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ENZYME TREATMENTS OF WOOL YARNS TO IMPROVE
THE KNITTED GARMENT QUALITY

Mangovska, B., Prend‘ova, M.

Faculty of Technology and Metallurgy, Skopje Macedonia

A protease product Novolan L has been applied on the wool yarns in an attempt to improve
shrink resistance properties of the garments made of them. The same product has been applied
on to yarns of chlorine Hercosett treated top in an attempt to improve softness, handle and pilling

resistance.

The influence of enzyme treatment on felting shrinkage in several washing cycles, softness and
pilling resistance has been determined. The extent of the attack on the fiber properties was also

examined.

INTRODUCTION

The inherent ability of wool to shrink, or felt, dur-
ing wet finishing has been used for generations to
produce a huge variety of products, ranging from
woolen spun knitted and woven goods to felts for use
either in hat manufacture or as covering for snooker
tables. Felting is due to wool special frictional prop-
erties namely the difference in friction in the direc-
tion (top-to root and root-to-top) of the fiber. Whilst
this property divides for endless property develop-
ment potential, it does constitute a major disadvan-
tage in terms of end-product performance, and im-
pacts considerably on the care labeling associated
with wool products. The products made from wool,
which has not been subjected to chemical treatment,
may only be labeled as being suitable for either dry
cleaning or hand washing. But the modern consumer
with the more casual lifestyle which, in turn, has em-
phasized the need for easy care properties, prefer
wool products that can be machine washable.

Lot of investigations has been done on the surface
modification dealing with the felting property of wool
but they can roughly be divided in two groups [1,2]:

e Oxidative treatment (oxidizing agents most com-

monly used are chlorine, dichlorisocyanuric acid,
potassium peroxymonosulphate) or

e Treatment with polymers although most proc-

esses for shrink proofing treatments features an
oxidative pretreatment in combination with the
application of suitable polymer.

The acid conditions featured in continuous top chlo-
rination produce very little discolouration and allow
the machine wash knitwear standards to be achieved
but there are some disadvantages with the use of
wool treated in this way like the impairment in han-
dle which is produced and additional weight loss
which can occur during dyeing and treatment. Sec-
ond, when chemical treatments are used, harmful
effluents such as high temperature waste water, and
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acidic pH and chlorine discharges during the opera-
tion are produced. Owning to the increasing environ-
mental consciousness, ecologically new treatments
as an alternative surface modification technique for
wool were proposed [3].

Enzymes are biocatalysts with selective and spe-
cific activity accelerating distinct reactions and re-
maining unchanged after the reaction. From an en-
vironmental and economical point of view, the
moderate reaction parameters of enzyme-catalyzed
processes and the possibility of enzyme recycling
make enzymes particularly attractive as catalysts.
Today enzymes are produced by biotechnological
processes in great amounts of constant quality, and
are therefore applicable to large-scale processes.
Advances in the field of genetic engineering allow
enzyme manufactures to design specific enzymes for
specific processes (with regard to temperature sta-
bility or an optimum pH, for example).

It is, however, the combination of these advances,
with the pressures to improve the environmental ac-
ceptability of conventional textile-processing routes,
that is making the development of new, enzyme-
based technologies particularly attractive to the tex-
tile industry, and, indeed, a variety of new enzyme-
based products and processed are already being
marketed [4]. One of them is Novolan L from Novo
Nordisk that is used in experiments.

When deciding upon the finishing route to be used,
the primary consideration is the nature of the prod-
uct, since, whereas the production of a washable
worsted spun product will feature techniques de-
signed to prevent facing-up, woolen spun products
will require a route which includes a milling cycle in
order to produce a typical woolen finish [5]. The prod-
ucts that are the subject of our investigations are
worsted yarns and knitwear made of them. Worsted
spun products may be produced either from continu-
ously treated top, treated yarn or via garment treat-
ment routes. Enzymatic treatment of wool top and

Vidkna a textil 8 (1) 2-7 (2001)



characterization of the features of the yarns and knit-
ted garments produced of enzymatic treated wool top
have already been discussed [6,7]. In this article
characteristics of the enzymaticly treated wool yarns
and knitted garments produced form them are dis-
cussed and compared with yarns spun of chlorine
Hercosett wool top and knits made of them.

EXPERIMENTAL

Wool samples

Wool yarns with two linear densities 28 tex x 2 and
36 tex x 2 were spun of untreated and superwash
treated tops with fiber diameter of 21,5 mm for com-
parative purposes. In the text that follows marked,
as (N) not treated and (S) superwash treated yarns.
Superwash top was treated by IWS/CSIRO Chlorine
Hercosett process. Acid chlorination affects wool
scales by making them easier to deform, which then
decrease felting shrinkage. Wool processed by this
route meets the maximum Woolmark specifications
for machine-washability and may therefore be used
in the production of virtually any product, irrespec-
tive of structural considerations such as cover fac-
tor or yarn count and in our experiments was used
for comperative purposes. The process of spining
was the same for bouth tops. After backwashing the
tops are dried and blended. After that follows three-
gill boxes the last one is the gill intersecting with
aoutoleveller. The top supplied to the roving depart-
ment has linear density of 22 ktex. Thus the main
aim of roving preparation is top attenuation to the
required linear density of roving. The process of
worsted roving preparation comrisings the process-
ing of top in tree passages of gilling machines and
the production of roving in one passage of roving
frame. Ring spinning frame was used for process-
ing the roving into yarn and the single yarns were
plied in two threads. At the end, the enzyme treat-
ment and dyeing of the plied yarns were performed.
Characteristics of spun wool yarns are given in tab.1.

Enzymes

Novolan L, a protease product, produced by modi-
fied Bacillus microorganism, supplied by Novo
Nordisk A/S was used in the experiment.

Enzyme treatments

Enzyme treatment was performed with correspond-
ing amount of Novolan L on the base of the yarn
fineness and previous investigation [6]. Namely, the
yarn, as a hairiness material has porous structure.
Here, the dimensions of the holes are much smaller
than the length of the yarn. Thus, the capillary proc-
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Table 1 Physical and mechanical properties of the plied yarns,
declared by the producer

28 tex x 2 36 tex x 2
Normal Superwash Normal Superwash

26,3x2 350x2 353x2

Property

Linear density, tex 26,7 x 2

Cv, % 2,7 2,6 1,2 1,1
Twists, m™ 266 270 240 248
Tensile strength, N 3,52 3,38 4,90 4,26
Elongation, % 10 10 16 13
Uniformity, % 12,0 11,8 8,4 6,7
Humidity, % 13,8 9,3 13,9 10,2

ess occurred in the yarn. The speed of capillary proc-
ess depends on hole diameter. Taking in account that
the yarns are spun of the same type of fibers and
the same spinning process was used as well as the
mass of the yarn in the machine where the enzyme
treatment was performed was constant, it was pos-
sible to account that the ratio of the yarn length is
as follows:

Lofly = Tt/Tt, = 36/28 = 1,28 or I, = 1,28 |,

It means that the speed of the capillary process
during the enzyme treatment of the yarn with lower
linear density is 28% higher than of the coarse one.
Thus, the enzyme concentration of the fineness yarn
was raised to achieve the same affect of the enzyme
treatment. It was 2,4% reverse to 2% at coarse yarn.
The optimum enzyme concentration was determined
in previous paper [6,7].

Prior to the application of enzyme the wool yarns
were scoured for 30 min at 60 °C in package dyeing
machine (on cones) with 0,5 g/l Tinovetin IU (Ciba).
After scouring the wool yarns were rinsed with wa-
ter several times and immediately treated with 2,4%
and 2% Novolan L for (N) yarns with linear density
of 28 tex x 2 and 36 tex x 2 respectively and 1,2%
and 1% for (S) with the same linear densities in the
presence of 1 g/l Subitol RNC (CHT) as a surfactant
at pH 8,5 (NH,CI and NH,OH) for 30 min at 55 °C.
Enzymatic treatment of (S) yarns was done with half
of the concentration of the enzyme for (N) yarns in
the hope to improve harsh handle of Hercosett wool
and decrease pilling. Treated yarns were cooled at
20 °C, rinsed and treated in hot water at 85 °C for 5
min in the presence of acetic acid at pH 4. Finally
wool yarns were cooled down, rinsed with cold wa-
ter and treated 20 min with 2 % Persoftal ASN, sili-
cone elastomer (Bayer) at 40 °C in the presence of
acetic aced (pH 5,5) and cross linked by drying at
85 °C. Part of the (N) yarns after enzymatic treat-
ment were immediately dyed in black color with 10%
Lanacron Black SB-N (2:1) Metalcomplex dye at pH
4,5 (with CH3;COOH) and treated with 2% Persofatl
ASN. (S) yarns were only dyed with the same con-
centration of the dye without enzymatic treatment.
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Instrumental methods

The progress of enzymatic treated yarns was moni-
tored via:

* Acid solubility, F.S3.075

o Urea-bisulphite solubility, F.S3.076
Yarn linear density, F.S2.050
Tensile strength and elongation, F.S2.051
Hairiness,

No. of the yarn twists in the same direction till
the break on Twist Tester — Metrimpex.

Hairiness was tested by microscopic method by
measuring:

e Diameter of the body of the yarn,

¢ Diameter of the whole yarn.

Wool plane knits of (N) and (S) yarns, enzymatic
treated (N) and (S) yarns, as well as dyed were knit-
ted on fully fashion Stoll CMS 422.6. Following fea-
tures were tested on knits:

¢ Tensile strength and elongation,

e Dimensional stability trough percentage area

shrinkage,

¢ Pilling resistance,

® Abrasion resistance.

Shrinkage was determined by measuring the sam-
ples before and after being submitted to washing in
cold water between two glasses (relaxation shrink-
age), in cold water with pressure (consolidation
shrinkage) and after 1, 2 and 5 washings in wash-
ing machine on wool program with detergent for ma-
chine washing (felting shrinkage). Equ.1 defined the
percentage area shrinkage:

Sa = S11 + S12 - (811'812)/100

(M

Where S, — area shrinkage (%), S, — breadthwise
linear shrinkage (%), Sy, — lengthwise linear shrink-
age (%).

Knitted garments were tested to determine the re-
sistance to abrasion and piling using Universal wear
tester Rubster (Metrimpex) load of 5N and 2000 cy-

cles. The weight loss (%) after 2000 cycles and for-
mation of pills was followed. Pilling formation is visu-
ally determined with grades 1 to 3. 1 — no pilling per-
formance; 3 - intensive pilling formation.

RESULTS AND DISCUSSION

The effect of enzymatic treatment on physical and
chemical characteristics of (N) and (S) yarns is given
in tab.2 and 3. (S) yarns with two linear densities
have higher acid, lower urea-bisulfite and lower ten-
sile strength than (N) yarns due to the damage dur-
ing chlorination process. Additional damage of (S)
yarns occurred during subsequent dyeing process
as a result of significant loss of keratinous material,
since modified keratin is dissolved during the dye-
ing process, along with nonkeratin [8] and there is
the possibility of cystine decomposition to cysteine
and dehydroalanine residues resulting in additional
decrease of the tensile strength of 5 to 10% depend-
ing on the linear density of the yarn and decrease
of urea-bisulphite solubility [2].

Table 2 Acid and urea-busﬁlphite solubility of the yarns before
and after enzymatic treatment

Tt (tex) Parameters Acid  Urea-bisuliphite
of treatment solubility solubility
28  (N) untreated 9,7 55,0
(N) 2,4% Novolan L 9,2 45,0
X (N) 2,4% Novolan L black 9,9 26,6
(S) superwash 17,0 45,5
2 (S) 1,2% Novolan L 16,0 41,0
(S) dyed black 15,0 13,0
36  (N) untreated 10,6 55,0
(N) 2% Novolan L 10,0 44,53
X (N) 2% Novlan L black 7,9 31,6
(S) superwash 17,5 46,0
2 (S) 1% Novolan L 15,8 41,0
(S) dyed black 15,5 14,0

Table 3 Effect of enzymatic treatment on linear density, tensile strength, elongation, hairiness and number of twists in the same

direction till the break of wool yarns

Parameters Linear Tensile  Coefficient Breaking Coefficient Hairiness Coefficient Number of
of treatment density strength  of variation elongation of variation d,/d, of variation twists till
Tex N % % % % break, m™
(N) untreated 55,1 3,3 7.4 13,0 10,7 3,0 22,0 1825,7
(N) 2,4% Novolan L 51,4 2,5 7.3 8,9 18,4 2,8 19,5 1493,2
(N) 2,4% Novolan L dyed black 53,7 2,7 77 10,0 16,0 27 19,9 1356,2
(S) superwash 55,1 2,9 4.8 9,4 13,7 41 16,1 1369,8
(S)1,2% Novolan L 52,9 2,7 5,9 8,8 8,9 3,1 21,1 1453,4
(S) dyed black 55,7 2,6 7.3 8,9 14,7 3,6 27,7 1408,6
(N) untreated 72,1 4,6 6,0 17,6 6,2 2,8 21,7 1125,4
2% Novolan L 69,0 37 9,8 7,9 27,8 2,7 19,0 1254,7
2% Novolan L dyed black 73,0 3,8 53 11,0 9,9 2,3 24,6 1128,1
(S) superwash 72,4 4,1 49 15,6 13,0 3,0 19,6 1108,1
(S) 1% Novalan L 70,5 3,5 10,7 12,8 13,4 2,8 22,2 1200,9
(S) dyed black 73,0 3,9 53 11,2 9,4 3,5 24,6 1158,7

Vidkna a textil 8 (1)24-7 (2001)



In the case of proteases and of wool, the reaction
is of the heterogeneous acid-base catalysis type, i.e.
the reaction between the catalyst (liquid) and the
wool material (solid) is initiated by adsorption at the
surface of the wool, followed by diffusion in the di-
rection of the inner layer of the fiber.

The wool fiber is covered with epicuticule of 2000
scales per cm, next are the exocuticule and the
endocuticule covering the cells of the orthocortex and
paracortex, which are themselves composed of
medullar cells (separated by air-filled spaces). Ap-
proaching the core via the protein macrofibrils and
microfibrils, at the end is molecular consistent of the
amino acids arranged within the space of the right-
handed alpha helix. Since a protease is a large mol-
ecule, it was thought not to be able to penetrate the
fiber cuticle. Thus, it was expectate the attack would
be limited to cuticular scales with only minor dete-
rioration in mechanical properties being caused by
the damage to the interior. Oposite effect was no-
ticed when wool was treated only with enzymes][6].
Some of the enzymes were infiltrated into the mo-
lecular interstices between the scales and thus de-
stroyed the entire ednocuticule. In fact enzymes
catalyzed the degradation of different components
of wool fibers, making the reaction controi difficult.
Location of the reaction on the surface of the fiber
was further improved by the use of anionic
surfactants due to their denaturing effect as a result
of absorption at protonated amino sites what was
shown in our previous works [6,7]. The texture and
the state of the material also play a certain role, since
a solid mass may present a greater or lesser lateral
surface, depending on its geometry. Thus, yarn fine-
ness, corresponding to the number of fibers in the
yarn cross section, increases or decreases the con-
tact surface (for the same type of fiber).

The results of linear densities, tensile strengths,
breaking elongations, acid and urea bisulphite
solubilities (given in tab.2 and 3) indicate that the
degree of the hydrolysis greatly depended on pre-
treatment process, the concentration of Novolan L
and linear densities of the yarns. The decrease of
the linear density and loss of tensile strength is a
little bit lower at the yarns with higher linear density
due to lower loss of mass related to the control one
at the coarse yarn. Dyeing of the enzymatic treated
(N) yarns with metalcomplex 2:1 dyes resulted in
small increase of the linear densities and tensile
strengths due to the shrinkage at the temperature
of dyeing. Acid and urea-bisulphite solubilities of the
hydrolyzed yarns with two linear densities are almost
the same indicating the same degree of hydrolysis
but a decrease of urea-abisulphite solubility was no-
ticed on dyed hydrolyzed yarns due to the additional
damage during the dying process at the boiling point
of the water. Enzymatic hydrolysis was done in al-
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kali medium (pH 8,5). During the enzymatic hydroly-
sis in alkali medium the lantionin and lizinoalanine
connections were formed. They stabilized the wool
structure by conformation changes in polypeptide
structure transforming the disulphide into disulphide-
sulphydryl connections lowering the solubility in urea-
bisulphite [9].

When wool is used as substrate for enzyme-
catalyzed reactions, a special type of enzyme kinet-
ics is followed. Enzyme diffusion plays a much more
decisive role in this heterogeneous system of solu-
ble enzyme and solid substrate than it does in a ho-
mogeneous system, where both enzyme and
substrate are soluble. The kinetics does not only
depend on the concentration of the reaction partners,
but also on the diffusion of the enzyme, and into the
solid phase of the substrate and then diffusion of the
reaction products out of the solid phase into the lig-
uor. Concerning the former, the diffusion of the en-
zymes from the liquor into wool fiber resembles the
diffusion of a dyestuff. It is well know, that chlorina-
tion disrupts the fiber surface, and it can be assume
that it has removed the “surface barrier” stimulating
the absorption of enzymes on the fiber surface re-
sulting in further decrease of tensile strength of 6,9
to 14,6% depending on the linear densities and de-
crease of urea-bisulphite solubility. Due to the
enzymatic hydrolysis hairiness of the fiber was de-
creased. Decrease of the hairiness is lower on yarns
with higher linear densities due to the lower loss of
mass related to the control one at the coarse yarn.
From this results the lower loss of tensile strength
of this yarn. Further decrease of hairiness of (N)
hydrolyzed yarns arise during the dyeing process due
to the additional reduction in the amount of surface
hydrolyzed fibers.

Softness of the yarns was examined by measur-
ing the number of the twists in the same direction
till the breaking and given in tab.3. The results of
the tab.3 indicate that enzymatic treatment of (N) and
(S) yarns improved the softness of the yarns increas-
ing the number of twists till the break by 10,3 to 11,2
and 5,7 to 7,7, % respectively.

Characteristics of the physical properties of knit-
ted garments made of differently treated wool yarns
are given in tab. 4. Garments made of (N) and (S)
yarns with linear densities of 28 tex x 2 and 36 tex x
2 exhibit cockling. This effect is manifested as a three
dimensional distortion of the knitted structure and is
usually due to the:

e Evenness and consistency of the yarn and ulti-
mately those factors which can influence those
properties such as the quality of wool used in
the production of a particular yarn (the fiber mi-
cron range),

* The degree of set imparted to yarns prior to knit-
ting can also exert an influence since if yarns
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can not be reset in the knitted configuration one
might expect an inferior result,

e Yarn regain and tension control during knitting,

e And cockling may occur at the rib-panel inter-

face and at panel edges where loops are
stretched during fully fashioned knitting.

The yarns were produced from very fine fibers with
fiber diameter of 21,5mm so the fibers probably did
not have any influence on cockling.The degree of
cockling was lower on garment knitted from (N) and
(S) hydrolyzed yarns. During the enzymatic treatment
at 55 °C, and subservient drying, mechanical strains
introduced during the spinning were partly relaxed
resulting in clearly visible uniform structure.

Garments made of (N) yarns have softer handle
than made of (S) yarns. Acid chlorination introduces
harsh handle. The softness of the garments made
of enzymatic treated yarns increased especially on
those made of (N) treated yarns. Fluidity was also
improved. In other words, the garments hanged bet-
ter.

Tensile strength and elongation, abrasion resist-
ance and pilling ratings of garments made of (N) and
(S) yarns given in tab. 4 show 4,5 to 6,5% strength
loss followed by good abrasion resistance. Pilling
resistance of treated garments improved as a func-
tion of enzymatic treatment. Reduced yarn hairiness,
fewer protruding fibers available for entalglement di-
minished the pilling potential from 3 to 2 and 1.

Wool yarns specifications in terms of washability
very according to the nature of the product, with gar-
ments worn next to the skin, such as underwear,
hosiery and shirts, requiring a higher performance
standard than, for example, trousers or knitwear. In
the present study, examining fabrics are for use in
sweaters. Relaxation, consolidation and 1, 2 and 5
felting shrinkage in washing machine were studded
and the results presented on the Fig. 1 and 2. Gar-
ments made of yarn with linear density 28 tex x 2
shrink more intensively than those made of yarn with

higher linear density during relaxation, consolidation
and felting washings. Relaxation shrinkage is nor-
mally introduced during finishing by oversize fram-
ing immediately prior to steam pressing, and is ef-
fectively removed during the cold water treatment.
Knitted garments made of (S) yarns have lower %
of relaxation shrinkage than of (N) yarns, and the
decrease of relaxation shrinkage was noticed on the
garments made of (N) and (S) hydrolyzed yarns. The
same phenomena is noticed during the following the
consolidation shrinkage. The felting shrinkage, which
is the sum of the relaxation and felting shrinkage, is
increasing with the number of the washing cycles.
This increase is higher at the garments made of (N)
and (N) hydrolyzed yarns then on the garments made
of (S) and (S) hydrolyzed yarns. The maximum area
felting shrinkage permitted is 8% after a total of 20
Woolmark machine wash cycles (40°C) and in our
examination even the garments made of (S)
hydrolyzed yarns have 11,9 to 12,7% area shrink-
age after 5 washings. This shrinkage is in fact a sum
of relaxation and felting shrinkage.

Clearly visible structures after five felting washings
can be seen on garments made of (N) and (S)
hydrolyzed yarns with linear density 36 tex x 2 and
hydrolyzed (S) yarns with linear density of 28 tex x
2. Garments made of (N) hydrolyzed yarn with lin-
ear density 28 tex x 2 shows felty appearance.

CONCLUSIONS

Treating of wool yarns with protease product
Novolan L reduced cockling, improved pilling resist-
ance and soft handle of the garments and caused
low shrinkage reduction during the several washing
cycles without significant changes in physical and
chemical properties of the knitted garments.

Treating of wool yarns of chlorine Hercosett top
with the same product reduced cockling, improved

Table 4 Means of physical properties of knitted garments made of different treated wool yarns

Parameters Knits made Tensile Coefficient % strength Breaking Coefficient % abrasion  Pilling
of treatment of yarn with strength  of variation loss elongation of variation resistance  ratings
linear density N % % % loss
tex
(N) untreated 55,1 90,0 3,1 - 98,3 8,1 1 3
(N) 2,4% Novolan L 51,4 84,2 6,3 6,5 87,3 3,6 1,2 1
(N) 2,4% Novolan L dyed black 53,7 85,8 4,5 4,6 81,7 41 1.2 2
(S) superwash 55,1 84,2 6,6 - 89,3 4,5 0,8 3
(S) 1,2% Novolan L 52,9 79,5 2,6 5,5 74,3 5,4 1,3 2
(S) dyed black 55,7 80,3 2.9 4.6 75,7 53 1,1 3
(N) untreated 72,1 124,0 13,2 - 86,3 10,4 0,6 3
(N) 2% Novolan L 69,0 115,7 52 6,7 75,6 11,2 0,7 1
(N) 2% Novolan L dyed black 73,0 117,8 4.4 5,0 82,3 6.3 0,8 2
(S) superwash 72,4 118,8 7,0 - 80,0 32 0,7 3
(S) 1% NovalanL 70,5 111,8 2,7 5,9 74,0 12,9 1,2 2
(S) dyed black 73,0 113,5 6,9 4,5 75,0 5,0 1,0 3
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Area shrinkage (%)

—O— (N)untreated

----- (N)2.4%Novolan L
—&— (N)2,4%Novolan Lbl,
~#® (S)superwash
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0 rel. con.  felt1  felt2 felt5 “* (S)dyed black

Figure 1 Area shrinkage of knitted garments made of 28 tex x 2
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Area shrinkage (S)
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—&— (N)2%Novolan L bl.
* - (S)superwash
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0 rel.  con.  felt1 felt2 felts *+  (S)dyed black

Figure 2 Area shrinkage of kintted garments made of 36 tex x 2
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EFFECT OF ADDITIVES ON SOIL REMOVAL IN CREASE
RESISTANT FINISHING

Hodul P., Korcova D., Lokaj J., Murarova A.

Slovak University of Technology, Faculty of Chemical and Biochemical Technology, Bratislava

This paper is dedicated to the 50" anniversary of the Department of Fibres and Textile chemistry,
Faculty of Chemical and Biochemical Technology, Slovak University of Technology.

In this paper we report on influence of fcyclodextrin and polyethyleneglycol ( M.W. = 1000) as
additives into the finishing bath in crease resistant finish of cotton with the reactant KNITTEX FEL
on sodium dodecyl sulphate adsorption, wetting, re-wetting, soiling and soil removal. Adsorption
isotherms in the CMC region are of the Langmuir type and the adsorbed amount of surfactant
increases with increasing concentration of additives in the finishing bath. The additives decrease
the wetting times. Re-wetting times depend on the surfactant concentration. There was only slight
influence of additives on soiling and soil removal with mixed soil. On the other hand the signifi-
cant soil release effect was observed with oily soil.

INTRODUCTION

Finishing of cotton fabrics as well as blends with
chemicai fibres particularly with that of polyester using
bifunctional cross-linking agents represents one of the
widely used process to provide dimensional stability
and crease resistance (e.g. Easy-care, Wash- and-
wear, Durable press). There are two common ways to
carry out cross-linking, the first one being etherification
e.g. using 1,3-dihydroxymethyl-4,5-dihydroxyimoda-
zolidine-2-one (dimethyloldihydroxyethylene —
DMDHEU), the second one is the esterification
through reactions with polycarboxylic acids e.g.
1,2,3,4-butane tetracarboxylic acid (BTCA) [1].

End-use properties of goods finished can be de-
sirable improved by application of various auxiliaries
in the finishing bath. Typically, the bath contains
softening agents (polyethylene emulsion). In the case
the auxiliary contains suitable functional groups
which are able to react with the cross- linking agent
then, it can permanently be bound to the fibre sur-
face. If supramolecular compounds such as cyclo-
dextrin or polyethyleneglycol each containing the
reactive hydroxyl group are used for this purpose the
functional textile adopted to a specialty requirement
profile can be produced. Knittel et al [2} have fixed
cyclodextrin (further to be referred to as CD) to the
fibre using crease resistant agent. Jinkins and
Leonas [3] have applied polyethylene glycol (PEG)
on polypropylene fibres material. CD has a capacity
to bind to the fibre a variety of organic molecules —
scents, bactericide etc., through the formation of in-
clusion complexes [4]. Polyethylene glycols in the
meander structure like in the solubilization process
can mediate linking such substances via hydrogen
bonds.

