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V6Zeniditatelia

ako ste urdite spozorovali, v ostatnfch dvoch rokoch vychddzania tohto odborn6ho dasopisu sa Fakulta priemy-
selnlich techno169iiv Prlchove, ktord patrido Trendianskej univerzity Alexandra Dubdeka v Trencfne, v6lenila medzi

jeho vydavatelbv. Cel6 vedenie fakulty a v5etcijej vedecko-pedagogicki zamestnanci si
cenia, 2e patrlme do tohto zoskupenia vydavatelstva a myslim si aj elit, zaoberajfcich sa
vedou a vfchovou v oblasti vldkien a textilu na Slovensku.

Fakulta priemyselnlich technol6giiv Ptichove ( FPT) je mladd vysoko5kolskd inStit0-
cia, Sirokd odbornd verejnost vie o nds mdlo. Dovolte mi preto, aby som Vam ju ako de-
kan fakulty v krdtkosti predstavil.

Vznik fakulty iniciovala 4irobnii sf6ra regi6nu P0chova, ako priemyselnej oblasti.
Aktivita v oblasti vzdel6vania zo strany tu p6sobiacich podnikov a prosperuj0cich sri-

dasnfch slovens[<r/ch producentov vyplynula z dlhodobej perspektivy hospoddrskeho roz-
voja vlirobnlTch akciovlch spolocnosti .V ich rozvojovfch z6meroch totii chlibali I'udsk6
zdroje, ktore by splnaliSpecificke poZiadavky novfch materielov a novlich technol6gii, ako
nevyhnutnfch podmienok pldnovan6ho technick6ho rozvoja.

Fakulta priemyselnfch technol6giiv Puchove, ktor6 zacala svg'u vfchovno - vzdeld-
vaciu dinnost 10. septembra 1996 vo zviizku Zilinskej univerzity v Ziline po vzniku novfch
krajov a vzniku Trendianskej univerzity v Trendine sa v6lenila do komplexu tejto vysokej
Skoly v roku 1997.

Hoci fakulta vznikla z potrieb regi6nu, je to vzdeldvacia in5titricia celo5tdtna, pretoze kaZd! rok sa o Strldium na
nej uchAdzaj0 Studenti z cel6ho Slovenska. V akademickom roku 2003120A4 je zast0penie Studentov z Trendianske-
ho kraja 43 %, z ostatnlTch krajov SR 57 %.

Tvorcovia edukadn6ho obsahu fakulty postupnym upravovanim a upresiovanim u6ebnlch pldnov stv6rnilifakultu
do jej teraj5ej podoby s definovanim hlavnej 0lohy - pripravovat absolventov v Studijnom odbore ,,Materidlov6 inZinier-
stvo".

StuOilny odbor Materidlov6 inZinierstvo je jeden z najperspektivnej5ich odborov pre 21.storodie, ktor6 sa oznaduje
ako ,,Age of Materials" je zameran6 na vfchovu komplexne pripravenyich inZinierov Specializovanfch na tvoriv0 prd-
cu v oblasti vfrobnfch technol6gii materidlov, optimiilneho vyuZitia vlastnosti materidlov, kontroly ich akosti a ich
spracovania modernfmi technologicklimi postupmi.

V s[dasnosti mei fakulta priemyselnlich technol69ii akreditdciu v Studijnom odbore Materidlov6 inZinierstvo vo
v5etkfch troch stupfioch Strjrdia.

InZinierske St[dium sa Studuje v zameraniach:
- ch6mia a technol6gia vyiroby gumy,
- ch6mia a technol6gia vfroby skla,
- textilnd a odevnd technol6gia,
- fyzikdlne inZinierstvo materiAlov,
- riadenie materidlovo-technologickfch syst6mov,
* environmentdlne inZinierstvo a udrZatel'nf rozvoj.
V doktorandskom St0diu md fakulta priznanu akreditdciu v troch odboroch a to:
- 39-03-9 materi6lov6 inZinierstvo a medzn6 stavy materidlov,
- 28-02-9 anorganickd technol69ia a materidly,
- 28-11-9 technol6gia makromolekuldrnych l6tok.
Pr6vo na habilitadn6 konanie a konanie na vymenlvanie za profesorov md fakulta v prvfch dvoch menovanfch

odboroch.
Prvlabsolventi inZinierskeho 5t0dia ukon6ili St0dium v roku 2001. Co je prizna6n6 pre na5u fakultu, t6my v5etkfch

diplomornich pr6c (doteraz '182) sa zaddvali na zdklade poZiadaviek z podnikatelskej praxe a ich nisledky nachadzaj0
uplatnenie v podnikatelskej 6innosti. Je to dokaz 0zkej spoluprdce FPT s praxou .

Med-zindrodnd spoluprdca Fakulty priemyselnfch technol6giije rozsiahla. Spolupracuje s r6znymi vysokfmi 5ko-
lami v Cechdch, Pol'sku, Nemecku, N6rsku, Sv6dsku, Finsku, Rak[sku, Taliansku a Rusku .

PretoZe v regi6ne Pfchova je uj'skumno-vyivojovd zdkladia vo fabrikdch pomerne silnii, zaloZili sme na fakulte
ustav materielov6ho a technologick6ho vlskumu, kto4i ako organizadnf iltvar fakulty zabezpeduje okrem inlich din-
nosti aj pripravn6 al(ivity pre vznik centra excelencie, ako Spi6kov6ho vedeck6ho pracoviska v oblasti spracovania
guryy.

Uspe5n6 zvlddnutie dynamiky zmien v spolodnosti na fakulte znamend akcelerdciu adaptadn6ho procesu absol-
ventov v praxi a na druhej strane i pruZn6 prepojenie priemyselnyich podnikov na vyisledky vliskumu, kooperacn6 rie-
Senie vliskumnfch projektov a obojstrann0 prosperitu.

V intencidch tychto my5lienok pripravuje FPT svojich absolventov, medzi nimi aj textildkov a verim Ze aj dasopis
Vfdkna a textil a tzka spojitost s jeho vyddvanlm ndm k tomu pomdZu.

Doc. lng.Ondrej  Nemcok, PhD.
dekan FPT v Prlchove

destnf 6len redakdnej rady
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INTRODUCTION

Dyeing PP fibres using the classic method (in a dye
bath).result in a very low yield of dyes and low washa-
bility. Recently, the intensity of research work has incre-
ased in the f ield of dyeing PP f ibres using classic
method. lmprovement in the dyeability of PP fibres can
be achieved by the chemical and physical modification
of PP [1*10]. The new method for the preparation of PP
fibres represents its modification by low molecular wei-
ght compounds and nanoparticles [8], polymeric additives
(copolymers) with suitable groups fixing certain dyes [9-
141, dendrimers and hyperbranched polymers [15, 16].
The inmrporation of hyperbranched polymer into polypro-
pylene prior to fibre spinning has markedly enhanced the
dyeability of PP by disperse dyes [12]. In addition, it is a
modification using polymers and the preparation of poly-
mer mixtures (bicomponent PP/PES and PP/PA fibres)
[2-7] which are largely used for this purpose.

The blend PP/PES fibre represent a new method of
preparing synthetic fibres with improved properties.
The modification of polypropylene fibres with polyester
is interesting from the viewpoint of better dyeability from
a dyebath and a change in some mechanical properties
of PP fibres. A polymer additive like a concentrate is ad-
ded into the melted polymer and usually contains ester
groups, which are able to increase the affinity of disper-
se dyes to the blend PP/PES fibre. The modification of
PP fibres by polyesters has an important effect on the dye
uptake in the exhaust pro@ss, even of a low concentra-
tion of polyesters in PP/PES fibres [1-4].

The miscibility of polymer blend components has an
essential effect on the dyeability of blend PP/PES fib-
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re. The highest colour strength of dyed fibres was ob-
tained using an injection procedure and mixing of blend
melts in a dynamic homogeniser before spinning. In this
case the internal structure of PP/PES fibres is more
accessible to the molecules of disperse dyes. The high
dispersity of PET in PP, which was assumed, using a
twin-screw extruder for mixing, does not provide the
expected increase of the colour strength. The same
results were also obtained by the preparation of blend
PP/PES fibre using a single screw extruder with the ad-
dition of PP chips and concentrate from feedstock and
homogenisation of the mixture in an extruder before
spinning. For good dyeabil i ty of blend PP/PES fibre, i t
is necessary to unify the positive effect of the polymer
additive with optimal conditions during the mixing and
spinning of blend PP/PES fibre [3].

In general, the following conditions for dyeing synthe-
tic fibres using the classic method must be fulfilled [5]:
o the spatial accessibility of the molecules of polymer

or additive for molecules of dyes, ergo, sufficient con-
tent of amorphous areas in polymer with sufficient fle-
xibility of macromolecule chain segments and incre-
ased free volume, where the molecules of dyes can
diffuse in accordance with the free-volume dyeing
theory (usually attained above the temperature of
glass transition Tn)

o a sufficient amount of groups able to fix the dye by
the formation of strong interactions between the po-
lymer or additive and the dye molecules.

The aim of this work is to study the dyeability of blend
PP/PES fibres by classic method and, the effect of va-
rious types of PES on colour properties of blend PP/
PES fibres.

THE DYEABILITY OF BLEND POLYPROPYLENE/POLY-
ESTER FIBRES BY DISPERSE DYES

Bolhovd E, Ujhelyiovd A., Kdrmendyovd E., Marcindin A.

Slovak lJniversity of Technotogy in Bratislava, Faculty of Chemical and Food Technotogy,
Department ', ',',onJ.fl,o,,,':x::';":,1""r'3'!{;f"?![!]1",2i,f;"?13",2'""ii,tistaua' stwak Repubtic

The aim of this work was to study the colour properties of polypropylene fibres modified with
various types of polyesters (PES). Polypropylene (PP) was modified by polyethylene terephthalate
(PET), polybuthylene terephthalate (PBT), poly(trimethylene terephthalate) (PTT) and a polyester
blend (PET/PBTIPTT). The fibres were dyed at the temperature of 98 'C (using the classic proc-
ess for PET f ibres) using disperse dyes C. l .  Disperse Red 86 and C. l .  Disperse Blue 56. The
colour properties (total colour difference AE, position data of colour coordinates L*, a*, b*) were
evaluated using a CIELAB analysis.

The affinity of the disperse dyes to the blend PP/PES fibre depends on the content of the
various PES component in the blend fibre. The polyester dispersed in the PP matrix positively
affects the dye uptake in the exhaust process. The disperse dyes are expected to mainly diffuse
into the amorphous regions and at the interface of the fibre blend components.

The results obtained indicate the different effects of individual PES on the dyeability of blend
PP/PES fibre. Sufficient colour strength of the fibres was achieved for polypropylene modified
with PET and PBT.
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Sample PP TG 920
wt.%

PETLFK PBTCelanex PTT OLPET
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EXPERIMENTAL

Materials

Synthetic fibres
The following polymers were used for preparing the

blend PP/PES fibres:
- Polypropylene Tatren TG 920 (PP), Slovnaft, a.s.,

Bratislava, melt f low index MFI = 1 1g/10 min;
- Polyethylene Terephthalate (PET LFK), Slovenskf

Hodvdb, a. s., Senica, lV = 0,5l.g-t;
- Polybuthylene Terephthalate (PBT) Celanex 2000,

Ticona Engineering Polymer;
- Poly(trimethylene)teraphthalate (PTT) with an intrin-

sic viscosity of lV : 9 l.g-' (measured in a 50/50 mix-
ture of methylene chloride and trifluoroacetic acid at
30 "c),

- Compatibilizer - oligomeric polyester (OLPET) - Li-
cowax E

The blend PP/PES fibres were prepared in two
steps - preparation of the PPIPES concentrates and
preparation of the blend PP/PES fibres. The composi-
tion of the used blend PP/PES fibres are in Table '1.

Table 1 Composit ion of blend PP/PES f ibres

Composit ion of blend PP/PES f ibres

Fibres and yarns

meters were estimated by measuring the reflective cur-
ves by the Ultrascan XE spectrophotometer equipment.
The K/S values from the Kubelka-Munk equation were
calculated by the equation:

K/S = (1 -R)ZPR (1)

where K- absorption coefficient, S - scattering coeffi-
cient, and R - reflectance value.

The colour coordinates, RCS - the relat ive colour
strength, AL* - the difference in lightness between the
standard and sample, Aa", Ab* - the differences in the
colour coordinates between the standard and sample,
AE* - the colour difference between the standard and
sample, and AC* - the difference in chroma between
the standard and sample were defined using the soft-
ware for a colorimeter, the D65 10' standard illuminant
observer.

Determinat ion of the dye uptake

The dye uptake of the blend PP/PES fibres was de-
termined indirectly by determining the concentration of
the dye in the bath. The process of dyeing took 90 mi-
nules. After the removal of the fibre from dyebath, a 5
ml dyebath was completed by adding ethanol to a 25 ml
flask. The quantity of the remaining dye in the bath was
estimated from the absorption of a dye solution measu-
red at trma,1 = 590 nm for Disperse the Blue 56 and
Lna,z= 520 nm for Disperse Red 86 by the SPEKOL
equipment and the calibration curves.

RESULTS AND DISCUSSION

The fibres from blend PP/PES fibres were dyed using
the standard method designated for PET fibres at 98 "C
by two dyes - C.l. Disperse Red 86 and C.l. Disperse
Blue 56. The results of the colour measurements obtai-
ned by evaluation of the CIE Lab parameters are in
Tables 2 and 3 and Figs. 1-4.

In order to dye of blend PP/PES fibres using disper-
se dyes from a solution, the assumption that disperse
dyes diffuse primarily into the amorphous regions of fib-
re blends is accepted. Based on the experimental re-
sults, it is possible to state that affinity of disperse dyes
to a blend PP/PES depends on the type of polyester
used and the molecular structure of the disperse dye
used. A comparison of the dye uptake of C. l. Disperse
Blue 56 between standard PP fibres and blend PP/PES
fibres (Fig. 1) shows that the dye uptake of C. l. Disper-
se Blue 56 increases for all the PP/PES fibres. The hi-
ghest dye uptake of C. L Disperse Blue 56 (60%) is
achieved in blend PPiPES fibres modified by PET (Fig.
1, PP/PET, sample 3). The increase in PTT content in
blend PP/PES fibres does not affect the dye uptake (Fig.
1, PP/PPT, samples 5 and 6). Both blend PP/PTTiOL-

1
a

A

o

100

92
92
92

94.34
94.4
94.34

a

l a

5.54

7.88

1 a

0 . 1 2
0 . 1 2
0 . 1 2
0 . 1 2

100
B

1 . 8 8

Disperse Dyes
C. l. Disperse Blue 56 (Ierasil Blue 3RL)
C. I. Disperse Red 86 (ferasil Rosa 2GLA)

2.2 Dyeing

A lubricant was removed from the fibres in a bath
containing 1.5 g/l Slovapon A and 1 gil Na3POa at 75 "C
for 20 min.

The fibres were dyed using Colortest laboratory equ-
ipment at a temperature of 98 "C. The dye bath contai-
ned 1 g/l  Kortamol NNO as a dispersant, 2 g/l
(NH4)'SO4, 3 g/l NarSO+, dcetic acid for adjusting lhe
pH = 5, and 2 wt. % disperse dye. The dyeing regime
for PET fibres was used.

C ol o u r c h aracte ri sti c s

The colour characteristics of the dyed fibres were
evaluated using the CIE Lab method. The colour para-

76 V6kna a textil 11 (3) 75-81 (2004)
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PET fibres achieve the same dye uptake. We can as-
sume that the difference in the content of PTT in blend
fibres is smallto show the higher effect on their dyea-
bility. The higher content of PTT in blend PP/PES fib-
res damages the supermolecular structure of PP as well
as the lower content of PTT. The dye uptake for blend
PP/PES fibres dyed by C. l. Disperse Blue 56 moves in
a range from 35 to 45 % and is approximately 4 times
higher as for PP f ibres (Fig. 1).

The dye uptake of blend PP/PES fibres dyed with C.
l. Disperse Red 86 is about 65-70% (Fig. 3). The blend
PP/PBT and blend PP/PET/PBT/PTT fibres achieve the
highest dye uptake. The molecular structure and size of
the particles of disperse red dye have a result on a hi-
gher dye uptake in comparison with disperse blue dye.
The particles of disperse red dye diffuse into fibres du-
ring the dyeing process faster than particles of disper-
se blue.

For dyeing of blend PPiPES fibres with C. l. Disper-
se Blue 56, the dependency of KS on the composition
is in Fig. 2. From the results, it follows, that KS acqui-
res the highest values for PP fibres modified with PET
and PBT and the lowest for unmodified PP fibres. The
l(S of blend PP/PET and blend PP/PBT fibres is seve-
ral times higher than for other blend PP/PES fibres. We
assume the PTT polyesters with (OLPET), PBT with
(OLPET) and a blend of PES (PET/PBT/PTT) do not
affect change in the crystalline part as much (the super-
molecular structure is not changed sufficiently) and the
dye is not able to diffuse into the fibres and is mainly
caught on the surface of the fibre. The various amounts

Table 2 CIE Lab characterist ics of unmodif ied PP and blend PP/
PES f ibres dyed using C.l .  Disperse Blue 56, standard
PP f ib re  i s  sample  No 1 .

Sample AE" AC. RCS [%]

1
z

4

8

Table 3 CIE Lab characterist ics of unmodif ied PP and blend PP/
PES f ibres dyed using C.l .  Disperse Red 86, the stand-
ard PP f ibre is Sample No 1,

Sample AL. AE* ac* Rcs [%]

Fibres and yarns

Fig. 1

fibres

The dye uptake of Disperse Blue 56 for unmodified PP and
blend PP/PES fibres at 98 "C

Fig. 2 The |(/S values for unmodified PP and blend PP/PES fibres
at 98'C, Disperse Blue 56

of PTT (7.88 and 5.54 wt. %) do not affect their dye up-
take (Fig. 2).

On the base of the knowledge [1-a] gained and the
experimental results (Figs. 1-4), it is possible to state
that the PET additive disperse in the PP matrix of blend
PP/PES fibres is able to increase the dyeability of blend
PP/PES fibres several times at a temperature of 98 "C
in comparison with the unmodified PP fibres. A compa-
rison of the dyeing ability of blend PP/PET fibres with
PET fibres is more interesting; blend PP/PET fibres
achieve better dye exhaustion at 98 "C than PET fibre
(the temperature of 98 'C is not sufficient). lt is possib-
le to predict that the PET additives change the stable
crystalline structure of PP, and a higher diffusion of the
disperse dyes into the fibres is allowed [3-4].

The KS values of the C, l. Disperse Red 86 are com-
parable to all the blend PP/PES fibres (Fig. a). The hi-
ghest l(iS was measured for the PP/PET and blend PP/
PET/PBT/PTT fibres. The lowest values were achieved

s

f

o 5 0
o

a
Y

1 A

1 , 0

AL*

-1.2 -8.7
-1.5 -34.0
2.3 -40.6
2.0 -41,0
J . I  - J Y . b

3.1 -39.8
4,2 -38.1
3.4 -38.6

-sl.s o*n ,i.t
-35,3 47.74 31.9
-34.1 47.13 32.3
-37.2 48.60 31.0
-36.4 48.09 31.2
-38.4 48.71 29.6
-38.3 48.84 30.0

ti,
1 058
971
192
185
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251

1
z

4

6

I

7.9
22.0
40.5
34.4
J C - Z

34.9
36.7
33.9

, iu
a n l
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41 .3
41.0
41 .0
+ z - J

t . o
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--{+.c -zz. I
-2.2 -20.8
-3.2 -21.0
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.| r.t s3s
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28.7 1 181
26.0 1058

f ibres
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Fig. 3 The dye uptake of Disperse Red 86 for unmodified PP and
blend PP/PES fibres at 98 "C

for the unmodified PP and PET fibres as well. The un-
modified PP fibres have a very low affinity to the disper-
se dyes. The conditions for dyeing the PET fibres were
not sufficient (a low dyeing temperature, dyeing witho-
ut carriers) for the good colouring of these fibres which
corresponds with the lower values of KS in comparison
with blend PP/PES fibres. The dependences of the dye
uptake and 1(S on the composition of blend PP/PES
fibres are similar (Figs. 3 and 4). The change occurs at
blend PP/PBT fibres. At the dyeing temperature of
98'C, the motion of the segments in the polymeric chain
increases. This causes the pores to become bigger, and
the dyes are able to diffuse from the surface into the
mass of fibres. This corresponds with the dye uptake for
a blend PP/PBT fibres (Fig. 3). The dye was able to
penetrate and fix itself into fibre at a temperature of
98 "C. After the dyeing process is finished the tempe-
rature decreased and with the lowering temperature, the
size of the pores reduced. The back dye diffusion into
the dyebath was worse and lower. lt confirms the diffe-
rence between the dye uptake, which was measured at
98 "C, and the l(S, which was measured directly from the
dyeing fibres by DATACOLOR equipment (Fig.  ).

The results that followed indicated that the dye upta-
ke and KS values are dependent on the composition of
the blend PP/PES fibres, the molecular structure and
size of the dye pafticles, and the size of the pores on/
in the fibres. The blend PP/PES fibres reached dyeabi-
lity much higher than corresponds to the amount of PES
present in PP.

Through appraisal of the effect of PES in blend PP/
PES fibres on colour properties (Tables 2 and 3), it
emerged that allthe blend PP/PES fibres are dimmer
than unmodif ied PP f ibres with both using disperse
dyes. The AE* colour difference is the measure of the
difference in colour between the standard (unmodified
PP fibres) and samples of blend PP/PES fibres. The AE*

78
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2,5
a
Y

2,0

1 , 5

1 , 0

n 4

0,0

Fig. 4 The l(S values for unmodified PP and blend PP/PES fibres
blends at 98 "C. Disperse Bed 86

values are high because unmodif ied PP f ibres were
used and they have no affinity to the disperse dyes. The
yield of disperse dyes using the PP fibres was very low
at the given conditions (Fig. 1 and 3) and it is not com-
parable to the blend PP/PES fibres. The deviation of the
AC* chroma indicate that all shades of blend PP/PES
fibres are deeper than unmodified PP fibres. The colo-
ur coordinates a* and b* represent the position of the
samples in the a*b* diagram. They show that the sam-
ples are eventually bluer or redder than the unmodified
PP fibres. The blend PP/PES fibres have a dimmer sha-
de in comparison with the PP fibres because very low
dye uptake of the unmodified PP fibres.

CONCLUSION

Blend PP/PES f ib res  were  dyed us ing  exhaust
method with C. l. Disperse Blue 56 and C. l. Disperse
Red 86 dyes. From the colour characteristic of blend
PP/PES fibres obtained follows that:

1. The dyeability of all blend fibres was excellent.
2. PP fibres modified by all the polyester additives

show a much better adsorotion and diffusion of dis-
perse dyes than into the unmodified PP fibres and
much better dyeability as well.

3. The highest colour strength was obtained by the
modification of the PP with PET and PBT.

4. Streakiness was not observed.
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[9-141, dendrim6rmi a rozvetvenlmi polymermi [15, 16]. Za-
6lenenie rozvetvenlich polym6rov do PP matrice podas tave-
nia zmesi znadne zvli5ilo vyfarbitel 'nost PP vlakien disperz-
nlim farbivom [12]. Okrem toho je to modifikacia polym6rmi
a pr iprava polymernych zmesi  (b ikomponentn6 PP/PES
a PP/PA vldkna) [2-7].

