95 — PEQG) a pre iné je vyhodnejSi menej polarny dis-.
pergator (C.I.P. Red 177 — MGS). Ani jeden z pouzi-
tych dispergatorov neovplyviuje vyznamnejsie reolo-
gickeé chovanie a filtrovatelnost disperzie pigmentu
C.I.P. Green 7 v PP 1000. Na z&klade tychto vysled-
kov sa aplikovali niektoré dispergatory pri farbeni po-
lypropylénovych vlakien v hmote.

Vysledky v tab. 6 potvrdzuju interpretaciu a zavery
reologického chovania a filtrovatelnosti pigmentov
v modelovych oligomérnych disperziadch. Dispergator
MGS zvySuje farebnu silu pigmentu C.I.P. Red 177
a dispergator PEG je ucinny pre pigment C.I.P. Yellow
95 pri farbeni PP vlakien v hmote.

Zaver

— Reologické chovanie a filtrovatelnost pigmentovych
modelovych disperzii predstavuju citlivé metédy pre
hodnotenie spracovatelnosti pigmentov pri pigmen-
tacii PP vlakien.

— Stupen disperzie pigmentu je umerny farebnej sile pig-
mentu v polymérnom médiu (PP oligomér, PP viak-
no) a zavisi od vzajomnych interakcii zloziek (termo-
dynamické podmienky) a reologickych viastnosti
(kinetické podmienky) viaczlozkového systému
v procese pigmentacie PP vlakien v hmote.

Publikacia bola vytvorena za finanénej podpory

Grantovej agentury SR, grant VEGA 1/8106/01
(A-26/01).
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INFLUENCE OF ULTRASOUND VIBRATIONS VARIOUS
FREQUENCIES ON CELLULOSE FIBERS SWELLING AND
MECHANICAL CHARACTERISTICS
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Faculty of Technology, University of Nis, Bulevar oslobodjenja 124, 16000 Leskovac, Serbia-Yugoslavia
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Ultrasound vibrations cause compression and refraction in water medium, i.e. high and low
pressure areas, respectively. The refraction itself creates bubbles that spread, and finally, during
compression, undergo to disintegration, making shock-waves. This phenomenon of creation and
disintegration of bubbles (known as cavitation) is generally responsible for most of the ultrasonic
physical and chemical effects observed in solid-liquid and liquid- liquid systems. Thus uitrasonic
energy has been applied in textile industry, as well, for the most part in soaking processes, and
textile washing, cleaning and dyeing.

Ultrasound application in textile processes compiles heterogeneous systems in processing bath,
with textile substrates inside. However, mechanisms of ultrasound action on the substrates, active
substances and all fibers related phenomena inside the bath are not clear yet. This paper deals
with investigation of ultrasound action on textile substrates (bubbling and mechanical characteristics
of cellulose classical and micro fibers as well as cotton fibers). The fibers were treated in water,
at 25°C, with and without ultrasound vibrations (n = 40 kHz), during periods of 90 and 180
minutes, respectively. It appears that ultrasound vibrations contribute to increased fibers swelling
compared to the controlled fibers (not treated by ultrasound). After drying, the fibers diameter

retained the same size, and mechanical characteristics were not deteriorated.

1. THEORETICAL PART
1.1 Introduction

At the end of millenium ecology has become one of
the enterprising crucial issues. Textile industry, espe-
cially a final textile processing touches some very much
ecological problems. That is why a research to find or
invent new technological processes with less ecologi-
cal implications has never stopped.

Compared to chemicals being employed in textile re-
finement processes, use of ultrasound seems to be
much more acceptable from ecological point of view.
Some previous reports already anticipated use of ultra-
sound in textile industry, primarily in: washing and dry-
ing processes, preparative processes of some wet fin-
ishing, textile fibers dyeing etc. That is why it was
necessary to explore some damaging ultrasound effects
on textile fibers properties.

This paper is a part of research done for the require-
ments of project titled ,Modern Approaches in New
Dyeing Procedure Development for Optimal Pollution of
the Environment®, and financed by Science and Tech-
nology Ministry of Serbia.

1.2 Ultrasound

Man’s ear can detect sound waves with lower limit of
16—20 Hz, and the upper limit of 16000-20000 Hz, de-
pending on the recipients individual characteristics and
age.
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A sound with frequencies below 16 Hz (the lower limit
of man’s hearing) has been called infrasound. A sound
with frequencies belonging to 20000-10'° Hz range
(“the over-hearing range”) has been called ultrasound.
A sound with frequencies over 10'° Hz is being called
hypersound.

Depending on the wavelengths and frequencies, ul-
trasound expresses some specifies in its irradiation,
spreading and reception, and so in its application. From
these reasons, it is convenient to divide ultrasound fre-
quencies range in three major areas: low-frequency ul-
trasound (20000-100000 Hz), high-frequency ultra-
sound (10°-10° Hz), and diagnostic ultrasound
(10°~10" Hz).

Ultrasound waves obey to the same spreading laws
as the other acoustic waves from all frequencies ranges.
They are obedient to general wave equation, applicable
to all frequencies. Then, similarly to electromagnetic
waves, ultrasound waves obey to general reflexion and
refraction laws at various mediums borders, to diffrac-
tion in the presence of obstacles and heterogeneity’s
inside the medium, to absorption (i.e.weakening) during
spreading (because of sound’s energy transformation
in other, most often heat form), to interference
(i.e.simultaneous action of many sound waves inside
the same medium), to formation of standing waves, to
focusing by using acoustic lenses etc. However, con-
trary to electromagnetic waves, ultrasound waves
spreading take place in the mediums with elastic char-
acteristics only. That is why the ultrasound waves are
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so clearly distinguished from light and other forms of
electromagnetic waves that freely spread in universe.
During the ultrasound spreading the elastic medium
particles oscillate and transfer energy across the me-
dium towards the waves spreading direction. The os-
cillations intensity is proportional to the applied force
and its duration. During this process, an energy trans-
fer among the particles take place, and not the particles
shifting.

Depending on the external applying force on an elastic

material, one may distinguish two kinds of waves:

- Longitudinal waves, with particles oscillating in di-
rection parallel to the waves spreading direction,
appearing in the mediums in all three aggregate
states;

— Transversal waves, with particles with particles
oscillating in direction vertical to the waves spread-
ing direction, appearing in solids only (1,2).

1.3 Ultrasound application

Ultrasound has been broadly applied in many areas,
like: mechanical treatment, welding, metals crystalliza-
tion, metallization, soldering, plastic deformations, ther-
mal stabilization, cleaning, aerosols coagulation, emul-
sions, dispersions, scattering, electrochemical
processes, materials refinement, medical therapy and
surgery, investigations of constructions stability. Also,
it has been applied in microscopy and visualization,
defectoscopy, medical diagnostics, materials testing
without damaging, hydrolocation, fluids level, volume
and flow control, in navigation and signalization, mate-
rials structures analysis, in acoustic communications, in
environment protection. Few multidisciplinary areas
emerged as a result of the application: acoustic elec-
tronics, acoustical optics, and sonochemistry (3,4).

One of the most important sonochemical effects is
cavitation. Ultrasound vibrations cause compression

and refraction in water medium, i.e. high and low pres-
sure areas, respectively. The refraction itself creates
bubbles that spread, and finally, during compression,
undergo to disintegration, making shock-waves. This
phenomenon of creation and disintegration of bubbles
(known as cavitation) is generally responsible for most
of the ultrasonic physical and chemical effects observed
in solid-liquid and liquid- liquid systems. Thus ultrasonic
energy has been applied in textile industry, as well, for
the most part in soaking processes, and textile wash-
ing (5), bleaching (6-8) and dyeing (9-22).

Ultrasound application in textile processes compiles
heterogeneous systems in processing bath, with textile
substrates inside. However, mechanisms of ultrasound
action on the substrates, active substances and all fi-
bers related phenomena inside the bath are not clear
yet. This paper deals with investigation of ultrasound
action on textile substrates (bubbling and mechanical
characteristics of cellulose classical and micro fibers as
well as cotton fibers).

2. EXPERIMENTAL PART

2.1 Ultrasound influence on cellulose fibers
swelling

Ultrasound influence on cellulose fibers swelling at
25°C has been studied in order to better understand
ultrasound effects on wet textile processes. The inves-
tigations were done on the next textile fibers: Russian
cotton ST | 33/34 (100 fibers), ZW classical type fiber,
and ZW microfibers (50 fibers each).

The fibers were exposed to ultrasound action in dis-
tilled water for few time intervals. The fibers diameters
changes were detected by using microscopy. The experi-
ments were done in ultrasound bath Sonic (SONIC - YU),
with frequency of 40 k and power of 150 W.
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Fig. 1 The cotton fibers diameters changes, depending on the time of uitrasound treatment in distilled water.
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Fig. 2 The cellulose microfibers diameters changes, depending on the time of ultrasound treatment in distilled water.
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Fig. 3 The diameters changes at classical type cellulose fibers, depending on the time of uitrasound treatment in distilled water.

The histograms as well as the Table 1 point outthe swelling is equal to 24 hours swelling without ultra-
cavitation effect as the major force behind the increased ~ sound. This is very important for wet textile processes,
fibers swelling. The ultrasound induced 90 minutes primarily for washing, bleaching and dyeing.

Table 1 The increase of the fibers diameters (%)

H,O H,O + Ultrasound (40 kHz)
60 min 90 min 180min 24 h 60 min 90 min 180 min
Cotton 5-8% 7-12% 12-29% 20-26% 9-13% 11-22% 25,7 - 30%
ZW classical 6.4% 7.3% 9.7% 12% 7.9% 11.4% 17.6%
ZW mikro 8.1% 17.6% 22.9% 23% 17.3% 26.7% 28%
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Table 2 The fibers mechanical characteristics, depending on the
way of treatment.

Russian cotton ZW classical
cN/tex | (%) cN/tex 1 (%)
sD SD SD SD
cVv Cv Ccv cv
0 min 27.32 7,2 16,34 18,79
1.06 0,2 1,94 2,12
3.94 3.0 0.27 0.3
H,0 — 90 min 28,22 7,5 17,84 15,84
without US 1,17 0,3 2,81 3,09
4,23 3,5 0,4 0,44
H,O ~ 180 min 27,97 7,6 17,24 17,94
without US 1,52 0,2 1,56 2,63
5,54 3,0 0,22 0,37
40 kHz - 90 min 26.76 7,3 16,4 15,7
1.39 0,3 2,46 4,04
5.29 4,2 0,35 0,57
40 kHz — 180 min  26.81 7.7 16,89 19,84
1.64 0,4 1,34 2,6
6.23 4,6 0,19 0,37
200 kHz - 90 min ~ 25.54 7,6 - -
0,95 0,2 - -
3.81 0.2 - -
600 kHz - 90 min 26.02 7,3 - -
1.95 0,3 - -
7.64 4,0 - -

2.2 Ultrasound effects on the fibers mechanical
characteristics

Cotton and cellulose fibers were treated in distilled
water for 90 and 180 minutes respectively, without and
with 40 kHz ultrasound treatment. The 200 and 600 kHz
ultrasound duration was 90 minutes.

