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Slovo ditatelbm

Redakcia dasopisu Vldkna a textil tak ako mnoho inyich redakcif odbor-
nyich periodik sa zaoberd redakdnou a zostavovatelskou prdcou, ktord sa
tfka uiberu, odborn6ho zostavenia a redak6n6ho spracovania publikdciisri-
born6ho charakteru.

Hlavnf dlraz sa kladie na p6vodn6 vedeck6 prdce. Tieto prdce zverej-
iuj0 origindlne uisledky vlastnej prdce autora, alebo autorsk6ho kolektivu.
MdZu to byt tieZ syntetizujfce vedeck6 prdce. P6vodn6 vedeck6 prdce sri
v dasopise Vldkna a textil napisan6 vAd5inou v anglickom jazyku. Sri inde-
xovan6 v piatich abstrahujricich tituloch, ktor6 si uveden6 na prednej stra-
ne obalky tohto dasopisu. To je prileZitost na informovanost a prepojenie do

odborn6ho sveta. Ku kaZdej anglickej publikaciije uvedenf abstrakt v slovenskom, alebo 6eskom ja-
zyku. Niektor6 anglick6 clanky su uveden6 v skrdtenejverziitieZ v ndrodnom jazyku podl'a rozhodnu-
tia autora.

Redakcia m6 trval0 snahu zvy5ovat rlrovei dasopisu nielen po odbornej, ale aj po jazykovej strdnke.
Z tyichto d6vodov anglick6 texty podliehajf jazykovej korektf re rodenfm hovorcom a robi sa recen-
zia.

V dasopise Vldkna a textil s0 zverejiovan6 tieZ odborn6, prehl'adov6 a hodnotiace prdce, ktoryich
spracovanie sivyZaduje vysokti odbornr.i kvalifikaciu autorov. Sumarizadn6 prdce sa vyzna6ujri vyso-
kfm stuphom origindlnosti, pretoZe sfstredenim prevzatfch a citovanlich informdciivytvdraju novf
kvalitu. Odborn6, prehlhdov6 a hodnotiace prdce s0 zvd65a v ndrodnom jazyku.

Redakcia prijima tieZ pr6ce, ktor6 populdrnym sp6sobom spristupriuj0 5irSej odbornej verejnosti
vfsledky vedeckovfskumnej a technickej te6rie a praxe, pr6ce oznamovacieho charakteru a pod.
V dasopise sa uverejiujI aktudlne informdcie z vedeckovyiskumnfch a vyivojovfch pracovfsk a
z priemyselnej praxe. lnformadn6 podklady dodavaj0 pracoviskd samy.

Redakcia zadel'uje dldnky do rubrfk podl'a typologick6ho hl'adiska a t6matick6ho zamerania.
S ohlasom ditatelbv sa stretdva rubrika,,Z konferencif'. Poskytuje hlavn6 informdcie z medzindrodn;ich
konferencii a cestu k z(skaniu dhl5ich informAcii, ak ditatel'prejaviz6ujem.

AZ do minul6ho roka bola v dasopise Vldkna a textil stdla rubrikaZo zahranicnyich dasopisov. Dne:.
ked'prevl6da priamy pristup do kniZnlc cez internet sa tdto rubrika pravdepodobne uZ nebude robif,
Na tomto mieste si dovol'ujem ditatelbv upozornit, Ze nd5 6asopis od minul6ho roka ndjdu tieZ na in-
ternetovej adrese www.stuba.sk.

Priestor v dasopise Vldkna a textil je vymedzenii aj laudacii uiznamnlm osobnostiam v odbore ch6-
mia a technol6gia vldkien, textilu a polymdrnych materidlov pri prileZitosti ich Zivotnfch jubilei.

Na zdver si dovollm ponfknuf miesto v dasopise Vldkna a textil na reklamu pre v5etkfch zdujem-
cov, ktorfchcf propagovat svoje uirobky, technologie a in6 dinnosti z odboru.

Doc. Ing. Anna Murdrovd, PhD.
Z6stupca redaktora
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HOLLOW PET FIBRES AND THEIR DEFORMABILITY

MurArov6 A.1, Rusndk A.1, Jambrich M.

' Slovak university ol technology in Bratislava, Faculty of chemical and food technology,
Radlinsk6ho 9, 812 37 Bratislava, Slovak Republic, e-mail: anna.murarova@stuba.sk

2 lJniversity A. Dub1ek in Tren1[n, Faculty of industrial technologies,
T. Vansovej 1054/45,021 32 P0chov, Slovak Republic

The paper deals with the evaluation of hollow PET fibres with one and more hollows in their
volume. Thickness of these hollows is 10 times smaller than fibre's diameter and their lengths
are identical. In longitudinal direction, the hollows - channels are parallel with main fibre axis.
This macromorphological structure of fibre could be used to regulate and optimalize mechanical
deformability of elementar fibres and textile structures composed from these fibres when consid-
ering thermal comfort.

Keywords: Hollow fibres, deformability, nonwoven textiles, compressibility, thermal resistance

INTRODUCTION

Hollow chemical fibres have different architecture
compared to circular fibres. Their production consists of
deliberate change of geometric parameters of fibres on
level of elementar fibres. This process requires special
spinning spouts with profiled openings and rheologic
regime during spinning ensuring required architecture
of fibres. Hollow and profiled chemical fibres have nu-
merous properties with higher utility value compared to
classic circular fibres. Their specific properties are very
similar to natural fibres. Based on their physical proper-
ties they are designed for use in numerous composite
textile materials with a secondary composite element.
such as solid, liquid or gas substance, lf the seconda-
ry composite element is air which is permanently built
in hollows of fibres and loosely constructed in textile
construction with a high volume ratio than such textile
composite material has a low thermal conductivity and
high thermal resistance. Such materials demonstrate
an important influence of deformability of hollow ele-
mentar fibres as well as textile layers to thermal com-
fort of product, 11, 2, 3, 4, 5, 6, 71.

EXPERIMENTAL

Experimental material

Hollow PET fibres
Hollow PET fibres with basic properties listed in tab-

le 1 were studied during experiment.
Table 1 Basic properties of PET fibres

Nonwoven fabrics from hollow PET fibres
Nonwoven textiles were prepared by fiber-webs su-

perposition in cross-section direction on carding machi-
ne in total and partial presence of fibres.

Experimental methods

Preparation of fibres micro-cuts
In order to prepare micro-cuts we used method of fibre

cutt ing on parafine carrier in sank microtom. Fibre
micro-cuts of 2-B pm thick, after melting parafine car-
rier in xylene, were a suitable material for microscopi-
cal observation and fibre profile cross-section picture
analysis.

Mechanical deformation of fibres
Deformation - relax tension examinations of hollow

fibres were realized on TMA thermo-mechanic analy-
zing machine from Shimadzu. Deformation conditions
for all samples were the same. Deformation speed was
5009/min for a period of 15 min. After samples release
we registered a 15 minutes long relaxation. Fixative len-
gth of fibre was 10,1 mm. Measuring temperature was
22"C. The deformation curves helped us to set ratios
of elastic, flow reversible and permanent deformation.

Textile layer compressi bi Iity
Compressibility of nonwoven fabric layer during con-

stant compression of 1 kPa for a period of 5 hours is
expressed by compressibility coefficient Ks [1] according
to the following relation:

K,=(h - h,)lh (1)

where h - textile layer thickness before compression
[mm], h" - textile layer thickness [mm] after 1 kPa com-
pression for a period of 5 hours.

Thermal resistance
Thermal resistance of nonwoven fabric composite

Sample 
Fibre Linear weight

_ 
profile dtex

1  ( ) n o n - h o l l o w  7 , 2
z I one-hollow C) 8,8
3 6) four-hollow X s,B
4 

- 
ten-hollow (;2 9,7
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layer was measured on Alambeta device on instrument
at a temperature difference of 10 "C. Coefficient of ther-
mal resistance change through textile layer was deter-
mined in % according to the following relation:

r, = [(r - r,).100]/r (2)

where r * thermal resistance of textile layer [m2KW-1],
11- thermal resistance of textile layer after 1 kPa com-
pression for a period of 5 hours.

RESULTS AND DISCUSSION

Profile of hollow fibres and their deformability
Figure 1 shows real profile of evaluated PET fibres in

cross-section and longitudinal direction. Number and
size of hollows are main properties of hollow fibres.

Fig. 1 Fibre prof i les: A - one-hol low, four-hol low, ten-hol low and
non-hollow cross-section profile, B - longitudinal profile of
one-hol low, four-hol low, ten-hol low and non-hol low f ibre in
polarized light of microscope

4

Texti le materials

Hollows in longitudinaldirection are highlighted in pola-
rized light of microscope. These hollows-channels are
connected with a uniform thickness of about 2 um and
prevail ing l inear dimension.

Ratio of hollow area to total area of fibre in cross-sec-
tion increases with the number of hollows. Hollow ratio
is expressed in % according to the following relation:

Pd = (Sd.100)/S" (3)

where Su - area of f ibre in cross-section [mm2], So -

area of hollows in cross-section [mm'].
Number of hollows and their ratio in fibre were evalu-

ated according to their influence to deformability of fib-
res. Deformability of fibres is expressed by level of elas-
ticity in % according to the following relation:

" '  
= (e..100)/e" (4)

where e. - elastic deformation l%1, t"- total deforma-
tion [%].

Table 2 lists deformations and level of fibre elastici-
ty. Figure 2 illustrates dependency of level of elasticity
on size of hollows.

Total deformation and specific components in total
deformation are different in evaluated samples of fibres
in dependence on their geometry. Non-hollow fibres
have the highest level of elasticity. Figure 2 shows qu-

Table 2 Deformation of hol low PET f ibres with dif ferent orof i le

non-hol low one-hol low
o/"' "  prof i le prof i le

four-hol low ten-hol low
profile prolile

e", o/o

Et, o/o

€ t ,s  %

Et, ok

to, o/o

t , o

2,3
2,6
24,6

1 q

) A

8,4
2 ,0
2 ,0
4,4

. J , A

7,4
1 R

2 2

1+,\)

Fig, 2 Level of elasticity eo in dependence on ratio of hollow area Po
in PET fibres
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alitative progress of elasticity level in dependence on
number and size of hollows in fibre. The biggest diffe-
rence of elasticity level is seen between non-hollow and
one-hollow fibre. Ten hollow fibre and non-hollow fibre
are the most identical in e' compared to fibres with lower
number of hollows. Hollows in ten-hollow fibre are small
but proportionally distributed. Tension stress in this fib-
re will probably be proportionally distributed and simi-
lar to non-hollow fibre.

Textile layer compressibility and thermal resistan-
ce

Thermal resistance of textile layer depends on its
composition and macromorphological structure. Nonwo-
ven fabric composed from hollow fibres and air with
restricted mobility in hollow fibres and in between fibres
report high thermal resistance. Nonwoven fabric prepa-
red by fiber-webs superposition is voluminous and ea-
sily compressed. Air ratio in nonwoven fabric conside-
rably decreases after its compression. In consequence
thermal resistance decreases. Due to conductive con-
tact increase between fibres during compression the
thermal conductivity increases. Heat transfer mechanics
changes during compression.

Figure 3 shows dependency between coefficient of
compressibility of nonwoven fabric and difference of
thermal resistance due to compression.

Nonwoven fabric compressibility is strongly influenced
by its thermal management. lt is obvious that nonwoven
fabric compressibility will mainly depend on deformabi-
lity of fibres making its construction. Comparing figures
2 and 3 we can observe a good conformity between
level of hollow fibre elasticity and compressibility of
nonwoven fabrics made from these fibres, Dependen-
ce K, and s' is proportional. This information is impor-
tant when it comes to thermal comfort and designing.
Figure 3 shows that r. thermal resistance difference
proportionally increases with increase of compression
coefficient. ln other words, r, thermal resistance of
nonwoven fabric with reduced thickness decreases
during compression. From the point of view of hollow
fibre deformability and nonwoven fabric compressibili-
ty the four-hollow PET fibres are the best to ensure ther-
mal comfort in evaluated samples.

CONCLUSION

The experiment proved the existence of continuity
between deformability of elementar fibres and textile
layer composed from these fibres. Dependency betwe-

Textile materials

Fig. 3 Dependence of thermal resistance difference rs on com-
pression coefficient K,

en e' elasticity level and K" textile layer compressibility
is proportional. Thanks to the facts known about defor-
mability of hollow fibres it is possible to design textile
products with required thermal comfort.
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Dut6 PET vl6kna a ich deformovatelhosf

Translation of abstract:
Hollow PET Fibres and Their Deformability

Dut6 PET vl6kna, ktor6 s0 predmetom sk0mania v tejto pr6ci obsahuj0 1 a viac dutin vo svojom objeme..Tieto
dutiny dosahuj0 hr0bku a210krflt men5iu ako je priemer vldkna a dliku maju zhodn0 s dlZkou vl6kna. V pozdlinom
smere s0 dutiny - kandliky paraleln6 s hlavnou osou vl6kna. Tak6to makromorfologickd Strukt0ra vliikna sa mOZe
vyuZif na regulovanie a optimalizdciu mechanickej deformovatelhosti elementdrnych vldkien a textilnich Struk-
t0r zloienfch z tricl'rto vldkien vzhladom k tepeln6mu komfortu.
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YARN STRENGTH AS A FUNCTION OF GAUGE LENGTH
A CRITICAL REVIEW

Dipayan D.

o"'"n^i!lnl,J7'X:,:fi";:Z',:,,'i!'!irfi!!jL^1,"'J!"i2l'!"i,!Ui!l,fi,,''o**'

This review paper summarizes some of the interesting imaginations, concepts, and relations
regarding yarn strength dependence on gauge length. lt also compares the predictability of some
of the existing yarn strength models in relation to the actual yarn strength behavior at different
gauge lengths.

1 INTRODUCTION

Yarn strength measurements are usually carried out
at a 500 mm gauge length. However, in practice, yarns
are stressed at ditferent lengths, Therefore, yarn stren-
gth measurements only at a 500 mm gauge length are
not sufficient. Hence, it is also necessary to know yarn
strength at other gauge lengths, Measuring yarn stren-
gth at many different gauge lengths using a commercial-
ly available tensile tester is not at all a realistic idea.
Additionally, those tensile testers do not allow us to
measure the strength of a relatively long length of yarn.
To solve these problems, numerous attempts have
been made in the past to predict yarn strength behavi-
or at different gauge lengths. Several interesting findings
concerning the dependence of yarn strength on gauge
lengths were reported. Some of the interesting specu-
lations, concepts, and relations are critically reviewed
in this article.

2 REVIEW

2.1 Theory of Weakest Link

The most frequently quoted theory regarding yarn
strength behavior at different gauge lengths is the we-
akest link theory, which was first used by Peirce [1]. He
imagined a longer yarn specimen ("chain") consisting of
several successive short specimens ("1inks") connected
in a series, and the strength of the longer specimen is
that of the weakest short specimen. In other words, a
single breakage among these short specimens causes
the breakage of the whole longer specimen. Therefore,
it is understandable that a longer yarn specimen is we-
aker than a shorter specimen. Besides Peirce, seve-
raltextile researchers, Kapadia [2], Kausik, et al. [3], and
Hussain et al. [4], to name afew, have also agreed abo-
ut the existence of the weakest links in varns.

2.2 Distr ibutions of Strengths along Yarns

2.2.1 Independent Strengths
It is sometimes hypothesized that the strengths of

vl^kna a textil 12 (1) 1 1 9-1 23 (2005)

successive short specimens of an equal length along a
piece of yarn are mutually independent. This means that
the breakage of one short specimen does not atfect the
breakage of the other short specimens. This was first
theorized by Peirce [1]. Under this hypothesis, no cor-
relation exists between the strength of successive shorl
sections along a piece of yarn.

Under the assumption of the independent weakest
link, the cumulative distribution function F(S,/) of the
strength of the longer specimen of length / is related to
the cumulative distribution function F(S,lo) of the stren-
gth of the shorter specimen of length /e by the following
expression

F(s,/)=1-[1-F(s,/ ,) ]+ (1)

The step-by-step derivation of the above expression
is shown in Neckdi's publication [5]. lt also shows that
the probability distribution function f(S,/) of strength S of
the longer specimen is related to the probability densi-
ty function f(S,/o) of the short specimen as follows

I

f  (s,/)= 
/0 

f (s,/)[1-F(s,/o)] i"- '  (2)

However, Knox & Whitwell [6] and Realff, et al. l7l
have statistically observed that the independent wea-
kest link hypothesis is not appropriate for cotton yarns.

2.2.2 Dependent Stre n gths
Sometimes it is considered that the breakage of one

short specimen affects the breakage of other shorl spe-
cimens. This means that the strengths of successive
short specimens along a piece of yarn are dependent.

Spencer-Smith [B] introduced this concept by theori-
zing that the strength of the neighboring fracture zones
in yarns is related to each other partly because the
same long fibers will occur in a number of fracture zo-
nes and partly because of the non-random inegularities
introduced into the thickness of the yarn by the prepa-
ratory and spinning machineries. (The fracture zone, as
first reported by Turner [9], is that small region where
an actual fracture takes place while testing the strength
of a long length of yarn.)
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Fig. 1 Yarn strength correlograms [1 1]

Later on, Neckdi & Das [10] showed that the stren-
gth of successive 50 mm neighboring sections in cot-
ton yarns is correlated. They measured the strength of
every alternate 50 mm specimen along a yarn and es-
timated the strength autocorrelation coefficients ps(x),
where x is the distance between the two specimens.
These coefficients in the case of 35.5 tex cotton carded
rotor yarn (an example) are shown in Figure 1. The
strength of the autocorrelation coefficients under the hy-
pothesis of the strength independence is also shown.
Similar results were obtained with other technological
cotton yarns with different counts and twists [1 1].

2.3 Frequency Distributions of Strengths

2.3.1 Gaussian Distr ibution
Peirce [1] hypothesized that the strength of short spe-

cimens follows the two-parametric Gaussian distribu-
tion. However, no attempt was made by him to verify it.
Later on, using a quantile-quantile plot, Das [11] conclu-
ded that the actual yarn strength dataset corresponding
to the 50 mm gauge length of various technological
yarns can be reasonably regarded as a sample taken
from a population following a Gaussian distribution. Tru-
evtsev, et al. 1121, conducted 500 strength measure-
ments on ring and rotor yarns with ditferent counts each
at a 500 mm gauge length and on the basis of ayz cri-
terion, they found that the experimental dataset did not
differ significantly from the Gaussian distribution at a
95% significance level. A similar observation was ear-
lier reported by Perepelkin [13] and Pozdniakov [14],

2.3.2 Weibull ian Distr ibution
An attempt was made by Realff, et al. l7l, to fit the

experimental strength datasets of polyester-cotton (65/
35) blended ring and air-jet spun yarns measured at
different gauge lengths with two and three-parametric
Weibullian distributions. Applying the Kolmogorov-Smir-
nov goodness-of-fit test, they found that both of the two
and three-parametric Weibullian distributions were in
accordance with the experimental datasets at a 95 %
significance level, and the three-parametric Weibullian

I
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distribution did not bring about any significant increase
in the goodness of the fit as compared to the two-para-
metric Weibullian distribution.

2.3.3 Pearsonian Distr ibution
Kapadia [15] conducted 80,000 strength measure-

ments on various cotton carded ring yarns at a gauge
length of 12 inches and used Pearsonian statistics to
verify the experimental results with different Pearsonian
distribution types. According to his observations, the
experimental strength distributions were not adequately
fitted by the Pearsonian curves. But when he conside-
red the yarn strength and yarn count together as one
variable, namely the count-strength producl, the distri-
butions were adequately represented by the Pearsonian
types of curves, namely types l, lll, and lV. (Here it is
remarked that the normal distribution is known as a
"zero" type Pearsonian distribution.) He thus eoncluded
that the heterogeneity of the yarn strength was due to
the heterogeneity of the yarn count.

2.4 Mechanisms of Yarn Breakages at Different
Gauge Lengths

There are two primary mechanisms of yarn breaka-
ges: f iber breakage and f iber sl ippage [16]. In general,
if two similar yarns are broken by different mechanisms,
the one breaking due to fiber slippage, as opposed to
fiber breakage, should result in a lower strength. Here,
yarn twist plays an important role. An increase in the
yarn twist will cause the breaking mechanism to chan-
ge from one dominated by fiber slippage at a low twist
multiplierto one dominated by fiber breakage at a higher
twist multiplier.