Zmesn6 PPi PES vldkna reprezentujti novli spdsob pripra-
vy syntetickiich vlakien s vylepSenfmi vlastnostami. Modifi-
k6cia polypropyl6nu polyestermije zaujimavd z hladiska lep-
Sej vyfarbitelhosti h/chto vl6kien z roztoku a zmien niekto4Tch
mechanickfch vlastnosti PP vldkien. Polym6rne aditivum,
ktor6 je priddvan6 ako koncentrdt do taveniny polym6ru,
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Hodnotenie vyfarbitelhosti zmesnich PP/PES vldkien
vyfarbenich disperznymi farbivami

Translation of Article:
The dyeabil ity of blend polypropylene/polyester f ibres by disperse dyes

Prdca sa venuje 5t[diu koloristickych vlastnosti polypropyl6novlich (PP) vldkien modifikovanfch
s rOznymi typmi polyesterov (PES) farbenfch disperznlimi farbivami (C. l. Disperse Red 86 a C.
L Disperse Blue 56). Polypropyl6n bol modifikovany polyetyl6ntereftaldtom (PET), polybutyl6n-
tereftal6tom (PBT), polytrimethyl6ntereftaldtom (PTT) a zmesou polyesterov PETiPBT/PTT. Zmesn6
PP/PES vl6kna boli vyfarben6 disperznlmi farbivami vytahovacim postupom pre PET vldkna pri
98 "C. Koloristick6 vlastnosti boli hodnoten6 CIE Lab anall izou.

Afinita disperznlch farblv ku zmesnlim PPiPES vl6knam je zdvisld od obsahu a povahy PES
aditiva v zmesnfch PP/PES vldknach. Polyester rozdispergovanf v polypropyl6novej matrici
podstatne zvf5il si lu vyfarbenia zmesnlch PP/PES vldkien pri farbeni vytahovaclm postupom.
Difrizia disperzn6ho farbiva prebieha hlavne do amorfnlich oblasti a medzifdzoveho rozhrania PP
a PES zloZky zmesnfch PP/PES vlakien.

Ziskan6 v l is ledky poukazujr i  na rozdie lny vplyv PES na vyfarb i te l 'nost  zmesnfch PPiPES
vldknach. Dostatodn6 farebnd sila a percento vytiahnutia farbiva bolo dosiahnut6 pri zmesnlich
vldknach s obsahom PET a PBT.

79



Vldkna a pr iadza

obsahuje esterovf skupinu, kto16 zvy5uje afinitu disperznfch
farbiv k zmesnlim PP/PES vldknam. Modifikdcia polypropy-
l6novlich vldkien polyesterom md vfznamnf vplyv na silu
vyfarbenia uZ pri jeho nizkych koncentrdcidch v zmesnfch
vl6knach [1-4].

Na vyfarbitel'nost zmesn;ich PP/PES vldkien ma vplyv aj
mie5anie polym6rnej zmesi pri ich priprave. Najvy5Sia fareb-
nd sila farbenyich PP/PES vlSkien sa zlskala za pouZitia vstre-
kovacieho procesu a mie5ania taveniny zmesi polym6rov
v dynamickom homogeniz6ri pred ich zvl6kiovanlm. Vnrjrtor-
nd Strukt0ra takto pripravenfch zmesnyich PP/PES vldkien je
prlstupnej5ia pre molekuly disperzn6ho farbiva. Vysokli stu-
peri dispergdcie PES v PP, ktoni sa dosiahol pouZitim dvoj-
z6vitovkov6ho exdrtdera pri mie6ani, neposkytol ocakdva-
n1i vzrast farebnej sily. Rovnakd vfsledky boli ziskane aj pri
pr iprave zmesnfch PP/PES v lAkien poui i t im rovnak6ho
exdridera s priddvanim gran0l a koncentrAtu z poddvacieho
zdsobnlka taveniny a homogenizdcie zmesi pred zvldkriova-
nim. K dosiahnut iu vySSieho stupna vyfarbenia zmesn; ich
PP/PES vldkien je potrebn6 zjednotit pozitfvny vplyv polymer-
neho aditiva (PES) s optimelnymi technologickyimi podmien-
kami pri priprave zmesnyich PP/PET vlakien [3].

Vo v5eobecnosti plati, Ze pre schopnost vyfarbenia synte-
ticklich vldkien klasickfm postupom musia byt splnen6 na-
sledovn6 podmienky [5]:

o priestorovd pristupnost vo vl6kne pre molekuly farbiva,
teda dostatodn6 amorfnd 6ast polym6ru s pohyblivfmi
polym6rnymi segmentami, pri teplote farbenia nad tep-
lotou sklovitenia (pri farbeni polyesterovyich vldkien sa
vyZaduje tlakov6 farbenie bez alebo s prenaSadmi);

o tvorba interakcii medzi polym6rom a farbivom.
V praci  sme sa zameral i  na hodnotenie vyfarb i te l 'nost i

zmesnfch PP/PES vl6kien klasickfm postupom a vplyvu
16znych polyesterov na koloristick6 vlastnosti h/chto vlakien.

VVSLEDKY A DISKUSIA

Vldkna zo zmesnfch PP/PES vldkien boli vyfarbene Stan-
dardnyim postupom urcenfm pre PET vldkna pri 98"C dvo-
ma farb ivami C. l .  Disperse Red 86,  C. l .  Disperse Blue 56.
Vfsledky koloristicklch merani, ktor6 sa zfskali hodnotenlm
CIE Lab parametrov vyfarbenfch vldkien, su v tab. 2 a 3 a na
obr. 1--4.

Pri vytahovacom spdsobe farbenia zmesnlich PP/PES vld-
kien disperzn;im farbivom sa predpokladd, Ze disperznffar-
bivo difunduje hlavne do amorfnyich oblasti. Na zdklade zls-
kanyich vfsledkov m62eme konStatovat, 2e af inita
disperzn6ho farbiva ku zmesnyim PPi PES vl6knam je zdvis-
ld od typu polyesteru a molekulovej Struktlry farbiva. Pri po-
rovnani % vytiahnutia farbiva C. L Disperse Blue 56 na Stan-
dard (PP vlakno, obr.1) a vzoriek zmesn;ich PP/PES vldkien
(obr.1) je vidiet, 2e % vytiahnutia farbiva viditelhe st[plo pre
v5etky zmesne PP/PES vldkna. NajvySSie % vytiahnutia far-
biva C. l. Disperse Blue 56 sa dosiahlo prizmesnom PP/PES
vl6kne modifikovanom PET - okolo 60% (obr. 1 , PP/PET- vz.
3). Zvyi5enie obsahu PTT v zmesnfch PP/PES vldknach
nemd vplyv na % vytiahnutia farbiva (obr. 1, vz. 5 a 6). Pri
obidvoch zmesn;ich PP/PTT/OLPET vldknach sa dosiahti
rovnak6 % percentd vytiahnutia farbiva. M62eme predpokla-
dat, Ze rozdiel v obsahu PTT v zmesnlch vlaknach je mal!
na to, aby sa prejavil vy55i vplyv na zmenu ich vyfarbitelhosti.
Predpokladd sa, 2e vy55iobsah PTT (7,88%) v zmesnom
PP/PES vldkne naruSl nadmolekulov0 Struktiru rovnako ako
niZ5iobsah PTT. Pri farbenid'al5ich zmesnVch PPiPES vtd-
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kien farbivom C. L Disperse Blue 56 sa % vytiahnutia farbi-
va pohybuje v intervale 3545% (obr. 1) a je cca Stuorndsob-
ne vy5Sie ako pri bistom PP vl6kne.

Pri pouZitifarbiva C. L Disperse Red 86 sa % vytiahnutia
na zmesn6 PP/PES vldkna pohybuje v rozmedzi65 a270%
(obr. 3). Pricom najvy5Sie % sa dosiahlo u zmesnlch PP/PBT
a PP/PET/PBT/PTT vldknach. Toto vySSie % vytiahnutia der-
ven6ho disperzn6ho farbiva m6 za ndsledok jeho molekulo-
vd Struktfra a velkost 6astic. Castice cerven6ho farbiva l'ah-
Sie d i funduj0 do v ldkna pocas farb iaceho procesu ako
disoerzn6 mod16 farbivo.

Na obr .  2 sr i  hodnoty K/S pre C.  l .  Disperse Blue 56
v zdvislosti od typu farbenlch zmesn;ich PP/PES vldkien pri
98"C.2 vfsledkov vyplfva, Ze K/S nadobfda najvy55ie hod-
noty pri modifikdcii s PET a PBT a najniZ5ie pre PP vldkno.
V porovnani s PP/PET a PPi PBT vl6knami je niekol'kokrdt
ni2Sia aj (S pri d'alSich zmesnlTch PP/PES vldknach. PTT s
OLPET, PBT s OLPET a zmes PES (PET/PBT/PTT) ovplyv-
nujI len vel'mi mdlo nadmolekulovri Struktfru zmesnfch PP/
PES vlakien v porovnani s PET a PBT a ich vplyvom nedo-
chddza k takej zmene kryStalickeho podielu PP, aby farbivo
mohlo difundovat do vnitra vldkna. Zachyt6va sa iba na
povrchu. Rozne percentudlne zast0penie PTT (7,88 a5,54
hmot. %) v zmesnlch PP/PTT vldknach nemd vplyv na silu
vyfarbenia (obr. 2), modryim farbivom.

Na zdklade poznatkov [1-a] a ziskanfch experimentdlnych
uisledkov (obr. '1-4) je moZne konStatovat, 2e PES rozdisper-
govanli v PP matrici zmesn6ho PP/PES vldkna zvy5uje moZ-
nost jeho vyfarbenia niekolkondsobne pri 98 

'C 
v porovnani

s nemodifikovanfm PP vldknom. Porovn6vanie schopnosti
vyfarbenia zmesnfch PP/PES vldkien s PET vlaknom je za-
ujimavejsie z toho hl'adiska, 2e u zmesnlich PP/PES vtdkien
sa dosiahlo lep5ie vyfarbenie pri 98"C ako pri PET vldkne (pri
farbeni PET vldkien nie je teplota farbenia 98'C postadujti-
ca). Je mo2n6 predpokladat,2e r6zne PES narlSajri rozdiel-
ne stabiln0 kryStalickri Strukt0ru PP a tfm umoZiujri vySSiu
difriziu disperzn6ho farbiva do vn[tra zmesnfch PP/PES vla-
kien [3-4].

Pri pouZitidisperzn6ho farbiva C. L Disperse Red 86 bola
sila vyfarbenia l(S porovnatelhd u vSetkfch zmesn;ich PP/
PES vli iknach (obr. 4). Najvy55ie K/S boli nameran6 pre
zmesn6 PP/PET a PP/PET/PBT/PTT vlakna. Naini25ie hod-
noty sa dosiahli pri PP a PET vlakne. Nemodifikovan6 PP
vldkno md nizku afinitu ku disperzn6mu farbivu. Pre farbe-
nie PET vldkna neboli posta6uj0ce podmienky (nizka teplo-
ta farbenia, farbenie bez pren65aca) na dostatodn6 vyfarbe-
nie,  co kore5ponduje s n iZSimi  hodnotami K/S ako
u zmesnfch PP/PES vlaknach. Priebeh % vytiahnutia farbi-
va a (S v zdvislosti od zloZenia vlakien (obr. 3 a 4) je po-
dobn! a k zmene dochddza len pri zmesnom PP/PBT vli ik-
ne. Pri teplote farbenia 98'C dochadza k zvdd5eniu p6rov
a k zv!5en6mu pohybu segmentov v polym6rnom retazci.
Molekuly farbiva l 'ahSie difunduj0 z povrchu do vn0tra vldk-
na, eo koreSponduje s % vytiahnutia farbiva pre PP/PBT vldk-
no (obr. 3). Farbivo bolo schopne udrZat sa vo vl6kne pri
danej teplote 98 "C. Po ochladeni kf pel'a, na konci farbenia,
dochadza k zni2eniu velkosti porov zniZenim teploty farbia-
ceho k0pel'a a farbivo difunduje z vldkna spdit do farbiaceho
kfpelh. To potvrdzuje aj rozdiel medzi % vytiahnutia farbiva
nameranlim priteplote farbenia 98'C a K/S, ktord bola l lod-
notend priamo z vyfarben6ho vldkna na pristroji Datacolor
(obr. +1.

Z 4isledkov vypl'!va,2e K/S ako aj percento vytiahnutia far-
biva na vldkno zdvisiod zlolenia zmesnlTch PPiPES vldkien,
molekulovej Strukttry farbiva, velkosti jeho dastic a velkosti
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p6rov vo vldkne. Zmesn6 PP/PES vldkna dosiahli ovela vyS-
Sie vyfarbenie ako zodpoved6 dan6mu percentuelnemu za-
stripeniu polyesterov6ho (PET, PBT a PTT) aditiva v PP.

Pri posudzovani vplyvu PES v zmesnfch PP/PES
vlaknach na koloristick6 vlastnosti (tab. 2 a 3) vyplyiva, Ze na
z6klade odchflky jasu AL*, ktord m6 pre v5etky zmesn6 PP/
PES vl6kna zApornl hodnotu vyplwa, ie vSetky vldkna s[
matnej5ie ako Standard (PP vldkno) pri obidvoch pouZitfch
farbivdch. Celkova farebnd diferencia AE* je mierou velkosti
farebn6ho rozdielu medzi Standardom a vyfarbenfmi zmes-
nlrmi PP/PES vldknami. Hodnoty AE* sri vysok6 z toho do-
vodu, Ze ako Standard sa pouZilo PP vldkno vyfarben6 da-
nyimi disperznfmi farbivami. ViitaZnost farbiva PP vlaknom
bola za danfch podmienok vel 'mi  nfzka (v id ' .  obr  1 a 3. )
a neporovnatel'nd so zmesnlimi PP/PES vldknami. Odchli l-
ka sftosti vyfarbenia AC* ndm hovori o tom, Ze vSetky vyfar-
ben6 zmesn6 vl6kna maj0 slitejSi odtieri ako Standard. Ko-
loristick6 koordindty a* a b" zn6zorriuj0 poziciu jednotliviich
vzoriek v a*b* diagrame. Hovoria o tom ci je vzorka modrej-

Fibres and yarns

Sia prlpadne cervenej5ia ako Standard. V5etky zmesn6 PP/
PES vldkna majf matnejSiodtien ako PP vldkno, pretoZe PP
vldkno md nizke vyfarbenie.

ZAVER

PP/PES zmesn6 vldkna sa vyfarbil i  dvoma farbivami C.
l. Disperse Blue 56 a C. l. Disperse Red 86 a vyhodnotil i  sa
zakladn6 koloristick6 vlastnosti vlakien. Zo ziskanfch uisled-
kov je moZn6 kon5tatovat, Ze:
- Rovnomernost vyfarbenia zmesnlich PPiPES vl6kien bola

vlbornd bez pruhovitosti.
- Vyfarbitel 'nost zmesnlich PP/PES vldkien je ovela lep5ia

ako nemodifikovanfch PP vl6kien. Zlep5ila sa adsorpcia
a prenikanie molekfi farbiva do modifikovanej PP zloZky
so v5etkfmi pouZihimi PES.

- Najlep5ie vfarbenie sa dosiahlo pri modifik6cii PP s PET
a PBT.

Vldkna a textil 11 (3) 75-81 (2004) 81
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1.  INTRODUCTION

The modification of polypropylene with polyesters in
order to prepare blend PP/PES fibres with mostly PP
components is interesting from the point of view of the
properties of the PP fibres. PES in the blend PP/PES
fibres provides an improvement in dyeability using the
classic exhaust dyeing process, elasticity and sorption
properties as well [1-3]. The morphology and interface
created between the polymer components in the blend,
which can be considered as a third phase, play a pre-
dominant role in the improvement of the dyeability of the
blend PP/PES fibres [4-61.

The current theoretical knowledge about the diffusion
of dyestuffs from a solution into fibres as well as the
effect of a fibre's superstructure on its dyeability makes
it possible to observe that dispese dyes diffuse prima-
rily into the amorphous regions of blend PP/PES fibres,
mainly at their interface. Then PES, which is dispese in
a PP matrix, makes possible the creation of a less or-
dered superstructure of blend PP/PES fibres as well as
the creation of an interface - the third phase, of the
polymeric system and thereby increases the dyeability
of blend PP/PES fibres. This corresponds with
a decrease in the total crystallinity of blend PP/PES fib-
res (the effectof PES) in comparison with the totalcrystal-
linity of the original PP and PES components [7, B].

The dyeing process of fibres and textiles consists of
four consistent processes: the diffusion of a dye in a
solution, uptake at the fibre's surface, diffusion into the
fibre, and fixation of the dye in the fibre. The diffusion
of the dye into the fibre also depends on the pH, tem-
perature and auxiliary agents used. In a series of pro-
cesses joined by successive reactions, the slowest is
this determining the rate of the whole process and, con-
sequently, this setting the order of the reaction [9].
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The dyeing of unmodified polypropylene (PP) fibres by the exhaustion method is characterized
by the low affinity of dyes to the PP and the low colour parameters (low colour fastness, low
washing and dry-cleaning fastnesses) of the dyed fibres. The preparation of blend polypropylene/
polyester (PP/PES) fibres is interesting from the point of view of the dyeabil ity of these fibres in
the bath. A polyester additive in the PP matrix is able to fix the dispersed dyes and increase
the take-up of the dye from the bath. This paper presents the effect of two polyesters (polyethylene
terephtalate - PET - and polybuthylene terephtalate - PBT) on the kinetics of dyeing blend PP/
PES fibres with C.l. Disperse Red 86 dispersed dye. The dye uptake, dyeing rate constants,
diffusion coefficients and activation energy of the dyeing of blend PP/PES fibres are defined.
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Many theoretical equations describing the overall rate
of dyeing have been derived by assuming that the en-
tire dyeing process is determined by the rate of dye dif-
fusion into a f ibre [10-14]. The diffusion of dyes into
polyester fibres can occur under both infinite and finite
dyebath conditions during the dyeing process. In the
case of an infinite dyebath, the dye concentration in the
bath does not change during the sorption process. In the
case of a finite dyebath, the dye concentration at the
fibre's surface continuously decreases during the
sorption process until equilibrium between the dye con-
centration in the polyester fibres and the bath is achie-
ved [15]. The diffusion rate of the dye molecules into the
polyester fibres from a well-stirred solution is expressed
by Wilson's equation for a finite dyebath and Hill's equ-
ation for an infinite dyebath.

The kinetics of the dyeing of polyester fibres by dis-
pese dyes have been studied by several authors [1 1-
151. Various mathematical models were used (Vicker-
staff [9, 14], Patterson and Sheldon [9], Crank [12], Fick
[1 1] on diffusion equations, Hil l  [14] on equations) for a
description of the time-dependent dye uptake of blend
PP/PES fibres in the dyeing process.

This paper presents the effect of two polyesters (po-
lyethylene terephthalate - PET - and polybuthylene
terephthalate - PBT) on the kinetics of dyeing blend PPi
PES fibres by C.l. Disperse Red 86 dispese dye fl-erasil
Rosa 2GLA).

2.  Exper iments

2.1 Materials

Synthetic fibres
blend PP/PES fibres (PP fibres modified by polyethy-

lene terephthalate - PET - and polybuthylene lere-

wekna a rexrl 1 1 (3) 82-87 (2004\
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phthalate - PBT Celanex) were analysed and used for
exhaust dyeing (Table 1). The amount of the PES dis-
persed phase in the blend PP/PES fibres was 8 wt. %,
The blend PP/PES fibres were prepared in two steps -
preparation of the PP/PES concentrates and prepara-
tion of the blend PP/PES fibres. The characteristics of
the blend fibres used are in Table 1.

Table 1 Characteristics of blend PPiPES fibres

Composit ion of f ibres
Sample

Fibres and yarns

empirical equation and Fick's equation. The principle of
calculating for apparent diffusion coefficients from Hill's
equation is an assumption of the identification of the
halftime of the dyeing \p (ltnis the time required for
absorbing half the quantity of dye absorbed in a state
of equil ibrium) and the half-t ime of the diffusion. The
diffusion coefficients were calculated by equation (2):

Ds ;ps  =6 ,324 '10 -2KvR 'cn '12  (2 )

where: r - radius of the fibre (m), D - diffusion coeffi-
cient (m2.s-1), Kvn- dyeing rate constant (s-1) using Vic-
kerstaff's equation, cr- concentration of dye in fibre af-
ter t ime t (mg.g-t), c- - concentration of dye in equi-
l ibrium (mg.g-').

The diffusion coefficient (D) from Fick's equation was
determined from the following equation (3):

c,/c-: 4.(D.t/r f)o'' (3)

where: r, D, c, and c- are the same as the above menti-
oned.

3. Results and Discussion

This paper investigated the effect of two types of po-
lyesters and compatibilizers as well on the dyeability
and dyeing kinetics of blend PP/PES fibres as depen-
dent on time and the dyeing temperature.

It is evident from Fig. 1 that the amount of exhausted
C.l. Disperse Red 86 dyestuff (in mg.g-1) by the blend
PP/PES fibres increases with a higher time and tempe-
rature of dyeing. The dyestuff is firstly absorbed on the
sudace of the PP/PES fibres and when a state of equi-
librium is attained (between the absorption and diffusion
of the dyestuff) and the dyestuff penetrates into the fib-
re pores, At all the dyeing temperatures (82, 86, 90, 94
and 100'C) of the blend PPiPES fibres the absorption
of the dyestuff is faster at the beginning, and equilibrium
is reached later (Fig. 1). The type of dependence (at a
certain temperature) depends on the type of polyester
used for the modification as well as the comoatibilizer.
The time dependencies of the dye uptake confirm the-
oretical experience about the exhaust dyeing of textile
materials. The differences among the mentioned depen-
dencies (Figs. 1a-e) at certain dyeing temperatures
were caused only by the different PP/PES fibre compo-
sitions. At lowertemperatures (82-90'C) blend PP/PET
(OLPET) fibres absorbed most of the dispese dyestuff
(Figs, 1a-c). At higher temperatures the highest dyeup-
take is exhibited by blend PP/PBT (EDSA)fibres (Figs.
1d-e). At a tested time interval during the PP/PBT dy-
eing a relative equilibrium between the absorption and
diffusion of the dyestuff is not attained (the curve does
not approach the constant values of the dye uptake -
Fig. 1e). The morphology of synthetic fibre (blends) has
a crucial importance for dyeing because the dyestuff
preferably diffuses into amorphous or less ordered fib-

PP TG 920
wL o/o

PES Compatibi l izer
8 wt. % 1,5 wt. %

OLPET
EDSA
EDSA

EDSA - ethylenedistearamide, OLPET - ol igomeric polyester

Disperse Dyes
- C.l. Disperse Red 86 (Terasil Rosa 2GLA).

2.2 Dyeing

A lubricant was removed from the fibres in the bath
(1.5 g/l Slovapon A a 1 g/l Na3POa) at 75 "C for 20 min.
The fibres were dyed in Colortest laboratory equipment
at temperatures of 82, 90 and 100 "C respectively. The
dyeing bath contained 1 g/l Kortamol NNO - dispersant,
2 g/l (NHo)2SOo, 3 g/l Na2SOo, formic acid for pH = 5,
and dispersed dye 1 %. The dyeing procedure for PET
fibres was used.