The cotton fibers mechanical characteristics were in-
vestigated on USTER HVI 900 apparatus
(ZELWEGER), while those of cellulose fibers on
VIBRODIN (LENZING). The statistically handled resulits
were shown at Tab. 2.

The cotton fibers exposed to ultrasound express a
weakening of the strength, and insignificant elongation.
The maximal strength weakening is 6.5%, found for 90
minutes of treatment with 200 kHz ultrasound. No such
changes were found at the cellulose fibers. One could
say that ultrasound does not have a significant influence
on the mechanical characteristics, i.e. does not damage
them. That offers a lot of potential possibilities to ultra-
sound application in textile industry.

Vldkna a textil 9 (1) 12-16 (2002)

CONCLUSION

Cavitation caused by ultrasound contributes signifi-
cantly to textile fibers swelling. On the other hand, it
does not damage them in dried state.
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VPLYV ULTRAZVUKOVYCH VIBRACIi S ROZNYMI FREKVENCIAMI NA NAPUCIAVANIE
A MECHANICKE CHARAKTERISTIKY CELULOZOVYCH VLAKIEN

Translation of Abstract:
Influence of ultrasound vibrations various frequencies on cellulose fibers
swelling and mechanical characteristics

Ultrazvukové vibracie spOsobuju stlaéenie (zhustenie) a zlom vo vodnom médiu t.j. oblasti s
vysokym &i nizkym tlakom. Samotny zlom vytvara bubliny, ktoré sa rozsiruju a nakoniec, po&as
stlacenia podliehaju rozpadu a vytvaraji nérazové viny. Tento jav vzniku a rozpadu bublin (znamy
ako kavitdcia) je vSeobecne zodpovedny za vacsinu fyzikalnych a chemickych vplyvov ultrazvuku
pozorovanych v systémoch pevna-kvapalna a kvapalna-kvapalna faza. Ultrazvukova energia je
pouzivana v textiinom priemysle rovnako v namacacich procesoch ako aj pri prani, gisteni a
farbeni textilu.

Pouzitie ultrazvuku v textilnych procesoch zahria heterogénne systémy textilie v spracovatel-
skom kupeli. Avak mechanizmy pdsobenia ultrazvuku na textiliu, aktivne latky a vietky viakna
spojené s javmi vnutri kipela eSte nie si zname. Nasa praca sa venuje vyskumu vplyvu ultrazvuku
na textilie (tvorenie bublin a mechanické charakteristiky celulézovych klasickych mikrovlékien,
ako aj bavinenych vlakien). Vlakna boli oetrené vo vode pri 25°C s pouzitim i bez ultrazvukovych
vibracii (n = 40 kHz) pogas 90 a 180 min. Ukézalo sa, Ze ultrazvukové vibracie prispeli k zvy$eniu
napucania vlékien v porovnani s vldknami neoSetrenymi uitrazvukom. Po suseni mali viakna ten
isty priemer a mechanické charakteristiky neboli zhor§ené.
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RHEOLOGICAL MODELS AND MEMORY FUNCTIONS OF
YARN EXTENSION

Stojiljkovie, D. T., Pejic, D. M., Petrovic, V. M.

Faculty of Technology, Trg oslobodjenja 124, 16000 Leskovac, Serbia, Yugoslavia
E-mail: dragansto@yahoo.com (D. Stojiljkovic)
gagip@ptt.yu (D. Pejic) fax: +381 16 242-859

ON THE BASIS OF EXPERIMENTAL RESEARCH OF YARN EXTENSION UNDER STANDARD
CONDITIONS OF EXAMINATION AND THE BASIS OF THE MODEL (1-5), RHEOLOGICAL
MODELS FOR THE FOLLOWING YARNS HAVE BEEN ESTABISHED: A) WOOLEN YARN, B)
COTTON YARN AND C) WOOL 70% - PES 30% MIXTURE. WOOLEN YARN RHEOLOGICAL
MODEL HAS BEEN IMPROVED IN COMPARISON TO THE MODEL (1). IN THE PAPER (1),
YARN EXTENSION HAS BEEN DEVIDED INTO ELASTIC AND VISCOELASTIC PART. ELASTIC
PART WAS PRESENTED BY MAXWELL'S MODEL AND VISCOELASTIC PART BY BURGER’S
MODEL. IN THIS PAPER, THE WHOLE RANGE WAS PRESENTED BY BURGERS’ MODEL. ON
THE BASIS OF RHEOLOGICAL MODELS, USING LAPLASIAN’S, TRANSFORMATIONS, YARN
MEMORY FUNCTIONS HAVE BEEN DETERMINED.

1. INTRODUCTION

Knowledge of yarn mechanical properties is a very im-
portant factor in projecting of yarn processing techno-
logical processes. On of the most important properties
is force dependence (F) or stress (o) — relative elonga-
tion (g).

According to Burger’s superposition principle, total
action of all cases of tension change or deformations in
viscoelastic materials is equal to the sum of individual
tensions or deformations of each of the cases.

For arbitrary law of tension or deformation change,
Boltzman'’s principle can be written in the form (8),

t
o(t) - Ee(t) - ot —1)-d (1)
0

t
(t) - %c(t) + Jwlt =)o)t @)
0

where ¢ and y are so called memory functions of ten-
sion and deformation. The essence of these functions
reflects in the fact that the influence of tension or defor-
mation change occuring at low argument t values is less
than the influence of later changes (at higher t values).

Table | shows woolen yarn measurement results

e % 0 0.5 1 1.5 2 25 3
o GPa 0 0.68447 1.185 1.8027 249 3.166 3.723

In other words, these functions show (memorize) the
influence of previous actions (at lower argument t val-
ues) on later actions (at higher argument t values).

In this paper (7) , the method of viscoelastic materi-
als memory function using h’s transformations has been
described.

2. EXPERIMENTAL

In this paper, three sorts of yarn have been examined:

a) woolen yarn T;= 21 tex, T-62, T,,,= 1820 1/m Typ-62,
CV =6.78 %,;

b) cotton yarn T,= 10 tex,T,,= 1820 1/m. CV = 16.7%

c) yarn produced from wool-PES mixture : 70 % wool
and 30 % PES mixture, T,= 125 tex, T-61, T,,= 1080
1/mCV =115 %.

The measurements were under the standard testing
conditions (I, =0.5m,t=20+2 °C, ¢ = 65 + 2%), on
the automatic tensionmeter of the Textechno firm. Be-
fore the measurements were carried out the yarn had
been left for 24 hours in standard conditions for attain-
ing moisture equilibrium and relaxation. A hundred and
twenty samples at a time were measured and for each
sample a stress (force) — relative elongation curve was
obtained. For each relative elongation percent, mean
force value was calculated.

Measurement showed dependence force (F) - rela-
tive elongation (g). In (8), the following expressions are

Table 2 shows cotton yarn measurement results

€% 3.5 4 4.5 5 5.5 6 6.5
c GPa4.169 4.397 4.498 4.634 4.733 4.829 4.911

€% 0 0.5 1 1.5 2 2.5 3
cGPa 0 2.295 4.669 6.775 8.359 10.04 11.67

e % 7 7.5 8 8.5 9 9.5
o GPa4.964 4982 5.055 5211 5.248 5376

€% 3.5 4 4.5 5 5.5 6
o GPa 13.45 15.42 1743 19.47 21.62 23.577

Vidkna a textil 9 (1) 17-23 (2002)

17



Table 3 shows woolen-PES mixture measurement results

e % 0 1 2 3 4 5 6
ocGPa 0 4.544 8.272 12.358 16.168 19.547 22.8

e % 7 8 9 10 11 12 13
o GPa 25.61 28.052 30.126 32.189 34.126 35.979 35.632

e % 14 15 16 17 18 19 20
o GPa39.358 41.032 42.621 44.621 46.442 50.379 52.505

e % 21 22
o GPa55.189 57.715

given for yarn diameter and yarn cross-section surface
determination (3):
for woolen yarn: d = 0.1538 mm, A = 1.86 107'"°[m?).
for cotton yarn: d = 0.095 mm, A=7.1 107" [m?].
for wool-PES mixture: d = 0.11 mm,
A=9.510"[m?.
Stress s is: o = F/A

3. RHEOLOGICAL MODELS FORMULATION

3.1 for woolen yarn

In the paper (1-2) woolen yarn elongation rheological
model under standard conditions has been formulated.
Yarn elongation range has been divided into elastic and
viscoelastic part.

Elastic part was presented by Maxwell’'s model, and
viscoelastic part by Burger’s model. In this paper the
whole elongation was presented by Burger's model.

f Tk =
Nm Em ’—————} F ‘l ‘—e:— F
AW Be + ”pdj—j B o=
- W

Fig. 1 Burger's model Fig. 2 Leserich’s model
Strain rate for Burgers model equals to the sum of
deformation velocities of Maxwell’'s and Kelvin-Voigt's
models:
Epy = Em + £ (5)
Rheological equation of Burger's mode! can be writ-
ten in following form (1):

gbu.nlsE'_ﬂ_*_nm .ébu =

k

_s MM B + Ty B ©
Em'Ek Em'Ek

Since the clamp motion is constant, strain rate can be
assumed as constant too, i.e. &g, = const. In that case, the
differential equation (6) can be given in the following form:

18

wooll 100%

x A experim.
—— model c o5
X error | %_10
et t ‘-15
0051152 253354455556 657 758 859 95
e (%]

0 A~H

Fig. 3

5. 0m M o NmEm + By + NEm
Em - E, Em-Eq

+0=Mm-Epy (7)

General solution to the differential equation (7) equals
the sum of homogeneous and inhomogeneous parts
solutions, i. e.:

o =op+op = c1exp[—ij + Czexp[—ij it (8)
T

1 T2
where:
1
—= ©)
T2
_ Mo + i + T Y (i + T+ 14Em)? =41,

2NMm

Since: t = [I5/(100.v)]- = [0,5/(100-0,0021]-c =
2,3809524-¢ [s],

where: ;= 0.5m — specimen length, v = 0.0021 m/s —
tensometer clamp motion mean velocity,

& = (v/lo)-100 = (0,0021/0,5)-100 = 0,42 m/s = const

Constants C, and C, are determined out from the
condition that at the momentt=0, =0, and ¢ = 0. Re-
placing in (8) C, = —C,is obtained. Under the supposi-
tion that elasticity modulus and viscosity coefficients of
Kelvin’s and Maxwell's models are the same, i.e. E,, =
E = E and n, = n, = n, the expression (9) is:

1 (Sixfg)E

T2 2 n (19)

Constant C, values, E/n relation, i.e. elasticity modu-

lus E values and viscosity coefficients n, are determined

from the following equations obtained by the replace-

ment of the experimental results in the equation (8), that

is: fore=2% o =2.49 GPa, fore=5.5% o = 4.733 GPa
and for ¢ = 9.5% o = 5.376 GPa, and since,

3+\/§, a2=3_\/§
2 2

05

al= =
0,21

, t
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introducing the following symbols,

A = exp(—2a,tx) —exp(-2a,tx)
B = exp(-5.5a,tx) — exp(—5.5a,tx)
D = exp(-9.5a,tx) — exp(-9.5a,tx)

where x = E/n, a system of three equations with three
unknowns is obtained:

249-0.42n=C-A
4733-0.427=C B
5.367 -0.42n=C-D

Solving the equation system (11) gives:

C =-9.11842; E/n = 0.036; E=19.66 kPa
and ) = 54.6112 cNs/m?.

