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Slovo ¢itatelom

Redakcia ¢asopisu Vidkna a textil tak ako mnoho inych redakcii odbor-
nych periodik sa zaobera redakénou a zostavovatelskou pracou, ktora sa
tyka vyberu, odborného zostavenia a redakéného spracovania publikacii su-
borného charakteru.

Hlavny déraz sa kladie na pévodné vedecke prace. Tieto prace zverej-
Auju originalne vysledky viastnej prace autora, alebo autorského kolektivu.
MbéZu to byt tiez syntetizujice vedecké prace. Pévodné vedecké préace st
v Casopise Vlakna a textil napisané vacsinou v anglickom jazyku. St inde-
xovane v piatich abstrahujucich tituloch, ktoré su uvedené na prednej stra-
ne obalky tohto ¢asopisu. To je prileZitost na informovanost a prepojenie do
odborného sveta. Ku kazdej anglickej publikacii je uvedeny abstrakt v slovenskom, alebo ¢eskom ja-
zyku. Niektoré anglické ¢lanky su uvedené v skratenej verzii tiez v narodnom jazyku podla rozhodnu-
tia autora.

Redakcia ma trvalt snahu zvySovat Groven ¢asopisu nielen po odbornej, ale aj po jazykovej stranke.
Z tychto dévodov anglické texty podliehaju jazykovej korekture rodenym hovorcom a robi sa recen-
zia.

V Casopise Vlakna a textil st zverejnované tiez odborné, prehladové a hodnotiace préce, ktorych
spracovanie si vyZaduje vysokl odbornu kvalifikaciu autorov. Sumarizaéné prace sa vyznacuju vyso-
kym stupfiom originalnosti, pretoZe sustredenim prevzatych a citovanych informéacii vytvaraju novu
kvalitu. Odborné, prehladové a hodnotiace prace su zvacsa v narodnom jazyku.

Redakcia prijima tiez prace, ktoré popularnym spdsobom spristupnuju SirSej odbornej verejnosti
vysledky vedeckovyskumnej a technickej tedrie a praxe, prace oznamovacieho charakteru a pod.
V Casopise sa uverejiuju aktualne informacie z vedeckovyskumnych a vyvojovych pracovisk a
z priemyselnej praxe. Informacné podklady dodavaju pracoviska samy.

Redakcia zadeluje ¢lanky do rubrik podla typologického hladiska a tématického zamerania.
S ohlasom Citatelov sa stretava rubrika ,Z konferencii”. Poskytuje hlavné informéacie z medzinarodnych
konferencii a cestu k ziskaniu dalSich informacii, ak Citatel prejavi zaujem.

Az do minulého roka bola v Casopise VIdkna a textil stala rubrika Zo zahraniénych ¢asopisov. Dnes.
ked' prevlada priamy pristup do kniZnic cez internet sa tato rubrika pravdepodobne uz nebude robit.
Na tomto mieste si dovolujem Citatelov upozornit, Ze nas ¢asopis od minulého roka najdu tiez na in-
ternetovej adrese www.stuba.sk.

Priestor v Casopise Vlakna a textil je vymedzeny aj laudacii vyznamnym oscbnostiam v odbore ché-
mia a technolégia vlakien, textilu a polymérnych materialov pri prilezitosti ich Zivotnych jubilei.

Na zaver si dovolim ponuknut miesto v Easopise Vldkna a textil na reklamu pre vetkych zaujem-
cov, ktori chct propagovat svoje vyrobky, technoldgie a iné €innosti z odboru.

Doc. Ing. Anna Murarova, PhD.
Zastupca redaktora
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HOLLOW PET FIBRES AND THEIR DEFORMABILITY

Murarova A.', Rusnak A.", Jambrich M.?

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

2 University A. Dub&ek in Trenéin, Faculty of industrial technologies,
T. Vansovej 1054/45, 021 32 Puchov, 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. If 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, [1, 2, 3, 4, 5, 6, 7].

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

Sample Fibre Linear weight
profile dtex
1 O non-hollow 7.2
2 one-hollow Q 8,8
3 2] four-hollow (‘;i 8,8
4 ten-hollow (.. 9,7

Vidkna a textil 12 (1) 3-6 (2005)

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
cutting on parafine carrier in sank microtom. Fibre
micro-cuts of 2-8 um 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
500g/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 compressibility

Compressibility of nonwoven fabric layer during con-
stant compression of 1 kPa for a period of 5 hours is
expressed by compressibility coefficient K, [1] according
to the following relation:

Ks=(h = hg)/h (1)

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

Thermal resistance
Thermal resistance of nonwoven fabric composite

3
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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:

rs= [(r = ry).100]/r (2)

where r — thermal resistance of textile layer [m*KW™],
r,—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 profiles: A — one-hollow, four-hollow, ten-hollow and
non-hollow cross-section profile, B — longitudinal profile of
one-hollow, four-hollow, ten-hollow and non-hollow fibre in
polarized light of microscope

Textile materials

Hollows in longitudinal direction are highlighted in pola-
rized light of microscope. These hollows-channels are
connected with a uniform thickness of about 2 um and
prevailing linear 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:

Py = (S4.100)/S, (3)

where S, — area of fibre in cross-section [mm?, S, —
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:

£ = (8,.100)/e, (4)

where ¢, — elastic deformation [%], . — 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 hollow PET fibres with different profile

non-hollow one-hollow four-hollow ten-hollow

profile profile profile profile
£ %o 8.5 8,2 8,4 7.4
£, % 1,6 1.9 2,0 1,8
£ Yo 2,3 2,8 2,0 2.2
&y % 2,6 3,5 4.4 34
e, % 24,6 23,2 23,8 243

Fig. 2 Level of elasticity £° in dependence on ratio of hollow area P,
in PET fibres

Vidkna a textil 12 (1) 3-6 (2005)
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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 mostidentical in " 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 mability 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. It 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 ¢” 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. In 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-

Vidkna a textil 12 (1) 3-6 (2005)
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Fig. 3 Dependence of thermal resistance difference r, on com-
pression coefficient K

en ¢” 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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Duté PET vilakna a ich deformovatelnost

Translation of abstract:
Hollow PET Fibres and Their Deformability

Duté PET vlakna, ktoré su predmetom skimania v tejto praci obsahuju 1 a viac dutin vo svojom objeme. Tieto
dutiny dosahuju hrabku aZ 10krat mensiu ako je priemer vidkna a dizku majti zhodnu s dizkou vidkna. V pozdiznom
smere su dutiny — kanaliky paraleiné s hlavnou osou vlakna. Takato makromorfologicka Struktura viakna sa méze
vyuZit na regulovanie a optimalizaciu mechanickej deformovatelnosti elementarnych viakien a textilnych struk-
tur zlozenych z tychto vlakien vzhladom k tepelnému komfortu.
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YARN STRENGTH AS A FUNCTION OF GAUGE LENGTH
A CRITICAL REVIEW

Dipayan D.

Department of Textile Structures, Textile Faculty, Technical University of Liberec,
Hélkova 6, 461 17, Czech Republic, E-mail: dipayan.das@vslib.cz

This review paper summarizes some of the interesting imaginations, concepts, and relations
regarding yarn strength dependence on gauge length. It 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 different 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 (“links") 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,
itis understandable that a longer yarn specimen is we-
aker than a shorter specimen. Besides Peirce, seve-
ral textile researchers, Kapadia [2], Kausik, et al. [3], and
Hussain et al. [4], to name a few, have also agreed abo-
ut the existence of the weakest links in yarns.

2.2 Distributions of Strengths along Yarns

2.2.1 Independent Strengths
It is sometimes hypothesized that the strengths of

Vidkna a texiil 12 (1) 119-123 (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 affect 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 short
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,/,) of the stren-
gth of the shorter specimen of length /; by the following
expression

F(S.1)=1-[1-F(S.1,) ] (1)

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

f{_S,!)z%f(S,I)ﬁ—F(S,,‘U]JF‘ 2)
0

However, Knox & Whitwell [6] and Realff, et al. [7]
have statistically observed that the independent wea-
kest link hypothesis is not appropriate for cotton yarns.

2.2.2 Dependent Strengths

Sometimes it is considered that the breakage of one
short specimen affects the breakage of other short spe-
cimens. This means that the strengths of successive
short specimens along a piece of yarn are dependent.

Spencer-Smith [8] 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 irregularities
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 along length of yarn.)
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Fig. 1 Yarn strength correlograms [11]

Later on, Neckar & 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 pg(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 [11].

2.3 Frequency Distributions of Strengths

2.3.1 Gaussian Distribution

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-
evisev, et al. [12], conducted 500 strength measure-
ments on ring and rotor yarns with different counts each
at a 500 mm gauge length and on the basis of a %2 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 Weibullian Distribution

An attempt was made by Realff, et al. [7], 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

8
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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 Distribution

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 product, the distri-
butions were adequately represenied by the Pearsonian
types of curves, namely types |, lll, and IV. (Here it is
remarked that the normal distribution is known as a
“zero” type Pearsonian distribution.) He thus concluded
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: fiber breakage and fiber slippage [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
multiplier to 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. [7], 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 well
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 properties are also
playing significant roles in determining the strength of
yarns at different gauge lengths, as reported by Pere-
pelkin et al. [17]. They reported that the role of fiber

Viakna a textil 12 (1) 7-12 (2005)
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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).

T A
o) =)
g g
— —
- >
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 madel
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 /, are independent,
and the 3) strengths of those specimens follow Gaus-
sian distribution, he obtained the following approxima-
te relations

§*=5+a20[(1/1,)" 1] (3)

T = Us("/!o]_us (4)
where S* and S are the mean strength values corres-
ponding to the gauge lengths / and Iy ( >1;), respective-
ly; og- and og are the standard deviations of strength
corresponding to the gauge lengths / and /,, respective-
ly. These relations, however, do not correspond well to
the reality, as reported 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. [7]. 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, Neckar & Das [10] experimentally pro-
ved that Peirce’s assumption of strength independen-
ce was incorrect; to the 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 [8]. His model will 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 /; and strength S;,5,,K, S, K,Sy where S; is
the strength of the /" fracture zone and S, is the mean
strength of these fracture zones. If a section longer than
a few fracture zones, e.g., a section comprising g frac-
ture zones, is stretched, then the strength of the adja-
cent fracture zones in this section will be S;;,S;,.K, S,
where | 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 S;i,. When si-
milar section comprising g fracture zones is considered,
this section is referred by m, and the strength of this sec-
tion is expressed by the symbol S, mn. The mean of
those minimum strength values, if the n sections are
broken, will be S, min, @nd naturally this value will be
smaller than Sy. The difference between the overall
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mean strength of the fracture zones and the mean of the
minimum values for the sections comprising the g frac-
ture zones will take the following form

5,-3

nigymin

(5)

where w(qg) 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, o; is the va-
riance of the strength of all the fracture zones in the
yarn, and R(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.

=w(q)o,R(q)

2.6.3 Neckar's model

Neckar [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 [11]. 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-
racteristics in order to predict the basic statistical
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 Neckar's and Peirce’'s models on the basis of
actual (experimental) strength-length behavior is shown
in Figure 3.

4254
Sy

4.00 - Experimental

Neckaf’s model
3.754

3.50 1

Peirce’s model

3.25 1

3.00 =

N e e [ I B [
0 100 200 300 400 500

I

-~ [mm]
Fig. 3 Avreage strenght S* versus gauge lenght / in 20 tex cotton
carded compact yarn with 977 tmp [11]

10

Textile materials

2.6.4 Mark’s finding
Mark [24] proposed the following empirical strength
relation between shorter and longer specimens
§*=8-TGlog,(//1,) (6)
where S* and S are strengths measured at gauge len-
gths / and Iy, respectively, T 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

Sy = EM® (7)

where M denotes the order of multiple lengths (1 foot
long multiples) forming various test specimens, Sy, is the
corresponding strength, £ and F are the two constants.

2.6.6 Sippel's finding

On the basis of experimental observations, Sippel [25]
proposed the following empirical relation

(8*=S,) " =(S,~S.) +HI (8)

where S, 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’ ohservations
Zurek and his coworkers [26, 27] reported the fol-
lowing empirical relation

s~=s,{1-3.641-[1—[m, )’JI} 9)
where S* denotes the strength of the longer specimen
of length/, S; indicates the strength of the fracture zone
of length /,, and v is the coefficient of the variation of the
yarn'’s linear density. Using some approximate relatiors
for the theoretical evaluations of S;, v, and /,, they de-
termined theoretical strength 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.

Vidkna a textil 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. [4], presented the following power-law
relation
§*=T[C+A(1+D)”] (10)
where S* represents yarn strength measured at gauge
length /, T 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.

4. REFERENCES

1 Peirce, F. T. 1926, ‘Tensile Tests for Cotton Yarns v. The
Weakest Link Theorems on The Strength of Long and
Composite Specimens’, Journal of Textile Institute, vol. 17,
pp. T 355-T368.

2 Kapadia, D. F. 1935, 'Single-Thread Strength Testing of
Yarns in Various Lengths of Test Specimen’, Journal of
Textile Institute, vol. 26, pp. T242-T260.

3 Kausik, R. C. D., Salhotra, K. R. & Tyagi, G. K. 1988,
‘Influence of Extension Rate and Specimen Length on
Tenacity and Breaking Extension of Acrylic/Viscose Rayon
Rotor Spun Yarns', Textile Research Journal, vol. 59, pp.
§7-100.

4 Hussain, G. F. S., Nachane, R. P., Krishna lyer, K. R. &
Srinathan, B. 1990, ‘Weak-Llink Effect on Tensile Properties
of Cotton Yarns’, Textile Research Journal, vol. 60, pp. 69—
77.

5 Neckaf, B. 1998, Morphology and Structural Mechanics of
General Fibrous Assemblies (Czech), Technical University
of Liberec, Czech Republic.

6 Knox, L. J., Jr. & Whitwell, J. C. 1971, 'Studies on Breaking
Stress Distribution, Part I: The Weak-Link Theory and
Alternate Models', Textile Research Journal, vol. 41, pp. 510~
617.

7 Realfe, M. L., Seo, M., Boyce, M. C., Schwartz, P. & Backer,
S. 1991, 'Mechanical Properties of Fabrics Woven from Yarns

Vidkna a textif 12 (1) 7-12 (2005)

10

11

12

13

14

15

16

17

18

19

20

21
22

23

24

25

26

27

28

Textile materials

Produced by Different Spinning Technologies: Yarn Failure
as a Function of Gauge Length’, Texiile Research Journal,
vol. 61, pp. 517-530.

Spencer-Smith, J. L. 1947, ‘The Estimation of Fiber Quality',
Journal of Textile Institute, vol. 38, pp. P257-P271.
Turner, A. J. 1928, Journal of Textile Institute, vol. 19, pp.
T280-T314.

Neckaf, B. & Das, D. 2003, "Yarn Strength as a Stochastic
Process', Textile Research Journal (Communicated).

Das, D. 2005, Yarn Strength as a Stochastic Process, Ph.D.
Thesis, Technical University of Liberec, Czech Republic (To
be submitted).