In our recent paper [5] we investigated the influ-

ence of CD and PEG as additives in finishing bath
on basic characteristics of finished 100% cotton fab-
ric. It was found that these compounds had no nega-
tive effect on whiteness, caused slight lowering of
dry wrinkle recovery angles, decreased the loss of
tensile strength during curing and increased mois-
ture regain mainly at lower relative humidity.

It's well known that crease proofing leads usually
to higher soiling and creates problems in laundry
which represents the most frequently used house-
hold maintenance. There are no problems with na-
tive cotton goods, which could be washed at the bail.
On then other hand goods with crease proof finish can
be washed at temperatures below 60 °C and thus, aux-
iliaries with soil release effect can be used. CD has
been published to have an intensifying effect on soil
removal of non-cellulosic materials in scouring [6].

Let’s put a question: how the material with CD ca-
pable of forming inclusion complexes with surfactants
as well as oily dirt and chemically bound on the sur-
face will behave? Both CD and PEG will influence
the value of fibre critical surface tension and thus
the wettability mainly with oily components of sail,
zeta potential as well as the surface structure and
swelling. All these facts will contribute to changes in
soiling and the soil removal by detergency. Usually
three ways may be considered in which soil could
be attached to a substrate — physical adsorption, me-
chanical retention and chemical reaction. There is
no clear borderline between physical and chemical
interactions between molecules. Van der Waals forces
and hydrophobic bonding are usually considered to be
of physical nature whereas hydrogen bonding and
Coulombic attraction of ions can be considered as
physical or chemical phenomena.

It's clear that the removal of oily liquid soil is pre-
dominantly a question of wetting the substrate with
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both the oil and the washing bath, with solid parti-
cles soil, moreover, an important parameter is their
diameter. Large particles the size of which is over
20 um are easily removed by mechanical forces.
Particles with diameter less than 0.1 um can not be
removed through washing procedure [7].

The aim of this paper was to obtain information on
the influence of B-cyclodextrin and polyethylene gly-
col on the adsorption of sodium dodecyl sulphate,
wetting and re-wetting, soiling and soil removal by
detergency.

EXPRIMENTAL

Material — Fabric treatment

Desized, scoured and bleached 100% cotton fab-
ric by Slovak standard STN 80 0101 was used
throughout the study. Specification of fabric: weight
per unit area of 125 g.m™, plain weave, linear density
of yarn, warp 20 tex, weft 25 tex, warp sett 32 + 2,
weft sett 26 + 2.

Cross-linking agent Knittex FEL (CIBA) on the ba-
sis of modified dimethyloldihydroxyethylene urea for
crease resistant and easy care finishing cellulosic
materials and blends was used. The agent has a very
low content of a free formaldehyde. Magnesium salt
catalyst Katalysator MO(Chemische Fabrik Pfersee)
was selected for it's high stability and compatibility
with starch.

B-cyclodextrin CyH70055, MW.= 1135 g.mol™
made by Merck.

Polyethylene glycol M.W = 1000g.mol™" was sup-
plied by Sloveca (SK) technical grade.

The sample (12x30 cm) was passed through the
laboratory padder with a wet pickup of 90 % (owf)
with a bath temperature of 20 °C. The composition
of impregnating liquors is given in Table 1. For this
investigations no softener was applied. The catalyst
was added to the formulation immediately before
application. Wetting agent Spolion 8 was used. Af-
ter padding the fabric was taken on frame, dried (10
min., 100 °C) in a force draft oven, followed by cur-
ing in a second oven at 150 °C for 5 min.

After condensation the samples were scoured in dis-
tilled water (liquor ratio 1 : 30 at temperature of 50 °C)
for 30 min., finally samples were dried at 105 °C.

Table 1 Formulations of impregnating liquors

Liquor Concentration
NO gL—1

Sample Spolion 8 Knittex Catalyst p-CD PEG
. 1 60 12 - -
If. 1 60 12 30 -
HH 1 60 12 50 -
V. 1 60 12 - 30
V. 1 60 12 - 50

Values for untreated sample are given under P

Vidkna a textil 8 (1) 8-12 (2001)

1.1. Test methods

Evaluation of all fabric properties was carried out
on samples conditioned at temperature of 20 + 2 °C
at 65 % of relative humidity for 24 hours.

2.2.1 Adsorption of surfactant of cotton samples

Adsorption of sodium dodecylsulphate (DDS) was
investigated in a concentration of 2, 4, 14 and 20
mmol.L”". The wide-neck flask of a volume of 250
cm?® was filled with a 150 cm?® solution of the sur-
factant in which a cotton sample of dimensions of
12 x 15 cm was immerged at temperature of 20 C,
respectively 50 °C and 70 °C for one hour. Two phase
titration method [8] based on the use of a cationic
titrant for solution of anionic surfactant was applied.
These two surfactants react together to form a salt
which is soluble in chloroform. As indicator brom-
cresol blue is used. At the end point dye is trans-
ferred completely from solution to chloroform. The
difference in concentrations before and after the
sorption respectively, yields the adsorbed amount of
the surfactant.

Chemicals:

Natrium dodecylsulphate,

Septonex N-(a-carbethoxylpentadecyl)-trimethyl-
amoniumbromide, 0.004M,

Bromcresol — green solution, 0.15g in 250 mL dis-
tilled water,

Solution of phosphates — 300 mL of 0.065 M of
natrium hydrogen phosphate, 100 mL of 0.065 M
trisodium phosphate and 80 mL of n-propanol,

1 M NaOH,

Chloroform,

n-propanol.

All chemicals were of p.a. grade.

Procedure

Transfer 10 mL of surfactant solution to 100 mL
glass stoppered graduated flask add a volume of 24
mL solution of phosphates and 10 mL of 1M natrium
hydroxide. Carry out titration with the Septonex so-
lution. After each small volume adding shake well
the cylinder. Wait for separation of phases. Continue
titrating until all color is transferred to chloroform
phase. The same procedure should be applied for
blank but instead of DDS solution 10 mL of distilled
water has to be used.

The analytical results were calculated as follows:

_ Mops —[Mops /(Vs = Va)]* (Vs — Vo) , 150% Cops

a
20 pEmy

where a — amount of adsorbed DDS (mmol g.™),
mpps — DDS weighted (g), p — weight concentration
of DDS (g L™), cops — concentration (mmol L), V, —
volume of cationic titrant for blank (mL), V, — vol-
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ume of cationic titrant before adsorption (mL), V, —
volume of cationic titrant after adsorption (mL), m, —
weight of fabric sample taken.

The reciprocal form of the Langmuir isotherm

1 1 1

L N —
[l kIcl-[c]s [cl

where [c] — amount of surfactant on the material,
[c]s — surfactant concentration in solution, k — con-
stant, was used to determine the maximum amount
of surfactant adsorbed.

2.2.2 Wetting

Wettability of samples was evaluated using the
modified immersion method DIN 53801 [9] in which
the sinking time of a cloth placed on the surface of
the water is determined. Circular disc of cotton fab-
ric of 7 cm in diameter carefully dried for 24 hours
under calcium chloride were prepared. Glass beaker
of 800 mL of volume was filled with distilled water
of 600 mL. The disc is placed onto water level by
tweezers and the sinking time is measured. All the
measurements were made at constant temperature
of 22 + 1 °C. Series of 10 measurements are taken
to determine the mean value of sinking time. Times
below 3 s and over 300 s are omitted.

2.2.3 Soiling and soil removal
A measurement of detergency implies simply an
estimate of the amount of soil present on the
substrate before and after cleaning operation (wash-
ing). Perhaps the most frequently used type of
detergency test is the washing off artificially soiled
fabric swatches followed by reflectance measurement
to assess soil removal. In the experimental work two
types of artificial soil were used:
— mixed soil composed of black Indian ink,
tetrachloromethane, sunflower oil, dry milk, gela-
tin and water [10].
— oily soil, old engine oil [11].

Cotton fabric samples of dimensions of 12 x 30 cm
were immersed for 5 min. in the particular soil and
excess of soil was removed by squeezing mangle
(wett pick-up 100%) and dried in the air and subse-
quently in an oven at 60 °C. After the reflectance has
been measured samples were washed in a
Launderometer in bath of volume of 100 mL at tem-
perature of 60 °C for 10 min. LLAS based detergent
in a concentration of 3g.L™" was used. In distilled
water scoured samples were dried at 60 °C and then
their reflectance was measured again. Detergency
(%) was calculated:

(K/S)w -(K/S)s |
(K/S)o - (K/S)s

where K/S — values are given by Kubelka-Munk function

%w = 100

10

_m\2
K/S= (-R)”
2R
R - reflectance, (K/S)y — for washed swatches,
(K/S)s — for soiled swatches, (K/S)q — for the swatch

before soiling.

RESULTS AND DISCUSSION

Layers of surfactant adsorbed on the surface of the
textile material have a pronounced influence on the
final effect in wet technological operations as well
as in the household maintenance of goods. Thus,
the wettability in water is enhanced, zeta potential
is changed and there is a competition in adsorption
with other different substances such as dyes, soil
etc., the soil removal being easier. All functional prop-
erties of surfactants are based on adsorption phe-
nomena.

In order to obtain information on the influence of
both CD and PEG on soiling and soil removal of
treated cotton fabrics the adsorption of DDS in the
range of CMC (8.1 mmol. L™") was investigated. The
amount of surfactant adsorbed increases with higher
concentration of surfactant in solution up to 15
mmol.L™, reaching the maximum value in the con-
centration range of 15 -20 mmol.L™". Adsorption iso-
therms for all samples are of the Langmuir types (Fig.
1-5). In the case of non-treated cotton the amount
of LSS surfactant adsorbed reaches equilibrium at

0,01 4
0,009 1
0,008 1

~ 0,007
o
S 0,006
€
£ 0,005
® 0,004 -
0,003
0,002
0,001 -
0

3 5 7 9 11 13 15 17 19 21
¢ (mmol/L)

Fig. 1 Adsorption of surfactant on non-treated cotton fabric in

dependence of the concentration DDS in solution (10 min.,

20 °C)

a (mmol/g)
e © o o o o
N w S w o ~
A . s

e
-

o

0 5 10 ¢ (mmoliL) 15 20 25

Fig. 2 Adsorption isotherms for DDS on cotton samples treated
with bath 1., Il. and IlI.

Vidkna a textil 8 (1) 8-12 (2001)



[
4 P v
/ [—
e T
0.8 P 7
3 7
Eos S
= //'/,/X [ .
04 ST
P
0.2 ,»;//
Iz
0 . : : .
3 5 7 9 11 13 15 17 19 21

¢ (mmol/L)

Fig. 3 Adsorption isotherms for DDS on cotton samples treated
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Fig. 5 Adsorption of surfactant on cotton fabrics treated with bath
V at different temperatures

that the biggest surface area 7.02 nm? was found
for untreated cotton. For treated samples this param-
eter decreased in following order:

Cross-linked cotton (P) > P + b - CD > P + PEG

For condensed oriented monolayer of DDS in the
air/ solution boundary the molecular area of 0.2nm?
was published [ 7 ]. This value is higher than those
found in samples I, IV a V.

It is well known that the adsorbed layers change
the surface properties which successively influence
the wettability, the latter being the determining fac-
tor in soiling and soil removal processes. One has
to take into account that the desorption of surfactant

Table 2 Maximal amount adsorbed and molecular surface areas at 20 °C

Sample No P I fl. 1. I\ V.
8 (MMoL.g™") 0.0145 0.5150 0.6307 0.7474 1.047 1.3539
Molecular area(nm?) 7.02 0.20 0.16 0.13 0.09 0.01

the concentration of 0.0093 mmol.g™" (Fig. 1). For
cross-linked cotton samples the corresponding value
was significantly higher — 0.4728 mmol.g™". From Fig.
2 and 3 it can be seen that both CD and PEG cause
further increasing of adsorption. The more additive
was used the higher adsorption was observed. Due
to PEG the increase of amount was greater (1.1323
mmol.g™") than that with CD (0.624 mmol.g™"). It may
be assumed that the surfactant enters the CD cav-
ity in the same manner like inclusion complexes in
surfactant solutions. The meander structure of PEG
chain is favorable to enhance adsorption.

For two selected samples the influence of tempera-
ture on adsorption was investigated (Fig. 4 and 5).
The increase in temperature leads to substantial
decrease of adsorption. The calculated average sur-
face area of 1kg cotton fibres of 172 m? was con-
sidered in calculating molecular areas of one mol-
ecule adsorbed. Areas corresponding to one
adsorbed DDS ion were calculated for maximal
amount adsorbed obtained using reciprocal form of
the Langmuir isotherms.

From the results given in Table 2 it can be seen
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Table 3 Wetting times in distilled water for cotton samples

Sample No P I 1. "L V. V.
10.7 208 164 168 176 213

Wetting time [s]

Table 4 Re-wetting times for non-treated cotton and cross-linked
cotton after the DDS adsorption ( t = 20 °C)

Sample N° P I

CoosimMmoll'] 2 8 14 20 2 8 14 20
Time [s] 22 19.6 184 165 152 216 21 20.3

in textile fibres is very slow and rarely to be com-
pletely achieved.

Wetting and re-wetting times obtained by means of
the sinking method are given in Tables 3, 4 and 5.

Cross-linking of cotton causes an decreasing rate
of wetting, the sinking times changed from 10.7 for
non-treated sample to 20.8 for the finished one. CD
and PEG at lower concentration speed up wetting
when compared with the sample cross-linked with-
out additives but the sinking times exceed the value
of that for natural cotton. At higher concentration of
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PEG (50 gL™") the situation is somewhat different,
the wetting time is higher than that for sample I.

For measuring the re-wetting times the samples
treated were immersed into the surfactant solutions
of concentrations of 2-20 mmol L™ at 20 °C for 10
min., dried and conditioned. Then, the sinking times
in distilled water were measured. From Tables 4 and
5 it can seen that for samples with surfactant
adsorbed layer the re-wetting times were found to
be higher than that compared with original samples
(with the exception of sample 1.). The higher con-
centration of surfactant the lower re-wetting times
(with the exception of sample [.).

In final stage of our work attention was paid to the
effect of additives to soiling and soil removal. The

70 —

% w

P L I . V. V.

Fig.6 Soil removal of mixed soil for samples soiled after conden-
sation (1) and samples treated after condensation with sur-
factant solution and then soiled (2).

Table 5 Re-wetting times for cotton cross-linked with bath con-
taining additives after the DDS adsorption (t = 20 °C)

Sample N° Cpps [mmol.L™) Time [s]
2 20.2
8 16.5
I} 14 13.2
20 10
2 229
8 19.5
118 14 16.8
20 13.4
2 21.7
8 20.1
V. 14 19.4
20 19
2 22.8
8 22.1
Vv 14 20.5
20 18.4

results given in Table 6 indicate that as for the mixed
soil the reflectance of samples after soiling is slightly
lower and soil removal expressed in % was higher
with additives (with the exception of sample lll).
Experiments were also performed with samples
which were treated in solution of DDS (concentra-
tion of 20 mmol.L™") after condensation, then dried
and soiled in order to obtain information on the in-
fluence of adsorbed surfactant on soiling and soil re-
moval. Surfactant adsorbed on samples before soil-
ing causes decreasing % of detergency (Fig. 6).

12
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Fig. 7 Soil removal of used car oil for samples soiled after con-
densation (1) and samples treated after condensation with
surfactant solution and then soiled (2).

Table 6 Soil removal of mixed soil by washing

Sample N° P I 1. . V. V.

R, 8646 8537 8518 8542 8554 8507
Re 2141 2008 1759 1784 18.02 18.86
Rw 48.44 58.31 59.10 5527 6054 58.15
%w 415 58.5 61.4 55.4 63.0 59.3

Table 7 Soil release of used car oil

Sample N° P l. il M. V. V.
R, 85.85 80.21 81.05 85.93 81.3 86.34
R, 2729 2785 28.10 2898 27.35 2848
Ry 34.9 2796 4147 39.71 40.74 38.13
%w 12.0 0.20 25.2 18.8 22.7 171

A quite different situation arises for experiments
carried out with used car oil. In this case additives
slightly lower soiling but significantly increase soil
release (Table 7), the effect of CD being greater than
that of PEG.

Creation of adsorbed surfactant layer on material
surface before soiling unlike the results obtained with
complex based soil significantly improves soit re-
moval (Fig. 7).
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In this contribution we present the development of polyolefine fibres within the context of the
development of chemical fibres, both in the world and in Slovakia. The development of polyolefine
fibres in the past was explicitly conditioned by the development of chemical fibres and pyroly-

sis processes of crude oil products.

For about 7000 years during which textile fibres
have been used, until the late 19th century only natu-
ral fibres — flax, jute, cotton, wool and natural silk —
were in use.

At the end of the 19th century and at the begin-
ning of the 20th century, the industrial production of
chemical fibres from regenerated natural polymers
was born and just before World War Two, the first
industrially fabricated and processed synthetic fibres,
not present in nature, appeared. Chemical fibres are
then a legitimate child of our century. Their devel-
opment has been enormous to such an extent that
currently, their share in consumption of fibres in all
application areas (clothing, home and engineering
fabrics) is being about 58 percent 1, 2, 3, 4, 5]. At
present, polyester (PET) and polyolefine fibres (PO),
especially polypropylene ones, are the most devel-
oping (Tab. 1). Polyolefine fibres are represented by
three types on the basis of polymers [5, 6]:

— polypropylene (PP)

- polyethylene (PE)

— polymethylpentene (PMP).

Polypropylene fibres have about 95-percent share
in the whole production of polyolefine fibres, the
share of polyethylene fibres is about 5 percent and
the share of polymethylpentene fibres is negligible
(Polymer-Mitsui). Polyethylene fibres are produced
in form of non-woven materials (Spunbond,
Meltblown, Tyvek, Dren) and technical super high-
tenacious fibres prepared from high-molecular PE by
the so-called xerogel method (UHMWPE) — fibres
Spectra from the firm Allied Signal and fibres
Dyneema from the firm DSM.

Prof. Natta's announcement of invention in 1954
— i.e. preparation of polypropylene by stereospecific
polymerization, using Ziegler-Natta catalysts — meant
a breakthrough also in polymer chemistry. This in-

Table 1 Worldwide production of polyolefin fibers (1000 tons) in 19951998 and production capacity in 1999-2000 [1]

Region/Country 1995 1996 1997 1998 1999 2000
NV S NV S NV S NV S NV S NV S
Western Europe 814 362 785 426 793 421 751 462 975 562 992 575
Eastern Europe 86 44 91 40 109 44 110 44 195 55 207 78
Turkey 104 30 112 31 171 33 259 40 311 55 311 55
Canada 42 27 45 27 48 28 54 29 62 32 62 32
USA 851 238 874 255 914 283 971 290 1236 378 1255 378
Mexico 33 37 6 43 5 43 6 50 7 50 7
Other America 202 5 204 7 208 9 208 10 234 13 235 14
Japan 116 53 98 56 105 61 102 58 134 78 134 78
China 708 118 727 131 722 128 719 125 880 150 880 150
South Korea 79 80 6 81 8 76 8 88 10 88 12
Taiwan 118 120 5 122 5 124 9 137 12 143 12
Other Asia 249 8 271 9 274 10 257 9 335 17 331 74
Africa/Oceanic 103 17 117 19 117 19 129 21 149 24 163 24
Total 3505 902 3561 1018 3707 1054 3803 1111 4786 1393 4851 1489
4407 4579 4761 4914 6179 6340

NV = monofilaments, multifilaments yarns, spunbonds and film fibers

S = staple fibers and tow
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Table 2 Properties of main type of fibers

Fiber p (g/cm®) Vs (m¥kg)  MP (um?/tex) AW/m.K) RV (%) T. (°C) T, (°C)
PP 0,92 1,09 1087 0,8-1,0 0,01 140 165-175
PA 1,14 0,88 877 3.4 3,5-4,5 180 215-220
PAN 1,18 0,85 847 6,5 1,0

PET 1,38 0,72 725 2,0-3,0 0,3-0,5 230 250-260
Viscose 1,52 0,66 658 11-14 11-14

Wool 1,32 0,76 756 23 12-18

Cotton 1,50 0,67 667 27,5 8-13

p = density, Vg = specific volume, MP = specific surface, A = heat conductivity when ,, = 0,026 W/m.K
RV = moisture regains, T,, = softening temperature, T, = melting temperature

Table 3 Mechanical properties of PP fibers made from Ziegler-
Natta polymer (ZN-iPP) and metaliocene polymer
(m-iPP)

ZN-iPP: melting point = 163 °C
MFI =25 g/10 min

m-iPP: melting point = 151 °C
MFI =25 g/10 min

Take-up Tenacity Elongation Shrinkage
speed cN/dtex % %
m/min  ZN-iPP  m-iPP  ZN-iPP m-iPP ZN-iPP m-iPP
2000 2,6 3,2 140 160 15 14
2500 2,8 3,3 120 146 14 11
3000 3.1 3,8 85 135 16 10
4000 3,8 4,4 48 90 19 10,5

vention enabled to prepare crystallizable polymers
also from monomers with asymmetric structure. Thus
we came partly closer to the laws of creation of poly-
meric fibre-forming materials in nature (cellulose in
cotton, proteins in natural silk and in wool). Also on
this occasion, we pay our respects to Prof. Natta and
his team for the contribution to polymeric chemistry
as well as development of PP fibres [12, 13, 14].
Development done until now has ensured produc-
tion of wide range of PP polymers, enabling prepa-
ration of fibres which are applied in all spheres of
textiles while PP fibres have the dominant position
in non-woven materials [2—4, 5, 9,10,11,15,16].
Owing to new-built plants, producing polypropylene,
we can assume that in 2001, capacity of production
of polymer in the world will reach 38,7 mil t/year.
Capacity of production of PP polymer in Europe was
about 8,9 mil t/year in 1998. 1,8 mil t from this quan-
tity were applied to PP textiles. There is an assump-
tion that in 2001, capacity of production of PP poly-
mers in Europe will be 10,9 mil t/year [2—4,19,21,22].
In recent years, further development of PP poly-
mer on the basis of Ziegler-Natta (ZN) catalysts has
been considerably in the shadow of preparation of
polymer with metallocene catalysts (7,8,9). Polymers
prepared with metallocene catalysts (m-iPP) have
narrower distribution of molecular weights (Mw/Mn
2,5) in comparison with ZN-iPP (Mw/Mn 3-5), as well
as lower content of atactic polymer (below 0,5 %),
small share of volatile low-molecular fractions, usu-
ally lower meit temperature (146—150 °C) and lower
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elasticity of polymer's melt. These properties of m-
iPP enable preparation of PP fibres with higher te-
nacity, preparation of fine fibres as well as fibres with
lower shrinkage — in comparison with fibres prepared
from polymers ZN-iPP (Tab. 3).

Polypropylene attracted attention with its proper-
ties as early as the beginning of its preparation, and
it was obvious that it would find a big application in
the field of plastic materials processing. When ap-
plying polypropylene in production of chemical fibres,
opinions were not united because of some proper-
ties of pure PP as lower light and thermal stability,
bad dyeability in solutions of dyes, hydrophobicity,
etc. For these reasons, big distrust of PP fibres de-
veloped, and important world fibre companies called
it ,,fibre of the poor”.

Today, polypropylene fibres belong to the young-
est generation of chemical fibres, having a large ca-
pacity production. Their development was relatively
fast in comparison with other types of synthetic fi-
bres. As early as 1958, i.e. four years after
Prof.Natta’s invention had been open to the public,
production of PP fibres started in the U.S.A. and ltaly.
By 1965, this production was introduced in Japan,
Great Britain, France and Slovakia. In 1970, produc-
tion of PP fibres was 0,34 mil t, in 1980 around 1,05
mil t, and in 1990 2,2 mil t (Fig. 6). At present, pro-
duction and consumption of PP fibres holds a sec-
ond place (5 mil t), after PET fibres (16 mil t).

Dramatic development of PP fibres has been condi-
tioned partly by sufficient source of basic raw material,
but partly, it has happened thanks to their general, spe-
cific and special properties, applicability of facilities de-
veloped for synthetic fibres and also thanks to the prices
of basic raw material [2-5, 9, 11, 15-20].

Polypropylene fibres have won through on the
market as another type of chemical fibres and also
because of their specific properties, especially:

— the lowest specific weight (Tab. 2)

— the highest specific volume and surface area (Tab. 2)

— high wet and dry resistance to abrasion

— lower retention of humidity (Tab. 2)

— high capillary elevation

— the lowest resistance to penetration of steam in their
textiles
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— high activity to non-polar organic compounds

— high resistance to acids and alkalis

resistance to moulds, microorganisms and insects

the lowest irritability of skin, hygienic — nonallergic

non-toxic substances (CO, and H,0) are released

during thorough combustion

higher thermal and insulating properties of their tex-

tiles

higher absorption of sound

high elasticity at low deformations

soft and warm touch of their textiles

— high physical activity of their surface (separation
properties)

— negative electrostatic charge.

The main assortment of PP fibres produced is in
form of staples, BCF, tow, textile and technical yarn,
foil tapes, fibrillated foil fibres and fleeces (spunbond,
meltblown). PP fibres are produced in broad scale
of colour shades, tenacity (1,5-9 cN/dtex), linear
density (0,5-600 dtex) with various transverse and
longitudinal geometries (Fig. 1), with various over-
molecular and macromorphological structures (Fig.
2, 3). Basic physical properties of fibres are given
in Table 2. Absorption of sound is given in Figure 4.
The main spheres of application of PP fibres in prod-
ucts are given in Figure 5.

Fig. 1 SEM photographs of cross-section of PP fibres with den-
sity 27 dtex
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a b

Fig. 2 WAXS and SEM photographs of fibres with different struc-
tural modification; a — PP fibres 1,3 dtex with the smectic-
hexagonal structural modification, b — Cross-section PP fi-
bres with inorganic substrata with monoclinic structural
modification

The research and development of PP fibres in
Slovakia started in 1958 in the Research Institute of
Man-Made Fibres and at the Department of Chemi-
cal Fibres at CHTF SVST, in cooperation with tex-
tile research institutes, VUMCH and mechanical-en-
gineering institutions. The first production of PP fibres
was realized in Chemosvit Svit in 1965 (staple, tech-
nical yarn). In 1967, production of PP fibres was
launched in SLZ Hnusta (types of fibres for furniture-
making). PP staple’s production of a large capacity
and basic unit of PP technical yarn — and later, of
PP BCF - were realized in 1970 in Istrochem
Bratislava. Production of PE and PP fibrous materi-
als (spunbond) was realized in 1976 and 1977 in
Tatralan Kezmarok. Further production of PP staples
and PP BCF, having a large capacity, was realized
in 1978 and 1981 in Istrochem Bratislava, and pro-
duction of PP textile yarn in 1980 in Chemosvit Svit.
The above-mentioned productions were introduced
on the bases of our own research and development
of machinery, with rich scale of colour shades, physi-
cal-mechanical properties, fineness, as well as vari-
ous transverse and longitudinal geometries (profiled
ones), and they were modified for significant spheres
of application. In 1989, production of PP fibres and
fibrous materials in Slovakia was 50 300 t/year. Since
1989, innovation of processes of fibres’ preparation
as well as further development of modified PP fibres
have been happening.