Kinetics of the dyeing and determination of the dye ex-
haustion

For an evaluation of the kinetics of the exhaustion
process of blend PP/PES fibres an increased (decrea-
sed) concentration of dye on the fibre (in the bath) de-
pending on the time is significant. The dyeing process
was finished at a certain time interval (3, 5, 10, 15, 20,
30, 40, 50, 60, 70, 80,90, 100, 1 1 0 and 130 min.). Af-
ter removal of the fibre from a dyebath, the dyebath was
completed by half and half ethanol, The quantity of ex-
hausted dye by the fibre was estimated indirectly from
the absorption of the dye solution measured at its 1,,",
on SPEKOL equipment and from the calibration curve.
The dependence of the dye is exhaustion on time was
used to calculate the dyeing rate constants (K) and dif-
fusion coefficients (D). The kinetics of the dyeing of
polyester with dispese dyes have been studied by se-
veral authors - Fick [5], Vickerstaff [8-10], Patterson [8],
Crank [6] and Hill [9]. The rate of dyeing was determi-
ned from Vickerstaff's hyperbolic equation:

c t -
Ku,  . t  . c i

( 1 )
K v n . t . c o  + 1

The diffusion coefficients D were obtained from Hill's
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Time, s

r ,  l
E .

- a
r 3
a

Time, s 8000

Fig. 1 Dye uptake of C.l. Disperse Red 86 (Ierasil Rosa 2GLA) at
82'C (a), 86'C (b), 90"c (c), 94'c (d) and 100'C (e) of blend
PP/PES fibres

re regions. The difference in the dye uptake of blend PP/
PET and blend PP/PBT fibres can be caused by the
creation of the different morphologies of these fibres,
which corresponds with the better dyeability of the blend
PP/PBTfibres, mainly at highertemperatures [16]. The
higher the temperature, the more open the fibre pores
and the higher is the dye uptake of blend PP/PES fib-
res modified by both PET and PBT.

A similartemperature effect as PET and PBT is achie-
ved by the utilization of different compatibilizers (EDSA
and OLPET) in blend PP/PETfibres. At lowertempera-
tures the dye uptake of dispese C.l. Disperse Red 86
is higherwith OLPET in comparison with EDSA and vice
versa at higher temperatures.

According to Vickerstaff's equation (1) the constant
dyeing rate Kyq was evaluated and diffusion coetficients
were calculated as well from Fick's equation (3) and
Hill's equation (2). The values of these characteristics
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are reported in Table 2 with the activation energies of
the dyeing of PP/PES fibres with C.l. Disperse Red 86.
The results show that constant Kyq dyeing rate and dif-
fusion coefficient according to Hill (D*,.) rise with a hi-
gher dyeing temperature for all blend PP/PES fibres. A
significant increase in the constant Kyp dyeing rate is
observed forthe blend PP/PES fibres modified with PBT
and PET (OLPET). The rate of dyeing depends on a
sufficient amount of pores in the morphological fibre
structure capable of accepting dyestuff molecules. Hi-
gher values of the constant Kys rate for blend PP/PBT,
PP/PET (OLPET) blends as well as PP/PET (EDSA) in-
directly confirm the creation of less ordered structures
and structures with a higher amount of pores for the
sorption of dyestuff respectively. Diffusion coetficients
according to Hill (D6;1) refer to the higher diffusion of
dispese dye molecules during the dyeing of blend PP/
PES fibres modified by PBT and PET (OLPET). Higher
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Table 2 Diffusion coetficients (D), dyeing rate constants (K) and activation energies of dyeing (E) of blend PP/PES fibres dyed
with disperse dye C.l .  Disperse Red 86

Vickerstaff-s model
Sample Temperature

of dyeing, "C
K . 1 0 5

S

D . 1 0 1 5
m-.s

Fick-s model
D . 1 o 1 s
m- .s

E, kJ.mol- '

PP/PET LFK (OLPET) 82

on

94
1 0 0

1.48
1 . 7 2
1 . 8 9
2.62
2.76

3.95
4.64
3 . / O

7.30
7.69

8.00
/ . o  I

7.51
8.39
7.30

43.9

PP/PET LFK (EDSA) 82
86
90
94
100

'1.09

1 , 1 4

I  ^ a

2.24
J . O  I

3.77
4.79
5.03

1 1 . 0
7.04
1  1 . 5 0
9.80

PP/PBT (EDSA) 82
86
90
94
100

1 . 5 9
1 . 9 7
1 . 8 0
2.07
2.70

4.41
5.24
5.67
7.84
12.17

8.63

5.42
Y - J 4

6.04

61 .5

l/T. K-'

Fig. 2 Values of In D at different dyeing temperatures for blend PP/
PES fibres

diffusion coefficients (Dn,'') as well as the highest acti-
vation energies (E) of blend PP/PBT fibres at the ran-
ge of 82-100 "C indicate better diffusion of C.l. Disper-
se Red 86.

4. Conclusion

- The higher the temperature, the higher the dyeabili-
ty of blend PP/PES fibres by C.l. Disperse Red 86;

- Dyeability at higher temperatures is better for blend
PP/PBT fibres;

- Dyeability at lower temperatures is better for PP/PET
(OLPET) fibres;

- Higher dyeing temperatures favor higher values of dy-
eing rate constants and diffusion coefficients as well.
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1 . O v o d

Modifikdcia polypropyl6nu (PP) rdznymi typmi polyesterov
(PES) za 0delom pripravy zmesnfch PPiPES vldkien
s majoritnyim obsahom PP zlo2ky je zaujimavd z pohl'adu
zlepSenia niektonich preferujfcich vlastnosti PP vlakien. PES
v zmesnfch PP/PES vlaknach umoZiuje zlep5enie vflarbe-
nia klasickyim vytahovacim spdsobom, zvf5enie elasticity
a sorpdnfch vlastnosti [1-3]. Pre zlep5enie vyfarbitel'nosti
zmesnlich PP/PES vldkien ma d6leZitu r.rlohu vzniknut6 mor-
fol6gia a medzifdzovd vrstva medzi polymernymi zloZkami,
ktora moZe byt povaZovan6 aj ,,tzv. tretiu f6zu" [4-6].

Na zdklade teoreticklich poznatkov o dif0zii farbiva
z roztoku do vldkna ako aj na zdklade vplyvu nadmolekulo-
vej Strukt0ry vl6kna na jeho vyfarbenie je moZn6 konStato-
vat, Ze difrlzia disperznlich farblv prebieha primdrne do
amodnfch menej usporiadanlich oblasti vl6kien. Potom PES,
ktoni je rozdispergovanf v PP matrici, umoZiuje tvorbu me-
nej usporiadanej nadmolekulovej Strukt0ry zmesnfch PPi
PES vl6kien ako aj Norbu medzivrstvy -,tzv. tretej titzy" la-
k6hoto polym6rneho syst6mu a tyim zvySuje aj vyfarbitelhost
zmesnfch PP/PES vldkien. To kore5ponduje aj so zniZenim
celkovej kryStalinity zmesnfch PP/PES vldkien vplyvom PES
v porovnanis celkovou kryStalinitou 6ishich PP a PES zloZiek
[7, 8].

Proces farbenia vldkien resp. textflii sa obvykle rozdeluje
do Styroch ndslednfch dejov - dit(tzia farbiva v roztoku, ad-
sorpcia farbiva na vl6kno, difrizia vo vldkne a fixdcia farbiva
na vldkno. Prechod farbiva na vldkno je okrem afinity farbi-
va k vldknu ovplyviovanf i d'alSimifaktormi (pH, teplota, elek-
trolyty, TPP) a vyjadruje sa stupiom vytiahnutia farbiva
v dasovej zdvislosti. V5etky procesy prebiehajO s0casne ai
do dosiahnutia rovnovdhy a najpomal5i stupen urcuje ry;ch-
lost cel6ho procesu [9].

Najviac teoretickrj'ch rovnic opisujricich nj'chlost farbenia je
odvodenlich za predpokladu, 2e difrizia farbiva podas cele-
ho procesu farbenia je urcovand ryichlostou dif0zie farbiva vo
vldkne [10-14]. Rfchlost difrizie farbiva do vldkna bola Stu-
dovand za r6znych podiatodniich podmienok. Tie s0 charak-
ter izovan6 ako neohranidenf (vysokV pomer k0pel 'a
a substr6tu) a ohranidenf (malf pomer k0pela a substretu)
farbiaci k[pell Pri farbeni z neohraniden6ho k0pel'a sa kon-
centrdcia farbiva v kfpeli nemeni podas celeho procesu far-
benia. Ak sa farbiz ohraniden6ho farbiaceho k0pel'a, koncen-
tr6cia farbiva na povrchu vl6kna sa kontinudlne zniZuje podas
cel6ho sorpdndho procesu aZ do dosiahnutia rovnov6hy kon-
centrdcie farbiva vo vldkne a v k0peli [15]. Rfchlost diftlzie
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molekfl farbiva do polyesterov6ho vldkna pri dokonalom
mie5ani je moZn6 popisat Wilsonovou rovnicou pre ohrani-
cen! kupel'a Hillovou rovnicou pre neohranidenlT kripel'.

Kinetika farbenia PES vldkien disperznfmi farbivami bola
Studovand viacen/ 'mi autormi [11-15].  Na popis zdvislost i
mnoZstva vytiahnut6ho farbiva od dasu pri farbeni PES vld-
kien boli pouZit6 r6zne matematick6 modely (Vickestaffov [9,
141, Pattersonov a Sheldonov [9], Crankov [12], Fickov [1 1],
Hi l l  [1a] a ine).

ClAnok sa zaoberd vplyvom dvoch typov polyesterov (PET
LFK a PBT) na kinetiku farbenia zmesn;ich PP/PES vldkien
disperznyim farbivom C.l. Disperse Red 86 (Terasil Rosa
2GLA).

3. Vfsledky a diskusia

V prdci sa hodnotil vplyv rdznych polyesterov a kom-
patibilizdtorov na vyfarbitelhos( a kinetiku farbenia zmesnyich
PP/PES vldkien v zdvislosti od dasu a teploty farbenia (Obr. 1).

Z obr. 1 je evidentn6, 2e mnoistvo vytiahnut6ho farbiva
(mg.gt) C.l. Disperse Red 86 zmesnlimi PP/PES vlaknami
sa zvy5uje so zvy5uj0cim sa 6asom i teplotou farbenia. Far-
bivo je najprv absorbovan6 na povrch zmesnfch PP/PES
vldkien a potom, ked'sa ustdli rovnovdZny stav medzi absor-
bovanyim a difunduj0cim farbivom, farbivo vchddza aj do
porov vldkna. Pri v6etkyich teplotdch farbenia (82, 86, 90, 94
a 100'C) zmesnfch PP/PES vldkien v z6vislosti od dasu
dochddza v za6iatkoch farbenia k nichlejSej absorpcii farbi-
va vldknom a nesk0r nastdva rovnov6ha (Obr. 1). Tvar zA-
vislosti prijednotli4Tch teplotdch farbenia zdvisi od typu po-
lyesteru pouZit6ho na modif ikdciu ako aj  od pouZit6ho
kompatibilizdtora. Ziskan6 zdvislosti % vytiahnut6ho disperz-
n6ho farbiva zmesn;imi PP/PES vldknami potvrdzuj0 teore-
tick6 poznatky o farbeni textilnych materielov z ktpela. Roz-
diely medzi spomlnanlmi z6vislostami (Obr.  1a-e) pr i
jednotlivfch teplotdch farbenia sp6sobilo len in6 zlo2enie
zmesnlich PP/PES vl6kien. Pri niZ5ich teplotach (82 - 90'C)
v sledovanom dasovom intervale zmesn6 PP/PET(OLPET)
vl6kno naabsorbovalo najviac disperzn6ho farbiva (Obr. 1a-
c). Pri vySSich teplotdch sa najvy5Sie percento vytiahnut6ho
farbiva naviazalo na zmesn6 PP/PBT(EDSA) vlakno (Obr.
1d-e). Pri farbeni PP/PBT v sledovanom dasovom intervale
nedochddza ani k vytvoreniu relativnej rovnov6hy medzi
absorpciou a difrlziou farbiva (krivka nedosahuje limitn6 pri-
bliZovanie ku konStantnej hodnote vytiahnut6ho farbiva -
Obr. 1e). Farbivo pri farbeni synteticklich vldkien disperzn!-

KTNETTKA FARBENTA ZMESNVCH pOIYPROPYLEN/
POLYESTEROVVCH VLAKIEN DISPERZNYIUI TANEIVAMI

Translation of Article:
Kinetics of dyeing process of blend polypropylene/polyester fibres with disperse dyes

Vzhl'adom k hydrof6bnemu retazcu majl polypropyl6nov6 (PP) vldkna vel'mi mal0 a2 zanedbatelh0 afinitu
k farbiviim, a preto ich vyfarbenie klasicklim vytahovacim postupom z k0pel'a ddva nizku vftainost farbiva
a nizke stdlosti v prani. Priprava zmesnfch polypropyl6n/polyestero{ch (PP/PES) vldkien je zaujimavA z
hladiska lepsej vyfarbitel 'nosti  tychto vldkien vytahovaclm postupom. PfS rozdispergovanf v PP mauici
umoiiuje fixdciu dispernfch farbiv a znj'Senie vftaZnosti farbiva z k0pela. Cl6nok sa zaoberi vplyvom dvoch
typov polyesterov (PET LFK a PBT) na kinetiku farbenia zmesnfch PP/PES vliikien disperznlim farbivom
C.l. Disperse Red 86 (Terasil Rosa 2GLA). Bola sledovand moZnost vyfarbenia zmesnlich PP/PES vldkien
a boli vyhodnoten6 nl'chlostn6 kon5tanty, difizne koeficienty a aktiva6nil energia procesu farbenia zmesnlich
PP/PES vl6kien disperzn!'m farbivom.
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mi farbivami prednostne difunduje do amorfnfch resp. me-
nej usporiadanyTch oblasti vl6kna, a preto morfologia hrd ui-
znamni flohu pri ich farbeni. Rozdiel v sorpcii farbiva zmes-
nVmi PP/PES vldknami modifikovanfmi PET a PBT mOZe byt
spdsobenli vznikom rozdielnej morfol69ie t'ichto vl6kien vply-
vom PET a PBT [16]. Vplyvom PBT sa predpokladd vznik
neusporiadanej5ej Strukttiry zmesnfch PP/PES vldkien, 6o
kore5ponduje i s lep5ou vyfarbitel'nostou PP/PES vldkien
modifikovanfch PBT hlavne privy55ich teplotdch. So zvySo-
vanim teploty dochadza k vfraznej5iemu otvoreniu p6rov
a tyim i k absorpcii veidSieho mnoZstva farbiva zmesnfmi PP/
PES vl6knami modifikovanfmi PET i PBT.

Podobnf vplyv ako PBT a PET na vyfarbenie v z6vislosti
od teploty m6 i pouZitie rozdielneho kompatibilizatora (EDSA
a OLPET) pri modifikdcii PP s PET. Vldkna PPi PES s OLPET
pri niZ5ich teplotdch dosahujri lep5ie vyfarbenie disperzn;im
farbivom C.l .  Disperse Red 86 ako vl6kna s EDSA. Pri
vy65ich teplotdch je to naopak.

V d'alSom bola vypo6itand rlichlostnd kon5tanta Ku*
z hyperbolickej Vickerstaffovej rovnice ('1) a diffzne kon5tan-
ty z rovnic podlh Ficka (3) a podl'a Hilla (2). Vfsledky s0
v Tab. 2, kde s0 tieZ hodnoty aktivadnej energie pre farbe-
nie zmesnfch PP/PES vl6kien disperznfm farbivom C.l. Dis-
perse Red 86. Vfsledky ukazujri, Ze ryichlostn6 kon5tanta
(Kuil a diftizny koeficient podl'a Hilla (Ds;fi sa zvy5ujti so zvy-
Sujricou sa teplotou farbenia pre v5etky zmesn6 PP/PES
vl6kna. K r4irazn6mu nerastu 4ichlostnej kon5tanty Ky6 do-
ch6dza pri f arben i zmesnf ch PP/PES vldkien modifikovanf ch
PBT a PET s OLPET. Rlichlost farbenia je zdvisld od dosta-
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tocn6ho poctu porov vo vldkne (morfologickej Strukture), kto-
16 s0 schopn6 prijat molekuly farbiva. VyS5ie nichlostn6 kon-
Stanty KvH pre zmesn6 PP/PES vldkna s PBT i PET(OLPET)
ako pre vldkna s PET(EDSA) nepriamo potvrdzujti vznik
neusporiadanej5ej Struktiry resp. Struktfry s vySSim po6tom
p6rov pre sorpciu molek0l farbiva C.l. Disperse Red 86. Di-
frizne koeficienV (Dni11)vypodftan6 podl'a Hil la poukazuj0 na
vy55iu dif0ziu molek0l disperzn6ho farbiva C.l. Disperse Red
86 pri farbeni zmesnyich PP/PES vlakien modifikovanyich
PBT a PET(OLPET). VySSidiffzny koeficient (Ds;1,) ako aj
najvy55ia aktiva6nd energia (E) zmesnfch PP/PES vlakien
modifikovanfch PBT v teplotnom intervale 82 - 100'C tieZ
poukazuje na relatlvne lep5iu difriziu disperzn6ho farbiva C.l.
Disperse Red 86.

4 . 7 6 v e r

- So zvySujucou sa teplotou sa zvy5uje vyfarbitel'nost zmes-
nlich PPiPES vldkien disperznfm farbivom C.l. Disperse
Red 86.

- Pri vyS5ich teplotach je lepSia vyfarbitelhost zmesnfch PP/
PES vldkien modifikovanfch PBT zapouli l ia disperzn6-
ho farbiva C.l. Disperse Red 86.

- Pri niZSich teplotach je lepSia vyfarbitel'nost zmesnfch PP/
PES vlakien modifikovanyich PET(OLPET) za pouZitia dis-
perzn6ho farbiva C.l. Disperse Red 86.

- So zvySujricou sa teplotou farbenia zmesnlich PP/PES vla-
kien sa zvysujri n/chlostn6 konstanty i dif0zne koeficienty.
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THE USE OF THE SCHLIEREN VISUALIZATION METHOD IN
THE DIAGNOSTIC TESTING OF OPTICALLY TRANSPARENT

POLYMERIC FOILS

Syrovd L.*, Ravas R.*, Jambrich M.**, Grman J.*

*Faculty of Electical Engineering and lnformation Technology, Bratislava

**Faculty of lndustrial Technologies TnU A. Dubcek, Puchov

The article discusses the principles of the Schlieren optical visualization method as applied to
an evaluation of the properties of optically transparent materials, especially transparent poly-
meric foils. The quality of images is a very important factor during visual evaluation, especially
when to use quantitative in methods in the description of images of foils.

One of the ways to affect the subsequent quality of an image achieved by visualization meth-
ods is the correct ion of the inhomogeneous br ightness of the image, the sharpening of images
and the adjustment of the Schlieren optical apparatus. In this way we can acquire images that
are suitable for the identification, comparison and defectoscopy of transparent polymeric foils.

INTRODUCTION

Optical visualization methods offer numerous advan-
tages in studies of the hydrodynamic properties of flu-
ids [1 ,2], but they can provide useful information on vi-
sually inaccessible objects such as optically transparent
polymers, especially, polymeric foils [3, 4]. The most
common means of visualizing transparent materials is
to record their refractive behavior when illuminated by
a beam of visible light. The material density is a function
of the refractive index of the tested foil which now re-
presents, in opticalterms, a phase object. A light beam
transmitted through the tested object is affected with
respect to its optical phase, but the density or amplitu-
de of the light remains unchanged after the passage.
Optical methods which are sensitive to changes in the
refraction index in the tested field can provide informa-
tion on the density distribution and from the thus deter-
mined density values further information on the proper-
ties of the tested material. The intensity and direction of
the optical beam leaving the object tested depends on
the material 's depth. The main advantage of these
methods is that they provide information that can be
used for further processing after photographic or digi-
talrecording.

From the many optical visualization methods (sha-
dowgraph, interferometric method) [5], we have chosen
the Schlieren method. In the fundamental arrangement,
mostly referred to as the Toepler system [1], a parallel

o1 oo or 
D2 ok

z, z, K D ..- l- --: ll -:{l . ..
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Fig.1 The optical arrangement of the Schlieren system
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light beam traverses the test object and is focused the-
reafter by means of a lens or spherical mirror, named
the Schlieren head. A knife edge is placed in the plane
of the light source image to cut off part of the transmit-
ted light. This Toepler Schlieren system has developed
a great variety of modifications. An optical apparatus
constructed after J.Bolf utilizes a modified Schlieren
head in the form of a small circular diaphragm. Light is
deviated along the optical path from its nominal course
in the absence of refractive - index variations. The amo-
unt of the light deflection generated by the transparent
optical phase is measured. [3].

Fig.1 contains the fundamental optical arrangement
of the Schlieren system.

The apparatus consists of the light source located at
the focal point of the condenser lens K. Beyond this lens
focal point D is on the optical axis as the common point
of the lens K and the objective 01. The collimated light
passes through the test object Oo (polymeric foil) and
enters the objective Or, which focuses the light to form
an image of the light source. The diaphragm Dz (a kni-
fe edge in the original arrangement, mostly referred to
as the Toepler system) is located at the focal point of
the second objective. A camera lens is positioned bey-
ond the diaphragm and located to form an image of the
light source. The camera objective focuses the test ob-
ject onto the recording plane, where a reduced intensi-
ty of the light, depending on the amount of light cut off
by the carefully adjusted diaphragm, can be observed.
Without any disturbances in the optical path, the origi-
nal light source will have a uniform reduction in its in-
tensity due to the light cutoff by the diaphragm. When
there is a disturbance in the optical path, the light rays
wil lbe deflected.

The conclusions of papers [6, 7] refer to possibilities
of the use of the Schlieren visualization method in the field
of the diagnosing optically transparent polymericfoils.
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RECORDING AND IMAGE PROCESSING OF
VISUALIZED POLYMERIC FOILS

In order to do image processing i t  is necessary to
correct effect of the light source's inhomogeneity, the
effect of the optical string and the sensing device for the
evaluation of images achieved by the optical visualiza-
tion of polymeric foils.

The disturbances in brightness can be caused by the
inhomogeneity of the l ight source, by impuri t ies in the
optical path and by the noncollinearity of the optical axes
of  ob jec t ives  O,  and O,  ( f ig .1 ) .  Exper iments  have
shown, that the latter factor has a substantial effect on
the homogeneity of the image obtained by the Schlie-
ren appararus.

Fig. 2 a) lmage of a helpful tool ,  b) lmage of a visual ized tool in the
case of the inaccurate adiustment of an optical axis, c) lmage
of a visualized tool in the case of an accurate adiustment of
an optical axis

In order to rectify this error, a useful tool consisting of
four square areas one another 90' turned round was
produced. Areas were carved out of the suitable choi-
ce perspex. Sense of areas direction is such adjusted,
that the change in brightness of the respective area
marks the direction of the adjustment of the optical axis
of the objective 02 in the Schlieren apparatus. Fig. 2
contains an image of a helpful tool with the effects of
different adjustment of the optical axis.