Truevtsev, N. N., Grishanov, S. A. & Harwood, R. J. 1997,
‘The Development of Criteria for the Prediction of Yarn
Behavior under Tension', J. Textile Inst., vol. 88, part 1, no.
4, pp. 400-414,

Perepelkin, K. E. 1991, 'Complex Evaluation of the Quality
and Load-Bearing Capacity of Yarns during Production and
Processing', Fibre Chem., vol. 23, pp. 115-133.
Pozdniakov, B. P. 1978, Methods of Statistical Control and
Investigation of Textile Material, Light Industry, Moscow,
USSR.

Kapadia, D. F. 1934, ‘Studies in the Sample of Yarns for
the Determination of Strength Property Part |-Frequency
Curves of Strength Tests by Single Thread, Lea, and Ballistic
Methods of Testing', Journal of Textile Institute, vol. 25, pp.
T355-T370.

Hearle, J. W. S. 1989, 'Mechanics of Yarns and Nonwoven
Fabrics' in Textile Structure Composites, ed. T. W. Chou &
F. K. Ko, Elsevier Science Publishers B. V., Amsterdam.
Perepelkin, K. E., Shkolyar, M. S., Dune, |., Rozhkov, N.
N., & Karpuklin, L. N. 1987, ‘Evaluating the Scale Effect
During the Mechanical Testing of Industrial Filament Yarns',
Khim. Volok., vol. 28, pp. 47-48.

Hearle, J. W. S. & Thakur, V. M. 1961, 'The Breakage of
Twisted Yarns', Journal of Textile Institute, vol. 52, pp. T149-
T163.

Hansen, S. M., Rajamanickam, R. & Jayaraman, S., 1998,
‘A Model for the Tensile Fracture Behavior of Air-Jet Spun
Yarns', Textile Research Journal, vol. 68, pp. 654-662.
Radhakrisnaiah, P. & Huang, G. 1897, 'The Tensile and
Rupture Behavior of Spun Yarns Representing Different
Spinning Systems’, Papers of the 10th EFS® System
Research Forum, North Carolina, USA.

Meredith, R.1948, Journal of Textile institute, vol. 37, p. T205.
Morton, W. E. & Hearle, J. W. S. 1992, Physical Properties
of Textile Fibers, Buttorworths & Co. (Publishers) Ltd., The
Textile Institute, Manchester, UK.

Zurek, W. 1975, The Structure of Yarn, The National Center
for Scientific, Technical, and Economic Information, Warsaw.
Mark, H. 1932, The Physics and Chemistry of Cellulose, J.
Springer, Berlin.

Sippel, A. 1958, Faserforschung und Textiletechnik, vol. 9,
p. 163.

Zurek, W., Malinowski, L. & Plotka, E. 1976, ‘Analytical
Technological Method of Prediction of Strength and Breaking
Strain of Cotton Yarn', Papers of The Technical University
of Lodz, vol. 33, pp. 62-73.

Zurek, W., Frydrych, |. & Zakrzewski, S. 1987, 'A Method of
Predicting the Strength and Breaking Strain of Cotton Yarn',
Textile Research Journal, vol. 57, pp. 439-444,

Frydrych, 1. 1992, ‘A New Approach to Predicting Strength
Properties of Yarn', Textile Research Jeurnal, no. 82, pp.
340-348.

Received: January 2005

11



Textilné materialy Textile materials
Pevnost prize jako funkce upinaci délky — kriticky prehled

Translation of Abstract:
Yarn strength as a function af gauge length - a critical review
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EVALUATION OF THE ELASTIC BEHAVIOUR
OF KNITTED FABRIC
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2 Technical University of Gabrovo, Bulgaria
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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. In 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.

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 a fabric’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 mechanical mo-
del, all 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. It 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 a very important property of yamn. The

Vidkna a textil 12 (1) 13-17 (2005)

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,
2], 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 itis 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]. In [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 sufficient 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 £ 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

13
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elasticity belongs among the interesting relations. Pac-
king density changes the majority of a fabric’s proper-
ties. It may be described, for example, in the simplest
way by the ratio of stitch length and yarn diameter //d.
When we find the optimum //d from 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 affected 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.

b1) 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-
tions (chapter 3.1).

3. EXPERIMENAL

3.1 Yarn deformation

Spun yarn made from polyacrylic fibres, of a linear
density of T = 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
4411 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
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Table 1 Yarn deformation.

. v Cycle Hysteresis
Experiment (mm s (mm) %]
Y1-10 5 0-10-0 363
Y1-20 5 0-20-0 723
¥1-30 5 0-30-0 799
Y1-40 5 0-40-0 828
Y1-80 5 0-80-0 Break
Y2-10 05 0-10-0 527
Y2-20 05 0-20-0 734
Y2-30 05 0-30-0 824
Y2-40 05 0-40-0 852
Y2-80 05 0-80-0 Break

load of approximately. 5 N, which corresponds to an
elongation of 25-30 %. The maximal breaking 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 I. “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

Pl
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Fig. 1 Yarn deformation, v = 5 mm s™ (Experiments Y1),
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Fig. 2 Yarn deformation, v = 0.5 mm s~ (Experiments Y2).
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Fig. 3 Effect of yarn elongation on cyclic hysteresis.

s till it reaches a displacement of 30 mm (on a test len-
gth of 200 mm, itis 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 —Chapter 3.2).

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 specification:

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-

o I
/1/)/W I
N
1 (/

150 200
Displacement [mm] —>

Fig. 5 Dry relaxed, course direction (fabric F1¢-09 — F1c-16).
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mation compared with an ordinary breakage test, the

following experiment was used:

1. The width of the samples was in all cases related to
the number of yarns bearing the load. It 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
20% 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
equal 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 ~ 18 mean the stitch cam position during
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Fig. 4 Dry relaxed, wales direction (fabric F1w-09 — F1w-18).
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Fig. 6 Wet relaxed, wales direction (fabric F2w-09 — F1w-18).
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Table 2 Fabric specification: stitch lengths /, speeds v and hysteresis.

Stitch length v : Hysteresis . Hysteresis
(mm] (mm/s] Fabric (%] Fabric [%]
9.4 0.9 Fiw-09 74.8 F2w-09 73.6
10.8 1.0 Fiw-10 75.4 F2w-10 76.1
12.1 1.1 Flw-11 76.6 Faw-11 76.9
13.4 1.2 Fiw-12 77.0 Faw-12 77.3
147 1.3 Flw-13 77.3 Faw-13 77.2
16.0 1.4 Flw-14 76.7 Faw-14 77.4
17.3 1.5 Fiw-15 76.5 Faw-15 77.2
18.7 1.6 Flw-16 76.0 F2w-16 7741
21.3 1.8 Flw-18 76.5 Fow-18 76.1
9.4 1.8 F1c-09 76.0 F2c-09 74.9
10.8 2.0 Flc-10 79.0 F2c-10 80.5
12.1 2.2 Flc-11 81.9 F2c-11 81.7
13.4 2.4 Flc-12 82.4 F2c-12 83.4
147 2.6 Flc-13 82.4 F2c-13 83.2
16.0 2.8 Fic-14 82.8 F2c-14 83.2
17.3 3.0 Flc-15 77.1 F2c-15 83.0
187 3.2 Fic-16 82.4 F2c-16 83.2
21.3 3.6 Flc-18 82.3 F2c-18 82.9
knitting. The hysteresis was calculated using INSTRON 4. DISCUSSION
and was checked numerically from the results.
Some examples of selected results are in Figs.4and  Yarn:

5 for dry relaxed fabric and Figs. 6 and 7 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
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Fig. 7 Wet relaxed, courses direction (fabric F1c-09 — F1c-18).
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Fig. 8 Effect of stitch length on fabric hysteresis.
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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 fibres. 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 10% of
the deformational energy is elastic.

Fabric:

Description of results: the energy losses of all the
possibilities measured are surprisingly high and, from
a stitch length of about 12 mm, relatively stable. It 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 /f
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-
nal friction in the fabric on a uniaxial load. The “internal
friction”, connected with the yarn deformation (bend,
cross-section change, axial elongation), is caused first
of all by the yarn-to-yarn slippage in the crossing points
(“binding points”) and by the fibre-to-fibre slippage. The
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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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Hodnoceni elasticity zataznych pletenin

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

Deformaéni vlastnosti plosnych textilii se zpravidla experimentalné hodnoti méfenim pevnosti a taznosti napf.
podle evropské normy EN ISO 13934-1. Jedna se o vlastnosti sice dllezité, pfedevsim u technickych textilii,
nicméné odévni textilie se pii pouzivani pfetrhnou zfidkakdy. Na druhé strané charakteristika elasticity pleteniny
resp. jejiho deformacniho chovani pfi malé deformaci je velmi vyznamna. V pfispévku je uveden pomérné novy
zpusob méfeni cyklické deformace pleteniny pfi malém zatiZzeni, doplnény hodnocenim energetickych zmen.
Pouzita byla hladka jednolicni pletenina v Sirokém rozsahu pomérného zapinéni (hustot).
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REPLACEMENT OF DISPERSE DYES BY ACID DYES
IN THE PROCESS OF DYEING POLYAMIDE KNITWEAR
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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., Vrbové, 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.

1. INTRODUCTION

It is easier to dye polyamide fibres (PA) than other
synthetic polymer fibres. 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,
itis 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 fibres 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.
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From a chemical point of view, these are azo, anthra-
chinon and diphenylamine derivatives. Dyeing is per-
formed with a pH value of 5.5-6 (a weak degree of acid)
at a temperature of 80-90 °C and last for 3060 minutes
in the presence of dispersed and equalizing tensides.
[1.2]

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 hydrophobic fibres, they
have to possess an adequate degree of hydrophabia (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.l. 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 Inter-
national Association for Research and Testing in the
Field of Textile Ecology, EU Instruction 2002/371/EC
and Document No. CEN/BT/WG 132 of the European
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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 3.5-7 (degree
of acid) at a temperature of 98—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 fibres with metallic 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 levelling 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

allergens
C.l. Name C.l. No.

C.l. Disperse Blue 1 C.l. 64 500
C.l. Disperse Blue 3 C.l. 61 505
C.l. Disperse Blue 7 C.l. 82 500
C.l. Disperse Blue 26 C.l. 83 305
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.I. Disperse Orange 1 C.l. 11 080
C.|. Disperse Orange 3 C.l. 11 005
C.l. Disperse Orange 37 = 76 C.l. 11132
C.l. Disperse Red 1 c.l. 11 110
C.|. Disperse Red 11 C.l. 62 015
C.l. Disperse Red 17 C.l. 11 210
C.l. Disperse Yellow 1 C.l. 10 345
C.l. Disperse Yellow 3 C.l. 11 855
C.l. Disperse Yellow 2 C.l. 10 375

C.l. Disperse Yellow 39
C.l. Disperse Yellow 49

Vldkna a textif 12 (1) 18-24 (2005)
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er the inherent unevenness of PA fibres and their high-
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., Vrbové, 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 composition

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

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 IN WKB knitwear were dyed in the laboratory
using particular dyes that have low concentrations:
Nylosan Yellow E-2RL from 0.05 to 1.00%; Nylosan
Red E-BNL from 0.04 to 0.67% and Nylosan Blue E-BL
200 from 0.02 to 0.40%. The laboratory dyeing was re-
alized in the colouristic laboratory at Technopol Trikota
Inc., Vrbové, 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, Niederhasli/Zlrich, 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 presence of ammonium sulphate with a con-
centration of 1g;’dm3, and the Rucoegalisier POS level-
ling agent (Graph 1).

100°C | _ ’

2,0 °/min ’

30275 |min |

chemicals + dye |

Graph1 Development of time-temperature relationship of dyeing

of PA knitwear with acidic dyes
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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 Incorporated, Grandville,
Michigan. Graphs 2-5 show the above-mentioned
measured function of K/S upon the wavelength A for
different concentrations of the three dyes tested. The
function of K/S was determined according to (1):

K_(1-p)
T (1)

where K is the coefficient of the absorption of light, S is
the coefficient of the dispersion of light and gis 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 applied
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):

At Y (act Y (aH*Y

e 15 (52 ()

where S;, Sg, Sy are the lengths of sections on the col-

our-coordinate axes. /, ¢ are factors of the weight (/ = 2,

¢ =1). AL*is the contribution to the brightness, AC* is

the contribution to the colour saturation, AH* is the con-

tribution to the colour tone from the total colour differ-
ence of AE e 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 if AE,c < 1.596, and

(2)
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does not comply if AEqyc > 2.016 and reaches a limit if
AEcyc € (1.596; 2.016). If the colouring does not coin-
cide with the purpose, itis 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 =
Slovak Technical Standards), in water (STN EN 105-
EO01), 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
Inc., Vrbove).

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 2003
shades were proposed to be applied to the Color Sys-
tem software. The value of the colour difference AE e
and its contribution to proposed samples are shown in

Table 2 Value of colour diference DEgyc calculated by the CMC
method with the use of the tolerance factor 1.68 for
particular samples in comparison to proposals

AECMC AL* AC* AH*
N-Sandstone 6
1 does not meet 213 -0.07 114 1.79
requirements
1-01 meets requirements 0.76 -0.17 074 0.09
1-02 meets requirements 0.38 -0.30 -0.16 0.15
N-Duck Egg 2003
2 meets requirements 1.02 -0.07 -0.18 1.00
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Tab 2. As table 2 shows, the value AE¢yc 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-
sitions, the determined value 4E.y, belongs to the
mentioned tolerance; therefore, the compaositions 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 sample 1-02
with the lowest value 4Eqy: = 0.38

Accompanying weaves

Colour-fastness Sample PA ool
in water 5 5 5
while acidic 5 5 5
sweating alkaline 5 5 5
washings 5 4.5 5
dry wearing 5 5 (cotton)

Note: Colour-fastness of the sample 2 is identical to the sample
1-02 shown in Tab. 3.

Vidkna a textil 12 (1) 18-24 (2005)
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Graph4 Function of K/S on the wavelength 4 for different
concentrations of Nylosan Blue E-BL 200 dye

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

The results of the colour-fastness tests of samples 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 perspiration and in
domestic and commercial washing 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 4"-5" degree on a grey scale.

Table 4 shows the costs associated with the con-
sumption of dyes and levelling agents 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 costs connected with the consump-
tion 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).