Based on scanning electron microscopic photographs
of unbroken, partially broken, and completely broken
samples, Realff, et al. l7l, concluded that the mecha-
nism of the breakage might also change due to a decre-
ase in the gauge length. Moreover, at a gauge length
well above the staple length of the fiber, only a few per-
cent of the fiber population of the specimen were he:d
in either test jaw. Conversely, at a gauge length wcll
below the staple length, nearly all the fibers were held
at both ends by the test jaws, preventing significant fi-
ber slippage from occurring until the fibers first broke in
tension. At gauge lengths between these two extremes,
an increasing percentage of fibers in the test specimen
was held at one end as the gauge length is decreased.
Hence, there would be a marked increase in yarn stren-
gth for gauge lengths well below the staple length where
fiber slippage is precluded, as compared to long gau-
ge lengths (for example, a standard gauge length) whe-
re fiber slippage may prevail depending on yarn struc-
ture. Besides yarn structure, the fiber propedies are also
playing significant roles in determining the strength of
yarns at different gauge lengths, as reported by Pere-
pelkin et al. 1171. They reported that the role of fiber

0.4
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strength in determining yarn tensile characteristics was
very dominant at a short gauge length (for example, 50
mm), while at a higher gauge length (for example, 500
mm), the role of inter-fiber friction was more significant
than the role of fiber strength.

2.5 Types of Yarn Breakages at Different Gauge
Lengths

Hearle & Thakur [18] classified yarn breakages into
two types: catastrophic and non-catastrophic. Catastro-
phic yarn breakage occurs when all the fibers break or
slip completely at the same load. The load-extension
curve of a yarn that undergoes catastrophic breakage
is shown in Figure 2 (a). Yarn is said to have broken
non-catastrophically when all the fibers do not comple-
tely break or slip at the same load. When a few fibers
break, the remaining fibers continue to take up the load,
with different sets of fiber breaking at different loads.
The load-extension curve for a piece of yarn that bre-
aks non-catastrophically is shown in Figure 2 (b).

Extension Extension
(a) (b)

Fig. 2 Schematic representation of types of yarn breakages: (a)
Catastrophic and (b) non-catastrophic [19]

Radhakrisnaiah Huang [20] studied the effect of gau-
ge length on the load-extension behavior of 100 % cot-
ton and 50/50 polyester-cotton blended yarns produced
by different spinning technologies. They found all the
yarns showed catastrophic breakage at 500 mm gau-
ge length testing, while during a 45 mm gauge length
testing, only the ring spun yarns showed mostly ca-
tastrophic breakage, while the rotor, air-jet, and friction
spun yarns showed mostly non-catastrophic breakage.
Thus they concluded that the manner of yarn breaka-
ge at a short gauge length (45 mm) is different from that
at a long gauge length (500 mm).

2.6 Prediction of Yarn Strength at Different
Gauge Lengths

Several attempts have been made by textile resear-
chers to establish equations for predicting actual yarn
strength at different gauge lengths. Most of them were
purely empirical; only a few were theoretical.

2.6.1 Peirce's model
Peirce [1] was the first to model yarn strength beha-
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vior at a short gauge length. Under the assumptions that
1) the weakest-link theory applies to yarns, 2) the stren-
gths of short specimens of length /o are independent,
and the 3) strengths of those specimens follow Gaus-
sian distribution, he obtained the following approxima-
te relations

ds. = ds ( / to) ' 'u (4)

where S* and S are the mean strength values corres-
ponding to the gauge lengths / and /o (/ >/o), respective-
ly; os. and os dre the standard deviations of strength
corresponding to the gauge lengths / and /0, respective-
ly. These relations, however, do not correspond wellto
the reality, as repofied from time to time by several re-
searchers, Meredith [21], Morton & Hearle [22], to name
a few. As a cause of this discrepancy, Peirce's as-
sumption of an independent weakest link was disputed
by Knox & Whitwell [6] and Realff, et al.l7l. With a view
to the characteristics of the hazard function and the
Weibullian parameters, respectively, they doubted the
existence of the independent weakest link in staple
yarns. Later on, Neck6i & Das [10] experimentally pro-
ved that Peirce's assumption of strength independen-
ce was incorrect; to ihe contrary the strength of succes-
sive short specimens (each of 50 mm length) along a
piece of yarn is dependent. The concept of strength
dependence was imagined long before by Spencer-
Smith [B]. His modelwill be briefly discussed in the next
section. A very interesting point with respect to Peirce's
theory was issued by Zurek [23]. According to his ex-
perimental experience, yarn breakages occur depen-
ding on the yarn twist, and this consideration was ne-
glected in Peirce's model.

2.6.2 Spencer-Smith's model
Spencer-Smith [8] worked theoretically on the as-

sumption that the strength of the consecutive failure
zones in a piece of yarn is dependent. He considered
a yarn composed of a chain of N fracture zones of the
same length I and s-trength S1,S2,KSi K,S" where S, is
the strength of thefh fracture zone and S" is the mean
strength of these fracture zones. lf a section longer than
a few fracture zones, e.9., a section comprising q frac-
ture zones, is stretched, then the strength of the adja-
cent fracture zones in this section will be Srr,Sie,KSr;q,
wherei refers to the particular section comprising q frac-
ture zones. Of course, the strength of this section is
equal to that of the weakest fracture zone in this sec-
tion. This is expressed by the symbol Sl(o)..n,n. When si-
milar section comprising q fracture zones is considered,
this section is referred by m, and the strength of this sec-
tion is expressed by the symbol Smls)min.The mean of
those minimum strength values, if the n sections are
broken, wiil bl Sn(q)min, and naturally this value will be
smaller than Sru. The difference between the overall

S*=S+ 4.zos l1 / t , ) - "u  -1)  (3)
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mean strength of the fracture zones and the mean of the
minimum values for the sections comprising the q frac-
ture zones will take the following form

$,  -$r , , .  =w(q)o1@) (5)

where w(q) is the statistical function defined by the
mean difference between the mean and the minimum
value of g individuals selected at random from the ap-
propriate normalized frequency distribution, o1 is the va-
riance of the strength of all the fracture zones in the
yarn, and F(q) is the serial correlation function. Howe-
ver, no attempt has been made to verify this model on
the basis of the actual strength measurements of suc-
cessive fracture zones along a piece of yarn. Therefo-
re, Spencer-Smith's proposed relation between yarn
strength and length is open to criticism.

2.6.3 Neck6i's model
Neckai [10] modeled yarn strength as a summation

of two independent stationary, ergodic, Markovian, and
Gaussian (SEMG) stochastic processes. This was ex-
perimentally verified with thirty-one cotton yarns with va-
rying counts and twists produced by various spinning
technologies [1 1]. This work reported a new characte-
rization of yarn strength, i.e., in terms of the autocorre-
lation characteristics. Moreover, how to use those cha-
racterist ics in order to predict the basic statist ical
parameters as well as the frequency distributions of the
strength of yarn specimens of different lengths (50 mm
to 5000 mm) was illustrated. Different empirical relati-
ons between strength and length were found in vario-
us yarns depending on the degree of strength autocor-
relation. Contrary to this, Peirce [1] reported only one
empirical relation (Equation 1) between strength and
length for all the yarns, irrespective of the material and
technology used for their production. The comparison
between Neckdi's and Peirce's models on the basis of
actual (experimental) strength-length behavior is shown
in Figure 3.

4.25
;
J  [N]

4.00

J . t )

3 .50

3.25

3.00

0.00
0 100 200 300 400 500

t,
Fig. 3 Avreage strenght S. versus gurge t"nffi in 20 tex cotton

carded compact yarn with 977 tmp [1 1]
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2.6.4 Mark's f inding
Mark [24] proposed the following empirical strength

relation between shorter and longer specimens

s*=s -Tc tog " ( t / t o )  (6 )

where S* and S are strengths measured at gauge len-
gths / and io, respectively, f is the yarn count, and G is
the degree of imperfection indicating the rate of decre-
ase in strength with increasing the gauge length.

2.6.5 Kapadia's observation
Based on a vast amount of experimental data, Kapa-

dia [2] suggested the following expression

sM = EMF V)
where M denotes the order of multiple lengths (1 foot
long multiples) forming various test specimens, S" is the
corresponding strength, E and F are the two constants.

2.6.6 Sippel 's f inding
On the basis of experimental observations, Sippel [25]

proposed the following empirical relation

(s - -q )-' = (q - S-)-' + Hi (B)

where So represents the strength corresponding to the
zero gauge length, S* denotes the strength of a yarn
specimen of length /, S- indicates the strength of an in-
finitely long yarn specimen, and H is a parameter indi-
cating the material used for yarn production.

2.6.7 Zurek and his coworkers'observations
Zurek and his coworkers 126,27) reported the fol-

lowing empirical relation

S* = Sr 
{r 

- s. o+', [r 
- (t lr , l '  ' ' j l  (9)

where S* denotes the strength of the longer specimen
of length /, S, indicates the strength of the fracture zone
of length f, and v is the coefficient of the variation of the
yarn's linear density. Using some approximate relatiors
for the theoretical evaluations of 51, v, and /,, they de-
termined theoreticalstrength values corresponding to a
500 mm gauge length from the above equation, which
were moderately correlated (correlation coefficient -
0.79) with the experimental strength values of cotton
carded and combed ring-spun yarns measured at a 500
mm gauge length. Later on, Frydrych [28], one of the
coworkers, replaced vin the above equation by the co-
efficient of the variation of the strength of the fracture
zones and approximated this coefficient by considering
the length of the fracture zone as 5 mm, and then fo-
und a high correlation coefficient (0.94) between the the-
oretical and actual strengths of the cotton yarns corres-
ponding to a 500 mm gauge length. However, in most of
the cases, the theoretically obtained strength values were
higher than those obtained experimentally.

v6kna a text i t  12 (1) 7-12 (2005)
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2.6.8 Hussain and his coworkers'observations
Based on the experimental strength data of cotton ring

and rotor yarns measured at different gauge lengths,
Hussain et al. l4l, presented the following power-law
relation

where S* represents yarn strength measured at gauge
length /, f is the yarn count, A,B,C and D are constants.
They observed the strength of both the ring and rotor
yarns was decreasing with an increase in the gauge
length, but the rate of decrease was more in the case
of the ring yarn than the rotor yarn. According to them,
this was due to the fact that the rotor yarns are more
uniform along their length than their ring counterparts.

3.CONCLUSION

It is understood that yarn strength can be more pre-
cisely modeled under the verified assumption of the
dependent the weakest link principle as compared to the
"incorrect" hypothesis of the independent weakest link
principle. Apart from this, it is very likely that the mecha-
nism of yarn breakages at all gauge lengths are not the
same and that the turns (twists) in the yarns are redis-
tributed during the measurement of the yarn strength.
Incorporating these facts into a model will certainly lead
to a more practical method for predicting yarn strength
behavior at different gauge lengths.
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Pevnost piize jako funkce upinaci d6lky - kriticki piehled

Translation of Abstract:
Yarn strength as a function af gauge length - a critical review

Tato publikace shrnuje n6kter6 piedstavy, a jim odpovfdajfci vztahy t'ikajici se pevnosti piize v z6vislosti na
uplnaci d6lce. Porovndvd se spr6vnost predikce pevnosti piize v z6vislosti na upinaci d6lce podle rriznyTch mo-
del0 vzhledem k nalezenfm experimentelnim uisledk0m
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1. INTRODUCTION

The theoretical research on the topic of knitted and
other fabrics deformation [7] could use different appro-
aches. Some of them are as follows:

a) The use of a geometric model of the fabric's struc-
ture. The problem is the low validity of the results, as
such models are based on pure speculation.

b)The of a use mechanical model of the fabric's struc-
ture [5]. The problem is now quite different but just as
important - such models are very complicated and, only
models using a very rough simplification are currently
available. A mechanical model of the simplest structu-
re (a plain weft knitted structure), which comes from the
real properties of textile yarn and respects the rheolo-
gy of the yarn's bend and cross-section deformation,
does not presently exist .

c) A computer simulation of afabric's structure leading
to the simulation of its mechanical behaviour [4, 5]. This
could be a useful method, but since the simulation is
based on the implementation of some mechanicalmo-
del, al l the problems of point b) remain valid. The only
advantage is that by increasing the computational
power, it is possible to reduce the calculation time and
increase the model's complexity.

d) A video-recording or some other technique for cap-
turing the structure during the loading and unloading
cycle and then analysing the sequence of images [3].
Although the results (changes in the fabric's geometry)
would be adequate, complicated equipment and a lar-
ge amount of processing time are required. lt could only
be suitable as an additional technique, together with the
measurement of force.

e) One of the problems to include in our consideration
is friction, which is avery important propefiof yarn. The
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effect of friction is extremely complicated, thanks to the
impact of the yarn's deformation on frictional resistan-
ce and the effect of many variables such as tempera-
ture, humidity, speed, lubrication, the stick-slip effect [1,
21, the fabric's structure, including the packing density,
relaxation, finishing, the frequently applied biaxial ten-
sion [6], etc.

These are the main reasons why this contribution pre-
fers an experimental approach to the problem, althou-
gh it is also not without difficulties.

It is comparatively easy to measure the strain and
stress of textile fabrics upon breakage, but some of the
important characteristics would be missing. For instan-
ce, as a result of wear, textiles are under a cyclic load.
To test the fabric's behaviour under similar conditions,
some researchers have developed a cyclic testing de-
vice [8]. ln [1], the fabric samples are tested by 1000
loading cycles, washed, and then tested again by 1000
cycles. Afterwards any changes in the fabric are eva-
luated visually by experts. But a subjective or objective
evaluation with a quantitative characterisation of a fab-
ric's behaviour could not be suff icient without some
knowledge about the changes in energy in the textiles
concerning deformation. Recognizing the percentage of
elastic, visco-elastic and plastic deformations could be
very interesting. The principal problem is that we can
receive a very large range of results, but the relative
hysteresis depends on too many variables, especially
on elongation e and on the speed of the deformation v.

2.  ASSUMPTIONS

For knitters, the impact of the stitch length or the fab-
ric's packing density (or the cover factor) on the fabric's

EVALUATION OF THE ELASTIC BEHAVIOUR
OF KNITTED FABRIC

Kovar, R.1, Angelova. Y.2, Kyosev, Y.3,

I Technical lJniversity of Liberec, Czech Republic

2 Technical tJniversity of Gabrovo, Bulgaria

3 Technical University of Sofia, Bulgaria

The usual method for evaluating the deformable of fabric properties is to measure the fabric's
strength and the length of any breaks (European standard EN ISO 13934-1 etc.). These proper-
ties are, of course important, especially in the technical sector, because breaks in textiles for
clothing seldom occur. To the contrary, the characteristics of a fabric's elasticity or, in general, its
deformation under a relatively low load is very important. A comparatively new method of meas-
uring the deformation for knitted fabric under a low load is discussed and an evaluation of the
changes in the energy is included. ln the experiments a single-faced weft knitted fabric with wide
range of packing density is used.

Key words: elasticity of knitted fabric, hysteresis, cyclic deformation.
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elasticity belongs among the interesting relations. Pac-
king density changes the majority of a fabric's proper-
ties. lt may be described, for example, in the simplest
way by the ratio of stitch length and yarn diameter //d.
When we find the optimum lld trom the point of view of
thermal insulation we cannot be sure that it corresponds
with a suitable elasticity of the fabric.

Which parameters are the most important for the be-
haviour of knitted fabric concerning deformation? We
can divide these effects into three groups:

a) The textile material used (yarn). The fabric's stra-
in-stress curve is atfected not only by the yarn's proper-
ties as a result of axial elongation; the yarn's bend,
cross-section deformation and friction are very impor-
tant as well.

b) The knitting technology.
bl ) The geometry of the knitting process.
b2) The forces in the knitting process.

c) The technology of finishing and relaxation.
Of course, all these parameters affect the knitted fab-

ric's structure, which is the basis of the impact on its
properties. In order to minimise the effect of finishing
and relaxation, measuring of the both the dry and wet
relaxed (but unfinished) fabrics was used. The relaxa-
tion itself could as well decrease the impact of the knit-
ting process. Nevertheless it would be interesting to
know at least some of the properties of the materials
used material properties. In our case we measured
yarn's cyclic strain-stress curves with different elonga-
t ions (chapter 3.1).

load of approximately. 5 N, which corresponds to an
elongation of 2ts30 o/o.The maximalbreaking load was
usually between 6-9 N. One deformation cycle was
chosen; the data (displacement and load) input frequ-
ency was 5 points for 1 mm of elongation (the interval
of data input was 0.2 mm of cross-head displacement).
The hysteresis was calculated using INSTRON and
checked numerically from the data processing (the dif-
ferences were minimal).

The survey of the cyclic yarn deformation experiments
is in Table l. "Y" in the first column means yarn; 1 and
2 are the definition of the experiment's speed v (5 and
0.5 mm per second); the next number means the len-
gth of the cycle, For example: Y1-30 means that the
crosshead of INSTRON moves up by a speed of 5 mm

Textile materials

Table 1 Yarn deformation.

Experiment
l m m s  I

Cycle

lmml
Hysteresis

lv"l
Y1-10
Y1-20
Y1-30
Y1-40
Y1-80
Y2-10
Y2-20
Y2-30
Y2-40
Y2-80

5
5
5

UJ

05
05

05

0-10-0
0-20-0
0-30-0
0-40-0
0-80-0
0-1 0-0
0-20-0
0-30-0
0-40-0
0-80-0

tae

723
799
828

Break
527
734
824
852

Break

3. EXPERIMENAL

3.1 Yarn deformation

Spun yarn made from polyacrylic fibres, of a linear
density of I = 30 x 2 tex was used. Because the pro-
perties of yarn are the basis of a fabric's properties, the
yarn deformation was tested first. The problem is simi-
lar to that described in the introduction - pure breaking
strain and stress tells little about yarn elasticity. This was
the main reason why the one-cycle deformation and
hysteresis was measured. The extent of the elongation
was changeable from almost zero till the yarn break.
Unfortunately, the numerical results received from the
dynamometer does not permit easy determination of the
average strain-stress curve until several attempts have
been made because at the input speed for the data used
the values of the elongation registered are different in
particular cases. This is the reason why only selected
typical results are presented as examples.

Examples of the experiments:
The experiments were executed on an INSTRON

21411 using a measuring head at a range of 100 N;the
test length was 200 mm, and low weight miniature jaws
were used. The first damage to the yarn occurred at a

14

Displacement [mm] --*-

Fig. 1 Yarn deformation, v = 5 mm s-1 (Experiments Y1).

Displacement [mrn] ->

Fig.2 Yarn deformation, v = 0.5 mm s-r (Experiments Y2).
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Elongation [96] --->

Fig. 3 Effect of yarn elongation on cyclic hysteresis.

s-1 till it reaches a displacement of 30 mm (on a test len-
gth of 200 mm, it is 15 %), and then without any delay,
returns at the same speed. The hysteresis is the ave-
rage value of 3 attempts.

The charts in Figs. 1 and 2 show the typical results
of cyclic yarn deformation. The dashed horizontal line
corresponds with the limit load of the fabric deformation
(1 N-Chapter3.2) .

Fig. 3 introduces the effect of speed and elongation
on yarn hysteresis. The yarn's elasticity is, with the ex-
ception of the lowest elongation, surprisingly low.

3.2 Fabric deformation:

Fabric specification:
Plain weft knitted structure, dry relaxed (F1, approx.

3 weeks) and wet relaxed (F2, 2 hours in water with
0.1 % wetting agent at 40 "C and load-free drying). Yarn
30 x 2 tex, 4 ends in a yarn carrier (overall linear den-
sity 240 tex).

Specimen specif ication:
Oblong shape of the samples, uniaxial load (wales or

direction of courses), test length 100 mm, in width of the
sample was 20 yarns, measured on INSTRON 4411,
measuring head 100 N, pneumatic jaws.