At present, PP fibres in form of staple, BCF, yarn,
non-woven textiles, tapes and similar products with
large scale of colour shades, physical-mechanical
properties, fineness and with various transverse and
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Fig. 3 SEM photographs of inner structure
of PP fibres additivated with: a —
Mg(OH),, b — BaS0,, ¢ — CaCO0,, d -
without additivated, e — hollow fibre
additivated with Mg(OH),

The sound Activity
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Fig. 4 The sound Activity of Fibrous Materials with of cross-sec-
tion of PP Fibres

longitudinal geometries (profiled ones) are being pro-
duced in Slovakia. They are modified for various
fields of application.

The basic classification of PP staples is as follows:
carpet (C), woolen (W) and cotton (C) types.

Various types of fibres differ not only in their linear
density, but also in their overmolecular and morphologi-
cal structures, or, some types even in molecular com-
position of polymeric systems. Structure, or properties
vary according to the field of application. Home textiles
are the main field of application of PP staple.
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Fig. 5 Textiie polypropytene consumption

Polypropylene carpet types of staple fibers is used
especially for:
— tufted carpets as piles or underfelts
— needle felts and non-woven floor coverings
— non-woven decoration textiles and wall linings
— dewatering felts and filter fabrics.

Wool types of PP staples are used either alone,
or in blends with viscose staple and natural fibres,
mainly for:

— protective and work clothings for various working
environments or climatic conditions
— ECO systems
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Fig. 6 Wortdwide production of PP fibers in 1970 and 1998

non-woven fabrics for hygiene products and worsted
blankets

knitted winter and sport socks, and for hand and
machine knitting yarns

non-woven fabrics for warming inserts, filtration of
gases and liquids, e.g. deailing filters

textiles for building industry and transport.

Cotton types of PP staples have also found their
broad application, either in yarns from 100% PP or
in blends, especially with viscose staple and cotton.
The main applications are following:

— fabrics for alkali resistant industrial uniforms and cov-
eralls as well as common work clothing

— basic fabrics for special technologies (needle punch-
ing, tufting)

— technical filter fabrics for agriculture, building indus-
try, transport, etc.

— fabrics for bedspreads, bandages, shoemaker's ducks

- interlock knitted fabrics for underwear, and one-
ribbed knitted fabrics for production of bedspreads,
sportswear, etc.

— shrinking fibres for blend fleeces for the production
of synthetic leather

— non-woven fabrics from multicomponent fibres for
gas or liquid circulation

— preparation of ECO materials.

The great part of polypropylene fibres is in form of
non-woven materials, prepared directly under the
nozzle and reinforced by mechanical, chemical and
thermal treatment [1,6,7]:

— filter materials, underfelts for tufted carpets, wraps
and hygiene products

— however, the main application is in form of
geotextiles for the following spheres:

— building of roads, highways, forest and field drive-
ways

—~ building of sport facilities
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— stabilization of dam embankments, river banks, wa-
ter reservoirs and channels — building of railroads
and tunnels.

PP yarn is produced in a broad assortment and
with different fineness, different overmolecular struc-
ture and physical-mechanical properties, and with
various transversal geometry.

The main production volume is made up by trans-
versally and longitudinally textured BCF which are
used in the field of home textiles, especially for:

— tufted carpets with loop and pile

— upholstery fabrics and covers, decoration textiles,
textile wall covering, etc.

This field can also include the so-called multi-
component PP fibres in form of tow, intended for
cigarette filters and for filtration of gaseous media.

Textile yarn with linear density from 30 to 600 dtex,
flat as well as textured one, represents a relatively
large production capacity which is increasing espe-
cially on a world-wide scale. Significant fields of its
application are mainly following:
textiles for needle punched blankets
technical textiles for filtration, leakproof sheets, elas-
tic belts and straps
warps of upholstery fabrics
needle punched materials for the manufacture of
non-woven textiles
furniture, decoration and upholstery textiles
wadding textiles
warp knitting fabrics
— plaited rubber materiais
— bedclothes
— ribbons, ropes, lines, nets.

In clothing industry, PP fibres are applied to un-
derwear, children’s and ladies’ clothes, socks, gloves,
sportswear, leisure wear and protective working
clothes e.g. for chemical plants and laboratories. PP
yarn, textured and of various geometry, enables to
prepare the so-called integrated areal textiles which
represent a suitable product for clothing, in terms of
physiology and hygiene.

The increasing interest in application of the spe-
cial types for medicine is worth of our attention. In
this sphere, PP fibres are used in form of surgical
threads, bandages, swabs, protheses, membranes
for ultrafiltration of blood, wraps for diapers, bedsore
protection mats, mulls, surgical uniforms, etc.

The interesting spheres, for which new assortments
of PP fibres are being developed by innovation of
their preparation processes and by their physical-
mechanical modification, are following:

-~ modified, high shrinkage types for new types of car-
pets, upholstery fabrics, furniture textiles and cover-
lets, quilts (non-allregic), prepared by new combina-
tion of stereocisomers

— special types for floor coverings, wall facings and
wallcovering, bedsheets, etc.
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— in the sphere of textile fabrics, modified types in
blends with other fibres are being developed for pro-
tective and working clothes for demanding applica-
tion fields in industry, medicine and bio-laboratories

— fibres with changed transversal and longitudinal ge-
ometry for winter clothes and sportswear, and for
warming inserts

— fibres for integrated textiles with good moisture trans-
portation and good parameters of comfort of cloth-
ing (underwear, diapers, sportswear)

- compound fibres for new generation of poromers

— microfibres, prepared by classic procedures as well
as by multicomponent M/F blends and by melt-blown
procedures — they are used for exclusive dresses,
sportswear and for technical applications

— fibres for technical textiles as geotextiles for building
roads and highways, for stabilization of embank-
ments, dams and water reservoirs, and for affores-
tation

- modified and high tenacious fibres for cement
blends, used in building industry and for thermal in-
sulation of buildings

— special fibres for sports facilities, ropes and wrap
materials

— modified types of fibres for drainage felts, filter ma-
terials, air-conditioning

— fibres for solving ECO problems, mainly for separa-
tion of crude oil from water and gaseous substances
and for protection of soil against contamination by
harmful agents

— special fibres for transport, agriculture, food-process-
ing and chemical industries

— multicomponent fibres based on PP of a M/F type —
polyfibrous and multicore ones, whose mechanical
and chemical properties are varying, and which are
suitable also for preparation of microfibres

— bicomponent fibres of S/S and C/S types, especially
heterophyllous and thermobonding

- bioactive PP fibres with wide fields of application in
textile, technical and medicine products.

At present, PP fibres and fibrous materials are pro-
duced in Slovakia in the following firms:

— Istrochem, a.s. Bratislava (Supplement No. 1)

— Chemosvit-Fibrochem, a.s. Svit (Supplement No. 2)

— Research Institute For Man-Made Fibres, a.s. Svit
(Supplement No. 3)

— Tatralan, a.s. Kezmarok (Supplement No. 4).

PP fibres have good chances of quantitative and
gualitative development also in the further period.
Today, the basic raw material — PP polymer — rep-
resents a sufficient source for preparation of fibres
from the viewpoint of production amount
[2,3,10,21,22]. Assortment composition of PP poly-
mers is so wide that it enables to prepare PP fibres
and fibrous materials which find their application in
all spheres of textiles, used for personal and social
consumption [3-9,11,19-26]. Recently, production of
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new generation of PO and mainly PP polymers have
started — they are based on metallocene catalysts
which enable to prepare fibres with a broad scale of
properties with high utility values [2-8]. New cata-
lytic system gives chances of intentional preparation
of PP stereoisomers (m-iPP, m-sPP, m-aPP), copoly-
mers PP/PE, blends of polymers, LLDPE and cyclic
I-polyolefines with high Tg and Tm for the high-te-
nacious fibre types, resistant to high temperature.
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Supplement No.1

ASSORTMENT OF PP FIBERS
ISTROCHEM, a.s., Bratislava

PP STAPLE NOBELEX ®, ISTRONA®, DIMAPOS ®

Trademark Linear density ~ Charakteristic
(dtex), Td/Td;
NOBELEX B 1328 high shrinkage
NOBELEX K 1117 high shrinkage
ISTRONA B 1,72,22,52,8 cotton type
ISTRONABTPS 222528 thermobonding
ISTRONABBST 222528 antimicrobial
ISTRONA B BD 222528 open end (OE)
ISTRONAB FDA 222528 food contact approval
ISTRONA V 3,3396,7 wool type
ISTRONAVTPS 3,339 thermobonding
ISTRONA V BD 3,967 open end (OE)
ISTRONAVBST 333967 antimicrobial
ISTRONA V FR 3,96,7 flame retardant
ISTRONA V LS 3,96,7 high UV stability
ISTRONAVFDA 3967 food contact approval
ISTRONA V HT 333967 high tenacity
ISTRONA K 11172230  carpet type
ISTRONA K FR 1117 22 flame retardant
ISTRONA KBST 1117 antimicrobial
ISTRONA K LS 1117 high UV stability
DIMAPOS 6,717 30 cut length 8-20 mm
PP BCF VIRELON®
Trademark Linear density ~ Charakteristic
(dtex)

Virelon S 2100, 2600, 2670  air textured, twisted

2900, 4000
Virelon BS 1330, 2100, 2600,  air textured, entangled

2670, 2900, 4000
Virelon N 1330, 2100, 2600, air textured, non-

2670, 2900, 4000  twisted, non-entangled
Virelon BS 5340-12000 air interlaced
Virelon BS 2660, 5340 air interlaced PP+PA
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Supplement No. 2

ASSORTMENT OF PP FIBRES
CHEMOSVIT-FIBROCHEM a.s., Svit

Trademark Linear density Charakteristic
(dtex), Td/Tdj
1. POLYPROPYLENE YARN ° - flat
Prolen H 56-330/1,7-5,2 non-twisted
Prolen HP 56-330/1,7-5,2 No. of intermingl.
points min.20
660-1800/5,0-8,3  No. of intermingl.
Points max.10
Prolen HS 84-660/3,3-5,2 twisted (75-180)
Prolen HSF  220/3,3 twisted (75-180)
Prolen HVP  660-1800/5,5-8,3  No. of intermingl.

Points min.10
2. POLYPROPYLENE YARN ® - textured, high elongation

Prolenvel 56-660/2,2-3,3 spindle twisted
KK min.25, Z 75
Prolenvel FT  110-220/2,2-3,3 friction textured,

No. of intermingl.
points min.60

3. POLYPROPYLENE YARN ®-textured, low elongation
Prolenset FX  84-660/3,3-5,2 thermo-stabilized
after twisting
KK max.5, Z 75, 100

4. POLYPROPYLENE YARN ®- air textured
Prolenvir P 330-500 low effect of texturing
Prolenvir CV 660-1100 medium effect of
texturing - core effect
high effect of texturing
- core effect of a
taslan yarn character

Prolenvir T 1300-3000
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Supplement No. 3

ASSORTMENT OF PP FIBRES
RESEARCH INSTITUTE OF MAN-MADE FIBERS, a.s. Svit
Trademark Linear density ~ Charakteristic
(dtex), Td/Td;
POLYCORD - 650-3000/ high tenacious, flat,
technical fibre 5-17 non-twisted, twisted
KALCIFIL S - staple  5-8 cut length (mm) 5, 12, 20,
38, natural, dull, mass-dyed
FIBROSAN - tow, 6-7 composite fibre,
staple or flock cut length (mm) 5, 10, 12,
38, 60, 90, 115, 130, 150,
sorption of petroleum
substances 10kg/kg fibres
PP - staple 10-17  cut length (mm) 60, 75, 90,
105, 115, 130, 150,
shrinkage max. 1,5 %,
mass-dyed
PP - staple K 9, 11, 15, 17 cut length (mm) 60, 90,

130, 150, shrinkage min.
15 %, dull, mass-dyed
thermobonding

flat, twisted

PP - staple PP/PE
MICRO-yarn <1

Supplement No. 4

ASSORTMENT OF PP AND PE FIBROUS MATERIALS
TATRALAN, a.s., KEZMAROK

Trademark Linear density Charakteristic
(dtex)
TATRATEX 200-1000 PP, width 3500 mm
spunbond
DREN 850-1000 PE, three-dimensional
fleece, width 1600 mm
TATRADREN  1000-1200 PE, two-layer,
width 1600 mm
TEXI1ZOL 150, 600-3500  PE, meltblown,

ROZVOJ POLYOLEFINOVYCH VLAKIEN VO SVETE A NA
SLOVENSKU

Jambrich, M., Budzak, D.*, Jambrich, P.**, Lugiviansky, J.***, Revus, M.****

Fakuilta priemyselnych technoldgii TrU Puchov
*Vyskumny ustav chemickych viakien a. s. Svit
**/strochem a. s. Bratislava
***Chemosvit a. s. Fibrochem Svit
**** Slovenska spolo¢nost priemyselnej chémie Bratislava

Za obdobie asi 7000 rokov pouzivania textilnych via-
kien boli az do konca 19. storocia pouzivané iba prirod-
né viakna — lan, juta, bavina, vina a prirodny hodvab.
Koncom 19. a zacCiatkom 20. storoCia sa rodi priemy-
selna vyroba chemickych vlakien z regenerovanych
prirodnych polymérov a tesne pred druhou svetovou
vojnou sa objavuju prvé priemyselne vyrabané a spra-
covavané synteticke vldkna v prirode sa nenachadza-
juce. Chemickeé vldkna su teda legitimnym dietatom
nasho storocia. Ich rozvoj bol tak velky, ze dnes maju
cca 58 %-ny podiel na spotrebe chemickych vlakien vo
v8etkych oblastiach aplikacie (obliekanie, bytovy tex-
til, technicke textilie) (1,2,3,4,5). V tomto obdobi sa naj-
viac rozvijaju polyesteroveé (PET) a polyolefinove (PO),
najma polypropylénove viakna (PP) (tab.1). Polyolefi-
nové vlakna su reprezentované troma typmi na baze
polymérov (5,6):

— polypropylén (PP)
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— polyetylén (PE)
— polymetylpentén (PMP).

Polypropylénové vlakna z celkovej vyroby polyolefi-
novych vidkien maju okolo 95 %-ny a polyetylénové
cca 5%-ny podiel, polymetylpenténove vidkna maju za-
nedbatelny podiel (Polymer-Mitsui). Polyetylénové
vlakna su vyrabané vo forme netkanych materialov
(Spunbond, Meltblown, Tyvek, Dren), technickych su-
perpevnych vlakien pripravovanych z vysokomolekulo-
vého PE, tzv. xerogélovym spésobom (UHMWPE) -
vldkna Spectra firmy Allied Signal a Dyneema firmy
DSM z PE su tiez vyrabané vo forme striin-vlascov.
Oznamenie objavu prof. Nattom v roku 1954 o pripra-
ve polypropylénu stereoSpecifickou polymerizaciou pri
pouziti Ziegler-Nattovych katalyzatorov prinieslo zvrat
i v polymernej chemii. Tento objav umoznoval pripra-
vit kryStalizovatelné polyméry i z monomérov s asy-
metrickou Strukturou. Tym sme sa Ciastocne priblizili
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k zakonitostiam tvorby polymérnych viaknotvornych Ia-
tok v prirode (celuléza v bavine, proteiny v prirodnom
hodvabe a vine). | pri tejto prilezitosti vzdavame uctu
prof. Nattovi a jeho kolektivu za vklad pre polymérnu
chémiu i pre rozvoj PP vidkien (12,13,14).

Doterajsi rozvoj zabezpecil vyrobu Sirokej Skaly PP
polymérov, umoznujicej pripravu vlakien uplathova-
nych vo vSetkych oblastiach textilii pricom PP viakna
maju dominantné postavenie v netkanych materidloch
(2,3,4,5,9,10,11,15,16).

Novovybudované vyrobne polypropylénu vytvaraju
predpoklad, ze v roku 2001 budu kapacity vyroby po-
lyméru vo svete na Urovni 38,7 mil. t/r. Kapacity vyro-
by PP polyméru v Eurdpe v roku 1998 boli cca 8,9 mil.
t/r. Z toho bolo aplikované na PP textilie 1,8 mil. t. V ro-
ku 2001 su vytvarané predpoklady na 10,9 mil. t/r ka-
pacit vyroby PP polymérov v Eurépe (2,3,4,19,21,22).

V ostatnych rokoch dalsi rozvoj PP polyméru na ba-
ze Ziegler-Nattovych (ZN) katalyzatorov je do znacnej
miery v tieni pripravy polymeéru s metalocenovymi ka-
talyzatormi (7,8,9). Polyméry pripravené s metaloceno-
vymi katalyzatormi (m-iPP) majua uzsiu distribaciu mo-
lekulovych hmotnosti (Mw/Mn =~ 2,5) v porovnani
s ZN-iPP (Mw/Mn =~ 3-5), niz&i obsah ataktického po-
lyméru (pod 0,5 %), maly podiel prchavych nizkomo-
lekulovych frakcii, maju zvy&ajne niz8iu teplotu topenia
(146-150 °C) a nizSiu elasticitu taveniny polyméru.
Tieto vlastnosti m-iPP umoznuju pripravu PP viakien
s vy§§imi pevnastami, pripravu jemnych viakien a vla-
kien s nizSou zrazavostou v porovnani s viaknami prip-
ravenymi z polymérov ZN-iPP (tab.3).

Svojimi vlastnostami vzbudil polypropylén pozornost
hned'v zaciatkoch jeho pripravy a bolo zrejmé, ze v ob-
lasti spracovania plastickych latok najde velké uplatne-
nie. Pri uplatneni polypropylénu vo vyrobe chemickych
vlakien neboli jednotné nazory z dévodov niektorych
vlastnosti Cistého PP ako nizSia svetelna a tepelna sta-
bilita, zla vyfarbitelnost z roztokov farbiv, hydrofébnost
a pod.. Z tychto dévodov sa vytvorila k PP vlaknam
velka nedbévera a vyynamneé svetove vlaknarské firmy
toto vlakno oznacovali ako ,vlakno chudobnych*.

Polypropylénoveé vlakna patria dnes medzi najmlad-
Siu generaciu velkokapacitne vyrabanych chemickych
vliakien. Ich rozvoj bol relativne rychly v porovnani k os-
tatnym typom syntetickych vlakien. Uz v roku 1958, t.
j- po 4 rokoch od zverejnenia objavu prof. Nattom za-
¢ina vyroba PP vlakien v USA a Taliansku. Do roku
1965 bola zavedena vyroba v Japonsku, Velkej Brita-
nii, Francuzsku a na Slovensku. V roku 1970 bola vy-
roba PP vidkien 0,34 mil. t, v roku 1980 asi 1,05 mil.
ta 2,2 mil. t vroku 1990 (obr. 6). Dnes zaujima vyro-
ba a spotreba PP viakien druhé miesto (>5 mil. t) za
PET viaknami (>16 mil. t).

Prudky rozvoj PP vidkien bol podmieneny jednak
dostatocnym zdrojom zakladnej suroviny ale i z&slu-
hou ich vSeobecnych, Specifickych a Specialnych viast-
nosti, aplikovatelnostou zariadenia vyvijaného pre syn-
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tetické vlakna atiez cenou zakladnej suroviny
(2,3,4,5,9,11,15-20). Polypropylénové vlakna sa pre-
sadili na trhu ako dalSi typ chemického vidkna aj
z dovodov ich Specifickych vlastnosti, predovsetkym:
— najnizSia Specificka hmotnost (tab. 2)
— najvyssi merny objem a merna plocha (tab. 2)
— vysoka odolnost v odere za sucha a mokra
— niz8ia zadrz vlhkosti (tab. 2)
— vysoka kapilarna vzlinavost
tiliach
— vysoka aktivita k nepolarnym organickym zluceni-
nam
— vysoka odolnost voci kyselindam a alkaliam
— odolnost voci pliesfiam, mikroorganizmom a hmyzu
né — nealergicke

— pri dokonalom spalovani vznikaju netoxické latky
(CO, a H,0)

— vyS3ie tepelno-izolacné vlastnosti ich textilii

— vySSia pohltivost zvuku

— vysoka elasticita pri nizkych deformaciach

— hebky a teply ohmat ich textilii

— vysoka fyzikaina aktivita ich povrchu (separacné
vlastnosti)

— negativny elektrostaticky naboj.

Hlavny sortiment vyrabanych PP vlakien je vo for-
me strize, kablika, kabla, textiineho a technického
hodvabu, foliovych pasok, fibrilovanych féliovych via-
kien a run (spunbond, meltblown). Vyroba PP via-
kien je v Sirokej Skale farebnych odtienov, pevnosti
(1,5-9 cN/dtex), jemnosti (0,5-600 dtex) o réznej
priecnej a pozdiznej geometrii (obr. 1), s réznou nad-
molekulovou a makromorfologickou Struktdrou (obr.
2, 3). Zakladné fyzikalne vlastnosti viakien su uve-
dené v tab. 2. Pohitivost zvuku je uvedena na obr. 4.
Hlavné oblasti aplikacie PP vlakien vo vyrobkoch su
uvedené na obr. 5.

Vyskum a rozvoj PP vidkien na Slovensku zacal r.
1958 vo Vyskumnom Ustave chemickych viakien a na
katedre chemickych vilakien CHTF SVST za spolu-
prace s VU textilnymi, VUMCH a strojarskymi insti-
tuciami (VU a vyrobcami zariadenia). Prvé vyroba PP
vlakien bola realizovana v Chemosvite Svit r. 1965
(striz, technicky hodvab). V r. 1967 bola spustena vy-
roba PP vlakien v SLZ Hnustie (nabytkarske typy via-
kien). Velkokapacitna vyroba PP strize a zakladna
jednotka PP technického hodvéabu a pozdejSie PP
kablika boli realizované v r. 1970 v Istrocheme Bra-
tislava. Vyroba PE a PP vlaknitych materidiov (spun-
bond) bola realizovana vr. 1976 a 1977 v Tatrala-
ne Kezmarok. DalSia velkokapacitna vyroba PP strize
a PP kablika bola realizovana vr. 1978 a 1981 v |s-
trocheme Bratislava a PP textilného hodvabu v r.
1980 v Chemosvite Svit. Uvedené vyroby boli zave-
dené na podkladoch vlastného vyskumu a vyvoja
strojného zariadenia s bohatou 8kalou farebnych od-
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tienov, fyzikalno-mechanickych vlastnosti, jemnosti,

s rbznou prie€nou a pozdiznou geometriou (profilo-

vané) a modifikované pre rozhodujuce oblasti apli-

kacie.

Vr. 1989 bola vyroba PP viakien a vlaknitych ma-
terialov na Slovensku 50 300 t/r. Od roku 1989 do-
Slo k inovacii procesov pripravy vidkien ale aj k dal-
Siemu vyvoju modifikovanych PP vlakien. V tomto
obdobi su na Slovensku vyrabané PP vlakna typu
striz, kablik, hodvab, netkané textilie, pasky a podob-
né vyrobky s rozsiahlou Skalou farebnych odtiefiov,
fyzikélno-mechanickych vlastnosti, jemnosti a rozne;j
prieénej a pozdiznej geometrii (profilované) a modi-
fikované pre rbzne oblasti aplikacie. Zakladné kla-
sické delenie PP strizovych vldkien je na typy ko-
bercové (K), vinarske (V) a bavinarske (B). Vlakna
rozdielnych typov sa liSia nielen svojou jemnostou
ale i nadmolekulovou a morfologickou Strukturov,
resp. niektore typy i molekulovym zlozenim polymer-
neho systému. Struktura, resp. vlastnosti sa menia
podla oblasti aplikacie. Hlavnou oblastou aplikacie
PP strizovych vlakien je oblast bytového textilu.

Polypropylénova striz kobercového typu sa pouzi-
va najma do:

— v8ivanych kobercov ako viasova i ako podkladova
Cast

— ihlovanych plsti a netkanych podlahovych krytin

— netkanych dekoracnych latok a obkladov stien

— odvodnovacich plsti a filtraCnych textilii. Vinarske ty-
py PP strizovych vlakien vyuzivame bud samotné
alebo v zmesiach s viskdznou strizou a prirodnymi
vldknami najma na:

— ochranné a pracovné odevy do réznych pracovnych
prostredi, resp. klimatickych podmienok

— pre EKO systémy

— netkané textilie pre hygienické Ucely a Cesané prikryvky

— pletené zimné a Sportové ponozky a rucné a strojné
pletacie priadze

— netkané textilie pre oteplovacie viozky, filtraciu ply-
nov a kvapalin, napr. odolejovacie filtre, textilie pre
stavebnictvo a dopravu. Bavinarske typy PP strizo-
vych vldkien maju tiez Siroku aplikaciu jednak
v priadzach zo 100 % PP alebo v zmesiach, najma
s viskdzovou strizou a bavinou. Hlavné aplikacie su
nasledovné:

— tkaniny pre plaste a odevy s ochrannou funkciou pro-
ti anorganickym zieravinam ale i oby&ajné pracovné
odevy

— zékladné tkaniny pre Specidlne technoldgie (vpicho-
vanie, vSivanie)

— technické tkaniny filtracné, pre polnohospodarstvo,
stavebnictvo, dopravu a podobne

— tkaniny pre prestieradloviny, obvézoviny, obuvnicke
stielky do obuvy

— interlokové pleteniny pre spodnu bielizen a jednolic-
ne pleteniny pre vyrobu prestieradiel, Sportové odie-
vanie a pod.
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— vlakna zrazavé pre zmesné rana na vyrobu syn-

tetickych kozi

— netkané materialy z viackomponentnych vlakien

pre recirkulaciu plynov alebo kvapalnych médii

— pre pripravu EKO materialov. Velky podiel apli-

kacie polypropylénu je vo forme netkanych ma-
teridlov pripravenych priamo pod hubicou spev-
nenych mechanicky, chemicky a termicky (1,76):

— filtracné materialy, podkiadové textilie pre vsi-

vané koberce, obaloviny a pre hygienické ucely

— hlavné pouzitie je vSak vo forme geotextilii pre

oblast:

e vystavba ciest, dialnic, lesnych a polnohos-
podarskych pristupovych ciest

e vystavba Sportovych aredlov

e speviovanie nasypov hradzi, nasypov pri
riekach, vodnych nadrzi a kanalov

e vystavba Zeleznic a tunelov.