Odisperse dyes
Hacid dyes

(SK]

-
Sandstone 6 Duck Egg 2003

Graph5  Comparison of costs connected with the consumption
of dyes and chemicals during the process of dyeing with

disperse and acid dyes
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Table 4 Calculation of costs connected with the consumption of dyes and chemicals in dyeing manufacture

i ncrrd Price [Sk] Materials Price [Sk] Price [Sk]
aisrias Sandstone 6 Sandstone 6 Duck Egg 2003
Kappawet LFE 396.0 Kappawet LFE 396.0 396.0
Slovasol 2520/2 145.5 Rucoegalisier POS 1288.0 1288.0
Alfonal KSM 305.4 Ammonium sulphate 225 225
Ostacet Yellow P2G 47.5 Nylosan Yellow E-2RL 174.8 46.6
Ostacet Red P2G 5.8 Nylosan Red E-BNL 162.4 35.8
Ostacet Blue P3R 26.3 Nylosan Blue E-BL 200 167.0 161.0
Ostacet Brown PN 180% 222.4
Tubingal 220 193.8 Tubingal 220 193.8 193.8
Acetic acid 7.4
2z Sk 135041 Y Sk 24043 21437
Total costs calculated Total costs calculated
for 1 kg 5.4 for 1 kg 9.6 8.6

of dyed material

of dyed material

5. CONCLUSION

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. It is recommended to
use them in the process of the dye manufacture of PA
knitwear in Technopol Trikota, Inc., Vrbové.
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Nahrada disperznych farbiv kyslymi farbivami pri farbeni
polyamidovych pletenin

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

1 Uvod

Polyamidové (PA) vlakna sa v porovnani s ostatnymi viak-
nami zo syntetickych polymérov farbia lahsie. Obsahuju to-
tiz vo svojej molekule kyslé —COOH aj zasadité —NH, sku-
piny schopné viazat farbivo avyznaCuju sa vySSou
navihavostou nez ostatné vyslovene hydrofébne syntetické
vldkna. Problémom, s ktorym sa u PA materialov ¢asto stre-
tavame je pruhovitost vyfarbenia zapricinena afinitnymi ne-
rovnomernostami vlakna. Preto je potrebné starostlivo vybe-
rat farbivd, ktoré su schopné tito nerovnomernost kryt.
V tomto smere vyhovuju najma farbiva disperzné, vybrane
kyslé a v mensej miere kovokomplexné 1:2. [2] Najpriaznivej-
Sie vysledky, ¢o sa pruhovitosti tyka, sa dosahuju disperzny-
mi farbivami. Vyhodna je aj ich cenova dostupnost. Mozno
ich vSak pouzit len na farbenie svetlych a strednych odtienov,
pretoze sa vyznacuju nizsim stupnom stalofarebnosti za mok-
ra a z nej vyplyvajlicou humanno-ekologickou zavadnostou.
Naviac mnohé z nich su klasifikované ako kontaktné alergé-
ny. Preto je tendencia postupne obmedzovat pouZitie disper-
znych farbiv a nahrddzat ich inou skupinou farbiv.

2 Teoreticka cast
2.1 Farbenie PA viakien disperznymi farbivami

Disperzné farbiva maju malt molekulu bez pritomnosti so-
lubilizaénych skupin, &im je dana ich nepatrna rozpustnost
az nerozpustnost vo vode. Vyznacuju sa viak vysokou roz-
pustnostou v hmote vlakien zo syntetickych polymeérov za
vzniku tuhého roztoku. Z chemického hladiska ide najmé&
o0 azove, antrachinénové a difenylaminové derivaty. Farbi sa
v slabo kyslej oblasti (pH 5,5-8) pri teplote 80-80 °C, 30-60
min za pritomnosti dispergacného a egalizacného TPP. [1, 2]

Tieto farbiva idealne kryju afinitné nerovnomernosti PA via-
kien, vykazuju vsak stredne az nizSie stalosti, ktoré nie su
problémom len z hladiska estetiky a Zivotnosti textilného vy-
robku, ale predpoklada sa, Ze pri nizSich stalostiach méze do-
chadzat k absorpcii farbiva z textilie pokozkou. Nakolko sa
disperzné farbiva aplikuju pri farbeni hydrofébnych viakien,
musia byt dostatone hydrofébne (resp. lipofilng). Mala vel-
kost molekuly a vysoky stupen lipofilnosti s potom Casto
spojené s dobrou penetraciou v pokozke. Prenikanim farbi-
va pokozkou a jeho reakciou s koznymi proteinmy moze
eventualne dojst k podrazdeniu a vyvolaniu alergickej kon-
taktnej dermatitidy. [6]

Na zaklade dermatologickych studii, vyuzivajlcich naplas-
tove testy s textilnymi farbivami, sa identifikovali farbiva, na
ktoré sa u skimanych 0séb vyvinula kontaktna citlivost. Far-
bivo sa aplikovalo priamo na pokozku v pomocnej latke, ktord
podporuje jeho absorpciu. Zistil sa rad disperznych farbiv,
ktoré u pacientov vyvolali alergickt kontaktn( dermatitidu.
Farbivom s najvy38im poctom pozitivnych vysledkov naplas-
tovych testov popisovanych v pripadovych Stadiach je Dis-
perse Yellow 3 (C.I. 11 855). [4]
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Dokument Medzinarodnej asociacie pre vyskum a ski3sa-
nie v oblasti textilngj ekolégie Oeko-Tex Standard 200, direk-
tiva EU 2002/371/EC a dokument Eurdpskeho tradu pre nor-
malizaciu CEN/BT/WG 132 uvadza zoznam farbiv
klasifikovanych ako potenciaine kontaktne alergény (tab.1).
Odportca sa Uplné obmedzenie pouzivania tychto farbiv ale-
bo sledovanie ich stalofarebnosti. [5, 6, 7]

2.2 Farbenie PA vlakien kyslymi farbivami

Kyslé farbiva su vo vode rozpustné farbiva, ktoré vo svo-
jej molekule obsahuju jednu alebo viac solubilizaénych sul-
fonovych alebo karboxylovych skupin. Farbivo sa viaze na
vlakno vytvorenim idnovej vazby medzi solubilizaénou sku-
pinou farbiva a reaktivnou skupinou vlakna. Tieto vo vode
rozpustné azo-, antrachinonovych alebo trifenylmetanovych
farbiva st vo forme soednych soli.

Farbi sa v kyslej oblasti (pH 3,5-7) pri teplote 98100 °C, 30—
60 min za pritomnosti egalizaéného TPP. Pritomnost egalizac-
ného TPP je nevyhnutnd, nakolko kyslé farbiva nie st schop-
ne kryt afinitné nerovnomernosti PA vidkien. Vyznacuju sa vak
velmi dobrymi svetlostalostami a stalofarebnostami. Nevyho-
dou tejto skupiny farbiv je ich vzajomné blokovanie. [1, 2]

2.3 Farbenie PA vlakien kovokomplexnymi farbivami

Kovokomplexné farbiva st vo vode rozpustne azofarbiva,
ktoré maju vo svojej molekule viazany atom kovu (najcastej-
Sie Cr) vo forme komplexu na jednu alebo dve molekuly far-
biva (1:1 alebo 1:2).

Farbi sa v neutralnej oblasti (pH 6-8) pri teplote 98-100 °C,
30-60 min za pritomnosti egalizatneého TPP a fosforecnanu
sodného, prip. siranu amnénneho. Pouzitim tychto farbiv
mozno docielit na PA materidle najvy3sie stalosti. Ich kom-
binovatelnost je prakticky neobmedzena. Nevyhodou je ich
mala schopnost kryt afinitne nerovnomernosti PA viakien
a vyssie obstardvacie naklady. [1, 2]

3 EXPERIMENTALNA CAST

Experimentéine rieSenie nahrady disperznych farbiv pri far-
beni PA pletenin spocivaio vo vybere vhodného typu kyslych
farbiv, ktory by pri zachovani dobrej egality vyfarbenia dis-
perznymi farbivami vykazoval stalosti zodpovedajice pozia-
davkam zakaznikov. V podmienkach a.s. Technopol Trikota
Vrbove, pre ktord bola nahrada disperznych Ostacetovych
farbiv firmy Ostacolor, a.s. Pardubice, Ceska republika reali-
zovana, sa ako nahrada zvolili kyslé Nylosan E farbiva firmy
Clariant Muttenz, SvajCiarsko.

3.1 Navrh receptury

Do zakladného trojuholnika farbiv sa vybrali farbiva Nylo-
san Yellow E-2RL, Nylosan Red E-BNL a Nylosan Blue E-BL
200.
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Zoslachtovanie

Pre vybrany zakladny trojuholnik farbiv sa zostavili koncen-
tracne rady vyfarbeni za i¢elom ziskania vstupnych udajov
pre navrh receptury pomaocou pocitaca. Vzorky upletu PA 6
FDY 4412 FD RD IN WKB sa jednotlivymi farbivami labora-
torne vyfarbili vZdy v 6smych koncentraciach: 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-
boratérne farbenie sa realizovalo v koloristickom laberatoriu
a.s. Technopol Trikota, Vrbove vytahovacim postupom z far-
biaceho kupela na laboratérnom farbiacom aparate Mathis
Labomat, typ BFA 8 firmy Werner Mathis AG, Niederhasli/Z-
trich, Svajciarsko. Farbilo sa pri 100 °C 30 min pri pH 5,2-6
pre nizdie koncentracie a pH 4-5 pre vy$sie koncentracie
(Uprava kyselinou octovou) za pritomnosti siranu amoénneho
o koncentracii 1 g/dm3 a egalizaéného pripravku Rucoega-
lisier POS (graf 1).

Na meranie reflektancnych spektier vyfarbenych vzoriek sa
pouzil prenosny spektrofotometer X-RiteSYMBOL 210 ,Sym-
bol* 10 SP78 firmy X-Rite Incorporated, Grandville, Michigan.
Na obr. 3 5 st uvedené namerané zavislosti K/S od vinovej
dizky pre rézne koncentracie troch testovanych farbiv. Po-
mer K/S sa stanovil zo vztahu (1):

2
i
kde K je koeficient absorpcie svetla, S koeficient rozptylu
svetla a fstupen reflektancie. [3] Namerane udaje tvorili pod-
kiad pre pocitacovy navrh receptiry v programovom vybave-
ni Color System. Postup navrhu receptury je schematicky
znazorneny na scheme 1.

Pre napodobenie boli zvolené dva odtiene: Sandstone 6
(povodne farbeny disperznymi farbivami) a Duck Egg 2003
(ako novy odtien). Na kontrolu vyfarbeni vzoriek PA Upletov vy-
farbenych podla navrhnutych receptur sa pouzila metoda CMC
(2:1), kde pre velkost celkovej farebnej odchylky plati (2)

2 2 2
AL* AC* AH*

e R CIECo
kde S, S¢, S, st dizky tisekov na stradnicovych osiach. /,
¢ st vahove faktory (I = 2, ¢ = 1). AL* je prispevok jasu, AC*
je prispevok sytosti, AH* je prispevok farebného tonu z cel-
kovej farebnej odchylky AEqyc vzhladom k prediohe. [3]

Vyhodnotenie spravnosti receptiry spoéivalo v rozhodnuti,
¢l stanovena odchylka spada do vopred stanovenej toleran-
cie. Pri pouziti tolerancného faktora 1,68 vyfarbenie vyhovuje
ak AEqye < 1,596, nevyhovuje ak AE > 2,016 a je na hra-
nici ak AEqye = (1,596; 2,016). Ak vyfarbenie nevyhovuije, je
potrebné zrealizovat korektdru receptury a meranie zopako-
vat.

3.2 Hodnotenie stalofarebnosti

Na vzorkach PA upletov vyfarbenych podla vyhovuijlcich
receptlr sa realizovali skusky stalofarebnosti podia prislus-
nych noriem stalofarebnosti: pri otere (STN EN ISO 105-X12),
vovode (STN EN ISO 105-E01), v pote (STN EN ISO 105-E04)
a v domacom a komerénom prani(STN ISO 105-C06 uprave-
na pre podmienky Technopol Trikota, a.s. Vrbové).
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3.3 Ekonomické vyhodnotenie

Ekonomicke vyhodnotenie spocivalo v stanoveni nakladov
spojenych so spotrebou farbiv a chemikalii pri prevadzkovom
farbeni polyamidovych upletov na odtien Sandstone 8,
povodne pouZivanymi disperznymi farbivami a kyslymi farbi-
vami ako ich néhradou a odtieria Duck Egg 2003 kyslymi far-
bivami.

Naklady spojené so spotrebou farbiv a egalizacného TPP
sa stanovili na hmotnost naloZe farbeného materiélu 250 kg
a chemikalie na objem farbiaceho kipela 3000 dm3. Celko-
ve naklady spojené so spotrebou farbiv a chemikalii vo far-
biacom procese sa prepocitali na 1 kg farbeného materialu.

4 Vysledky a diskusia

Na zaklade nameranych hodnét reflektancnych spektier
vzoriek PA Upletov vyfarbenych troma farbivami zakladného
trojuholnika (grafy 2—4) sa v programovom vybaveni Color
System navrhli receptlry pre napodobenie odtiefiov Sandsto-
ne 6 a Duck Egg 2003. Hodnoty farebnych odchylok AEqe
a ich prispevkov, vzoriek vyfarbenych podia navrhnutych re-
ceptur su zaznamenane v tab. 2. Ako vidno z uvedenej ta-
bulky, hodnota AE ;¢ pre vzorku 1 v porovnani s predichou
N-Sandstone 6 nespada do stanovenej tolerancie. Preto sa
zrealizovala korektlra receptury. Poéita¢ navrhol dve recep-
tary. Po laboratérnom vyfarbeni vzoriek 1-01 a 1-02 podla na-
vrhnutych receptur stanovena AEq,c spada do uvedenej to-
lerancie a teda receptury vyhovuiju. Pre napodobenie odtiena
N-Duck Egg 2003 pocitacovy navrh poskytol vyfarbenie
(vzorka 2), ktorého AEc je v tolerancii a teda vyhovuje.

Vysledky skusok stalofarebnosti vzoriek 1-02 a 2 vyfarbe-
nych podia vyhovujlcich receptdr st uvedené v tab. 3. Hod-
notila sa stalofarebnost pri otere, vo vode, v pote a v doma-
com a komercnom prani. Vac¢sina skusok bola hodnotena
stuprfiom 5 sivej stupnice, ¢o je velmi dobra stalost. Pokles
stalofarebnosti bol zaznamenany iba pri sktiske stalofareb-
nosti v domacom a komercnom prani, kde sa u PA sprievod-
nej tkaniny pozorovalo zapustenie zodpovedajlce stupfiu 4-
5 sivej stupnice.

V tabulke 4 s uvedené naklady spojené so spotrebou far-
biv a egalizaéného TPP na hmotnost néloze farbeného ma-
terialu 250 kg a chemikalie na objem farbiaceho kipela 3000
dm3. Celkové naklady spojené so spotrebou farbiv a chemi-
kalii vo farbiacom procese sa prepocitali na 1 kg farbeného
materidlu. Oproti pévodne pouzivanym disperznym farbivé m
doslo k miernemu narastu nakladov spojenych so spotreb u
farbiv a chemikalif (graf 5).

5 Zaver

Na zaklade prezentovanych vysledkov mozno Nylosano-
vé farbiva povaZovat za adekvatnu nahradu disperznych Os-
tacetovych farbiv aj napriek miernemu zvyseniu nakladov
spojenych so spotrebou farbiv a chemikalii. Z hladiska do-
siahnutia vybornych vysledkov stélofarebnosti pri otere, vo
vode, v pote a v domacom a komerénom prani, ako aj z hu-
manno-ekologickeho hladiska sa odporucaju pre prevadzko-
vé farbenie PA Upletov v Technopol Trikota, a.s. Vrboveé.