Final expression of the dependence stress-relative
elongation, obtained on the rheological model basis,
that is to say by replacing the coefficients obtained and
the integration constant in (8), has the form:

5 = -9,1182[exp(~0.224029¢) —
— exp(~0.0327399¢)] — 0.229367  12)

Fig. 3 shows the results obtained on the basis of ex-
perimental research, and the results obtained on the
basis of rheological model (9). Relative error of the re-
sults experimentally obtained, or on the basis of rheo-
logical model is under 10% except at the beginning of
elongation.

(11)

3.2 For cotton yarn

Cotton yarn elongation can be presented by
Leserich’s body, which presents order relation between
Newton’s and Kelvin’s model: L= N — K.

Deformation velocity of Leserich’s body is equal to the

sum of Newton'’s and Kelvin's body deformation velocity.
éL = éN + éK (1 3)

Newton’s and Kelvin’s body deformation velocity are:
. . E
SN:—E—! gk:%_ﬂk.gk, (14)
N Mk Tk

Deformation for Kelvin's body is:

£k = exp(—ﬁj{ao + iJ'csKexp(EK—tJ-dt] (15)
MK Nk MK

After replacement (15) in (14), deformation velocity is
obtained in the form:

£ = ..6_+_?-__E_Kexp(_.§ﬁ£j.
W Nk Tk MK

-{80 + lIchexp(—Eitj : dt}
Nk Mk
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Differentiation by time of the expression (16) gives the
differential equation of cotton yarn rheological model in
the form:

éng + £Exnn =S (M + Mk ) + Bk (17)

Since in this case & = const. And ¢ = 0., equation (17)
comes to:

O(T]N +T]K)+GEK = éEkT]n (1 8)

Differential equation solution (18) can be found in the
form:

(19)

c:-C-exp[— Ex tJ+nNé
Nk + NN

Integration constant C is determined from the starting
conditions, for t = 0, o = 0. Dependence stress-time,
after the integration constant has been determined, has

the form:
1ol
o =1yE| 1-exp| —
Tr

where : 1, = (11, + n)/Ex — relaxation time. Dependence
stress-relative elongation has the form:

. lo
M R T
r

On the basis of experimental data and the depen-
dence obtained on the basis of rheological mode! for
cotton yarn, the following equation has been obtained
by approximation:

(20)

(21)

o = 67,18824[1-exp(-0,0720731- e)] (22)

Under the supposition that dynamic viscosity coeffi-
cient for Newton’s and Kelvin’s model in Leserich’s
model has the same value, the following viscosity has
been obtained: E = 967.83 cN/m?, n = 15997.2 cNs/m?
and t,= 33.057 s.

Figure 4 shows the results obtained on the basis of
experimental research, and the results obtained on the
basis of rheological model (22). Relative error of the

cotton 100%

_o [Mpa) NV

A A experim. \
l model X
| x error

—+ t + t + + + -2
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70 + wooll-PES 12
o [Mpa]

A experim.
model
X error

10 12 14 16 18 20 22
€ [%]

Fig. 5

results experimentally obtained, or on the basis of rheo-
logical model is under 12%.

3.3 For yarn produced from wool-PES mixture

Extension of wool 70% — PES 30% mixture can be
presented by Burger's model. Formulation and deriva-
tion of rheological equations are the same as for woolen
yarn. On the basis of experimental results, bordering
conditions necessary for certain equations solution and
for certain coefficients determination have been estab-
lished.

C =211.0036; E/n = 0.027; E = 19.8566 kPa
and n = 714.28 cNs/m?.

Final expression of dependence tension-relative elon-
gation has the form:

o =-211.0036[exp(-0.01683022 -¢)] +
+211.0036[exp(-0.00245549 - )] (23)
+2.999975

Figure 5 shows the results obtained on the basis of
experimental research and the results obtained on the
basis of rheological model (9). Relative error of the re-
sults obtained experimentally and on the basis of rheo-
logical model for wool — PES mixture is under 8%.

4. MEMORY FUNCTION DETERMINATION

Yarn rheological models memory functions have been
determined using Laplace’s transformations in the fol-
lowing way:

N do(t) & det)
goak P %bl p (24)
where ¢ and ¢ are tension and deformation of yarn ob-
served as one-dimensional continuum. Coefficients a,
and b, are bearers of mechanic characteristics of basic
rheological models which make the complex yarn
model.

Adequately applied Laplace’s transformations to (24)
give integral presentation of relations between tension
and deformations which, depending on the mutual co-
efficient relation m and n, can have the following forms:

20

aim=n

tn
o(t) = Ae(t) +JZ "1 (%) ot oo )0
ok=1 ak
t m
g(t) =Bo(t) +Iz mes (B P 5(1)dt (25)
ok=1 Bk
bym>n
o(t) = iCm_ ™R (t) +.[Z n-1 et g(n)dt
k=n 0 k=1 n(ak)
&(t) J'Z eB*’ ). o(1)dx (26)
0 k= 1
cym<n
. Qm (o) {t-1)
t)= — e*" Y. g(r)dt
o '([g Prlax)
n t
e(t) = z n_kci(n_k)(f)%-J‘ZSrr:_W,(Bk) gh =) G(‘C)d‘[( )
k-m o k=1 Om(Bk)

where P,(p) and Q,,,(p) are certain polynomials appear-
ing in the transformation procedure, o, and B, are their
roots, and polynomials R,_ and S,,_; are remainder of
the division of Qn(p) with P,(p) and P,(p) with Q..(p),
respectively.

Comparing with Boltzman’s superposition low it is
possible to determine memory functions ¢(t—t) and y(t—
1) in the form (1 and 2).

Using previously mentioned procedure and under the
supposition of equal rheological constants of simple
models within the complex ones, expressions for
memory functions of Burgers':

E
o(t-1)= E—j—{(\/g - z)ea(ﬁ-?’)u—z) } X

+'117{(\/—+2)e 2n 253t UJ

1 —E(t—r)
y(t-1)=—|1re
n

and Leserich’s rheological model are obtained:

1 AE(t—t)
 w(t-1)=—|1+e N
n

Diagrams of these functions for the examined yarns
are given in Figure 6 (yarn 1), Figure 7(yarn 2) and Fig-
ure 8(yarn 3).

2 Euoy
Wt-0)=-e 2
8n

Vidkna a textil 9 (1) 17-23 (2002)



a) L (t-1) o y(t-1)
9
2x10 3,66
9
10 1,83
T/t 0 } . T/t
0 02 04 06 08 1 0 02 04 06 08 1
b) 1,oa11T‘ log ¢(t-1) d) 4 ¢ ylt-t) R
108407 - 3 /
1.0E+03 -
2 ;
1.0E-01 - . . - .
ot it
1.0E-05 } + ; ! 14 ; : : . -
0.998 0.9985 0.999 0.9995 1 0.999 0.9992 0.9994 0.9996 0.9998 1
Fig. 6 Yarn 1 (wool) memory functions
D ool 00 by 00126 yite)
: 0,0124 -+
0,072 1
0,071 0,0122 +
0,07 - p—— : : 0,012 - ‘ : 4 A
0 02 04 06 08 11t 0 02 04 06 08 p1
Fig. 7 Yarn 2 (cotton) memary functions
a) ‘ o(t-1) ©) W (t-1)
2 x10% 0.28 -
10%- 0,14 -
T/t 0 o T/t
0 0.2 04 06 08 1 0 0,2 04 06 0.8 1
1.0E+13 - log g(t-t) 03 7 yltr)
b d
) 1008 i ) 025 1
1.0E+03
1.0E-02 0.2y
1.0E-07
0.15 +
1.0E-12 oh it
1.0E-17 : — : ' — 0.1 — + + ¢ !
0.95 0.96 0.97 0.98 0.99 1 0.9985 0.9988 0.9991 0.9994 0.9997 1
Fig. 8 Yarn 3 (wool-PES) memory functions
Analysis of the relation E/v influence gives the following resuits:
—=yarn 1: a) (p(t-T) b) : w(t-1)
!
12
1 . |
08 Loem 3’66‘ 10Em EM 0,1EMm I
10 i
4 0,]E/T] 1,83 4
10
0 ‘ ' ‘ T/t 04 ' ‘ ‘ T/
0 02 04 06 08 1 0 02 04 06 08 1
log o(t-t)
1.0E+12 t
o) 1.0E405 A A —A d) 4 TW( &
1.0E-02 —O—Elml=Em »
1.0E-09 —X— E2/m2=10E/m .
1.0E-16 3+ A E3/m3=0,1E/m Sy
1.0E-23 —El/i=Em a7/
1.0E-30 —8—E2/n2=10Em \- A , /
10E-37 { | —&—E3m3=0.1Em 25 & & e o
1.0E-44
1.0E-51 it h
1.0E-58 + t —+ q 1 4 1 + + —
0998 09985 0999  0.9995 1 Fig.9 0999 09992 09994 09996 0.9998
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Fig. 11c

Woolen yarn tension memory functions in the range
up to 1/t = 0.998 have the same value, approximately
equal to zero, which means that yarn memorizes pre-
vious tension states well Fig 6a. In the range from
7/t = 0.998 to 1 that influence rapidly increases, there-
fore the influence of the previous state decreases,
Fig. 6b. In other words, yarn memory of the previous
tension states is poorer. With memory function, defor-
mations to the value 1/t = 0.9998 yarn memory of the
previous deformation states is good (memory function
has the constant value), Fig. 6¢. In the range between
7/t=0.9998 and 1, the influence of the previous yarn de-
formation states weakens, Fig. 6d.

For cotton yarn tension and deformation memory
functions have linear character, Fig. 7a, 7b, but their val-
ues are small, which means that the influence of the
previous yarn states is great, i.e. the function memo-
rizes previous tension and deformation states well.

in wool-PES mixture, yarn memorizes well previous
tension and deformation states to the relation 1/t = 0.95
i.e. ¢/t = 0.9985 and Fig. 8a, 8c. In the range up to the
relation 1/t = 1 the influence of previous yarn tension and
deformation states decreases Fig. 8c, 8d.

Figs. 9a, b, c, d show woolen yarn memory functions
when the relation E/n has values 0.1;1 and 10. Charac-
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Fig. 11d

ter of tension and deformation memory functions is the
same as for the examined yarn.