Nekonecné PP vldkna vyrabame v Sirokom sorti-
mente a rozdielnej jemnosti s rozdielnou nadmoleku-
lovou Strukturou a fyzikélno-mechanickymi viastnos-
tami a roznou prie¢nou geometriou.

Hlavny objem produkcie tvoria prie¢ne a pozdizne
tvarované kabliky a su pouzivané v oblasti bytovych
textilii, najma do:

— v8ivanych kobercov so sluckou a vlasom
— nabytkové a potahové latky, dekoracéné textilie, tex-
tilné tapety a pod.

Do tejto oblasti zapadaju aj tzv. viaczlozkové PP
vldkna vo forme kabla, uréené pre cigaretové filtre,
ktoré maju svoje Specificke viastnosti a davaju San-
cu vyuzit ich i pre iné oblasti filtracie plynnych mé-
dii. Nekonecné viakna — textilny hodvab o jemnosti
od 30 do 600 dtex hladky i tvarovany predstavuje re-
lativne velku kapacitu produkcie, ktora najmé v ce-
losvetovom meradle narasta. Jeho rozhodujlce ob-
lasti aplikacie su najma:

— tkaniny pre preSivané prikryvky

— technické tkaniny pre filtraciu, nepremokaveé plach-
toviny, elasticke pasy a popruhy

— osnovy nabytkovych tkanin

— presivacie materialy pre vyrobu netkanych textilii

nabytkové, dekoracné a Calunicke tkaniny

vyplnkové tkaniny

osnovné pleteniny

opletané gumy

— postelna bielizen

— stuhy, lang, Snury, sietky.

V odevnom priemysle je aplikacia polypropyléno-
vych vldkien do bielizne, detskeho a damskeho osa-
tenia, ponoziek, rukavic, Sportoveho a oddychového
obleCenia a oble€enia pre narotné pracovné odevy,
napr. do chemickych prevadzok a laboratérii. Polyp-
ropylénovy hodvab tvarovany a s rozdielnou geomet-
riou umoznuje pripravit tzv. integrované plosné tex-
tilie, ktoré predstavuju vhodny vyrobok pre oSatenie
z hladiska fyziol6gie odievania a hygieny. Za pozor-
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nost stoji neustale rastuci zaujem aplikacie Special-
nych typov v oblasti mediciny. Tu sa PP vlakna vyuzi-
vaju v podobe chirurgickych niti, obvdzovych tkanin,
tamponov, protéz, membran pre ultrafiltraciu krvi,
obalové materialy pre plienky, dekubitné podiozky,
sanitarne gazy a chirurgické plaste a pod. Zaujima-
vé oblasti, pre ktoré sa dalej vyvijaju nové sortimenty

PP vlakien cestou inovacie procesov ich pripravy

a fyzikalno-chemickou modifikaciou su:

— modifikované typy vysokozrazave pre noveé typy ko-
bercov, potahovych latok, nabytkovych tkanin a prik-
ryvky, paplony (nealergické) novou kombinaciou ste-
reoizomerov

— 3pecialne typy pre podlahoviny, obkladacky stien
a tapety, prestieradia a iné

— v oblasti textilnych textilii sa vyvijaju modifikované ty-
py v zmesiach s inymi viaknami pre ochranné a pra-
covné odevy pre naro¢né oblasti pouzitia v priemys-
le, medicine a biolaboratériach )

— vlakna so zmenenou prie¢nou a pozdiznou geomet-
riou pre zimné a Sportové odievanie a oteplovacie
vlozky

— viakna pre integrované textilie s dobrymi transportny-
mi vlastnostami vihkosti a dobrymi parametrami
komfortu odievania (spodné pradlo, detské plienky,
Sportové obleky)

— zmesneé vlakna pre nové generacie poromérov

— mikrovlakna pripravované kiasickymi postupmi, da-
lej cez viackomponentné zmesi M/F a postupov mel-
t—blown, ktoré sa vyuzivaju na exkluzivne a Sporto-
vé oblecenie a technicke aplikacie

- vlakna pre technicke textilie ako su geotextilie pre vy-
stavbu ciest, dialnic, speviiovanie nasypov, hradzi,
vodnych nadrzi, zalesrfiovanie a iné

— modifikovaneé a vysokopevneé vldkna do cemento-
vych zmesi pre stavebnictvo a zateplovanie budov

— Specialne vlakna pre Sportové aredly, tana a obalo-
viny

— modifikované typy vlakien pre odvodnovacie plste,
filtracné materidly, pre klimatizaéné zariadenia
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— vlakna pre rieSenie EKO problemov, najma pre se-
paraciu ropnych latok z vodnych a plynnych prostre-
di a na ochranu pddy pred kontaminaciou $kodlivy-
mi substratmi
— $pecialne vlakna pre dopravu, polnohospodarstvo,
potravinarsky a chemicky priemysel
— viackomponentné vidkna na baze PP typu M/F po-
lyfibrilarny a multijadrovy typ u ktorych sa menia me-
chanické a chemickeé vlastnosti a su vhodné i na
pripravu mikrovlakien

— bikomponentné vlakna typu S/S a J/P, najma hete-
rofiiné — termopojivé

— bioaktivne PP vlakna so Sirokymi oblastami aplikacie
v textilnych, technickych a medicinskych vyrobkoch.
V sUcasnosti sa vyrabaju PP vlakna a vlaknité ma-

terialy na Slovensku v nasledujucich firmach:

— Istrochem, a.s. Bratislava (priloha 1)

— Chemosvit-Fibrochem, a.s. Svit (priloha 2)

— Vyskumny ustav chemickych vidkien, a.s. Svit (pri-

loha 3)

— Tatralan, a.s. Kezmarok (priloha 4)

PP vlakna maju i v dalSom obdobi dobré predpok-
lady pre kvantitativny a kvalitativny rozvoj. Zaklad-
na surovina PP polymér predstavuje z hladiska
mnozstva vyroby v tomto obdobi dostatocny zdroj pre
pripravu vlakien (2, 3, 10, 21, 22). Sortimentna sklad-
ba PP polymérov je tak Sirokd, ze umoziuje pripra-
vu PP vlakien a vlaknitych materialov uplatnujlcich
sa vo vSetkych oblastiach textilii vyuzivanych v osob-
nej a spoloCenskej spotrebe (3-9, 11, 19-26). V os-
tatnom obdobi zacCina vyroba novej generacie PO,
najméd PP polymérov na baze metalocenovych ka-
talyzatorov, ktoré umoznuju pripravu vlakien so §i-
rokou Skalou vlastnosti s vysokymi uzitkovymi hod-
notami (2-8). Novy Kkatalyticky systém dava
predpoklady zamernej pripravy PP stereoizomérov
(m-iPP, m-sPP, m-aPP), kopolymérov PP/PE, zme-
si polymérov, LLDPE a cyklickych I-polyolefinov s vy-
sokymi Tg a Tm pre typy vldkien vysokopevnych
a znaSajucich vysoké tepelné zatazenie.
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INFLUENCE OF THE MASS IRREGULARITY OF THE
LINEAR TEXTILES ON THE PLAIN TEXTILES
APPEARANCE

Jirdskova P.

TU v Liberci, Department of mechanical technologies, Czech Republic

1. THE IRREGULARITY OF THE LINEAR TEXTILES

Parameters and characteristic functions exist to
description and denomination of the mass irregular-
ity of linear textiles and they are usually used in prac-
tise.

There are these parameters in practise limit irregu-
lar calculation of the additional irregularity that origi-
nate during of the production — production and me-
chanical irregularity. According to index irregularity
is formulated dimension of the real length textile
irregularity.

Characteristic functions are spectrogram and vari-
ance — length curve. Spectrogram records variabil-
ity of the periodic components of the mass irregu-
larity and spectrogram evaluates and identifies defect
in technology. The variance — length curve records
variability unperiodical components of irregularity. It is
possible to identify imperfect step in the technology.

2. THE IRREGULARITY OF THE PLAIN TEXTILES
2.1. The visual evaluation of textiles

The area of the irregularity of the plain textiles isn’t
elaborated in detail. The visual evaluation of textiie
appearance is only method used in practise. Yarn
defects — periodic but even

unperiodic show in the final appearance of the tex-
tiles this way.

a) Periodic faults can be divided accord-
ing to wavelength:

1 “moire effect” (that means unsettled
appearance of the textiles) — that is
made by components, with the short
wavelength (L < 50 cm);

2 faults with middle wavelength (A = 50 cm - 5
m) is caused specific condition. They no more
occur in the practice;
barriness (that means strong cross strip) — that
is made by components with longer wavelength
(A >5m)

b) The unperiodical defects show like fluttering
sloudiness appearance.

This classification is subject method that it isn’t
based any quantitative parameters.
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CBZ(F,T)“ =

2.2. The characteristic of the plain irregularity

2.2.1. Variance - area coefficient fabric

The same way like yarn, the effort was about de-
termination of the parameters and characteristic func-
tions for description and the evaluation of the mass
irregularity of the plain textiles. It uses similar pa-
rameters like in yarn — optical diameter of the yarn
can be interpret as transparency of the light, the
transparency or using the mass.

According to mass variation G, area F, with test
areas f, WEGENER and PEUKER determined vari-
ance — area coefficient fabric CB(F, f)q:

&, (&Y
m;@—n[;@i]

CB(F,f)s =

(1)

Where are G; — mass of the test pattern, N — number
of the measure pattern

2.2.2. ldeal area variation
According to presumption about accidental distri-
bution of the thick or the thin places in the yarn
WEGENER and HOTH determined of fabric that are
produced by ideal process of the ideal area variance.
For area variance coefficient ideal regular warp and
weft yarn are accepted:

2
CBZ(LU,T)i.zu[z”'Nm°j +CB2(L,, )2,

o, oetime )

Where F = L2 - area fabric in the form square with
length side L, CB(L,,T); — ideal variance length co-
efficient of the weft, CB(L,,T); — ideal variance length
coefficient of the warp, L, = e,.(F)*° - the length of
the weft yarn woven — in to area F, L, = e,.(F)*° -
the length of the warp yarn woven — in to area F,
e, = LyL, — weft shortening , e, = L /L, — warp short-
ening, z, — number of the weft thread, z, — number of
the warp thread, Nm, — weft count (metric number),
Nm, — warp count (metric number)

0" mU

JF

)

e,-Nmg
" e,.Nm,
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They determined coefficients of outside texture ¢
(the weft coefficient), r (the warp coefficient) accord-
ing to parameters, that independent on area dimen-
sion F (count, warp shortening and weft shortening,
warp and weft sett).

Coefficient of the structure — weft:

- e;.Nm, 2
‘"l eg.Nmy

2
e;.Nm,
Zy.——24+7,

¢= (3)

“e.Nmy;

Coefficient of the structure — warp:

Zo

2
. eu-Nmo+z
“eo.Nm, °

Then we decide the equation (5) from the equa-
tion (2):

n= 4)

CB2(F,T), = %[CB"’(LQ,T)i.f+ CB* (Lo, ] (5)

2.2.3. Variance — area curve fabric

We have of the fabric with different construction.
We need determine relation between the irregular-
ity of the linear as well as of the plain textiles (the
irregularity is made warp and weft threads).
WEGENER and PEUKER made construction for vari-
ance — area curve determination, where the weft
threads provoke the irregularity and the irregularity
of the warp threads is imponderable. The same way
was made variance — area curve for the contrary
case. For the real construction of the fabric is ideal
variance — area determined by equation (2).

The variance — area curve for the fabric with weft
thread irregularity only:

Threads
€ =e, =1, Nm, =450, z, =—

&

Ze Number of the weft thread z,

% £ 12 Threads
§5 12 em
"5-3 1§ Threads
tfas o

3
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Fig. 1 Ideal area variance curve CB(F, T),;
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The variance — area curve for the fabric with warp
thread irregularity only:

(6)

CB?(Lo, T)i. 77
JE

The figure 1 describing ideal area variance curve
of the fabric. The fabric was weave from the VI yarns,
which had ideal linear variance curve. The fabric was
weave with the ideal weaving process.

CB2(F,T)i,i = (7)

2.2.4. The variance - area curve of the knitted fabric

When we make relation too — dimensional system
for one-dimensional system, we determine variance
— area curve of the knitted fabric in condition nought
number of the warp threads.

CB2(L,,T):
CB?(F,T),; = ——m 2t
(F T \/E.zm

Where z, - number of the courses, which are on
1cm.

On one course is knitted yarn of the length L =
en.(F)*°, and e,, — shortening for one course.

(8)

2.2.5. The quality of the production of the plain
textiles
The parameter corresponds to the dimension of the
irregularity (analogously as the irregular index of the
linear textiles). Index K compares of the theoretical
and of the real area variance of the textiles (accord-
ing to WEGENER, HOTH):

_ CB(F!T)S,S K

K(L.T)s = CB(F,T);

(LT (9)

This quality index includes of the textiles produc-
tion process as well as of the spinning process.

2.2.6. Apparatus for determination of the plain
(area) — variance

The method of the cutting and weighing of the
square area (shaping plate) was used for determi-
nation of the mass.

The mass area can be determined according to
radioactive isotope — the method of the middle re-
flection or the radiography method of the electrons.
This method was used for checking of the thick
tapes, foil surface coating of the fabrics. Measuring
ionisation flow is the mass and proportional the plain
mass. This manner measure relatively small areas.
The finish mass of the large areas we can determine:

a) indirectly — by adding the specific of the small

areas;
b) directly — by measuring of the large areas.

25



For determination of the characteristics (of the light
transparency in the fabric) was used the photomet-
ric method which correspond to the “optical diam-
eter”. This method is used only for the smaller ar-
eas and the fabrics that haven't pile or felted surface.

Plain variances the coefficients are dependent:

1. irregularity of the mass

2. irregularity of the diameter

3. irregularity of the twist.

The variance coefficients light transparency of the
fabrics is defined ambiguously.

KEISOKI - the apparatus for determination of the
irregularity of the area textiles.

Japanese firm developed the instrument, which
calculate the parameter D from the components of
the mass irregularity with the bigger wavelength.
According to this parameter we can determine the
relation of the yarn to the barriness.

ZWEIGLE - the apparatus for the measuring of the
irregularity of the linear textiles on the optical princi-
ple (measure the diameter of the yarn, her volume).
According to measured value is practised computer
simulation of the fabric appearance.

USTER TESTER IV. — the apparatus for the meas-
uring of the irregularity of the linear textiles on the

26

capacity principle (it measures quantity passing, her
mass). According to the spectrogram of the yarn is
practised computer simulation of the future appear-
ance of the plain textile (fabrics as well as knitted
fabrics).

Practise application to the above — mentioned of
the parameters acquits oneself ill.

The manner of the evaluation to the apparatus
KEISOKI isn’'t expand. This article is summary infor-
mation and relations. The most use manner of the
evaluation of the irregularity of the plain textiles is
computer simulation on the base finding (count) pa-
rameters of the linear textiles.

The object of this article is summarises knowledge
about this problem.

In next work is necessary the numerical or experi-
mental analyses of the relation for calculation of the
plain variance.

Using literature

[1] WEGENER, W., PEUKER, H.: Die Beziehung zwischen der
GarnungleichmaBigkeit und dem Warenbild textiler
Flachengebilde, Institut fir Textiltechnik der Technischen
Hochschule Aachen, 1961

[2] URSINY, P.: Theory of the spinning, VSST Liberec, 1992

[38] Technical literature of the firm ZELLWEGER USTER
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BESTIMMUNG DER INFOLGE DES NAHENS AUFTRENDEN
MATERIALDEFAORMATIONEN

Trajkovic, C., Cirkovic, N.

Tehnlogisch Fkultat in Leskovac, Universitét in Nis Bulevar Oslobodenja 124, 16000 Leskovac, Yugoslavia

Die Matiraldeformationen im Nahtbereich des Kleidungsstiickes, die beim Nahen entstehen,
konnen in Form des Schrumpfens der Naht entlang und bei den zweilinigen Stichen auch quer
auf die Naht auftretten. Deformation der Neht entlang kommt vor wie: Kréuselung der unteren
Materialschicht in Bezug auf die obere, Schrumpfung oder Verkirzung der Nahtldnge durch
Stichengarn sowie Wellenbildung am Material der Naht entlang. In dieser Arbeit sind die Ergebnisse
einer Untersuchung der Kréuselung der unteren Materialschicht in Bezug auf die obere sowie
der Schrumpfung oder yerkiirzung der L&nge einer Naht mit der Bezeichnung 1.01.01. entstanden
durch Nahgarn fur die Stichtypen 301 und 401 und durch Nahtlinien in Ketten und SchufB3richtung

dargestellt.

Beim Nahen der Textilmaterialien, d.h. beim durch-
stechen des Materials durch N&hnadel kommt es
sehr oft zu unterschiedlichen Beschadigungen des
Materails, die sich durch Unterbrechungen oder teil-
weisigen Beschadigungen der Schuf3- und Ketten-
faden bei den Geweben, des Garns beim Gestrick
oder des N&hgarns manifestieren, was meistens eine
Folge der unentsprechend ausgewédhlten N&h-
parameter ist, d.h. Stichdichte, Art und L&ngsmasse
des Garns, Nummer und Spitzenform der Nahnadel,
Garnspannung, Nahegeschwindigkeit u.a. Man sollte
natirlich auch die Beschadigungen nicht vergessen,
die durch die Nadel (abgenutzt oder beschadigt),
Fuss (seines Drucks auf das Material), des Zug-
mechanismus u.a. verursacht werden.

Die Materialien kénnen auch beim Zusammen-
néhen der Teile des Kleidungsstickes durch N&h-
garn deformiert werden, wodurch eine Kréduselung
der Naht entlang (Abb. 1) und bei mehrlinigen
Stichen auch quer auf die Naht (Abb. 2) entsteht.

Diese Deformationen, die der Naht entlang vorkom-
men, manifestieren sich als: Krduselung der unteren
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Schicht in Bezug auf die obere, Schrumpfung — Ver-
kirzung der Lange der Naht durch Stichengarn und
Wellenbildung am Material der Naht entlang [1,2].

Die Krauselung wird in Form von Verklrzung der
unteren Materialschicht in Bezug auf die obere
ausgedriickt. Die untere Materialschicht, die sich an
der Seite des Zahnrechens befindet, verkirzt sich
mehr als die obere, die sich an der Seite des das
Material aufdriickende Fusses befindet [1,2,3].

Die Verkurzung wird als eine Relativgrésse dar-
gestellt A, (%) und durch die Gleichung bestimmt:;

Ly-L
An=9L—d-1oo (1)
o]

wobei: L, — L&nge der oberen bzw. unteren Gewebe-
schichtvor dem N&hen (cm), L, — Lange der oberen
Gewebeschicht nach dem Né&hen (cm) und Ly —
Lange der unteren Gewebeschicht nach dem N&hen
(cm).

Die Krauselung wirkt sich negativ auf die Qualitet
ders Néherzeugnisses aus. Schrumpfen bzw. Krump-

Abb. 1 Krauselung — Krimmung des Materials
der Naht entlang

Vidkna a textil 8 (1) 27-31 (2001)

Unterfadenzugkraft (cN)

Abb. 2 Schrumpfung des Materials durch — komplexe Zweilinienstich
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fen wird in Form der gemeinsamen (gleichzeitigen)
Verklrzung des Materials ausgedrickt, nach dem
Durchndhen auf Kosten der Materialdeformation
durch Nahtgarn (Abb. 1).

Diese GrofBe wird auch als relativ dargestelit A, (%)
und durch die Gleichung bestimmt:

L,-L
Ac=°T9_.1oo

[}

(2)

Wellenbildung wird in Form von Kriimmung des
Materials der Nahtlinie entlang ausgerdrtickt (Abb. 1).
Solche Krimmungen der Naht entlang sind fir
Materialine mit grésserer Festigkeit, d.h. mit groBem
Steifmodul, charakteristisch. Fir die Gewebe sind
zwei Arten von Wellenbildung charajkteristisch:

a) Nahtwellenbilding, wenn sich die Welle Uber
einige Maschen hintber durchzieht und b) Maschen-
wellenbildung, wenn sich die Welle auf die Lange
einer Masche ausbreitet.

Die GroBe der Wellenbildung kann durch Welle-
bildungkoeffizient W (%) beurteilt werden, der das
Verhéltnis der Krimmung und Lange der Stiche dar-
stellt, an der sich die Welle ausbreitet (Abb. 1):

f

My

W= 100 (3)

wobei: f — Krimmung in der Naht, f=b —h (mm), b -
Abstand von der Kette bis Spitze der Welle (mm),
h — Dichte der Gewebeschichten (mm), I, — Stich-
idnge (mm) und n — Anzahl von der Welle erfassten
Maschen.

Bei der Stichenwellenbildung (fur eine Stiche n = 1),
betrégt der Wellenkoeffizient W (%):

w='.100-2"

IU u

1100 (4)

Weiche Gewebe mit kleinem Steifmodul verkiirzen
(schrumpfen) sich leicht, so dass der Wellenkoef-
fizient nicht groB ist. Feste — grobe Gewebe mit
groBem Steifmodul verkirzen (schrumpfen) sich
schwer, dafiir kommt aber die Wellenbildung mehr
zum Ausdruck (der Wellenkoeffizient ist grésser).

Bei komplexen zweilinigen Stichen bemerkt man
auBer der schon genannten auch die Querdeforma-
tion der Nahte, d.h. Schrumpfen des Materials
zwischen der Stichen seitens des Greiferfadens, der
zwei parallele Nahte verbindet (Abb. 2).

Diese GréBe kann auch als relativ dargestellt
werden A (%), d.h.:

Ags = Sov_ Se
So

100 (5)

wobei: §, — Ausgangs Breite des Teils (mm) und S, -
Breite des Teiles nach dem Durchndhen (mm).
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GRUNDEIGENSCHAFTEN DES NAHMATERIALS

Zur Untersuchung des Einflusses der Stichdichte
und Nahgeschwindigkeit auf die Gewebedeforma-
tionen wahrend des Néhens wurde ein Baumwolle-
gewebe verwendet, mit in der Tabelle 1 enthaltenen
Grundeigenschaften. Gen&ht wurde mit mercerisier-
tem Baumwollegarn, Handelsbezeichnung 60, des-
sen Grundeingenschaften in der Tabelle 2 gegeben
sind.

Verbinden — N&hen der Gewebemuster wurde
durch Stichen der Typen 301 und 401 (it. ISO 49176)
an der Naht mit der Bezeichnung 1.01.0I (lit. ISO
4915) durchgefihrt.

Gewebemustern wurden gemal der Anweisungen
aus der Literatur [4] vorbereitet, so dass der Einfluss
der Verdnderung der N&hgeschwindigkeit vom
Anfang des Néhens bis zum Erreichen der Nominal-
geschwindigkeit und beim Stilllegung der Maschine
vermieden wurde.