Vidkna a textil 12 (1) 18~24 (2005)
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Reologické viastnosti zmesi polyetyléntereftalat/
polybutyléntereftalat a mechanicko-fyzikalne viastnosti
zmesnych polypropylénpolyesterovych viakien

Marcinéin A., Kérmendyova E., Rusnéak A., Hricova M.

Slovenska technicka univerzita v Bratislave, Fakulta chemickej a potravindrske/ technoldgie,
Radlinského 9, 812 37 Bratislava, e-mail: anton.marcincin @ stuba. sk

V préci sa Studoval vplyv zloZenia PET/PBT a PP—(PET/PBT) zmesi na ich reologické vlast-
nosti, fazovl Struktiru a vybrané mechanické vlastnosti PP-PES zmesnych viakien. Nadiel sa
esovity priebeh zavislosti viskozity PET/PBT zmesi od zlozenia vzhladom k aditivnej hodnote.
Zistil sa pozitivny vplyv PBT v zmesi s PET, ako aj kompatibilizatora na baze polyesterového
vosku na reologické vlastnosti PP-(PET/PBT) zmesi, na mechanické vlastnosti a §truktdrnu rov-

nomernost PP-PES zmesnych vlakien.

1 Uvod

Na zaklade publikovanych prac je moZne konstatovat, Ze
vyskum polymérnych zmesi ako aj novych vlaknitych mate-
rialov na ich zaklade je aj v sucasnosti aktualny a to tak z hla-
diska akademického ako aj priemyselného. Vlastnosti tych-
to materidlov st funkciou vlastnosti polymérnych zloziek
a v pripade heterogénnych zmesi s vyznamne ovplyvnene
tieZ ich fazovou Struktirou. Rozhodujucu dlohu pri tvorbe fa-
zovej Struktury tychto zmesi a zmesnych vidkien ma kompa-
tibilita polymérnych komponentov, pozitivne interakcie mak-
romolekul a ich funkEnych skupin na fazovom rozhrani
areologické podmienky v procese spracovania [1-4].

Z analyzy tvaru dispergovanych polyetylentereftalatovych
(PET) castic v matrici polypropylénovych (PP) vlakien vyp-
lyva, Ze tieto Castice su deformované do vysokeho stupia
a predstavuju mikroviakna s relativne tizkou distriblciou prie-
meru a dlzkou az niekolko desiatok mikrometrov. V rozsahu
akceptovatelnej molekulovej hmotnosti PET, z hladiska po-
Ziadaviek na vlaknotvornost polymérov, dizka deformova-
nych éastic v orientovanych vidknach je nepriamoumerna vis-
kozite taveniny dispergovanej PET fazy. Naopak, priemer
tychto Gastic klesa umerne s poklesom viskozity PET zloz-
ky [5]. Malo deformované castice PET s vysokou molekulo-
vou hmotnostou sa v podmienkach zvlakiovania deformuji
najma pri dizeni viakien [4].

Na zéaklade doterajsich poznatkov, a v sulade s prezento-
vanym vyznamnym vplyvom technologickych podmienok
pripravy na fazovu Struktdru polymérnych zmesi, je vyhod-
né pri priprave zmesnych polypropylén (PP) polyesterovych
(PES) vlakien pouzit dvojstupniovy postup. V prvom stupni je
to priprava ,koncentratu“ PP-PES zmesi spravidla pouzitim
dvojzavitovkového extridera s poZadovanym hnetacim G¢in-
kom. V druhom stupni je to aplikacia tejto zmesi ako polymeér-
neho aditiva do PP pri priprave vlakien [6]. Celkova koncen-
tracia PES v PP vidknach je technologicky zaujimava do
10 hm%. Je dostatoéna pre zabezpecenie vyfarbenia PP vla-
kien vytahovacim postupom disperznymi farbivami a pre
zlepSenie elastickych vlastnosti tychto viakien [7].

Dvojstupniovy postup pripravy zmesnych PP-PET vldkien
vychadza z koncentrovanej polymeérnej zmesi obsahujlicej
minoritnu PP a majoritnt PET zloZku, pripadne pridavok kom-
patibilizatora. Od zloZenia aditiva zavisi jeho miesatelnost
v tavenine s polypropylénom pred zvldkiiovanim polymérnej
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zmesi a celkova spracovatelnost pri priprave zmesnych via-
kien. Z vysledkov nasich predchadzajucich prac vyplyva, ze
pozitivny uéinok na zvlaknitelnost PP-PET zmesi ma uréity
podiel polybutyléntereftalatu (PBT). Ako pozitivna viastnost
sa javi najmé jeho nizsia teplota topenia a v pripade vzniku
kopolyméru s PET tiez potlacenie kryStalinity, tuhosti retaz-
cov a zvysenie deformacnej schopnosti PES fazy [8].

Preto sme sa v tejto praci zamerali na Studium fazovej
Struktury a viastnosti vidkien na baze terndrnej zmesi PP-
(PET/PBT). Prva ¢ast tejto prace je venovana Studiu reolo-
gickych vlastnosti zloZiek a binarnej zmesi PET/PBT, ako gj
vplyvu komercného aditiva na baze montanoveého polyeste-
roveho vosku Licowax E (LiE) na reologické vlastnosti vys-
Sie uvedenych zmesi.

2 Experimentalna cast

Polyméry a aditiva:

Polypropylén TF 331 (PP TF 331);Index toku (IT) =
12,0 g/10 min.; (Slovnaft a.s, Bratislava).

Polyetyléntereftalat L (PET L); LVC (v rozpustadie fenol-
tetrachldretan 1:3) = 0,55 l/g; (Slovensky hodvab a.s.
Senica).

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

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

Priprava vzoriek:

Koncentraty boli pripravené pouzitim hnetaco-granulaéné-
ho extridera ZDSK-28 s hubicou o priemere ¢ = 3,9 mm.
Zmesne PP-(PET/PBT) viakna boli pripravené na laborator-
nom zvléknovacom zariadeni s extriuderom ¢ = 32 mm pri tep-
lote 275 °C a odtahovej rychlosti 400 m/min. Ziskane vlakna
sa vydizili na diziaci pomer 1:3, pri teplote 120 °C.

Pouzité metody:

Reologické parametre polymérov PP, PET, PBT a ich zme-
si sa stanovili pomocou extriderového rheoviskozimetra
Gottfert 015 pri teplote 275 °C. Toto zariadenie pracuje na
principe kapilarneho viskozimetra, kde sa tavenina polymé-
ru vytvara a vytlaca kontinualne pomocou zavitovky extride-
ra cez hubicu s priemerom ¢ = 2 mm.

Boli hodnotené hlavne tieto parametre:
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— viskozita n — na zaklade Newtonovho zékona 1 = n.j
—index toku n z Ostwald de Waeleho zakona 1= k7"
kde t je Smykové napatie, § je Smykova rychlost a k je koefi-

cient.

Zakladné mechanicko-fyzikalne vlastnosti zmesnych via-
Kien sa merali na pristroji INSTRON 1112. Stanovila sa pev-
nost a taznost zmesnych vidkien a ich variacné koeficienty.
Pred meranim sa vlakna ustalili pri 100 °C za ¢as 1 hod. bez
relaxéacie.

3 Vysledky a diskusia

3.1 Reologickeé viastnosti PET/PBT taveniny

Na zaklade reologickych merani sa stanovil index mocni-
nového zakona n charakterizujici odchylku od newtonske-
ho toku a dynamicka viskozita ¢ taveniny PET/PBT zmesi, pri
teplote 275 °C v Sirokom rozsahu Smykovej rychlosti. Z vys-
ledkov v tab. 1 vyplyva, Ze viskozita PET je priblizne 0 10 %
nizsia ako PBT, umerne k nizSiemu indexu toku. Viskozita
PET L je na spodnej hranici viaknarenskych typov PET. Vel-
mi blizke sU aj hodnoty koeficientov n a k z Ostwald-de
Waeleovho vztahu ako to vyplyva z tab. 1.

Nizky odklon od newtonského toku je charakteristicky pre
taveniny polyesterov. Kym pre samostatné zlozky je hodno-
ta n medzi 0,92 az 0,95, pre zmesi PET/PBT pri zastupeni
zloZiek od 30 do 70 hm% sa blizi n k hodnote 1. Tieto zmesi
vykazuju minimalnu zavislost viskozity od $mykovej rychlosti.
Pri takychto reologickych parametroch zloziek je vysoka

Tabulka 1 Reologicke parametre taveniny polymérov PET, PBT
aich zmesi pri teplote 275 °C

Zlozenie Viskozita n [Pa.s]

zmesi logk n pri ¥ = [s7"]

[%] 100 250 400 500

PET L 100 207 092 810 768 739 716

PET YPBT 85/15 201 094 77,0 744 723 699

PET L/PBT 70/30 2,02 095 851 833 822 807

PET L/PBT 50/50 2,06 096 952 921 90,3 883

PET L/PBT 30/70 206 096 97,5 936 924 912

PET L/PBT 15/85 2,06 0,94 952 90,1 89,2 885

PBT 100 206 09 925 882 86,3 848

100 -

n [Pa.s]

60

0 20 40 60 80 _ 100
PBT [%]

Obr. 1 Zavislost viskozity zmesi PET/PBT bez LiE v zavislosti od ob-
sahu PBT pri mykovych rychlostiach 1) 100s™", 2) 250 57",
3)400s™' 4)500s™

26

Research

pravdepodobnost ,aditivneho” spravania sa zmesi PET/PBT.
V skutoénosti, zavislost viskozity PET/PBT zmesi od zloZe-
nia ma esovity tvar, blizky aditivnej zavislosti, ktory sa nemeni
v meranom rozsahu Smykovych veli¢in (obr. 1). Maly pokles
viskozity pri nizkom obsahu PBT (15 hm%) je spésobeny
pravdepodobne rozrusenim pdvodnej kompakinej Struktury
PET, znizenim poétu aromatickych jadier a esterovych vazieb
v porovnani s PET. Prispevkom k tomuto zniZzeniu maze byt
aj urcita heterogenita zmesi na nadmolekulovej trovni.

Pri majoritnom zastupeni PBT zlozky (nad 50 hm%), vis-
kozita zmesi vykazuje jednoznacne kladnu odchylku od adi-
tivnej zavislosti s maximom pri 70 hm% PBT v PET. Kladna
odchylka od aditivnej viskozity poukazuje na silnejSie interak-
cie medzi makromolekulami v porovnani s PBT. Tento efekt
mdze byt len vysledkom relativneho zvyS$enia poétu estero-
vych skupin a aromatickych jadier v PBT matrici, pripadne
zvy$enia tuhosti retazcov blokmi PET vo vznikajucom kopo-
lyméri ako vysledku preesterifikacnej reakcie. Esovity tvar za-
vislosti viskozity PET/PBT zmesi od jej zlozenia je potom vys-
ledkom skyprenia Struktary PET alebo spevnenia Struktury
PBT ako majoritnych zloZiek v zmesi.

Vplyv kompatibilizatora (LiE) na viskozitu zmesi je deter-
minovany jeho vplyvom na viskozitu Cistych zloZiek. Z tab. 2
vyplyva, Ze znizenie viskozity PET zlozky vplyvom LiE je re-
lativne vyraznejsie ako pri PBT. Aj ked' mechanizmus znize-
nia viskozity PES vplyvom LiE nie je znamy, je vysoka prav-
depodobnost, Ze sulvisi s chemickymi interakciami
a preesterifikaciou LiE a esterovych vazieb v PES. Plastifi-
kacny efekt LIE bez chemicke] reakcie pri koncentracii 1,5
hm% je menej pravdepodobny. Vplyv oligomérneho polyes-
terového vosku LIiE na viskozitu zmesi PET/PBT je prezen-
tovany na obr. 2. Vplyvom LiE sa esovity tvar zavislosti vis-
kozity od zloZenia zmesi a od Smykovych veli¢in este
zvyraziuje. Zaporna odchylky pri nizkom obsahu PBT a klad-
na pri prevazujicom zastupeni PBT v zmesi sa zvysuju ako
dosledok vyssieho stupiia disperzity a intenzivnejsieho pre-
javu interakcii segmentov a funkcnych skupin medzi polymér-
nymi zlozkami. Pri 30% PBT v PET/PBT zmesi experimen-
tdlne namerana viskozita zodpoveda aditivnej hodnote
v celom rozsahu $mykovych napati.

3.2 PP-(PET/PBT) zmesné viakna
V Gvodnej ¢asti prace sa zdoraznil vplyv reologickych viast-
nosti polymérnej matrice a dispergovanej fazy na fazovu

90
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Obr, 2 Zavislost viskozity zmesi PET/PBT s LiE v zavislosti od ob-
sahu PBT pri 3mykovych rychlostiach 1) 100 s™, 2) 250 57/,
3)400s™ 4)500s™
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Tabulka 2 Reologické parametre taveniny polymérov PET, PBT aich zmesi s obsahom LiE 1,5 hm%, pri teplote 275 °C

Zlozenie zmesi
log k

Viskozita n [Pa.s]
n

[%)] $=100s" $=250s5" $=400s" §=5005"
PET LJLIE 98,5/1,5 2,06 0,94 72,1 58,6 54,6 53,0
PET L/PBT/LIE 84,25/14,25/1,5 2,03 0,97 56,4 55,4 54,5 53,4
PET L/PBT/LIE 69,25/29,25/1,5 2,03 0,96 67,4 63,2 58,8 56,4
PET LPBT/LIE 49,25(49,25/1,5 2,01 0,96 84,5 81,0 79,4 77.9
PET L/PBT/LIE 29,25/69,05/1,5 1,99 0,98 87,9 86,5 85,5 84,7
PET UPBT/LIE 14,25/84,25/1,5 2,05 0,95 90,4 84,5 83,9 82,7
PBT/LIE 98,5/1,5 2,06 0,92 81,3 74,6 72,4 71,3

Tabulka 3 Reologické parametre zloZiek pri priprave PP-PES zmesnych vidkien, pri teplote 275°C

Viskozita n [Pa.s] K = (npes/Mes)

Zofenic Zmesi 1%) g $=100[s")  §=500[s"]  §=100[s"]  {=500]s")
PP 100 0,53 218,0 115,0 - -
PET 100 0,92 81,0 71,8 0,37 0,62
PBT 100 0,95 92,5 84,8 0,42 0,74
PP-(PET/PBT) 30/70/0 0,58 102,5 58,8 0,47 0,51
PP-(PET/PBT) 30/60/10 0,75 108,2 75,9 0,49 0,66
PP-(PET/LIE)  29,25/69,25(1,5 0,64 87,4 48,4 0,40 0,42
PP-(PET/PBT/LIE) 29,25/59/10/1,5 0,78 81,3 57.6 0,37 0,50
120 ...... ——
Struktdru zmesi a zmesnych viakien. Podiel viskozity disper- —_
govanej fazy a matrice (K = npgs/npp) determinuje mikroreo- ﬁ FREELERT
logickeé chovanie sa zmesi pri deformacii a ma priamy vplyv B4100
na velkost a tvar Castic dispergovanej fazy. Vyssia deforma- =
cia Castic dispergovanej zlozky zodpoveda nizSej hodnote K.
Z tohto dévodu sa Studovali dalej reologicke viastnosti kon- 80 -
centrovanej disperzie PES a PP, ako polymérneho aditiva pri -
priprave zmesnych vidkien s polypropylénovou matricou. PRFEIPBULE
Z vysledkov vyplyva principialny rozdiel medzi tokovymi 60 -
vlastnostami PP a PES. (tab 3, obr. 3). Obsah 30 hm% PP )
v PES vyznamne zvy$i odchylku od newtonskeho toku v po- PP/PETILIE
rovnani s Cistym PES a z hladiska nenewtonovského toku sa 40 . .
priblizi k tokovym vlastnostiam nemodifikovaného PP. Mier- 0 200 400 600
ne vzrastie viskozita a to najmé pri ternarnej zmesi PP-(PET/ i s
PBT) . Vplyvom obsahu kompatibilizatora LiE (1,5 hm%) sa

znizi viskozita PP/PES ,koncentratov* na troven PET aich
nenewtonské chovanie je blizsie k PP. Tieto pozitivne zme-
ny v reologickych vlastnostiach koncentratov davaju pred-
poklad, Ze spracovatelnost pri zvldkneni bude dobra a fazo-
va Struktdra zmesnych viakien bude fibrilarna, podobneé ako
sa pozorovala pri zmesi PP-PET L [5]. Dispergacia PES vo
forme koncentratu s PP je v PP matrici efektivnejsia ako
v ,nekoncentratovej“ forme.