System of experiment:
In order to avoid problems with relaxation and lateral

contraction (breaks at jaws) and to achieve more infor-

0 50 100 150 200
Displacement [mm] ->

Fig. 5 Dry relaxed, course direct ion (fabric F1c-09 - F1c-16).
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mation compared with an ordinary breakage test, the
following experiment was used:
1. The width of the samoles was in all cases related to

the number of yarns bearing the load. lt was unified
on 20 yarns bearing the load, which means either 10
wales or 20 courses.

2. The load was unique at the level of approximately
20ok of yarn strength, which means 1 N per yarn or
20 N on the sample.

3. The test speed was varied to set at an approximate-
ly unchangeable test duration at 30 seconds.

4. The sample's pre-tension was set at approximately
equar zero.

5. The test scheme of the experiment: load (elongation)
of the samples till reaching 20 N, then without delay,
relaxation (cross-head return) at the same speed.
The end of the experiment is when the load reaches
0 N (an experiment based on the limits of the load
cannot unfortunately measure a negative load). The
interval of the data input was 0.4 mm of the fabric's
elongation.

Survey of experiments (Table 2):
In the first column the stitch lengths are measured (the

measured length of the yarn unstitched from 100 loops,
the average value of 5 attempts). In the second column
speeds of the cross-head are used to reach the desi-
red duration of the experiment. In the fabric specifica-
tion F means the fabric, 1 dry relaxed, 2 wet relaxed, the
numbers 09 - 1B mean the sti tch cam posit ion during

0 2 5 5 0 7 5 1 0 0
Displ:rcement hnml -->

4 Dry relaxed, wales direction (fabric Flw-09 - F1w-'lB).

0 2 5 5 0 ' , 7 5  1 0 0
Displacement [mm.l -->

Fig. 6 Wet relaxed, wales direction (fabric F2w-09 - F1w-18).
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Table 2 Fabric specif icat ion: st i tch lengths /,  speeds v and hysteresis.

Textile materials

Stitch length

lmml Imm/s]
Fabric

Hysteresis
I%l

Fabric
Hysteresis

rkl
9.4
1 0 . 8
1 2 . 1
13.4
14.7
1 6 . 0
1 7 . 3
18.7
21.3
Y.+
1 0 . 8
12.1
13.4
14,7
1 6 . 0
17.3
18.7
21.3

u .v
1 . 0
1 . 1
1 , 2
1 e

1 . 4
' t .5

1 . 6
' t .8

t . o

2.0
z . z

2 . 4

2.6
' A

3.0
3.2
3.6

74.8
75.4
/  o . o

77.0
77.3
76.7
/ o . c

76.0
76.5
/  o . u

TY ,V

8 1 . 9
82.4
82.4
d z , o
7'f 1

82.4
82.3

73.6
76.1
76.9
77.3
77.2
77.4
77.2

I O ,  I

74.9
80.5
81.7
83.4
oo,z

dJ.z

83,0
o'J,z

82.9

F1w-09
F1w-10
F1w-11
F1w-12
F1w-13
F1w-14
F1w-15
F1w-16
F1w-18
F1 c-09
F1 c-1 0
F1 c-1 1
F1c-12
F1 c-1 3
F1c-14
F1 c-1 5
F1 c-1 6
F1 c-1 8

F2w-09
F2w-10
F2w-11
F2w-12
F2w-13
F2w-14
F2w-15
F2w- 1 6
F2w-18
F2c-09
F2c-1 0
F2c-11
F2c-12
F2c-13
F2c-14
F2c-1 5
F2c-1 6
F2c-1 8

L20
1'
I

Zts

L

; 1 0=
a

_ Q -
F O

knitting. The hysteresis was calculated using INSTRON
and was checked numerically from the results.

Some examples of selected results are in Figs. 4 and
5 for dry relaxed fabric and Figs. 6 andT for wet rela-
xed fabric:

The dependence of hysteresis on the fabric's elonga-
tion during different cycles of all the fabrics is shown in
F ig .8 .

Displacement [mm] -+

Fig. 7 Wet relaxed, courses direction (fabric F1 c-09 - F1c-1 8).

Stitch length [m] -->

Fig. 8 Etfect of stitch length on fabric hysteresis.
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4. DISCUSSION

Yarn:
Description of results: at low elongation (2.5 and 5 %

or 5 and 10 mm) there is a steep increase in the ener-
gy losses (hysteresis) as well as a great impact from the
speed. From 10 % (20 mm), the increase is not so ste-
ep, and the lines for the two speeds are practically iden-
tical.

Explanation: a low elongation also means a low fib-
re-to-fibre slip and very few breaks in the fibre-q. To the
contrary, when the elongation is high, the energy los-
ses (fibre-to-fibre slip) are greater and more breaks of
some fibres occur due to the yarn unevenness. Hyste-
resis approaches 90%, which means that only 1A% ot
the deformational energy is elastic.

Fabric:
Description of results: the energy losses of all the

possibilities measured are surprisingly high and, froin
a stitch length of about 12 mm, relatively stable. lt sho-
uld be taken into consideration that there are great
changes in the fabric's elongation of approx. 40 to 160
%! All the curve characteristics are very similar. The
comparatively low impact of the packing density (/ or {
d) on the fabric hysteresis was surprising.

Explanation: The yarn's elongation corresponds in all
the fabric samples with a load of 1 N per yarn (20 N per
sample), which was connected with the low hysteresis
of about 25 % (compare with Fig. 3). The remainder till
75 - 84% of the fabric hysteresis is the result of inter-
nalfriclion in the fabric on a uniaxial load. The "internal
friction", connected with the yarn deformation (bend,
cross-section change, axialelongation), is caused first
of all by the yarn-to-yarn slippage in the crossing points
("binding points") and by the fibre-to{ibre slippage. The

A
I
s

o

H
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"internal friction" in the knitted fabric is much higher
compared with the yarn tensile test.

Therefore such experiments are able to partly elimi-
nate the effect of the packing density of a knitted fabric
and evaluate the properties of the material used and the
fabric's structure. The conclusion is that a system of
cyclic experiments with a unified load per one yarn is
useful and is able to describe the fabric's elasticity, or
in this case, lack of the fabric elasticity.
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Hod noceni elasticity zfltaLnfch pleteni n

Translation of Abstract:
Evaluation of the Elastic Behaviour of Knitted Fabric

Deforma6ni vlastnosti plo5nfch textili[ se zpravidla experimenteln6 hodnoti m6ienim pevnosti a taZnosti napi.
podle evropsk6 normy EN ISO 13934-1. Jednd se o vlastnosti sice dile2it6, piedev5im u technickyich textilii,
nicm6nd od6vnitextilie se pii pouZivdni pietrhnou zirdkakdy. Na druh6 strane charakteristika elasticity pleteniny
resp. jejiho deformadniho chovenipii mal6 deformacije velmi r4iznamnd. V piispevku je uveden pomdrn6 novy
zp0sob mdieni cyklick6 deformace pleteniny pii mal6m zatfleni, dopln,dnli hodnocenim energetickfch zm6n.
PouZita byla hladkd jednolicni pletenina v Sirok6m rozsahu pom6rn6ho zaplndnf (hustot).
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1.  INTRODUCTION

It is easier to dye polyamide fibres (PA) than other
synthetic polymerfibres. They contain acid -COOH and
also the basic -NH2 groups in their molecule. These
groups are capable of binding a dye and are character-
ised by a higher absorption capability than other truly
hydrophobic synthetic fibres. The problem that often
occurs with PA materials is the barriness of the colours
caused by inherent unevenness of the fibres. Therefore,
it is necessary to choose dyes capable of covering this
unevenness. From this point of view, disperse dyes and
selected acid dyes suit best; metallic complex dyes suit
less on a '1:2 ratio. [2] The best results, from the point
of view of barriness, are achieved when using disperse
dyes. The cost of these dyes is also reasonable. But it
is possible to use disperse dyes for colouring light and
medium shades only because they manifest a lower
degree of colour-fastness under wet conditions and
humane-ecological damage. Besides, many of them are
classified as contact allergens. Therefore, there is a
tendency to gradually limit the use of disperse dyes and
replace them with a different group of dyes.

2.THEORY

2.1 Dyeing PA f ibres with disperse dyes

Disperse dyes possess a small molecule not found in
dissolvable groups. The result is that they are only
slightly soluble and sometimes even insoluble in water.
But they are highly soluble in fibres made from synthetic
polymers, which leads to establishing a solid solution.

18
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This work deals with the replacement of disperse dyes by acid dyes in the process of dyeing
PA knitwear at Technopol Trikota, Inc., Vrbov6, since disperse dyes manifest lower wetfastness
and they do not fulfil the requirements for a humane-ecological character. A suitable combination
of acid dyes was found, and compositions for the simulation of set patterns were proposed.
According to the proposed compositions, the dyeing of PA knitwear results in very good colour-
fastness. Although a financial comparison between the group of dyes used and the proposed
one was found to be disadvantageous for the acid group, their first-rate colour-fastness and
favourable humane-ecological properties were found to be their advantage. On the basis of the
results obtained, it is possible to recommend the proposed type of acid dyes as an adequate
replacement for the use disperse dyes.

Key words: PA knitwear, dyeing, disperse dyes, acid dyes, colour difference, colour fastness.

From a chemical point of view, these ate azo, anthra-
chinon and diphenylamine derivatives. Dyeing is per-
formed with a pH value of 5.5-€ (a weak degree of acid)
at a temperature of 8G-90 'C and last for 30-60 minutes
in the presence of dispersed and equalizing tensides.
11  , 21

These dyes equalize the inherent unevenness of PA
fibres perfectly. But they possess a medium or lesser
degree of fastness. This is not only a problem concern-
ing the aesthetics and life of a textile product, but pre-
sumably, at a lower fastness, the skin can absorb the
dye from the textile material. Since disperse dyes are
applied in the process of dyeing hydrophobicfibres, they
have to possess an adequate degree of hydrophobia (or
lipophilia). A small size of a molecule and a high degree
of lipophilia often become connected with a good pen-
etration into the skin. Dye that penetrates through the
skin and reacts with the skin's proteins can cause irri-
tation and contact allergic dermatitis. [6]

On the basis of dermatological tests during which
patches with textile dyes were applied, the dyes that
caused contact dermatitis in the persons examined
were identified. The dye was applied directly on the skin
as a constituent part of a subsidiary substance that
advances its absorption. A series of dispersed dyes that
give rise to contact dermatitis in patients was found.
Disperse Yellow 3 (C.1. 11855) is the dye that caused
the largest number of positive results during the patch
testing. The case studies discuss this. [4]

The Oeko-Tex Standard 200 Document of the lnter-
national Association for Research and Testing in the
Field of Textile Ecology, EU Instruction 20021371|EC
and Document No. CEN/BT /VG 132 of the European

Vlakna a textil 12 (1) 1 8-24 (2005)
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Bureau for Standards list dyes classified as potential
contact allergens (Tab. 1). A total limitation on the ap-
plication of these dyes or an investigation of their col-
our-fastness is recommended. [5, 6, 7]

2.2 Dyeing of PA fibres by acid dyes

Acid dyes are soluble in water and possess one or
more dissolvable sulphonic or carboxylic groups. The
dye makes a bond with a fibre producing an ion bond
between a dissolvable group of a dye and a reactive
group of a fibre. Water soluble azo, anthrachinon or
triphenylmethane dyes have the form of natrium salts.

Dyeing is performed with a pH value of 3.S-7 (degree
of acid) at a temperature of 9B-100 "C for 30-60 mins
in the presence of levelling agents. The presence of
levelling agent is essential since acid dyes are not ca-
pable of covering inherent unevenness. A mutual block-
ing of this group of dyes is their disadvantage.

2.3 Dyeing PA f ibres with metal l ic complex
dyes

Metallic complex dyes are azo-dyes dissoluble in
water possessing a bound atom of a metal (usually Cr)
in the form of a complex for one or two molecules of a
dye (1:1 or  1 :2) .

Dyeing is performed with a pH value of 6-8 (a neu-
tral degree) at a temperature of 98-100 "C for 30-60
mins in the presence of levell ing agents and sodium
phosphate or ammonium sulphate. The best degree of
colour-fastness is achieved when the above mentioned
dyes are applied to PA material. The possibility of com-
bining them is really unlimited. Their low power to cov-

Table 1 The list of disperse dyes classified as potential contact
al lergens

C. l .  Name C.l.  No.

Texti le f inishing

er the inherent unevenness of PA fibres and their hiqh-
er cost are their disadvantages. [1, 2]

3.  EXPERIMENT

An experimental solution for the replacement of dis-
persed dyes in the process of dyeing PA knitwear con-
sists in a selection of a suitable type of acid dye that
would demonstrate the dye's colour-fastness and an-
swer the customers' requirements for the evenness of
the colours. At Technopol Trikota, Inc., Vrbov6, acid
Nylosan E dyes manufactured by Clariant Muttenz,
Switzerland, were used as a replacement for disperse
Ostacet dyes manufactured by Ostacolor, Inc. Pardu-
bice, the Czech Republic.

3.1 Proposed composit ion

The dyes Nylosan Yellow E-2 RL, Nylosan Red E-
BNL and Nylosan Blue E-BL 200 were selected as pri-
mary oyes.

A concentrated series of colours were assorted into
the primary selected triangle of dyes with the aim of
acquing introductory data for the proposed composition
by means of a computer. Samples of PA 6 FDY 44f12
FD RD lN WKB knitwear were dyed in the laboratory
using part icular dyes that have low concentrations:
Nylosan Yellow E-2RL from 0.05 to '1.00%; Nylosan
Red E-BNLfrom 0.041o0.67% and Nylosan Blue E-BL
200 from 0.02 to A.40%. The laboratory dyeing was re-
alized in the colouristic laboratory at Technopol Trikota
Inc., Vrbov6, using a drawing procedure from the dye-
ing bath by means of the Mathis Labomat, BFA type
laboratory dyeing apparatus manufactured by Werner
Mathis AG, NiederhaslilZurich, Switzerland. The dyeing
was realized at a temperature of 100'C for 30 mins with
a pH value of 5.2-6 (lower concentrations) and a pH
value of 4-5 (higher concentrations) using an acetic
acid in the oresence of ammonium sulohate with a con-
centration of 1g/dm3, and the Rucoegalisier POS level-
l ing agent (Graph 1).

100 0c

2,0 o/min

45 "C

20 -30 "c

--. -iq--- Zl- lmin-
t

chernicals + dye

Graph 1 Development of t imetemperature relat ionship of dyeing
of PA knitwear with acidic dves

C.l. Disperse Blue 1
C. l .  Disperse Blue 3
C.l. Disperse Blue 7
C.l. Disperse Blue 26
C. l .  Disperse Blue 35
C.l. Disperse Blue 102
C. l .  Disperse Blue 106
C.l. Disperse Blue 124
C.l. Disperse Brown 1
C.l. Disperse Orange 1
C.l. Disperse Orange 3
C.l. Disperse Orange 37 = 76
C.l. Disperse Red I
C. l .  Disperse Red 11
C. l .  Disperse Red 17
C.l. Disperse Yellow 1
C.l. Disperse Yellow 3
C.l. Disperse Yellow 9
C.l. Disperse Yellow 39
C.l. Disperse Yellow 49

c.t. 64 500
c. t .  61 505
c. t .  62 500
c.r. 63 305

c . l .  11  080
c . t .  11  005
c . t .  1 1  1 3 2
c . t .  1 1  1 1 0
c . t ,  62  015
c . r .  1 1 2 1 0
c . t .  10  345
c . l .  11  85s
c . t .  10  375
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Scheme 1 Schematic illustration of the proposed process of a colour
composition in Color System software

The reflective spectra of the coloured samples were
measured by a X-Rite@ SP78 portable spectrophotom-
eter manufactured by X-Rite lncorporated, Grandville,
Michigan. Graphs 2-5 show the above-mentioned
measured function of K/S upon the wavelength 2 for
different concentrations of the three dyes tested. The
f unction of K/S was determined according to (1):

K  _ (1 -  p ) *-s=V (1)

where K is the coefficient of the absorption of light, S is
the coefficient of the dispersion of light and pis the de-
gree of reflectivity. [3] The measured data became a
basis for the proposed dye composition for the Color
System software. Scheme 1 shows the method used for
the proposed composition.

Two shades were used to imitate Sandstone 6 (orig-
inally dyed with dispersed dyes) and Duck Egg 2003 (as
a new shade).  The method of CMC (2:1) was appl ied
to check the colours of the samples of PA knitwear col-
oured according to the proposed compositions, where
the total colour difference is in force (2):

*CMC

where Ss, 56, Sa are the lengths of sections on the col-
our-coordinate axes. l, c are factors of the weighl (! = 2,
c = 1). lL*is the contribution to the brightness, /C* is
the contribution to the colour saturation, AHn is the con-
tribution to the colour tone from the total colour differ-
ence of AEcuc with regard to the model. [3]

The evaluation of the correctness of the composition
consisted in a decision as to whether the difference de-
termined coincides with the tolerance determined before-
hand. Using the tolerance factor, which is 1.68, the col-
ouring complies with the purpose it AEcMc < 1.596, and

20
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does not comply il AE1MC > 2.016 and reaches a limit if
AEcuc e (1 .596; 2.016). lf the colouring does not coin-
cide with the purpose, it is necessary to modify the com-
position and repeat and verify the measurements.

3.2 Evaluation of the colour-fastness

The colour-fastness tests the with PA sample knitwear
coloured according to suitable compositions were real-
ized in accordance with the relevant colour fastness
standards:on wearing (STN EN ISO 105-X12) (STN =
SlovakTechnical Standards), in water (STN EN 105-
E01), in perspiration (STN EN ISO 105-E04), and in
domestic and commercial washings (STN ISO 105-
C06), as adapted for the conditions at Technopol Trikota
lnc., Vrbov6).

3.3 Financial evaluation

The financial evaluation consisted in a determination
of the costs connected with the consumption of the dyes
and chemicals under the conditions of the manufactured
dyeing of polyamide knitwear to reach the Sandstone
6 shade, with the originally used dispersed dyes and the
acid dyes as their replacements, and the Duck Egg
2003 shade with acid dyes.

The costs connected with the consumption of the
dyes and levelling agent were determined according to
the weight of the dyed load, which was 250 kg, and the
chemicals^according to the volume of a colour bath of
3,000 dm'. The total cost of the dyes and chemicals
consumed during the colouring process were calculat-
ed for 1 kg of the coloured material.

4 .  RESULTS AND DISCUSSION

On the basis of the measured value of the reflective
spectra of the PA knitwear samples coloured with three
colours of the colour triangle (Graphs 2-4), the compo-
sitions for imitating Sandstone 6 and Duck Egg 20C3
shades were proposed to be applied to the Color Sys-
tem software. The value of the colour difference Ecuc
and its contribution to proposed samples are shown in

Table 2 Value of colour diference DE6,,16 calculated by the CMC
method with the use of the tolerance factor 1.68 f or
part icular samples in comparison to proposals

AEcuc lL* aC* aH.

N-Sandstone 6
1 does not meet

requirements
1-01 meets requirements
1-02 meets requirements

N-Duck Egg 2003
2 meets requirements

=ffi e)

2 .13  -0 .Q7  1 .14  1 .79

0.76 -0.17 0.74 0.09
0.38 -0.30 -0.16 0.15

1.02 -0.07 -0.18 1.00
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?oo
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Graph 2 Function of K/S on the wavelength 2 for dif ferent
concentrations of Nvlosan Yellow E-2RL dve

Graph 4 Function of K/S on the wavelength 2 lor dif f  erent
concentrations of Nvlosan Blue E-BL 200 dve

the value AEcuc which is within the tolerance and is
therefore acceptable.

The results of the colourjastness tests of samoles 1-
02 and 2, which were coloured according to satisfacto-
ry compositions, are shown in Tab. 3. The colour-fast-
ness during wear,  in water,  in perspirat ion and in
domestic and commercialwashing was evaluated. The
majority of the tests meet the fifth degree on a grey
scale, i.e. is a very good fastness. A decrease in the
colour-fastness was only noted during the test in the
process of domestic and commercial washing. The ac-
companying PA knitwear shows colour bleeding which
answers to the 4th-5tn degree on a grey scale.