Tabelle 1 Grundeigenschaften des Gewebes

Eigenschaften MaBeinheiten Werte
1 2 3

FlachenmaBe g/m? 130.1
Fadendichte: em™

— in Kette 28

- in Schu 16.2
Dicke mm 0.38
LangsmaBe des Garns: tex tex

- fiir Kette 29.5

— fiir Schuf3 29.5
ReiBkraft: N

~— auf Kette 488

— auf Schuf3 267
Reildehnung: %

— auf Kette 6.8

— auf SchuBB 12.7
Schrumpfen beim Waschen: %

- auf Kette 0.1

— auf SchuB 2.8
Bindun - Tuch

Tabelle 2 Grundeigenschaften des Nahgarns

Eigenschaften MaBeinheiten Werte
1 2 3
LéngsmaBe tex 103x 3
Anzahl der Drehungen beim Zwirnen m™’ 819
Rei3kraft: — absolut cN 849
— relativ cN/tex 27.47
Reidehnun % 5.2

UNTERSUCHUNGSERGEBNISSE
UND DISKUSSION

Ergebnisse der Untersuchung des Schrumpfens
der unteren Materialschicht in Bezug auf die obere
A, und Schrumpfen — Verkilrzen der Nahtlange durch
Stichengarn A, sind in den Tabelle 3 bis 6
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Tabelle 3 Tabelle 5
Na&h h- Nahgesch-
Lfd. W?njiZicen Stichdichte Aq A Lfd. wi ngi gkeit Stichdichte A, A
—1 0 o -1 0 0,
Nummer (min") {ecm™) (%) (%) Nummer (min") {em™) (%) (%)

1 2 3 4 5 1 2 3 4 5

1 1500 3.51 0.22 0.20 1 1500 3.14 0.20 0.40

2 i 4.01 0.30 0.60 2 » 3.33 0.40 0.20

3 R 5.45 0.40 0.61 3 » 4.24 0.20 0.20

4 Y 6.62 0.32 0.30 4 ” 510 0.10 0.10

5 R 10.52 0.61 0.20 5 » 6.13 0.40 0.40

6 2000 3.51 0.40 0.61 6 2000 3.15 0.20 0.40

7 , 4.00 0.40 0.41 7 ,, 3.33 0.40 0.40

8 . 5.45 0.60 0.41 8 ,, 4.24 0.69 0.20

9 R 6.53 0.62 0.41 9 N 5.00 0.40 0.20
10 " 10.90 0.40 0.20 10 " 6.02 0.20 0.40
11 2500 3.47 0.20 0.60 11 2500 3.17 0.20 0.40
12 Y 3.99 0.20 0.60 12 ” 3.33 0.20 0.40
13 » 5.46 0.20 0.60 13 M 422 0.20 0.40
14 » 6.99 0.40 0.80 14 . 5.00 0.20 0.39
15 " 10.75 0.80 0.20 15 » 6.06 0.20 0.40
16 3000 3.57 0.20 0.40 16 3 000 2.97 0.40 0.40
17 R 4.03 0.22 0.41 17 ” 3.33 0.10 0.20
18 ) 5.46 0.42 0.61 18 N 415 0.41 0.40
19 . 6.60 0.20 0.40 19 . 5.00 0.40 0.41
20 N 10.60 0.61 0.40 20 " 5.87 0.40 0.40
21 3500 3.60 0.20 0.60 21 3500 2.97 0.20 0.40
22 ” 4.02 0.20 0.60 22 » 3.31 0.30 0.40
23 N 5.43 0.40 0.40 23 " 413 0.40 0.40
24 ” 6.85 0.20 0.40 24 , 4.97 0.10 0.20
25 " 10.81 0.40 0.40 25 " 5.95 0.20 0.60

Tabelle 4 Tabelle 6
" _ Nahgesch-
Lig,  Nahgeseh- o ndichte 4, A, Lfd. NOSSE Sliohdichte &, A,
Nummer  Vindigkeit (cm™) (%) ) Nummer  Indigkett (cm™) (%) )
(min™) ’ ’ (min™) ’ ’

1 2 3 4 5 1 2 3 4 5
26 1500 3.53 0.61 0.82 26 1500 3.07 0.20 0.62
27 N 4.00 0.50 0.91 27 N 3.52 0.20 0.62
28 N 5.46 0.41 1.02 28 N 4.18 0.20 0.62
29 N 6.78 0.20 1. 02 29 N 5.00 0.40 0.80
30 N 10.87 0.41 1.0Z 30 " 5.88 0.40 0.80
31 2000 3.53 0.21 1.06 31 2000 3.02 0.41 0.41
32 N 4.01 0.21 1.05 32 . 3.51 0.20 0.60
33 N 5.46 0.40 1.05 33 N 4.16 0.21 0.62
34 N 6.83 0.25 1.23 34 » 4.98 0.20 0.80
35 N 10.89 0.20 1.23 35 N 5.95 0.40 0.81
36 2500 3.43 0.20 1.07 36 2500 3.10 0.20 0.83
37 ,, 4.02 0.20 1.07 37 . 3.44 0.20 0.80
38 " 5.46 0.21 1.28 38 N 4.15 0.20 1.03
39 " 6.80 0.42 1.28 39 " 5.02 0.21 0.83
40 N 10.75 0.42 1.27 40 " 5.98 0.40 0.80
41 3000 3.39 0.20 1.07 41 3000 3.04 0.20 0.83
42 " 4.03 0.21 1.22 42 » 3.44 0.10 0.80
43 » 5.46 0.20 1.15 43 N 4.15 0.20 1.03
a4 » 6.80 0.40 1.22 a4 N 4.95 0.21 1.03
45 » 10.90 0.20 1.31 45 ,, 5.91 0.20 1.00
46 3500 3.42 0.21 1.28 46 3500 3.07 0.20 0.80
47 » 4.01 0.31 1.22 47 . 3.44 0.10 0.83
48 » 5.47 0.42 1.15 48 i 4.10 0.10 1.24
49 " 6.79 0.20 1.22 49 , 495 0.21 1.038
50 " 10.91 0.10 1.43 50 . 5.91 0.20 1.00

dargestelit. Es wurde die Nadel Nummer 90 mit nor-
maler Spitze verwendet sowie Naht mit der Bezeich-
nung 1.01.01., Stich Typ 301 in richtung Schuf3

Vidkna a textil 8 (1) 27-31 (2001)

(Tabelle 3) und ind Richtung Kette (Tabelle 4) sowie
Stiche Typ 401 in Richtung SchuB3 (Tabelle 5) und

in Richtung Kette (Tabelle 6).
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Krauseln der unteren Schicht (%)
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Abb. 3 Grafiken der Veranderung der Kréuselung der unteren Materialschicht (A,) abhédngig von der Nahgeschwindigkeit: a} bei
den Nahtmustern mit der Stiche Typ 301 und b) bei den Nahtmustern mit der Stiche Typ 401 (B — Nahtlinie ist in der
SchuBrichtung uhd C — Nahtlinie ist in der Kettenrichtung)

Abb. 5 Grafiken der Veranderung der Nahtverkiirzung durch Maschengarn (
den Nahtmustern mit Stiche Typ 301 und b) bei den Nahtmustern mit Stiche
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Abb. 4 Grafiken der Veranderung der Krduselung der unteren Material
Nahtmustern mit der Stiche Typ 301 und b) bei den Nahtmustern mit der

Verkurzung der Naht (%)

08

0.7+

0.6 -

05+

0.4 <

03

0.2 1

0.1+

00

T 7 T T ‘' 1 T v T T 1
4 5 6 1 &8 9

Stichdichte (cm™)

a)

Krauseln der unteren Schicht (%)

0.8~

0.7 ~

0.6

054

04 4

034

024

014

0.0

6.0
Stichdichte (cm™)
b)

schicht (A,) abhéngig von der Stichdichte: a) bei den
Stiche Typ 401 (B — Nahtlinie ist in der SchuBrichtung

und D — Nahtlinie ist in der Kettenrichtung)

= B
1.41 s
&
12 L
..__._, et ,<,,_A,_..
S B
[ ]
08
06
L}
Ry
[ — ]
04 g
024
1
) | ' : Y T A T
1500 2000 2500 - -

Nahgeschwindigkeit (min™)

a)

Verkurzung der Naht (%)

"

124
104
0.8
06+
0.4

024

00

D — Nahtlinie ist in Richtung Kette)

2500 3(;00
Nahgeschwindigkeit (min™)

b)

A,) abhingig von der Nahgeschwindigkeit: a) bei
Typ 401 (B — Nahtlinie ist in Richtung Schuf3 und

Viakna a textil 8 (1) 27-31 (2001)



= B
144 =
- e -
] P
PUNBREE ey -
\’? —
o 104
5
Z 08
—
L
=]
2 06+
e SN
3 LR
g 04 o
> v —
02+
; l I 6 T T T T T 1
4 5 6 7 i ] ™ - ,

Stichdichte (cm™)

a)

1.4 s D
9
124
&
é’ 1.0+
-1 —
§ . R I o
5 0% T
< o ®
=
S o064
N
>
=2
= o4 . .
o Y4
> W W
]
024
0.0 — 77
30 35 4.0 45 50 55 6.0
Stichdichte (cm™)

Abb. 6 Grafiken der Veranderuhg der Nahtverklrzung durch Maschengarn (A.,) abh&ngig von der Stichdichte: a) bei den
Nahtmustern mit Stiche Typ 301 und b) bei den Nahtmustern mit Stiche Typ 401 (B — Nabhtlinie ist in Richtung Schuf3 und D -
Nabhtlinie ist in Richtung Kette)

Krauseln der onteren Materialschicht in Bezug auf
die obere A, zeigt die Tendenz der Verminderung
mit der Erhéhnung der Ndhgeschwindichkeit (Abb. 3).
Mit der Erhéhnung der Stichdichte nimmt diese
GroBe bei den Mustern mit Nahtlinie in Richtung
SchuB zu, wéhrend sie bei den Mustern mit der Naht-
linie in Richtung Kette die Tendenz sur Stagnation
zeigt (Abb. 4). Etwas gréssere Werte flr A, sind bei
den Mustern mit der Stiche Typ 301 und Nahtlinie
in Richtung Schuf3 in Vergleich mit den Mustern mit
Stiche Typ 401.

Die GroBe A, (die Schrumpfung — Verkirzung der
Naht durch Nahtgarn) nimmt mit der Erhéhung der
Geschwindigkeit zu (Abb. 5), und mit der Erhéhung
der Stichdichte ab, bei den Mustern mit Nahtlinie in
Richtung Schuf3 und nimmt zu bei den Mustern mit
Nabhtlinie in Richtung Kette (Abb. 6). Auch bei dieser
GroBe haben die Mustern mit der Stiche Typ 301
héhere Werte gegeniliber Stiche Typ 401.

SCHLUBFOLGERUNG

Krauseln, Schrumpfen und Wellenbildung am Ma-
terial beim Nahen sind eine Folge der nicht richtig

Vidkna a textil 8 (1) 27-31 (2001)

ausgewdhlten Nahparameter oder nicht richtig ein-
gestellten Mechanismen der Ndhmaschinen.

Um diese Erscheinungen auszuschlieBen oder zu
minimisieren, ist es notig:

— Richtige Auswahl der Nahmaschine beziglich des
Nahmaterialssowie, des Ndhgarns, der Ndahnadel,
der Stichdichte, der Nahgeschwindigkeit usw.,

~ einwandfreie Einstellung und Wartung der N&h-
maschine,

— Gute Ausbildung der Arbeiter und

~ permanente Durchflihrung der Qualitatskontrolle.
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INFLUENCE OF ULTRASOUND VIBRATIONS VARIOUS
FREQUENCIES ON CELLULOSE FIBERS
SWELING AND MECHANICAL CHARACTERISTICS

Ignjatovic, V., Novakovic, M., Djordjevic, D.

Faculty of Technology University of Nis, Bulevar oslobodjenja 124, 16000 Leskovac
E-mail: vesnateh @ yahoo.com, Serbia-Yugoslavia

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

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

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

1. THEORETICAL PART
1.1 Introduction

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

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

This paper is a part of research done for the re-
quirements of project titled “Modern Approaches in
New Dyeing Procedure Development for Optimal
Pollution of the Environment”, and financed by Sci-
ence and Technology Ministry of Serbia.

1.2 Ultrasound

Man’s ear can detect sound waves with lower limit
of 16-20 Hz, and the upper limit of 16 000-20 000
Hz, depending on the recipients individual charac-
teristics and age.

A sound with frequencies below 16 Hz (the lower
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limit of man’s hearing) has been called infrasound.
A sound with frequencies belonging to 20 000—10°
Hz range (“the over-hearing range”) has been called
ultrasound. A sound with frequencies over 10 Hz
is being called hypersound.

Depending on the wavelengths and frequencies,
ultrasound expresses some specifies in its irradia-
tion, spreading and reception, and so in it s applica-
tion. From this reasons, it Is convenient to divide
ultrasound frequencies range in three major areas:
low-frequency ultrasound 20 000-100 000 Hz), high-
frequency ultrasound (10°-10° Hz), and diagnostic
ultrasound (10°~10"° Hz).

Ultrasound waves obey to the same spreading laws
as the other acoustic waves from all frequencies
ranges. They are obedient to general wave equa-
tion, applicable to all frequencies. Then, similarly to
electromagnetic waves, ultrasound waves obey to
general reflexion and refraction laws at various me-
diums borders, to diffraction in the presence of ob-
stacles and heterogeneity’s inside the medium, to
absorption (i.e. weakening) during spreading (be-
cause of sound’s energy transformation in other,
most often heat form), to interference (i. e. simulta-
neous action of many sound waves inside the same
medium), to formation of standing waves, to focus-
ing by using acoustic lenses etc. However, contrary
to electromagnetic waves, ultrasound waves spread-
ing take place in the mediums with elastic charac-
teristics only. That is why the ultrasound waves are
so clearly distinguished from light and other forms
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of electromagnetic waves that freely spread in uni-

verse. During the ultrasound spreading the elastic

medium particles oscillate and transfer energy across
the medium towards the waves spreading direction.

The oscillations intensity is proportional to the ap-

plied force and it's duration. During this process, an

energy transfer among the particles take place, and
not the particles shifting.

Depending on the external applying force on an
elastic material, one may distinguish two kinds of
waves:

— Longitudinal waves, with particles oscillating in direc-
tion parallel to the waves spreading direction, ap-
pearing in the mediums in all three aggregate states;

—~ Transversal waves, with particles with particles os-
cillating in direction vertical to the waves spreading
direction, appearing in solids only [1,2].

1.3 Ultrasound application

Ultrasound has been broadly applied in many ar-
eas, like: mechanical treatment, welding, metals crys-
tallization, metallization, soldering, plastic deforma-
tions, thermal stabilization, cleaning, aerosols
coagulation, emulsions, dispersions, scattering,
electrochemical processes, materials refinement,
medical therapy and surgery, investigations of con-
structions stability. Also, it has been applied in
microscopy and visualization, defectoscopy, medical
diagnostics, materials testing without damaging,
hydrolocation, fluids level, volume and flow control,
in navigation and signalization, materials structures
analysis, in acoustic communications, in environment
protection. Few multidisciplinary areas emerged as
a result of the application: acoustic electronics,
acoustical optics, and sonochemistry [3, 4].

One of the most important sonochemical effects
is cavitation. Ultrasound vibrations cause compres-
sion and refraction in water medium, i. e. high and
low pressure areas, respectively. The refraction it-
self creates bubbles that spread, and finally, during

compression, undergo to disintegration, making
shock-waves. This phenomenon of creation and dis-
integration of bubbles (known as cavitation) is gen-
erally responsible for most of the ultrasonic physi-
cal and chemical effects observed in solid-liquid and
liquid- liquid systems. Thus ultrasonic energy has
been applied in textile industry, as well, for the most
part in soaking processes, and textile washing [5],
bleaching [6-8] and dyeing [9-22].

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

2. EXPERIMENTAL PART
2.1 Ultrasound influence on cellulose fibers swelling

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

The fibers were exposed to ultrasound action in
distilled water for few time intervals. The fibers di-

Table 1 The increase of the fibers diameters (%)

H,O H,0 + ultrasound
(40 kH)

60 90 180 24 60 90 180
min min min min h min min min
Cotton 5-8 7-12 12-29 20-26 9-13 11-22 257-30
ZW classical 6.4 7.3 9.7 12 7.9 114 176
ZW mikro 816 176 229 23 173 267 28

Fig.1 The cotton fibers diameters changes, depending on the time of ultrasound treatment in distilied water.
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Fig.2 The cellulose microfibers diameters changes, depending on the time of ultrasound treatment in distilled water.

Fig.3 The diameters changes at classical type cellulose fibers, depending on the time of ultrasound treatment in distilled water.

Table 2 The fibers mechanical characteristics, depending on the
way of treatment.

Russian cotton ZW classical
cN/tex I (%) cN/tex 1 (%)
SD SD SD SD
cvV Ccv CcVv Ccv
27,32 7.2 16.34 18.79
0 min 1.06 0.2 1.94 212
3.94 9.0 0.27 0.3
H,O — 90 min 28.22 7.5 17.84 15.84
without US 1.17 0.3 2.81 3.09
4.23 3.5 04 0.44
H,O -180 min  27.97 7.6 17.24 17.94
without US 1.52 0.2 1.56 2.63
5.54 3.0 0.22 0.37
40 kHz — 26.76 7.3 16.4 15.7
90 min 1.39 0.3 2.46 4.04
5.29 4.2 0.35 0.57
40 kHz - 26.81 7.7 16.89 19.84
180 min 1.64 04 1.34 2.6
6.23 4.6 0.19 0.37
200 kHz - 25.54 7.6 - -
90 min 0.95 0.2 - -
3.81 2.0 - -
600 kHz - 26.2 7.3 - -
90 min 1.95 0.3 - -
7.64 4.0 — -
34

ameters changes were detected by using
microscopy. The experiments were done in ultra-
sound bath Sonic (SONIC-YU), with frequency of
40 k and power of 150 W.

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

2.2 Ultrasound effects on the fibres mechanical
characteristics

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

The cotton fibres mechanical characteristics were
investigated on USTER HVI 900 apparatus
(ZELWEGER), while those of cellulose fibers on
VIBRODIN (LENZING). The statistically handled re-
sults were shown at Tab. 2.
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The cotton fibers exposed to ultrasound express
a weakening of the strength, and insignificant elon-
gation. The maximal strength weakening is 6.5%,
found for 90 minutes of treatment with 200 kHz ul-
trasound. No such changes were found at the cellu-
lose fibres. One could say that ultrasound does not
have a significant influence on the mechanical char-
acteristics, i. e. does not damage them. That offers
a lot of potential possibilities to ultrasound applica-
tion in textile industry.

3 CONCLUSION

Cavitation caused by ultrasound contributes sig-
nificantly to textile fibres swelling. On the other hand,
it does not damage them in dried state.
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VYVOJ POLYPROPYLENOVYCH VLAKIEN FARBITELNYCH
VYTAHOVACIM POSTUPOM A POTLACOU.

Marcinéin, A., Brejka, O.*, Budzék, D.*, Hricova, M.

Katedra viakien a textilu CHTF STU, Radlinského 9, 812 37 Bratislava.

*Vyskumny ustav chemickych vidkien, 059 21 Svit.

1. VYVOJ POLYPROPYLENOVYVH VLAKIEN
1.1.

Strizové polypropylénové (PP) vlakna a BCF vlak-
na urcené pre podlahoviny predstavuju podstatny po-
diel v su¢asnosti vyrabanych PP vlakien. DIhoro¢ne
tento podiel reprezentuje priblizne tretinu systema-
ticky sa zvySujucej produkcie PP vlakien, ktora v po-
rovnani s rokom 1990 stupla viac ako 50 %.

V sucasnosti PP viakna predstavuju asi 35 % vy-
roby syntetickych vldkien vo svete. Spolu s poly-
etyléntereftalatovymi (PET) vlaknami maju najvyssi
index rastu za posledné desatrocie, a kym vyroba
PET vidkien predstavuje vySe 55 % podiel na celko-
vej vyrobe chemickych vlakien, PP vlakna abjemom
vyroby v poslednych rokoch predstihli vyrobu celu-
I6zovych, polyakrylonitrilovych i polyamidovych via-
kien ako ukazuje Tab. 1 [1-4].

Polypropylénové viakna nachadzaju dobre uplat-
nenie najma v bytovom textile a v poslednom obdo-
bi sa ujali tiez v automobilovom priemysle. Malu ¢ast
z ich produkcie predstavuju nekonecné vlakna, mul-
tiflamenty s aplikaciou pre odevné pletené itkané
textilie. Velka ¢ast polypropylénovych viakien ma up-
latnenie ako technické vlakna.lch sucasny rozvoj
podporuje najma nizka cena, technické a ekologické
faktory. K technickym faktorom patria niektoré pred-
nosti vo vyrobe a vo vlastnostiach [5]:

— univerzalnost PP vlakien pre technické i textilné ap-
likacie

— vyrobné postupy s vyuzitim technologickych zariade-
ni pre zvlaknovanie z taveniny, spolocne vhodné tiez
pre PET a polyamidové (PA) vidkna

— variabilnost v technoldgii vlidkien a Siroky sortiment

— textilné, technické, BCF, netkané textilie (spunboud

a melt blown technologic), vlakna z folii a pasky
— spracovanie polyméru PP v Sirokom rozsahu mole-

kulovej hmotnosti MFl od 6 g/10 min do 600 az 1000

9/10 min

Vyvoj vo svete

Table 1 Svetova produkcia syntetickych viakien (1000 t)

— recyklovatelnost polyméru a nizka chemicka reakti-
vita

— moznost modifikacie viakien nizkomolekulovymi i po-
lymérnymi aditivami

— vyrieSena tepelna i svetelna stabilita

— vysoka uroven procesu farbenia v hmote pigmentmi

~ riadena reologia pri vyrobe vldkien

— perspektiva vyvoja novych typov s novou generaciou
katalyzatorov pre syntézu — vyvoj vlakien z metalo-
cénovych PP vidkien (mPP)

— nizka cena v porovnani s inymi viaknotvornymi po-
lymérmi

Nové impulzy pre rozSirenie sortimentu vlakien
a pre pripravu PP vidkien so zlepSenymi vlastnos-
tami poskytuju nové katalytické systémy pri synté-
ze, ktoré umoznuju pripravit PP s regulovanou mo-
lekulovou hmotnostou, Strukturou tzv. metalocenové
polyméry m-iPP [6].

Polypropylénové vlakna maju aj niektoré nedostat-
ky, ktoré brania niektorym dalSim aplikaciam a kto-
ré prinajmensom brzdia ich dalsi rozvoj. Su to naj-
ma:

— relativha nizka teplota topenia

— niZSia elasticita a zotavovacie vlastnosti v porovna-
ni s PET a PA vldknami

— nevyrieSena otazka ich farbitelnosti vytahovacim
postupom a potlacou

Posledné dva body su z hladiska aplikacie PP vla-
kien velmi vyznamné a posledny z nich sa priamo
dotyka novych postupov farbenia a predstavuje aj za-
meranie tejto prace.

1.2. Vyvoj na Slovensku

Pokles vyroby chemickych vidkien v devétdesiatych
rokoch na Slovensku bol vysledkom spolocenskej
a hospodarskej krizy v krajinach RVHP, ktora viedla
k rozpadu ,planovaného hospodarstva“ a rozpadu tr-
hu v strednej a vychodnej Eurdpe.

Vliakna / roky 1970 1975 1980 1990 1995 1998
Polyamidové vlakna 1903 2469 3151 3742 3911 3 390
Polyesterove vlakna 1645 3374 5127 8687 11 958 16 050
Polyakrylové vlakna 1003 1398 2060 2320 2420 2510
Polypropylénavé vlakna 370 730 1110 2640 4816 3178
Svetova produkcia celkom 4921 7971 11 586 16 552 22 105 27 820
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Table 2 Rozvoj vyroby chemickych vldkien na Slovensku v kt.

. Rok vyroby
Druh viakna 1989 1991 1993 1995 1998
Celulézové 8,3 6,3 6,6 7.4 3,8
Polyesterové 17,6 141 147 16,5 120
Polyamidové 57,4 451 32,5 380 350
Polypropylénoveé 50,3 23,2 134 144 127
Celkova produkcia 133,7 88,7 67,2 763 64,1

Kym vyroba celulézovych a polyesterovych viakien
vr. 1995 zostala na urovni r. 1989 a produkcia po-
lyamidovych vlakien klesla z 57,5 tis. ton na 38,0 tis.
ton (-34%), k najvacSiemu poklesu doslo vo vyrobe
PP viakien. Tento pokles z 50,4 tis. ton na 14,5 tis.
ton (-71%) bol vysledkom najméa rozpadu vychod-
ného trhu a nizkej konkurencieschopnosti vyrabané-
ho sortimentu vlakien. VAznym ekonomickym prob-
{émom bola tiez nizka akumulacia zdrojov aj pre
jednoduché pokracovanie vyroby. Prehlad vyroby PP
vlakien na Slovensku za posledné desatrocie je vi-
diet v tabulke 2 [7, 8].

Polypropylénové vlakna v su¢asnom obdobi maju
v eurdpskom priestore prioritu v mnohych textilnych
i technickych aplikaciach. Vzhladom na tradiciu ich
vyroby a dobré personalne zdzemie na Slovensku je
az nepochopitelna ich nizka produkcia v suasnom
obdobi, ked v okolitych Statoch doSlo k vyznamné-
mu narastu ich vyroby, napr. v Ceskej republike, Ra-
kusku atd.

Je mozné redlne predpokladat, ze velky podiel po-
lypropylénovych vidkien urCenych pre bytovy textil
najmé strizovych a BCF viakien, by bolo mozné up-
latnit najmé v technoldgii potlace (koberce, dekorag-
né materialy), kde v su¢asnosti dominuje farbenie
v hmote i na Slovensku [7].

Jednou z podmienok zvySenia konkurencieschop-
nosti polypropylénovych vilakien v tychto oblastiach
spotreby je inovacia sortimentu a zlepSenie niekto-
rych viastnosti ako napr. elastickych vlastnosti a vy-
farbitefnosti z kupela resp. potlacou.

2. SUCASNY STAV FARBENIA
POLYPROPYLENOVYCH VLAKIEN

Vzhladom k hydrofobnemu retazcu makromoleku-
ly PP bez aktivnych funkénych skupin maju polyp-
ropylénové vlakna velmi mald az zanedbatelnu afi-
nitu k chemickym reaktantom, &o plati tiez
o farbivach. Preto tieto vlakna nie je mozné vyfarbit
klasickym postupom ako iné chemické vlakna — poly-
esterove, polyamidove, polyakrylonitrilové, celulézo-
vé atd. Prakticky cela suc¢asna produkcia farbenych
PP vlakien sa vyraba postupom farbenia v hmote t.j.
pigmentaciou taveniny polypropylénu pred zvlakne-
nim, ktora spociva v dispergécii anorganickych &i or-
ganickych pigmentov pripadne aj rozpustnych farbiv
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v polymeri v priebehu extruzie a zvidknovania. Ten-
to postup je relativne jednoduchy, ekonomicky vy-
hodny a farbené viakna maju v zavislosti od pouzi-
tych pigmentov dobré az vyborné stalosti vyfarbenia
na svetle, v prani, v otere [9, 10].

K nevyhodam farbenia v hmote patri najma mala
flexibilita v zmene farebného odtiena v priebehu
zvlaknovania a tym aj nizka kreativita v dizajne tex-
tilnych materialov, ako aj velky objem odpadu pri pre-
chodoch farebného odtiena. DalSou nevyhodou je
adaptacia technologickych zariadeni a investicie na
dalSie zariadenia ako sU hmotnostné davkovace,
bocné extrudery, homogenizéry a iné.

Nemoznost pouzitia klasickeého postupu pri farbe-
ni PP vlakien sa prejavuje najmé pri modernych tech-
nologiach ako je potlaé. Polyesterové a polyamido-
vé vlakna, ktoré je mozné farbit alebo potlacat
v malych polozkéach, nasli Siroké uplatnenie v odev-
nictve a bytovom textile. Podobna situdcia je aj v pro-
dukcii kobercov. Na europskom trhu je stale vysoka
poziadavka na flexibilitu, na vyrobu v menSich obje-
moch, na rychle dodavky, na vy$Si pocet farebnych
odtieniov a kreativnost dizajnu textilnych vyrobkov.
Z toho vyplyva stala poziadavka vyfarbitelnosti z ku-
pela a potlace aj pre PP vlakna [10, 19].

2.1.Doterajsi vyvoj PP vlakien vyfarbitelnych
klasickym postupom

Farbenie PP viakien klasickym postupom, napr.
disperznymi farbivami, dava velmi nizku vytaznost
farbiva a velmi nizke stalosti v prani. V poslednych
30 rokoch sa zaznamenali dve obdobia so zvyse-
nou intenzitou vyskumnych prac v oblasti klasické-
ho farbenia PP viakien. Bolo to obdobie 1970-1980,
kedy boli vyvinuté niektoré technolégie farbenia do
vysokého stupfa realizacie na baze nizkomolekulo-
vych aditiv, avSak len niektoré z nich sa pouzivali
v priemysle ato len vo velmi obmedzenom rozsa-
hu. Druhé obdobie predstavuju devétdesiate roky,
kedy na zéklade predchadzajucich vysledkov boli vy-
vijané PP vlakna modifikované najma polymérnymi
aditivami. Medzi technologicky i technicky zaujima-
vé rieSenia patrili nasledovné postupy:

1. Vyvoj novych typov farbiv pre nemodifikované
PP vidkna. Boli pripravené farbiva, najma antrachi-
nonové typy disperznych farbiv s molekulou s dihym
uhlovodikovym retazcom [11]. Tymto sposobom sa
vyznamne zvySila sorpcia z kipela a farebna sila vla-
kien. Tento postup vSak vyzadoval farbiva cenovo
narocne, a v dbsledku toho ako aj nizSich stalosti vy-
farbenia, najma v prani sa priemyselne neujal.