V tab. 3 je uvedeny okrem zakladnych reologickych para-
metrov zloziek prichadzajucich do Gvahy pri priprave PP-

Obr, 3 Zavislost viskozity od Smykovej rychlosti pre zmesi: PP-(PET/
LiE) 30/70, PP-(PET/PBT/LIE) 30/60/10, PP-PET 30/70, PP-
(PET/PBT) 30/80/10, pri obsahu LiE v zmesi 1,5 hm% a tep-
lote 275 °C

PES zmesnych viakien tiez podiel viskozity dispergovanej fa-
zy (PES koncentrat) k viskozite PP matrice (K). Cim je niz-
Sia tato hodnota, tym by mala byt fazova Struktira PP-PES
vlakna rovnomernejsia a jemnejsia [2, 9]. Tento predpoklad
najlepsie spiiaju koncentraty PP-PES s pridavkom polyes-

Tabulka 4 Pevnost a variaény koeficient pevnosti PP-PES zmesnych vldkien pri 8% koncentracii PES

8% PES v PP 8% PES v PP +1,5% LiE
ZloZenie zmesi [%] P CV; T CV; P CVe T CV;
[cN/dtex]  [%] [%] [%] [cN/dtex]  [%] 1%] (%]

PP-PET 100 21 1,6 26,0 47 2,1 2,6 28,2 47
PP-(PET/PBT)  85/15 23 23 26,5 7,6 2,1 2,5 28,2 6,6
PP-(PET/PBT)  70/30 24 3,1 27,2 5,5 2,2 2,1 27,5 8,6
PP-(PET/PBT)  50/50 25 36 27,6 85 2,3 2,8 26,4 5,4
PP-(PET/PBT)  30/70 25 4,2 25,4 8,2 2,6 2,5 27,3 56
PP-(PET/PBT)  15/85 2,5 4,0 25,5 7.6 2,6 23 27,4 4.4
PP-PBT 100 2,5 57 25,8 9,5 2,6 5,4 26,4 47
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Obr. 4 Zavislost pevnosti ustalenych PP-PES vlakien pri 8% obsa-
hu PES zloZky od zloZenia dispergovanej fazy

terového vosku LIiE. V tab. 4 su pevnosti zmesnych PP-PES
vlakien pri 8% obsahu PES zlozky v PP matrici.

Pri kondtantnosti materidlovych charakteristik polymérnych
zloZiek a podmienok pri priprave zmesnych vlakien sa mézu
mechanické vlastnosti a ich nerovnomernost vo vliakne po-
uzit na kvantifikaciu technologickej mieSatelnosti pri disper-
gécii polymérneho aditiva v polyméri tvoriacom matricu viak-
na. Jednoznacne vySsia pevnost vlakien s vy3Sim podielom
PBT vyplyva zrejme z vy§§ej molekulovej hmotnosti PBT, zo
spevnenia Struktary PBT v zmesi s PET (vysSia viskozita
zmesnej taveniny), ako aj z predpokladanej vy$sej adhézie
medzi PP a PBT zlozkou. Vplyv kompatibilizatora (LiE) sa
prejavi véeobecne pokiesom nerovnomernosti pevnosti vidk-
na, ako aj celkovym miernym znizenim pevnosti pri nizkom
zastupeni PBT. Pri majoritnom podieli PBT v dispergovangj
faze vplyvom LiE sa pevnost vidkien zvysuje (tab. 4, obr. 4).

Zévislost pevnosti PP-PES vldkien so stipajlucim podielom
PBT v PES dispergovanej faze za pritomnosti LIE ma podob-
ny priebeh aka zavislost viskozity od zloZzenia PET/PBT zme-
si. Tento tvar zavislosti kore$ponduje s predstavou spevne-
nia Struktury dispergovanej PES fazy pri majoritnom padieli
PBT v PES (obr. 4).

Na zéklade experimentalnych vysledkov pevnosti pri pret-
rhnuti PP-PES zmesnych viakien mozno konstatovat pozi-
tivny vplyv PBT a tiez oligomérneho polyesterového vosku
LiE na vnatornt rovnomernost (rovnomernost fazovej Struk-
tury) tychto viakien, ¢o koreSponduje s reologickymi vlas-
tnostami PET/PBT zmesi ako aj reologickymi vlastnostami
PES ,koncentratov” ako polymerneho aditiva pre PP-PES
zmesné viakna.
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4 Zaver

V praci sa Studoval vplyv zlozenia PET/PBT a PP-(PET/
PBT) zmesi na ich reologické vlastnosti, na fazovu Struktiru
a mechanicke vlastnosti PP-PES zmesnych vldkien. Z expe-
rimentalinych vysledkov vyplyva:

— PBT pri minoritnom zastupeni narusuje kompaktnost
Struktary PET a zniZuje viskozitu PET/PBT zmesi. Naopak
minoritné zastupenie PET vedie k spevneniu Struktury
PBT a k zvy3eniu viskozity v porovnani s aditivnou hodno-
tou.

— Tok PET/PBT taveniny je blizky newtonovskému. Samo-
statné zlozky vykazuiju vacsiu odchylku od newtonowskeé-
ho toku ako zmes.

— Oligomérny polyesterovy vosk ako kompatibilizator vyz-
namne znizuje viskozitu PET, PBT, ich zmesi a tiez zme-
si s PP a zlepSuje ich spracovatelnost ako polymérneho
aditiva do zmesnych PP-PES viakien. Zmesne vilakna
s kompatibilizatorom maju vy8siu rovnomernost fazovej
Struktary.

— Pevnost PP-PES zmesnych vldkien je priemerne vyssia
ako pevnost PP-PET vlakien a ma tendenciu sledovat vis-
kozitu PET/PBT zmesi v zavislosti od zloZenia.

Podakovanie: Tento prispevok vznikol za podpory granto-
vej agentury APVT (grant 20-010102) a grantovej agenttry
VEGA (grant 1/2475/05).
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VLAKNOTVORNE POLYMERNE NANOKOMPOZITY
Il. REOLOGIA POLYMERNYCH NANOKOMPOZITOV

Jurenkova M., Marcingin A.

Slovenska technicka univerzita v Bratislave, FCHPT, Katedra vidkien a textilu,Radlinského 9, 812 37 Bratislava,
Slovenska republika

1 Reologia polymérnych nanokompozitov

Vrstveneé silikatové polymérne nanokompozity sa stali tech-
nologicky velmi zaujimavymi aj preto, ze niektoré typy tych-
to systémov na baze PA 6 a polypropylénu uz boli komercia-
lizované. Cast doterajsich prac je preto venovana $tudiu
reologickych vlastnosti nanokompozitov, ktoré st v priamom
vztahu k spracovatelnosti tychto hybridov. Okrem toho vis-
koelastické viastnosti nanokompozitov a ich meranie posky-
tuju citlivd metédu pre hodnotenie mezoStruktiry a interak-
cie Gastic s polymérom [1].

Z hladiska Struktary vrstvené silikatové nanokompozity st
charakterizované ako interkalované a exfoliované systémy.
V interkalovanych systémoch polymér len napuciava silika-
tové vrstvy, zatial Co exfoliované systémy predstavuju disper-
gované individudline vrstvy v polymérnej matrici. Zavislost
tvorby tychto interkalovanych a exfoliovanych Struktuir od to-
kovych podmienok je klu€om pre postdenie ich spracovatel-
nosti. Meranie viskoelastickych vlastnosti nanokompozitov je
teda velmi citlivé pre nano a mezo $trukttry a ukazuje sa ako
velmi spolahliva metdda pre ich sledovanie v polymérnej mat-
rici. Okrem toho tieto merania poskytuju informacie o orien-
tacii tuhych Castic vo viskoelastickom médiu.

Vrstvené silikatové nanokompozity na baze PA 6 sa vyz-
nacuju dramatickym zlepSenim pevnosti a teploty termicke;j
destrukcie bez vyznamnejsieho znizenia narazovej pevnos-
ti a to uz pri obsahu do 2 % objemovych plniva [2,3,4,5]. Tieto
systémy poskytuju vyznamne informacie vzhladom na static-
ké a dynamické vlastnosti polymérov s obmedzenym pohy-
bom retazcov [6,7,8,9]. Z tohto dévodu znalosti a pochope-
nie reologickych vlastnosti polymernych nanokompozitov st
kliéom k ziskaniu informacii o ich spracovatelnosti a o vzta-
hoch medzi Struktirou a vlastnostami tychto materialov.

Ustaleny $mykovy tok

Tuhé Castice uréené na modifikaciu syntetickych viakien
predstavuju niekolko skupin latok s rozdielnou Struktirou.
Patria tu najma organicke a anorganickeé pigmenty a plniva.
Vyznacuju sa nerozpustnostou a nizkou dispergovatelnostou
v polymeroch, najmé v polyolefinoch.

Plnenie chemickych vlakien tuhymi Gasticami pozostava
z dvoch postupov: 1. priprava koncentrovanych disperzii
(koncentratov), 2. ich dispergacia a homogenizacia so zak-
ladnym polymérom pred zvidknenim. Koncentraty sa spravid-
la skladaju z tuhych €astic, polymérneho nosi¢a a kompati-
bilizatora (dispergatora). Pridavaju sa k zakladnému
polymeru pred zviaknenim niekolkymi postupmi, naj¢astejsie
injekénym postupom alebo davkovanim koncentratu do na-
sypky extridera.

Stupen disperzity Castic v koncentrate silne zavisi od vza-
jomnych interakcii medzi komponentami, najma na fazovom
rozhrani tuhych Castic a tiez od kinetickych podmienok
a reologie dispergacného a homogenizacneho procesu. Pre
posudenie vzajomnych interakcii zloZiek v disperzii tuhych
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Gastic sa nasli niektoré reologické veli¢iny vo vztahoch od-
vodenych pre disperzie tuhych castic. Ako citliva metoda pre
hodnotenie aglomeracie tuhych ¢astic (pigmentov) v polyme-
roch sa pouziva tzv. filtrovatelnost disperzii. Pre hodnotenie
reologickych vlastnosti disperzii tuhych Castic v polymérnych
taveninach sa pouzivaju nasledovné vztahy: Ostwaldov a de
Waeleov (mocninovy zakon), Einsteinova alebo Mooneyova
rovnica, dalej Crossova a Cassonova rovnica a niektoré em-
pirické vztahy (Doroszkowskeho) [10,11].
a) Ostwaldov a de Waeleov vztah:

r=kJ" (1)
kde rje Smykové napétie, ¥ je Smykova rychlost, k a n st ko-
eficienty.

b) Einsteinova rovnica:
7= 11 + kg®) (2)

kde 1 je viskozita disperzie, 1, je viskozita prostredia, k¢ je
tvarovy koeficient a @ je objemovy zlomok tuhej astice v dis-
perzii.

¢) Doroszkowského vztah:

logn =logn, + i7" (3)

kde 7. je koeficient aglomeracie, ., nekonecna viskozita pre
7' 0[10].

Porovnanie reologickych viastnosti polymeérnych nanokom-
pozitov na zaklade dynamickych merani a merani v podmien-
kach ustaleného $mykového toku je predmetom niekolko §tu-
dii. [12,13,14]. ZvIast st zaujimave niektoré aspekty takéhoto
porovnania, ktoré su vysledkom tychto prac:

Viskozita nanokompozitov so silikdtovym plnivom nad per-
kolacnym prahom, pri nizkych Smykovych rychlostiach ras-
tie a viskoelastické chovanie je konzistenté s koneénym (naj-
vy§8im) napéatim [13,14,15]. Na druhej strane pri vysokych
Smykovych rychlostiach silikatové pinivo ma len maly vplyv
na dynamicku viskozitu. Tieto pozorovania su v sthlase
s tvorbou perkolovanej kludovej Struktlry s relativne nevy-
znamnou zmenou v dynamike polyméru (pohyblivosti)
a schopnostou toku usporiadat anizotropné silikatove vrstvy.

Empirické Cox-Merzove pravidlo o rovnosti viskozity ziska-
nej z oscilaénych merani a zo Smykovej deforméacie [n(w) =
n(y) pre w = y] je aplikovatelné pre homopolymeéry. Neplati
v8ak pre nanokompozity, najma pre silikatove, ktoré st nad
perkolaénym prahom [12,14]. V pokojovem stave viskozita
z oscilaéného merania prevysuje dynamickd viskozitu. Naj-
vacsi rozdiel sa nasiel pri nizkych 8mykovych rychlostiach.
Tieto vysledky poukazuju na to, Ze aj pri nizkych Smykovy-
ch rychlostiach dochadza k usporiadaniu silikatovych vrstiev.

Prvy rozdiel normalovych napéti Nn = oy, — o4, ktory sa
povazuje za mieru elasticity polyméru, pre neusporiadané
PS-PI nanokompozity, pri rovnakom $mykovom napéti o,
nezavisi od obsahu plniva a je porovnatelny s nepinenym po-
lymérom [14]. Tieto merania boli urobené pri vysokych $my-
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kovych napétiach (kvoli spolahlivosti stanovenia Ny,) a aj pre-
to pri vysokej orientacii silikatovych vrstiev sa pozorovali len
malé zmeny vo viskozite.

Linearne viskoelastické viastnosti

Smykové vlastnosti interkalovanych a exfoliovanych poly-
mérnych nanokompozitov v tavenine sa $tudovali v Sirokom
spekire kompozitnej matrice ako PA6 [12,16], poly(s-kapro-
lakton) [8,16], polystyren (PS) [17], blokovy kopolymer polys-
tyrén—polyizopren (PS-PI) [15,18,19] a tiez polypropylén (PP)
[13,20]. Vysledky poukazuju na niektoré Specifika v reoldgii
nanokompozitov v porovnani s klasickymi kompozitmi. St to
najma:

— Uz pri relativne nizkych koncentraciach (12 %) plniva sa
pozoruje prechod od reologickeho chovania sa nano-
kompozitov ako kvapalin k chovaniu sa ako tuhych la-
tok bez zvlastnych odliSnosti medzi interkalovanymi
a exfoliovanymi Struktarami.