In addition to this effect the experiments showed that
as in the process of the visualization of optically trans-
parent polymeric foils, this factor causes substantial
deformations in the character of the visualized structu-
res that can be revealed by rotating the foil sample.
Fig. 3 shows the effect of turning the transparent foil
sample on the image obtained by the Schlieren appa-
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Fig .  3  lmage o f  the  v isua l i zed
rotated f oi l  in case of
inaccurate adjusted optical
axis. a) angle of rotation 0",
b) 45', c) e0"

Fig. 4 lmage of the visual ized foi l
from Fig. 4 in the case of
a n  A n . r r r A t c  a d i r r s t e de v J  v

optical axis; a) angle of
rotation 0', b) 45", c) 90"

ratus in the case of an inaccurate adjustment of the
opticai axis of the objective of the apparatus illustrated.
Fig" 4 contains images of the same sample which cor-
respond to the various turnings in the case of proper ad-
justment of the Schlieren apparatus.

It is necessary in image processing to correct the ef-
fect of the Iight source's inhomogeneity, the effect of the
optical string and the sensing device fcr the evaluation
of images achieved by the optical visualization of poly-
meric foils. One of the rrossibilities is to use reference
image picked up without the presence of the test object.
The referenced image can be taken as an image of the
errors of the whole optical system on the assumption
that we have used a virtual light soirrce [6]. The correc-

d ) b )

b)
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b)

c)
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a) b) c)

Fig. 5 Examples of images: a) image without tested foil, b) with tested foil , c) image of the same foil after correction

tion of brightness errors is necessary for further image
processing by statistical methods. The correction of
brightness can be evaluated from [8],

g( i ,D=j -  r ( , ,0  (1)
t "U' l  )

where f(i,j) are values of the brightness of the tested foil;
(fig. 5.b), fc(i,j) are values of the referenced image's bri-
ghtness at the same point (fig. 5.a), c is a suitably se-
lected constant, and g(i,j) is the grey level of the resul-
t ing image (f ig.  5.c).

It is suitable to modify the image contrast for visual as-
sessment. One of the possibilities is to use image shar-
pening by Laplacian (2)

vzr(x,y)  = * .*  e)ox- dy-

The pixels of the sharpened image can be obtained
from

g(x,Y)  = f  (x ,Y)  -  aY) f  (x ,Y)  =
= f ( x , y ) -a . f ( x , y ) *h t ( k , t )  (3 )

where g(x,y), f(x,y) is the output and input values of the
grey level; g is the sharpening intensity; and product
f*h.. is the convolution. Fig. 6 illustrates effect of the
sharpening intensity on the resulting image,

In an ideal image of visualized foils the changes in bri-
ghtness reflect changes in the refractive index of the
transparent foil. The refractive index depends on the
density of the material through which the light beams
traverse, and the Schlieren system visualizes changes
in the first derivative of the density. Fig. 7.a and 7.c dis-
play the sharpened corrected images of two different
BOPP foils (AG36 and AC700). From the images it can
be seen that various foils have different characteristic
features that are well observed; the images of the dif-
ferent foils can be distinguished and to the contrary, the
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c)  d )

Fig. 6 Effectof the sharpening intensitycr (0.5, 1, 2 a4)

images of various samples show some similarity. The
features show some regularity of a stochastic charac-
ter. One of the possibilities for describing the character
of the foils' images is to use their statistical characteris-
tics. Figures 7.b and 7.d contain histograms of the re-
lative occurrences of grey levels.

It can be seen that there are differences among his-
tograms with regard to their positions and shapes. The
attributes of histograms can be numerically characteri-
zed using moments of distribution as the mean value of
the grey level.

EVALUATION OF POLYMERIC FOILS

The physical properties of plastic foils are related to
their production. Many foils have scratches, most of
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which are derived from manufacturing processes whe-
re the polymeric f i lm runs over rol lers [9] .

The evaluation of the quality of polymeric foils is an
important pafi of their production. Naturally, the parame-
ters which a given foil has to exhibit depend on its ap-
plication. For the purposes of testing we have chosen
samples of foils which are commonly available on our
market, namely safety window foils (for house and ve-
hicular windows) and foils used in the food industry.

Assessing visual quality permits locating places with
elastic strains and stress regions on a pre-processed
picture which are marked by variations in the level of
brightness (grade of grey). This method is suitable for
an on-line evaluation of the quality of foils during their
production. There are samples of tested foils with and
without defects. On some types of foils we have delibe-

Testing

2 0 0

Fig. I  Schl ieren apparatus used for the visual izat ion of polymeric
f oi ls

1 0 0
0 rn

Fig. 7 Modif ied image of AG36 and AC700 foi ls and their histograms

a)
Fig 9 Parts of equipment for evaluating a) Digital CCD camera b)
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Fig. 10 Samples of tested BOPP foils wit and without defects

rately created defects for the purpose of visualizing the
area of strain as is il lustrated in fig. 10.

Using image processing and a statistical approach the
Schlieren method can be successfully used in the field
of the identification and defectoscopy of polymeric foils
[10, 1 1]. To evaluate the homogeneity of foils we have
used a method based on comparing the local proper-
ties of pictures. The comparison of sections of images
consists in comparing statistical characteristics calcu-
lated from the grey level of the corresponding section
such as average brightness, standard deviation, etc.

The comparison of image histograms consists in com-
paring the histograms of several samples of the same
type of foil. This method is suitable for the identificatlon
of foils, because the shape of the histogram uniquely
reflects the structure of the foil and does not depend on
the intensity of the illuminating light.

At a lower intensity of light, the histogram is shifted to
the right, which is brought about by a lowered mean il-
lumination. Figure 7 shows the histograms of two diffe-
rent foils.

CONCLUSION

The presented methods for assessing polymeric foils
allows locating, on pre-processed pictures, even very
small regions with elastic strains and defects and the-
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refore could be successfully used for the assessment
of different polymeric foils in the future. A comparison
of several areas of the images provides information on
the average segment shade's distribution and allows
identif ication larger defects while comparing histograms
or using a co-occurrence matrix, which is suitable for the
identification of various samples of foils because the
shape of the histogram depends on the structure of the
foi l .
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Pouiitie Slirovej vizualizaLnej met6dy v diagnostickfch testoch
opticky priehlhdnlich polym6rnych folii.

Translation of Abstract
The Use of Schlieren Visualization Method in the Diagnostic Testing of Optically

Transparent Polymeric Foils

e tdnok je zameranli na popis princlpu 5lirovej vizualizadnej met6dy aplikovanej na vyhodnotenie
vlastnosti opticky priehl'adnyich materi6lov, obzvld5t transparentnlich polym6rnych fdlii. Strucne
je popisanf princip met6dy, konStrukdn6 usporiadanie Slirovho- pristroja. Prlstroj je doplnenf
CCD kamerou, ktord umoZiuje ziskat obrazy v dislicovej forme. ClSnok poukazuje na d6leZitost
kvality sniman6ho obrazu pre jeho dal5ie spracovanie. Kvalita obrazu sa dd vfznamne ovplyvnit
vhodnlim nastavenlm Slirovho pristroja. Kvalitu 6islicov6ho obrazu je moZn6 dalej zvy5ovat
pouZitim vhodnlich met6d 6lslicov6ho spracovania obrazu, ktorfmi s0 jasova korekcia pouZitim
etalonov6ho obrazu a ostrenie obrazu. PouZitel'nost uvedenfch postupov a met6d pre vizudlne
hodnotenie vizualizovan'fch obrazov opticky priehl'adn;ich polym6rnych f6lii je ilustrovanlT na
obrazoch BOPP f6lii bez defektov a folii s umelVmi defektami.
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lntroduction

Rotor spinning is a commonly used spinning system, se-
cond only to ring spinning in frequency of use. As in other
spinning systems, fiber properties exen a decisive influence
on the properties of rotor-spun yarn. The use of cotton fibers
in this spinning system is far from new, but a drastic increa-
se in the price of cotton and the rising demand by consumers
for some specific products have led spinners to produce blen-
ded rotor-spun yarns. Blending is based on the measurement
of major fiber characteristics and quantitatively proportioning
and combining compatible properties in a judicious way to
achieve the desired yarn properties. The choice of the blend's
components needs careful consideration, both in terms of the
kind of fibers to be used and their proportion in the blend so
as to project their positive attributes to the maximum. The-
refore, a thorough knowledge of the effect of the constituent
fiber properties on the yarn properties is quite necessary.
With a view to this. an attempt has been made in this review
article to summarize some of the published work on the im-
pact of different fiber properties on various rotor-spun yarn
properties and on the processibility of cotton and man-made
fibers in a rotor spinning system.

Review

According to Deussen [1], the ranking of fiber properties in
order of decreasing importance for rotor spinning for the pro-
duction of cotton yarns is: strength, fineness, length, and cle-
anliness (trash and dust content). But the same ranking for
the production of man-made and blended yarns is friction,
strength, fineness, and length. Although there might be dif-
ferent opinions on the order of the ranking of the fiber pro-
perties, in general, researchers in the yarn engineering sec-
tor have real ized that among the measurable and
immeasurable properties of textile fibers, strength, elonga-
tion, cleanliness, fineness, length, friction, crimp, and finish
play major roles in determining the tenacity, evenness, im-
pedection, and hairiness of rotor-spun yarn. These influen-
ces are summarized below.

Fiber Strength and Elongat ion

Several researchers [2-6] have found a direct relation
between fiber tenacity and rotor-spun cotton yarn tenacity.
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Swiech [4] observed that statistically, the overall correlation
coefficient between cotton yarn strength and fiber propefiies,
namely fineness, micronaire, strength, staple length, dust
content, and trash content, is 0.70, but that fiber strength alo-
ne is 0.59. Simpson and Murray [5] noticed that when a we-
aker cotton fiber is replaced by a stronger one, the rotor-spun
yarn's strength is affected much more than its ring counter-
part. Regarding this Faerber [6] observed that each additio-
nal cotton fiber's strength translates into 0.5 cN/tex in rotor
yarn tenacity, provided the yarn twist always remains the
same.

In the case of man-made yarns, Frau [7] noted that the
advantage of high fiber strength is not so pronounced in ro-
tor spinning as it is in ring spinning, although the situation is
different for cotton fiber. The greater elongation of man-made
fibers translates into higher yarn strength, higher yarn elon-
gation, and fewer hairs (>3 mm) per metre [8]. A rather small
effect of fiber elongation on rotor-spun yarn hairiness was
found by Zhu and Ethridge [9].

Cleanl iness of f iber

A debate exists among the researchers regarding the ef-
fect of trash and fine dust particles on rotor-spinning perfor-
mance and yarn quality. Swiech [4], Ethridge et al. [10]did
not find any significant effect from trash and dust content in
the raw material on the count-strength product (CSP) of ro-
tor-spun cotton yarn. On the contrary, Faerber, et al. [1 1]fo-
und an adverse effect, of trash and dust content in slivers
during processing in a rotor spinning system. While explai-
ning this effect they classified trash content in the sliver into
three categories: large and heavy particles, small and light
particles, and seed-coat fragments. The large and heavy
particles usually do not create any problem in spinning owing
to the high tangential acceleration that occurs at the combing
zone of the opening roller; these are centrifuged away from
the fiber mass into a trash disposal system. The low-density
and small particles are difficult to remove, as the kinetic ener-
gy imparted by the acceleration force is often insufficient to
dislodge them from the combing roller. But sometimes the
action of the aerodynamic buoyancy flattens the trajectory
which separates these pafticles out. But the buoyancy of lar-
ge and light particles may become greater than the inertial
force and gravity, and this will change the trajectory back
towards the opening roller, where it may be engulfed by the
rotating airflow and entrained with the suction air into the
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rotor. This contamination leads to an increase in the uneven-
ness of short-wave yarn and a reduction in yarn strength and
elongation, and in some cases they can cause yarn breaka-
ge either by impeding twist propagation into the rotor groo-
ve or by causing a rapid increase in the spinning tension as
the yarn is taken up from the rotor. Several researchers ['l 2-
141 have also mentioned that these embedded particles in-
side the rotor groove affect the yarn structure and that the
yarn formation process becomes erratic, which causes the
yarn to be irregular and weak. Faerber, et al. [11] reported
that the seed coat fragments are completely unaffected by
the trash separation process that and these produce frequ-
ent end-breaks as well as reduce the yarn's appearance
value, which in turn reduces the optical quality of grey fab-
rics. They observed that apaft from the residual trash con-
tent, the sliver also contains a ceftain proportion of fiber frag-
ments. The longer fiber fragments bounded partially into the
yarn will detach from it during subsequent passages in the
form of disruptive fly and deposits, but the shorter fragments
will be generally accumulated inside the groove, as these will
not be bound up in the yarn and remain as disruptive depo-
sits in the rotor groove. Faerber, et al. observed that the trash
separation system of the rotor spinning machine is capable
of a limited degree of dust separation, but most of the dust
goes to the rotor groove. The microdust particles usually
adhere to the fiber surface, whereas the fine and coarse dust
particles lodge between the fibers. The quality of lodged dust
pafticles inside the rotor groove is constant due to the self-
cleaning action of the rotor. However, there will be a less
noticeable, but continuous, impairment in the regularity of the
yarn mass accompanied by a drop in the dynamometric yarn
value when the rotor groove is fil led around to a ceftain le-
vel by the dust particles. The dust accumulation in the rotor
groove has proved critical in conjunction with the sticky sub-
stances (honeydew) that are quite common in cotton.

Fineness of f iber

Although a great deal of controversy exists regarding the
appropriateness of the terminologies -gravimetric fineness
and micronaire value - indicating the fineness of cotton fiber
[16-1 8], several attempts have been made to analyse the
importance of gravimetric fineness and micronaire value on
the quality of rotor-spun yarn14,5,91. lt has been observed
that finer cotton fiber results in stronger yarn and that reduc-
tion in yarn strength because of poor fiber parallelisation in
rotor yarns can be minimised by increasing the number of
fibers in yarn cross-sections. [4, 5]. The correlation coeffi-
cients between yarn unevenness, fiber fineness, and micro-
naire value are positive at a low magnitude. Zhu and Ethrid-
ge [9] pointed out that an increase in micronaire value causes
more hairiness in rotor-spun yarn. They reasoned that higher
micronaire fibers will l ikely resist being wrapped onto yarn as
they are more rigid.

While studying man-made fibers, Kaushik and Tyagi [19]
obserued that the breaking strength of polyester-viscose yarn
decreases with increases in the denier of polyester fiber. This
results from the low twist translation efficiency of the coarse
fiber due to higher torsional rigidity. The breaking extension
and unevenness decrease with decreases in the denier of
polyester fiber. The yarns made from finer fibers are more
nappy than those made from coarser fibers. This is becau-
se of lower resistance to the napping of finer fiber than coar-
ser fiber. In other work with viscose fiber, Ghosh and Elam
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[20] noticed higher end breakages during the processing of
heavier denier f ibers than finer f ibers for a fixed fiber length
and opening roller speed. In their study, yarn strength, elon-
gation, hairiness, evenness, and imperfections are found at
a higher rate with finer f ibers than coarser ones. The yarn
strength with finer f ibers is due more to the presence of a
greater number of f ibers in the yarn's cross-section. lt has
been reported that more fibers in the yarn's cross-section
resulting from the finer denier provide more opportunity for
the fibers to be randomly and evenly distributed along the
axis of the yarn, which in turn reduces the yarn's unevenness.

Length of f ibers

The length of f ibers remains a very controversial topic
among researchers. Swiech [4] and Ethridge, et al. [1 0] have
not observed any significant influence of staple length on the
strength of rotor-spun cotton yarn. However, several resear-
chers have observed this relation differently. Voughn and
Rhodes [21]  have repor ted that  shor t  f iber  cot ton yarn is
stronger and evener and contains fewer thin places and naps
than yarn produced from medium-length cotton fibers, althou-
gh the latter produces yarns with better elongation. They
observed a trash and length interaction, which is responsib-
le for lesser yarn strength produced from longer fibers. Ba-
sed on their observations, more trash particles accumulate
in the collection box of a rotor spinning machine during the
processing of medium staple yarn than shorl staple yarn, and
the extraction of coarser trash particles by the air stream of
the opening ro l ler  is  easier  than wi th f iner  par t ic les.  F iner
particles trapped among the longer fibers are responsible for
lowering the strength of yarn. Contrary to the findings of Vou-
ghn and Rhodes [21], however, Deussen [22] found that short
fibers reduce yarn strength, increase yarn unevenness and
imperfections, and lower the spinning performance. Poor len-
gth uniformity possesses a problem in the spinning of 100%
cotton as it affects yarn evenness and spinning performan-
ce. While studying the effect of 50% span length on the pro-
perties of rotor-spun cotton yarn, Hunter and Gee [3] obser-
ved that  a 50% increase in span length increases yarn
tenacity, CSP and that the extension decreases the variabi-
lity of mass and strength, hairiness, and imperfections. Ac-
cording to Zhu and Ethridge [9], the hairiness of rotor-spun
yarn decreases with increases in fiber length and decreases
in short f iber content.

Looney [23] observed that the staple length of polyester (1
to 1.5 inches) has l itt le effect on end breaks and yarn stren-
gth, but greatly affects fiber damage, rotor deposits and yarn
twists. He reported that f iber damage and the difference
between theoretical and actual twists varies directly with stap-
le length. The evenness of yarn is improved with a decrea-
se in staple length from 1.5 to 1 .25 inches, but that after that,
it deteriorates. Salhotra, Tyagi, and Dhamija [24] observed
a reduction in yarn tenacity with an increase in the staple
length of viscose fiber. They reasoned that this is due to the
higher twist  loss involved in the spinning of  longer f ibers.
According to Ghosh and Elam [20], longer viscose fiber pro-
duces more hairy yarn with fewer defects.

Several researchers have analysed the importance of
wrapper fibers on the qualig of rotor-spun yarns. Keller's stu-
dy [25] is quite interesting in this respect. According to him,
the yarns spun from long-staple fibers are belted so tightly
that they look l ike thin places, although they actually have a
greater mass per unit length because of the extra mass wrap-
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ped around them and are so indicated by the Uster Evenness
Tester. On the other hand the belts are so slack in short-stao-
le yarns that they become loose and are moved along the
yarn qui te easi ly .  These bel ts  can create t rouble dur ing
further processing. lt has been observed that an increase in
wrapper fibers results in a deterioration in yarn strength both
in the case of long-staple and short-staple yarns. Looney [23]
stated that the frequency of wrappers is proportional to the
number of fibers per cross-section of the yarn, the staple len-
gth and the twisted length of the yarn on the rotor wall. In this
regard, Klein [26] pointed out that f ibers of greater length can
result in advantages only insofar as the fibers can be well
deposited in the rotor; the inadequacy of a rotor diameter for
a given fiber length can deteriorate the spinning performan-
ce due to the poor deposition of f ibers in the rotor groove.

Fiber Friction

A few investigations have been performed to determine the
relation between friction and other physical propenies of cot-
ton and man-made fibers. According to Subramaniam, et al.
[27], cotton fiber friction negatively correlates witn a 25%
span length and bundle strength, but positively correlates
with micronaire value. In their study, the correlations betwe-
en other cotton fiber characteristics, e.g., convolution angle,
number of convolutions per cm, and maturity and fiber fric-
tion are not significant, although Lord [28] observed that f i-
ber maturity and convolution frequency are related to fiber
friction. Ghosh and Elam [20] have observed that an increa-
se in staple length and a decrease in the denier of viscose
rayon result in high fiber-to-fiber and fiber-to-metal friction.
They have also observed that the type and level of f inish af-
fect the inter-fiber friction of viscose staple fiber. The appli-
cation of a high cohesion finish results in more friction than
the regular type of f inish and an increase in the finish level
decreases fiber friction. A similar observation has been made
by Mavely [29]. Ghosh, et al. [30] noticed that the number of
crimps per inch in polyester f iber positively correlates with
f iber-to-f iber f riction.

The role of f iber friction is a bit contradictory in rotor spin-
ning as explained by Looney [23]. He has reported that the
leading edge of fibers has a tendency to form a hook around
the teeth of the opening roller during the extraction of f ibers
f rom the s l iver  due to the great  d i f ference in the speeds
between the feed roller and opening roller. In order to pre-
vent f iber breakage, the force imparted by the opening roller
must exceed the resulting forces within the sliver. As a result
of this, a differential motion wil l set up between the fiber and
opening roller, which wil l result in the scrapping of the skin
from the fiber's sudace, thereby resulting in deposition or
damaging the teeth or pins of the opening roller. Thus, the
conditions and actions in the opening roller section imply low
inter-fiber friction and high fiber-to-metal friction. But an en-
tirely different set of conditions has been repofted within the
rotor. A twist backing up to the rotor wall from the yarn in the
rotor tube provides cohesion to l ift the fiber bundle from the
rotor wall, which means high fiber-to-fiber cohesion and low
fiber-to-metal friction wil l be advantageous as far as the ro-
tor and tube are concerned. Deussen [31 ] has pointed out the
impact of fiber friction on the processibility of cotton fibers in
a rotor spinning system. According to him, cotton fibers can
be rotor spun at higher speed than man-made fibers, becau-
se nature has endowed a mature cotton fiber with natural
waxes and a convoluted, ribbon-like cross-section, which
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together result in lower fiber-to-metal friction but good fiber-
toJiber cohesion. Mogahzy, et al. [32] performed an exten-
sive study with forty-seven upland cottons to observe the
effect of fiber friction on rotor-spun yarn quality. They mea-
sured the conventional frictional force, i.e., resistance to slio-
page under a certain normal pressure using the Auburn Be-
ard Test, and the cohesion force which causes the fibers to
stick or hold together at a contact point, even under a zero-
applied load using the Rotor-ring Tester. They observed a
positive correlation between the non-uniformity of yarn and
conventional frictional force and a negative correlation betwe-
en non-uniformity of yarn and a cohesion force. At the begin-
ning of the spinning process, the fiber web obtained from
carding is a very weak and fragile network and has a low
density. The stabil ity of such an assembly wil l largely depend
on the presence of the cohesion force in it. That implies that
the fiber cohesion force positively contributes to the forma-
tion of uniform yarns. The cohesion force forms a mechani-
cal interlocking of the crimped fibers and causes fiber to stick
together at the contact points. This can result in achieving a
uniform distribution of f ibers, which can assist in the produc-
tion of a yarn having a minimum of irregularity. lt was con-
cluded that the relatively lower friction between fibrous as-
semblies should ease the processing and result in a good
uniform spinning. The count-strength-product and yarn tena-
city have a negative correlation with the maximum frictional
force for rotor-spun yarn, which indicates that a lower frictio-
nal force should give the finished yarn with a higher strength.
That is due to the higher yarn uniformity and less fiber da-
mage during the spinning process, as a lower frictional for-
ce will generate lower friction action between the fibers. High
cohesion force results in higher yarn strength due to the fact
that yarn uniformity increases with an increasing fiber cohe-
sion force. lt has been observed that yarn elongation decre-
ases with increasing fiber cohesion and friction force. The
fiber cohesion force wil l resist the slippage between fibers
during yarn breakage and results in a low elongation. As the
frictional force increases, thin places or weak points in the
yarn will increase, and the resulting yarn will be easy to bre-
ak. Thus the elongation of the yarn has a tendency to decre-
d J E .