2. Zavedenie funkénych skupin do polymérneho re-
tazca najmé hydroxylovych, halogénovych, karboxy-
lovych, esterovych, nitrilovych, amidovych a inych
chemickou cestou. Slubné vysledky sa ziskali naj-
ma pri oCkovanej kopolymerizacii PP viakien vinylo-

37



vymi monomérmi ako akrylovou kyselinou, akrylonit-
rilom, styrénom, vinylpiridinom a vinylacetatom [10,
11]. Oxidacia, chloracia, resp. dalSie drastické Upravy
povrchu vlakien sa neujali pre technologicki naroc-
nost a nerovnomernost modifikacie. Podobné problé-
my aj ked v menSej miere sa ukazali pri oCkovani
PP vlakien polarnymi monomérmi. Okrem toho sta-
losti vyfarbenia tychto viakien boli nizke najmé v ote-
re. Kopolymerizécia s cielom zaviest kyslé funkéné
skupiny do retazca PP otkovanom polymerizéciou
nebola uspesna, podobne ako syntéza kopolyméru
priamo pri priprave polyméru.

3. Fyzikalna modifikacia polyméru PP pred zvlak-
nenim nizkomolekulovymi alebo polymérnymi aditi-
vami s vhodnymi funkénymi skupinami. Tato modifi-
kacia bola orientovand najma& na aditiva so
zasaditymi aminoskupinami, pripadne terciarnym du-
sikom, pre farbenie lacnymi kyslymi alebo katiéno-
vymi farbivami, ktoré sa pouzivaju na farbenie viny
a polyamidovych vigkien. Sortiment tychto farbiv je
velmi Siroky a ukazovali sa tu dobre predpoklady pre
tento typ modifikacie. Z ¢asto pouzivanych a uspes-
nych aditiv to boli najméa: kopolyméry etylénu s al-
kylaminoakrylatmi, vinylpiridin, N-vinylkarbazol a ak-
rylamid, dalej akrylatové kopolyméry, kopolyamidy
s derivatmi piperazinu, polyaminotriazoly, polymoco-
viny a styrén—aminové Zzivice. Do polypropylénu sa
pridavali pred zvlaknenim v mnozstve do 10% hmot.
[13-16].

4. Fyzikalna modifikacia organokovovymi zlu¢eni-
nami hlinika, medi, zinku, ale najma niklu vo forme
soli organickych kyselin, alkoholatov, fenolatov, ami-
nov a triazolov. Tato modifikacia vyzadovala vyvoj
Specialnych farbiv s moznostou tvorby chelatovych
komplexov Ni a aditiva [10]. Ani tato relativne tspes-
néa modifikacia nenasla SirSie priemyselné vyuzitie.
Hiavné dévody spocivali v obmedzenom mnozstve
relativne drahych farieb schopnych tvorit komplexy
s Ni. V3etky farby mali odtieri do zelena. Postup sa
vyznacoval obtiaznostou dosiahnutia sytych odtiefov
a nizSou reprodukovatelnostou vyfarbenia. Negativ-
ne boli tiez ekologické dbsledky pri vy§Som obsahu
Ni v polyméri. PP vlakna modifikované Ni zlu¢enina-
mi sa vyuzZivali najma pri Usekovom farbeni, kde rep-
rodukovatelnost a egalnost vyfarbenia nie je tak vy-
znamnym faktorom.

5. Fyzikalna modifikacia PP vldkien polymérnymi
aditivami s cielom vyfarbenia vlakien dispeznymi far-
bivami, pouZivanymi na farbenie polyesterovych vla-
kien. Ukazalo sa, ze PP vidkna modifikované poly-
mernymi aditivami na baze polyamidov [14]
a polyesterov [17—19] do koncentracie 8—-12 % hmot.
je mozné vyfarbit aj na syte odtiene disperznymi far-
bivami [16-19]. Boli vyvinuté polyesterové aditiva
s dobrou kompatibilitou s polymérnou matricou po-
uzitim vhodnych kompatibilizatorov [18-19]. Na dob-
rej urovni sa ukazuje rieSenie modifikacie PP vlakien
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modifikatormi vyvinutymi v laboratériach Centexbel
v Belgicku. Tento modifikator pod nazvom Chroma-
tex zaviedla do vyroby fy Atochem. M6ze byt prida-
ny do PP ako koncentrat pred zvldknenim do obsa-
hu okolo 8% hmot. Aditivum poskytuje syte
vyfarbenie vlakien disperznymi farbivami s dobrymi
stalostami na svetle v otere a v prani [19].

2. 2. Viaknotvorné zmesi polypropylén ~
polyamid

Modifikacia PP polyamidom 6 (PAB) v zavislosti od
koncentracie dispergovanej fazy zlepSuje niektore
vlastnosti polypropylénovych viakien ako napr. zvy-
Suje sorpciu vodnych par a zniZuje tvorbu elektros-
tatického naboja uz pri koncentraciach do 7% hmot.
[20, 21]. Pri vy$3ej koncentracii (do 30% hmot.) sa
zlepSuju hlavne elastické vlastnosti PP vlakien a vy-
farbitelnost disperznymi farbivami [22, 23]. Okrem
PAG sa pre pripravu vidkien z polymérnej zmesi PP-
PA pouzili tieZ PA66 a PA12 [24]. VSeobecne je moz-
né konStatovat, Ze polypropylén s polyamidmi tvori
heterogénne zmesi typu polymeérnych ziiatin.

Vzhladom na slabé adhézne vazby na fazovom roz-
hrani PP-PA heterogénnej zmesi pri vy$§§om obsa-
hu dispergovanej fazy je nevyhnutné pouzit kompa-
tibilizatory. Ako velmi vyhodné sa ukazali reaktivne
aditiva na baze polyolefinu (PP) otkovaného malei-
nanhydridom. Analyza fazoveho rozhrania pomocou
IC ukazala, Ze v priebehu tavenia a dispergacie PA
v PP za pritomnosti ockovaného PP, dochadza
k chemickej reakcii medzi maleinanhydridovymi jed-
notkami a —NH, skupinami PA6 [23]. Chemicka reak-
cia na fazovom rozhrani PP/PA zvySuje napatie na
zvlaknovacej drahe. To ma za nasledok vy$siu orien-
taciu PP pod hubicou a vy$Siu rychlost krystaliza-
cie.

Pri vy§§om obsahu PA6 v PP, pri obsahu 2-3%
ockovaného PP ako kompatibilizatora, sa zvysila pev-
nost viakien a klesla taznost. Vy3$sie hodnoty vyka-
zovali tiez zotavovacie parametre vlakien [22, 23].
Pri obsahu PA fazy okolo 25-35% v PP sa nasla velmi
dobra vyfarbitelnost zmesi z vidkien disperznymi far-
bivami [25-27].

2.3. Vlakna zo zmesi PP a polyesterov

Podobne ako polyamidy vacsina komercnych po-
lyesterov pri dispergacii v PP tvori jasne nemiesatel-
ne zmesi, ktoré sa nad 10% hmot. dispergovanej fa-
zy musia nevyhnutne kompatibilizovat. Pre zlepSenie
znéSanlivosti polypropylénu a polyetyléntereftalatu
(PET) sa mdzu pouzit tak reaktivne ako aj nereaktiv-
ne aditiva. Z reaktivnych aditiv je znamy ockovany
kopolymér PP a maleinanhydridu, ktory je v§ak me-
nej ucinny ako v pripade zmesi PP/PA. Dobré vysled-
ky najma v spracovatelnosti PP/PET zmesi sa zis-
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kali pri pouziti kompatibilizatora na baze 2—4(alko-
xyfenyl)oxazolinu [28-30].

Ako ¢Ciastoéne reaktivne aditiva je mozné pouzit es-
tery a amidy nizkomolekulovych a oligomeérnych |&-
tok ako napr. alkyléndiamidy karboxylovych kyselin
(ADKK) [30].

Analyza reologickych viastnosti zmesi PP/PET uka-
zuje, ze kompatibilizér ADKK znizuje odchylku vis-
kozity zmesi od aditivnej hodnoty a zlepSuje znasan-
livost zloziek. Naviac aditivum vyznamne znizuje
viskozitu taveniny PET. Aditivum takto vytvara Spe-
cifické podmienky pre pripravu PP/PET vlakien tzv.
polyfibrilarneho typu, kde dispergovana faza vytvara
dihé fibrily v polymérnej matrici s relativne nizkou dis-
tribtciou hrabky fibril [18, 28].

Pre zmesné vlakna PP/PET su charakteristicke
Standardné mechanicko — fyzikalne viastnosti. Pev-
nost vidkien mierne klesa s obsahom dispergovane;j
zlozky. Podobne mierne klesa aj faznost, najma pri
vy$8ich koncentracidch PET. Napriek nizSej pevnosti
zmesné vlakna vykazovali vy$Siu elasticitu, ktora ras-
tla umerne s obsahom PET [18].

Polypropylénove vldkna modifikované polyestero-
vym aditivom do 10-15% maju dobru vyfarbitelnost
a vysoké hodnoty vytiahnutia z kiipela v porovnani
s nemodifikovanymi viaknami [18, 28].

2.4. Vyvoj aditiva ,Chromatex*

Na uvod je potrebné konstatovat, Zze tato praca
predstavuje jednu z najucelenejSich koncepcii pri vy-
voji PP vlakien, farbenych z kupela alebo potlacou,
v histérii vyvoja PP vlakien.

Experimentalne prace sa uskutocCnili v Belgicku za
finan¢nej podpory projektovych agentur. Zo ziskanych
a publikovanych vysledkov je mozné Cast aplikovat
v dalSom vyskume farbenia PP vlakien.Pri vyvoji tohto
aditiva sa urobila dékladna analyza doterajSich mo-
difikacii polypropylénovych viakien s cielom zabez-
pecenia farbenia klasickym postupom. Z ekologickych
ddvodov boli vylu¢ené aditiva obsahujice tazké ko-
vy. Ako nadejny postup sa volila modifikacia poly-
mérnymi aditivami. Vzhladom na nizku kompatibilitu
aditiv obsahujuacich vy3si obsah ionovych skupin
(napr. soli organickych kyselin) s polypropylénom,
tieto boli podobne vylu¢ené z vyberu uz na zaciatku
[19].

Vychéadzajuc z tychto analyz a poznatkov pri ex-
perimentalnej praci sa potvrdili niektoré teoreticke
predpoklady a to najmé v dvoch aspektoch. Na jed-
nej strane polymérne aditivum musi byt hydrofébne
aby sa zabezpecila dobra kompatibilita s PP matri-
cou, na strane druhej aditivum musi byt dostato¢ne
polarne aby sa zabezpedilo viazanie farbiva jeho fun-
kénymi skupinami. Aby sa zabezpecila rovnovaha
tychto poziadaviek boli selektované Specialne kopo-
lymérne aditiva. Naviac nie samostatné aditivum, ale
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zmesi takto pripravenych polymérov a kopolymérov
sa testovali na mieSatelnost s PP a vyfarbitelnost via-
kien. Sledovali sa najmé podmienky vzniku syner-
gického efektu v obidvoch parametroch, v znasanli-
vosti i vo vyfarbitelnosti.

Znasanlivost polypropylénu s aditivom sa sledovala
analyzou stupna jeho disperzity v polypropylénovych
vlaknach mikroskopicky a na zaklade hodnotenia me-
chanickych vlastnosti vlakien. JemnejSia disperzia
aditiva mala pozitivny vplyv na mechanické vlastnosti
zmesnych viakien.

Vyfarbovacia schopnost modifikovanych PP vidkien
sa sledovala v zavislosti od typu farbiva, kde sa us-
kutocnila vyznamna selekcia farbiv. Optimalizovali sa
tiez parametre farbiaceho postupu. Z koloristickych
vlastnosti sa sledovala farebna sila viakien, vytiah-
nutie kupela a vplyv koncentracie vybranych aditiv
na tieto vlastnosti viakna. Studoval sa tiez vplyv tep-
loty ustalovania na zmenu koloristickych vlastnosti
vlakien, najma stélosti vyfarbenia vSeobecne. Spe-
cialna pozornost sa venovala stalostiam vyfarbenia
na svetle, kde rad disperznych farbiv sa ukazal ako
nevhodny pre farbenie takto modifikovanych PP via-
kien.

Ukazalo sa, Zze podstatny vplyv na stalosti vyfar-
benia na svetle maju interakcie farbiv s polymérnou
matricou a nemoze byt odvodena z farbenia inych ty-
pov syntetickych vlakien. Délezita je aj stalost v ote-
re, ktora suvisi najma s limitnou hodnotou vytiahnu-
tia farbiva z kupela ajeho prebytku na povrchu
vlakna. Znizovanie vytiahnutia farbiva z kipela je vys-
ledkom afinity modifikacnej prisady a jej koncentra-
cie vo vlakne.

Aditivum Chromatex je definované ako systém
niekolkych kopolymérov, ktoré zabezpeduju dobrd
kompatibilitu s PP a vytvaraju aktivne miesta pre kot-
venie farbiva vo vldkne pri dostato€nej rychlosti far-
benia a vytiahnuti farbiva z kupela.

Vzhladom na pritomnost polarnych funkénych sku-
pin je Chromatex hygroskopicky a pred aplikaciou sa
musi susit, spravidla v granulovanej forme. Susenie
pri 60-70 °C pocas niekolkych hodin poukazuje na
nizku tepelnu stabilitu aditiva, alebo vysoky sklon
k hydrolyze vplyvom vody a teploty.

Pridavok 8% aditiva Chromatex do PP sa ukazal
ako dostatoCny pre ziskanie sytych odtieriov pri far-
beni. Zmena tejto koncentracie nema za néasledok
zmenu v kinetike a vytiahnuti farbiva z kipefa, méze
vSak ovplyvnit niektoré mechanickeé i koloristické
vlastnosti vlakien.

3. MODIFIKACIE A FARBENIE PP VLAKIEN NA
SLOVENSKU - DOTERAJSi VYVOJ

V nasich podmienkach sa venovala pozornost mo-
difikacii PP za ucelom farbenia PP vlakien z kupela
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a potla¢ou v ramci niektorych uloh zékladného a ap-
likovaneho vyskumu v minulosti a niektorych uloh VE-
GA v poslednom obdobi v spolupraci VUCHV, Kated-
ry vlakien a textilu CHTF STU a SAV.

Na zaklade poznatkov o organickych latkach ob-
sahujucich kovy ako Zn, Al a Ni, schopnych tvorit sta-
bilné farebné komplexy sa uspesne vyvijali modifi-
kované PP vlakna s aditivami na baze nikelnatych
zluenin viacerymi renomovanymi vyskumnymi pra-
coviskami na svete. NajrozsirenejSie modifikatory boli
na baze niklu, a to alkoholaty, fenolaty a pod.

Na VUCHYV vo Svite bola vyvinutd modifikacia PP
vlakien stearatom nikelnatym. Tato modifikacia ma-
la niektoré nedostatky, ktoré nakoniec boli pricinou,
Ze tato modifikacia sa v priemysle v SirSom meritku
neujala. Boli to najméa: malo brilantné farby a fahky
kovovy nadych vyfarbenych vidkien, nedostatoéne $i-
roka Skala farieb aich vysoka cena a tiez probléem
s farbenim zmesi PP vlakien s niektorymi prirodnymi
vldknami. Na druhej strane modifikacia zlGeninami
niklu priniesla zlepSenie niektorych viastnosti PP vla-
kien ako zvySenie tepelnej a sveteinej stability [17].

Prvé modifikacie PP bazickymi zid€¢eninami na urov-
ni pilotnych sku3ok boli na baze nizkomolekulovych
a oligomérnych, resp. polymérnych aditiv s obsahom
volnych —NH, skupin schopnych viazat kyslé farbi-
va. Bola to skupina triazolov, oligomérnych Zivic
i vyuzitie japonského modifikatora Sumiepoch FS22
na baze aminoalkylakrylatov [15—-17]. Vlakna vyka-
zovali dobru vyfarbitelnost kyslymi farbivami, av§ak
mali nizke stalosti najma na svetle. Svetlostalosti tych-
to farieb boli 0 2-3 stupne nizSie ako v pripade vy-
farbenia Cistych polyamidovych vidkien. Zistilo sa, ze
negativny vplyv na vyfarbenie modifikovanych PP via-
kien maju oxidacne produkty polypropylénu , ako pe-
roxidy, aldehydy, ktoré sa mdzu podielat na dalSich
oxidaénych i redukénych procesoch. Starostlivo vy-
brané stabilizatory (sveteiné, tepelné) mézu vyzna-
me zvysit stalosti vyfarbenia na svetle. Modifikacia
polypropylénovych vlakien sa v8ak stava nelinosne
nékladnou a eliminuje jednu z najddlezitejSich pred-
nosti polypropylénu a to jeho nizku cenu.

Boli pripravené tiez polypropylénové viakna modi-
fikované aditivami na baze polyesterov [18, 28]. Po-
uzili sa pri tom kompatibilizatory, ktorych funkciou bolo
zlepSenie spracovatelnosti nemodifikovaného poly-
propylénu. Na vyfarbenie sa pouzili disperzné ace-
tatové modré a Cervené farbiva a niektoré vyvojové
typy farbiv fy Bezema. Na zaklade experimentalnych
vysledkov sa zistilo, ze 10% koncentracia polyeste-
rového aditiva za pritomnosti vhodnych kompatibili-
zatorov je dostatocna pre vyfarbenie viakien na syte
odtiene. Pre farbenie nie je potrebné pouzit teploty
nad 100°C ani Ziadne prenasace farbiva. Farebna
sila vidkien zavisi od koncentracie aditiva a rastie s te-
plotou. Stalosti v otere a v prani su vyhovujlce aj bez
alkalického prania [28].
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Tieto prace predstavuju uvodné experimentaine
prace do problematiky farbenia PP viakien z kupela
resp. potlacou po predchadzajucej modifikacii poly-
propylénu polyesterovym aditivom za pritomnosti vy-
braného kompatibilizatora.

Niektoré vysledky z farbenia modifikovanych PP
vlakien su v tabulkach 3-5.

Table 3 Mechanické vlastnosti zmesi PP-PET viakien po
termofixacii pri 100 °C, 30 min

} — — -
Pevnost Tasnost Elasticita pri 50 % pevnosti

Vzorka CpeT . e 80
& 0, o, cel el el
c. % cN/dtex % % % %
1 0 222 27.0 7.4 6.2 83.9
2 5 1.98 271 8.2 71 86.6
3 10 1.6 29.4 8.6 7.6 88.9
4 15 1.95 27.3 7.3 6.6 89.7
5 100 1.65 19.3 8.0 7.0 87.5

£co — Celkova deformacia, e, — elastickd deformdcia, £%, - stupef
pruznosti

Table 4 Vplyv modifikacie PP viakien polyesterovym aditivom
(10%) na farebnd silu viakien.

Farbiva Viakno K/S

fy Bezema Nemodifikov. Modifikované

Blau SE-RDL Hladké 3.0 26.5
Tvarované 5.0 27.5

Rubin SE-RDL Hiadké 2.0 27.5
Tvarované 21 30.5

Gelb E-RD Hladké 3.5 24.5
Tvarované 45 22.5

Table 5 Farebna sila a stalosti vyfarbenia zmesnych PP/PET
vlakien, pre farbiva Bemacron, pri 2% vyfarbeni.

Stalost v odere

Vzorka Farbivo KIS Pred Po Stalost
100°C  reduk. reduk. v prani
pranim  prani

1 Rubin SE RDL 2.5 - - -

2 Blau SE RDL 28.3 5 5 5
Blau E RD 19.5 5 5 5
Rubin SE RDL 31.2 5 5 5
Rot E RD 17.8 4 4 5
Rot SE RDL 10.3 5 5 5
Orange SE RDL 19.5 4 4 5
Gelb E RD 23.1 5 5 5
Gelb SE RDL 18.8 5 5 5

1 — nemodifikované PP vlakno, 2 — PP/PET vidkno (10% PET)

Pri farbenf tychto vidkien Skalou farbiv fy Bezema
sa dospelo k pozitivnym vysledkom z hladiska me-
chanickych vlastnosti vidkien ako aj ich koloristickych
vlastnosti.

Vlakna PP s obsahom polyesterového aditiva (do
10% hmot.) maju dostatoéné mechanicko—fyzikalne
vlastnosti. Pevnost vidkien je nizSia asi 0 10%, avS§ak
elastické vlastnosti vlakien (stupen pruznosti) sa zvy-
Suju asi 0 10% oproti nemodifikovanym PP vlaknam.
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Farebna sila modifikovanych PP vlakien po vyfarbe-
ni je v priemere desatnasobne vyssia ako nemodifi-
kovanych viakien. U&inok redukéného prania je pri-
jatelny pri tmavych farbivach (modra, rubinova). Pre
Cervené a zlté farbiva dochadza po redukénom pra-
ni asi k 20-30% poklesu farebnej sily. Vplyv koncen-
tracie aditiva nad 10% hmot. je zanedbatelny pri tep-
lotach farbenia nad 100°C. Vys§Si obsah modifikatora
ma pozitivny vplyv na vyfarbenie pri teplotach do
100 °C. Vyfarbenie modifikovanych PP viakien dis-
perznymi farbivami vykazuje dobré stalosti v otere
av prani. '

4. ZAVER

V prispevku sa diskutuje sucasny vyvoj modifikacie
PP vlakien s cielom zlepSenia ich farbenia z kipela,
resp. tlaCou. Perspektivnou modifikaciou sa ukazuje
aditivacia PP viakien polymérmi na baze polyesterov.

Nové impulzy pre rozSirenie sortimentu vlakien
a pre pripravu PP vldkien so zlep3enymi viastnos-
tami poskytuju nové katalytické systémy pri synté-
ze, ktoré umoznuju pripravit PP s regulovanou mo-
lekulovou hmotnostou, Struktirou tzv. metalocenové
polyméry m-iPP [6].

K zakladnym nedostatkom doterajSej modifikacie
polypropylénu polyesterovymi aditivami patri najma
nedostatoc¢na uroven technologickej znasanlivosti po-
lypropylénu a polyesterov, ktora sa prejavuje v zhor-
Senej spracovatelnosti pri dlhodobom zvlaknovani,
véitane aditiva Chromatex a nedostatocné poznatky
z reologického chovania sa zloziek pri priprave zmes-
nych vlakien a ich vplyvu na spracovatelnost a mor-
fologiu (spracovatelnost polymérnej zmesi pri zvlak-
novani).

Dalej su to nedostatocné poznatky z procesu far-
benia a potlace modifikovanych PP vlakien.

RieSenie tychto uloh spolu s dalsim vyberom adi-
tiv a kompatibilizatorov ako aj rieSenia Specifickych
problémov farbenia zmesnych viakien, najma stalosti
vyfarbenia na svetle mézu v blizkej budicnosti pris-
piet k uspesnému zavedeniu farbitelnych modifiko-
vanych PP vlakien v priemyselnom meritku.

Publikacia bola vytvorena za finanénej podpory Grantovej agen-
tury SR, grant VEGA 1/8106/01 (A-26/01).Clénok je venovany 50.
vyrociu zaloZenia Katedry vidkien a textilu na Chemickotechnolo-
gickej fakulte, Slovenskej technickej univerzity v Bratislave.
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1. Modifikacia chemickych vlakien aditivami

Modifikacia chemickych vlakien aditivami predsta-
vuje jeden z vyznamnych spOsobov pripravy viakien
s upravenymi alebo uplne novymi uzitkovymi vlast-
nostami. Je to najrozSirenejsi spdsob zvySenia tepel-
nej a svetelnej stability viakien [1-5], zlepSenia vyfar-
benia z kupela [6, 7], antistatickych viastnosti viakien
[8] a elasticity [9]. Cestou aditivacie sa pripravuju
antibakterialne vlidkna [10] a tiez viakna farbené v hmo-
te pigmentami, ked farbenie vytahovacim postupom
z kiipela je nemozné alebo pri vysokych poziadavkach
na stalosti vyfarbenych viakien [11, 19, 20]. K naj-
dodlezitej§im modifikacnym postupom v technoldgii
chemickych vlakien zvlast polypropylénovych patri
aditivacia svetelnymi stabilizatormi a tuhymi ¢asticami
— pigmentami a plnivami. V obidvoch pripadoch sa
jedna o inkorporaciu kvapalnych zloziek alebo tuhych
Castic do polymérnej taveniny a nasledna priprava
vlakien. Tento proces pozostava z dvoch stupniov:

a. Priprava koncentrovanej disperzie pigmentov, plniv
alebo inych aditiv vo vhodnom spravidla polymér-
nom nosici, (koncentratu).

b. MieSanie a homogenizacia koncentrovanej dis-
perzie so zakladnym polymérom pred zvlaknenim.
Pri tepelnej a svetelnej stabilizacii sa ¢asto pouzivaju

aj iné postupy ako napr. aditivacia uz pri syntéze, kym

pri farbeni v hmote a priprave pinenych vidkien je tento
dvojstupnovy proces pravidlom.

Postup pigmentacie syntetickych viakien v hmote bol
pévodne vyvinuty pre polypropylénové vidkna, ktoré
nemOzu byt uspokojivo farbené vytahovacim pos-
tupom z kupela vzhladom na parafinicky charakter
polyolefinov bez funkénych skupin schopnych viazat
farbivo. Niektoré vyznamné prednosti tohto postupu,
najma ekologicke a vysoké stalosti vyfarbenia pig-
mentami su tak zretelné, Ze sa pouziva i pri farbeni
polyesterovych a polyamidovych viakien uréenych pre
naroéné aplikacie a pre syte odtiene [11, 12]. Najma
stalosti na svetle pigmentovanych vlakien su prakticky
nedosiahnutelné pri farbeni klasickymi farbivami. Preto
sa syntetické vlakna farbené v hmote pouzivaju ¢asto
pre textilné materialy do extrémnych podmienok, ako
su koberce, podlahové krytiny a automobilové textilie.