— Aplikovatelhost principu ¢asovo-teplotnej superpozicie
pri priprave viskoelastickych tokovych kriviek je porov-
natelna s neplnenym polymérom.

— Velké amplitudy pri oscilacii (Smyku) vedu k vyznamne-
mu poklesu linearnych viskoelastickych modulov a k za-
niku chovania sa nanokompozitu ako kvazi tuhej fazy.

Zmena viskoelastického chovania sa neplneneho polymé-
ru ananokompozitov pri nizkej koncentracii napr. 1-
2 % vrstvenych silikatov je podobnd inym koncentrovanym
disperziam [21]. V praci [21] Cloitre a i. pomocou merania kri-
pu sledoval reclogické spravanie sa koloidnych slstav kon-
centrovanej suspenzie makkych deformovatelnych gélov.
Zistil, Ze k makroskopickému toku systému dochadza ked' ap-
likované napatie prekracuje kritické pocCiatoéné napatie. Po
zruseni napétia deformované mikrogély su v metastabilnom
stave a vykazuju spatni deformaciu (relaxaciu) ktora ma ex-
ponencialny priebeh. Tato spatna deformacia je charakteri-
zovand preusporiadanim mikrogélov, ktoré vyplyva z kon-
kurencie lokalnych topologickych vymen a celkovych
obmedzeni. Tato ¢asova zavislost je anologicka s hlavnymi
értami starnutia v sklovitych systémoch.

Nanokompozity v kludovom stave vytvaraju perkolovant
siet superstruktury exfoliovanych vrstiev, alebo napucanych
vrstevnatych €astic tzv. taktoidov. Vyznamne nizsi perkolac-
ny prah v porovnani s iyotropnymi ,gulovymi* casticami je
spdsobeny anizotropiou taktoidov a individualnych vrstiev,
ktora brani ich volnej rotacii a disipacii napatia. Ren [18] po-
ukazal na dlhy ¢as relaxacie napétia a tiez na perkolaciu vo
vztahu k hydrodynamickému objemu taktoidov alebo indivi-
dudlnych vrstiev pri nizkych koncentraciach castic v polyméri.
Dalej poukazal na tuhému stavu podobné chovanie sa poly-
memych nanokompozitov, ktoreé pripisal fyzikalnemu zablo-
kovaniu alebo perkolacii nepravidelne distribuovanych silika-
tovych vrstiev uz pri nizkom objeme.

Na zaklade vysledkov Ren a i.[18] odvodil vztah medzi
hmotnostnou frakciou vrstveneho silikatu pri perkolacii
(Wpe,) @ priemerneho poctu vrstiev v taktoide ng,,

Nper = (4/ 3(Dpsr}[wnerporg/ (Wpelporg} ¥
+ (1= Wper)psil (Ru/hsi) 4

kde po.q @ pg; SU hustoty organicke fazy a silikétu, Ry, je hyd-
rodynamicky polomer a hg; je hribka vrstveného silikatu; ®p,,
je objemova frakcia pre perkoléciu gulovitych castic a je prib-
lizne 0,30 [22].

Galgali a i. [20] meral krip PP nanokompozitov a potvrdil
tuhému stavu podobné chovanie sa vyplyvajlce z oscilaé-
nych merani. Poukazal na silny pokles kripovej poddajnosti
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kompozitov kompatibilizovaného PP s obsahom 6 % montno-
rilonitu. Zistil, Ze tuhému stavu podobné chovanie sa nano-
kompozitov v stave kludu je vysledkom perkolovanej struk-
tary vrstvenych silikatov. Rozdiel medzi aktivatnou energiou
toku nemodifikovaného PP a nanokompozitom znamena, Ze
tuhému stavu podobné spravanie je zapricinené silnymi tre-
cimi interakciami medzi ilovymi vrstvami nad perkolaénym
prahom,

Z dynamicko-mechanickych merani zname poznatky
o vplyve Smykovej amplitidy na orientované mezomoring
materidly ako su napr. kvapalno-kry$talické polyméry alebo
blokové kopolyméry [23-26]. Nanokompozity vykazuju po-
dobné chovanie vplyvom vonkajsieho Smykového pola. Kva-
paline podobné chovanie sa silikatovych kompozitov sa do-
siahne opét velmi lahko po prechode perkolaéného prahu
smerom k niz8im koncentraciam tuhych €astic [15,16,18]. Pre
silikatove nanokompozity je vyznamny tiez vplyv orientacie
vrstvenych silikatov na ich viskoelastické viastnosti. Viskoe-
lasticita tychto systémov je podobna ako pri smektickych kva-
palnych krystaloch a usporiadanych blokovych kopolymé-
roch [16].

Aplikécia principu ¢asovo-teplotnej superpozicie a posun
veli¢in s naslednou zmenou aktivaénej energie toku nie je ov-
plyvnena obsahom silikatu, ¢o je vysledkom malej zavislosti
relaxdcie tuhych Eastic od teploty [13,16,18].

Nelinearne dynamické chovanie

V stlade s predpokladom, zvacSenie Smykovej amplitudy
pri oscilacii ma za nasledok prioritnu orientaciu silikatovych
vrstiev a pozorovanie kvapaline podobného linearneho vis-
koelastického chovania sa kompozitu. MoZno tieZ pozname-
nat, Ze v dvojrozmernej predstave perkolacny prah sa vyz-
namne zvy$uje a na zaklade jednoduchého vypoétu, ktory je
zaloZeny na rozmeroch Castic sa odhaduje koncentraciu si-
likatov do perkolacie okolo 40 % hm.

Zvysenie citlivosti amplitidy viskoelestickej odozvy pre PP
[13] a pre PP-IP nanokompozity [14,15] poukazalo na to, ze
v pripade vrstvenych nanokompozitov zaéina zoslabovanie
Smykovej odozvy pri podstatne nizsich amplitidach nez su
pre cisty neplneny polymér. Potom amplitida pre zaciatok
zoslabovania Smykovej odozvy klesa so stupajlicim obsahom
silikatu a pripisuje sa stupajlcim interakciam castica-castica
a metastabilnej ,sietovej” struktare silikatov. Zavislosti defor-
macnej amplitudy viskoelastickej odozvy pre vrstvené nano-
kompozity su velmi rozdielne pre rézne polymérne matrice
ako je napr. PA 6 a poly(e-kaprolakton) [15].

Orientacia nanokompozitov

Vrstvené silikatové kompozity podobne ako iné anizotrop-
né materialy vykazuji schopnost sa orientovat vplyvom to-
ku vyvolaného vonkaj$im napatim. Tato schopnost sa orien-
tovat spolu s mezostruktirou umoznuje regulovat
viskoelastické chovanie sa nanokompozitov. Skorsie prace
na PAB nanokompozitoch poukazuju na to, Ze silikatové vrst-
vy pri injekénom vstrekovani vykazuju zretelné paraleiné ulo-
Zenie vrstiev kolmo na gradient deformacie [27,28]. V praci
[27] bola skimana orientacia silikatovych vrstiev a krystali-
tov PA 6 pri injekénom vstrekovani PA 6 ilovych hybridov po-
uzitim XRD a TEM. Nasli sa tri oblasti rozdieinej orientacie
vo vzorke ako funkcia vzdialenosti od povrchu vzorky. Bliz-
ko stredu vzorky, kde Smykové sily st minimaline, silikétové
vrstvy su orientované nahodne a krystality PA 6 su kolmé
k silikatovym vrstvam. Smykové napétia pri povrchu su vel-
mi vysoké a tak ilové vrstvy i kryStality PA 6 st ulozené pa-
raleine s povrchom. V strednej oblasti su flové vrstvy prav-
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depodobne tiez orientované paralelne k povrchu, pricom
orientacia krystalitov PA 6 sa predpoklada kolmo k ploche si-
likatu. Krishnamoorti poukazuje na podobnt orientaciu po-
ly(e-kaprolakténovych) nanokompozitov [15]. Skumal tu li-
nearne a nelinearne viskoelastické viastnosti vrstvenych
silikatovych nanokompozitov v stvislosti so Struktirou nano-
kompozitu a intenzitou interakcii polymér-silikat. Poukazal na
Jparalelny” orientaciu silikatovych vrstiev v poly(e-kaprolak-
ténovych) nanokompozitoch pri aplikovani amplitidy oscilag-
ného $myku. Avsak tri nedavne Stidie venované orientacii
vrstvenych silikatov v tokovom poli poukazujd, Ze prinajmen-
$om niektoré frakcie silikatovych vrstiev v tychto nanokom-
pozitoch vykazuju perpendikularnu orientaciu [29-31]. Tak sa
Studovali nanokompozity s réznou matricou, pinivami a po-
uZzili sa na §tadium rozne metody. Napr. Schmidt a i. [31] sle-
doval vplyv mykového gradienta na orientaciu laponitu vo
vodnych roztokoch polyetylénglykolu. Vaia a i. [29] Studoval
orientaciu PA6 nanokompozitov pouzitim SAXS a TEM me-
rani. SAXS merania ukazali, ze nanokompozity PA 6 a ilu
mozu byt orientované pri relativne nizkom $mykovom nap-
ati a pri teplote nepatrne nad teplotou tavenia. Orientacia sa
stava ,normalovou” a je v sulade so smerom toku. Orienta-
cia sa zvySuje s Casom péosobenia $mykovej deformacie
a vykazuje stabilitu pre relativne dihy ¢as v tavenine. Zacho-
vanie orientacie pod teplotou tavenia PA 6 sa dosiahne dy-
namickou neizotermickou krystalizéciou. Tvorba neoriento-
vanej y-kryStalickej modifikacie PA 6 je spésobena
orientovanymi ilovymi ¢asticami a nie malou $mykovou rych-
lostou, ktora bola pouzitéa pocas krystalizacie. Okamoto [30]
sledoval orientaciu Eastic pri elongaénom toku. Nasiel per-
pendikuldarnu orientaciu Castic potvrdentd TEM meraniami
a vyslovil zaver jedine¢nosti speviiovania toku pri deforma-
cii a reopektné chovanie sa tychto hybridov.

Existencia perpendikularnej orientécie sa pozorovala aj pri
inych materidloch [29] avSak len zriedkavo. Je vhodné poz-
namenat, Ze obidva typy orientacie si mozné a su zavislé na
detailnom popise tokavého pola a interakcii medzi vrstvami
a matricou. Vzhladom na dostupné data nie je jasné, ktory
parameter riadi orientaciu v takych nanokompozitoch. Naviac
sa ukazalo, Ze ndhodna neusporiadanost ¢astic po skonce-
ni toku je podstatne vy3sia nez to zodpoveda vysledku Brow-
novho pohybu [13,31]. Tieto javy je potrebné vzhladom na
rychlu relaxaciu $tudovat a kvantifikovat.

Reologické vlastnosti PCL (polys-kaprolaktonovych) nano-
kompozitov prvy krat opisali Krishnamoorti [15] a Giannelis
[16] v pripade delaminovanych $truktdr pri in situ polymeri-
ZAcii.

Lepoittevin a i. [32] Studovali tahové (G') a stratové (G”)
moduly neplneného PCL a plneného PCL s obsahom
3 % hm. MMT-Na , MMT-Alk alebo MMT—(OH,) pri 80 °C,
v rozpéti frekvencie od 16 do 1072 Hz. Reologické spravanie
plneného PCL s 3 % hm. MMT-Alk a MMT—(OH,) je znacne
rozdielne v porovnani s neplnenym PCL a PCL/MMT-Na
mikrokompozitov. Pri poslednom systéme sa pozorovalo po-
dobné chovanie sa kompozitu ako pri termoplastoch.

Riva a kol. [33] merali reologické viastnosti poly(—etylén—
co-vinylacetatovych) kompozitov, tzv. EVA kompozitov. Pri
teplote 110 °C, (nad teplotou tavenia polyméru) hodnota ta-
hovych modulov vykazovala rozdiely medzi réznymi nano-
kompozitmi, v zavislosti od charakteru anorganickej fazy.
Elastické viastnosti v zavislosti od teploty sa merali pri frek-
vencii 1 Hz a 0,05 % deformacii v linearnej visko—elastickej
oblasti. Mikrokompozit EVA-ME100/ADA vykazoval mierne
vyssie elastické moduly pri nizkom obsahu plniva, ako cisty
polymér, zatial Co exfoliované nanokompozity EVA-ME100/
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ODA s tym istym obsahom silikatov vykazovali vyznamné
zvy$enie modulov. Najvécsie rozdiely elastickych modulov
medzi mikrokompozitmi a nanokompozitmi sa pozorovali nad
teplotou sklovitého prechodu (28°C), kde sa preukdzala zvy-
Sena pohyblivost makromolekul pri dobre dispergovanych ex-
foliovanych silikatovych vrstvach, ktoré charakterizovali na-
nokompozitnu Struktdru. Rozdielne tahové moduly namerané
na nanokompozitnych vzorkach mohli byt spdésobené rozdiel-
nou uroviiou homogenizacie silikatovych vrstiev v polymeri,
ako ukdzali obrazy z TEM. V3eobecne experimentalne me-
rania potvrdili najnizsie moduly pre interkalované nanokom-
pozity, zatial o exfoliované nanokompozity vykazovali vys-
Sie moduly. Podobneé vysledky sa zistili aj pre stratové moduly
[33].

Podakovanie: Prispevok bol vypracovany za podpory
agentury APVT (grant 20-010102) a VEGA (grant 1/9147/02).
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Modifikacia polypropylénu za Gc¢elom farbenia PP vlakien
klasickym postupom z kapela
2. Cast

Bolhova E., Ujhelyiova A., Marcingin A.

STU Bratislava, Fakulta chemickej a potravindrskej technoldgie, Katedra viakien a textilu, Radlinského 9, 812 37
Bratislava, Slovenska republika, e-mail: eva.bolhova @stuba.sk

1 Vlaknotvorna zmes polypropylén/dendrimér
a polypropylén/rozvetveny polymér

Dendriméry a rozvetvené polyméry patria do skupiny po-
lymérov nazyvanych dendritické polyméry (obr. 1). Je pre
nich charakteristicky vysoky stupen rozvetvenia, kompaktny
tvar a vysoky pocet koncovych, reaktivnych skupin [1]. Stu-
pefi rozvetvenia dendrimérov je maximalny a ich Struktura je
perfekine pravidelna, zatial o pri rozvetvenych polyméroch
ma Statisticky charakter [2].