For cotton yarn, for the same E/n values, memory
function character does not change. Memory function
values change. Yarn memorizes previous state better
if the memory function has a smaller value, Fig. 104, b.
Memory function character is the same as for the ex-
amined yarn.

For wool-PES mixture, changing the relation E/n,
memory function character is the same as for the ex-
amined yarn.

4. CONCLUSION

On the basis of experimental examination of yarn
extension under standard examination conditions, rheo-
logical models of the examined yarn have been estab-
lished. For woolen yarn and wool-PES mixture, the ex-
tension was presented by Burger's model. This
improved the already existing rheological model of
woolen yarn (1) which woolen yarn extension presented
by Maxwell’s and Burger’s model. Cotton yarn was pre-
sented by Leserich’s model. The examination results
have showed that rheological models represent yarn
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extension well. Adequate physical values have also
been determined for the yarns: E, n and =.

On the basis of rheological models and using
Laplasian’s transformations, yarn memory functions
were determined. It was found out that woolen yarn and
wool-PES mixture memorize previous tension and de-
formation states well up to the relation t/t = 0.95. For cot-
ton yarn, tension and deformation memory functions are
linear. The influence of previous tension and deforma-
tion state is also significant. Changing the relation E/n
does not change the memory function character but
only their values.

REFERENCES

[1] Dragan T. Stojiljkovic, Woollen Yarn Extension, The Indian
Textile Journal, Vol.109, Dezember 1998, pp.84-89,

[2] Dragan T. Stojilikovic, Dragan Pejic, Odredjivanje funkcija
pamcenja predje, Hemijska industrija, Vol.53, No 9-
10,(1999), 256-263,

[38] D.T.Stojiljkovic,Z. Zivkovic, Z. Tasic, Modeling of Yarn Ex-

tension, Monography, Faculty of Technology, Leskovac,
(1995)

[4] Dragan T. Stojilikovic, Zivota Zivkovic, Zivota Tasic, Model-
ing of woolen Yarn extension, Facta Universitatis, Series:
Mechanics, Automatic, Control and Robotics. V1,
5,(1995),pp.645-653

[5] Dragan T. Stojilikovic, Stanisa T. Stojiljkovic, Braking of Yarn,
The Indian Textile Journal, Vol. 109, May, (1999),pp. 4449

[6) Dragan T. Stojilikovic, Ph.D. Tessis, Faculty of Mechanical
Engenieering, Nis(1992)

[7] Dragan Pejic, M.Sc.Tessis, Faculty of Mechanical Engineer-
ing, Nis,(1998)

[8] J.Webster,B.M. Laing, R.L. Enlow, Effects of Repeated Ex-
tension and Recovery on Selected Physical Properties of
ISO-301 Stitched Seams, Textile Research Jour-
nal,12,(1998), pp.881-888,

[9] D.B. Stokic, Primena Laplasovih transformacija na odredjivanje
funkcije pamcenja kod linearnih visko-elasticnih materijala,
Zbornik radova Tehnickog fakulteta u Nisu, (1966—-67)

[10} J.V. Schmitz, Testing of Polymers, V1, Interscience Publish-
ers,(19650,

[11] M.Reiner, Rheology, Springer-Verlag, Berlin, (1958),

[12] G. Vinogradov, A.Ya. Malekin, Rheology of Polymers, Mos-
cow, (1980).

Received: November 2001

REOLOGICKE MODELY - PAMATOVE FUNKCIE
PREDLZENIA PRIADZE

Translation of Abstract:
Rheological models and memory functions of yarn extension

Na zaklade experimentalnych vysledkov predizenia priadze za $tandardnych podmienok
sledovania a modelov (1-5) boli zalozené reologické modely pre nasledovné priadze :

A) vinena priadza
B) bavinend priadza
C) zmesna priadza 70% vina — 30% PES

V porovnani s (1) bol reologicky mode! ziepSeny. V praci (1) prediZenie priadze bolo rozdelené
na elastickl a viskoelasticku Cast. Elasticka ¢ast bola predstavena Maxwelovym modelom a
viskoelasticka Cast Burgerovym modelom. V tejto praci cely rozsah (rozpatie, interval) bol
spracovany podla Burgerovho modelu. Stanovenie pamétovej funkcie bolo uréené reologickymi

modelmi pouzitim Laplace-ovych transformacii.
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SIMULATION OF SPINNING PROCESSES, SYSTEMS
AND FIBRE PRODUCTS

URSINY, P.

Technical University of Liberec, Czech Republic

1. Introduction

The development of scientific and research methods
is an important condition of successful solution of new
spinning systems and optimization of present techno-
logical systems in the spinning mill.

The development of spinning machines of all techno-
logical stages is distinguished by a great effort to
achieve high productivity. Textile technological
processes in these machines

proceed under conditions of high operating speed
and atthe same time it is necessary to

guarantee a required quality of the appropriate length
textiles and especially of the final yarn in the point of
view of significant utility properties as for example mass
irregularity, strength. The optimization of a textile tech-
nology process and the highest possible degree of uti-
lization of technological reserves of a given spinning
system under the above mentioned conditions of high-
standard kinematic parameters of the process are condi-
tional on the utilization of new up-to-date methods of theo-
retical and experimental research. This trend became
evident especially in relation to the successful develop-
ment of rotor spinning machines, which at the same time
has brought many stimulatives to the sector of research
methods of the processes of textile technology.

Taking into consideration the constantly growing im-
portance of these modern methods and the wider ap-
plication of them on further spinning machines, we of-
fer you the following outline of these scientific and
research problems together with some notes of some
significant applications.

2. The kinds of models of technological
processes, systems and fibre products

The classification of applied models can be done from
various points of view. We will use the classification
method issuing from the character of the basic concep-
tion of a fibrous product and of the technological envi-
ronment where the respective process is going on.

With these two basic aspects of the specified research
problems, the following possibilities can be stated:

a) the quantities expressing the character or character-
istic property of a fibre product, can be
— determined or
— random
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b) the mechano-physical action defining the character
of the technological environment can be character-
ized as
— determined or

— random.
It is evident that altogether it is possible to find 4 com-
binations with corresponding solution methods

Research Character Character of the
method of the fibrous technological
model product environment

mechano-

-physical determined determined
model

probability model determined random
random random
dynamic model random determined

In case of the above mentioned models we apply
adequate theoretical knowledge, while the theory of
random processes (the statistic dynamics) that we ap-
ply in connection with the dynamic models is understood
as an extension of the probability theory to a descrip-
tion of random variables that can change according to
a non-random parameter (time or length).

The solution results of the research problems of the
specified technological sphere are the following:

The basic research knowledge:

e clearing up the substance and the laws of the
present as well as of quite new spinning pro-
cesses and systems

e definition of the character of production of the re-
sulting fibre product, of its final structure and prop-
erties.

The applied research knowledge:

¢ definition of influential parameters of a spinning
system

e evaluation of effectiveness of technological func-
tioning of a spinning system

¢ optimization of the technological functioning of a
spinning system

® projecting new technologies and new technologi-
cal systems

3. Application of models of technological
processes, systems and fibre products

A survey of representative applications of individual
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models will be presented, together with the basic char-
acteristics of the research problems:

The dynamic model

Research method: Application of selected rules of the
random function theory.

Principle of the solution procedure: A conception of
the technological system as a stationary, linear, dy-
namic system.

Definition of the auto-correlative function of the mass
of short segments in a linear fibre product.

Result of the solution procedure: The modulus of the
relative transfer function and its technological analysis,
the quadratic mass short-term unevenness of the result-
ing linear fibre product, the determination of the influ-
ence of technological factors on the levelling effective-
ness of the specified spinning system, definition of
conditions for optimizing the resulting product from the
mass short-term unevenness point of view.

General characteristics of the research problems so-
lution:

Transformation of mass unevenness by spinning systems.

Selected technological applications:

— flats card with a drafting mechanism [1] — evalu-
ation of the levelling effectiveness

— a system of successive and combined doubling
[2] - levelling effectiveness, the resulting quadratic
unevenness, the technological causes of an in-
creased levelling effectiveness, the effect of re-
placement of spinning rotors with the increasing
revolution frequency

— system of cyclic doubling [3] — the resulting qua-
dratic unevenness, the influence of the collecting
surface diameter of the spinning rotor, require-
ments on the fibre flow taken over by the collect-
ing surface

— the separating device of the OE-spinning system
[4] — influence on the structure of the mass un-
evenness of the fiber flow.

The probability model

Research method: Application of selected knowledge
of the probability theory

Principle of the solution procedure: A probability de-
scription of a process in the transition and other tech-
nological spheres, application of the theory of Markov
absorption chains and of further probability theory rules.

Result of the solution procedure: The time parameters
of the fibre transport through the system (mean value,
dispersion ,variance, probability distribution), probabili-
ties of a specified phenomenon (breakage), conditions
of the optimum level of the process indicators.
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General characteristic of the solved research prob-
lems:

Fibre transport and fibre position in complex spin-

ning systems, process failures.

Selected technological applications:

— roller card [5] - relation between the carding pro-
cess and the resulting sliver structure, blending
effectiveness

— air transport channel of a rotor transport system
[6] — additional separating effectiveness and op-
timization of the channel length

— breakage rate of an OE-spinning system [7] —
breakage probability in dependence on techno-
logical and material quantities.

The mechano-physical model

Research method: Application of the rules of mechan-
ics, particularly of the statics, dynamics, elasticity and
strength, with respecting the textile fibre material speci-
ficity.

Principle of the solution procedure: Conception of the
package body as an elastic isotropic or non-isotropic
body using characteristic boundary and deformation
conditions.

Result of the solution procedure: Radial trends of the
radial, tangential and axial tension in a package body.
. Radial trend of the winding force fulfilling the condi-
tion of a constant tangential tension in the package
body in dependence on the radius, optimization for get-
ting higher uniformity of the deformation properties of
the thread package.

General characteristics of the research problem so-
lution:

The mechano-physical influence of a technological
device on a fibre material, mechanical effects in
package bodies.

Selected technological applications:

- internal mechanical package structure [8] — radial
trends of the radial, tangential and axial tensions
in a package body

— deformational properties of the wound thread and
optimization of the radial course of the winding
force [9] — influence of the tangential tension in the
package body on the deformational properties of
the wound thread and possibilities of influencing
the uniformity of the deformational properties.

4. Conclusion
A long-term applying of models of spinning processes,
systems and fibre products, together with solutions of

concrete technological problems of the spinning tech-
nology area, particularly of the OE-rotor spinning sec-
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tor, enabled us to solve a number of complex research
topics.

At the same time, a fairly large complex of research
methods has been developed. It is useful to do their
systematic classification that would enable an effective
choice of appropriate procedures in course of solving of
further, new technological problems.