Table 4 shows the costs associated with the con-
sumption of dyes and levelling agents according to thd
weight of the dyed load, which was 250 kg, and the
chemicals according to the volume of a colour bath of
3,000 dm3. The total costs connected with the consump-
t ion of the dyes and chemicals during the colouring
process were calculated for '1 kg of coloured material.
A moderate increase of costs associated with the con-
sumption of dyes and chemicals occurs in comparison
to the originally used dispersed dyes (Graph 5).

trdisperse dyes

N acid dyes

Text i le f in ishing

llyloaan Blue t-BL 200

o , o 2 0

o , o 4 0

Sandstone 6 Duck Egg 2003

Comparison of costs connected with the consumption
of dyes and chemicals during the process of dyeing with
disoerse and acid dves

2 0

1 A

( r e

L 4

t 2

1 0

lbdos8n Yellow E-2RL

o . o 5 t 1

- -P-:l-99- -
T :11'l .
l:-??:::
u  . 4 2 0

|tjdogan Pid E-8l{L

o , o 4 0

o , D ? o

l o

9

\ a

t ' l t

o E
40()

t : l i?
!.:l!]!'
o , z a o

u-:no-u-
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Graph 3 Function of K/S on the wavelenglh .tr  tor dif ferent
concentrations of dye Nylosan Red E-BNL

f ab 2. As table 2 shows, the value AEcuc of sample 1
compared to the model N-Sandstone 6 does not corre-
late with the determined tolerance. That was the reason
for modifying the composition. Two compositions were
proposed by PC. After the laboratory colouring of sam-
ples 1-01 and 1-02 according to the proposed compo-
sit ions, the determined value AEcuc beiongs to the
mentioned tolerance; therefore, the compositions are
acceptable. In order to imitate the N-Duck Egg 2003
shade the PC proposition gives colours (sample 2) with

Table 3 The results of the colour-fastness tests of samole 1-02
with the lowest value AE6p6 = 0,38

Colour-fastness Sample
Accompanying weaves

PA wool

o]E
4(}(]

tn waler
while acidic
sweating alkal ine
washings
dry wearing

5

5
5

5 5

(  / . ^ t t ^ n \
v  

\ v v r \ v '  
r /

1 0

I

I

7

o

tskl 5
4

1

Graph 5
Note: Colour-fastness of the sample 2 is identical to the sample

1-02 shown in Tab. 3.
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Table 4 Calculat ion of costs connected with the consumption of dyes and chemicals in dyeing manufacture

Materials
Price [Sk]

Sandstone 6

Materials Price [Sk] Price [Sk]
Sandstone 6 Duck Egg 2003

Kappawet LFE
Slovasol 2520/2
Alfonal KSM
Ostacet Yellow P2G
Ostacet Red P2G
Ostacet Blue P3R
Ostacet Brown PN 180%
Tubingal 220
Acetic acid

396.0
145.5
305.4
47.5
5.8

26.3
222.4
193.8

7.4

Kappawet LFE
Rucoegalisier POS
Ammonium sulphate
Nylosan Yellow E-2RL
Nylosan Red E-BNL
Nylosan Blue E-BL 200

Tubingal 220

396.0
1288.0

22.5
174.6
162.4
167.0

193 .8

396.0
1288.0

22.5
z+o. o

35.8
1 6 1 . 0

1 9 3 , 8

I  Sk 1 350.1 I Sk 2 404.3 2143.7
Total costs calculated

for 1 kg
of dyed material

Total costs calculated
for 1 kg

of dyed material

5.  CONCLUSTON

The results presented show that Nylosan dyes can be
considered as an adequate replacement for Ostacet
disperse dyes, despite a moderate increase in costs
associated with the consumption of the dyes and chem-
icals. The Nylosan dyes show excellent results for col-
our-fastness during wear, in water, in perspiration, do-
mestic and commercial washings and they answer to
humane-ecological requirements. lt is recommended to
use them in the process of the dye manufacture of PA
knitwear in TechnopolTrikota, lnc., Vrbov6.
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ZoSlachtovanie Texti le f inishing

Ndhrada disperznfch farbiv kyslyimi farbivami pri farbeni
polyam idovlich pletenln

Translation of Article:
Replacement of disperse dyes by acid dyes in the proccess

of dyeing polyamide knitwear

t 0vod

Polyamidov6 (PA)vldkna sa v porovnanis ostatnlimivlek-
nami zo synteticlqich polym6rov farbia l'ah6ie. Obsahujti to-
tii vo svojej molekule kysle -COOH aj zdsadit6 -NHr sku-
piny schopn6 viazat farbivo a vyznacuj0 sa vySSou
navlhavostou neZ ostatn6 vyslovene hydrof6bne syntetick6
vl6kna. Probl6mom, s ktonjm sa u PA materidlov 6asto stre-
tdvame je pruhovitost vyfarbenia zapridinend afinitnlimi ne-
rovnomernostami vldkna. Preto je potrebn6 starostlivo vybe-
rat farbivS, ktor6 s0 schopn6 t0to nerovnomernost kryt.
V tomto smere vyhovujti najmii farbivd disperzn6, vybran6
kysle a v menSej miere kovokomplexn6 1:2. [2] Najpriaznivej-
Sie vfsledky, do sa pruhovitostitrlka, sa dosahuj0 disperznf-
mi farbivami. Vfhodna je aj ich cenov6 dostupnos{. MoZno
ich v5ak pouZit len na farbenie svetlfch a stredn)tch odtienov,
pretoZe sa vyznaduj0 niZ5im stupiom st6lofarebnosti za mok-
ra a z nej vypllivaj0cou hum6nno-ekologickou zdvadnostou.
Naviac mnoh6 z nich s0 klasifikovan6 ako kontaktn6 alerg6-
ny. Preto je tendencia postupne obmedzovat pouZitie disper-
znfch farbiv a nahrddzat ich inou skupinou farb[v.

2 Teoretick6 cast'

2.1 Farbenie PA vl6kien disperznfmifarbivami

Disperzn6 farbivd maj0 mal0 molekulu bez pritomnosti so-
lubilizacnfch skupln, 6im je dand ich nepatrne rozpustnost
aZ nerozpustnost vo vode. Vyzna6uju sa vSak vysokou roz-
pustnostou v hmote vlakien zo syntetickfch polym6rov za
vzniku tuh6ho roztoku. Z chemick6ho hl'adiska ide najmii
o azov6, antrachin6nov6 a difenylaminov6 deriv6ty. Farbi sa
v slabo kyslej oblasti (pH 5,5-6) pri teplote 80-90 "C, 30-60
min za pritomnosti dispergacn6ho a egalizacneho TPP. [1, 2]

Tieto farbivd idedlne kryjf afinitn6 nerovnomernosti PA vla-
kien, vykazujri v5ak stredn6 aZ niZSie stdlosti, ktor6 nie s[
probl6mom len z hl'adiska estetiky a Zivotnosti textiln6ho 4i-
robku, ale predpoklad6 sa, Ze pri niZ5ich stdlostiach mdie do-
chddza{ k absorpcii farbiva z textilie pokoZkou. Nakolko sa
disperzn6 farbivd aplikuj0 pri farbeni hydrof6bnych vl6kien,
musia byt dostato6ne hydrof6bne (resp. lipofiln6). Mala vel-
kost molekuly a vysokf stupefr lipofilnosti s0 potom dasto
spojen6 s dobrou penetr6ciou v pokoZke. Prenikanfm farbi-
va pokoZkou a jeho reakciou s koZnlimi protelnmy m6Ze
eventudlne d0jst k podrdZdeniu a vyvolaniu alergickej kon-
taktnej dermatitfdy. [6]

Na zdklade dermatologichich 5t0dii, vyuZivajIcich ndplas-
tov6 testy s textilnfmi farbivami, sa identifikovali farbiv6, na
ktor6 sa u sk0manfch os6b vyvinula kontaktnd citlivost. Far-
bivo sa aplikovalo priamo na pokoiku v pomocnej l6tke, Kord
podporuje jeho absorpciu. Zistil sa rad disperznlTch farblv,
ktor6 u pacientov vyvolali alergickri kontaktnI dermatitidu.
Farbivom s najvy55fm podtom pozitivnych vlisledkov naplas-
tou.ich testov popisovanfch v pripadovyich 5t[di6ch je Dis-
perse Yellow 3 (C.1. 11 855). [4]
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Dokument Medzin6rodnej asocidcie pre qiskum a skf5a-
nie v oblastitexti lnej ekol6gie Oeko-Tex Standard 200, direk-
tiva EU 20021371|EC a dokument Eur6pskeho [radu pre nor-
malizdciu CEN/BT/WG 132 uvddza zoznam farbiv
klasifikovanyich ako potenci6lne kontaktn6 alerg6ny (tab.1 ).
Odponica sa [pln6 obmedzenie pouZivania nj'chto farbiv ale-
bo sledovanie ich stdlofarebnosti. [5, 6, 7]

2.2 Farbenie PA vl6kien kyslfmi farbivami

Kysl6 farbivd stl vo vode rozpustn6 farbiv6, ktor6 vo svo-
jej molekule obsahuj0 jednu alebo viac solubil izadnfch sul-
fonovfch alebo karboxyloqich skupin. Farbivo sa viaZe na
vl6kno vytvorenim i6novej vdzby medzi solubilizadnou sku-
pinou farbiva a reaktivnou skupinou vldkna. Tieto vo vode
rozpustn6 azo-, antrachin6novyich alebo trifenylmetdnovfch
farbiv6 s0 vo forme sodnyich soli.

Farbisa v lryslej oblasti (pH 3,5-7) pri teplote 98-100 "C, 30-
60 min za pritomnosti egalizacn6ho TPP. Pritomnost egalizad-
n6ho TPP je nevyhnutnd, nakolko kysl6 farbivd nie sri schop-
n6 kryt afinitn6 nerovnomernosti PA vldkien. Vyzna6ujri sa v5ak
vel'mi dobqimi svetlost6lostami a stdlofarebnostami. Ne{ho-
dou tejto skupiny farbirv je ich vz6jomn6 blokovanie. ['1, 2]

2.3 Farbenie PA vl6kien kovokomplexnfmi farbivanni

Kovokomplexne farbiv6 s0 vo vode rozpustnd azofarbivd,
ktor6 majf vo svojej molekule viazany at6m kovu (naj6astej-
Sie Cr) vo forme komplexu na jednu alebo dve molekuly far-
b iva (1:1 a lebo ' l :2) .

Farbisa v neutrdlnej oblasti (pH 6-8) pri teplote 98-100 "C,
30-60 min za pritomnosti egalizadn6ho TPP a fosforednanu
sodn6ho, prip. siranu amnonneho. PouZitim tfchto farbiv
moZno docielit na PA materiale najvy5Sie stelosti. lch kom-
binovatel'nost je prakticky neobmedzena. Ne4ihodou je ich
mald schopnost kryt afinitn6 nerovnomernosti PA vl6kien
a vyS5ie obstardvacie naklady. [1, 2]

3 EXPERIMENTALNA EASi

Experimentdlne rie5enie nahrady disperznlTch farbiv pri far-
beni PA pletenin spo6ivalo vo vlibere vhodn6ho typu kyslfch
farbiv, ktoqi by pri zachovanidobrej egality vyfarbenia dis-
perznfmi farbivami vykazoval stdlosti zodpovedaj0ce poZia-
davkdm zdkaznikov. V podmienkach a.s. Technopol Trikota
Vrbov6, pre ktor0 bola ndhrada disperznlch Ostacetovfch
farbiv firmy Ostacolor, a.s. Pardubice, Ceskd republika reali-
zovand, sa ako ndhrada zvolili kysl6 Nylosan E farbivd firmy
Clariant Muttenz, Svajdiarsko.

3.1 N6vrh receptriry

Do zdkladndho trojuholnika farbiv sa vybrali farbiv6 Nylo-
san Yellow E-2RL, Nylosan Red E-BNL a Nylosan Blue E-BL
zvv.
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ZoSlachtovanie

Pre vybranf zakladnf trojuholnfk farbiv sa zostavili koncen-
tradn6 rady vyfarbeni za 06elom zlskania vstupnfch [dajov
pre ndvrh recept0ry pomocou po6ita6a. Vzorky tpletu PA 6
FDY 44t12 FD RD lN WKB sa jednotliqi mi farbivami labora-
t6rne vyfarbili vZdy v osmych koncentrdci6ch: Nylosan Yel-
low E-2RL od 0,05 do 1,00 %; Nylosan Red E-BNL od 0,04
do 0,67 %; Nylosan Blue E-BL 200 od 0,02 do 0,40 %. La-
boratorne farbenie sa realizovalo v koloristickom laboratoriu
a.s. Technopol Trikota, Vrbov6 vytahovacim postupom z far-
biaceho kfpel'a na laborat6rnom farbiacom apardte Mathis
Labomat, typ BFA 8 firmy Werner Mathis AG, Niederhasli/Z-
urich, Svajciarsko. Farbilo sa pri 100 'C 30 min pri pH 5,2-6
pre niZ5ie koncentrdcie a pH 4-5 pre vySSie koncentrdcie
(tprava kyselinou octovou) za prltomnosti siranu am6nneho
o koncentrdcii 1 g/dm3 a egalizadn6ho prlpravku Rucoega-
lisier POS (graf 1).

Na meranie reflektandnfch spektier Warbenyich vzoriek sa
pou2il prenosnf spektrofotometer X-RiteSYMBOL 21 0,,Sym-
bol" 10 SP78 firmy X-Rite Incorporated, Grandvil le, Michigan.
Na obr. 3 5 s0 uveden6 nameran6 zdvislosti l7S od vlnovei
CiZXy pre r6zne koncentrdcie troch testovanyich farbiv. Po-
mer A/S sa stanovil zo vztahu (1):

K _(1  _ l ) '  (1 )
J  Z l i

kde K je koeficient absorpcie svetla, S koeficient rozptylu
svetla a /stupei reflektancie. [3] Namerane fdaje tvorili pod-
klad pre poditadovyi ndvrh receptfry v programovom vybave-
ni Color System. Postup ndvrhu receptriry je schematicky
zn{zorneny na sch6me 1.

Pre napodobenie boli zvolen6 dva odtiene: Sandstone 6
(povodne farbenli disperznlimi farbivami) a Duck Egg 2003
(ako noui odtieri). Na kontrolu vyfarbenlvzoriek PA ripletov vy-
farbenlch podla navrhnut!'ch recept0r sa pou2ila met6da CMC
(2:1), kde pre velkost celkovejfarebnej odchllky plati(2)

kde 51, 56, S, su dlZky 0sekov na s0radnicovlch osiach. /,
c sri vdhov6 faktory ( = 2, c = 1). AL* je prispevok jasu, AC*
je prispevok sftosti, AH* je prispevok farebn6ho t6nu z cel-
kovejfarebnej odchllky LE6r6vzhl'adom k predlohe. [3]

Vyhodnotenie sprdvnosti recept0ry spo6ivalo v rozhodnuti,
ci stanovend odchlTlka spad6 do vopred stanovenej toleran-
cie. Pri pouZiti tolerancn6ho faktora 1,68 vyfarbenie vyhovuje
ak LE"r6 < 1,596, nevyhovuje ak LE"r"> 2,01 6 a je na hra-
nici ak AE6s6 e (1,596; 2,016). Ak vyfarbenie nevyhovuje, je
potrebn6 zrealizaval korekt0ru recept0ry a meranie zopako-
vat.

3.2 Hodnotenie st6lofarebnosti

Na vzorkdch PA ripletov vyfarbenlich podla vyhovujricich
receptfr sa realizovali sk0Sky stdlofarebnosti podl'a prisluS-
nfch noriem stdlofarebnosti: pri otere (STN EN ISO 105-X12),
vo vode (STN EN ISO 1 05-E01), v pote (STN EN ISO 1 05-E04)
a v domdcom a komer6nom prani(STN ISO 105-C06 uprave-
nd pre podmienky Technopol Trikota, a.s. Vrbove).

Text i le  f in ish ino

3.3 Ekonomick6 vyhodnotenie

Ekonomick6 vyhodnotenie spodlvalo v stanoveni ndkladov
spojenfch so spotrebou farbiv a chemikdli i pri prevddzkovom
farbeni  polyamidovych r ip letov na odt ien Sandstone 6,
p6vodne pouZivanfmi disperznlimi farbivami a kyslfmi farbi-
vami ako ich ndhradou a odtieria Duck Egg 2003 kyslfmifar-
bivami.

Ndklady spojen6 so spotrebou farbiv a egalizadneho TPP
sa stanovil i na hmotnost ndloZe farben6ho materidlu 250 kg
a chemikdlie na objem farbiaceho k0pel'a 3000 dm3. Celko-
v6 ndklady spojene so spotrebou farbiv a chemikdli i vo far-
biacom procese sa prepocitali na 1 kg farbendho materidlu.

4 Vyisledky a diskusia

Na zdklade nameranfch hodndt reflektancnlTch spektier
vzoriek PA upletov vlarbenfch troma farbivami zdkladn6ho
trojuholnika (graty 2-4) sa v programovom vybaveni Color
System navrhli recept0ry pre napodobenie odtieriov Sandsto-
ne 6 a Duck Egg 2003. Hodnoty farebnfch odchlTlok AE"".
a ich prispevkov, vzoriek vyfarbenyich podla navrhnutlich re-
cept0r s[ zaznamenand v tab. 2. Ako vidno z uvedenej ta-
bulky, hodnota LEs,u16 pre vzorku 1 v porovnani s predlohou
N-Sandstone 6 nespadd do stanovenej tolerancie. Preto sa
zrealizovala korekt0ra receptfry. Pocitac navrhol dve recep-
trry. Po laborat5rnom vyfarbenivzoriek 1-01 a 1-02 podl'a na-
vrhnutlch recept0r stanoven6 AEcMc spade do uvedenej to-
lerancie a teda receptury vyhovujti. Pre napodobenie odtieia
N-Duck Egg 2003 podita6ovli n6vrh poskytol vyfarbenie
(vzorka 2), ktor6ho LE"r" je v tolerancii a teda Whovuje.

Vyisledky sk0Sok stdlofarebnosti vzoriek 1 -02 a 2 vyf arbe-
nlich podla vyhovuj0cich recept0r sti uveden6 v tab. 3. Hod-
notila sa stdlofarebnost pri otere, vo vode, v pote a v domA-
com a komerdnom oranl. Vtid5ina sk0Sok bola hodnotend
stupnom 5 sivej stupnice, co je velmi dobra stalost. Pokles
stAlofarebnosti bol zaznamenanyi iba pri sk0Ske stAlofareb-
nosti v domiicom a komerdnom pranl, kde sa u PA sprievod-
nej tkaniny pozorovalo zapustenie zodpovedaj0ce stupfiu 4-
5 sivej stupnice.

V tabulke 4 s0 uveden6 naklady spojen6 so spotrebou far-
blv a egalizadn6ho TPP na hmotnost n6lo2e farben6ho ma-
teri6lu 250 kg a chemikdlie na objem farbiaceho kipel'a 3000
dm3. Celkov6 ndklady spojene so spotrebou farblv a chemi-
kdli i vo farbiacom procese sa prepocitali na 1 kg farbeneiro
materidlu. Oproti povodne pouZivanym disperznlim farbiva'n
do5lo k miernemu narastu n6kladov spojenfch so spotreb ;u
farbiv a chemikdli i (graf 5).

5 Z*ver

Na zdklade prezentovanlch vlsledkov moZno Nylosano-
v6 farbivd povaloval za adekvAtnu ndhradu disperznlich Os-
tacetovlich farbiv aj napriek miernemu zvli5eniu ndkladov
spojenfch so spotrebou farbiv a chemikdli i. Z hl 'adiska do-
siahnutia vlbornfch vfsledkov st6lofarebnosti pri otere, vo
vode, v pote a v domdcom a komerdnom pranl, ako aj z hu-
m6nno-ekologick6ho hlhdiska sa odporudaj0 pre prevddzko-
v6 farbenie PA lpletov v Technopol Trikota. a.s. Vrbov6.