(a) dendrimér (b) rozvetveny polymér

Obr. 1 dendrimér (a) a rozvetveny polymér (b)

Rozvetvené polyméry sa vyrabaju polykondenzaénou
reakciou. Prikladom je syntéza rozvetveného polyesterami-
du z cyklického anhydridu s dispropanolaminom [3]. Vhod-
nym vyberom anhydridu (resp. kombinaciou anhydridov)
a modifikaciou koncovych skupin sa menia vlastnosti mak-
romolekul (napr. rozpustnost, znasanlivost, interakcie med-
zi koncovymi skupinami a farbivom) v $irokom rozsahu, &m
sa roz$iruje oblast ich uplatnenia. Hybrane PS 2550 (obr. 2),
ktory bol zosyntetizovany z anhydridu kyseliny ftalovej a dis-
propanolaminu tak, ze 50% koncavych hydroxilovych skupin
bolo esterifikovanych kyselinou stedrovou, je kompatibilny
s polypropylénom. Pritomnost polarnej skupiny a aromatic-

G, ¥ o
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Obr. 2 Hybrane PS 2550 ciastoéne modifikovany kyselinou
stearovou
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kého jadra v takto modifikovanom PP umozniuju tvorbu inte-
rakcii s vhodnymi typmi farbiva pri farbeni PP viakien vyta-
hovacim postupom a touto modifikaciou sa dosiahne vy3sia
sila vyfarbenia [1, 2, 4]. Pritomnost rozvetveného polyméru
modifikovaného kyselinou stearovou neovplyvriuje fyzikalno-
mechanicke viastnosti modifikovanych PP vlakien, ale znaé-
ne zvy3uje ich vyfarbitelnost vytahovacim spdsobom za
pouZitia disperznych farbiv.

Dendriméry mézno pripravit dvoma spésobmi (obr. 3):

- divergentna syntéza dendrimér je stavany z polyfun-
kéného jadra. V opakovanych vystavbovych cykloch sa
postupne pripaja dalsia a dal$ia vetva dendriméru. Zvy-
Sovanie poctu cyklov vedie k vysSiemu stupiiu rozvetve-
nia.

— konvergentna syntéza, pri ktorej sa pripravi prvy stbor
,<dendrénov” a tie st nasledne spajané do centrélneho
jadra. Vyhodou tohto postupu je separacia Cistého pro-
duktu od medziproduktov.

Divergentna syntéza je vhodné pre priemyselnt aplikaciu
(napr. holandsky spdsob DSM), ktora sa vyuZiva pri vyrobe
polypropyléniminového dendriméru [5] a rozvetveného po-
lyesteramidu [3]. Syntéza dendrimérov zahriia presne stano-
vené kroky syntézy, ktoré sa mdzu svojimi podmienkami li-
$it. Pri vybere vhodného vystavbového bloku ako aj vhodnej
modifikdcie koncovych skupin je mozné upravit viastnosti
dendrimérov tak, aby boli schopné zdokonalit proces farbe-
nia PP vlakien vytahovacim postupom. Pri priprave rozvet-
venych polymérov sa opakuju reakéné kroky s rovnakymi
podmienkami.

Dendrimeéry a rozvetvené polymery ako nosice farbiva mu-
sia splnat nasledujuce poziadavky [4]:

— kompatibilnost s polymérnou matricou,

— neovplyviiovanie vlastnosti vlakien,

— poskytovanie maximaineho poctu interakcii s pozadova-

nym farbivom,

— efektivnost uZ pri nizkych koncentraciach.

divergent synthesis
!
~ j
PO B <
P B | o
4 &Y gl

convergent synthesis

Obr. 3 Spésoby pripravy dendrimérov
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Tabulka 1 Mechanicko-fyzikalne viastnosti nemodifikovanych
a modifikovanych (2% dendrimeéru) PP vlakien

nemodifikované  modifikované

Vlastnost

PP vlakna PP vldkna
Jemnost (dtex) 71 70
Taznost (%) 38 38
Pevnost (cN/dtex) 4 4

Za ucelom elimindcie vplyvu aditiva na vlastnosti viakien
pri zvlaknovani a dizeni je potrebné, aby aditivum bolo rov-
nomerne rozdispergované uz v procese homogenizacie zme-
si. Rovnomernej8iu dispergaciu umozriuje i dobra kompati-
bilita aditiva s polymérom (PP). Kompatibilita dendriméru
s polyolefinmi je excelentna a bola potvrdena difrakénou ana-
lyzou zmesi a mechanicko-fyzikalnymi viastnostami modifi-
kovanych PP viakien, ktoré sa nelisili od mechanicko—fyzi-
kalnych viastnosti nemodifikovanych PP vidkien (tab. 1).
U modifikovanych PP vidkien polypropyléniminovym dendri-
mérom bola sledovana aj moznost ich vyfarbenia vytahova-
cim spdsobom,

Vlastnosti modifikovaného PP dendrimérmi umoZniuju vy-
farbenie PP vlakien vytahovacim spdsobom, ktory je zaloZe-
ny na extrakcii kyslych farbiv z vody pomocou aniénov roz-
pustenych v nepolarnom rozpustadle. Kvéli tomu boli na
farbenie modifikovanych PP viékien dendrimérmi vytahova-
cim postupom pouzité kyslé farbiva [1, 4]. Pre farbenie kys-
lymi farbivami bol polypropylén modifikovany polypropyléni-
minovym dendrimérom, ktory bol ofkovany mastnym
amidom. Kazda vetva tohto dendriméru obsahuje bazicky ter-
ciarny dusik aminovej skupiny. Ta sa do dendriméru ockuje
za ucelom vytvorenia chemickej vazby medzi dendrimérom
a kyslym farbivom.

Zaroven bolo sledované aj farbenie modifikovanych PP
vlakien rozvetvenymi polymermi vytahovacim sp8sobom za
pouzitia disperznych farbiv. Interakcie, kioré vznikaju medzi
disperznym farbivom a farbenym substratom pri farbeni mo-
difikovanych PP viakien vytahovacim postupom, maju cha-
rakter Van der Walsovych sil, dipélov a donorno—akceptor-
nych vézieb. ZvySenie afinity disperzného farbiva je dane
modifikaciou PP viakien rozvetvenymi polymérmi, ktoré do
systému prispievaju polarnou skupinou. Tato modifikacia vy-
razne zvysila schopnost vyfarbenia modifikovanych PP via-
kien disperznym farbivom z roztoku (obr. 4) Maximaina sila
vyfarbenia modifikovanych PP viakien sa dosahuje uz pri niz-
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Obr. 4 Percento vytiahnutia farbiva na modifikované a nemodifiko-
vané PP vidkna v zavislosti od teploty farbenia (T¢)
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$ej teplote farbenia na rozdiel od nemodifikovanych PP via-
kien. Pri nemodifikovanych PP vlaknach sila vyfarbenia ras-
tie s teplotou, ¢o sa prisudzuje narastu volného objemu vo
vnutri vidkna. Maximaina sila vyfarbenia modifikovanych PP
vlakien bola dosiahnuta pri teplote 120 °C ako vysledok ad-
sorpcie molekul farbiva, ktore obsadili vSetky polarne skupi-
ny. Dalie zvySovanie teploty farbenia nema vyznamny vplyv
na silu vyfarbenia.

V literatire sa objavuju rézne predstavy o spdsobe tvorby
vznikajucich Struktdr a interakeii medzi farbivom a dendrimé-
rom pri farbeni modifikovanych PP vlakien vytahovacim pos-
tupom [6-9]. Meijer a Jansen predpokladaju zachytenie mo-
lekuly farbiva v plasti dendrimérového puzdra. Dendrimér
s charakteristickym tvarom svojej molekuly, vytvorenym jad-
rom a stromovitou Struktirou s velkym poétom koncovych
skupin umozni zachytenie molekul farbiva dendrimérom. Pri
alikvotnom vytazeni plasta dendriméru, plast zaéne prepuis-
tat malé molekuly farbiva, zatial o vé&&sie molekuly zotrvaju
vo vnutri vytvorenej dutiny dendriméru [6]. Miklis, Cagin
a Goddard vyskuasali zapuzdrit molekuly bengalskej ruze
(BR) do tzv. Meijerovho dendrimérového puzdra vyuZzitim mo-
lekulovej dynamickej techniky. Pravidelne opakujlice sa
Meijerove puzdro (Meijer dendrimer box DBox) vzniklo pri-
danim molekuly terc-butyloxykarbonyl-L-fenolu (tBOC-L-Phe)
ku koncovym primarnym aminovym skupindm polypropylé-
niminoveho (PPI) dendrimeru. DBox obsahuje 4-6 molekl
BR a rozpustadio. Molekuly BR mimo puzdra potvrdili kon-
centraénu rovnovaznu zavislost medzi plastom a jadrom den-
drimérového puzdra. Molekulova dynamicka simulacia DBox
v rozpustadle CH,Cl, ukazala, Ze povrch molekuly tBOC-L-
Phe je celkom nepriepustny k zapuzdrenej molekule BR, kro-
ra je tlatena do vnutra puzdra [10].

Baars a Froehling [3] vychadzaju z predpokladaného pro-
cesu extrakcie kyslych farbiv z vody pomocou amidov roz-
pustenych v nepolarnom rozpustadle. Modifikaciou polypro-
pyléniminového dendriméru mastnym amidom vznika
unimolekulova micelarna Struktura rozpustna v nepolarnom
médiu (obr. 5).

Vnutro dendriméru obsahuje terciarnu aminovi skupinu,
ktora je schopna sa chemicky viazat s kyslym farbivom pri
dostatoéne nizkom pH. Takyto systém mdZe adsorbovat ste-
chiometrické mnoZstvo molekul farbiva. Napr. dendrimér s 30
terciarnymi aminovymi skupinami méze adsorbovat 30 mo-
lekul farbiva. Pri vy3Som pH kupela dendrimér méze uvolnit
molekuly farbiva. Systém v zavislosti od pH je reverzibiiny.
Na tomto principe je zaloZené aj farbenie PP viakien (obr. €).
Ked je vlakno v kontakte s vhodnym roztokom farbiva, farbiv o
je extrahované vlaknom tym istym mechanizmom [1, 4].

dendrimer extraction
in toluene
P
acid dye
in water

Obr. 5 Extrakcia kyslych farbiv z vodného roztoku modifikovanym
dendrimérom v toluéne
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Obr. 6 Farbenie PP viakien modifikovanych dendrimérom alebo roz-
vetvenym polymérom extrakciou farbiva z kdpefa do vidkien

Froehling a Voit vychadzaju z tedrie zrazavosti [8, 9]. Den-
driméry alebo rozvetvené polymery s nepolarnym obalom su
vyzrazané z vodného roztoku obsahujiceho rozpustené mo-
lekuly farbiva. V zrazenine je ¢ast farbiva zachytena v den-
driméroch. Predstava zrazavosti je analogicka s tedriou den-
drimérového puzdra. Princip tejto tedrie o spdsobe tvorby
vznikajucich Struktur a interakcii medzi farbivom a dendrime-
rom sa pouziva na farbenie materialu, ktory je nekompatibil-
ny s polarnymi molekulami farbiva.

Vynimoéné vlastnosti dendrimérov a rozvetvenych polyme-
rov, akymi su vysoka rozvetvenost, monodisperzna $truktu-
ra, gulovity tvar s dutinami vo vnutri dendriméru, im umoZznuju
$irokl moznost aplikécii v chemickom priemysle (katalyza,
farmaceuticky priemysel atd ). Ich Struktira obsahuje velky
pocet koncovych skupin, ktoré maju velky vplyv na ich viast-
nosti. Pri modifikécii koncovych skupin vznika nova Struktu-
ra a vlastnosti polymeéru a otvaraju sa moznosti pre ich Sir-
Sie uplatnenie. Daju sa aplikovat ako: aditiva pri
kompozitnych materialoch [11], modifikatory reologickych
vlastnosti [12], naterové hmoty alebo ako zaklad pre termo-
setové Zivicové naterové systémy [13]. PouZivanie vysoko
rozvetvenych Zivic ma niekolko vyhod, ako je napr. zniZenie
pouZitého mnozstva rozpustadla a zniZenie viskozity taveni-
ny. Modifikaciou koncovych skupin sa ziska velmi rozdielna
hustota prieénych spojov a polarita filmu [14].

2 Fyzikalna modifikacia PP vlakien nanocasticami

Pre zlepsenie spracovatelskych a Uzitkovych viastnosti PP
vlakien sa stdle hladaju nové spdsaby ich modifikacie. Medzi
najnovsie spdsoby modifikacie PP v sticasnosti sa zaradu-
je modifikécia PP anorganickymi a organickymi plnivami
s velkostou Gastic pohybujicou sa v nanoskale [15-23]. Prip-
ravené nanokompozity PP sa sleduju z hladiska ich nadmo-
lekulovej §truktury [15, 18, 22], tvorby interkalovanych a ex-
foliovanych systémov [15, 16, 19], ako aj z hladiska zmeny
zakladnych spracovatelskych a uzitkovych viastnosti [17, 20,
21]. Na pripravu nanokompozitov a nanokompozitnych via-
kien sa najcastejSie pouZivaju silikatové piniva, ktoré sa pred
pouzitim va&sinou modifikuju [15-17, 21, 22].

Ked polymer je neschopny interkalovat medzi vrstvy sili-
katu, ziska sa fazova separacia kompozitu fazovo separo-
vany mikrokompozit. Z tejto klasickej triedy mikrokompozitov
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sa mdzu ziskat dva typy nanokompozitov, ktorych viastnosti
zostavaju v rovnakom rozsahu ako vlastnosti tradiénych mik-
rokompozitov [18]. Interkalované nanokompozity maju takud
Struktaru, v ktorej rozvinuty polymérny retazec je interkalo-
vany medzi silikétoveé vrstvy. Vysledkom je dobre usporiada-
na multivrstvova morfoldgia, pozostavajuca z alternujtcich
polymérovych a anorganickych vrstiev. Exfoliované nano-
kompozity sa tvoria vtedy, ked silikatove vrstvy st individual-
ne rozdispergované v polymeérnej matrici, v ktorej priemerna
vzdialenost medzi oddelenymi vrstvami zavisi od mnozstva
plniva. Struktira realnych polymeérnych nanokompozitov
plnenych anorganickymi plnivami sa nachadza zvycajne
medzi dvoma idealnymi mikrostruktarami [22].

Rontgenografické hodnotenie nanokompozitov s komer-
énym (maleinanhydridom MA) i laboratérne modifikovanym
(dietyl maleatom DEM) pinivom potvrdilo vznik ich vrstevna-
tej Struktary. Anorganické i organicky modifikované piniva po-
uzivaneé pri priprave nanokompozitov krystalizuj v rovnakych
vrstevnatych krystalografickych Struktarach, ale s rozdielnymi
vzdialenostami vrstiev. Po pridani tychto plniv do PP a pri-
danim dalSej zlozky kompatibilizatora sa tieto rozdiely pre-
javia este viac. Vzdialenost medzi vrstvami anorganického
plniva v nanokompozite sa zvacsi interkalaciou polypropylé-
nu do plniva. ZvacSenie vzdialenosti vrstiev plniva ako aj
vacsia nerovnomernost vrstevnatej Struktiry nanckompozi-
tu sa prejavila pri poutziti laboratérne pripraveného kompati-
bilizatora PP-g-DEM [23]. Podobna Struktdra vznikla aj pri sle-
dovani polypropylénu o¢kovaného malein anhydridom
a plneného montmerillonitom. Bola potvrdena vrstevnata mik-
roStruktira nanokompozitov plnenych montmorillonitom. Po-
rovnanim Struktiry plniva a nanokompozitu je vrstevnata
Struktra plniva zachovana v dispergovanej forme v matrici
polypropylénu, ale sa zvacsili vzdialenosti medzi vrstvami
vplyvom interkalovaného ockovaneho polypropylenu malei-
nanhydridom. Dispergovany stav bol potvrdeny aj hodnote-
nim TEM. Castice plniva tvoria vrstevnata Struktaru rozdis-
pergovanl v matrici polypropylénu [22].