Pigmentacia syntetickych viakien v hmote vychadza
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z povodnej technoldgie ,suchého” farbenia plastickych
latok, avSak poziadavky na stupen disperzity pigmen-
tov, na miesSatefnost koncentrovanych disperzii so
zakladnym polymérom a na celkovu rovnomernost
vyfarbenia, su kvalitativne vy$Sie. V literatare je tento
proces znamy pod pojmami ako ,dope dyeing, extru-
sion dyeing, melt dyeing, spin dyeing".

Pri doterajSom vyvoji farebnych koncentratov i far-
ben( vlakien v hmote museli byt reSpektované zaklad-
né principy dispergacie pigmentov vo vysokoviskoz-
nych polymérnych taveninach pri priprave koncentratov
i viakien. Termodynamickeé podmienky dispergacie
pigmentov v tavenine polyméru su determinované
vzajomnymi interakciami zlozZiek, spravidla pigmentu,
nosica a dispergovaného aditiva — dispergatora. Ok-
rem toho vyznamnu ulohu v dispergécii pigmentov, ale
tiez pri dispergacii — mie$ani koncentratu a zakladného
polyméru maju reologicke vlastnosti zloziek, ¢o suvisi
s kinetickymi podmienkami procesov farbenia v hmote.

Vysledkom pdsobenia termodynamickych i kine-
tickych faktorov je dispergacia alebo aglomeracia
pigmentovych €astic, pripadne vznik flokul pri nemie-
Satelnosti dispergatora s polymérnym nosi¢om. Pozna-
nie vplyvu vzajomnych interakcii zloZiek na spraco-
vatelnost pigmentu a tiez koncentratu v procese
farbenia v hmote, ako aj na koloristické vlastnosti
viakien, najma na farebnu silu pigmentu, predstavuje
zaklad modifikacie vliaknotvornych polymérov pig-
mentami pri vyuziti farebnych koncentratov ako
finalnych aditiv.

Predliozeny subor prac je zamerany na $tadium vza-
jomnych interakcii zloZiek v disperziach organickych
pigmentov v polypropyléne a na vplyv tychto interakcif
na reologické a koloristické vlastnosti farebnych kon-
centratov a PP viadkien farbenych v hmote. Je veno-
vany tiez vyvoju novych dispergaénych aditiv, opti-
malizacii zloZzenia a podmienok pripravy farebnych
koncentratov a vplyvu pigmentov na Strukturu vlakien.

2. Koncentrované disperzie (koncentraty)
pigmentov ako polymérne aditiva

Koncentrované disperzie pigmentov pre farbenie
syntetickych viakien v hmote predstavuju unikatny
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polymérny materidl s vysokym obsahom organickych
pigmentov (do 40% hmot.), alebo anorganickych pig-
mentov (do 50 % hmot.), s vysokym stupriom disper-
zity a vysokou rovnomernostou rozdelenia €astic,
spravidla v semikryStalickej polymérnej matrici. Su
zlozené spravidla z troch komponentov: polymérneho
nosiCa, pigmentu a dispergatora. Farebné koncentraty
s nosicom na baze polypropylénu alebo polyetylénu
nie je mozné pripravit bez ucinného dispergaéného
aditiva. Aj v pripade, ze polymérnym nosiCom su poly-
estery alebo polyamidy s polarnejSimi funk&nymi skupi-
nami, pozitivny vplyv dispergatora na spracovatelské
vlastnosti koncentratov je tiez evidentny [13].

V devétdesiatych rokoch boli vyvinuté nové koncen-
trovane disperzie vybranych pigmentov s vysoko-
ucinnymi dispergatormi [13, 14], urCené najma na
farbenie velmi jemnych vidkien a mikrovlakien a pre
technologie vysokorychlostného zvlakinovania [15].
Farbenie tymito disperziami dava vysoku farebnu silu
a farebne stalosti na svetle, v otere, prani a chemickom
Cisteni. Vysoka technologicka spolahlivost spracovania
je spajana najma s reologickymi vlastnostami a ,filtro-
vatelnostou” koncentratov.

Polymérne nosice

Pre pripravu koncentratov na farbenie vlakien sa
vychadza spravidla z praSkového polyméru s vysokym
mernym povrchom. Praskovy polypropylén sa ziskava
priamo z procesu syntézy. Koncentraty s lepSou
spracovatelnostou su spojené s uzkou distriblciou
velkosti ¢astic polyolefinu [16, 17].

Polyetyléntereftalat a polyamid 6 sa priemyselne pri-
pravuju syntézou v tavenine a ziskavaju sa v granu-
lovanej forme. Pre pripravu koncentratov sa granulo-
vany polymér melie na praskovy material pri nizkych
teplotach. Vzhladom na miesatelhost zloziek pri farbe-
ni v hmote, polymeérny nosi¢ je spravidla chemicky
identicky so zakladnym polymérom, pre farbenie
ktorého je urCeny.

Pigmenty a ich dispergaéna schopnost’

Pre pigmentaciu polypropylénovych, polyesterovych
a polyamidovych vlakien v hmote sa uprednostriuju
organické pigmenty, ktoré maja vysoku farebnu silu
a poskytuju brilantné odtiene. Z anorganickych pig-
mentov sa vyuzivaju najma sadze a oxid titanicity.
Pigmenty su podia chemickej Struktury registrované
v Color Indexe (C. |.) a su oznacené farbou a islom
napr.: diazokondenzacny Cerveny pigment: C. |. Pig-
ment Red 144.

Organické pigmenty predstavuju spravidla cyklické
zluceniny obsahujuce chromofoérové skupiny. Vyzna-
€uju sa nerozpustnostou a vysokou tepelnou stabilitou.

Pre farbenie viakien sa pouzivaju najCastejSie nasle-
dovné skupiny pigmentov [14, 18, 19, 20, 21, 22}

a. Monoazopigmenty. Niektoré si menej tepelne sta-
bilné nad 260 °C (C. |. Pigment Red 48:3) a davaju
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nizSie stdlosti vyfarbenia. Iné predstavuju vysoko-
uzitkove pigmenty (C. I: Pigment Yellow 181).

b. Diazopigmenty. Obsahuju dve chromoférové sku-
piny. St odvodené od benzidinu a m6zu byt pripra-
vené tieZz kondenzaciou monoazopigmentov. Ich
tepelna stabilita je velmi dobra az do 300 °C (C. I.
Pigment Yellow 95).

c. Izoindolinové pigmenty. Su odvodené od tetrachlor-
ftalimidov. Vyznaduju sa vysokou tepelnou a sve-
telnou stabilitou (C. 1. Pigment Yellow 109).

d. Perylénové pigmenty. Su odvodené od penten-
karboxylovych kyselin. Su vysoko tepelne stéle
avSak tazko dispergovatelné v PP (C. I. Pigment
Red 149).

e. Antrachinonové a indigoidné pigmenty. Su fazko
dispergovatelné v polymeéroch aviak vyznaduju sa
dobrymi stalostami vyfarbenia (C. I. Pigment Red
177).

f. Chinakridénové pigmenty. Maju vysoké stalostné
charakteristiky (C. I. Pigment Red 2020).

g. Ftalocyaninové pigmenty. Maju vysoku tepelnu sta-
bilitu a stélosti vyfarbenia (C. I. Pigment Green 7)

h. Dioxazinové pigmenty. Vykazuju vysoku termo-
stabilitu a stalosti na svetle, v otere a v prani (C. I.
Pigment Violet 37).

Rozmery pigmentovych Castic sa pohybuju od 0.01
do 1.0 um. Zakladné Castice pigmentov su definované
ako primarne, ktoré mézu byt spajané do aglomeratov
(spojenie hranami), alebo agregatov (spojenie plo-
chami). Celkovy merny povrch aglomeratov tak kore-
$ponduje so sumou povrchu primarnych ¢astic. Merny
povrch agregatov je mensi ako suma mernych povr-
chov primarnych Castic.

Na zékiade réntgenovej analyzy sa organické pig-
menty pre farbenie vidkien mozu rozdelit na tri skupiny
[26]. Prvu skupinu predstavuju typické kryStalické latky
s trojrozmernou periodicitou (C. I. Pigment White 6, C.
I. Pigment Red 177, C. I. Pigment Green 7). Druha
skupina ma prevazne dvojrozmernu periodicitu s niz-
Sou urovhou kryStalického usporiadania (C. |. Pigment
Red 144, C. I. Pigment Yellow 95, C. I. Pigment Yel-
low 109). Tretiu skupinu tvoria pigmenty bez typickej
kryStalickej stavby ako napr. sadze (C. |. Pigment
Black 7).

Intenzivny vyskum pigmentov kulminoval v posled-
nom desatroéi novymi vysokouzitkovymi pigmentami
na baze novych Struktar [23], latentnych pigmentov
[24] a nanokolorantov [25].

Dispergacné aditiva

Dispergatory tvoria najmensi podiel v koncentro-
vanych disperziach, av8ak maju vyznamny vplyv na
proces dispergacie pigmentov. Tieto aditiva Ginkuju
v dispergaénom procese primarne ako latky s povr-
chovou aktivitou v nevodnom prostredi a zabezpecuju
zmacatelnost povrchu pigmentov a vy$siu adhéziu
pigmentov k polymérnemu nosi¢u. Okrem toho
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napomahaju dezintegracii agregatov pri dispergacii
a stabilizuj stupen disperzity pigmentov. Kapilarne sily
v poroch aglomeratov poésobia mechanizmom ,kvapal-
ného“ klina [27, 28]. Okrem toho dispergacné aditiva
vdaka vyznamnému vplyvu na dispergacny proces
a Struktaru disperzii pigmentov ovplyviuju vyznamne
aj reologické vlastnosti disperzii. Su to spravidla nizko-
molekuloveé latky, alebo oligomérne latky na baze
polyalkoholov, polyméry a kopolymeéry s nizkou mole-
kulovou hmotnostou (vosky) a pod. [13, 14, 20, 28, 30].

Stupen disperzity pigmentov v polymérnom
médiu, relativna farebna sila

Dispergacia pigmentov v polyméroch je fyzikalny
proces charakterizovany niekolkymi oddelenymi stup-
nami. Podla 1ISO 4518/1-1978 dispergacia pigmentov
v inom médiu je chapana ako dezintegracia aglome-
ratov na mensie Castice — agregaty a primarne Castice
a ich simultanne zmacéanie médiom. Proces pozostava
z dezintegracie, distribucie a stabilizacie ¢astic pig-
mentu [21, 28].

Stupen disperzity pigmentov vo vlaknach sa mdze
stanovit priamou alebo nepriamou metddou. Ako pria-
me metddy sa najcastejSie pouzivaju mikroskopicke
metédy v spojeni s obrazovou analyzou [31-33], infra-
Cervend spektroskopia [34] alebo najnovsie metddy
skanujucej elektrénovej mikroskopie s fluorolescenciou
X lucov v kombindcii s digitalnou obrazovou analyzou
[35].

V praci [36] sa hodnotili povrchové charakteristiky
pigmentov pred dispergaciou. Merny povrch sa sta-
novil na zaklade adsorpénych BET izoteriem a pre
meranie velkosti Castic sa pouzila elektrénova mikro-
skopia a sedimentacna analyza. Na zéklade distri-
buénej funkcie v logaritmickych suradniciach bol
vyjadreny parameter disperzity ako priemerna velkost
Castic a koeficient polydisperzity.

Vyjadrenie stupna disperzity pigmentov vyuzitim
nepriamych metod je zvlast zaujimavé z toho dévodu,
Ze tieto veliCiny su spojené Casto so spracovatelskymi
viastnostami pigmentov a koncentratov a tiez s koloris-
tickymi vlastnostami vlakien, pricom tieto metody sa
vyznacuju vysokou citlivostou. Dobre vysledky sa
ziskali najma pri aplikacii reologickych merani [31],
metddy filtrovatelnosti [36, 37] a na zaklade merania
farebnej sily pigmentov vo vlaknach.

Relativna farebna sila viakien (RFS) sa moze vyjadrit
pouzitim Kubelka — Munkovej rovnice [38]:

HFS = [(KIS‘)vzorky/ (K/S)§tandard]'1oo

kde je K — absorpény koeficient a S — rozptylovy
koeficient

V nasich pracach sa nasla priama Umera medzi
RFSg pigmentovanych viakien stanovenej na zaklade
remisnych merani a analogickou relativnou farebnou
silou stanovenou transmisnymi meraniami RFS, po

44

rozpusteni vyfarbenych PP vlakien v xyléne pri
teplotach nad 100 °C [39, 40].

Pre proces dispergéacie pigmentov pri farbeni viakien
v hmote okrem termodynamickych podmienok su vel-
mi délezité tiez kinetické parametre dispergacie. Pre
kinetiku dispergacie pigmentov boli navrhnuté kineticke
modely, ktoré zmenu stupna disperzity pigmentov
najCastejSie vyjadruju kvantitativne nepriamo pomocou
relativnej farebnej sily disperzie alebo viakna [41].
Zavislost je exponencialna, kde exponentom je sucin
rychlostnej konStanty a ¢asu dispergécie. Tento
priebeh dispergacie bol potvrdeny aj pri dispergacii
pigmentov uréenych pre polypropylén v rozdielnych
mediach [40].

3. Povrchové interakcie v procesoch farbenia
vlakien v hmote

Proces dispergacie a homogenizacie pigmentov
v polypropyléne pri priprave vlakien farbenych v hmote
poukazal na nevyhnutnost pouzitia dispergacnych
aditiv. Bez tychto Organickeé pigmenty v polypropyiéne
vytvarali ,nezmacané”“ aglomeraty a spracovatelnost
takychto koncentratov bola pre farbenie vlakien nevy-
hovuijlca. Experimentalne sa overil i€inok niektorych
oligomérnych aditiv, zlti€enin ktoré boli zakladom pre
vyrobu povrchovoaktivnych latok pre vodné prostredia
a zistil sa pozitivny vplyv najmé polyoxyetylénglykolu
a polyoxypropylenglykolu, v kombinacii s niektorymi
tepelnymi stabilizatormi ako Antioxidant 6 (AOS, tri-p-
etylfenylfenylfosfit). Tieto latky vzhfadom na nizku
prchavost a tepelnu stabilitu pri teplotach tavenia
a zvlaknovania PP viakien sa pouzivali ako prvé
dispergatory pre polypropylénové viakna [44, 50].
Spracovatelnost tychto koncentratov nebola vzdy
vyhovujuca a organické pigmenty sa nachadzali vo
vliaknach vo forme aglomeratov a tiez flokul, ktoré sa
vytvarali interakciami s dispergatorom.

Povrchové napétie, zmacatelnost, adhézia
Zakladnou ulohou naSich prvych prac venovanych
pigmentacii polypropylénovych vidkien v hmote bola
kvantifikacia interakcii v systéme polypropylén — pig-
ment — dispergator a vplyv tychto interakcii na stupen
disperzity pigmentov a farebnu silu viakien. Kedze
polymérny nosi¢ a v zasade aj dostupné pigmenty boli
definované a konstantne, zameranie prac sa sustredilo
na treti komponent systému, na dispergator a na
interakcie zloziek na povrchu pigmentov. Tieto sa
charakterizovali povrchovym a medzifazovym napéatim
v nemieSatelnych systémoch [42, 43, 46], zmacatel-
nostou, kritickym povrchovym napétim [44], adhéznou
pracou a efektivnou hrubkou povrchovej vrstvy na
pigmentovych Casticiach [44, 45, 47, 48]. Pre moznost
degradacie polypropylénu nad teplotou topenia pri
dlhych €asoch merania v mnohych pracach sa
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namiesto polypropylénu pouZzil modelovy polypro-
pylénovy olej (PP K 1000) a merania sa uskutocnili pri
nizSich teplotach.

Vzhladom na nizke povrchové napétie polypropylénu
zmacatelnost povrchu pigmentu je takmer dokonala,
uhol zmaéania je blizky nule (cos¢ = 1,0) [44]. Podob-
ne vysledky zmacatelnosti pigmentov sa ziskali pri
polypropylénglykole [45, 46]. Polyetylénglykoly s vys-
8im povrchovym napétim, ako je povrchova energia
tuhych pigmentov vykazuju vySSi uhol zmacania (cose
pod 1,0) [46, 50].

Dobra zmacatelnost sa povazuje za nevyhnutnu
podmienku dobrého adhézneho kontaktu. Napriek
rovnakej zmacatelnosti pigmentov pri dispergacii
pigmentov v polyolefinoch a polyoxypropylénglykole
nasiel sa vyznamny rozdiel v stupni disperzity pig-
mentu v polypropyléne za pouzitia tychto disper-
gatorov, ktory je podstatne vysS§i pri polarnejSom poly-
oxypropylénglykole [46, 49, 45].

Nizka farebna sila pigmentov v polypropyléne s niz-
kou alebo vysokou molekulovou hmotnostou (PP viak-
na) poukazuje na nizky dispergacny ucinok nepolar-
nych polyolefinov pri dispergacii pigmentov. Vysledky
len potvrdzuju empiricku skusenost, ze dispergova-
telnost organickych pigmentov pri farbeni PP viakien
v hmote bez disperga¢neho aditiva je nedostatocna.
Mikroskopické pozorovania poukazuju na existenciu
velkych aglomeratov pigmentov v PP viaknach. Tieto
vysledky neodporuju vSeobecne uznavanej definicii
0 zmacatelnosti ako o podmienke silnych adhéznych
vézieb. Poukazuju vSak na to, Ze podmienka
zmacatelnosti je nutnd, avSak nie je dostacujuca pre
dispergéaciu pigmentov. NavySe, vzajomné interakcie
v trojzlozkovom systéme polypropylén — pigment —
dispergator su zlozitejSie ako v binarnom polypropylén
— pigment, dispergator — pigment. Pritom sa nemézu
zanedbat interakcie a kompatibilita polypropylénu
a dispergacného aditiva. V pripade dvojice polypro-
pylén — polyoxyetylénglykol sa jedna o zjavne nezna-
Sanlivé zlozky. Vysledkom povrchovych interakcii
v trojzlozkovom systéme polypropylén (oligomérny
olej) — pigment — polyglykoly je migracia pigmentu na
fazove rozhranie a po jeho nasyteni do polyglykolovej
fazy [44, 45, 50]. Tieto javy poukazuji na povrchovu
aktivitu pigmentovych €astic na fazovom rozhrani ne-
polarnej a polarnej zlozky pri vzajomnej dispergacii
a na moznost stabilizaéného ucinku ,emulzie” kvapal-
nych zloziek tuhymi Casticami pigmentu [45, 51]. Povr-
chova aktivita antrachinonového pigmentu na rozhrani
polypropylén — polyetylénglykol sa potvrdila experi-
mentalne meranim medzifazového napétia.

Povrchové vrstvy a medzifazové napétie
polypropylén-dispergator

Dalsim povrchovym javom, ktory sa experimentéine
Studoval, bola povrchova vrstva kvapalnej zlozky poly-
olefinu a polyglykolu na povrchu pigmentovych ¢astic.
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Tedria povrchovych vrstiev kvapainych zloZiek na
tuhych povrchoch vysvetluje tento jav na zdklade
adsorpcie velkych molekul na tuhy povrch cez interak-
cie charakteristickych, najma polarnych funkénych
skupin a na zaklade orientacie a zmeny v pohyblivosti
segmentov makromolekul, ktoré nie su priamo adsor-
bované. Adsorbované i dalSie makromolekuly so zni-
Zenou pohyblivostou a s urcitym orientaénym efektom
tvoria povrchovu vrstvu, ktorej efektivna hrubka je
charakterizovana vzdialenostou od povrchu, pri ktorej
sa vlastnosti makromolekul neliSia od vlastnosti mole-
kul v objeme [52-54]. Z toho dévodu zdanliva hribka
(dalej len hrubka) povrchovej vrstvy zavisi znaéne od
zvolenej metddy pre jej stanovenie. V nasich pracach
sa pouzila viskozimetricka metdda, ktorej principom je
komparacia zdanlivého objemu tuhych Castic v dis-
perzii (s povrchovou vrstvou) s ich skutoénym obje-
mom. Touto metodou sa stanovila hrdbka povrchovej
vrstvy organickych nizkomolekulovych i oligomérnych
latok na povrchu pigmentov. Vysledky poukazali na
vyznamny rozdiel v hribke povrchovej vrstvy v zavis-
losti od polarity latok a tiez od zlozenia a charakteru
pigmentu. Napriek tymto vyraznym rozdielom v hribke
povrchovej vrstvy kvapalnych modelovych kvapalin na
povrchu pigmentov nenasiel sa jednoznacny vplyv
tohto parametra na stupen disperzity pigmentu v tychto
médiach [44, 49, 50].

Jasna neznasanlivost polypropylénu a polyetylén-
glykolov sa prejavi dokladnou separaciou zloZiek vo
forme kvapiek na vlakne pod zvlakfiovacou hubicou uz
pri desatinach percenta polyoxyetylénglykolu v PP. Pri
trojzlozkovom systéme polypropylén — pigment — poly-
oxyetylénglykol sa pozoruje dobra kompatibilita zloZiek
aj pri vysokych koncentraciach polyglykolu (do 15%)
pri 30% obsahu pigmentu vo farebnom koncentrate
tak, Ze k ziadnej separdcii zloziek nedochadza. To plati
aj pre vlakna farbené na syte odtiene, ktoré mézu
obsahovat az do 1% glykolu.

Priame merania povrchovych a medzifazovych inter-
akcii (napéti), hrabky povrchovych vrstiev, adsorpcie
pigmentu na fdzovom rozhrani a kompatibility (medzi-
fazove napétie) neznasanlivych zloziek za pritomnosti
pigmentov, dovoluji navrhndt mechanizmus disperga-
cie pigmentov v polyolefinoch za pritomnosti disperga-
tora neznasanliveého s polymérom.

Mechanizmus dispergacie pigmentov

Tento mechanizmus predpoklada pri priprave kon-
centrovanych disperzii v prvej faze zmacanie prasko-
vého polypropylénu dispergacnym aditivom, ktory
vytvori na povrchu praskového polyméru vrstvu na
mikrometrovej urovni. Po pridani pigmentu a naslednej
homogenizacii zmesi v prasSkovej forme dochadza
k rozdeleniu pigmentu po povrchu, pricom jeho zma-
Canie dispergatorom nie je dokonalé a dochadza tiez
k ,obaleniu“ dispergatora pigmentom (prejavi sa
tvorbou pigmentom obalenych kvapiek pri prebytku
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dispergatora). Tato Uvahu podporuje tiez limitovanie
Casu dispergacie praskovych zloziek za pritomnosti
aditiva pri priprave koncentratov. Pri jeho prekroCeni
(pri Uplnom zmacani Gastic pigmentu dispergatorom)
vznika zmes, ktorl po pretaveni charakterizuju velké
flokuly pigmentu a dispergatora.

Pri naslednom pretaveni praskovej zmesi dochadza
k vzdjomnej dispergacii zloziek, z ktorych polypropylén
predstavuje  kontinualnu fazu a dispergator
s pigmentom su dispergovanou fazou, ako €astice
pigmentu s ,immobilnou” povrchovou vrstvou disperga-
tora alebo Castice dispergatora stabilizované pigmen-
tovanymi Casticami na fazovom rozhrani s poly-
propylénom [45, 55]. Tento mechanizmus dispergacie
podporuje aj optimalne mnozstvo dispergatora
potrebného na pripravu koncentratu s optimalnymi
spracovatelskymi a koloristickymi viastnostami. Bolo
vypracovanych niekolko metodik na jeho stanovenie.
Jedna je predstavend v praci, kde optimaine mnozstvo
dispergatora koreSponduje s jeho hrabkou povrchovej
vrstvy a pohybuje sa od 10 do 40% na objem pigmentu
[56-58]. Vys$Sia viskozita disperzie a dokonca vznik
tixotrépnej disperzie napr. pri diazokondenzacnych
pigmentoch v polypropyléne za pritomnosti polyoxy-
etylénglykolov poukazuje na vysoku afinitu disper-
gatora k pigmentu. Pri jeho niz§ej koncentracii
vytvaraju Castice dispergatora a pigmentu relativne
pevnu Strukturnu siet, ktoru je mozné vysvetlit
spolo¢nou povrchovou vrstvou na tuhych Casticiach.

Na zaklade tychto vysledkov sa ziskali velmi cenné
informacie o interakciach zloziek v binarnom systéme
pigment — polypropylén, pigment — dispergator, poly-
propylén — dispergator, ktoré su vyznamnym pris-
pevkom pri objasfovani mechanizmu dispergacie
organickych pigmentov v polyolefinoch za pritomnosti
polarneho dispergatora a objasnuju morfologicku
Struktaru disperzie [13, 14, 45, 50]. Neumoznuju viak
na tejto Urovni informacii najst priamy vztah medzi
povrchovymi viastnostami a spracovatelnostou pig-
mentov pri dispergécii (stuphom disperzity) a tym
nedovoluju definovat ani ich vplyv na koloristické viast-
nosti vidkien farbenych v hmote.

Spracovatelské viastnosti farebnych disperzii
Spracovatelnost pigmentov mbéze byt definovana
suborom vlastnosti pigmentov, polymérneho nosica
a dispergatora, ktoré sa pri farbeni vlakien v hmote
prejavia najma na filtrovatelnosti koncentratov a na-
sledne tiez vyfarbenej taveniny pred zvlaknovanim,
dalej na stupni disperzity a farebnej sile vlakien teda
aj na ekonomike farbenia. Koncentrované disperzie so
znjzenou spracovatelnostou sa spravidla vyznacujd
vysokou viskozitou a znizenou mie3atelnostou so
zakladnym polymérom, ¢o sa negativne prejavi na
znizeni stability zvlakfovania, na zniZeni Strukturnej
i geometrickej rovnomernosti viakna, na zvyseni prie-
trhovosti pri zvlakiovani i diZzeni. Zla spracovatelnost
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koncentratov znizuje ekonomiku farbenia v hmote
i trhovl konkurencieschopnost farebnych koncen-
tratov, ktoré su vyhodnym vyrobnym artiklom reno-
movanych vyrobcov.

Zakladnou ulohou dalSich prac tykajucich sa disperzii
organickych pigmentov v polypropylene bolo najst
vhodnu metodiku a parametre na vyhodnotenie zlozi-
tych interakcii (najméa povrchovych), ktorych optimali-
z4acia by viedla k zlepSeniu mieSatelnosti koncentratov
zo zakladnym polymérom a teda k zvySeniu stability
zvlaknovania i k zlepSeniu rovnomernosti Struktary
vlakien. Takto ziskané vysledky by sa vyuzili pri opti-
malizacii chemickeého zloZenia a molekulovej hmotnosti
dispergatorov z hladiska spracovatelnosti koncen-
tratov i farebnej sily vlakien.