(2)
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Vfskum

1 Uvod

Na zdklade publikovanfch prdc je mo2n6 kon5tatovat, Ze
vfskum polym6rnych zmesl ako aj no4ich vldknihj'ch mate-
ridlov na ich zdklade je aj v sridasnosti aktudlny a to tak z hla-
diska akademick6ho ako aj priemyseln6ho. Vlastnosti tl ich-
to materidlov s0 funkciou vlastnosti polym6rnych zloZiek
a v pripade heterog6nnych zmesi s0 4iznamne ovplyvnen6
tieZ ich f6zovou Struktlrou. Rozhoduj0cu rilohu pri tvorbe fd-
zovej Strukt[ry tfchto zmesi a zmesnfch vlakien ma kompa-
tibilita polym6rnych komponentov, pozitfvne interakcie mak-
romolek0l a ich funkdnfch skupin na f6zovom rozhrani
a reologick6 podmienky v procese spracovania [1-4].

Z analyzy tvaru dispergovanfch polyetylentereftaldtovlch
(PET) castic v matrici polypropyl6novfch (PP) vlakien vyp-
l'!va, 2e tieto dastice s[ deformovan6 do vysokeho stupfra
a predstavujri mikrovl6kna s relativne Uzkou distrib0ciou prie-
meru a dlZkou a2 niekolko desiatok mikrometrov. V rozsahu
akceptovatelhej molekulovej hmotnosti PEI, z hladiska po-
2iadaviek na vldknotvornost polymerov, dlika deformova-
nlich dastic v orientovanyich vl6knach je nepriamorimernd vis-
kozite taveniny dispergovanej PET f6zy. Naopak, priemer
tfchto dastic kles6 umerne s poklesom viskozity PET zlo2-
ky [5]. M6lo deformovan6 dastice PET s vysokou molekulo-
vou hmotnostou sa v podmienkach zvl6kiovania deformuj0
najmii pri dlZenivldkien [4].

Na zdklade doterajSich poznatkov, a v s0lade s prezento-
van;im vliznam n;im vplyvom tech nolo g ickf ch pod mien ok
pripravy na fdzovri Struktfru polym6rnych zmesi, je vlhod-
n6 pri prfprave zmesnlich polypropyl6n (PP) polyesterovlch
(PES) vldkien pouZit dvojstupfiovf postup. V prvom stupnije
to priprava,,koncentrdtu" PP-PES zmesi spravidla pouZitim
dvojzdvitovkov6ho extr0dera s poZadovanfm hnetacfm il6in-
kom. V druhom stupnije to aplikdcia tejto zmesi ako polym6r-
neho aditiva do PP pri prfprave vldkien [6]. Celkova koncen-
trdcia PES v PP vldknach je technologicky zaujimavd do
10 hm%. Je dostato6n6 pre zabezpe6enie vyfarbenia PP vlii-
kien vytahovacim postupom disperznlimi farbivami a pre
zlepienie elasticklich vlastnosti tfchto vlAkien [7].

Dvojstupnovf postup pripravy zmesnfch PP-PET vldkien
vychddza z koncentrovanej polymernej zmesi obsahujfcej
minoritn0 PP a majoritnf PET zloZku, pripadne prldavok kom-
patibilizetora. Od zloZenia aditiva z6visi jeho mieSatelhost
v tavenine s polypropyl6nom pred zvldkriovanim polym6rnej
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zmesi a celkovd spracovatel'nost pri priprave zmesnlich vl6-
kien. Z vfsledkov na5ich predchddzaj0cich pr6c vyplyiva, 2e
pozitivny ricinok na zvldknitel'nost PP-PET zmesi md ur6ityi
podiel polybutyl6ntereftaldtu (PBT). Ako pozitivna vlastnost
sa javi najmii jeho ni2Sia teplota topenia a v pripade vzniku
kopolym6ru s PET tieZ potla6enie kryStalinity, tuhosti retaz-
cov a z4i5enie deformadnej schopnosti PES fazy [8].

Preto sme sa v tejto prdci zamerali na St0dium f{zovej
Strukttry a vlastnosti vldkien nabAze tern6rnej zmesi PP-
(PET/PBT). Prv6 6ast tejto prdce je venovand Stridiu reolo-
gicklich vlastnostf zloliek a bindrnej zmesi PET/PBT, ako aj
vplyvu komerdn6ho aditiva na baze montdnov6ho polyeste-
rov6ho vosku Licowax E (LiE) na reologick6 vlastnosti vyS-
5ie uvedenfch zmesf.

2 Experiment6lna 6ast

Polym6ry a aditiva:
Polypropyl6n TF 331 (PP TF 331);lndex toku (lT) =

12,0 g/10 min.; (Slovnaft a.s, Bratislava).
Polyetyl6ntereftalat L (PET L); LVC (v rozp05tadle fenol-

tetrachl6retan 'l:3) = 9,55 ug; (slovenskf hodvdb a.s.
Senica).

Polybutylentereftalat Celanex 2000 (PBT Celanex 2000);
lT = 19,8 g/10 min; (Ticona AG).

Licowax E (LiE); polyestero4i vosk; (Clariant AG).

Priprava vzoriek:
Koncentr6ty boli pripravene pouZitim hnetaco-granuladn6-

ho extrldera ZDSK-28 s hubicou o priemere 0 = 3,9 mm.
Zmesn6 PP-(PET/PBT) vldkna boli pripraven6 na laborat6r-
nom zvldkhovacom zariadeni s extr0derom g = 32 mm pri tep-
lote 275 "C a odtahovej ryichlosti 400 mlmin. Ziskan6 vldkna
sa vydlZili na dlZiaci pomer 1:3, pri teplote 120 'C.

Pouiit6 metody:
Reologick6 parametre polym6rov PP, PET, PBT a ich zme-

si  sa stanovi l i  oomocou extr0derov6ho rheoviskozimetra
Gdttfert 015 pri teplote 275'C. Toto zariadenie pracuje na
principe kapildrneho viskozimetra, kde sa tavenina polyme-
ru vytvdra a vytlaca kontinudlne pomocou zdvitovky extr0de-
ra cez hubicu s priemerom 0 = 2 mm.

Boli hodnoten6 hlavne tieto oarametre:

Reologick6 vlastnosti zmesi polyetyl6ntereftaldt/
polybutyl dntereftal6t a mechan icko-fyzi k6l ne vlastnosti

zmesn)lch polypropyl 6 n polyesterovlich vl dki en

Marcindin A., Kormendyovd E., Rusnak A., Hricovd M.

S/ovenskii technicke univerzita v Bratislave, Fakulta chemickej a potravindrskej technol6gie,
Radlinskeho I, 812 37 Bratislava, e-mail: anton.marcincin@stuba.sk

V pr6ci sa Studoval vplyv zloZenia PET/PBT a PP-(PET/PBT) zmesi na ich reologick6 vlast-
nosti, fdzovri Strukt0ru a vybran6 mechanick6 vlastnosti PP-PES zmesnyich vldkien. Na5iel sa
esovitli priebeh zdvislosti viskozity PET/PBT zmesi od zlo\enia vzhl'adom k aditivnej hodnote.
Zistil sa pozitivny vplyv PBT v zmesi s PET, ako aj kompatibilizdtora na bdze polyesterov6ho
vosku na reologick6 vlastnosti PP-(PET/PBT) zmesi, na mechanicke vlastnosti a Strukt0rnu rov-
nomernost PP-PES zmesnVch vldkien.
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Vyiskum

- viskozita q - na zdklade Newtonovho zdkona r = q.i
- index toku n z Ostwald de Waeleho z6kona r = k.i"

kde r je Smykov6 napiitie, f je Smykovd rlichlost a k je koefi-
cient.

Zitkladne m echan icko-f yzi kdl ne vlastnosti zmesnf ch vl6-
kien sa merali na pristroji INSTRON 1112. Stanovila sa pev-
nost a tainost zmesnlich vldkien a ich varia6n6 koeficienty.
Pred meranim sa vl6kna ustdlil i ori 100 "C za 6as 'l hod. bez
relaxdcie.

3 Vfsledky a diskusia

3.1 Reologick6 vlastnosti PET/PBT taveniny

Na z6klade reologickfch merani sa stanovil index mocni-
nov6ho zdkona n charakterizujrici odchflku od newtonsk6-
ho toku a dynamickd viskozita g taveniny PET/PBT zmesi, pri
teplote 275"C v Sirokom rozsahu Smykovej nichlosti. Z vfs-
ledkov v tab. 1 vyplliva, Ze viskozita PET je pribliZne o 10 %
niZ5ia ako PBT, rimerne k niZiiemu indexu toku. Viskozita
PET L je na spodnej hranici vldknarenslgich typov PET. Vel-
mi blizke s0 aj hodnoty koeficientov n a k z Ostwald-de
Waeleovho vztahu ako to vyplliva z tab. 1.

Nizky odklon od newtonsk6ho toku je charakteristichi pre
taveniny polyesterov. Kyim pre samostatn6 zlolky je hodno-
ta n medzi 0,92 a2 0,95, pre zmesi PET/PBT pri zast0peni
zlo2iek od 30 do 70 hm% sa bliZi n k hodnote 1. Tieto zmesi
vykazujri minim6lnu zdvislost viskozity od Smykovej qichlosti.
Pri takyichto reologickfch parametroch zloZiek je vysoka

Tabulka 1 Reologick6 parametre taveniny polym6rov PET, PBT
a ich zmesi ori  teolote 275'C

Zloienie
zmesi

fk)

log k
Viskozita n [Pa.s]

.  _ 1 rp n y = l s  l
100 250 400 500
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pravdepodobnost,,aditivneho" sprdvania sa zmesi PET/PBT.
V skutodnosti, zdvislost viskozity PET/PBT zmesi od zloZe-
nia md esovityi tvar, blizky aditivnej zdvislosti, ktoni sa nemeni
v meranom rozsahu Smyko4ich velidin (obr. 1). Malli pokles
viskozity pr i  nizkom obsahu PBT (15 hm%) je spdsobenf
pravdepodobne rozruSenfm pdvodnej kompaktnej StruK0ry
PET, zniZenim podtu aromatickfch jadier a esteror4ich vdzieb
v porovnani s PET. Prispevkom k tomuto zniZeniu mo2e byt
aj urditd heterogenita zmesi na nadmolekulovej 0rovni.

Pri majoritnom zastfpenl PBT zloZky (nad 50 hm%), vis-
kozita zmesi vykazuje jednozna6ne kladnu odchflku od adi-
tivnej zdvislosti s maximom pri70 hm% PBT v PET. Kladna
odchflka od aditivnejviskozity poukazuje na silnejSie interak-
cie medzi makromolekulami v porovnani s PBT. Tento efekt
moZe byt len vyisledkom relativneho zvlSenia podtu estero-
vlich skupin a aromaticklch jadier v PBT matrici, pripadne
znj'Senia tuhosti retazcov blokmi PET vo vznikajIcom kopo-
lymeri ako 4isledku preesterifikadnej reakcie. Esovi[i tvar z6-
vislosti viskozity PET/PBT zmesi od jej zloZenia je potom vlis-
ledkom skyprenia Strukt[ry PET alebo spevnenia Strukttry
PBT ako majoritnfch zlo2iek v zmesi.

Vplyv kompatibilizdtora (LiE) na viskozitu zmesije deter-
m inovanyi jeho vplyvom na viskozitu cis\ich zlo2iek. Z tab. 2
vypl;iva, 2e zniienie viskozity PET zlo2ky vplyvom LiE je re-
latlvne v;iraznejSie ako pri PBT. Aj ked'mechanizmus zniZe-
nia viskozity PES vplyvom LiE nie je zn6my, je vysokd prav-
depodobnost,  Ze s0visi  s chemickfmi interakciami
a preesterifikdciou LiE a esterovfch vdzieb v PES. Plastifi-
kadnyi efekt LiE bez chemickej reakcie pri koncentracii 1,5
hm% je menej pravdepodobnf. Vplyv oligom6rneho polyes-
terov6ho vosku LiE na viskozitu zmesi PET/PBT je prezen-
tovanli na obr. 2. Vplyvom LiE sa esovitf tvar zdvislosti vis-
kozity od zlo2enia zmesi a od Smykovlich veli6in e5te
zvyrazfiuje.Ziryorna odchyilky pri nizkom obsahu PBT a klad-
nd pri prevaZujticom zastfpeni PBT v zmesi sa zvy5uj0 ako
dOsledok vy55ieho stupna disperzity a intenzivnejSieho pre-
javu interakcii segmentov a funkdnfch skupin medzi polym6r-
nymi zloZkami. Pri 30% PBT v PET/PBT zmesi experimen-
tdlne namerand viskozita zodpovedd adit ivnej hodnote
v celom rozsahu Smykovfch napiiti.

3.2 PP-(PET/PBT) zmesn6 vl6kna
V 0vodnejdasti prdce sa zddraznilvplyv reologickfch vlast-

nosti polym6rnej matrice a dispergovanej tAzy na fdzov0

100
ul
t!
o ^ ^
H J U
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80 100
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Obr. 2 Z6vislos( viskozity zmesi PET/PBT s LiE v zdvislosti od ob-
sahu PBT pri Smyko4ich nl'chlostiach 1) 100 s-',2) 250 s-',
3) 400 s-1 4) 500 s'

PET L 1OO
PET UPBT 85/15
PET UPBT 70130
PET L/PBT s0/50
PET UPBT 30/70
PET UPBT 15/85

PBT 1OO

2,07 0,92
2,01 0,94
2,02 0,95
2,06 0,96
2,06 0,96
2,06 0,94
2,06 0,95

81 ,0  76 ,8
77,0 74,4
85,1 83,3
95,2 92,1
97,5 93,6
95,2 90,1
92,5 88,2

73 ,9  71 ,6
72,3 69,9
82,2 80,7
90,3 88,3
92,4 91,2
89,2 88,5
86,3 84,8

Obr. 1 Zdvislost viskozity zmesi PET/PBT bez LiE v zdvislosti od ob-
sahu PBI pri Smykornj'ch 4Tchlostiach 1) 100 s-', 2) 250 s-',
3) 400 s-1 4) 500 s-I
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Tabulka 2 Reologick6 parametre taveniny polym6rov PET, PBT a ich zmesi s obsahom LiE 1 ,5 hm%, pri  teplote 275 "C

Zloienie zmesi

t % l
log k

Viskozita
n  

i = 1 o o s - 1  f = 2 5 0 s - '

11 [Pa.s]
i = 400 s-' i - 500 s-'

PET UL|E
PET UPBT/LIE
PET UPBT/LiE
PET UPBT/LiE
PET UPBT/LiE
PET UPBT/LiE

pFrT/t itr
I  e r l E , L

98,s/1,5
84,25114,2511,5
69,25129,2511,5
49,25149,2s11,s
2e,2sl69,05/1,5
14,25184,2511,5

98,5 i  1,5

2 n F '

2,03
2,03
2,01
1 ,99
2,05
2,06

0,94
0,97
0,96
0,96
0,98
U,YC

0,92

72,1
56,4
67,4
84,5

90,4
8 1 , 3

58,6
55,4
63,2
8 1 , 0
86,5
84,5
74,6

54,6
54,5
58,8
79,4
85,5
83,9
72,4

( e n

53,4
56,4
7'7 0

84,7
82,7
71,3

Tabulka 3 Reologick6 parametre zloZiek pri priprave PP-PES zmesnlch vlaikien, pri teplote 275'C

Zloienie zmesi [%]
Viskozita n [Pa.s]

i = 1oo [s{l i = 500 [sr]
K = (rpesinpp)

i = 1oo lsil i = 5oo [si]
PP

PET
PBT

PP-(PET/PBT)
PP-(PET/PBT)
PP-(PET/LiE)

PP.(PET/PBT/L|E)

100
100
100

3017010
30/60/1 0

29,25169,2511,5
29,2515911011,5

0,53
0,92
0,95
0,58
0,75
0,64
0,78

218 ,0
8 1 , 0
92,5
102,5
108,2
87,4
o  t , o

1 1 5 , 0
71,6
84,8
58,8
75,9
48,4
57,6

oit
0,42
0,47
0,49
0,40
i e a

oiz
0,74
0,51
u ,oo

0,42
0,50

Struktlru zmesi a zmesnlich vldkien. Podiel viskozity disper-
govanej fdzy a matrice (K: nr.slnrr) determinuje mikroreo-
logick6 chovanie sa zmesi pri deformdcii a m6 priamy vplyv
na velkost a tvar dastic dispergovanejfdzy. Vy55ia deform6-
cia dastic dispergovanej zloZky zodpoved6 ni25ej hodnote K.
Z tohto d6vodu sa Studovali d'alej reologick6 vlastnosti kon-
centrovanejdisperzie PES a PP, ako polym6rneho aditiva pri
priprave zmesnlich vldkien s polypropyl6novou matricou.

Z v'isledkov vyplfva principi6lny rozdiel medzi toko4imi
vlastnostami PP a PES. (tab 3, obr. 3). Obsah 30 hm% PP
v PES vjznamne zui5i odchflku od newtonsk6ho toku v po-
rovnani s distrim PES a z hl'adiska nenewtonovsk6ho toku sa
pribliZi k tokou.im vlastnostiam nemodifikovan6ho PP. Mier-
ne vzrastie viskozita a to najmii pri terndrnej zmesi PP-(PETi
PBT) . Vplyvom obsahu kompatibiliz6tora LiE (1,5 hm%) sa
zniZi viskozita PP/PES ,,koncentr6tof' na [rovei PET a ich
nenewtonsk6 chovanie je bliZSie k PP. Tieto pozitivne zme-
ny v reologickfch vlastnostiach koncentrdtov d6vaj0 pred-
poklad, Ze spracovatelhost pri zvl6knenl bude dobrd at6zo-
v6 Strukt0ra zmesnfch vldkien bude fibrildrna, podobn6 ako
sa pozorovala pri zmesi PP-PET L [5]. Dispergdcia PES vo
forme koncentr6tu s PP je v PP matrici efekt(vnej5ia ako
v,,nekoncentr6tovej" forme.

V tab. 3 je uvedenf okrem z6kladnlich reologickfch para-
metrov zloiiek prichddzajfcich do 0vahy pri priprave PP-

Obr. 3 Zdvislost viskozity od Smykovej ryichlosti pre zmesi: PP-(PET/
LiE) 30/70, PP-(PET/PBT/LIE) 30/60/10, PP-PET 30170,pp-
(PET/PBT) 30/60/10, pri obsahu LiE v zmesi 1 ,5 hmo/o a tep-
lote 275'C

PES zmesnlich vldkien tieZ podiel viskozity dispergovanej f5-
zy (PES koncentrat) k viskozite PP matrice (K). Cim je nii-
Sia tato hodnota, tym by mala byt t1zovit Strukt0ra PP-PES
vlSkna rovnomernejSia a jemnej5ia [2, 9]. Tento predpoklad
najlep5ie spliaj0 koncentr6ty PP-PES s pridavkom polyes-

Tabulka 4 Pevnost a variadnf koeficient pevnosti PP-PES zmesnfch vldkien pri 8% koncentrdcii PES

Zloienie zmesi [%] Y

IcN/dtex]

PES v  PP
t

W
cVr
l"/"1lr"l

8To

lY"l

8% PES v  PP +  1 ,5% L iE
P C V P T

lcN/dtexl fkl IT,l
PP-PET

PP-(PET/PBT)
PP-(PET/PBT)
PP-(PET/PBT)
PP-(PET/PBT)
PP-(PET/PBT)

PP-PBT

100
85/1 5
70130
s0/s0
30170
1 5/8s
100

26,0
26,5
27,2
27,6
25,4
25,5
25,8

z ,o

2,5
z , l

2,8

2,3
5,4

28,2
28,2
27,5
zo,4

27,3
27,4
26,4

4,7
6 ,6
8 ,6
5,4

4,4

4 7  2 1

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

2 ,1  1 ,6
2,3 2,3
2,4 3,1
z,c * t ,o
2,5 4,2
2,5 4,0
2,5 5,7
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Obr. 4 Z6vislosf pevnosti ustdlenfch PP-PES vl6kien pri 8% obsa-
hu PES zlo1ky od zloienia dispergovanej fiiay

terov6ho vosku LiE. V tab. 4 s0 pevnosti zmesnli'ch PP-PES
vldkien pri 8% obsahu PES zloZky v PP matrici.