Pri farbeni nanokompozitnych polypropylénovych (na-
noPP) vlakien plnenych modifikovanym nanokaoclinom (mon-
tmorillonit, (OH)4SizAl4Oz-nH20) sa farbivo uklada v oblas-
tiach vyskytu nanocastic v PP. Castice monmearillonitu maju
tvar viociek mensich ako dva mikrony a skladajl sa z vrstiev
o hribke blizkej jednému nanometru. Vdaka svojej chemic-
kej Struktire je montmorillonit hydrofilng a vo vodnom rozte-
ku lahko napuciava. Pre dosiahnutie dobrej adhézie s nepo-
larnymi polymérmi je treba tento minerdl chemicky
modifikovat kvartérnou amonnou sofou. Elektricky naboj
kvartérnej aménnej soli plniva vytvara vhodny priestor na
tvorbu interakcii nanocastic a kyslych farbiv. Pri pouziti dis-
perznych farbiv na farbenie nanokompozitnych PP vlakien
vytahovacim postupom sa molekuly farbiva zabudovavaju do
ich vrstevnatej Struktary. Vyfarbenie nanokompozitnych PP
vlakien je ovplyviiované mnoZstvom nanocastic, ich velkos-
tou a distribliciou v PP matrici.

Povrchovo aktivne katiény, ktoré sa pouzivaji na modifi-
kéciu nano€astic, aktivuji miesta pre kyslé farbivéa pri far-
beni nanokompozitnych PP vidkien vytahovacim spdschom.
Nanocastice, ktoré mézu byt zavedené do PP matrice
réznymi spésobmi (poéas tavenia, rozptstacim procesom
za pomoci lepla alebe organickych rozpustadiel, mechanic-
kym zmesovanim za pouzitia ultrazvuku alebo elekirického
pola pri rovnomernej distriblcii v PP matrici), poskytuju che-
micke alebo fyzikalne vazby pre farbivo z roztoku. Pri pouziti
kyslych farbiv je nano&astica nosic¢om afinity k farbivam. Na-
nocastica moze rozvijat naboj skupiny alebo méze ako fun-
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k&na skupina viazat farbivo cez chemicku alebo fyzikalnu
vazbu.

Nanoplniva pouZivane na zlepSenie vyfarbite/nosti PP via-
kien z kupela musia splfiat uréité poziadavky. Nanocastice
musia byt stabilné, musia si uchovat svoje vlastnosti pri ad-
sorpcii farbiva, musia byt odolné voci vihkosti a podmienkam
pri farbeni. Nanocastice rozdispergované vo viakne by mali
ostat stabilné a zachovat si schopnost viazat farbivo z roz-
toku aj pri vysokych teplotdch. TaktieZ je ddlezita ich odol-
nost voéi slabo kyslym a zasaditym roztokom, UV Ziareniu,
oxidacno-redukénym ¢inidlam, detergentom a textilnym po-
mocnym prostriedkom, ktoré st astymi zlozkami pri opera-
ciach zoslachtovania textilnych materialov. Dalej nesmu pod-
liehat zmenam pri polymerizacii ani pri extrizii.
Z priemyselného a komeréného hladiska je délezité, aby sa
dosiahla pozadovana sila vyfarbenia a egalne vyfarbenie,
ktoré je zavislé na rovnomernej distribucii nanoc¢astic v PP
matrici [20].
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SKUSOBNE METODY HODNOTENIA STALOFAREBNOSTI
A POROVNANIE VYSLEDKOV HODNOTENI
Test methods for evalution of colour fastness and
comparison of the results

Pollakova R.

VUTCH-CHEMITEX, spol. s r.o., Zilina, Slovenska republika, Autorizovana osoba SKTC-118,
Notifikovana oscba ¢. 1296, www.vutch.sk

1. TEORETICKA GAST

Hodnotenie stalofarebnosti sa vykonava dvoma sposobmi:
1.1 vizualnym spésobom
1.2 pomocou pristrojov spekirofotometrov alebo kolorimet-
rov.

1.1 Vizualne hodnotenie

Vizualne hodnotenie vykonava ¢lovek sém ocami — bez
pomoci pristroja.

Toto hodnotenie sa vykonava v zmysle platnych medzina-
rodnych noriem radu ISO 105, konkrétne pomocou normy
ISO 105-A02: siva stupnica na hodnotenie zmeny odtiena
a normy 1SO 105-A03: siva stupnica na hodnotenie zapus-
tania. V8eobecné podmienky hodnotenia pomocou tejto me-
tody su popisané v norme ISO 105-A01. Uvedené normy bali
prevzate do sustavy noriem EN a nasledne aj do ststavy no-
riem STN, takZe sa v SR oznacuju ako normy radu STN EN
ISO 105 [1].

Metddu vizudineho hodnotenia stélofarebnosti ovplyviu-
ju tri zakledné faktory:

1. hodnotiaci subjekt clovek

2. zdroje osvetlenia pri hodnoteni.

3. podmienky vizudlneho hodnotenia

Hodnotiaci subjekt ¢lovek, zohrava pri vizualnom hodno-
teni najddleZitejsiu tlohu. V prvom rade to musi byt Elovek,
ktory ma velmi dobri rozliSovaciu schopnost pri hodnoteni
farieb. Vzdelanie, prax a dobra schopnost rozliSovat farby su
tri bezpodmienecne potrebné faktory, ktorymi musi dispono-

Obr. 1 Spekirofotometer Ulirascan XE, pouzity v ramci merani sta-
lofarebnosti textilnych vzoriek
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vat hodnotiaci subjekt v oblasti koloristiky, ak méa dosahovat
kvalitné a reprodukovatelné vysledky.

Osvetlenie vzorky pri hodnoteni stélofarebnosti je druhym
délezitym faktorom, ktory ovplyviuje kvalitu vizuaineho hod-
notenia. Rozlisujeme dva zdroje osvetlenia:

I. umely zdroj osvetlenia pri hodnoteni pomocou Special-
neho, pre tento Gcel vyvinutého zdroja svetla s intenzi-
tou osvetlenia 600 Ix alebo vacsou, napr. umelé denné
svetlo Dgs.

il. prirodzeny zdroj (dennée svetlo).

Podmienky hodnotenia st charakterizované spravnym ulo-
zenim hodnotenych vzoriek sprievodnych tkanin, pévodnych
vzoriek, sivych stupnic, neutralnym prostredim v okoli vzoriek
pre zamedzenie vplyvu podkladu na vysledok hodnotenia.
Vietky tieto faktory ovplyviiuju vizuélne hodnotenie stalofa-
rebnosti.

1.2 Pristrojové hodnotenie stalofarebnosti

Vykonava sa pomocou pristrojov oznacovanych ako spek-
trofotometre alebo kolorimetre, schopnych merat vo vidilel-
nej oblasti svetla, 1. j. v rozsahu vinovych dizok 400-700 nm.

Spekirofotometrom sa meria reflektancia osvetlenej vzorky
v celom rozsahu spektra. Slizia na fyzikalnu analyzu farby.

Kolorimetrom sa meraju trichromatickeé zlozky pomocou
troch filtrov, ktore st priepustné pre urcitl oblast spektra. Slu-
Zia na psychofyzikalnu analyzu farby. [2]

1.2.1 Stanovenie stupna zapustenia

Podstatou pristrojoveho stanovenia stupfia zapustenia, je
meranie farieb sprievodnych tkanin, ktoré boli podrobené
skuske stalofarebnosti v kontakte so skudanou vzorkou
a sprievodnej tkaniny podrobenej skiske stalofarebnosti bez
skusanej vzorky. Farebna diferencia medzi nimi sa vypodi-
tava v jednotkach CIELAB a prevedie sa na stupen sivej
stupnice pre zapustenie pomocou rovnice.

1.2.2 Stanovenie zmeny odtiena

Podstatou pristrojoveho stanovenia zmeny odtiefa je me-
ranie farieb vzorky podrobene] skiske stalofarebnosti
a povednej nespracovanej vzorky .Pri obidvoch vzorkach sa
urgia suradnice CIELAB-L*(jas), C*,, (chromaticnost), h,, (fa-
rebny tdn). Pomocou ststav rovnic sa vypocitaju diferencie
ClELab: AL*, AC*,,, AH*,, a prevedu sa na stupne sivej stup-
nice [3].

Pre vysledky pristrojového hodnotenia si délezité nasle-
dovné faktory:

1. typ geometrie osvetienia,

2. druh pouzitého svetla,

3. pozorovatel,

4. veikost meracieho otvoru.
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2. EXPERIMENTALNA CAST

Nakolko skusky stalofarebnosti patria medzi zakladné
skusky pri hodnoteni poZadovanych technickych parametrov
osobnych ochrannych prostriedkov (OOP) podla eurdpskej
smernice &. 89/686/EHS v ramci experimentalnej ¢asti som
porovnavala vysledky ziskané na rovnakych vzorkach texti-
lii pomocou vizualneho a pristrojového hodnotenia pri nas-
ledovnych podmienkach:

a) vizuadlne hodnotenie sa uskutocnilo pri podmienkach de-
finovanych normou STN EN ISO 105-A01 pomocou
5-stupriovej sivej stupnice pre zapustenie pri osvetleni
Dgs. Dosiahnuty vysledok je vysledkom komisionalneho
hodnotenia 3 skisenych pracovnikov (kazdy z nich hod-
notil vzorky nezavisle od ostatnych, samostatne, aby ne-
dochadzalo k ich vzajomnému ovplyviiavaniu).

b) pristrojové hodnotenie sa uskutoénilo na pristroji Ultras-
can XE s geometriou d/8°, zdrojom osvetlenia Dgs a
10° pozarovatelom pri pouziti zorného pola s priemerom
16 mm (4). Konecné vysledky boli vypocitané ako prie-
merna hodnota zo 7 merani. V tabulkach ¢. 1, 2 a 3 sU
uvedené vysledky ziskané pri oboch typoch hodnotema

Dal$ou z moznosti, ako porovnat vysledky vizualnych me-
tod hodnotenia s vysledkami ziskanymi pomocou pristrojo-
vych merani a tiez spolahlivost ziskanych vysledkov, st me-
dzilaboratorne porovnavacie skusky (dalej MPS).

Pravidelne sa vo svojej odbornej praci minimalne Styri krat
rocne zapajame do medzinarodnych MPS stalofarebnosti,
ktoré organizuje v ramci medzinarodného zdruzenia OKO-
TEX sktSobny ustav TESTEX, Zirich pre takmer 30 skusob-
nych laboratérii na celom svete.

Skusobne laboratoria, ktoré bez problémov absolvuji viet-
ky skusky stalofarebnosti MPS v prislusnom kalendarnom ro-

Tabulka 1 Vysledky hodnotenia zapustenia sprievodnej bavinenej
jednovlakennej tkaniny podrobenej skuske podia normy
STN EN ISO 105-E01 (stélofarebnost vo vode)

Testing

Tabulka 3 Vysledky hodnotenia odtiena vzorky tkaniny podrobenej
skuske podla normy STN EN [SO 105-C06 (stalofareb-
nost pri prani)

Vzorka textilie podrobena Vizudlne Pristrojove
skuske stalofarebnosti hodnotenie hodnotenie
pri prani podla normy v stupiioch sivej v stupfioch
STN EN ISO 105-C06 stupnice sivej stupnice

cervena 4 4

cierna 4 4

zelena 4 4

hneda 3 4

modra 3 4

Zlta 3 34

Vzorka textilie podrobena Vizualne Pristrojové
skuske stalofarebnosti hodnotenie hodnotenie
vo vode podla normy v stupfioch sivej v stupfioch
STN EN ISO 105-E01 stupnice sivej stupnice
cervena 2-3 3
gierna 2-3 2-3
zelena 3 3
hneda 3 3
modra 34 3
Zlta 34 34

Tabulka 2 Vysledky hodnotenia zapustenia sprievodnej bavinenej
jednovlakennej tkaniny podrobenej skuske podla normy
STN EN ISO 105-X12 (stalofarebnost pri oderoch)

Vzorka textilie podrobena Vizuélne Pristrojové
skuske stalofarebnosti hodnotenie hodnotenie
pri otere za mokra podla v stupfioch sivej v stupfioch
normy STN EN ISO 105-X12 stupnice sivej stupnice
cervena 2-3 2
cierna 2 2-3
zelena 4 34
hneda 34 34
modra 2-3 3
Zlta 3 3
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ku, dostant po vyhodnoteni vysledkov certifikat o Uspesnom
absolvovani MPS za prislusny rok. SkiSobné laboratéria
VUTCH- CHEMITEX, spol. s r.0., Zilina st od roku 2000 pra-
videlnymi drzitelmi certifikatov za Gspesné absolvovanie sku-
Sok stalofarebnosti v kazdom kalendarnom roku,

3. ZAVER

V ramci porovnavania vysledkov vizualneho a pristrojové-

ho hodnotenia stélofarebnosti bolo zistené:

— pri hodnoteni zapustenia sprievodnych tkanin je rozdiel
medzi oboma typmi hodnoteni len 0,5 stupiia sivej stup-
nice, pricom vizualne hodnotenie je prisnejie ako pris-
trojové prave o tato hodnotu

— prihodnoteni zmeny odtiefia je rozdiel medzi vizualnym
a pristrojovym spdsobom v rozmedzi od 0,5 do 1 stup-
na sivej stupnice, pricom rozdiely o 1 stupen sivej stup-
nice sa stanovili pri odtiefiloch hnedosivej a sivej farby,
ide o tzv. neutralne farby

— pri vizudlnom aj pristrojovom merani je moZné dosiah-
nut rovnaké a spolahlivé vysledky hodnotenia. Rozdie-
ly prezentovanych vysledkov su v ramci vSeobecne sta-
novenej a akceptovanej chyby merania, ktora je 0,5
stupna sivej stupnice

— vizualne a pristrojové hodnotenia sa mozu vzajomne
dopifat a mozu slGzit ako referenéné, resp. kontrolné
metody

— vyuzitim porovnavania vysledkov hodnotenia stalofareb-
nosti textilii vizualnou metédou s vysledkami ziskanymi
pomocou pristrojov a naslednou Uspesnou Géastou
v medzilaboratérnych porovnavacich sklskach ziskava
kolorista istotu, prax vo vyhodnocovani stalofarebnosti,
ale tiez potvrdenie o spolahlivosti ziskanych vysledkov
a teda v konecnom désledku i kvalite svojej prace.
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