Fiber  Cr imp

While studying the impoftance of man-made fiber crimp on
rotor spinning technology, Naik and Lopez-Amo [33] classi-
f ied fiber crimp into three categories: macro crimp, micro
crimp, and mixed macro-micro crimp. Macro crimp is charac-
terised by high amplitude, and mixed macro-micro crimp has,
in addition; a high frequency. Micro crimp is characterised by
a low amplitude and high frequency. They observed that
micro crimp does not give rise to erratic f iber motion during
drafting, whereas according to Plonsker and Backer [34], f i-
bers having a macro-crimp move in the drafting zone with an
erratic, springy and pulsating motion. The macro-crimp in the
fiber produces a bulky and compressible sliver. Tensioning
this sliver axially during drafting wil l cause a reduction in the
cross-sectional area. When these forces are released, the
sliver again contracts. That gives rise to a considerable dif-
ference between the mechanical draft and the actual draft.
Darden [38] observed that highly crimped fibers perform po-
orly in a rotor spinning system, because as they have grea-
ter resistance to extraction from the sliver by the opening
roller, more fiber damage and rotor deposits take place. He
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also stated that the erratic movement of the highly crimped
fiber in the duct between the opening roller and rotor and poor
distribution inside the rotor groove may be the reason for
uneven yarns made from highly crimped fiber. Fibers with low
a crimp level lead to higher yarn strength that twist easily into
yarn, have fewer yarn defects, and a reduced number of ends
down, but f ibers with too low a crimp level or permanence
cause poor card web cohesion, and the result is a poorly
drawn sliver.

Regarding the durabil ity of f iber crimp [35], Naik and Lo-
pez-amo [33] have stated that crimp contraction is increased
after processing because textured fibers tend to relax after
undergoing stress-and-strain forces during processing and
mechanical handling. In some cases they have observed a
reduction in crimp contraction depending on the texturing
condition. They recommend selecting polyester f iber in such
a way that  the f iber  cr imp should last  t i l l  the card ing and
drawing process should remove most of it.

F i be r  F in i sh

As pointed out by Darden [36], the reason behind the ap-
plication of an antistatic agent as well as a lubricant on man-
made fibers is to reduce the accumulation of static charges
on the fiber sur-face during processing. But the level of ap-
plication of the lubricant is crucial, as too high a lubricant le-
vel causes more opening roller wrap-ups, and too low a lubri-
cant level causes static problems during carding and high
rotor deposits at the time of spinning. He recommended using
a lubricant level during the processing of polyester f iber in
open-end spinning slightly lower than that normally required
for ring spinning to improve the processibil i ty of polyestbr f i-
ber. Looney [23] has pointed out that a high lubricant f inish
is advantageous on the one hand as it reduces fiber dama-
ge in the opening roll section, but on the other hand, it ad-
versely affects processibil i ty due to lower fiber cohesion at
the rotor wall. In the case of finer polyester fibers (1 .5 denier),
a greater number of f ibers in a yarn cross-section oversha-
dows the effect of fiber lubricity; hence, the rotor deposit is
less without sacrif icing the spinning performance. Gayler and
Schueren [37] have noted that inadequate finishes lead to an
insufficient opening of f ibrous material and cause end brea-
kages as the fiber tuft goes to the rotor groove. The rotor
deposits which may arise from a fiber f inish lead to slubby or
impedect yarn [38]. However, Landwehrkamp [39] has pro-
ved that the further addition of 0.05-0.1 % of an effective anti-
static agent improves possibil i ty, whereas the accumulation
of an electrostatic charge on the material and machine is a
problem. Darden [38]  has determined that  the lubr icants
which reduce fiber-to-metal friction most significantly result
in fewer rotor deposits. Ghosh and Elam [20] has reported
that in the case of viscose fiber, a higher finish level and re-
gular type finish produce less fiber-to{iber friction than a
lower level and high cohesion finish.
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CHARAKTERISTIKY SUROVINY VZHLEDEM NA TECHNOLOGII
ROTOROVEHO SpnAOnrui

Translation of Abstract:
Raw material characteristics vis-i-vis rotor spinning technology: A review

Tento 6ldnek shrnuje n6kter6 publikovan6 prdce o zpracov6vAni bavlndnfch a syntetickych vldken
a vlivu jejich vlastnosti na kvalitu rotorovfch piizi. Je hodnocen vliv pevnosti a taZnosti vl6ken,
distoty, jemnosti, d6lky, tienf, navln6ni a fin6lnich 0prav na pevnost, nestejnomdrnost, podet vad a
chlupatost jednokomponentnich a smEsovfch rotorowch piizi s ohledem na jejich zpracovatelnost.
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1 Priprava koncentrovanej disperzie pigmentov

Pri doterajSom 4ivoji farebnlch koncentrdtov i farbenivld-
kien v hmote sa museli re5pektovat zakladn6 principy disper-
gdcie pigmentov vo vysokovisk6znych polym6rnych taveni-
ndch pri priprave koncentretov i vldkien. Do poZadovan6ho
stupna dispergovan6 pigmenty vytudraj0 podmienky pre dob-
r[ spracovatel'nost polym6rnej taveniny a vysokri farbiacu
si lu.

Termodynamick6 podmienky dispergdcie pigmentov
v tavenine polym6ru s0 determinovan6 vzdjomnlimi interak-
ciami zloZiek, spravidla pigmentu, nosica a dispergdtora.
Reologickd vlastnosti zloliek hrajti tieZ vliznamnf 0lohu
v dispergdci i  pigmentov a pr i  mieSani koncentrdtu
a zakladn6ho polym6ru, do srivisl s kinetickyimi podmienka-
mi procesov farbenia v hmote.

Vfsledkom p6sobenia termodynamicklich i kinetickfch fak-
torov je dispergdcia alebo aglomerdcia pigmentovlich castlc,
pr ipadne vznik f lok0l pr i  nemie5atel 'nost i  dispergdtora
s polym6rnym nosidom. Dispergdcia pigmentov v kvapalnom
m6diu m6Ze byt chapand aj ako dezintegrdcia aglomer6tov
na men5ie dastice - agreg6ty a prim6rne castice a ich simul-
tdnne zm66anie m6diom. Proces disperg6cie pozost6va
z niekolkfch ciastkouich procesov, ktor6 sa navzdjom pre-
linaj0:
1. dezintegrdcia (,,rozdrobovanie" pigmentov, mletie, hnete-

nie),
2. distribfcia (ich zmadanie, rozdelenie v celej mase polym6-

ru - homogenizdcia)
3. stabiliziicie dastic pigmentu [1, 2, 3].

Pri dezintegrdcii pigmentov sa uplatiuj0 najmd mechanic-
k6 sily. Za prftomnosti aditiv prebieha rozpad aglomerdtov na
primdrne dastice aj v ddsledku fyzik6lnych, resp. chemickyich
interakcii.

Pri hnetenisa ako ndsledok gradientu deformdcie uplatiuje
namdhanie sp6soben6 Smykovfm napiitim, vznikajricim
v zariadeni pr0denim m6dia, v ktorom sa tuh6 diastodky dis-
pergujri. Podl'a Newtona je Smykov6 napatie (t) umern6 sri-
dinu Smykovej nichlosti (y) a viskozig (n):

r  =  r t . y  (1 )

To znamend, 2e strihov6 sily vyvolan6 Smyko4i m napetim
s0 vtid5ie vtedy, ked' je viskozita materielu vri65ia, prip. ak je
vySSia Smykovii nichlost. Viskozita polym6ru sa zvy5uje s
klesaj0cou teplotou a so zvy5ujricou sa relativnou molekulo-
vou hmotnostou polym6ru.

V druhej fdze dispergdcie sa zmdda povrch diastobiek. Pri
zma6ani je vel'mi doleiitou velidinou 6as, za ktoni sa zm6ca
novovytuorenf povrch, resp. prenikne zm66adlo aj do p6rov
aglomerdtov a v ddsledku toho sa urlichli rozpad aglomerd-
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tov a skrdti sa das zmdcania cel6ho povrchu primiirnych cias-
tociek, z ktoryich je aglomerdt vytvorenli. Washburn odvodil
vztah pre pripad nefpln6ho zm66ania, podl'a ktor6ho das t
je funkciou fyzikalneho stavu pigmentu - tvaru a vel'kosti
p6rov, ako aj viskozity a zmddatelhosti pigmentu polym6rom:

t -
k2l2 2rl

(2 )
r yLCOS (p

kde k - koeficient z6visiaci od tvaru 6astic, | - dlZka, r - po-
mer p6rov, 11 - viskozita polymeru, y1 - povrchov6 napiit ie
polym6ru za danlich podmienok zm{cania, g - uhol zmAea-
nia pigmentu polym6rom, yLcos q - zmddacie napdtie.

Aby nedochadzalo k spiitnej aglomerdcii prim6rnych 6ias-
todiek musibyt tento 6as 6o najkrat5i a zmddade napiit ie do
najv?icSie. Naroky na viskozitu prostredia z hl'adiska zm66,a-
nia s[ v5ak v rozpore s ndrokmi z hl 'adiska rozbijania aglo-
merdtov, preto je l6elne volit nosic pigmentu (polym6r) so
strednou relativnou molekulovou hmotnostou ([roven vosku),
ktor6ho molekuly s[ mdlo objemn6 a viac pohyblive, a volit
nizku teplotu aby sa zvliSila viskozita [1]. Velmi mald relativ-
na molekulovd hmotnost nosicov, napr. olejov rozpustn;ich
v polymeri, sp6sobuje tvorbu flok0l, t. j . zhluk 6iastociek pig-
mentov, ktor6 s[ ochudobnen6 o nosi6 a obalen6 polym6-
rom, do sa prejavuje ako nepriaznivf koloristicklT defekt [a].

Dal5i sposob vytvorenia vhodnfch termodynamicklich
i kinetickfch podmienok pri dispergacii pigmentov je zaloleny
na aplikdcii dispergdtorov, ktor6 sa musia priddvat spravidla
vo viicSich koncentrdcidch, ako je to beZn6 pri povrchovo
aktivnych ldtkach v kvapalnfch disperziach. Koncentr6cia
dispergatora v koncentrdte je pribliZne polovicnd ako je kon-
centrdcia pigmentu [5, 6]. Ako dispergdtory sa osvedcili kva-
paln6 alebo nlzkotuhnfce ldtky s antistatickfmi vlastnosta-
mi. Pigmenty sa v 0plne nevodivom prostredi nab(laj0 a m6Zu
vytv6rat taZko dispergovatelh6 aglomerdty.

Dal5i rozpad aglomerdtov nastdva, ked'sa pigment najprv
zm5,6,a dispergdtorom, teda nechd sa prest[pit zmddadlom
a aZ potom sa hnetie. Sk0senosti z praxe potvrdzujri, Ze tento
sposob je vhodnf ak je nosidom prd5kovf polym6r [1]. Kva-
palnf dispergdtor sa v mie5a6ke najsk6r nanesie na prii5kovf
polym6r a potom po pridani pigmentu prebieha na velkom
povrchu prd5kov6ho polym6ru 06inn6 zmddanie
a prest0penie porov aglomerdtov p igmentu zmddadlom.
Rfchlost zm6cania zdvisi od vlastnosti pigmentu, hlavne od
velkosti povrchovej energie a tvaru p6rov. Vfhodnd je najmZi
lzv. kyprd Strukt0ra s plochlimi a vel'kfmi otvormi
v aglomerdtoch.

Druhou fdzou d isperg6cie je  homogenizdcia p igmentu
v celej hmote polym6ru (nosida). Vzhladom na velkost dias-

SYNTETICKYCH VLAKIEN
ll. Stupefi disperzity pigmentov, povrchov6 interakcie

a reologick6 vlastnostl zloZiek
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tociek a vysok0 viskozitu polym6ru sa pri homogeniz6cii di-
ffzne procesy neuplatnia, a taKieZ neprichddza do fvahy ani
turbulentn6 pr [denie (Reynoldsovo d is lo < 1) .  Rozdelenie
pigmentu v hmote polym6ru sa uskutocnuje teda v pod-
mienkach lamindrneho toku polym6ru. Vysok! homogenizad-
n1i efekt sa dosahuje pouZitfm dvojzdvitovko4ich extr0derov.
Homogenizdcia je vel'mi doleZita, pretoZe aj od nej ziivisi
sftost vyfarbenia (vyu2itelhost pigmentov) a taktieZ spraco-
vatel'nost vyf arben6ho polymeru.

Poslednou fdzou dispergacie je stabil izecia disperzie. Pri
dispergdcii pigmentov v polym6roch plni funkciu stabil izdto-
ra disperzie dispergacn6 aditivum. Pri nizkych teplotdch sa
stupen disperzie pigmentu vo vldknach meni len zanedba-
tel 'ne v d6sledku vysokej viskozity polymeru. Stabil izdcia je
potrebna najmii pritekutych disperzidch, kde pri nedostatoc-
nej koncentrdcii pigmentu dochddza k sediment6cii pigmen-
tovlich ciastociek vplyvom ich vySSej hustoty. V takfchto pri-
padoch sa pouZivaj f  r6zne zahustovadla,  k tore zvy5uj0
viskozitu a stabilitu past [7].

2 Stupen d isperz i ty  p igmentov v polym6rnom m6diu

Stupen disperzity pigmentov vo vldknach sa mOZe stano-
vit priamou alebo nepriamou metodou. Ako priame met6dy
sa najcastejSie pouZivaj0 mikroskopick6 metddy v spojeni
s obrazovou anall izou [8, 9, 10], infracervend speKroskopia
[1 1], alebo najnov5ie met6dy skenujfcej elektr6novej mikro-
skopie s fluorescenciou X hidov v kombin6cii s digitalnou
obrazovou analfzou [1 2].

Pri priamych metodach sa stupen disperzity pigmentu vy-
jadruje priemernou hodnotou priemeru dastic, mernfm povr-
chom castic, priemernou vzdialenostou dastic alebo distribuc-
nou krivkou {chto velidin.

Problematika anizotropie pigmentov a jej vplyv na koloris-
tick6 vlastnosti pigmentov (napr. kryda schopnost, bri lancia,
stalost, stupen rozloZenia pigmentu v matrici atd'.) bola pr-
47krat Studovan6 a2 v r. 1984 [13, 14]. Pre objektivne hod-
notenia stupia disperzity pigmentov v koncentrdtoch a ho-
tovyich vlaknach sa aplikovala met6da anal,fzy obrazu. Na
zAklade uisledkov bolo moZn6 kon5tatovat, Ze met6da mik-
roskopick6ho hodnotenia distribucie velkosti dastic pigmen-
tov v hmote vldkna vyuiitim obrazovej anal,fzy je vhodnfm
prostriedkom pri rieseni problematiky dispergdcie pigmentov
v polym6roch a vlaknach [10].

Infradervend spektroskopia je zaloZend na zlskavani infor-
macif o absorpdnyich alebo reflexn;ich vlastnostiach latok
v infradervenom rozsahu vlnoctov. V prdci sa pomocou infra-
cervenfch spektier hodnotil i  polypropyl6nov6 vldkna farbe-
n6 v hmote z hl'adiska celkovej kryStalinity, relativneho obsa-
hu pigmentov, ako aj rovnomernosti rozloZenia ich castic
v hmote vldkien [11]. Na zdklade ziskanfch experiment6l-
nych r,nj'sledkov sa konStatuje, 2e medzi pridiny rozdielnych
farebnfch odtieiov sledovanlich vzoriek vlakien patri kolisa-
nie celkov6ho mno2stva pigmentov a stupei rovnomernosti
rozloZenia ich dastlc v hmote vlakien.

Na hodnotenie stupia disperzity pigmentovyich dastic je
moZn6 vyuZit aj koloristick6 met6dy zalolenf na spektrdlnom
stanovenlstupria disperzity - met6da UK [15]. Z hl 'adiska
exaktnosti pre hodnotenie disperzity najviac vyhovuje metoda
stanovenia Skodl ive j  p lochy , ,Ps"  [16] .  Jednd sa o mate-
matick6 vyjadrenie percentudlneho zastripenia dastlc, aglo-
merdtov a agregdtov viicSich ako 5 nm na zdklade mikrosko-
pick6ho hodnotenia.

V prdci p. M. Nedasa a kol. [17] sa hodnotil i  povrchov6
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charaKeristiky pigmentov pred dispergdciou. Mernf povrch
pigmentov sa stanovil na z6klade adsorpdnfch BET izoteriem
a na meranie velkosti 6astic pigmentov sa pouZila elektr6no-
vA mikroskopia a sedimentacnA anal,lza. Parameter disper-
zity bol na zdklade distribuanej funkcie v logaritmicklich sri-
radniciach vyjadrenli ako priemernd vel'kost dastic
a koeficient polydisperzity.

Vyjadrenie stupna disperzity pigmentov vyuZitfm nepria-
mych met6d je zaujimav6 hlavne preto, Ze tieto veli6iny s0
dasto spojen6 so spracovatel'sklimi vlastnostami pigmentov
a koncentrdtov a tieZ s koloristickfmi vlastnostami vl6kien.
Nepriame metody sa tieZ vyznaduj0 velkou cit l ivostou. Na
nepriame vyjadrenie stupria disperzity pigmentov sa vyuZi-
vajd hlavne reologick6 merania [9], met6da fi l trovatel'nosti
[17, 18] a merania farebnej sily pigmentov vo vldknach.

V prdci [19] sa optimalizovali podmienky pripravy fareb-
nych koncentrdtov v polypropyl6noqich vlaknach, sk0mali sa
termodynamick6 a k inet icke parametre a ich imernost
k fi l trovatel'nosti koncentrdtu, dispergovatelhosti pigmentu
a jeho farebnej sile v polypropyl6no4ich vldknach.

NieKord prdce skutodne potvrdzuj0 priamo0mern0 z6vis-
lost medzi spracovatelsklimi vlastnostami farebnyich koncen-
trovanfch disperzii (f i l trovatel'nos{ou) a stupriom disperzity
v polypropylenovlch vldknach, resp. priamo s farebnou silou
pigmentov 120,211. V l iterat0re s0 v5ak zaznamenan6 tieZ
experiment6lne 4isledky, ktor6 nie s0 v sflade s touto [mer-
nostou [22].

Relativnu farebnI silu (RFS) m62eme vyjadrit pomocou
Kubelka - Munkovej rovnice [23]:

RFS = [(K/S')*o,, i (K/S)stand"rdl.100 (3)

kde K je absorpdn! koeficient a S je rozptylorli koeficient.
V prdcach .'24,251sa na5la priama 0mera medzi RFS* pig-

mentovanlich vldkien stanovenej na zdklade remisnlich me-
rani  a analogickou re lat lvnou farebnou s i lou stanovenou
transmisnlimi meraniami RFSo po rozpusteni vyfarbenfch
polypropyleno4'ch vldkien v xyl6ne pri teplotdch nad 100'C.

Okrem termodynamiclaj'ch podmienok s[ pre proces farbe-
nia v hmote doleZit6 tieZ kineticke parametre dispergdcie
pigmentov. Pre kinetiku dispergdcie pigmentov boli navrhnu-
t6 kinetick6 modely, ktonimi moZno zmenu stupha kinetiky
disperzity pigmentov vyjadrit kvantitativne nepriamo pomo-
cou relativnej farebnej sily disperzie alebo vldkna I2q. Ze-
vislost je exponencidlna, pridom exponentom je s06in nich-
lostnej  konStanty a 6asu d ispergdcie.  Tento pr iebeh
dispergdcie bol potvrdenli aj pri dispergdcii pigmentov urde-
nlch pre polypropyl6n v rozdielnych m6didch [25].

Vfznamnf vplyv kinetiky fyzikdlnych procesov, ktor6 su
spojen6 s pripravou koncentrdtu spodfva vo vysokej viskozite
syst6mu a nerovnovdhe pri zmddanl a adsorpcii pri tvorbe
povrchouj'ch vrstiev na pevnfch dasticiach. To md za ndsle-
dok, 2e pre ziskanie technologicky aplikovatelh6ho syst6mu
sa musi zachovat optimalna ndslednost zdkladnfch operd-
cii, napriklad zmddanie prd5kov6ho polym6ru dispergdtorom
musl predchddza{ pridaniu pigmentu k zmesi a pod.1271.

2.1 Povrchov6 interakcie v procese farbenia v hmote

Proces dispergacie a homogenizdcie pigmentov pri pripra-
ve polypropyl6no4ich vldkien farbenlch v hmote poukdzal
na nevyhnutnost pouZitia dispergacnfch aditiv. Bez tl ichto
latok by pigmenty v hmote polym6ru vytvdrali nezm66an6
aglomer6ty, 6im by sa spracovatel'nost koncentrdtov pre
farbenie vldkien stala nevyhovujucou.
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V prdci [28] sa hodnotil i  vlastnosti polyglykolov a ich vhod-
nost pre aplikaciu v procese farbenia polypropylenornich vl6-
kien v hmote. Zo ziskanlch rifsledkov je mo2n6 kon5tatovat,
Ze polyetylenglykoly v ddsledku vysokej hodnoty poldrnej
zloZky povrchov6ho napAtia nezmddaj0 dokonale mdlo po-
l6rne organick6 pigmenty pouZlvane pre farbenie polypropy-
l6novlich vldkien v hmote. TaktieZ ich znd5anlivost s nepo-
l6rnym polypropyl6nom je nizka, v d6sledku coho je vyuZitie
farbiacich vlastnosti pigmentov v procese farbenia nevyho-
vuj0ce a ziskan6 farebn6 tony sri kalne. Polypropyl6nglyko-
ly, ako l6tky menej pol6rne si s polypropyl6nom dobre zn6-
Sanl iv6 a takt ieZ lepSie zmd6aj0 povrch p igmentov,
vyisledkom 6oho je vysokyi stupen vyuZitia farbiacej sily pig-
mentov a zlskanie bri lantn6ho vyfarbenia fin6lneho vldkna.
Svojou 06innostou sa medzi t ieto hranidn6 homopolym6ry
radia kopolym6ry etyl6noxidu a propyl6noxidu, ktor6 boli
zaveden6 do vfroby farebnlTch koncentrdtov, aby nahradil i
dovtedy pouZlvan6 polyetyl6nglykoly.

Experimentdlne sa overil t ieZ 0cinok niektonj'ch oligomer-
nych aditiv, zl[6enin ktor6 boli zdkladom pre vlirobu povr-
chovoaktivnych latok pre nevodn6 prostredia a zistil sa po-
z i t fvny vplyv najmi i  polyoxyety lenglykolu a polyoxypro-
pyl6nglykolu, v kombindcii s niektoryimi tepelnlmi stabitizd-
tormi ako Antioxidant 6 (tri-p-etylfenylfosfit) [29, 30]. Tieto
latky vzhl'adom na svoju nfzku prchavost a tepeln[ stabilitu
pri teplotach tavenia a zvl6knovania polypropyl6novlich vld-
kien sa pouZivali ako prve disperg6tory pre polypropyl6no-
v6 vl6kna. Spracovatel'nost tlTchto koncentrdtov nebola vZdy
vyhovujtca a organick6 pigmenty sa nachddzali vo vldknach
vo forme aglomer6tov a tieZ flokul, ktor6 sa vyUdrali interak-
ciami s dispergatorom.