Pri konStantnosti materialowch charakteristik polym6rnych
zloZiek a podmienok pri priprave zmesnyich vl6kien sa m6Zu
mechanick6 vlastnosti a ich nerovnomernost vo vldkne po-
uZi( na kvantifikdciu technologickej mie5atelhosti pri disper-
g6cii polym6rneho aditiva v polym6ri tvoriacom matricu vldk-
na. Jednoznadne vySSia pevnost vldkien s vySSim podielom
PBT vyplliva zrejme z vy5Sej molekulovej hmotnosti PBT, zo
spevnenia Struktury PBT v zmesi s PET (vySSia viskozita
zmesnej taveniny), ako a1 z predpokladanej vySSej adhezie
medzi PP a PBT zloZkou. Vplyv kompatibilizatora (LiE) sa
prejavi v5eobecne poklesom nerovnomernosti pevnosti vldk-
na, ako aj celkovfm miernym znilenlm pevnosti pri nizkom
zast0peni PBT. Pri majoritnom podieli PBT v dispergovanej
fdze vplyvom LiE sa pevnost vldkien zvy5uje (tab. 4, obr. 4).

Zavislost pevnosti PP-PES vldkien so st0paj0cim podielom
PBT v PES dispergovanej t6ze za prltomnosti LiE m6 podob-
nf priebeh ako zdvislost viskozity od zloZenia PET/PBT zme-
si. Tento tvar z6vislosti kore5ponduje s predstavou spevne-
nia Struktfry dispergovanej PES f6zy pri majoritnom podieli
PBT v PES (obr. 4).

Na zaklade experimentdlnych vlisledkov pevnosti pri pret-
rhnutiPP-PES zmesnyich vldkien moZno kon5tatovat pozi-
tivny vplyv PBT a tieZ oligom6rneho polyesterov6ho vosku
LiE na vnrltorn0 rovnomernost (rovnomernost f6zovej Struk-
tury) tlichto vl6kien, do kore5ponduje s reologickfmi vlas-
tnostami PET/PBT zmesi ako aj reologickfmi vlastnostami
PES ,,koncentrdtov" ako polym6rneho aditiva pre PP-PES
zmesn6 vldkna.

lesearch

4 ZAver

V prdci sa Studoval vplyv zloZenia PET/PBT a PP-(PET/
PBT) zmesina ich reologick6 vlastnosti, na fdzovrl Strukt0ru
a mechanick6 vlastnosti PP-PES zmesnlTch vldkien. Z expe-
rimentdlnych u.isledkov vyplliva:
-  PBT pr i  minori tnom zast0peni naru5uje kompaktnost

Strukt0ry PET a zniZuje viskozitu PET/PBT zmesi. Naopak
minoritn6 zastfpenie PET vedie k spevneniu Strukt0ry
PBT a k zvli5eniu viskozity v porovnanis aditivnou hodno-
tou.

- Tok PET/PBT taveniny je blizky newtonovsk6mu. Samo-
statn6 zloZky vykazuj0 vii66iu odchflku od newtonowsk6-
ho toku ako zmes.

- Oligom6rny polyesterovf vosk ako kompatibilizAtor v'!z-
namne zniluje viskozitu PET, PBT, ich zmesi a tieZ zme-
s[ s PP a zlep5uje ich spracovatel'nost ako polym6rneho
aditlva do zmesnfch PP-PES vl6kien. Zmesn6 vldkna
s kompatibiliz6torom maj0 vySSiu rovnomernost fdzovej
Strukt0ry.

- Pevnost PP-PES zmesnfch vldkien je priemerne vySSia
ako pevnost PP-PET vl6kien a md tendenciu sledovat vis-
kozitu PET/PBT zmesi v zdvislosti od zloZenia.

Pod'akovanie: Tento prlspevok vznikol za podpory granto-
vej agenttry APVT (grant 20-010102) a grantovej agentlry
VEGA (grant 1/2475/05).
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1 Reo169ia polym6rnych nanokompozitov

Vrstven6 silikdtov6 polym6rne nanokom pozity sa stali tech-
nologicky vel'mi zaujimauimi aj preto, Ze niektor6 typy tych-
to syst6mov nabAze PA 6 a polypropyl6nu uZ boli komercia-
lizovan6. Cast doterajSich prdc je preto venovand Stridiu
reologich/ch vlastnosti nanokompozitov, ktor6 s[ v priamom
vztahu k spracovatelhosti tychto hybridov. Okrem toho vis-
koelastick6 vlastnosti nanokompozitov a ich meranie posky-
tuj0 citliv0 met6du pre hodnotenie mezo5truktfry a interak-
cie dastic s polym6rom [1].

Z hl'adiska Strukt0ry vrstven6 silik6tov6 nanokompozity s0
charakterizovan6 ako interkalovan6 a exfoliovan6 syst6my.
V interkalovanlich syst6moch polymdr len napudiava silikd-
tov6 vrstvy, zatial'60 exfoliovan6 syst6my predstavujri disper-
govan6 individudlne vrstvy v polym6rnej matrici. Z6vislost
tvorby trl'chto interkalovanfch a exfoliovanfch Strukt[r od to-
kouich podmienok je kl'06om pre pos0denie ich spracovatel-
nosti. Meranie viskoelastickfch vlastnosti nanokompozitov je
teda vel'mi citliv6 pre nano a mezo Strukttry a ukazuje sa ako
vel'mi spol'ahlivd met6da pre ich sledovanie v polym6rnej mat-
rici. Okrem toho tieto merania poskytujtl inform6cie o orien-
tAcii tuhlich castlc vo viskoelastickom m6diu.

VrsWen6 silikatov6 nanokompozity na bAze PA 6 sa vyz-
naduj[ dramaticlqtm zlepsen[m pevnosti a teploty termickej
deStrukci e bez vf znam nej5ieho znilenia n6r azov ej pevnos-
ti a to uZ pri obsahu do 2 ok objemoqich plniva [2,3,4,5]. Tieto
systdmy poskytujri vliznamn6 inform6cie vzhl'adom na static-
k6 a dynamick6 vlastnosti polym6rov s obmedzen;im pohy-
bom retazcov [6,7,8,9]. Z tohto dovodu znalosti a pochope-
nie reologickfch vlastnostl polym6rnych nanokompozitov s0
kl'06om k zlskaniu informdcii o ich spracovatelhosti a o vzta-
hoch medzi Struktirou a vlastnostami tichto materidlov.

Ust6lenf Smykovf tok
Tuh6 dastice ur6en6 na modifikdciu synteticklich vldkien

predstavujri niekolko skupin ldtok s rozdielnou Strukt0rou.
Patria tu najmA organick6 a anorganick6 pigmenty a plnivd.
Vyznaduj0 sa nerozpustnostou a nizkou dispergovatelhostou
v polym6roch, najmii v polyoleflnoch.

Plnenie chemickfch vldkien tuhyTmi dasticami pozostdva
z dvoch postupov: 1. prlprava koncentrovanlich disperzii
(koncentrdtov), 2. ich dispergdcia a homogenizdcia so zdk-
ladnlim polym6rom pred zvl6knenim. Koncentrdty sa spravid-
la skladaj[ z tuhfch 6astic, polym6rneho nosida a kompati-
biliz6tora (dispergdtora). PriddvajI sa k zdkladn6mu
polym6ru pred zvldknen im niekolloi mi postupmi, najdastejSie
injek6nfm postupom alebo d6vkovan[m koncentrdtu do nd-
sypky extrfdera.

Stupei disperzity 6astic v koncentrdte silne zdvisl od vzA-
jomnfch interakcil medzi komponentami, najmd na f6zovom
rozhrani tuhfch cast lc a t iez od kinet ickyich podmienok
a reol6gie disperga6n6ho a homogeniza6n6ho procesu. Pre
pos0denie vzdjomnlTch interakcii zloliek v disperzii tuhfch
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dastic sa na5li niektor6 reologick6 veli6iny vo vztahoch od-
vodenyich pre disperzie tuhfch 6astic. Ako citlivd met6da pre
hodnotenie aglomer6cie tuhlch dastfc (pigmentov) v polym6-
roch sa pouZiva tzv. filtrovatelhost disperzii. Pre hodnotenie
reologickyich vlastnosti disperzii tuhfch 6ast(c v polymernych
tavenin6ch sa pouZivaj0 nasledovn6 vz{ahy: Ostwaldov a de
Waeleov (mocninovf zdkon), Einsteinova alebo Mooneyovd
rovnica, d'alej Crossov6 a Cassonov6 rovnica a niektor6 em-
pirick6 vztahy (Doroszkowskdho) [10,1 1].

a) Ostwaldov a de Waeleov vz{ah:

r=  k . in  (1 )

kde rje Smykov6 napiitie, I je Smykovd nichlost, k a n s[ ko-
eficienty.

b) Einsteinova rovnica:

r7 = 40fi + ks@) (2)

kde 4 je viskozita disperzie, 17, je viskozita prostredia, k. je
tvaro4i koeficient a O je objemorni zlomok tuhej dastice v dis-
perzii.

c) Doroszkowsk6ho vztah:

logry: log?* + L 11 (3)

kde I je koeficient aglomerdcie, 4- nekonednd viskozita pre
r r +  0 [ 1 0 ] .

Porovnanie reologickfch vlastnosti polym6rnych nanokom-
pozitov na zdklade dynamickfch merani a meraniv podmien-
kach ustdlen6ho Smykov6ho toku je predmetom niekolko St0-
dii.112,13,141. ZvldSt sd zaujlmav6 niektor6 aspekg tak6hoto
porovnania, ktor6 s0 vlisledkom tfchto pr6c:

Viskozita nanokompozitov so silikdtoul'm plnivom nad per-
koladnfm prahom, pri nizkych Smykouich nl'chlostiach ras-
tie a viskoelastick6 chovanie je konzistent6 s konednlim (naj-
vysSim) napatim [13,14,151. Na druhej strane pri vysokfch
Smykovlich ryichlostiach silikdtovd plnivo md len malf vplyv
na dynamicku viskozitu. Tieto pozorovania srl v srjhlase
s Worbou perkolovanej kl'udovej Strukt0ry s relativne nevf-
znamnou zmenou v dynamike polymeru (pohybl ivost i )
a schopnostou toku usporiadat anizotropn6 silik6tov6 vrstvy.

Empirick6 Cox-Merzove pravidlo o rovnosti viskozity ziska-
nej z osciladnfch merani a zo Smykovej deformdcie [n(w) =
n(y) pre w = ylje aplikovatelh6 pre homopolym6ry. Neplati
viak pre nanokompozity, najmti pre silikdtov6, ktor6 s0 nad
perkoladnlim prahom 112,141. V pokojovom stave viskozita
z oscila6n6ho merania prevy5uje dynamickri viskozitu. Naj-
vii65i rozdiel sa na5iel pri nfzkych Smykovfch n/chlostiach.
Tieto uisledky poukazuj0 na to, Ze aj pri nizkych Smykoqi-
ch nichlostiach dochadza k usporiadaniu silik6toulch vrstiev.

Prvli rozdiel normdlovyich napati Nn = orr - orr, ktory7 sa
povaZuje za mieru elasticity polym6ru, pre neusporiadan6
PS-Pl nanokompozity, pri rovnakom Smykovom napdti o'12
nez6visiod obsahu plniva a je porovnatelhf s neplnenfm po-
lym6rom [14]. Tieto merania boliuroben6 privysokfch Smy-

VLAKNOTVORNE POLYMERNE NANOKOMPOZITY
II. REOLOGIA POLYMERNYCH NANOKOMPOZITOV

Jurenkovd M.. Marcincin A.

S/oyenskd technickdt univerzita v Bratislave, FCHPT, Katedra vl1kien atextilu,Badlinskeho 9, 812 37 Bratislava,
Slovenskd reoublika
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kovjch napiitiach (kvoli spol'ahlivosti stanovenia N,r) a aj pre-
to pri vysokej orientaicii silikatovlich vrstiev sa pozorovali len
mal6 zmeny vo viskozite.

Line6rne viskoelastick6 vlastnosti
Smykov6 vlastnosti interkalovanlch a exfoliovanyich poly-

m6rnych nanokompozitov v tavenine sa Studovali v Sirokom
spektre kompozitnej matrice ako PA6 [12,16], poly(e-kapro-
lakton) [8,16], polystyr6n (PS) [17], bloko4? kopolym6r polys-
tyren-polyizopren (PS-Pl) [15,18,19] a tieZ polypropylen (PP)
[13,20]. Vfsledky poukazuju na niektor6 Specifika v reologii
nanokompozitov v porovnanis klasicklimi kompozitmi. S0 to
najmii:
- UZ pri relativne nlzkych koncentrdcidch (12 %) plniva sa

pozoruje prechod od reologick6ho chovania sa nano-
kompozitov ako kvapalin k chovaniu sa ako tuhfch ld-
tok bez zvldStnych odliSnosti medzi interkalovanfmi
a exfoliovanlimi Strukttrami.

- Apli kovatelhost prin cfpu dasovo-teplotnej su perpozicie
pri prfprave viskoelastickfch tokouich kriviek je porov-
natelhd s neplnenlTm polym6rom.

- Velk6 amplitudy pri oscildcii (Smyku) ved0 k 4iznamn6-
mu poklesu linedrnych viskoelasticklich modulov ak zit-
niku chovania sa nanokompozitu ako kvdzi tuhej fdzy.

Zmena viskoelastick6ho chovania sa neplnen6ho polym6-
ru ananokompozitov pr i  nizkej koncentrdci i  napr.  1-
2 % vrstvenfch silik6tov je podobnd infm koncentrovanlim
disperzi6m [21]. V prdci [21]Cloitre a i. pomocou merania kr[-
pu sledoval reologick6 sprdvanie sa koloidnfch s0stav kon-
centrovanej suspenzie miikkfch deformovatel'nfch g6lov.
Zistil, 2e k makroskopick6mu toku syst6mu dochddza ked'ap-
likovan6 napiitie prekraduje kritick6 po6iatodn6 napiitie. Po
zru5eni napiitia deformovan6 mikrog6ly s0 v metastabilnom
stave a vykazuj0 sptitn[ deformdciu (relaxdciu) ktord md ex-
ponenci6lny priebeh. T6to spAtna deformdcia je charakteri-
zovanA preusporiadanim mikrog6lov, ktor6 vyplfva z kon-
kurencie lokalnych topologickyich vfmen a celkovlich
obmedzeni. T6to dasova zdvislost je anologick6 s hlavnfmi
drtami starnutia v sklovitlich syst6moch.

Nanokompozity v kl'udovom stave vytvdrajrl perkolovanf
siet super5trukt0ry exfoliovanfch vrstiev, alebo napudanfch
vrstevnatfch dastic tzv. taktoidov. VlTznamne niZSi perkola6-
nyi prah v porovnanis iyotropnlimi ,,gulbvfmi" dasticamije
sp6sobenf anizotropiou taktoidov a individudlnych vrstiev,
ktora braniich volhej rotdciia disip6ciinapiitia. Ren [18] po-
ukdzal na dlhf das relax6cie napiitia a tieZ na perkoldciu vo
vztahu k hydrodynamick6mu objemu taktoidov alebo indivi-
dudlnych vrstiev pri nizkych koncentrdci6ch dastic v polym6ri.
Dalej poukdzal na tuh6mu stavu podobn6 chovanie sa poly-
m6rnych nanokompozitov, ktor6 pripisal fyzikdlnemu zablo-
kovaniu alebo perkol6cii nepravidelne distribuovanyich silikd-
tovlich vrstiev uZ pri nizkom objeme.

Na zaklade vlsledkov Ren a i.[18] odvodil vztah medzi
hmotnostnou frakciou vrstven6ho si l ikdtu pr i  perkol6ci i
(w0",) a priemern6ho podtu vrstiev v taktoide noer

no", = (4/3@o"J[wo",po,n/(wo",po,s) +
+ (1 - wpe)ps',] (Rr/h"'J @)

kde po,n a p";1 sLi hustoty organickej fdzy a silikdtu, Rn je hyd-
rodynamiclqi polomer a hs je hr0bka vrstven6ho silikdtu; <D0",
je objemova frakcia pre perkoldciu gulbvitfch castic a je prib-
liZne 0,30 [22].

Galgali a i. [20] meral krlp PP nanokompozitov a potvrdil
tuh6mu stavu podobn6 chovanie sa vypl;ivajtce z oscila6-
nlich meranf. Poukdzal na silnf pokles krfpovej poddajnosti
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kompozitov kompatibilizovan6ho PP s obsahom 6 % montno-
rilonitu. Zistil, Ze tuh6mu stavu podobnti chovanie sa nano-
kompozitov v stave kl'udu je vyisledkom perkolovanej Struk-
tUry vrstvenych silikdtov. Rozdiel medzi aktivadnou energiou
toku nemodifikovan6ho PP a nanokompozitom znamend, Ze
tuh6mu stavu podobn6 sprdvanie je zaprldinerrd silnfmi tre-
cimi interakciami medzi ilovfmi vrstvami nad perkoladnlm
prahom.

Z dynamicko-mechanickfch merani znAme poznatky
o vplyve Smykovej amplit0dy na orientovan6 mezomorfn6
materidly ako sr.i napr. kvapalno-kryStalick6 polym6ry alebo
blokov6 kopolym6ry 123-261. Nanokompozity vykazujri po-
dobn6 chovanie vplyvom vonkajiieho Smykov6ho polh. Kva-
paline podobn6 chovanie sa silikdtou.ich kompozitov sa do-
siahne optit vel'mi lahko po prechode perkoladn6ho prahu
smerom k niZ5im koncentrdciiim tuhych castic [15,16,'18]. Pre
silikdtov6 nanokompozity je vfznamnf tieZ vplyv orientdcie
vrstvenlich silik6tov na ich viskoelastick6 vlastnosti. Viskoe-
lasticita tichto syst6mov je podobnd ako pri smekticklich kva-
palnfch kryStdloch a usporiadanfch blokovlTch kopolyme-
roch [16].

Aplikdcia principu dasovo-teplotnej superpozicie a posun
velidin s ndslednou zmenou aktivadnej energie toku nie je ov-
plyvnend obsahom silikdtu, do je vjsledkom malej zdvislosti
relaxdcie tuhfch dastlc od teploty [13,16,181.

Neline6rne dynamick6 chovanie
V sflade s predpokladom, zvddSenie Smykovej amplit0dy

pri oscil6cii md za n6sledok prioritnu orientdciu silikdtovfch
vrstiev a pozorovanie kvapaline podobn6ho line6rneho vis-
koelastick6ho chovania sa kompozitu. MoZno tie2 pozname-
nat, Ze v dvojrozmernej predstave perkoladnyi prah sa vliz-
namne zvySuje a na zdklade jednoduch6ho {podtu, ktoni je
zalo2eny na rozmeroch dastic sa odhaduje koncentrdciu si-
likdtov do perkoldcie okolo 40 % hm.

Zuri5enie citlivosti amplitudy viskoelestickej odozvy pre PP
[13]a pre PP-lP nanokompozity [14,15]pouk6zalo nato,2e
v prlpade vrstven;7ch nanokompozitov zacina zoslabovanie
Smykovej odozvy pri podstatne niZSich amplit0dach neZ s0
pre distf neplneny polym6r. Potom amplit0da pre zadiatok
zoslabovania Smykovej odozvy kles6 so st0paj0cim obsahom
silikdtu a pripisuje sa st0paj0cim interakcidm dastica-dastica
a metastabilnej "sietovej" Strukt0 re si likdtov. Z6vislosti defor-
madnej amplit0dy viskoelastickej odozvy pre vrstven6 nano-
kompozity s0 vel'mi rozdielne pre r6zne polym6rne matrice
ako je napr. PA 6 a poly(e-kaprolakton) [15].