In the above mentioned survey, we are stating only
the most important applications that have been also
published. Itis, of course, an open system that can be
further complemented. The selected system starts from
technological problems and from the pertaining theoreti-
cal natural science knowledge.

We can assume that within the frame of development
of new unconventional spinning systems and with the
optimization of the existing present spinning systems,
a further development of research methods of model-
ing will also take place. Such methods represent an ef-
fective and prospective instrument of research solution
of spinning technology problems.

Acknowledgement: The present work is sponsored by the re-
search grant GACR 106/01/0565
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MODELOVANIi PRADNICH PROCESU, SYSTEMUA VLAKENNYCH PRODUKTU

Translation of Article:
Simulation of spinning processes, systems and fibre products

1. Uvod

Vyvoj védecko-vyzkumnych metod je dilezitou pod-
minkou uspésného feseni novych spradacich systémi
a optimalizace soucasnych technologickych systémi
v pfadelnach.

Vyvoj pfadelnickych stroji v§ech technologickych
stupnd se vyznacuje Usilim o dosazeni vysoké vyrob-
nosti. Textiiné-technologickeé procesy probihaji na téchto
strojich v podminkach velkych provoznich rychlosti, pfi-
cemz je tfeba zajistit pozadovanou kvalitu pfislusné dél-
koveé textilie a zejména finalni pfize z hlediska fady da-
lezitych uzitnych vlastnosti jako napf. hmotové
nestejnomérnosti, pevnosti.
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Optimalizace textiiné-technologického procesu a co
nejvétsi vyuziti technologickych rezerv daného sprada-
ciho systému v uvedenych podminkach vysokych Grov-
ni kinematickych parametr(i procesu jsou podminény
vyuzivanim novych modernich postupl teoretického
a experimentalniho vyzkumu. Tento trend se projevil ze-
jména v souvislosti s UspéSnym vyvojem rotorovych
doptadacich strojd, ktery zaroven pfinesl mnoho novych
impulsl na Useku vyzkumnych metod textilné-techno-
logickych procest.

Vzhledem ke stale rostoucimu vyznamu téchto moder-
nich postupll a rozsitujici se aplikaci na dalsi pfadelnické
stroje, uvedeme nasledné prehled této védecko-vyzkum-
né problematiky spolu s uvedenim vyznamnych aplikaci.
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2. Druhy modelu technologickych procest,
systému a vlakennych utvaru

Clenéni aplikovanych modeli je mozno provést podle
rdznych hledisek. Pfijmeme zpUsob ¢lenéni, ktery vy-
chazi z charakteru zakladniho pojeti viakenného pro-
duktu a technologického prostiedi, ve kterém pfislusny
proces probiha.

U téchto dvou zakladnich stranek dané védecko-vyz-
kumné problematiky miZzeme konstatovat nasledujici
moznosti:

a) Veli€iny vyjadfujici charakter vlakenného produktu
resp. jeho charakteristickou vlastnost mohou byt ve-
licinami
— determinovanymi
— nahodnymi

b) Mechanicko-fyzikalni plsobeni, které urcuje charak-
ter technologického prostfedi Ize charakterizovat ja-
ko plsobeni
— determinované
— nahodné

Je ziejmé, ze miZeme nalézt celkem 4 kombinace
a jim odpovidaijici FeSeni.

Védecko-vyzkumna Charakter Charakter
metoda vlakenného technologického
— model produktu prostredi

Mechanicko-fyzikalni

determinovany  determinované

model

Pravdépodobnostni determinovany nahodné
model nahodny nahodné
Dynamicky model nahodny determinované

V pripadé uvedenych modell aplikujeme adekvatni
teoretické poznatky s tim, Ze teorii nahodnych proces(
(statistickou dynamiku), kterou aplikujeme v souvislosti
s dynamickymi modely chapeme jako rozsifeni teorie
pravdépodobnosti na popis nahodnych veli¢in ménicich
se podle nendhodného parametru(€asu nebo délky).

Vysledkem reSeni védecko-vyzkumné problematiky
z dané technologické oblasti jsou:
Zakladni védecko-vyzkumné poznatky:
¢ objasnéni podstaty a zakonitosti danych i zcela no-
vych spfadacich procest a systému
o ur€eni charakteru tvorby vysledného vlakenného
produktu, jeho vysledné struktury a vliastnosti.

Aplikovane védecko-vyzkumné poznatky:

e uréeni vlivnych parametr(i spradaciho systému

® hodnoceni uinnosti technologické funkce spfada-
ciho systému

e optimalizace technologické funkce spradaciho sys-
tému

¢ navrh novych technologii a novych technologickych
systémi
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3. Aplikace modell technologickych procest,
systému a vlakennych utvara

Prehled vybranych aplikaci jednotlivych model( spo-
lu se zakladni charakteristikou védecko-vyzkumné
problematiky.

Dynamicky model

Védecko vyzkumna metoda: Aplikace vybranych za-
konitosti teorie nahodnych funkci.

Princip postupu feSeni: Pojeti technologického sys-
tému jako stacionarniho, linearniho, dynamického sys-
tému. Uréeni autokorelaéni funkce hmotnosti kratkych
useku linearnino viakenného produktu.

Vysledek postupu feSeni: Modul pomérné prfenosové
funkce a jeho technologicka analyza, kvadraticka nes-
tejnomérnost hmotnosti kratkych useku vysledného li-
nearniho vidkenného produktu, uréeni vlivu technologic-
kych faktor(l na vyrovnavaci u¢innost daného spfadaciho
systému, uréeni podminek zkvalitnéni vysledného produk-
tu z hlediska hmotové nestejnomérnosti.

Celkova charakteristika feSené védecko-vyzkumné
problematiky: Transformace hmotové nestejnomérnosti
spradacimi systémy.

Vybrané technologické aplikace

— vi€kovy mykaci stroj s pritahovym Ustrojim [1] —
hodnoceni vyrovnavaci uéinnosti

— systém postupného a kombinovaného druzeni[2] —
vyrovnavaci ucinnost, vysledna kvadratické nestej-
nomérnost, technologické pficiny zvy$ené vyrovna-
vaci ucinnosti, vliv vymén spfadaciho rotoru pfi
rostouci frekvenci otaceni

— systém cyklického druzeni [3] — vysledna kvadra-
ticka nestejnomérnost , vliv priméru sbérného po-
vrchu spradaciho rotoru, pozadavky na vliakenny
tok prejimany sbérnym povrchem

— ojednocovaci ustroji rotorového dopradaciho sys-
tému [4] — vliv na strukturu hmotové nestejnomér-
nosti viakenného toku

Pravdépodobnosini model

Védecko-vyzkumna metoda: Aplikace vybranych po-
znatk( z teorie pravdépodobnosti.

Princip postupu feSeni: Pravdépodobnostni popis pro-
cesu v pfechodovych a dalSich technologickych oblas-
tech, aplikace teorie markovskych fetézcll absorpénich
a dalSich zakonitosti teorie pravdépodobnosti.

Vysledek postupu feseni: Casové parametry trans-
portu viakna systémem (stfedni hodnota, rozptyl, prav-
dépodobnostni rozdéleni), pravdépodobnosti urcitého
jevu (pfetrhu), podminky optimalni Urovné ukazatel(
procesu.
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Celkova charakteristika fe§ené védecko-vyzkumné
problematiky: Transport a poloha vidken ve slozitych
spfadacich systémech, poruchy procesu.

Vybrané technologické aplikace:

— valcovy mykaci stroj [5] — vztah procesu mykani
a struktury vysledného pramene, smésovaci tucin-
nost vzduchovy dopravni kanal rotorového dopfa-
daciho systému [6] — pfidavna ojednocovaci ucin-
nost a optimalizace delky kanalu

— pretrhovost u rotorového dopradaciho systému
[7] — pravdépodobnost pretrhu v zavislosti na tech-
nologickych a materidlovych veli€inach.

Mechanicko-fyzikalni model

Védecko-vyzkumna metoda: Aplikace zakonitosti me-
chaniky, zejména statiky, dynamiky,pruznosti a pevnos-
ti s respektovanim specifiky textilnich viakennych ma-
teriald.

Princip postupu rfeseni: Pojeti télesa navinu jako pruz-
ného izotropniho nebo anizotropniho télesa pfi pouziti
charakteristickych okrajovych a deformacnich podmi-
nek

Vysledek postupu rfeseni: Radialni pribéhy radialni-
ho, obvodového a axialniho namahani v télese navi-
nu.Radidlni pribéh navijeci tahové sily splfiujici podmin-
ku konstantniho obvodového namahani v télese navinu
v zavislosti na poloméru, optimalizace pro dosazeni
vy§Si stejnomeérnosti deformacnich vlastnosti navinuté
nite.

Celkova charakteristika feSeni védecko-vyzkumné
problematiky: Mechanicko-fyzikalni plisobeni technolo-
gického ustroji na viakenny material, mechanické ucinky
v télesech navinu.
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Vybrané technologické aplikace:

~ vnitfni mechanicka struktura navinu [8] - radialni
pribéhy radialniho, obvodového a axialniho na-
mahani v télese navinu

— deformacni vlastnosti navinuté nité a optimaliza-
ce radidlniho pribéhu navijeci tahové sily [9] — pU-
sobeni obvodového namahaniv télese navinu na
deformacni vlastnosti navinuté nité a moznosti
ovlivhovani stejnomérnosti deformacnich vlast-
nosti.

4, Zaveér

Dlouhodoba aplikace modeld pfadnich proces, sys-
tem{ a vlakennych utvard pfi feSeni konkrétnich tech-
nologickych probléma z oblasti pfadelnické technologie
a zejmeéna z useku rotorového dopfadani umoznila vy-
fesit fadu slozitych védecko-vyzkumnych témat.

Soucasné se vytvoril relativné rozsahly soubor védec-
ko-vyzkumnych metod a je tcelné provést systematic-
ké Clenéni, které umozni pohotovy vybér vhodnych po-
stupl pfi feSeni dalSich novych technologickych
probléma.

V uvedeném prehledu je uveden pouze vybér dliezi-
tych aplikaci, které byly téz publikovany. Pfirozené jde
o otevreny systém, ktery mlze byt dale doplfiovan. Zvo-
leny systém vychazi z technologicke problematiky a od-
povidajicich teoretickych pfirodovédnych poznatk.

Lze pfedpokladat, ze v ramci vyvoje novych nekon-
vencnich dopradacich systému a pfi optimalizaci stavaji-
cich dojde k dalSimu rozvoji védecko-vyzkumnych metod
modelovani, které pfedstavuji efektivni a perspektivni na-
stroj védecko-vyzkumného fedeni dané problematiky
technologie pfedeni.
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Z VEDECKOVYSKUMNYCH A VYVOJOVYCH PRACOVISK

Vysledky posudzovania zhody ostatnych urcenych
vyrobkov vo VUTCH-CHEMITEX spol. s r. 0., Zilina,
Autorizovana osoba SKTC-119 za rok 2001

Evaluation of results of conformity assesment regarding
other specified products in VUTCH-CHEMITEX Ltd. Zilina,
Authorized Body SKTC-119 for the year 2001

Herchlova, I.