2.2 Reologick6 a spracovatel'sk6 vlastnosti
farebnfch disperzii

StuOium reologickfch vlastnosti farebnfch disperzii pev-
nfch castic v polym6roch umoZiuje okrem poznania toko-
vlich vlastnosti tieZ ziskat informdcie o vzajomnfch interak-
cidch pevnyTch dastic s kvapalnou fdzou najmii z hladiska
tvorby medznej vrstvy, d'alej inform6cie o tvare castic
a agreg6tov a o tvorbe nestdlych Struktfr v disperzii.

Najdastej5ie pouZivan6 analytick6 vyjadrenie vztahu me-
dzi Smykovfm napatim a Smykovou ryichlostou bolo formu-
lovan6 Ostwaldom a Waeleaom:

r = k.yn (4)

respektive pre disperzie mo2eme pfsat:

t = to + k'Yn (5)

kde r - Smykov6 napatie, y - Smykovd nichlost, k, n - koefi-
cienty.

Koeficient n vyjadruje odchlilku od newtonovsk6ho toku. Ak
je n < 1 je tok pseudoplastickli, ak je n > 1 je tok dilatantnli.

Koncentrovan6 disperzie maj0 zlo2itejSi charakter toku
v z6vis lost i  od Smykov6ho napAt ia.  Reologickd kr ivka
v dostatodne Sirokom rozsahu Smykou/ch velidln predstavuje
casto s0hrn vSetkfch zdkladnfch typov toku: newtonovsk6-
ho, pseudoplastickeho a dilatantn6ho.

Zavislost viskozity disperzie od koncentrdcie tuhyich 6astic
pre newtonovskf tok popisal Einstein jednoduchlim empiric-
klim vztahom:

rt = Io (1 + kEc) (6)

kde 4, qs - viskozita zmesi, resp. disperzn6ho prostredia, c -
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objemovf zlomok dispergovanej pevnej ldtky, k. - Einsteinov
tvarovf koeficient (pre gulbv6 castice kE = 2,5) [31]. Tento
rastie so zvdcSovanim asymetrie 6astic a to priamo umerne
s podielom dlhej a krdtkej poloosi. Pri vy55ich podieloch sa
z6vislost meni na kvadratick0. Jeho hodnota zdvisi t ieZ od
stupria agreg6cie a orientdcie 6astlc za toku [32]. Einsteino-
vd rovnica plati len pre disperzie s casticami blizkymi gulb-
vitdmu Waru a pri nizkych koncentrdci6ch.

Casson [33] definoval vztah medzi viskozitou disperzie
a objemo4im zlomkom dispergovanej latky vyjadrenf empi-
rickou rovnicou:

, l = r t n , , ( , - - ? c )  ̂  t 7 \' '  
1l-l,7sac)2 

\t )

kde ct - materialovy parameter definovanf ako pomer 0cin-
n6ho hydrodynamick6ho objemu dispergovanej ldtky a jeho
skutocn6ho objemu. Pri vel'mi mallch hodnotdch c a pri cr =
1, co plati u velmi zriedenfch disperzii gulbvihich vzdjomne
sa nepritahuj0cich castic, sa Cassonovd rovnica redukuje na
Einsteinov0. Parameter cx je vzicSi ako 1 v prfpade agregd-
tov nepravideln6ho tvaru a pri vzniku Struktur obsahujucich
nepohyblivri, t. j . v Strukt0rach uzavretf kvapalinu. Parame-
ter cr, resp. 1/cr, je mierou stabil ity Strukttr pri danlch pod-
mienkach, t. j. pri urditom Smykovom napdti r a pri urditom ob-
jemovom zlomku tuhej  ld tky v d isperz i i .  Zdvis lost  1/cr  na
sfcine t.c charakterizuje celf syst6m z hl'adiska stabil ity se-
kunddrnych Strukt I r ,  co umoZr iu je posudzovat  napr ik lad
vplyv meniaceho sa prostredla, vplyv stupna disperg6cie pig-
mentov atd'. Teoretick! vlTklad Cassonom poplsanlich stivis-
losti zatial 'nebol predloZen!, ich praktickli 4iznam je v5ak
jasnf [34].

V5eobecnej5iu rovnicu na popis zdvislosti relativnej visko-
zity a objemov6ho zlomku dispergovanej tuhej latky navrhol
Mooney:

tnr1lr6=J+ (B)
r - u / 9 m

kde koeficient c, je definovanf nasledovne [35]:

c, = skutocnf objem tuhfch casticiobjem
tuhlch dast ic  v  d isperz i i  (9)

Ak dochadza v disperzii k vzniku agregdtov a aglomerdtov
tuhfch 6astlc hodnota Einsteinov6ho koeficientu rastie naj-
mA z d6vodu zdanlivriho zvli5enia objemoveho zlomku pev-
nlich castic o podiel kvapalnej zlolky uzavretej vo vznikaj0-
cich aglomer6toch.

Realne disperzn6 systemy obsahujrice tuh6 dastice sa vo
viic5ine pripadov chovaj! ako nenewtonovsk6 kvapaliny.
V tlTchto syst6moch je viskozita z6visla od Smykornjch veli-
cin, pridom sa d'alej m62e meni{ eSte v dosledku rozbijania
aglomerdtov a agreg6tov tuhfch castic [36].

Viic5inu disperzii s pseudoplasticklim tokom velmi dobre
popisuje empirickd Crossovd rovnica [37, 38]:

( 1 0 )

Empirick6 koeficienty k a m s0 funkciou rozmerov a waru
aglomerdtov a m6Zu byt tieZ funkciou miery ich rozpadu za
toku. Typick6 hodnoty pre m sd 112 a 213.

Niektori autori [39, 40] poukazali na to, Ze pri vysokom
Smykovom napaiti dochddza k rozbitiu v:id5iny aglomerdtov
a Ze viskozita disperzie je len funkciou koncentrdcie a tvaru

0=0s+ffi
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6astic. Pre stanovenie viskozity pri nekonednom Smykovom
napdti sa 6asto pou2iva vztah:

l o g n = l o g 1 1 - - k ' . r - ' ( 1  1 )

ktoryi vo vii65ine prlpadov predstavuje priamkov0 z6vislost
logh od r-'. Jej extrapoldciou na r-' : 0 ziskame hodnotu log
n-.

2.3 Mie5atel'nost farebnfch koncentr6tov
a polym6rov

Mie5atel'nost farebnfch koncentr6tov s polym6rom sa
m6Ze pri urditom zjednoduSenivyjadrit vztahmi, ktor6 s0 ur-
den6 pre bin6rne zmesi polym6rov aj napriek tomu, 2e kon-
centrdt je viaczloZkov6 zmes. Teoreticky mOZeme farebnf
koncentr6t a polym6r povaZova{ za individualne komponenty
v procese farbenia.

D6leZi\im faktorom pri zmieSavani koncentrAtu (aditivum)
s polym6rom je ich vzajomnd mieSatelhost. Z hladiska mie-
Satelhosti aditiv s polymdrom moZe dojst k tyimto prlpadom:

Aditiva s0 s polymerom mie5atelh6. V takomto pripade sa
dosahuje aZ molekulov6 premie5anie aditiva s polym6rom,
do je vfhodn6 ak fdinnost aditiva je zalolenA na vz6jomnej
interakcii s polym6rom alebo je jednoznadne funkciou stup-
na disperzity aditiva

Aditfva s[ s polym6rom nemie5atel'n6. Po zamie5anivzni-
kaji tzv. kompozity, ktor6 sa vyznacujri dvoma f6zami (napr.
zmesi semikryStalickfch polym6rov). Tak6to syst6my s0 4i-
hodn6, ak je p6sobenie aditiv zalolend na individudlnych
fyzikdlnych vlastnostiach zloZiek.

Mie5atelhost aditlv a polym6rov je obmedzend. Aditiva sa
zmie5avaj0 s polym6rom len 6iasto6ne a v syst6me s0 pri-
tomn6 dve fdzy. Tento sp6sob premie5ania je uihodnf, ak
sa posobenie aditiv uskuto6riuje na fdzovom rozhrani [1 ].

Viic5ina polym6rnych dvojic, ktor6 sa zmesuj0 pri pripra-
ve zmesnyich vl6kien vykazuj0 nedostatodnti mie5atelhos{ i
kompatibilitu [41]. lch zndSanlivost i mieSatelhos{ sa m6Ze
zlepsit pouZitim aditiv - kompatibiliz6torov.

Z termodynamick6ho hladiska v5eobecne m6Zeme sprd-
vanie dvoch polym6rov pri ich zmie5avanipopisat Flory-Hug-
ginsouim termodynamickfm modelom. Tento modelje zalo-
Zen! na tom, Ze zmieiavanie dvoch polym6rov je spojen6 so
zmenou Gibbsovej volhej energie:

AGm : Gas - (G^ + Qr) (12)

kde AG" - Gibbsovd vol'n6 energia zmieSavania, Ga, Gs,
Go, -Gibbsov6volh6 energie komponentovA a Bv separo-
vanom stave, resp. v ich zmieSanom stave.

Dva polymery s0 mie5atelh6 pri ur6i\ich koncentrdcidch,
pre ktor6 s0 splnen6 s06asne dve nerovnice:

A G M < 0

62AGy/6q1 > 0
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K splneniu podmienky 13 a tym k vzdjomnej mie5atelhos-
t i  z lo2iek pr ispieva kladna hodnota entr6pie zmie5avania
azApornS, hodnota entalpie zmieSavania. Vplyvom vysokej
molekulovej hmotnosti mdva u polym6rov entropiclqi 6len len
mal6 kladnd hodnoty [42] a preto o miesatel'nosti polym6rov
rozhoduje predov5etkfm entalpia mie5ania. Jej velkost je
zdvisl6 na energeticklich zmenach spojenyich so vznikom
kontaktov polymdrnych segmentov pri zmie5avani [43].

Zo Strukt[rne termodynamick6ho hladiska je podmienkou
mie5atelhosti jednofdzovd Strukttra zmesi. U nemie5atelhych
polym6rov s[ prltomn6 aspori dve tAzy.Za podmienku exis-
tencie fdzy sa povaZuje pritomnost medzifdzov6ho rozhra-
nia oddel'ujriceho obidve'l6zy, pri6,om vlastnosti f6z sa uplat-
huj0 samostatne. Ak f6zu tvoria vel'mi mal6 6astice, su ich
vlastnosti silno zdvisl6 na ich velkosti, teda na podte mole-
ktil z ktoryich sti tvoren6 [44]. Je to hlavne preto, Ze vplyv
molek0l v okrajouich vrstudch prevaZuje nad vplyvom mole-
kril vo vn0tri tAzy. Je zndme, Ze stabilita ultrajemnfch disper-
zii nie je velkd, kedZe pre svoj velkf povrch maj0 dastice
vysokri povrchov0 energiu a taktieZ snahu asociova{ do vaic-
Sich celkov 1451. Za minim6lnu velkost stabilnlich dastic fazy
sa berie hodnota 1 nm [46].

Bolo navrhnutfch niekolko koncepciina odhad vzdjomnej
mie6atel'nosti polym6rnych zloliek [47]. Jedna z nich je za-
loZend na stanoveni parametra mieSatel'nosti MP (misclbili-
ty parameter). Na vlpo6et MP m6Ze byt pouZitri parameter
rozpustnosti 6 komponentov A a B:

MP = (6A -  68)2 (16)

pridom 6 zahfria prispevky disperznfch 60, poldrnych 6o
a vodlkovlich 6u interakcii.

Oblast mie5atelhosti koreSpondovala s hodnotou paramet-
ra mie5atelhosti pribliZne 0,1.

Technologickd zn65anlivost m6Ze byt vyjadrend pomocou
odchlilky nejaklTch experiment6lne vyhodnotenfch paramet-
rov od aditivnej hodnoty. Okoroafor, Willemaire a Agassant
odvodili symetrick6 zmieSavacie pravidlo pre viskozitu dvoch
nemiesatelhlich zloZiek [48]. Pravidlo predpokladd pozitivnu
odchflku pre zmes s viskozitou disperznej fazy (nd) vii65ou
ako u polymernej matrice (q,) a ovel'a viic5ou viskozitou
medzifazovejvrstvy (n) oproti polym6rnym zloZkdm. Nega-
tivna odchyilka sa predpokladd ak medzitlza m6 ovela niZ-
Siu viskozitu ako obidve zlolky v zmesi. Medzit{zavzrasl6
s 6asom mie5ania. Sila medzif6zovej vrstvy a viskozita zd-
visi hlavne od adhezlvnej viizby. Smykov6 napiitie (Smyko-
vd nichlosf) a viskozita zlo2iek v procese zmieSavania vplf-
vajti na makro5truktdru orientovanfch vldkien pripravenfch
z polym6rnych zmesi.

Viskozitu dispergovanej fazy a polym6rnej matrice urduje
kinetika zmie5avania. Ak viskozita dispergovanej t6zy ho
vysoko prevy5uje viskozitu polym6rneho m6dia 11, deform6-
cia dispergovanfch castic je mald. V opadnom pripade pri
vySSej viskozite polym6rnej matrice s[ deforma6n6 podmien-
ky pre 6astice dispergovanej tazy ovel'a vlihodnej5ie [a9].
Podl'a trojvrstvov6ho modelu m6Zeme Smykov6 napdtie t
v druhej vrstve napr. v dispergovanej tAze, ak prv0 a tretiu
vrstvu reprezentuje polym6rna matrica, odvodit podla vzta-
nu:

? _ n | i, _ , 1 1 / 1 _ , 1 2 / 2 _ , 1 3 / 3

kde ii je Smykovd nichlost vo vrstve 1, 2,3 a

( 1 7 )

iz = (vIH)I(H - zh)lH + (ehlH)nlnrl-' (18)

(13)

(14)

kde <p1 - objemoni zlomok polym6ru 1.
Flory-Hugginsovd teor ia reprezentu je Gibbsovf  vo l 'n0

energiu zmie5ania izotermick6ho deja ako sumu dvoch pr[-
spevkov, ktor6 opisujrl dva hlavn6 aspekty zmieSavania -
entalpickli a entr6piclqi :

AGu = AHM -  T.ASM (15)

kde AH" - entalpia zmieSavania, ASy - entr6pia zmie5ava-
nia, T - teplota.
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kde H - vzdialenost okrajov prvej a tretej vrstvy, h - hrilbka
prvej vrstvy (zhodn6 s tretou vrstvou), v - nichlost vrchnfch
okrajov (nichlost dolnfch okrajov = 0)

Ak je viskozita dispergovanejf{zy ovela viid5ia ako visko-

zita matrice, potom r12ft1 md vysok0 hodnotu a i" -+ 0,6i2e
podmienky zmie5avacieho procesu n ie s [  vyhovuj lce.
V opadnom pripade, ak je viskozita matrice vySSia ako vis-
kozita dispergovanej zlo2ky, potom sa maximum Smykovej
4ichlosti vypodita podla vztahu:

ir= vl(H - 2n) (1e)

a podmienky pre deformdciu dispergovanyich dastic stl ove-
I'a uihodnejSie.

Vzhladom na to, 2e pre farbenie vlakien je nosicom pig-
mentu v koncentrdte polym6r identickf s farbenlm polym6-
rom, mie5atel'nost tfchto zlo2iek m6Zu ovplyvnit najmti ad-
h6zne a koh6zne vi izby polym6rneho nosida pigmentu
a dispergdtora. Distriblcia a rovnomernost pigmentu vo vldk-
nach m6Ze uf'znamne ovplyvnit kompatibilitu a mieSatelhost
koncentrovanlich disperzii so z6kladnlTm polym6rom
a ndsledne tieZ Struktdru i geometrick0 nerovnomernost vla-
kien, ktor6 sa prejavl v priereze vldkien a v mechanickfch
vlastnostiach [50, 51 ].

Tfmito probl6mami sa zaoberali vo viacerlich prdcach
a boli zistend zaujlmav6 zdvislosti. V tfchto prdcach sa Stu-
dovali reologick6 vlastnosti koncentrdtov a polym6rov (visko-
zita, odklon od newtonovsk6ho toku, po6iatocne napdtie,
waroqi a aglomeradnli koeficient) a stanovila sa tieZ ich fil-
trovatelhost za urditfch podmienok. Vldkna farben6 v hmote
sa hodnotili z hlhdiska geometrickej (prierez) a Struktfrnej
nerovnomernosti (pevnost, taZnost a ich rozptyl).

Boli dokdzan6 nasled uj fce zdvislosti 152-57 l:
- ql'znamnf vplyv kinetiky mieSania na nerovnomernost vld-

kien farbenfch v hmote
- priamo0mernd zdvislost medzi filtrovatel'nostou a vis-

kozitou koncentr6tov bez ohl'adu na koncentr6ciu pigmentu
- priamoumernA zdvislost medzi geometrickou nerovnomer-

nos{ou PET vl6kien a filtrovatel'nostou PET koncentrdtov
pouZivanyich na vyfarbenie tfchto vldkien

- zdvislost medzi nerovnomernostou vldkien a tvarovfm
a aglomeradnlim koeficientom

- nepriamoUmernd zdvislost pevnosti a taZnosti nediZenfch
vldkien od geometrickej nerovnomernosti vldkien charak-
terizovanej rozptylom priemeru tfchto vldkien.
Na zdklade t'lichto vyisledkov a z nich odvodenfch zAverov

moZno formulovat ootim6lne zlo2enie koncentrdtov vo vzta-
hu k ich spracovatel'nosti vo vlirobnom procese.

3 Technol6gia farbenia v hmote

Technol6gia farbenia v hmote sa vyvfjala viac menej pre
polypropyl6nov6 vl6kna, av5ak v s0dasnosti sa Ispe5ne
pouZiva aj pre dal5ie typy vldkien, najmii polyamidov6 a poly-
esterov6. Bolo vypracovanfch niekolko postupov farbenia
vlAkien v hmote, ktor6 viac menejzodpovedaj[ poZiadavkAm
kladenfm na tieto procesy. Najviic5idoraz sa kladie predo-
vSetkyim na kvalitu dispergacie, na farebnf sortiment, a silu
vyfarbenia, d'alej na ndrodnost podmienok na vfrobnfch
zariadeniach a v nemalej  miere aj  na ekonomick0
a energetickri vfhodnost postupov.

V s06asnosti sa na farbenie chemicklich vldkien v hmote
pouZfva niekolko postupov.

Najjednoduch5im spdsobom farbenia v hmote je popr65e-
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nie granul6tu polymeru pigmentami vo vhodnej mie5adke. Pri
tomto sp6sobe sa na povrchu granfl polym6ru zachyti len
mal6 mnoZstvo pigmentu a pri dal5om spracovanl sa vyia-
duje zariadenie, v ktorom pri taveni doch6dza k dostacuju-
cemu premieSavaniu taveniny.  Preto sa tento postup
v minulosti pouZlval len pre menej ndrodn6 farbenie na svet-
le j5 ie odt iene.  Av5ak postupnl im vfvojom sa dospelo
k urcil im zlep5eniam a v sfdasnosti sa tento postup pouZi-
va aj na n6rocn6 uirobky. Na zachytenie pigmentu na povr-
chu granr.rl sa pouZlvaj0 pojidl6, obvykle s dispergacnfm
0dinkom. Pre polyolefiny sa pouZiva dioktylsulfojantaran
sodnli v kombindcii s benzoanom sodnlim ako nuklea6nlim
6inidlom, d'alej s mineralnym olejom a stedranom v6penatfm
ako klzadlom a neutraliz6torom kyselin. Pre polyamidy su
vhodn6 vysokomolekulov6 polyetyl6nglykoly, resp. in6 niz-
kotavitel 'n6 antistatik6 alebo dispergadn6 6inidld [58]. Sfte
odtiene vldkien a f6li i  sa dosiahnI poprd5enim tzv. preddis-
pergovanlimi pigmentami alebo tuhfmi pastami s nosi6om na
b6ze ni25ie tavitelhlich polym6rov alebo jednoduch5fch zhi-
6enin. Tlim sa zabr6ni, na rozdiel od predchadzaj0cich sp6-
sobov farbenia, vzniku aglomerdtov pigmentov a tyim aj de-
fektom vyfarbenia. Pri pouZiti disperzii alebo nizkotaviacich
pojiv sa na mie5anie pouZlva dvojica mie5adiek, pri6om jed-
na je s ohrevom a druhd s chladenim. V prvej mie5a6ke do-
chddza k rozotretiu disperzie na povrchu granfl a v druhej
dochddza k stuhnutiu tohto pigmentov6ho obalu, 6im sa vf-
razne zjednodu5i manipuldcia so zafarbenfm materidlom.

Niektor6 polym6ry (napr. PA, PES) moZno farbit v hmote
aj bez pridavku pojiv. Pri urdihich podmienkach sa dosiahne
migr6cia farbiva do povrchovlich vrstiev gran0l polym6ru,
napr. pouZitfm rotacnlich su5iarni, kde je niZ5ia teplota ako
teplota tavenia polym6ru [59], ale pri ktorej prebieha difrizia
farbiva do polym6ru. Dal5ou moZnostou je pouZitie nichlo-
mie5a6iek, v ktoryich v dosledku n{razov gran0l na seba ale-
bo na steny mie5adky doch6dza k premene kinetickej ener-
gie na tepelnri, 6im vznik6 miestne prehriatie povrchu gran0l,
do umoZnimigr6ciu farbiv do polym6ru [60]. Farbenie je skon-
den6 vtedy, ked'granulat nadobudne vysolqi lesk. Slitost fa-
rieb zdvisiod velkosti granil polym6ru, cim md granuldt vii65i
povrch, tfm s[ odtiene syitej5ie. Okrem toho sa pri farbeni
v ryichlomieSadkdch vyZaduje So5ovkov! granul6t bez hrdn,
pretoZe obrusovanim tlichto hrdn vznikd prach, ktoqi viaZe
velk6 mnoistvo farbiva a \im sp6sobuje defeKy pri zafarbenl
a probl6my pri spracovani. Toto je tzv. suchf sp6sob farbe-
nra vldkien, f6li i  a plastickfch latok.

Za farbenie v hmote sa povaZuje a1 povrchov6 farbenie
granil za mokra u polym6rov, kto16 moZno povrchovo farbit,
napr. polyamidy. Farbenie prebieha v extrakcnom zariadeni,
v ktorom sa v prvej f6ze vyperie monomdr a v druhej fdze sa
polym6r zafarbi. Na svetl6 odtiene a nen6rocn6 aplik6cie sa
polym6r'larbi u2 pri granulacii v chladiacom k[peli, kde sa
namiesto vody pouZlva roztok farbiva.