Orientdcia nanokompozitov
Vrstven6 silikdtov6 kompozity podobne ako in6 anizotrop-

n6 materialy vykazuj0 schopnos{ sa orientovat vplyvom to-
ku vyvolan6ho vonkaj5im napeitim. Tdto schopnost sa orien-
tovat spolu s mezo5truktIrou umoZiuje regulovat
viskoelastick6 chovanie sa nanokompozitov. Skor5ie prdrce
na PA6 nanokompozitoch poukazujI na to, 2e siiikdtov6 vrst-
vy pri injekdnom vstrekovani vykazujt zretelh6 paraleln6 ulo-
Zenie vrstiev kolmo na gradient deform6cie 127,281. V prdci
[27] bola sk0mand orientdcia silikdtovlTch vrstiev a kryStali-
tov PA 6 pri injekdnom vstrekovani PA 6 ilouich hybridov po-
uZitim XRD a TEM. Na5li sa tri oblasti rozdielnej orientdcie
vo vzorke ako funkcia vzdialenosti od povrchu vzorky. Bliz-
ko stredu vzorky, kde Smykove sily s0 minimdlne, silikatov6
vrstvy s0 orientovan6 ndhodne a kryStality PA 6 s0 kolme
k silik6to4;m vrstvam. Smykovd napatia pri povrchu s0 vel-
mi vysoke a tak ilov6 vrsNy i kryStality PA 6 s0 uloZen6 pa-
ralelne s povrchom. V strednej oblasti srl ilov6 vrstvy prav-
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depodobne tieZ orientovan6 paralelne k povrchu, pricom
orientdcia kryStalitov PA 6 sa predpoklad6 kolmo k ploche si-
lik6tu. Krishnamoodi poukazuje na podobnI orientdciu po-
ly(e-kaprolakt6novfch) nanokompozitov [15]. Skilmal tu li-
nedrne a nelinedrne viskoelastick6 vlastnosti vrstvenfch
silik6tovfch nanokompozitov v s0vislosti so 5trukt0rou nano-
kompozitu a intenzitou interakcii polym6r-silikdt. Poukdzal na
,,paralel n0" orient6ciu sil ikdtornich vrstiev v poly(e-kaprolak-
t6nornich) nanokom pozitoch pri aplikovani amplittidy oscilac-
n6ho Smyku. Av5ak tri neddvne 5t0die venovan6 orientdcii
vrstvenfch silikdtov v tokovom poli poukazujti, Ze prinajmen-
Som niektor6 frakcie silik6tou.ich vrstiev v dchto nanokom-
pozitoch vykazuj0 perpendikul6rnu orientdciu [29-31]. Tak sa
Studovali nanokompozity s rdznou matricou, plnivami a po-
uZili sa na St0dium r6zne met6dy. Napr. Schmidt a i. [31] sle-
doval vplyv Smykov6ho gradienta na orientdciu laponitu vo
vodnfch roztokoch polyetyl6nglykolu. Vaia a i. [29] Studoval
orientdciu PA6 nanokompozitov pouzitfm SAXS a TEM me-
rani. SAXS merania uk6zali, Ze nanokompozity PA 6 a ilu
m6Zu byt orientovan6 pri relativne nizkom Smykovom nap-
etf a pri teplote nepatrne nad teplotou tavenia. Orientdcia sa
st6va,,normdlovou" a je v s0lade so smerom toku. Orient6-
cia sa zvy5uje s 6asom p6sobenia Smykovej deformdcie
a vykazuje stabilitu pre relatlvne dlhf das v tavenine. Zacho-
vanie orient6cie pod teplotou tavenia PA 6 sa dosiahne dy-
namickou neizotermickou kryStalizdciou. Tvorba neoriento-
vanej y-kry5talickej modifikdcie PA 6 je sposobend
orientovanyimi ilouimi dasticami a nie malou Smykovou ryich-
lostou, ktor6 bola pouZitd po6as kryStaliz6cie. Okamoto [30]
sledoval orientdciu dastic pri elongadnom toku. Na5iel per-
pendikul6rnu orientdciu dastic potvrden0 TEM meraniami
a vyslovil zdver jedine6nosti speviovania toku pri deforma-
cii a reopektn6 chovanie sa tfchto hybridov.

Existencia perpendikuliirnej orientdcie sa pozorovala aj pri
infch materidloch [29] avSak len zriedkavo. Je vhodn6 poz-
namenat, 2e obidva typy orient6cie s[ moZn6 a s0 z6visl6 na
detailnom popise tokov6ho pol'a a interakcil medzi vrstvami
a matricou. Vzhl'adom na dostupn6 ddta nie je jasn6, ktonj
parameter riadi orientdciu v talqich nanokompozitoch. Naviac
sa uk6zalo, Ze ndhodnd neusporiadanost dastic po skonde-
nitoku je podstatne vyS5ia neZ to zodpoveda qisledku Brow-
novho pohybu [13,31]. Tieto javy je potrebn6 vzhladom na
4ichlu relax6ciu Studovat a kvantifikovat.

Reologick6 vlastnosti PCL (polye-kaprolakt6nouj'ch) nano-
kompozitov prvf kr6t opisali Krishnamoorti [15] a Giannelis
[16]v pripade delaminovanyich Strukt0r pri in situ polymeri-
z{cii.

Lepoittevin ai.l32l Studovali tahov6 (G') a stratov6 (G')
moduly neplnen6ho PCL a plnen6ho PCL s obsahom
3 % hm. MMT-Na , MMT-Alk alebo MMT-(OH,) pri 80'C,
v rozpdti frekvencie od 16 do 10-' Hz. Reologick6 sprdvanie
plnen6ho PCL s 3 % hm. MMT-Alk a MMT-(OHr) je znadne
rozdielne v porovnani s neplnenlim PCL a PCL/MMT-Na
mikrokompozitov. Pri poslednom syst6me sa pozorovalo po-
dobn6 chovanie sa kompozitu ako pri termoplastoch.

Riva a kol. [33] merali reologick6 vlastnosti poly(-etyl6n-
co-vinylacetdtouich) kompozitov, tzv. EVA kompozitov. Pri
teplote 1 10'C, (nad teplotou tavenia polym6ru) hodnota ta-
hovfch modulov vykazovala rozdiely medzi rdznymi nano-
kompozitmi, v z6vislosti od charakteru anorganickej tAzy.
Elastick6 vlastnosti v z6vislosti od teploty sa merali pri frek-
vencii 1 Hz a 0,05 % deformdcii v linedrnej visko-elastickej
oblasti. M ikrokom pozit EVA*M E1 00/ADA vykazoval m ierne
vySSie elastick6 moduly pri nizkom obsahu plniva, ako dishl'
polym6r, zatial' bo exfoliovan6 nanokompozity EVA-ME1 00i
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ODA s tym ist)rm obsahom silik6tov vykazovali vfznamn6
zvf Sen ie modu lov. Najviic5ie rozdiely elasticklich mod u lov
medzi mikrokompozitmi a nanokompozitmi sa pozorovali nad
teplotou sklovit6ho prechodu (28"C), kde sa preukdzala zqi-
Send pohyblivost makromolekfl pri dobre dispergovanlTch ex-
f oliovanlch silik6tovfch vrstv6ch, ktor6 charakterizovali na-
nokompozitn0 StruK0ru. Rozdielne tahov6 moduly nameran6
na nanokompozitnfch vzorkdch mohli byt sp6soben6 rozdiel-
nou frovfiou homogeniz6cie silikdtovfch vrstiev v polym6ri,
ako ukdzali obrazy z TEM. V5eobecne experimentdlne me-
rania powrdili najniZ5ie moduly pre interkalovan6 nanokom-
pozity, zatial' 6o exfoliovan6 nanokompozity vykazovali vyS-
Sie moduly. Podobn6 uisledky sa zistili aj pre stratov6 moduly
1331.
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1 VlSknotvorn6 zmes polypropy16n/dendrim6r
a polypropyl6n/rozvetvenf polym6r

Dendrim6ry a rozvetuen6 polym6ry patria do skupiny po-
lym6rov nazlvanfch dendritick6 polym6ry (obr. 1). Je pre
nich charakteristickf vysohy' stupeh rozvetven ia, kompaktnli
tvar a vysolqi po6et koncou.ich, reaktivnych skupin [1]. Stu-
pei rozvetvenia dendrim6rov je maximdlny a ich Strukt0ra je
perfektne pravidelnd, zatial' do pri rozvetvenyich polym6roch
mA Statisticky charakter [2].

(a) dendrimer (b) rozvetvenlt polymer

Obr. 1 dendrim6r (a) a rozvetuenf polym6r (b)

Rozvetven6 polym6ry sa vyrdbajI  polykondenzadnou
reakciou. Prikladom je synt6za rozveWen6ho polyesterami-
du z cyklick6ho anhydridu s dispropanolaminom [3]. Vhod-
nyim vliberom anhydridu (resp. kombindciou anhydridov)
a modifikdciou koncovlich skupin sa menia vlastnosti mak-
romolektl (napr. rozpustnost, zndSanlivost, interakcie med-
zi koncovjmi skupinami a farbivom) v Sirokom rozsahu, dfm
sa roz5iruje oblast ich uplatnenia. Hybrane PS 2550 (obr. 2),
ktoni bol zosyntetizovan! z anhydridu kyseliny ftalovej a dis-
propanolaminu tak, 2e 50% koncolnich hydroxilouich skupin
bolo esterifikovanlich kyselinou steerovou, je kompatibilnf
s polypropyl6nom. Pritomnost pol6rnej skupiny a aromatic-

Obr. 2 Hybrane PS 2550 diastodne modifikovanf kyselinou
ste6rovou
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k6ho jadra v takto modifikovanom PP umoZiuj0 tvorbu inte-
rakcii s vhodniimi typmi farbiva pri farbeni PP vliikien vyta-
hovacim postupom a touto modifikdciou sa dosiahne vySSia
sifa vyfarbenia 11 , 2,41. Pritomnost rozvetuen6ho polym6ru
modifikovan6ho kyselinou stedrovou neovplyvfr uje fyzikalno-
mechanick6 vlastnosti modifikovanfch PP vlSkien, ale zna6-
ne zvySuje ich vyfarbitelhost vytahovacim sp6sobom za
pouZitia disperznfch farbiv.

Dendrim6ry m6Zno pripravit dvoma spdsobmi (obr. 3):
- divergentnd synt6za dendrim6r je stavanf z polyfun-

kdn6ho jadra. V opakovanlch viistavbornich cykloch sa
postupne pripdja d'alSia a d'alSia vetva dendrim6ru. Zvy-
Sovanie podtu cyklov vedie k vyS5iemu stupfiu rozvetve-
nia.

- konvergentn6 synt6za, pri korej sa pripravi prvli sribor

"dendr6nov" a tie s0 ndsledne spdjan6 do centrdlneho
jadra. Vfhodou tohto postupu je separ6cia cist6ho pro-
duktu od medziproduktov.

Divergentnd synt6za je vhodn6 pre priemyseln0 aplik6ciu
(napr. holandskli spdsob DSM), ktord sa vyuZiva pri 4irobe
polypropyl6niminov6ho dendrim6ru [5] a rozvetuen6ho po-
lyesteramidu [3]. Synteza dendrim6rov zahffia presne stano-
ven6 kroky synt6zy, ktor6 sa mdZu svojimi podmienkami li-
Sit. Pri nibere vhodn6ho vfstavbov6ho bloku ako aj vhodnej
modifik6cie koncovyich skupin je moZn6 upravi{ vlastnosti
dendrim6rov tak, aby boli schopn6 zdokonalit proces farbe-
nia PP vl6kien vytahovaclm postupom. Pri priprave rozvet-
venfch polym6rov sa opakuj0 reakdn6 kroky s rovnaklimi
podmienkami.

Dendrim6ry a rozvetuen6 polym6ry ako nosi6e farbiva mu-
sia spliat nasledujfce poZiadavky [4]:

- kompatibilnost s polym6rnou matricou,
- neovplyviovanie vlastnosti vldkien,
- poslqltovanie maximdlneho podtu interakciis poZadova-

nlim farbivom,
- efektivnost uZ pri nlzkych koncentrdcidch.
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Modifik6cia polypropyl6nu za 06elom farbenia PP vl6kien
klasickim postupom z kupelh
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Tabul 'ka 1 Mechanicko-fyziki i lne vlastnosti  nemodif ikovanlTch
a modif ikovanlch (2% dendrimdru) PP vldkien

nemodif ikovan6 modit ikovan6
V IASINOSI

Hi 'v laKna Fr  v laKna

Jemnost (dtex): -
raznos l  (%)
Pevnost (cN/dtex)

Za 0celom elimindcie vplyvu aditiva na vlastnosti vlakien
pri zvldkiovani a dfZenije potrebn6, aby aditivum bolo rov-
nomerne rozdispergovan6 uz v procese homogenizdcie zme-
si. Rovnomernej5iu disperg6ciu umoZnuje idobra kompati-
bil i ta aditiva s polym6rom (PP). Kompatibil i ta dendrimeru
s polyolefinmije excelentnd a bola potvrden6 difrakcnou ana-
lfzou zmesi a mechanicko-fyzik6lnymi vlastnosiami modifi-
kovanlch PP vldkien, ktor6 sa neli5il i  od mechanicko-fyzi-
k6 lnych v lastnost inemodi f ikovanfch PP v lak ien ( tab.  1) .
U modifikovanlich PP vl6kien polypropyleniminovlm dendri-
m6rom bola sledovan6 aj moZnost ich vyfarbenia vytahova-
clm sposobom.

Vlastnosti modifikovan6ho PP dendrim6rmi umoZiujU vy-
farbenie PP vl6kien vytahovaclm sp6sobom, ktoni je zaloie-
nf na extrakcii kyslyich larbiv z vody pomocou ani6nov roz-
pustenfch v nepol6rnom rozpu5tadle.  Kv6l i  tomu bol i  na
farbenie modifikovanfch PP vldkien dendrim6rmi vytahova-
cim postupom pouZit6 kysl6 farbivd [1, 4]. Pre farbenie kys-
ll imi farbivami bol polypropyl6n modifikovanli polypropyl6ni-
minovfm dendr im6rom, ktor f  bol  odkovanyi  mastn lTm
amidom. KaZdd vetva tohto dendrim6ru obsahuje bdzick! ter-
ciarny dusik aminovej skupiny. Td sa do dendrim6ru ockuje
za fdelom vytvorenia chemickej viizby medzi dendrim6rom
a kyslfm farbivom.

Zdrovei bolo sledovane aj farbenie modifikovanlch PP
vlakien rozvetven;imi polym6rmi vy{ahovacim sp6sobom za
pouZitia disperznfch farblv. Interakcie, ktor6 vznikaj0 medzi
disperznlim farbivom a farbenlm substrdtom pri farbenl mo-
difikovanfch PP vldkien vytahovacim postupom, maj[ cha-
rakter Van der Walsor4ich sil, dipolov a donorno-akceptor-
nlich viizieb. Zvf5enie afinity disperzn6ho farbiva je dan6
modifikdciou PP vldkien rozvetvenlimi polym6rmi, ktor6 do
systdmu prispievajf pol6rnou skupinou. Tdto modifikiicia 4i-
razne zr4iSila schopnost vyfarbenia modifikovanlch PP vld-
kien disperznlim farbivom z roztoku (obr. 4) Maximdlna sila
vyfarbenia modifikovanyich PP vlakien sa dosahuje u2prinil-

1S0

1V S0 FQ ][e "118 t*'0 1$0
T' ['C]

Obr. 4 Percento vytiahnutia farbiva na modifikovan6 a nemodifiko-
van6 PP vl6kna v zdvislosti od teploty farbenia (Tr)
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Sej teplote farbenia na rozdiel od nemodifikovanfch PP vld-
kien. Pri nemodifikovanlich PP vlaknach sila vyfarbenia ras-
tie s teplotou, do sa prisudzuje n6rastu volheho objemu vo
vnftri vldkna. Maximdlna sila vyfarbenia modifikovanfch PP
vldkien bola dosiahnutd pri teplote 120'C ako vlTsledok ad-
sorpcie molekfl farbiva, ktore obsadil i vSetky poldrne skupi-
ny. Dal5ie zvySovanie teploty farbenia nemd vyznamnf vplyv
na silu vyfarbenia.

V literat0re sa objavuj0 rdzne predstavy o sposobe tvorby
vznikajlcich StruK[r a interakcii medzi farbivom a dendrim6-
rom pri farbeni modifikovanlich PP vl6kien vy(ahovacim pos-
tupom [6-9]. Meijer a Jansen predpokladajI zachytenie mo-
lekuly farbiva v pli iSti dendrim6rov6ho puzdra. Dendrim6r
s charakteristicklim tvarom svojej molekuly, vytvorenym jad-
rom a stromovitou Strukt0rou s velklim po6tom koncovlTch
skupln umoZni zachytenie molekil farbiva dendrim6rom. Pri
alikvotnom vytaZeni pl65ta dendrim6ru, plA6t zadne prepriS-
tat male molekuly farbiva, zatial 'do vridSie molekuly zotrvajI
vo vn0tr i  vytvorenej  dut iny dendr im6ru [6] .  Mik l ls ,  Cagin
a Goddard vysk05al i  zapuzdr i l  molekuly bengdlskej  ruZe
(BR) do tzv. Meijerovho dendrim6rov6ho puzdra vyuZitim mo-
lekulovej  dynamickej  techniky.  Pravidelne opakuj tce sa
Meijerove puzdro (Meijer dendrimer box DBox) vzniklo pri-
danim molekuly terc-butyloxykarbonyl-L{enolu (tBOC-L-Phe)
ku koncovfm primArnym aminovlTm skupin6m polypropyle-
niminov6ho (PPl) dendrim6ru. DBox obsahuje 4-6 molek0l
BFI a rozp05tadlo. Molekuly BR mimo puzdra potvrdil i  kon-
centra6nI rovnov62nu zdvislost medzi pld5tom a jadrom den-
drim6rov6ho puzdra. Molekulov6 dynamickd simul6cia DBox
v rozptl5tadle CH2CI. ukdzala, 2e povrch molekuly IBOC-L-
Phe je celkom nepriepustnli k zapuzdrenej molekule BR, kro-
ra je tlacena do vnftra puzdra [10].

Baars a Froehling [3]vychddzaju z predpokladan6ho pro-
cesu extrakcie kyslfch farblv z vody pomocou amidov roz-
pusten;7ch v nepoldrnom rozp0Stadle. Modifikaciou polypro-
pyl6niminoveho dendr im6ru mastn; im amidom vznikd
unimolekulovd micel6rna Strukttlra rozoustnd v neooldrnom
m6diu (obr. 5).

Vn0tro dendrim6ru obsahuje tercidrnu amfnovl skupinu,
ktord je schopna sa chemicky viazat s kyslfm farbivom pri
dostatodne nizkom pH. Tak;ito syst6m mOZe adsorbovat ste-
chiometrickd mnoZstvo molek0l farbiva. Napr. dendrimdr s 30
tercidrnymi aminovyimi skupinami moZe adsorbovat 30 mo-
lek0l farbiva. Pri vySSom pH k0pela dendrim6r m62e uvolhi{
molekuly farbiva. Syst6m v zdvislosti od pH je reverzibilnrT.
Na tomto principe je zaloLend aj farbenie PP vldkien (obr. 6).
Ked'je vldkno v kontakte s vhodnfm roztokom farbiva, farbir o
je extrahovan6 vldknom t' im ishim mechanizmom [1, 4].
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Obr.6 Farbenie PP vliikien modifikovanlch dendrim6rom alebo roz-
vetuenym polymerom extrakciou farbiva z k0pelh do vlakien

Froehling a Voit vych6d zd10 z teorie zrdZavosti [8, 9]. Den-
drim6ry alebo rozvetvene polym6ry s nepoldrnym obalom s[
vyzrit1an6 z vodn6ho roztoku obsahuj0ceho rozpusten6 mo-
lekuly farbiva. V zrazenine je dast farbiva zachytend v den-
drim6roch. Predstava zrdZavosti je analogickd s te6riou den-
drim6rov6ho puzdra. Princip tejto te6rie o spdsobe tvorby
vznikajfcich Struk0r a interakcif medzifarbivom a dendrim6-
rom sa pouZlva na farbenie materidlu, ktoni je nekompatibil-
nf s poldrnymi molekulami farbiva.