VUTCH-CHEMITEX spol. sr. o., Zilina, Autorizovana osoba SKTC-119

Vysledky posudzovania zhody ostatnych uréenych
vyrobkov vo VUTCH-CHEMITEX spol. s r.o., Zilina
uvadzame v tabulkovom prehlade.

TureckoOstatne
70/0 1 %

Azia
19%

Eurépa
73%
Graf 1 Prehlad o teritoriach importu textiinych a odevnych vyrobkov,
ktoré podliehaju certifikacii na trhu v Slovenskej republike

V hodnotenom obdobi AO SKTC-119 zaevidovala
1663 Ziadosti na vykonanie skuSok vlastnosti typu
vyrobku, na posudenie zhody vzorky typu vyrobku a
vydanie certifikatu typu vyrobku.

Z celkového poctu vydanych certifikatov za rok 2001
predstavoval v pocte vydanych certifikatov dovoz 81,3 %.

Vyrobcovia v ramci SR su zastupeni na trhoch SR
textilnymi a odevnymi vyrobkami 18,7 % z celkového
poctu vydanych certifikatov.

Prehlad o teritériach importu textilnych a odevnych
vyrobkov, ktoré podliehaju certifikacii na trhu v Slo-
venskej republike za rok 2001 uvadzame v grafe 1.

V pocte vydanych potvrdeni o0 zhode najvacsi podiel
zastupuju textilné podlahové krytiny celkom 61,2 %,
vyrobky spotrebnej chémie su zastipené 36,0 % a
Sijacie nite predstavuju 2,7 %.

Teritorialny prehlad vydanych potvrdeni o zhode na
textiiné podlahové krytiny a vyrbky spotrebnej chémie
uvadzame v grafoch 2 a 3.

Teritorialny prehlad vydanych potvrdeni o zhode na
Sijacie nite uvadzame v grafe 7.

Z celkového poctu vydanych certifikatov bolo AO
SKTC-119 vydanych 29 odmietnuti potvrdit zhodu, ¢o
predstavuje 1,7 %.

za rok 2001

Pocet Celkovo Tuzemsko Dovoz
Zaevidovanych Ziadost/ 1663 214 1449
— z toho zaevidovanych ziadosti na vyrobky modulu a 246 41 205
Vydanych certifikatov 1745 327 1418
— z toho neuréené vyrobky 31 18 13
Vydanych potvrdeni o zhode 258 10 248
Vydané odmietnutia potvrdit zhodu 29 - 29
— z toho vydané odmietnutia potvrdit zhodu na vyrobky modulu a 9 - 9

— z toho vydané odmietnutia potvrdit zhodu na vyrobky modulu ¢ 20 - 20
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Graf 2 Teritoridiny prehlad vydanych potvrdeni o zhode na textiing
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Graf 3 Teritorialny prehlad vydanych potvrdeni o zhode na vyrobky
spotrebnej chémie za rok 2001

Znizeny podet odmietnuti potvrdit zhodu oproti pred-
chadzajucim rokom je z dévodu zmeny v Metodickych
pokynoch UNMS SR, ktoré umoziuji opakovanie viast-
nosti nevyhovujucej skusky po novom odbere typu
vyrobku z vyroby alebo zo skladu vyrobcu, dodavatela.

Prehlad o odmietnuti certifikovat typy textilnych
a odevnych vyrobkov z doévodu prekroCenia limitov
obsahu nebezpednych latok stanovenych ako technicke
poziadavky podia Nariadenia vlady ¢. 400/1999 v su-
lade so zakonom &. 264/1999 Z.z. v zneni neskorsich
predpisov za rok 2001 uvadzame v grafe 4.

Prehlad o podiele teritorii na odmietnuti potvrdit zhodu
textilnych a odevnych vyrobkov v roku 2001 uvadzame
v grafe 5.
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Graf 7 Teritoridlny prehlad vydanych potvrdeni o zhode na nite za
rok 2001
ostatneé formaldehyd +
(rozmerové stalosti
zmeny) wfarbenia
pH 5% 5%
pH + stalosti 5% formaldehyd
wfarbenia 10%

5%

zké kovy (Cu,
Ni, Cr)
15%

tazke kovy (Ni
+ stalosti
vyfarbenia
5%

stalosti
wyfarbenia
50%

Graf 4 Prehlad o odmietnuti certifikovat typy textilnych a odevnych
vyrobkov z ddvodu prekrogenia limitov obsahu nebezpecnych
latok stanovenych ako technické poziadavky podla Naria-
denia viady &. 4001999 v sulade so zdkonom &. 264{1999 Z.
z. v zneni neskorsich predpisov za rok 2001

Z celkového poc¢tu odmietnuti potvrdit zhodu na vy-
robky modulu a bolo celkom 77,8% vydanych na textiiné
podlahové krytiny a 22,2 % na vyrobky spotrebne;j
chémie.

Dévody odmietnutia potvrdit zhodu u textiinych podla-
hovych krytin boli nasledovné:

— nizka stalost vyfarbenia vo vode

— nizka stalost vyfarbenia na svetle

— nedodrzanie menovitej hodnoty celkovej plodnej
hmotnosti

— vysoky obsahu formaldehydu
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Graf 5 Prehlad o podiele teritorii na odmietnuti potvrdit zhodu
textilnych a odevnych vyrobkov v roku 2001

Teritoriainy prehlad vydanych odmietnuti potvrdit zhodu
na textiiné podlahové krytiny uvadzame v grafe 6.

Dévody odmietnutia potvrdit zhodu na vyrobky spo-
trebnej chémie boli nasledovné:

Vlidkna a textil 9 (1) 29-31 (2002)
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Graf 6 Teritoridlny prehlad odmietnuti potvrdit zhodu na textiiné
podlahové krytiny za rok 2001

— vysoka strata pevnosti tkaniny po 25-nasobnom
prani.
V tejto skupine vyrobkov su vyrobky pévodom len
z Ceskej republiky.
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Z0O ZAHRANICNYCH CASOPISOV

Schadstofffreie, hautfreundliche, hygienische
Textilausruestung durch Einsatz von Chitosan
Uprava textilii pouzitim chitosanu je prijemna na dotyk,
hygienicka a bez Skodlivin
MELLIAND TEXTILBERICHTE, 81, 2000, ¢. 7/8, s.
630631

Bola vyvinuta uprava textilii urenych na priamy styk
s pokozkou. Je ekologicka, hygienicky nezavadna a
dobre znasanliva s ludskou pokozkou. Do bavinenych,
alternativne aj do vinenych viakien sa primieSava ne-
toxicky biopolymeér chitosan s antimikrobidlinym u¢inkom
vo forme vlakien v mnozZstve 5-15 hmotnostnych per-
cent, z ktorych sa vyrobia zmesové priadze. Textilno-
fyzikalne vlastnosti priadzi obsahujucich chitosan su
uréované hlavnym vlaknom, &ize bavinou alebo vinou,
hygienicky uéinok pochadza z chitosanu. Dokazalo sa,
Ze vlakna maju fungicidne ako aj baktericidne ucinky.
Hygienicky G¢inok je staly v domacom prani a zostava
zachovany pocas celej Uzitkovej doby. Priadze s chito-
sanom sa pouzivaju na hygienickl upravu pancucho-
vych vyrobkov, pracovnej spodnej bielizne a Sportovych
odevov. Zabrarnuju rozSirovaniu infekcii.

Auswirkungen der Plasmabehandlung auf die
Eigenschaften von Schurwollgeweben
Uginky Upravy plazmou na viastnosti tkanin zo striznej viny
MELLIAND TEXTILBERICHTE, 81, 2000, ¢. 7/8,
s. 634-639

Skusali sa tri druhy tkanin (lahka, stredne tazka a
tazka tkanina) z Cistej striznej viny s platnovou vazbou.
Pri porovnavani neupravenych a plazmou upravenych
vinenych tkanin sa zistila o. i. lepSia kvalita odpadovych
vod z farbiarni, signifikantné zintenzivnenie farebného
odtiena, nizsia plstivost a vyssia odolnost vogi réznym
namahaniam. Uprava plazmou v$ak negativne ovply-
vnila ohmat vinenych tkanin. Impregnaciou polysiloxa-
nom (polymérne disperzie, zmékcovacie prostriedky)
alebo fluérkarbdnom (teflon) sa zlepsil ohmat, pistivost
sa v3ak nezhorsila.

Textilien mit verbesserten thermischen
Eigenschaften durch PCM-Mikrokapseln
Textilie s vylepSenymi tepelnymi viastnostami pomocou
PCM-mikrokapsuli
MELLIAND TEXTILBERICHTE, 81, 2000, €. 9,
s. 753-754

Technoldgia na upravu tepelnych viastnosti textilnych
Struktdr pomocou PCM mikrokapsul. Vyvoj technoldgie
troma smermi: zabudovanie PCM mikrokapsul do via-
kien, penovych hmot a do nanosu na textilné materialy.
Popis aplikacie PCM mikrokapsul do textilii. Vlastnosti
a pouzitie upravenych textilnych materialov. PCM =
Phase Change Material.
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Echtheitsproblematik beim Waschen mit aktivierten
perborathaltigen Waschmittein
Problematika stalosti pri prani aktivnymi peroxoborita-
novymi pracimi prostriedkami
MELLIAND TEXTILBERICHTE, 81, 2000, ¢. 9,
s. 756-760

Trend k nizSim teplotam prania a krat§im pomerom
kupela vedie k silnej§im pracim prostriedkom. V univer-
zalnych pracich prostriedkoch sa zcsilhuju oxidaéné
systémy, aby sa dosiahlo dostatocné odstranenie Skvrn
a hygienickeé vypranie. Vyrobcovia pracich prostriedkov
nedostatoCne overuju vplyv oxidaCnych systémov na
stalost farbiv. V stu€asnosti st na trhu pracie prostried-
ky, ktorych oxidacna sila negativne pdsobi po€as prania
na farbivo. Na dosiahnutie Ciernych odtienov u tkanych
materialov na vrchné oSatenie, upravenych umelou
Zivicou, su vhodné vsetky Cierne farbiva zo sortimentu
reaktivnych, priamych, sirnych a kypovych farbiv. Strata
pevnosti u baviny Upravou a starnutim vo vihkom
prostredi u sirnych vyfarbeni nie je kritickejSia nez u
s priamymi farbivami. Na pranie neupravenych pletenych
vyrobkov su vhodné reaktivne, kypové alebo Speciaine
priame farbiva, vyznadujlce sa stalostou v oxidaci.