Najstar5im sposobom farbenia v hmote aj pre narocn6
aplik6cie 1e farbenie v priebehu polykondenzdcle, ktord pre-
bieha pomaly a moino ju kontrolovat. Pigmenty dispergova-
n6 v monom6ri sa pridavajf pred polykondenzdciou alebo
po6as jej priebehu. Pigmenty s0 dlhf cas vystaven6 vysoklim
teplotdm, takZe musia byt tepelne stabiln6, inertn6 a nesmti
ovplyvriovat priebeh polykondenz6cie. Prechod z jedn6ho
odtieia na druh! je pri kontinualnej 4irobe z hladiska diste-
nia strojov6ho zariadenia vel'mi ndkladnf. Tento sposob sa
pouZlva na farbenie len m6lo odt iehov v ldk ien,  h lavne na
cierno a bielo (matovanie), pripadne sa pouZiva na farbenie
plastov m asovej vyiroby, vAd5inou anorganicklm i pig menta-
mi, pripadne termostabilnymi organicklmi pigmentami [61 ].
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Pre kontinudlne i diskontinualne vliroby je naj4ihodnej5ie
farbenie vysokokoncentrovanlmi farebnlmi disperziami
(pastami, koncentretmi, preddispergovanlmi pigmentami),
ktor6 sa priddvaj[ k zdkladn6mu polym6ru rdznymi sposob-
mi a na rdznych stupioch spracovania.

Pri kontinu6lnych vfrobach je najvhodnejSi injekin,i sp6-
sob, pri ktorom sa tekut6 alebo roztaven6 disperzie ddvkujri
do taveniny zdkladn6ho polym6ru, s ktoqim sa v dal5om pro-
cese homogenizuj0 a prfpadne e5te fi l trujO. Na tavenie sa
najcastejSie pouZivaj0 zdvitovkov6 taviace zarladenia (extr0-
dery, zavitovky), na homogenizdciu zasa r6zne druhy hne-
tacov, zabezpe6ujOcich mieSanie axidlne (po osi) i radidlne
(napriec). Spr6vne ddvkovanie je zabezpecen6 zubovlimi
derpadlami, pricom treba dodrZiavat urcit6 tlakov6 pomery
tak, aby rozdiel t lakov pred aza derpadlom bol kon5tantnli.
V pripade farbenia tekutfmi pastami sa poZaduje aZ nulovyi
tlakow rozdiel, ktoryi mo2no regulovat pomocnlim 6erpadlom,
ktor6ho ot6cky sa regulujri v z6vislosti na tlaku pred davko-
vacim cerpadlom, a lebo ktoreho ot66ky s0 kon5tantn6
a potrebnli t lak sa udrZiava prepuStacim ventilom nastave-
nym na urdibj tlak. Pred derpadlom sa vyZaduje urditf tlak (1-
5 MPa podl'a viskozity) potrebny na dostatodn6 plnenie der-
padie l .  Tento t lak sa u extr6derov dosahuje ot6dkami
zdvitovky. Pasty sa obvykle ddvkujri pri normdlnej teplote
(alebo len mdlo prehriate), aby ich viskozita bola do najvyS5ia.
Aby nedo5lo k stuhnutiu polymeru za ddvkovacfm derpadlom,
prechod pasty do taveniny zabezpe6uje jednosmerne pre-
p[Staci  vent i l  a lebo tzv.  horuce (vyhr ievane) cerpadlo
s vyS5ou kapacitou d5vkovania ako ddvkovacie. ZvliSend
kapaci ta sa dosiahne vy55imi  otddkami,  as i  o 10%,
v porovnanIs d6vkovaclm 6erpadlom. Filtrdcia sa v ndro6nej-
Sich vfrobach zabezpeduje velkoploSnyimi sviedko4imi filtra-
mi, alebo kontinudlne pracujricimi f i l trami.

Pre farbenie na poZadovanf odtiei sa pouZivaj0 bud'fa-
rebn6 disperzie s pomerom pigmentov potrebnlim na danli
odtiei, alebo zmes farebnfch disperzii, najdastej5ie granu-
lovan;7ch monokoncentrAtov zdklad nyich pi gmentov v prlsluS-
nom pomere. Aby sa prediSlo odmie5avaniu jednotlivi ich dis-
perzif v zmesi (vplyvom rozdielneho elektrostatickeho n6boja)
priddva sa pri priprave zmesi granuldtov mal6 mnoZstuo (-
0,05%) antistatick6ho prostriedku (polyglykoly, polyglykolfos-
faty),

Velmi d6leZit6 je aj presn6 a reprodukovatel'n6 d6vkova-
nie farebnlich koncentrdtov do taveniny zakladn6ho polyme-
ru. Objemov6, resp. hmotnostn6 davkovace umoZnuj[ ddv-
kovat jednotliv6 zlo2ky zmesi koncentratov (v prislu5nfch
pomeroch) priamo do n6sypky bo6n6ho taviaco - d6vkova-
cieho zariadenia. Koncentr6tv sa mdZu d6vkovat i priamo do
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nasypky polym6ru, bud'do stredu nad vretenom, alebo do
prednej 6asti ndsypky oddelenej prepdZkou siahajticou aZ
k vretenu. Zariadenia na principe pdsovlich vdh, alebo dife-
ren6n6ho odvaZovania umoZriujri ddvkovat prd5kov6 i gra-
nulovan6 farbiace prostriedky priamo do stredu vstupu zd-
kladneho granulovan6ho polym6ru taviaceho zariadenia cez
pomocn6 potrubie.
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Sihrny diplomovfch pr6c obh6jenfch na Katedre textilu a odievania,
FPT TnU so sidlom v Prichove v r6mci iniinierskeho Stridia

v Skolskom roku 200312004

Jana Cuninkov6
VALUATION PHYSICAL. MECHANICAL PROPERTIES
OF ARAMIDE AND POLYAMIDE CORDS BY THERMAL
STRAIN
H od n oten ie fyzi kdl n o- mech anick,ich v lastn osti aram id ov,!ch
a polyamidov,ich kordov po tepelnom namdhani

The diploma work deals on the relation between tempera-
ture and physical-mechanical properties of reinforcing mate-
rials - aramid and polyamid cordngle fibres, it 's essential
properties, the most often application of aramid and polya-
mid fibres and also basic constructions of reinforcing mate-
rials applicated in tyre industry.

Experimental part of diploma work is concerned with the
fundamental methods, which were used in measuring pro-
cess of physical-mechanical properties. On the basis of this
methods the results of single parts, which took place in the
heating thermal space, were gained. The results are formed
in tables and graphs. Finally, it is possible to say that both
materials dependes on the temperature. The aramide cords are
much more resistant against the effects of high temperatures
than polyamide cords and therefore are used for racing tyres.

Jaroslav Trdvnik
PROGRESSIVE TYPES PP FIBRE WITH OUT-DOWN IN.
FLAMMABILITY
PROGRESIVNE TYPY PP VUKIEN SO ZN:ZENOU HOR.
LAVOSTOU

Diploma work was addicted to evaluation of effect of va-
rious fire retardants, and it 's quantity in fibres to physical -
mechanical propefties of fibres and textiles. lt regards an ef-
fect of fire retardants to the value of limit oxygen index (LOl),
as dependence of variety and quantity of used retardants.

Bc. Helena Back5rov6
LINKING ANALYSE OF GARMENT COMPONENTS WITH
TREADS OF DIFFEFIENT COMPOSITION AND STRUCTU.
t-ttr

ANAL,?ZA SPAJANIA ODEVN,?CH SUEASTOK NiAMI
R'ZNEHO ZLOZENIA A STRUKTURY

The diploma work treats with wheels-influence of sewing
machine for sewing ability and changing of mechanic-phys-
ical characteristics in the conditions of confection oroduction
in the Makyta, Inc. P0chov.

Andrea L6niov6
VALUATION OF PHYSICAL.MECHANICAL PROPERTIES
OFVISCOSE AND POLYESTER CARCASS SILKS UNDER
HEAT STRAIN
Hodnotenie fyzikAlno mechanickych vlastnosti visk6zov,!ch
a polyesterovlch kordov,ich vlakien pri tepelnom namdhani

The diploma work is oriented on valuation of physical-me-
chanical facilities viscose and polyester carcass silks. Expe-
rimental paft of the work is oriented on the monitoring of phy-
sical-mechanical facilities like a strenght, tensibility, extension
modulus of 90N and 45N and toughness of polyester and
viscose carcass silks under temperature reduction and incre-
ase. Work was realized in accredited laboratory Vipotest
s.r.o. - branch Prichov.
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Ludmila Belkotiakov6
INFLUENCE OF TECHNOLOGICAL CONDITIONS -  JERK
ROLLER -  PROCESSING OF POLYESTEH FIBRES ON
CHARACTERS MADE FLEECE
Vplyv technologick,ich podmienok - mykacieho valca - spra-
covania polyesterovych vldkien na vlastnosti vyrobendho
runa

The diploma work is oriented on valuation of physical and
mechanical propefties of f leeces, which was made from hol-
lows PES fibres, by change technological parameters - chan'
ge set positions the jerk roller.

Of these cut PES was made fleeces with different charac-
ters, which are used as filler to the blankets. By fleece the di-
mensional stability and deformation characters was tested.
Makromorfologic structure of f leece was evaluated withs
image analysis. On the base of valuation structure's and
physical's - mechanical's characters of fleeces we determe-
ned relations for useful qualites those products.

Alibeta Ciiove
SUBSTITUTION OF THE DISPERSE DYES BY THE ACID
DYES DURING THE DYEING OF THE POLYAMIDE
KNITWEARS
Ndhrada disperzn,lch farbiv kysl,imi farbivami pri farbeni
polyamidov'ich pleten in

The thesis solve the problem of the substitution of the dis-
perse dyes by the acid dyes during the dyeing of the polya-
mide knitwears at Technopol Trikora, a.s. Vrbov6. The dis-
perse dyes show lower wet fastness and do not realize the
human-ecological requirements.

It was found the suitable combination of the acid dyes and
the recipes for the imitation of the fixed patterns were propo-
sed. The appearance of the dyeing polyamide knitwears ac-
cording to proposed recipes mostly show the excellent results
of the tests of fastness. The economic comparison between
the applied group of dyestuff and the new proposed group of
dyestuff is in disadvantage to acid dyes. But the advantage
of that group of the dyes is their excellent colour fastness and
favourable human-ecological quality.

As a result the proposed sort of the acid dyes could be re-
commended as the equal substitution of the formerly used
disperse dyes.

Miroslav Smoldas
COMPARES SOCKS PRODUCTION EFFICIENCY FROM
COLORED AND UNBLEACHED YARN IN  COMPANY
TATRASVIT@ SVIT _ SOCKS, INC.
Porovnanie efektivnosti v'iroby pono2iek z farebnich a reL-
nych pri adz i v spoloinosti Tatrasv it' S V/I-SOCKS, a.s.

Graduation theses compares socks production efficiency
from colored and unbleached yarn in company Tatrasvit@
SVIT - SOCKS, inc.. The experimental section analyses the
product ion schedule of  the company Tatrasvi t€ '  SVIT -
SOCKS, inc. from several point of view. Consequently the-
re is a suggestion of socks from color and unbleached yarn
appropriate to comparison from production technology and
production efficiency point of view. On the tail end of work
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is an improvement proposal of socks production with positi-
ve economic effect.

Daniela Demjanovi6ov5
CHOICE OF THE CONVENIENT GROUP OF DYES FOR
DYEING OF POLYESTER FIBRES
V,iBER VHzDNEJ SKUPINY FARB|V PRE FARBENIE PES
iEs,qrucn

At present, Merina, a.s. uses Serilene disperse dyes for dy-
eing of polyester fibre. There are also Serilene VX dyes in the
market which offer reduced dyeing time.

The thesis compares these two types of dyes from the dy-
eing quality and dyeing economy points of view. The quality
of dyeing can be considered according to the tests of dye-
ing fastness.

Based on the achieved results it is recommended to Meri-
na, a.s. substituted the Serilene dyes for the VX Serilene
dyes in order to improve its production effectiveness.

Alibeta Dubjelovii
PREPARATION OFTHE SPORTS SOCKS FROM COMPO-
SITION OF THE FIBRES ON THE POLYPROPYLENE FIB-
RES BASIS
Priprava Sportov,ich termo ponoZiek Zo zmesi vl1kien na
bdze polypropyl6nov,ich vldkien

Graduation thesis is aimed at the preparation and evalua-
tion of the utility qualities of the sports thermo-socks with va-
rious material comoosition of the fibres. The basic raw ma-
terial for the production of the socks is the PP fibres and
antibacterial modified PP fibres called biostat and sanitized.
The main part of the thesis is dedicated to the evaluation of
the utility qualities, the physical and mechanical qualities of
the mentioned fibres and products in the laboratory conditi-
ons. This part contains also the evaluation of the sports ther-
mo-socks' util ity qualities by wearing them by five testing
persons. The result values of the utility qualities indicators are
listed in tables and elaborated into the graphic dependences.
In the discussion and conclusion of the thesis there are eva-
luated advantages and disadvantages of the sporls thermo-
socks and the proposal for realization and extension of the
production with the additional socks collection.

J6n Durech
APPLICATION OF THE CAM TECHNOLOGY TO THE AU.
TOMATIC CUTTING OF FABRIC DESIGNS STRIPE AND
CHEKED PATTERN IN THE LADIE'S CLOTHING PRODUC-
TION
Uplatnenie CAM technol6gie pri automatickom rezani mate-
ridlov,ich dezdnov prlZok a kdro v ddmskej konfekinej v,i-
robe

The goal of the thesis were elaboration and evaluation of
various laying kinds and ways of the stripe and the checked
pattern fabrics aiming at the most modern automatic and
computer technique utilization. Ensuring clean cutting of
clothing pans to provide the high quality through design op-
timalization what ingluences quality, esthetical, funcitonal and
economic level of products.

Jana Sulekov6
CONSTRUCTION AND MODELLING OF LADIES'AND
MEN'S CUTTINGS
KonStrukin6 a modelov6 rieienia pdnskych a ddmskych stri-
hov

This diploma work deals the summary of the nowadays
known knowledge from the branch of construction and mo-
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dell ing of the basic cutting constructions of ladies' and men's
clothes for the needs of education at the secondary schools -
at the branch of clothing.The diploma work also refers to re-
gular connections of anatomy, somatometry, and
construction system of the cut construction.

Monika Sur6
DETERMINATION OF QUALITY  PARAMETERS OF
SEWING THREADS ON PHYSICAL  AND MECHANICAL
PARAMETERS OF SEAMS AIMED FOR SEWING OF SPE.
CIAL PROTECTIVE CLOTHES
STANOVENIE VPLYVU KVALITAT|VNYCH PARAMETROV
Suacicu Ntri NA v'isLEDNE FyztKALNo-MECHANtcKE
PARAMETRE SVOV PAZ XONFEKCIONOVANIE SPTAEI-
NYC H OCH RAN N'?CH O D EVOV.

Diploma work deals with determination of quality parame-
ters of special sewing threads and their influence on physi-
cal and mechanical parameters of seams in case of sewing
of special protective clothes. lt considers about fibres with re-
duced imflammability and aromatic polyamides - aramids.
The aim of this diploma work is specifying of parameters of
specia l  sewing aramid threads.  l t  f inds out  thei r  f ineness,
number of windings per one meter, solidity and ducti l i ty du-
ring herniation. Were employed two meta-aramide threads N-
tech 40 and N-tech 70 and two para-aramide threads K-tech
50 and Ktech 75. The biggest solidity during herniation of
seam and the smallest shift of threads in seam was recogni-
zed in special fabric 100 % Nomex with squarely weight 265
g / m2in combination with special sewing thread N{ech 40.
Therefore was recommend identical characters of special
sewing threads and special fabric in case of sewing of spe-
cial orotective clothes.

Er ika Su16
INFLUENCE OF YARN SPINNING AND DOUBLING ON
STRUCTURE AND ATTRIBUTES OF FIBERS AIMED FOR
PREPARATION OF CORDS AND ROPES
VPLYV PROCESU SUKANIA A ZDRUZOVANIA NA STAUX-
TORU A yLASTNOST VLAKIEN PRE PR|PRAVIJ PIVRA.
ZOV A LAN

The diploma work deals with study of process conditions
of spinning and preparing of yarn and streams using of po-
lypropylene and polyethylenterephtalate f ibres.

It judges the influence of yarn spinning on lenght of f ibres
from position of material balance production of cords and
ropes. The diploma work follows basic physical and mecha-
nical attributes of PP and PET yarns and basic structural at-
tributes of PP and PET fibres, yarns and PP streams.

Proportional solidity, ductility and module of elasticity of PP
and PET yarns is determined by monitoring of physical and
mechanical attributes. From structural parameters point of
v iew the d ip loma work judges the average or ientat ion,
crystall ine share of f ibres and surface structure and inner
structure of PP and PET fibres.

The diploma work was realized in company Gleinstein Slo-
vakia, Ltd. which deals production of cords and ropes.made
from chemical f ibres ,as well as in FPT TnU AD and VUCHV,
a. s., Svit.

Tom65 Janega
PREPARATION OF NEW BIODEGRADABLE TENSIDE -
FROM OLIGOXYLANS
PRiPRAVA Nov'iCH BIoDEGRADABILN,iCH TENzIDoV
Z OLIGOXYLANOV

Hydrophobisation of low molecular xylanes conventional
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and unconventional way was realized and prepared esters
of xylanes tested as a sudace active compounds.

New prepared esters of xylanes derivates was charakteri-
zed by FT-lR spectral data and exhibited these functional pro-
oerties:

- very good emulgation efficiencies
- good washing and antiredeposition power
- lowering surface tension of water

Katarina Kurcinov6
PREPARATION OF THEHMOLINES FROM MIXTURED
FIBRES BASED ON POLYPROPHYLENE FIBRES
PR(PRAVA TERMOBIELIZNE ZO ZMESI VLAKIEN NA
BAZE POLY PROPYLENOV'?CU VUXI IN

The thesis are concentrated on preparation and evaluation
of commercial features of thermolinens with different mate-
rial structure of hosiery yarn. The staple of thermolinens are
polyprophylene fibres with cotton fibres or wool fibres.

The experimental part of work evaluates:
- physical and mechanikal qualities of hosiery yarn used

for production of thermolinens
- preparation of hosiery kntting for preparation of ther-

molinens products
- physical and mechanical qualities of hosiery knitting for

thermolinens in laboratory conditions
- commercial features of worn thermolinens

Measured values are covered by chafts and processed into
graphic dependance.

Katarina Kyselov6
EVALUATION OF INFLUENCE ON CHANGE OF FORMS
AND DIMENSIONS OF KNITWEAR BY DIFFERENT WAYS
OF DRYING
H OD NOT E N I E V P LY V IJ ROZNY C H SPOSOEO Y SUSEN/A
PLETEN1N NA ZMENY ICH ROZMEROV PO PRAN1

Diploma work was oriented on change of forms and dimen-
sions of knitwear by different ways of drying. There were
some samples of different kinds of knitwear with different
material composition tested for change of form and dimen-
sions after washing under different ways of drying. The aim
of the work was to compare every individual way of drying,
recommend the best way of drying.

All data were collected and insert in to the table and dia-
gram.

M6ria Len6rtov6
COMBI NATION MODI FICATIONS TEXTI LES SPECI FI ED
FOR PROTECTIVE CLOTHINGS
KOMBINOVANE IJPRAVY TEXT|LI i  UREENE PRE
OCHRANNE ODEVY

In this diploma work adjusted cotton fabric assigned for a
working clothings application for welding, by which achieved
effect lowering inflammability for a short term contact fabric
with a flame. After fireproof modification come about slump
foftress textile and had stability in washing. On pattern, which
was adjusted with combination fireproof modification with
hydrophobic modification achieved a slight wetted on surfa'
ce of textile, which suitable claims for protective clothings.
Fireproof and hydrophobic modification has been applied on
fabric also in Levitex a.s. Levice and inflammabilitv to veri-
fied in PTEU MV SR in Bratislava.

Daniela MoSkovd
CHEMICAL SPECIALIT IES FROM CARBOXYMETHYL-
STARCH

1 0 8
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Chemicke Speciality z karboxymetylSkrobu
Physico-chemical a functional properties of O-(carboxy-

methyl)starch derivatives performed by conventional and
unconventional methods was studied:
- conventional procedure - clasical esterification method

with acylhalogenides (stearoylchloride and lauroylchlori-
de) in DMF/py/4DMAP, under various reaction condition
(mole ratio, time, temperature),

- unconventional procedure with fatty acid methyl esters
(FAME) solvent free technique.

Water-soluble O-(carboxymethyl)starch esthers was pre-
pared with surfaceactive properties and insoluble in water
with higher thermal stability as a stafting material.

Poliakov6 Katarina
PREPARATION AND STUDY OF PROPERTIES A NEW
BIOPOLYMERS FROM HETEROPOLYSACCHARIDES -
XYLANS
PR\PRAVA A STUDIUM yLAsI/VOSIi NoV,iCH BI)P)LY.
MEROV Z H ET EROPOLY SACHARI DOV - XY UNOV

The physico-chemical and pedormance properties of ne-
wly synthesised derivates prepared by partial hydrophobiza-
tion of xylans with vinyllaurate and with chlorides of higher
fatty acids. In this present work were used a ,,Solvent-free"
synthesis of xylan by transesterification with methyl laurate.
Surfaceact ive propert ies of prepared biopolymers were
tested.The prepared polymeric surfactants exhibited:

- very good emulsifying efficiency compared with commer-
cial emulsifiers

- excellent washing power compared with sodium dodecyl-
sulphate (LaSO.Na)

- no significantly antiredeposition action
- no significantly lower surface tension of water.

M6ria 2ilkov
THE INFLUENCE OF THERMOFIXATION OF COTTON
AND MIXTURE KNITTINGS TO DIMENSIONAL STABILIry
AND STREADINESS OF COLOURS
VPLYV TERMOFIXACIE BAVLNEN'?CH A ZMESOVICH
UPLETOV NA ROZMEROVU STABILITU A STALOFAREB-
NOSr

The purpose of my thesis was to make a research of ther-
mofixation of cotton and mixture knitting to dimensional sta-
bility and steadiness of colours. The research of the influen-
ce of thermofixat ion has been done at Inc. Slovenka in
Banskd Bystrica. According to the results of measurements
some termofixation equipment were established for some
types of knit material. The results of the research allow to
predict behaviour of different types thermofixation.

Bc. Sironov6 Lenka
INFLUENCE OF TECHNOLOGICAL CONDITIONS - DOF.
FER ROLLER _ PROCESSING OF PES FIBRES ON MADE
FLEECE CHARACTERS
Vplyv technologickych podmienok - snimacieho valca - spra-
covanie polyesterovfch vl1kien na vlastnosti vyroben6ho
r0na

The diploma work was focused on valuation physical and
mechanical characters of fleeces, especially dimensional
stability of prepared fleeces immediately after made and in
determined time dependencies.

Fleeces were made of two types PES shears fibres, whe-
reas doffer roller was set on three different positions. Unwo-
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ven materials made of these fibres are used as filler to the
blankets.

We observed the deformation characters by fleece, too.
With image analysis the structure of prepared fleeces was
evaluated, whereas the ratio of fibres and air was determi-
ned. In conclusion we judged the relations between prepa-
ration conditions and fleece characte

Jana Urbanov6
STRUCKTURE AND PROPERTIES EKO POLYPROPYLE-
NE FIBROUSES MATERIALS
Srnuxruan A vLAsrNosrt EKo poLypRopyLENo-
vic H V LAKN IT! c H M ATERI AL)V

News from Departments

The presented diploma work examins the influence of oo-
lypropylene fibers, which are made for physical activity -
sorption of oil materials from aqua medium by nonwoven
materials in ditferent makromorfological struckture.