Vfnimo6nd vlastnosti dendrim6rov a rozvetvenlich polym6-
rov, akyimi s[ vysoka rozvetvenost, monodisperznd Strukti-
ra, gulbvi\i tuar s dutinami vo vn0tri dendrim6ru, im umoZnujti
Sirokil moZnost aplik6cii v chemickom priemysle (katalfza,
farmaceutickli priemysel atd'). lch Struktfra obsahuje velkf
pocet koncovlich skupin, ktor6 majf velkf vplyv na ich vlast-
nosti. Pri modifikdcii koncov!'ch skupfn vznik6 novd Strukt0-
ra a vlastnosti polym6ru a otvaraj0 sa moZnosti pre ich Sir-
5ie uplatnenie. Daj0 sa apl ikovat ako: adi t iva pr i
kompozitnlich materialoch [1 1 ], modifikatory reoiogicklich
vlastnosti [12], ndterov6 hmoty alebo ako zdklad pre termo-
setov6 Zivicovd n6terovd syst6my [13]. PouZivanie vysoko
rozvetvenlch Zivic md niekolko vfhod, ako je napr. zn{2enie
pouZit6ho mnoZstva rozp05tadla a znfienie viskozity taveni-
ny. Modifikdciou koncovlich skupin sa ziska vel'mi rozdielna
hustota priecnych spojov a polarita filmu [14].

2 Fyzik{lna modifikiicia PP vliikien nanodasticami

Pre zlepSenie spracovatel'skfch a fZitkou.ich vlastnostl PP
vldkien sa st6le hlhdajI nov6 sp6soby ich modifik6cie. Medzi
najnov5ie sp6soby modifikdcie PP v slrcasnosti sa zaradu-
je modif ikr ic ia PP anorganickfmi a organicklmi plnivami
s velkostou dastic pohybuj0cou sa v nano5kdle [15-23]. Prip-
raven6 nanokompozity PP sa sledujri z hladiska ich nadmo-
lekulovej StruK0ry [15, 18, 221, Norby interkalovanfch a ex-
foliovanfch syst6mov [15, 16, 19], ako aj z hl'adiska zmeny
zdklad niich spracovatelskych a ilZitkovlich vlastnosti 117, 24,
211. Na pripravu nanokompozitov a nanokompozitnych vld-
kien sa naj6astejSie pouZivaj0 silikdtove plnivd, ktor6 sa pred
pouZitim vdd5inou modif ikujri 11 5-17, 21, 221.

Ked'polymer je neschopnf interkalovat medzi vrstvy sili-
kdtu, ziska sa fdzovd separdcia kompozitu fazovo separo-
vanf mikrokompozit. Z tejto klasickej triedy mikrokompozitov
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sa mdZu zlskat dva typy nanokompozitov, ktorlch vlastnosti
zostdvajf v rovnakom rozsahu ako viastnosti tradidnfch mik-
rokompozitov [19]. Interkalovan6 nanokompozity maj0 tak0
Strukt0ru, v ktorej rozvinutf polym6rny retazec je interkalo-
vanli medzi silikdtov6 vrstvy. Vfsledkom je dobre usporiada-
n6 multivrstvovd morfol6gia, pozostavajtca z alternujircich
polym6rovfch a anorganickfch vrstiev. Exfoliovan6 nano-
kompozity sa tvoria vtedy, ked'silikdtov6 vrstvy s0 individudl-
ne rozdispergovan6 v polym6rnej matrici, v ktorej priemernd
vzdialenost medzi oddelenVmi vrsWami zdvisi od mnoZstua
plniva. Strukttra redlnycfr polymernych nanokompozitov
plnenfch anorganickfmi plnivami sa nach6dza zvy6ajne
medzi dvoma idedlnymi mikro5truktframi 1221.

Rdntgenografick6 hodnotenie nanokompozitov s komer-
6nfm (maleinanhydridom MA) i laborat6rne modifikovanlim
(dietyl maleatom DEM) plnivom potvrdilo vznik ich vrstevna-
tej StruK0ry. Anorganick6 i organicky modifikovan6 plnivd po-
u2ivan6 pri priprave nanokompozitov kryStalizujI v rovnakych
vrstevnadch kryStalograf icklich StruktIrach, ale s rozd iel nymi
vzdialenostami vrstiev. Po pridani hj 'chto plniv do PP a pri-
danfm dhl5ej zloZky kompatibiliz6tora sa tieto rozdiely pre-
javia eSte viac. Vzdialenost medzi vrstvami anorganick6ho
plniva v nanokompozite sa zvdd5l interkaldciou polypropyl6-
nu do plniva. Zviid5enie vzdialenosti vrstiev plniva ako aj
viid5ia nerovnomernost vrstevnatej Stru kt0 ry n anokompozi-
tu sa prejavila pri pouiiti laboratorne pripraven6ho kompati-
biliz6tora PP-g-DEM [23]. Podobnd Strukt{ra vznikla aj pri sle-
dovani  polypropyl6nu odkovan6ho male in anhydi ' idom
a plnen6ho montmorillonitom. Bola poWrdend vrstevnatd mik-
ro5truktura nanokompozitov plnenfch montmoril lonitom. Po-
rovnanim Strukt0ry plniva a nanokompozitu je vrstevnatd
Struktira plniva zachovand v dispergovanej forme v matrici
polypropylenu, ale sa zvtid5il i vzdialenosti medzi vrstvami
vplyvom interkalovan6ho ockovan6ho polypropylenu malei-
nanhydridom. Dispergovany stav bol poturden)i aj hodnote-
nfm TEM. Castice plniva tvoria vrstevnat[ Strukt0ru rozdis-
pergovanI v matrici polypropyl6nu [22].

Pr i  farbenI  nanokompozi tnfch polypropylenovych (na-
noPP) vlakien plnenfch modifikovanyim nanokaoi[nom (mon-
tmoril lonit, (OH)4sisAl4oro.nH20) sa farbivo ukladd v oblas-
tiach uriskytu nanoiastic v PP. Castice monmoril lonitu majI
tvar vlobiek men5ich ako dva mikr6ny a skladaju sa z vrstiev
o hr0bke blizkej jednemu nanometru. Vd'aka svojej chemic-
kej StruktLire je montmoril lonit hydrofi lnf a vo vodnom roztc-
ku l 'ahko napudiava. Pre dosiahnutie dobrej adh6zie s nepc-
l i i rnymi polym6rmi je  t reba tento minerdl  chemicky
modifikova{ kvart6rnou amonnou sol'ou. Elektrickf ndboj
kvarternej am6nnej soli plniva vytvdra vhodnf priestor na
tvorbu interakcil nanodastlc a kysllich farbiv. Pri pouZiti dis-
perznyich farbiv na farbenie nanokompozitnfch PP vldkien
vyfahovacfm postupom sa molekuly farbiva zabudoviivaju do
ich vrstevnatej Struktfry. Vyfarbenie nanokompozitnych PP
vldkien je ovplyviovan6 mnoZstvom nanodastlc, ich velkos-
tou a distrib0ciou v PP matrici.

Povrchovo aktivne kationy, ktor6 sa pouZivaji na modifi-
kdciu nano6astic, aktivujir miesta pre kysl6 farbiva pri far-
beni nanokompozitnfch PP vldkien vy{ahovacim sp6sobom.
Nanocast ice,  k tor6 m6Zu byt  zaveden6 do PP matr ice
rOznymi sp6sobmi (podas tavenia, rozp(Stacim procesom
za pomocl tepla alebo organickfch rozpriStadiel, mechanic-
kym zmesovanim za pou:it ia ultrazvuku alebo elektrick6ho
pol'a pri rovnomernej distribrcii v PP matrici). poskytuju che-
mickd alebo fyzikdlne vAzby pre farbivo z roztoku. Pri porri it i
kysllch farbiv je nanocastica nosicom afinity k farbivdrn. Na-
nodastica m6Ze rozvijat naboj skupiny alebo m02e ako fun'
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kind skupina viazat farbivo cez chemick0 alebo fyzikdlnu
vdzbu.

Nanoplnivd pouZfvan6 na zlepSenie vyfarbitel'nosti PP vla-
kien z k0pel'a musia splhat urdit6 poZiadavky. Nano6astice
musia byt stabiln6, musia si uchovat svoje vlastnosti pri ad-
sorpciifarbiva, musia by( odoln6 vodivlhkosti a podmienkam
pri farbeni. Nanodastice rozdispergovan6 vo vl6kne by mali
ostat stabiln6 a zachovat si schopnost viazat farbivo z roz-
toku aj pri vysokich teplotdch. Taktiez je dole2itd ich odol-
nost vo6i slabo kyslfm a zdsadit/m roztokom, UV Ziareniu,
oxidadno-redukdnf m dinidl6m, detergentom a textilnf m po-
mocnfm prostriedkom, ktor6 s0 daslimi zloZkami pri oper6-
cidch zo5l'achtovania textiln;ich materidlov. Dalej nesm0 pod-
liehat zmendm pri polymerizdcii ani pri extr0zii.
Z priemyseln6ho a komerdn6ho hl'adiska je d6leZit6, aby sa
dosiahla poZadovand sila vyfarbenia a eg6lne vyfarbenie,
ktor6 je zdvisl6 na rovnomernej distribfcii nanodastic v PP
matrici [20].
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SkriSobn6 metodv Testing

vat hodnotiaci subjekt v oblasti koloristiky, ak m6 dosahovat
kvalitn6 a reprodukovatelh6 Wsledky.

Osvetlenie vzorky pri hodnoteni stdlofarebnosti je druhfm
ddleZitl im faktorom, ktoni ovplyvriuje kvalitu vizuAlneho hod-
notenia. Rozli5ujeme dva zdroje osvetlenia:

l. umelli zdroj osvetlenia pri hodnoteni pomocou Special-
neho, pre tento idel vyvinuteho zdroja svetla s intenzi-
tou osvetlenia 600 lx alebo vdc5ou, napr. umel6 denne
svetlo Duu.

ll. prirodzenf zdroj (denn6 svetlo).
Podmienky hodnotenia s[ charakterizovan6 spravnym ulo-

2enim hodnotenfch vzoriek sprievodnlTch tkanin, povodnlch
vzoriek, siuj'ch stupnic, neutrdlnym prostredim v okolivzoriek
pre zamedzenie vplyvu podkladu na vfsledok hodnotenia.
V5etky tieto faktory ovplyvnuj0 vizu6lne hodnotenie stdlofa-
rebnost i .

1.2 Pristrojov6 hodnotenie st6lofarebnosti

Vykondva sa pomocou prlstrojov oznacovanych ako spek-
trofotometre alebo kolorimetre, schopnych merat vo viditel-
nej oblasti svetla, t. j . v rozsahu vlnovlTch dlZok 400-700 nm.

Spektrofotometrom sa meria refleKancia osvetlenej vzorky
v celom rozsahu spektra. SltiZia na fyzikdlnu analyzu farby.

Kolorimetrom sa meraj0 trichromaticke zlolky pomocou
troch filtrov, ktor6 s[ priepustn6 pre urcit0 oblast spektra. Slti-
Zia na psychofyzikalnu analyzu tarby. l2l

1.2.1 Stanovenie stupna zapustenia
Podstatou pristrojov6ho stanovenia stupria zapustenia, je

meranie farieb sprievodnlich tkanin, ktore boli podroben6
skuSke std lofarebnost i  v  kontakte so skt iSanou vzorkou
a sprievodnej tkaniny podrobenej sk0Ske stdlofarebnosti bez
skt5anej vzorky. Farebnd diferencia medzi nimi sa vypodi-
tava v jednotkdch CIELAB a prevedie sa na stupen s ive j
stupnice pre zapustenie pomocou rovnice.

' ! .2 .2 Stanovenie zmeny odt iena
Podstatou pristrojov6ho stanovenia zmeny odrieia jL. me-

ranie far ieb vzorky poCrobenej  skr iSke std lofarebnost i
a povcdnei nespi'accvanej vzorky .Pri obidvoclr vzorkdch sa
urcia s0raclnice CIELAB-L-(jas), C*Gb (chromaticnost), h"o (fa-
rebnf tdn). Pomocou s0stav rovnic sa vypoditaju diferencie
ClELab: AL*, AC*ab, AH""o a preved[ sa na stupne sivej stup-
nice [3].

Pre vyisledky pristrojoveho hodnotenia s[r dole2ite nasle-
dovne faktory:

1. typ geometrie osvetlenia,
2. druh pouZitriho svetla,
3. r:ozorovatel',
4. velkosf meracieho olvoru.

SKUSOBNE METODY HODNOTENIA STALOFAREBNOSTT
A POROVNANIE VYSLEDKOV HODNOTENI

Test methods for evalution of colour fastness and
comparison of the results

Pol ldkovd R.

VUTCH-CHEMtTEX, spot. s r.o., Zilina. Slovenskd republika, Autorizovand osoba SKTC-1 19,
Notifikovand osoba i. 1296, www.vutch.sk

1.  TEORETICKA CAST

Hodnotenie stdlofarebnosti sa vykondva dvoma sposobmi:
1.1 vizudlnym sp6sobom
1.2 pomocou pristrojov spektrofotometrov alebo kolorimet-

rov.

1.1 Vizu6lne hodnotenie

Vizudlne hodnotenie vykondva dlovek sdm ocami - bez
pomoci pristroja.

Toto hodnotenie sa vykondva v zmysle platnfch medzind-
rodnfch noriem radu ISO 105, konkretne pomocou normy
ISO 105-402: siv6 stupnica na hodnotenie zmeny odtieria
a normy ISO 'l 05-A03: sivd stupnica na hodnotenie zapfS-
tania. V5eobecn6 podmienky hodnotenia pomocou tejto me-
t6dy sri popisane v norme ISO 105-A01. Uveden6 normy boli
prevzat6 do s0stavy noriem EN a ndsledne aj do sustavy no-
riem STN, takZe sa v SFI oznaduju ako normy radu STN EN
r so  105  [ 1 ] .

Met6du vizudlneho hcdnotenia st6iofarebnosti ovplvvriu-
j[ tr i zdkla,ine faktory:

1. hodnotiaci subjekt clovek
2. zdroje osvetlenia pri hodnoteni.
3.  podmienky v izu6lneho hodnotenia
Hodnotiaci subjekt dlovek, zohrAva pri vizudlnom hodno-

teni najddleZitejSiu ri lohu. V prvom rade to musi byt clovek,
ktorl i md vel'mi dobrf rozli5ovaciu schopnost pri hodnotenl
farieb. Vzdelanie, prax a dobrd schoprrost rozli5ovat farby sri
trl bezpodmienecne potrebn6 faktory, ktonlmi musi dispono-

Obr, 1 Spektrototometer Ultrascan XE, pouiit! v rdmci rnerani std-
lo{arebnosti textilnlch vzoriek
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SkrlSobn6 met6dy

2. EXPERIMENTALNA EASi

Nakol'ko skuSky stdlofarebnosti patria medzi zdkladn6
skriSky pri hodnoteni poZadovanlich techn icklich parametrov
osobnfch ochrannfch prostriedkov (OOP) podlh eur6pskej
smernice 6. 89/686/EHS v rdmci experimentdlnej 6asti som
porovn6vala vlisledky ziskan6 na rovnakfch vzork6ch texti-
li l pomocou vizudlneho a pristrojov6ho hodnotenia pri nas-
ledovnfch podmienkach:
a) vizudlne hodnotenie sa uskutodnilo pri podmienkach de-

f inovanfch normou STN EN ISO 105-A01 pomocou
S-stupriovej sivej stupnice pre zapustenie pri osvetleni
Dur. Dosiahnut'i v'isledok je u.isledkom komisiondlneho
hodnotenia 3 sk0senfch pracovnfkov (ka2d1i z nich hod-
notil vzorky nez6visle od ostatnyich, samostatne, aby ne-
dochddzalo k ich vzdjomn6mu ovplyviovaniu).

b) pristrojov6 hodnotenie sa uskutodnilo na pristroji Ultras-
can XE s geometriou d/8", zdrojom osvetlenia D65 a
10" pozorovatelbm pri pouZiti zorn6ho pola s priemerom
16 mm (4). Kone6n6 uisledky boli vypo6itan6 ako prie-
mernd hodnota zo 7 merani. V tabulkdch d. 1. 2 a 3 s0

- uvedend uisledky ziskan6 pri oboch typoch hodnotenia.
Dal5ou z moinosti, ako porovnat uisledky vizudlnych me-

t6d hodnotenia s u.isledkami ziskanfmi pomocou pristrojo-
47ch merania tieZ spolhhlivost zfskanlch uisledkov, s0 me-
dzilaborat6rne porovndvacie sk[Sky (dalej MPS).

Pravidelne sa vo svojej odbornej prdci minim6lne Styri kr6t
rodne zapdjame do medzindrodnlich MPS stdlofarebnosti,
ktord organizuje v r6mci medzin6rodn6ho zdruZenia OfO-
TEX skri5obnf 0stav TESTEX, Z0rich pre takmer 30 sk0Sob-
nfch laborat6rii na celom svete.

Sk05obn6 laborat6rid, ktor6 bez probl6mov absolvujti v5et-
ky sk0Sky st6lofarebnosti MPS v prisluSnom kalenddrnom ro-

Tabulka 1 Vlsledky hodnotenia zapustenia sprievodnej bavlnenej
jednovldkennei tkaniny podrobenej skriSke podla normy
STN EN ISO 105-E01 (stdlofarebnost vo vode)

Vzorka textflie podrobend Vizudlne
skt5ke st6lofarebnosti hodnotenie
vo vode podl'a normy v stupioch sivej
STN EN ISO 105-E01 stupnice

Pristrojov6
hodnotenie
v stuprioch

sivej stupnice

cervena
oerna

Tabulka 2 Vfsledky hodnotenia zapustenia sprievodnej bavlnenej
jednovldkennej tkaniny podrobenej sk0Ske podlh normy
STN EN ISO 105-X12 (st6lofarebnost pri oderoch)

Testing

Tabulka 3 Vfsledky hodnotenia odtieia vzorky tkaniny podrobenei
skfSke podlh normy STN EN ISO 105-C06 (st6lofareb-
nost pri pranf)

Vzorka textllie podrobenii Vizudlne Pristrojov6
skiske st6lofarebnosti hodnotenie hodnotenie
pri prani podlh normy v stupioch sivei v stupioch
STN EN ISO 105-C06 stupnice sivej stupnice

6ervenil
6ierna
zelend
hnedii
modrd

altat

ku, dostanu po vyhodnotenivfsledkov certifik6t o rispesnom
absolvovani MPS za prisluSnf rok. SkriSobn6 laborat6rid
VUTCH- CHEMITEX, spol. s r.o., Zilina s0 od roku 2000 pra-
videlnf mi drZitel'mi certifikdtov za uspeSn6 absolvovanie sk0-
Sok st6lofarebnosti v kaZdom kalend6rnom roku.

3. ZAVER

V r6mci porovn6vania qisledkov vizudlneho a pristrojov6-
ho hodnotenia stelofarebnosti bolo zisten6:

- pri hodnotenlzapustenia sprievodnfch tkanin je rozdiel
medzi oboma typmi hodnotenilen 0,5 stupia sivej stup-
nice, pri6om vizudlne hodnotenie je prisnej5ie ako pris-
trojov6 prdve o t[to hodnotu

- pri hodnotenizmeny odtieia je rozdiel medzi vizu6lnym
a pristrojon-im sp6sobom v rozmedzi od 0,5 do 1 stup-
na sivej stupnice, pridom rozdiely o 1 stupei sivej stup-
nice sa stanovili pri odtierioch hnedosivej a sivej farby,
ide o tzv. neutr6lne farby

- pri vizu6lnom aj pristrojovom meranije mo2n6 dosiah-
nut rovnak6 a spol'ahliv6 qisledky hodnotenia. Rozdie-
ly prezentovanfch vlisledkov s0 v rdmci v5eobecne sta-
novenej a akceptovanej chyby merania, ktord je 0,5
stupia sivej stupnice

- vizudlne a pristrojov6 hodnotenia sa m62u vzdjomne
doplfrat a m6Zu shiZit ako referendn6, resp. kontroln6
met6dy

- vyu2itim porovn6vania uisledkov hod noten ia stdlofareb-
nosti textiliivizudlnou met6dou s u.isledkami ziskanfmi
pomocou pristrojov a n6slednou lspeSnou 06astc,u
v medzilaborat6rnych porovndvacich skriSkach zlskava
kolorista istotu, prax vo vyhodnocovani st6lofarebnosti,
ale tieZ potvrdenie o spol'ahlivosti ziskanych vrlsledkov
a teda v konednom d6sledku i kvalite svojej pr6ce.
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