Einsatzmoeglichkeiten und Optimierung
enzymatischer Prozesse in der Textilveredlung
Aplikaéné moznosti a optimalizacia enzymatickych
procesov v textiinom zoslachtovani
MELLIAND TEXTILBERICHTE, 81, 2000, ¢. 10,
s.834-836

V procesoch textilného zoSlachtovania sa v su¢asnej
dobe pouziva velké mnoZzstvo enzymatickych produ-
ktov. Ich pouzivanim dochadza k usporam vody, ener-
gie, surovin a minimaliz4cii odpadu. Clanok poskytuje
prehlad o beznych aplikaciach a popisuje inovativhe
aplikatneé moznosti enzymatickych produktov. Firma
NovaBiotec Dr. Fechter Uzko spolupracuje s vyskum-
nymi centrami a priemyslom s ciefom vypracovat nové
moznosti aplikacie enzymov v textiinom priemysle a
optimalizovat existujuce enzymatické procesy pouziva-
nim stabilnych enzymatickych systémov.

Dauerhafte antimikrobielle Ausruestung von
Textilien
Trvald antistaticka Uprava textilii
MELLIAND TEXTILBERICHTE, 81, 2000, ¢. 10,
s. 850-851

V ¢lanku su uvedené a popisané noveé antimikrobidlne
pripravky SvajCiarskej firmy Ciba Spezialitdtenchemie.
Tinosam AM 100, resp. AM 110 sa pouziva na Upravu
textilii z PES, PA alebo ich zmesi s bavinou, vinou a
inymi syntetickymi/prirodnymiviaknami. Antimikrobialne
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vlastnosti takto upravenych textilii su trvalé a odolné
voCi praniu. Textilie upravené pripravkami Tinosan AM
sa vyznacovali trvalou sviezostou, ktora sa potvrdila aj
po opakovanych praniach. Pripravok sa pridava do
farbiaceho kupela a nema negativny vplyv na vlastnosti
textilii, napr. na farebny odtien, egalitu, chmat a stalosti
vyfarbenia. Materialy, od ktorych sa nevyZzaduje stalost
v prani, napr. jednorazové vyrobky, vzduchoveé filtre,
netkané textilie, sa upravuju pripravkom Tinosan NW
20, ktory je k dispozicii vo forme spreja.

Novy sposob recyklacie kobercov z PA 6
MELLIAND TEXTILBERICHTE, 81, 2000, ¢. 11/12,
s. 1015

Skusali sa r6zne vychodiskové materialy: vzorky
nepouzitych kobercov z obchodu, viakenna polyamido-
va frakcia z Censor Technologie — PA 6/16 a granulat
z vlakennej polyamidovej frakcie — granulat PA 6 (upra-
vené vzorky pouzitych kobercov). Rozpustenim v
kaprolaktame pri teplote 165 °C, resp. 200 °C sa poly-
amid oddelil z odpadového materialu. Pri skasani filtra-
tov nepouzitych kobercovych vzoriek sa zistilo, Zze vo
filtrate su obsiahnuté aj iné zlozky, napr. pena a poly-
propylén. Filtraty sa podrobili alkalickej aktivnej depoly-
merizacii. S filtratmi z ,nezatazeného“ odpadového
materialu z obchodu sa dosiahli depolymerizatné vy-
taZnosti az 86 %. Depolymerizagné vytaznosti u filtratov
zo silne zatazenych skuSobnych vzoriek PA 6/16 a PA-
6 granulatu boli max. 66, resp. 79 %. Kaprolaktam
ziskany depolymerizaciou sa musel vycistit. Dobre
vysledky sa dosiahli extrakciou s cyklohexanom.

Podgotovka i pecat Serstjanych tkanej,
obrabotannych nizkotemperaturnoj plazmoj
Priprava a tla¢ vinenych tkanin vyrobenych nizko-
tepelnou plazmou
TEKSTILNAJA PROMYSLENNOST, 2001, &. 2,
s.33-34

Uprava vinenych materialov plazmou spésobuije
modifikaciu a Ciastocnu destrukciu tenkej povrchovej
vrstvy. VyuZiva sa na pripravu vyrobkov pre tlac. Mierne
v8ak zvyraziuje zltkasty odtien prirodnej viny, ¢o brani
dosiahnutiu rovnomernej a sytej potlace. Autori prispev-
ku sa zaoberali Studiom moznosti zaradit do techno-
logického procesu pripravy vinenej tkaniny upravene;
plazmou bielenie peroxidom vodika. Navrhli proceduru
bielenia v troch teplotnych rezimoch a overili ju v praxi.
Pri hodnoteni bola zaznamenana podstatne vyssia
kvalita a rovnomernost tlaCe bieleneho materialu v
porovnani s kontrolnou vzorkou. Fyzikalno-mechanické
vlastnosti pritom zostali nezmenené.

Tekstil'naja chimija: evoljucionnyje i revoljucionnyje
processy segodnjaSnego dnja i blizajSego
buduscego

Textilna chémia: evolu¢né a revoluné procesy dneska
a blizkej buducnosti
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TEKSTILNAJA PROMYSLENNOST, 2001, &. 3,
s. 20-24

Rozvoj textilnej chémie v poslednych dvadsiatich
rokoch ur€uju dva faktory - ekondmia a ekoldgia. Pod
vplyvom ekologickeho faktora dochadza k implemen-
tacii systémov certifikacie textilnych materidlov s déra-
zom na kvalitu a bezpeénost vyrobkov. V oblasti textil-
nej chémie sa to prejavuje presadzovanim netoxickych
TPP s vysokou ucinnostou. Novym typom TPP su
enzymatické prostriedky vyuzivané v ekologicky Cis-
tych, energeticky Uspornych biotechnolégiach. Uplat-
nuju sa najma disperzné a aktivne farbiva s vysokou
stalostou farbenia a vysokym stupnom fixacie. Pozor-
nost sa venuje skupine novych prirodnych farbiv (mikro-
biologické technoldgie a pestovanie rastlin s vysokym
obsahom pigmentu).

Problémy, realii i perspektivy pererabotki
oteCestvennogo I'na v kotonin i ispolzovanije ego v
tekstilnoj i legkoj promyslennosti
Problémy, suéastny stav a perspektivy spracovania
tuzemskeého lanu na kotonin a jeho vyuzitia v textiinom
a lahkom priemysle
TEKSTILNAJA PROMYSLENNOST, 2001, &. 3,
s. 5864

Vdaka vynikajucim fyziologickym aj mechanickym
vlastnostiam sa zvySuje dopyt po lane a vyrobkoch
z neho. Podla prognéz sa v najblizSom obdobi ocakava
rast jeho spotreby. V sucasnej dobe sa pouzivaju me-
chanické, chemické a biologické metody kotonizacie
lanu. V Ustave chémie roztokov, lvanovo vyvinuli origi-
nalnu technologiu kotonizéacie, ktora spoéiva v mecha-
nicko-chemickom spracovani lanovej suroviny. V tomto
Ustave tiez vypracovali chemické metédy analyzy,
umoznujuce kvantitativne stanovit obsah kotoninu
v 2- a 3- zlozkovych zmesiach s bavinou, viskézou,
vinou a chemickymi viaknami. Technické textilie vyra-
bané z lanu vyZaduju pre Specialne aplikacie nehorlava
Upravu. Za tymto ucelom bol vyvinuty pripravok
TEZAGRAN-L.

Wearable electronic and clothing from Philips and
Levi
Elektronika v odevoch firiem Philips a Levi
TECHNICAL TEXTILES, 10,2001, ¢.7, 5. 22-24
Spojenie mody s elektronikou predviedla nedavno
firma Levi Strauss a Philips. Bunda ICD+ ma vo svojej
konStrukcii zabudované prenosové elektronicke prislu-
Senstvo — mobilny telefén a prehravac formatu MP3.
Bunda Senzor Jacket ma na laktoch a pleciach zabudo-
vané v pletenej konstrukcii senzory, ktoré monitoruju
pohyby osoby, ktora ju ma obleCenu. V pripade riadenia
vozidla napr. automaticky prepinaju mobil, aby vodi¢
mohol pohodine a bezpecne telefonovat bez pustenia
volantu (hands free). Rukavica Galvactivator funguje
ako detektor psychického stavu pacienta. Na dlanovej
Casti su umiestnené elektrody, sustava drétov a elektro-
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nicky obvod, ktory sa uzavrie nasadenim rukavice a
aktivuje elektroniku.

Computerized clothing will benefit textile manufac-
turers
Odevy s pocitacom prinesu prospech vyrobcom textilii
TECHNICAL TEXTILES, 10,2001, €. 7, s. 27-28
PocitaCe zabudované do odevov sa budu v buduc-
nosti vyuzivat na lokalizaciu oséb, sledovanie ich aktivit
a zdravotného stavu. Biosenzory v odevoch umoznia
priebezné monitorovat pulz, tlak, teplotu a dalSie para-
metre a v pripade potreby privolat pomoc. V bunde
CYBERJACKET firmy Hewlet-Packard su takéto serzo-
ry zabudované spolu s akceleratorom a ultrazvukovym
snimacom, sldziacim na lokalizaciu Cloveka. Inteli-
gentna textilia Elek Tex firmy Electro Textiles so sen-
zormi citlivymi na tlak je schopna diferencovat silu a
frekvenciu impulzov. Firma Du Pont a Cambridge Dis-
play Technology vyvijaju pruzné zobrazovacie jednotky
na baze vodivych polymérov emitujucich svetlo. Umoz-
nia prenos textovych a obrazovych sprav napr. z Inter-
netu. Jednotka mdze byt umiestnena napr. na rukave
odevu.

International directory of the filter media industry
Medzinarodny prehlad firiem, ktoré sa zaoberaju
vyrobou filtraénych médii
TECHNICAL TEXTILES, 10, 2001, €. 7, s. 29-35

V prehlade je uvedeny abecedny zoznam firiem, ktoré
sa zaoberaju vyrobou a upravou filtracnych medii a
sluzbami v tejto oblasti. Zahrnuti su aj vyrobcovia a do-
davatelia geotextilii s filtracnou funkciou, run, netkanych
textilii a kompozitov uréenych pre vyuzitie v zdravot-
nictve a v réznych priemyselinych oblastiach. Okrem
vyrobného programu su u kazdej firmy uvedené aj
kontaktneé udaje.

Superabsorbent wound dressing
Superabsorbény obvédz
TECHNICAL TEXTILES, 10, 2001, ¢.7,s. 36

Firma BioCell Biotechnology vyvinula superabsorbény
obvaz na oSetrenie mokvajucich ran. TEXTUS MULTI
je makky, sterilny a hydrofilny obvaz na baze runa spod
trysky vyrobeného zo zmesi vilakien. Je povrstveny
polyetylénom. V pociatoénom $tadiu aplikacie absorbuje
a neutralizuje teloveé kvapaliny, baktérie a toxiny. Mdze
absorbovat az 25-nasobok svojej hmotnosti. Pri ab-
sorpcii exsudatu si obvaz zachovava koherentnu formu,
pomaha udrziavat prostredie optiméalne pre tvorbu
noveho tkaniva. S obvédzom sa lahko manipuluje. Méze
sa prekryt este dalSou vrstvou obvézu alebo bandaze.
Obvéz je vhodny na oSetrenie najréznejsich typov ran.