In the first phase in the experimental part of this diploma
work, there are evaluated physical and mechanical proper-
ties, crystalline poftion, microscopic photos of sudace and the
transverse cuts of prepared samples of polypropylene stap-
t o

In the second phase there are evaluated physical and me-
chanical properties of nonwoven materials and physical ac-
tivity * sorption of oil materials from aqua medium.
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SEPAROVANIE ROPNVCH IATOT Z

News from Departments

ODPADOVYCH VOO

Met6da sa zaklad6 na aplikdcii Speci6lnych PP vldknitl ich
materidlov pre separdciu ropnlich latok z vodn6ho prostre-
d ia.

Komplexn6 rie5enie pozostdva zo vz6jomne nadvdzuj0cich
dvoch casti:

- koagul6cia ropnfch latok na hladine odpadovlich v6d
0cinkom SpeciAlnej zmesi ldtok SLOVMOBIL-u a ich n6-
sledn6 mechanick6 odstrdnenie

- adsorpdn6 dodistovanie odpadoqich v6d vlakni\imi ma-
teridlmi so Speci6lnou Strukt0rou (profi lovanyimi, dutlmi
a aditivovanfmi polypropyl6no4imi vldknami - dalej len
EKO-PP vlakna)

Postup komplexn6ho rie5enia na oddelbvanie ropnfch ld-
tok z odpadovlich v6d a jeho aplikacia sa overovala na cis-
tiarni odpadovfch v6d v priemyselnom podniku (pri loha l).

SLOVMOBIL je Specidlna zmes organicklch ldtok (vyso-
korafinovan6 alifatick6 uhlbvodiky, kondenza6n6 produkty
prirodnfch mastnlich alkoholov s etyl6noxidom). Tdto latka
umoZnuje vytladenie ropnlch fi lmov z vodnej hladiny, ktorf
je moZn6 odstrdnit odderpanim alebo adsorpciou na por6z-
nych materi6lov (ako sorp6n6 materialy sa osved6il i Speci-
6lne typy).

Ako sorpcnti 6inidlo ropnfch latok sri vyu2lvan6 Specialne
polypropyl6nov6 v ldkna,  prof i lovan6,  dut6 a adi t ivovan6.
EKO-PP vlakna boli uolatnen6 vo forme vlakniteho materiA-
lu - netkanej texti l ie. Po dlhodobejSich sk0Skach v trvani nie-
kolko mesiacov na mechanickom odlucovaci ropnVch latok
COV Uoli vytipovand najfcinnej5ie EKO-PP vldkna-a vldkni-
te materialy (pri loha 2).

Dosiahnut f  t id inok r ieSenia

Komplexn6 r ieSenie bolo-  apl ikovan6 na mechanickom
odludovadi ropnyich l6tok na COV v Slovnafte, a.s.,Bratislava.
SLOVMOBIL bol aplikovanli na vstupe aj vlstupe z 6istiar-
ne odpadovfch vod a EKO-PP vldkna boli aplikovan6 len na
vlistupe z 6istiarne odpadoqich v6d vo forme adsorpdn6ho
do6istovania v6d vypriStanfch do povrchovlich v6d - reci-
pientu Malf Dunaj.

VyuZivanie komplexn6ho rieienia na do6istovanie odpa-
dovfch vod COV umoZriuje 6istit odpadove vody na riroveli
ur6en[ orgdnom Statnej vodnej sprdvy pre ukazovatel'NEL,
t.j. 0,6 mg/l (pri loha 3).

Problematika EKO-PP vldkien a adsorpdn6ho dodistova-
nia odpado4ich vod od ropnfch ldtok je podrobnejSie popi-
sand v nasledujricich prfspevkoch:
1. M. Jambrich, A. Murdrovd, A. Supik, P. Jambrich, J. L6-

lik, J. Kl6tik: Vlastnosti EKO-OP vldkien a moZnosti ich
vyuZitia, Ropa a uhlie c. 37(1) 72-77,1995

2. M. Jambrich, P. Jambrich, A. Stupdk: Struktlra a vlast-
nost i  PP v ldk ien so zmenenou pr iednou geometr iou,
Zbornik z XVlll. Konferencie ,,Vldknotvorn6 polym6ry a
ich spracovanie", Svit 199'1, 12-16

3. M. Jambrich, R. Simo, O. Durcovd: Preparation of Profi-
led Polypropylene Fibres, ln: The Fourth International
Conference on Polypropylene Fibres and Text i les,
Nothingham, 23.-25. 9. 1987, p. 19/1-19/9

4. PV d. 3471-88 zo dna 23. 5. 1988 polypropyl6nov6 ole-
jofin6 vl6kna
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5. AO 6. 275 806 Polypropyl6novf vlaknitl i  r itvar (PV 6.
09072-87.8 zo dna 11.12.1987 - platnost patentu do 12.
6 . 1 9 9 5 )

5. M. Jambrich, J. Kletik, J. Horvath, K. Trubac, J. Hudak,
M. Revfs:  In . :  Prednd5kana24.  Vedeckej  konferenci i
,,Priemyseln6 toxikol6gia" SpiSska Novd Ves, 2.4.10na
2004,

Kolekt iv  autorov:

Jambrich M., Fakulta priemyselnlch technologii TnU AD,
P1chov 020 32, T.Vansovej 1054/45,
e-mail: mjambrich @ post.sk

Klatik J., Slovnaft, a.s. Bratislava

Trubac K.. Dochodca

Huddk J., V,iskumn,! tstav chemickych vldkien, a.s.
Svit, Stlrova, 059 21 Svit

Revfs M., Slovenskd spoloinosf priemyselnej ch6mie,
Radlinskeho 9, Bratislava

Pr i loha 2
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Vistup do Maldho Dunaja
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Omikenshi: Vfznamnost' vysoko funk6nfch vl6kien
AS/AN T EXT I LE 8US/NESS, 1 0, 575, Okt6ber, 2002, str. 32

Fa Omikenshi vyrdba mesa6ne 1 500 t visk6zovej striZe,
hlavne pre vlastnI pradiaren, doddvky r4irobcom netkanich
textili i, v)tznamn[ 0lohu hraj[ tieZ Speciiilne visk6zov6 stri-
Ze: "Papolis" - VSs s obsahom skvalenu (prljem vlhkosti,
hladkli ohmat); "Kishu-Binchotan" s obsahom 5pecidlneho
drevn6ho uhlia (radidcia dlhyich lC kidov, fyziol6gia odieva-
nia - teplo v zime, nelepi sa v lete); "Crabyon" - s obsahom
chitinu (antibakteridlne, liedive vlastnosti, proti plesni); "Sun-
dia" - s obsahom TiO, povrstven)t apatitem (fotokatalyticlfli
fcinok, antibakteridlny a dezodoradnli 06inok, tvorba radika-
lov bez OH pri slnednom a UV 2iareni,); "Kasumi" - s obsa-
hom prirodn6ho dusikat6ho polym6ru (absorbuje formalde-
hyd, dezodordcia - pre interidry na z6clony a tapety).

Antibakteri6lne vl6kna fy Acordis v Ciine
AS/AN TEXTILE 8US/NESS, 10,575, Okt6ber,2002, str.43

Firma Acordis (UK) spolupracuje s cinskou Dezhou Cot-
ton Textile Group v provincii Shandong na viivoji antibakte-
rialnych textilii. Proti mnoZeni baK6rii sa pouZiva inhibitor ob-
siahnutli obvykle v zubnfch pastdch nebo ristnych voddch.
Takto modifikovan6 vldkno "Amicor" vykazuje dlouhodobf
antibakteridlny [6inok. Priadze zo zmesi Amicor/bavlna sa
pouZiv6 pre spodn0 bielizei, Sportov6 odevy, ponoZky, ute-
rdky, prik4ivky, postelh0 bielizefi ap.

Podpora vfvoju textili i ako priemyslu high-tech
AS/AN TEXTILE BUSINESS, '10,575, Oktober,2002, str.53-
54

Tchajwanska vldda podporuje v 6-rodnom pl6ne do r. 2008
4;voj textili ipre high-tech technol6gie, vysoko m6dne vfrob-
ky, textilie pre vol'nf 6as a 5por1. V prispevku sa zd6raziujri
hlavne high-tech textilie, vlrobky z elektrovodivlich vldkien
za ridelom tienenia elektromagneticlqich vin, pre vysoko dist6
odevy (uniformy). UvddzajI sa tieZ moZnosti doddvok high-
tech textili i pre armddu, ktor6 sa doposial'dovdZajt.

Firma DyStar sleduje rast vldkien
AS/AN TEXTILE BUS/NESS, 11,576, November,2002, str.
19-23

V 0vode prlspevku sa popisuje rast vliroby PES vldkien v
80. a 90. rokoch s aplikdciou pre automobily a Sporlov6 ode-
vy. V silade s tfm prebiehal i 47voj disperznlich farbiv pre
PES u ty DyStar. lch podiel na svetovom trhu dini20 %. Stru6-
ne sa charakterizujrl hlavn6 zna6ky: Dianix AC-E pre svetl6
odt iene; Dianix PLUS pre mikrovldkna; Dianix XF a SF s
maxim6lnou stAlostou pre Sportov6 odevy; Dianix AM pre
automobily; Dianix S pre sublimadn6 farbenie, Dianix P pre
tla6; Dianix Luminous a Brill iant pre luminiscendnd farbenie:
Dianix Classic pre Standardn6 farbenie. Stru6ne sa rozvddza-
jI t6my dal5ieho vlvoja.

Trvanlivf modifikdtor vnftorn6ho povrchu PP vliikien
ASIAN TEXTILE BUS/NESS, 11, 576, November, 2002,
str. 25

Firma Ciba Specialty vyvinula novii modifik6tor pre PP
vlakna s oznacenim lrgasud HL 560 umoZriujrici hydrofilitu
vldkien pre aplikdcie v hygiene a zdravotnictve, technick6 vf-
robky (filtre a separ6tory bat6rii). Modifikdtor sa priddva do
taveniny pred zvldkiovanim, takZe efekt je trvanlirni. Zaistu-
je sa 8x vySSia absorpcia vody PP netkanfch textilii, nasia-
kavos{ pod 3 sek., vfrobky maj0 antistatick6 vlastnosti a
zni2en6 trenie. S0 miikk6 a majf prijemnf ohmat.
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Dvaja vel'kivfrobcovia PES hodv6bu vyvijajri v z6mori
b6zu pre vfrobu materi6lu do interi6rov vozidiel
AS/AN TEXTILE 8US/NESS, 11, 576, November, 2002,
str. 34-35

Popisuje sa obchodn6 strat6gie japonshich firiem Toray ln-
dustries a Teijin Fibers Ltd. pre zaistenie rast0ceho dopytu
textili ipre sedadld automobilov v Thajsku a Cine. Spo6iva v
dovoze PES hodvabu pre tieto 06ely z pobo6iek v zAmori:
Toray importuje 'l 00 t mesadne a Teijin 10% z domacich
obchodov. Snahou je dalej zvy5ovat tieto podiely pre zlep-
Senie ekonomiky. ZmienujI sa tieZ aktivity textilnfch vfrob-
cov interi6rov Kawashima Textile Manufacturers v Cine a
Seiren v Thajsku, USA, Brazili i a Cine.

Vlirobcovia PES striZe zvy5uj0 vfrobu vliikien pre
vf plne
AS/AN TEXTILE 8US/NESS, 11, 576, November, 2002,
str. 39

Tchajwansk6 firmy vyrdbaj0ce PES striZ zvy5ujri podiel vld-
kien urcenfch pre vfplne na rikor vldkien pre pradenie: Far
Eastern Textile md kapacitu 13 000 t/mesiac pre vliplne z
celkovej kapacity 20 000 timesiac. Podobne ify Nan Ya Plas-
tics 4 000 t/mesiac, Synthetic Fiber 3 000 flmesiac, Tong Ho
Spinning and Weawing 1 000 t/mesiac. Do USA sa dod6va
30 000 Vr PES striZe pre uiplne (v USA sa doposial'toto vt6k-
no nevyr6ba).

Vysoko funk6n6 textilie
A S/AN T EXT I LE BUS/NESS, 1 2, 577, December, 2002, str.
26-28
Prehl'ad vlivoja vysoko funk6nfch textilil v Japonsku, zahriu-
jrici komfort, zdravie a ekol6giu:
- fa Fuji Spinning - aditivum provitaminu do vl6kien 'V-UP"

umoZiuj0ci premenu na vitam[n C, ktoni sa dostdva cez
koZu do tela. Zachovanie funkcie i po 30 praniach;

- fa Shikibo - priorita ekol6gie, textilie "Celgreen" (modal fy
Lenzing), "Chabafresh" (dezodorant/antibakteridlnost),
"Aloeju" (s aloe), "Melba" (bahno), "Elaion AF" (olivovli
olej);

- fa Kuraray - kombindcia polym6ru Exevaj (vinylacet6t) s
PES-vldknom, Airmint, Micromint - mikrovldkna, dutost
(rozpustnf PVAc), podobne Sophista -  kombindcia
EVOH+PES, dal5ie vlakna si antistatick6 (Clacarbo), foto-
dezodoradn6, s UV-ochranou.

Firma Toray posilnuje obchod vo vzt'ahu k airbagom
AS/AN TEXTILE BUS/NESS, 12, 577, December, 2002,
str. 58

Toray Industries rozhodla o zr4Tsenivfroby PAD 66 hod-
vdbu pre airbagy v Thajsku o cca 6 000 Vr (po etap6ch v r.
2003 a 2005) a v Japonsku zo sfdasnlch 7 500 Ur na 1 5 500
t koncom r.2005 (postupne o 2 000 t v r. 2003). Tomu zod-
povedd i zvlisenie produkcie metr62e v Thajsku na 3,5 mil.
m/r v r. 2005. Uvadza sa rast potreby PAD 66 hodvdbu vo
svete zo 60 000 tJr v r.2001 na 100 000 Ur v r. 2005. Firma
tak reaguje na rozhodnutie vyirobcov automobilov o zavedeni
airbagov i na zadnlch sedadlach vozidiel.

Firma Toray vyvija prv6 nano-nyl6nov6 vl6kna na svete
AS/AN TEXTILE 8US/NESS, 12, 577, December, 2002, str.
59-60

Popisuje sa qivoj technol6gie a vlastnosti nano-vldkien z
PA, vyzna6uj0cich sa mimoriadnym priemerom: PAh 44 dtex
sa skladd z viac neZ 1,4 mili6nov filamentov o priemere 20-
100 nanometrov. Doterai5ie beZn6 mikrovldkna maiI r6do-
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vo priemer 1 000 nanometrov. Technologie moZno pouZit i
pre in6 polym6ry (PES, PP) a pre uhllkov6 vldkna. Menia sa
zdsadne povrchov6 vlastnosti vldkien, napr. absorpcia vlh-
kosti na povrchu je 1000x vySSia neZ u beZnfch PA vldkien,
je rovnak6 alebo vySSia neZ u bavlny. Pracuje sa dhlej na
vyuZiti novfch vlastnosti vl6kien.

Firma DyStar zavildza prv6 fluorescendn6 farbivo na
svete
AS/AN TEXTILE 8US/NESS, 12, 577, December, 2002,
str. 64

Firma ohlasila nivoj prv6ho fluorescen6n6ho reaktivneho
farbiva pre celul6zov6 vldkna, Remazol Fluorescent Yellow
FL. MoZno ho kombinovat so v5etklmi Remazolovlimifarbi-
vami a farbivami Levafix CA a pouZit ich vo vy{ahovacom,
pad-batch za studena iv kontinudlnom procese farbenia. Md
dobr6 stdlosti. Splfruje Standardy pre vysoko viditel'ne pracov-
n6 a Sportov6 oSatenie i pre m6du. Takto moZno teraz farbit
zmesi celul6zovlich vl6kien s PES a nylonom.

ZApadnA Europa: Program jemnosti chemickfch vl6kien
pre netkan6 textilie 2002
C H E M I CAL F/BERS I N T E R N AT I O N A L, 52, 1, F ebruAr, 2002,

str .7-8, 10
Formou tabulky s0 uvedeni vlirobcovia chemickfch vldkien
ZApadnej Eur6py pre vfrobu netkanlich textilii. U kaZd6ho
vldkna je uvedenf vlirobca, obchodnAznacka, dlZkova hmot-
nost (jemnost) a dlZka strihu vyrdbanSich vldkien a ich koned-
n6 pouZitie (typ netkanfch textili i). V prehl'ade s[ uvedenl
uj'robcovia visk6zor4ich, mod6lovyich, lyocelouj'ch, polyeste-
rovf ch, polyam idovlich, aram ido47ch, polyi m idovf ch, akry-
lovfch, polypropyl6novfch, bikomponentnlich, PTFE
a kovovlich vlAkien.

Vfroba chemickfch vlSkien v 2005
CHEMICAL FIBERS INTERNATIONAL, 52, 2, April, 2002,
str.72

Podl'a predpovedi sa zuiSi rodne vfroba chemicklich vl6-
kien o 5,3 0k na44 mil. ton v r. 2005. Pokrok sa dosiahne zis-
kami u syntetickfch vldkien, najmdi polyesterov a polyolefi-
nov, zatial'do trh s celul6zovfmi vl6knami sa bude zniZovat.
Spotreba chemickfch vldkien v r. 2005 zvii5i svoj podiel na
65 o/o z celkovej spotreby vldkien. Bude pretrvdvat presun
qiroby do Azie, predovSetklim do Ciny, JuZnej K6rei a Tchaj-
wanu. Druh0 0rovei zahrfruje India, Indonezia a Thajsko. V
tabulke s[ uveden6 hodnoty vfroby chemict<rj'ch vldkien pod-
I'a oblasti v r. 1990, 2000 a 2005.

DuPont: Nov6 flu6rkopolym6rov6 vl6kno
CHEMICAL F/BEFS INTERNATIONAL, 52, 2, April, 2002,
str.74

Americkli uirobca vl6kien DuPont predstavil nove vlSkno
na bdzi fluorkopolym6ru, ktor6 pontika vynikaj0cu odolnost
vodi poveternostnym podmienkam, je chemicky inertn6, so
znilenym koeficientom trenia a dlhodobou Zivotnostou pri
teplotdch nad 150 'C. Vldkno je I'ahko spracovatel'n6 v beZ-
nfch textilnfch technol6gi6ch (tkanie, pletenie, Sitie) a je do-
stupn6 farben6 v hmote v rozsahu jemnosti od 'l 3 do 110
dtex.

Fil. Va: Nov6 trojkomponentn6 vl6kna pre netkan6
textilie
C H E M ICAL F I B E RS I NT E R N AT I O N A L, 52, 2, Aprit, 2002,
str. 98
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Taliansk! doddvatel'Fil. Va, Varese, predstavil nov0 sku-
pinu bikomponentnlch a trikomponentnlTch vlakien pojenfch
strizowch vlakien typu pla5t-jadro pre vfrobu netkanych tex-
ti l i i .  Nov6 vl6kna, naz'lvanf Trilon, s0 vyrdban6 Specialnym
postupom a mdZu byt zmesovan6 s PP, PES, VS. Trojkom-
ponentn6 vldkna s0 ziskavan6 z termoplastickfch polymeov
a kopolym6rov ako PP, PES, Co-PES, Co-PP a s0 dostup-
n6 v dvoch variant6ch:
A) jadro sa tavi pri 165 'C, pla5t pri 128 'C a tieZ niZSich, napr.

100 "c
B) jadro sa tavi pri 256 'C, plaSt pri 128 'C a tieZ niZSich, napr.

Obe varianty A i B su dostupn6 v 6 typoch pre 16zne pou-
Zitie. Dl2ka vldkien pre vfrobu pavu6iny je od 40 do 60 mm,
ore k ladenie vzduchom alebo vodou od 3 do 12 mm.

Nov6 vl5kno Kermel Tech
CHEMICAL F/BERS INTERNATIONAL, 52, 2, April, 2002,
str. 98

Vfsledkom dlhorocn6ho r4iskumu firmy Rhodia Kermel SA,
Francfzsko je nove polyimido-amidov6 vldkno Kermel Tech,
ktor6 sphia poZiadavky na tepeln0 a chemickri odolnos{ pre
technick6 aplikdcie. Vldkno md uj'nimodn6 vlastnosti: vyso-
kd odolnosf vo6i kyseline slrovej a chlorovodikovej, vysokd
pevnost a taZnost zvld5t vhodn6 pre plste, extr6mna odolnost
vodi mechanick6mu tahu d6leZitd pre fi l trdciu, prevddzkovd
teplota 200'C (tepelnd odolnost je o15o/o vySSia neZ u ostat-
nlch nehorl 'avlich vldkien), vrchol prevddzkovej teploty je
240'C. Vldkno s dlhou Zivotnostou pri vysokfch teplotdch je
vhodn6 pre fi l trdciu hortcich plynov, elektrickri izol{ciu za
vysokyich tepl6t, pre kompozity s tepelnou odolnostou a odol-
nostou vodi ohiu.

Vl6kno X-Static od Noble Fiber Technologies
C H E M I CA L FIBERS I N T E RN AT I O N AL, 52, 2, Aprll, 2002,
str. 98

Americkd spolocnost Noble Fiber Technologies je vfrob-
com polyamidovlich nit i z nekonecn;ich vldkien. Spolo6nost
vyvinula postup v 6leneni kovov6ho striebra do polyamido-
vej bdzy. Vlirobok je vel'mi vhodnli pre pouZitie v potravindr-
skom a drogistickom priemysle a pri vfrobe liekov. Vldkno je
antimikrobidlne (eliminuje bakt6rie, ktor6 sp6sobuj0 zdpach
a pliesne), nie je toxick6, neobsahuje chemikdlie ani pesti-
cidy, je schopn6 prenosu tepla, je antistatick6 a lie2 vyuZi-
telh6 v terapii vdaka vodivfm vlastnostiam.

FiberVisions: Nov6 mPP mikrovl6kna
C H E M I CA L F I B E R S I N T E R N AT I O NA L, 52, 2, April, 2002,
str. 52

Ulohou spoluprdce fir iem Atofina (Belgicko) a FiberVisions
(DAnsko) bolo opt imal izovat  podmienky spracovania pre
vlirobu jemnejSich PP vldkien a vfvoj polym6ru, ktoryi by bol
pouZi t !  pre tepeln6 pojenie.  Polymer izdcia propyl6nu sa
uskutodhuje za pritomnosti katalyzdtora, v tomto pripade sl
Ziegler-Nattove katalyz6tory nahraden6 metallocennymi ka-
talyzdtormi, ktor6 umoZri ujri u25iu distribIciu moleku ldrnej
hmotnosti polymeru. T6to vlastnost zlepSuje konzistenciu pri
zvldknovani a umoZnuje 4irobu vldkien s menSim priemerom.
Vldkno sa vyrdba v jemnostiach 1,0: 1,2 a '1,5 dtex, s pev-
nosti3,0-3,5 cNidtex a 200-300 %-nou taZnostou. Dal5ie
vlastnosti vldkien srl uvedend v tabulke c. 1. V tabulke 6. 2
si uveden6 vlastnosti netkanlch texti l i i .  Vldkno sa spraco-
vdva predovSetkym na vyrobu tepelne pojenyich textilii pre
detske plienky, ddmske vloZky, a na vlTrobu rfn kladen;ich
za mokra ore fi l tradnl materidlv.
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