Technical textiles in France — the medical textiles in-
dustry

Technické textilie vo Francuzsku — priemysel zdravot-
nickych textilii
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TECHNICAL TEXTILES, 10,2001, ¢. 8,s. 11-14

Zdravotnicke textilie maju 16-ne zastupenie na fran-
cuzskom trhu technickych textilii. Francizske firmy do-
davaju pre zdravotnicke aplikacie maskularne implan-
taty, vystuze abdominalnej steny, biofunkéneé
implantaty, bandaze, obvazy, speviovacie vyrobky,
textilie do operagnych sal. Firma EUROPROTEC vyvi-
nula pre zdravotnicke ucely polyesterovi textiliu, upra-
venu technoldgiou INTERA, ktora chemicky viaze
hydrofilné molekuly. Permanentne zvysuje komfort tym,
Ze absorbuje vihkost a pritom textilia zostava sucha.
Uprava INTERA doddva vyrobku aj antibakterialne
ucéinky a nespinivé vlastnosti.

Interaction between protection and physiological
parameters in firefighters’ protective clothing
Interakcia medzi ochrannymi a fyziologickymi para-
metrami ochrannych odevov pre poziarnikov
TECHNISCHE TEXTILIEN, 44,2001, ¢.1, s. E 22-26

Predpokladom komfortu nosenia ochrannych odevov
je optimainy prenos tepla a vihkosti, ¢o je v protiklade
s poziadavkami dokonalej ochrany, ktoré vyzaduju
maximalizovat barierovy efekt a asto aj zvysit hmot-
nost odevu. Autor prispevku publikuje zavery dékladne;
analyzy tepelnej vodivosti ochrannych odevov, Studuje
zakonitosti mechanizmu prenosu a distribucie tepla a
vihkosti v tychto odevoch za réznych podmienok von-
kajSieho prostredia a pri rdznom stupni fyzickej namahy.
Hodnotenie vplyvu vihkosti na Uroven tepelnej ochrany
bolo vykonané len na malych vzorkach materialu, preto
analyza tychto parametrov u kompletného vrstveného
odevu bude predmetom dalSieho Studia.

Extra coarse warp-knitted geotextiles — manufac-
ture and application
Mimoriadne hrube geotextilie z osnovnych pletenin —
vyroba a pouzitie
TECHNISCHE TEXTILIEN, 44,2001, ¢. 1, s. E 29-31
Nemecky Sachsisches Textilforschungsinstitut,
Chemnitz vyvinul technoldgiu vyroby geotextilii s hmot-
nostou a2 40 kgm™. Vyrabaju sa na $pecialnych osno-
vnych pletacich strojoch z mimoriadne hrubych mate-
ridlov, vratane odpadovych. Mimoriadne hrubé priadze
s priemerom az 130 mm sa vyrabaju technoldgiou
KEMAFIL. Pouzivaju sa ako utok v hrubych rohoZiach
na spevriovanie svahov a hradzi alebo v novych textil-
nych Struktarach s multifunkénymi parametrami. Ako
jadro hrubych povrazovych Struktir sa m6zu pouzit
absorpéné alebo porézne vidkna, odrezky viny alebo
rozvlakneny materidl, vina, polnohospodarsky odpad a
pod. RohoZe maju Siroké uplatnenie aj ako zvukovo a
tepelnoizolaéné a obalové materidly, drenaze a iné
vyrobky.

Arova: PP film fibers for technical end uses

Arova: PP pasky a ich vyuZitie v technickych aplikaciach
TECHNISCHE TEXTILIEN, 44,2001, ¢.2,s. E68
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Svajéiarska firma Arova pontka PP pasky vhodné na
vyrobu technickych textilii, obalovych materialov, agro-
textilii, zdravotnickych vyrobkov i odevov. Vyrabaju sa
v stilade s Oko-Tex-Standard a ISO 9001. Extrudované
ploché alebo hadicové félie sa napinaju a pozdizne
Stiepia na pasky. Surovina sa voli podla predpoklada-
ného pouzitia kone€ného vyrobku. Zmenou parametrov
procesu je mozné menit aj vlastnosti priadzi ako pev-
nost, pruznost, zrazavost aj ohmat. Vyrobca je schopny
na objednavku dodat aj paskové priadze s nehorlavymi
a antistatickymi viastnostami alebo priadze odolné voci
ultrafialovému Ziareniu.

Innovations for high-tech textiles
Inovacie pre textilie pre naroéné aplikacie
TECHNISCHE TEXTILIEN, 44,2001,¢.2,s. E75
Svajciarska firma Schéller vyvinula novi technoldgiu
hydrofébnej a zaroven hydrofilnej upravy textilii, ktora
su¢asne odpudzuje necistoty, zabrafnuje zapachu
a mnoZzeniu baktérii. Vodna para vznikajuca pri poteni
unikd z pokozky na textilny povrch, kde sa rychlo odpa-
ri. Hydrofdbna dprava sucasne zabranuje prenikaniu
vihkosti z vonkajsieho prostredia. InSpiraciou pri vyrobe
tejto technoldgie nazvanej NANOSPHERE bol priro-
dzeny antiadhézny a samocistiaci efekt povrchu tiel
niektorych druhov rastlin a hmyzu. Princip spoéiva v
impregnacii textilie gélotvornymi aditivami, ktoré vytva-
raju na jej povrchu porovitd membranu. Pri Uprave sa
nepouzivaju Skodlive chemikalie a deklarovana je aj
moznost ich regeneracie. Uprava je vhodna na Sportove
a pracovné odevy, ochranné odevy voci vysokym teplo-
tdm a technicke textilie ur€ené na narocné aplikacie.

Textiles for electromagnetic shielding
Textilie na tienenie elektromagnetickeho Ziarenia
TECHNISCHE TEXTILIEN, 44,2001,¢.2,s. E78
Textilie EMC Svajciarskej firmy Swiss Shield AG su
tkaniny alebo pleteniny z velmi jemnych priadzi EMC.
Textilie su l'ahkeé, mézu sa prat, tvarovat, su transpa-
rentné a pruzné. Zabezpecuju tienenie elektromag-
netického Ziarenia v rozsahu 40-80 dB. Priadze EMC
sa vyrabaju Specialnym patentovanym procesom pra-
denia z baviny alebo polyesteru (Trevira CS). Maju
vysokovodivé galvanicky postriebrené jadro, ktoré sa
mobze povrstvovat lakom (izolovany povrch) alebo zliati-
nou striebra (elektricky vodivy povrch). (VyCerpava-
juce).

Influence of fabric construction and surface modi-

fications on the separation efficiency of textiles for

wet filtration

Vplyv konstrukcie textilie a modifikacie jej povrchu na

efektivnost mokrej filtracie

TECHNISCHE TEXTILIEN, 44,2001, €. 2, s. E 104-106
Autori prispevku skumali vplyv kon§trukcie textilie a

mikrostruktdr na povrchu viakien na efektivnost filtracie

krvi. Na zaklade separaénych kriviek porovnavali filtrac-
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né charakteristiky vzoriek filtrov z tkanych a netkanych
textilii. NajlepSie vysledky boli dosiahnuté v pripade
tkanej textilie z monofilu s hmotnostou 40 gm™ s platno-
vou vazbou. Po modifikacii povrchu UV ziarenim autori
pozorovali vyrazné zvySenie efektivnosti separacie
a rast selektivity v désledku zmeny adhézie medzi
¢asticami a povrchom filtra.

New textile drain types produced from warm knit-
ted pile fabrics
Nové typy textilnych drenazi vyrobené z osnovnych
pletenin
TECHNISCHE TEXTILIEN, 44,2001, ¢.2,s. E109-110
V sucasnej dobe su na trhu vysoko odolné kompo-
zitné drenazne Struktury vyrobené z plastov a netka-
nych textilii, ktoré okrem zakladnej drenaznej funkcie
zabezpecuju aj filtraciu a absorpciu. Autori prispevku
skusali hydraulickeé vlastnosti textilnych drenaznych
rohozi z PET hodvabu vyrobenych na osnovnych pleta-
cich strojoch v STFI Chemnitz, Nemecko. Vysledky
porovnavali s parametrami obdobnych bezne pouziva-
nych drenazi. Namerané hodnoty priepustnosti potvrdili,
Ze testované drenazne rohoze vyvinuté v STFI sa
vhodné pre kladenie do strednych a velkych hibok
pédnych Struktar. Zaroven bolo zistené, Ze niektoré
varianty su predimenzované z hladiska predpokla-
daného mnozstva vody. Navrhovand optimalizacia
parametrov umozni znizit vyrobné naklady.

Textile structures with very large surfaces for
wastewater treatment
Textilné Struktury s mimoriadne velkym povrchom na
Cistenie odpadovej vody
TECHNISCHE TEXTILIEN, 44,2001, ¢. 2, s. E 111
Novy typ textilného nosica biofiimu do biologickych
CistiCiek odpadovych véd, ucinne zabrahujlci Ubytku
biomasy, ktory suvisi s poklesom uéinnosti Cistenia,
vyvinul nemecky vyskumny ustav STFI. Nosi¢ je vyro-
beny z pevnych chemickych vlakien alebo plochych
pasiek odolnych voci chemikaliam. M4 hrubu struktdru
s otvormi a velkym Specifickym povrchom. Vyraba sa
modifikovanou technoldogiou Kemafil. Vdaka vysoke;
prispdsobivosti sa textilny substrat s fixovanou bio-
masou moZe pouzit takmer vo v3etkych typoch biologic-

kych Cisticiek odpadovych véd a v bioreaktoroch.

Plasma treatment under atmospheric pressure for
continuous hydrophobic and oleophobic modifica-
tion of textiles
Uprava plazmou za atmosferického tlaku pre dosia-
hnutie hydrofébnej a oleofdbnej modifikacie textilii
TECHNISCHE TEXTILIEN, 44,2001, ¢.2,s.E114-115
Vysledkom nemeckého projektu, ktory riesili viaceri
partneri, je vyvoj novej technoldgie Upravy textilii
plazmou a konStrukcia prislusného Upravarenského
zariadenia. Novost postupu spociva v moznosti vyko-
navat tito upravu za atmosferického tlaku, ¢im odpada
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mnozstvo doterajSich problémov, spojenych s vytva-
ranim vakua i nakladov. Nove zariadenie je mozné
zaclenit do beznej vyrobnej linky so Sirkou 2 m. U&in-
nost Upravy plazmou sa dalej optimalizuje privadzanim
plynu priamo do Upravarenskej zény. Hydrofilnu, hydro-
fébnu a oleofébnu modifikaciu textilii je mozné reali-
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zovat na tom istom zariadeni po zmene parametrov
upravy.

Pre publikovanie pripravila Ing. Valéria Capekova,

VUTCH-CHEMITEX spol. s r. 0. Zilina,
Slovenska republika
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