Dalsie experimentalne prace ukazali, Ze vzajomné
interakcie v trojzlozkovom systéme mézu byt Studo-
vané velmi dobre dvoma metédami: na zéklade reolo-
gickych merani vyuzitim modelov a empirickych vzta-
hov vSieobecne odvodenych pre suspenzie tuhych
¢astic v kvapalnom médiu [59, 60, 61] a analyzou toku
disperzie cez jemné a definovane otvory filtracnych sit
tzv. metodou filtrovatelnosti [41, 49, 62].

Publikacia bola vytvorena za financnej podpory Grantovej
agentury SR, grant VEGA 1/8106/01 (A-26/01).
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FYZIOLOGIA ODIEVANIA 1.
TEPELNA REGULACIA CLOVEKA

Murarova, A.

CHTF STU, Radlinského 9, 821 37 Bratislava

Clanok je venovany 50. vyrogiu zalozenia Katedry viakien a textilu
na Chemickotechnologickej fakulte, Slovenskej technickej univerzity v Bratislave.

O fyzioldgii odievania pojednavame v slvislosti
s odievanim ¢loveka. Odev je kvazi-fyziologicky sys-
tém, ktory pomaha udrziavat teplo tela pri naro¢nych
chladnych podmienkach a naopak odvadzat teplo od
tela pri teplom vonkaj$om prostredi, alebo vysokom
fyzickom zatazeni. Odev je vzdy pritomny a podiela
sa pri fyziologickych ginnostiach &loveka. Z hladis-
ka fyziologie odievania je najdblezitejSia fyziologic-
ka Cinnost Cloveka tepelna reguldacia tela.

Biologicky patri lovek do spolo¢nosti teplokrvnych
zZivych tvorov, so stalou teplotou jadra 37 °C (t.j. v tru-
pe a hlave). Uz teplotny rozdiel + 2 °C signalizuje
chorobny stav prehriatim, alebo podchladenim.

Energia sa tvori v tele z potravy, ktora sa prijima
a biochemicky premiena za pritomnosti vdychované-
ho kyslika. Vznika pritom velké mnozstvo energie,
ktora sa potrebuje na &innost réznych vnutornych or-
ganov a pracu svalov. Velky podiel energie sa od-
vadza ako teplo do vonkajSieho okolia. Su S§tyri
sp6soby odvadzania tepla z tela do okolia:

1. Dychanim

2. Ziarenim

3. Vydajom tepla cez pokozku ako ,suchy” tok

tepla

4. Vydajom tepla cez pokozku ako tok tepla

odparovanim potu

Regulacia teploty tela je rozdielna u neodetého
a u odetého &loveka. U neodetého je vacési podiel od-
vadzaného tepla ziarenim a konvekciou. U odetého
cloveka je zvySeny podiel odvadzaného tepla odpa-
rovanim potu. Odvadzanie tepla ziarenim je u ode-
tého Eloveka obmedzené.

Metabolizmus pri réznych fyzickych &innostiach clo-
veka je rozdielny. V tab. 1 su vyjadrené niektoré Cin-
nosti a vykon ¢loveka vyjadreny vo wattoch. Jednot-

Table 1 Vykon Cloveka pri réznych telesnych Cinnostiach

Cinnost Vykon, W
spanie 85
sedenie v klude 115
statie 160
lahka telesnd praca 200
chddza 4km/h 280
chdédza 5km/h 350
tazka praca 450
maximalny kratkodoby vykon 1000-1200
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ka na vyjadrenie latkovej premeny na energiu je me-
tabolik, 1 met = 58 W . m™ (obr. 1).

-10 kmvh

8.0 met

08 10 420 3.0

Obr. 1 Latkova premena pri réznych ¢innostiach

Zakladna energeticka bilancia Cloveka je vyjadre-
na vztahom (1):

M = P = Hes + Hg + H+ Hy (1)

M — latkova energeticka premena, Py, — vonkajsia fy-
zicka praca svalov, H, — vydaj tepla dychanim, Hg —
vydaj tepla Ziarenim, H.— vydaj tepla suchym tokom,
H. — vydaj tepla odparovanim potu

Na lavej strane rovnice (1) je teplo produkovane,
na pravej strane teplo vydané do vonkajSieho oko-
lia. U odetého Cloveka vstupuje do procesu vydaja
tepla odev. Potom plati (2):

Hy = Het Hg 2)

H — prechod tepla cez odev (W), H. — prechod tep-
la suchym tokom, H, — prechod tepla odparovanim
potu.

Prechod tepla cez odev bude vyznamne zavisiet
od jeho fyziologickych vlastnosti, ktoré reprezentuju
odpor prechodu tepla (R.) a odpor prechodu vodnej
pary (Re). Odpor prechodu tepla je tepelna izolacia.
Prechod tepla cez odev bude dalej vyznamne zavi-
siet od poveternostnych podmienok v ktorych sa no-
si, 1.j. od teploty okolia, vzduSnej vihkosti a rychlosti
vetra. V neposlednej miere bude hodnota prechodu
tepla cez odev zavisiet od fyzickej €innosti, ktoru ¢lo-
vek vykonava v danom odeve. Celkove plati:

Ha = f(Re, Re, A, Ap, a, v) (3)
At — rozdiel strednej hodnoty teploty koze a vonkaj-
Sieho okolia (°C), Ap — rozdiel tlakov vodnej pary na
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vonkajsie okolie

textil vodna para

pokozka potné Hazy
vonkajsie okolie

textil vodné para

ikroklima

pokoika,m &6111 e

b potné Zlazy

Obr. 2 Prechod vodnej pary cez textilng vrstvu

povrchu koZe a vodnej pary v okolitom vzduchu
(mbar), a- povrch koze (m?), v - rychlost vetra
(m.s™), R, ~ tepelna izolacia (m2°C.W™", R, — odpor
prechodu vihkosti (m?.mbar.W™).

Zavislost odvadzania tepla cez odev podla posled-
neho vztahu je zlozita. Vystupuje tu zloZita interak-
cia vplyvov ,telo — odev — klima®“.

Tepelnu reguléciu &loveka riadi démyselne med-
zimozog . Pri ochladzovani sa pouziva va&sinou odev
ako ochrana proti chladu. Pri prehriati tela nastava
ucinné ochladzovanie odparovanim potu. Odev no-

Vidkna a textil 8 (1) 48-49 (2001)

sime v chladnom ale aj v teplom prostredi, najma ak
sluZi ako ochrana koze. V chladnom prostredi ma
odev tepelne izolovat koZu. V teplom prostredi, ked'
je zvySené potenie je ulohou odevu odvadzat teplo
a vodnu paru od pokozky do vonkajsieho okolia. Na
obr. 2 je schematicky znazornené odvadzanie potu
od koze cez textilni vrstvu. Ked' textil ie kapacitne
nepostacujuci pre odvadzanie potu, potom sa pre-
poti. V takom odeve citi &lovek diskomfort pri nose-
ni. Zvy$enim pododevnej vrstvy — mikroklimy sa zvysi
rovnomernost vyuzitia textilnej plochy pre prechod
vodnej pary.

ZAVER

Fyziologia odievania riesi vztah medzi odevom, lud-
skym telom a vonkaj$im prostredim. Odev ako kva-
zifyziologicky systém ma zabezpedit termofyziologic-
ky komfort pri jeho noseni.

Pre technolégov vldkien, textilu a odevu je vela
moznosti ako ciel' dosiahnut.

LITERATURA

[1] Mecheels J., Umbach K. H.: Melliand Textilberichte 12 , 1029-
1031, 1976
[2] Weder M.: Textiveredlung 22 (10) 376-381, 1987
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FYZIOLOGIA ODIEVANIAIL.
ODEV AKO ,FYZIOLOGICKY* SYSTEM

Murarova A.

CHTF STU, Radlinského 9, 812 37 Bratislava

Clanok je venovany 50. vyroéiu zaloZenia Katedry vldkien a textilu
na Chemickotechnologickej fakulte, Slovenskej technickej univerzity v Bratislave.

Zijeme v takej spolocenskej etape ludstva, ze bez
odevu sa nezaobideme. Hlavné atributy odevu su:
— vyjadruje na$ zovnaj$ok
— chréani kozu pred vonkaj§imi vplyvmi
— pomaha udrzovat teplotu tela
— je vyznamny ¢lanok v interakcii ,Clovek —
odev — klima“.

Odev ma v suvislostiach s fyzioldgiou odievania
funkciu ergonomicku, pokozkovo senzoricku a fyzio-
logicku:

Ergonomicka funkcia odevu je dana strihom tak,
aby sa mohol v iom vykonavat pohyb.

Pokozkovo-senzoricka funkcia odevu je minimali-
zovat drazdenie tlakovych a teplotnych receptorov
v kozi.

Fyziologicka funkcia odevu spociva v tGcasti na te-
pelnej regulacii ¢loveka.

Odev je kvazi-fyziologicky systém. Jeho ,fyziolo-
gicky” u€inok sa prejavi az v interakcii s ¢lovekom.
Odev pomaha udrziavat vhodné teplo tela a odpa-
rovanie potu v dostatoCnej miere v Sirokom rozsahu
telesnych zatazeni a réznych klimatickych podmie-
nok.

NajdolezitejSie fyziologické vlastnosti odevu su:

— tepelna izolacia odevu

— priepustnost vodnej pary cez odev.

Dobry funkény odev pri noseni sa takmer nevni-
ma. Planovanou vyrobouodevu na zaklade poznat-
kov o fyziologii odievania mozno taky odev skon-
Struovat.

Hlavnu podstatu odevu tvori textil, pozostavajuci
z textilnych viakien. Od nich sa odvijaju najddlezitej-
Sie fyziologické vlastnosti odevu.

Tepelna izolacia odevu vyjadruje mieru odporu proti
prechodu toku tepla suchou cestou — R, (Mm%.°C.W™).

0 0,1 0.3 0.5 0.8 1.0 1.5
Obr. 1 Tepelna izolacia réznych odevov

3,0 clo

V starSej literature sa uvadza jednotka pre tepelnu
izolaciu clo, pricom plati, ze 1clo = 0,155 m2.°C.
W' Tepelna izolacia 1clo prislticha lahkému vychad-
zkovému panskemu odevu, obr.1.

Odpor prechodu vihkosti cez odev sa vyjadruje
hodnotou — R, (m®mbar.W™).

Tepelna izolacia (R.) a odpor prechodu vihkosti
(Re) sucasne pdsobia na tepelnu reguléciu ¢loveka.

Dobry odev je taky, ktory ma vhodnu tepeint izo-
laciu a najvySSiu moznu priepustnost vodnej pary.
Optimalny pomer hodnét R, a R, udava vztah:

im = 0,6.(R/Re) (M
im — index prechodu vlhkosti, R, — odpor prechodu
tepla, R, — odpor prechodu vodnej pary.

Indexy prechodu vihkosti pre vybrané druhy texti-
lii a odevov su v tab. 1

Tab. 1 Indexy prechodu vihkosti niektorych textilif (i) a odevov (i)

Druh i i
koselovina 0,20-0,45 -
oblekovina 0,15-0,35 -
pletenina na spodné pradio 0,25-0,50 -
netkana textilia 0,35-0,55 -
fahky oblek - 0,60-0,67
oblek so zimnym plastom - 0,48-0,54
pracovny odev optimainy - 0,60-0,72
pracovny odev neoptimalny - 0,40-0,52

Vy88ie hodnoty indexu prechodu vihkosti odevu
v porovnani s indexom prechodu vihkosti textilii spo-
Civaju v tom, ze odev je systém zlozeny z viacej tex-
tilnych a vzduchovych vrstiev, ktoré spolu v interak-
cii so strihom odevu reguluju priepustnost vodne;j
pary a tepelnu izolaciu.

Tepelna izolacia odevu R, sa vyjadruje vztahom (2):

Re = R + Ra + Rl (2)
R — tepelna izolacia vzduchu v pododevnej vrstve,
R — tepelnd izolacia textilnej vrstvy, Ry~ — tepelna
izolacia vzduchovej vrstvy viazanej na textil z von-
kajSej strany.
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Odpor prechodu vodnej pary cez odev R, sa vy-
jadruje vztahom (3):

Re = ReL' + Het + ReL" (3)

R.. — odpor prechodu vodnej pary cez pododevnu
vrstvu, Ry, — odpor prechodu vihkosti cez textilnu vrst-
vu, Re- — odpor prechodu vihkosti cez vzduchovu
vrstvu, ktord je viazand na textil z vonkaj$ej strany.

Zo vztahov (2) a (3) vyplyva, Ze textilna vrstva pris-
pieva iba podielom k celkovej hodnote R; a R.. Tex-
tilnu vrstvu chapeme ako ,kompozit* tvoreny z via-
kien a vzduchu. Prave vzduch je v tomto kompozite
hlavnym tepelnym izolantom. Dobre tepelneizoluju-
ce textilné vrstvy maju 90-95% zo svojho objemu
vzduch. Konstrukcia textilie a vidkna v nej maju mat
taku makroétrukturu, aby uzatvarali v medziviakenych
priestoroch ¢o najviac vzduchu. V tom je hlavny vy-
znam vlakien na odpor prechodu tepla a vodnej pa-
ry. Vidkna tvoria textilni konStrukciu, v ktorej uzat-
véaraju vzduch. Pohyblivost takto uzavretého vzduchu
ma byt ¢o najmensia, aby hodnota R, bola dosta-
to¢na. Stladitelnost textilnej vrstvy ma velky vyznam
na tepelnu izolaciu.

Vldkna maju vysoku tepelnd vodivost, naopak
vzduch ma velmi malu tepelnu vodivost, tab. 2.

Tab. 2 Tepelna vodivost viakennych textilnych materialov

Druh %, kcal/m2.°C.h
vina 0,16
hodvab 0,18
bavina 0,25
lan 0,25
PA 0,20
PES 0,15
PAN 0,15
vzduch 0,022

Prechod vodnej pary cez textilnd vrstvu sa usku-
toGuje viacerymi moznymi cestami. Su to:

1. Difuzia vodnej pary cez pory textilu

2. Absorpcia vodnej pary do vidkien a nasledne

desorpcia

3. Adsorpcia vodnej pary na povrchu viakien, mig-

racia pozdlz vidkien a desorpcia

4. Kapilarna kondenzacia vodnej pary.

Difuzia vodnej pary z pododevnej vrstvy cez textil
do vonkajSieho okolia sa uskutoCiuje cez medzip-
riestory viakien a priadze v tkanine alebo pletenine.
Vodna para difunduje cez vzduch, ktory sa nachad-
za v tychto medzipriestoroch. Z hladiska fyzikalne-
ho ide o jav pohybu plynu v inej plynnej latke. Cim
je textil otvoreneijsi, tym je difuzia vodnej pary ucin-
nejsia. Priepustnost vodnej pary difiznym spésobom
zavisi od difuznej cesty, ktora je dana konstrukciou
priadze a textilie, teda od makroStruktury viakien. Ne-
zavisi od druhu polyméru.
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Absorpcia vodnej pary od pokozky do vnutra vla-
kien, transport cez viakna a desorpcia na vonkajsej
strane textilu su zavislé od chemickej a fyzikalnej
Struktury vidkien a relativnej vihkosti vzduchu. Trans-
port vinkosti sposobom absorpcie a naslednej desor-
pcie je pomaly. Vldknova polymerna substancia tu
ma velky vyznam. Absorpcia vodnej pary sa moze
&iastoéne ovplyvnit zo$lachtenim povrchu viakien
a konstrukciou textilu. Hydroskopiénost vlakien péso-
bi obmedzujuco na difuziu vodnej pary. )

Adsopcia na povrchu vldkien, migracia pozdiz via-
kien a desorpcia na vonkaj$ej strane textilie je naju-
ginnej$i mechanizmus pre prechod vodnej pary cez
textil. Sumarny povrch vlakien na 1m? textilu je mno-

Tab. 3 Nasiakavost vody vlaknami pri 65% relativnej vzdusnej vih-

kosti
Druh vlakna Nasiakavost, %
PA 4,2
PES 0,9
bavina 8,5
vina 17,0
viskdza 13,0

hondsobne vacsi. Na povrchoch vidkien sa vytvara
tenka kvapalna vrstva vody, ktord migruje na von-
kaj$iu stranu textilu, kde sa odparuje do vonkajSie-
ho okolia. MnoZstvo takto odtransportovanej vody za-
visi od hydrofilnosti viakien. Zmacatelnost povrchov
vlakien mozno vyrazne zvysit povrchovou upravou
zoS§lachtovanim, konStrukciou priadze a konstrukciou
textilie.

Transport vody cez kapilary medzi vliaknami
a priadze sa uskutoCiiuje kapilarnymi silami. Kvapal-
na voda sa pohybuje cez textil a na vonkajej stra-
ne sa odparuje do okolia. Tento spdsob transportu
vlhkosti zavisi od makrostruktury vlakien, makroStruk-
tury priadze, konstrukcie textilie a povrchovej upra-
ve zo8lachtenim. Polymérna substancia vidkna ma
maly vplyv na kapilarnu kondenzaciu.

Velky vyznam na priepustnost vodnej pary celkove
cez odev ma strih odevu a jeho ventilaéné otvory.

Aky spbsob transportu vodnej pary cez textil bude
preferujlci, zavisi od mnohych faktorov:

— Hrubka viakien a ich geometria ovplyviiuje geomet-
riu kapilar, medzipriestory medzi elementarnymi
vlaknami. Jemnost vlakien udava celkovu plochu
povrchov viakien v textilii.

— Konstrukcia priadze ovplyviiuje difuzne, absorpéné
a kapilarne cesty vodnej pary.

Vazby tkaniny a pleteniny z hladiska priepustnosti

vihkosti sU najvyznamnejsie.

Uvedené faktory podporuju tiez priepustnost vzdu-
chu. Priepustnost vzduchu cez textiliu nekoreSpon-
duje vzdy s priepustnostou vodnej pary. Priepustnost
vzduchu nezdvisi velmi od hrubky textilnej vrstvy.
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Priepustnost vodnej pary je imerna Stvorcu hrubky
textilnej vrstvy.

Strih odevu z hladiska jeho fyziologickej funkcie je
dolezity faktor, ktory ovplyviiuje komfort nosenia. Pri
jeho nevhodnom navrhu by boli fyziologické a tiez
ergonomickeé funkcie potlacené.

Vo vietkych pripadoch pouzivania odevu su ven-
tilané otvory bypassy pre teplo a vihkost.

ZAVER

Z uvedeného prehladu vidno vplyv vidkien, mak-
roStruktury vlakien, makroStruktury priadzi a konstruk-
cie textilie na tepelnu izolaciu odevu a odpor precho-
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du vodnej pary. Druh vldknotvorného polyméru, t. j.
€i su viakna synteticke, chemické alebo prirodné nie
je rozhodujuci. Vplyvy su v makrostrukture ,viakno
— priadza - textil“. Znamena to, Ze v tejto oblasti su
eSte rezervy, ako urobit syntetické vlakna ¢o najviac
podobné prirodnym viaknam.
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Z VEDECKOVYSKUMNYCH A VYVOJOVYCH PRACOVISK

Zhodnotenie vysledkov posudzovania zhody ostatnych
uréenych vyrobkov vo VUTCH-CHEMITEX spol. s r. 0. Zilina,
Autorizovana osoba SKTC119 za rok 2000

Evaluation of results of conformity assesment regarding
other specified products in VUTCH-CHEMITEX Ltd. Zilina,
Authorized Body SKTC-119 for the year 2000

Herchlova, I.
VUTCH-CHEMITEX spol. s r.o., Zilina, Autorizovana osoba SKTC—119

Vysledky posudzovania zhody ostatnych urCenych U vyrobkov spotrebnej chémie, ktoré nespifiaju po-
vyrobkov vo VUTCH-CHEMITEX spol. s . 0. Zilina Ziadavky tvori najvé&csie percento odmietnuti potvrdit

za rok 2000 uvadzame v nasledujicom tabulkovom
prehlade:

zhodu povodom zo Spanielska 34 % a Ceskej repub-
liky tiez 34 %.
Vydané odmietnutia potvrdit zhodu na textilné po-

Pocet Celkom dlahové krytiny boli zastipené p6vodom ien z Bel-
zaevidovanych Ziadosti 2306 gicka.
Z toho modul a 291 Teritoridlny prehlad o nekvalite textilnych a odev-
z toho modul b 36 nych vyrobkov uvadzame v grafe 2 a vyrobkov spot-
z toho modul ¢ 1967 bnei chémi fe 3
nepovinna certifikacia 12 repnej cnemie v graie o.
Pocet Celkom Tuzemsko Dovoz
vydanych certifikatov 1761 127 1634
— z toho neur€ené vyrobky 15 6 9
vydanych potvrdeni o zhode 253 14 239
vydané odmietnutia potvrdit zhodu 87 3 84
— z toho vydané odmietnutia potvrdit zhodu na vyrobky modulu a 17 1 16
— z toho vydané odmietnutia potvrdit zhodu na vyrobky modulu ¢ 70 2 68

V skupine neur&enych vyrobkov su zastipené pre-
dov8etkym vinené postelné supravy pre dospelych
pévodom z Nemecka, Bulharska a Madarska, met-
réz na vyrobu postelnej bielizne pévodom zo Slo-
venskej republiky.

V pocte vydanych potvrdeni o zhode predstavuju
najvacsi podiel vyrobky spotrebnej chémie celkom
49,8 %, textiiné podlahové krytiny st zastlipené
46,6 % a Sijacie nite predstavuju 3,5 % z celkového
poctu vydanych potvrdeni o zhode.

Z celkoveho poctu certifikatov vydanych AO SKTC-
119 (1761) bolo vydanych spolu 87 rozhodnuti o od-
mietnuti potvrdit zhodu, ¢o predstavuje 4,9 %.

Na dovazaneé vyrobky bolo vydanych odmietnuti
potvrdit zhodu celkom 96,5 % .

Vyrobky pévodom z Azie sa podielaju 67 % na nek-
valite textilnych a odevnych vyrobkov.
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Percentudlne prekrocenie jednotlivych limitov zdra-
viu Skodlivych latok a kvalitativnych parametrov, kto-
ré su dévodom odmietnutia potvrdit zhodu na tex-
tiiné a odevné vyrobky za rok 2000 su uvedené
v grafe 1.

Vydané odmietnutia potvrdit zhodu na textilné
a odevné vyrobky boli pévodom z krajin uvedenych
v grafickom zn&zorneni (graf 2).

Vyrobcovia vramci SR z uvedeného prehladu
predstavuju 3 % z celkového poctu odmietnuti pot-
vrdit zhodu na textilné a odevné vyrobky.

Vysledky potvrdzuju, ze vyrobcovia v SR dodrzia-
vaju zasady a principy bezpecnosti vyrobkov a ochra-
ny zdravia spotrebitelov v porovnani s podielom do-
vozcov na vydanych odmietnutiach potvrdit zhodu.

Z celkového poctu odmietnuti potvrdit zhodu na vy-
robky modulu a bolo celkom 70,5 % vydanych na vy-
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rok 2000
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Graf 1 Percentudlne prekrocenie limitov zdraviu $kodlivych latok a kvalitativnych parametrov
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Graf 2 Teritoridlny prehlad o nekvalite textilnych a odevnych
vyrobkov za rok 2000
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Graf 3 Teritorialny prehlad odmietnuti potvrdit zhodu

robky spotrebnej chémie a 29,4 % na textilne podla-
hové krytiny.
Dovody odmietnutia potvrdit zhodu u vyrobkov
spotrebnej chémie boli nasledovné:
— prekrocenie limitu hodnoty pH 1%-ného roztoku vy-
robku
— nizka pracia schopnost pracieho prostriedku
— prekroCenie limitu hodnoty inkrustacie
— vysoka strata pevnosti tkaniny po 25 nasobnom prani
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— vysoka zmena farebného odtiena tkaniny.

V tejto skupine vyrobkov najvacési podiel odmietnuti
potvrdit zhodu vydanych na vyrobky bol pévodom
z krajin, ktoré uvadzame v grafe 3.

Dévody odmietnutia potvrdit zhodu u textilnych
podlahovych krytin boli nasledovné :
— nizka stalost vyfarbenia vo vode
— nedodrzanie menovitej hodnoty celkovej hmotnosti
— nedodrzanie menovitej hodnoty hmotnosti viasu nad
podkladom.

Vydané rozhodnutia o odmietnuti potvrdit zhodu
boli pévodom len z Belgicka.

Vysledky hodnotenia urCenych vyrobkov za rok
2000 potvrdzuju potreby skusania vyrobkov a ochra-
ny zdravia spotrebitelov.

Z hladiska ochrany spotrebitela je v platnosti od
1.7.1999 Vyhlaska Ministerstva hospodarstva SR
€. 18/1998, ktorou sa stanovuju podmienky na oz-
nacovanie ziozenia a spdsob zaobchadzania s tex-
tilnymi vyrobkami, ktorej su uréené symboly oSetro-
vania textilii pri ich pouzivani.

Zakon ¢. 264/1999 Z. z. o technickych poziadav-
kach na vyrobky a o posudzovani zhody a o zme-
ne a doplneni niektorych zakonov spolu so zako-
nom €. 294/1999 Z. z o zodpovednosti za Skodu
spdsobenu vadnym vyrobkom a zdkonom ¢&. 634/
1992 Zb. o ochrane spotrebitela v zneni neskor-
Sich predpisov (zakon &. 137/1998 Z. z. a zakon
€. 310/1999 Z. z.) vytvaraju uzavrety legislativny
ramec na ochranu Zivota, zdravia a majetku oséb
a zivotného prostredia.
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Z0 ZAHRANICNYCH CASOPISOV

Hodnotenie zrnitého podkladu spevneného geom-
riezkou
GEOTECHNICAL FABRICS REPORT, 18, 2000,
€. 1,s. 22-28

Ministerstvo dopravy Statu Wyoming overovalo
efektivnost nakladov vynakladanych na obstaranie
a inStalaciu biaxialnych geomriezok pri vystavbe vo-
zoviek ako aj funkénost takto vybudovanych doprav-
nych stavieb. Pri vystavbe testovanej vozovky po-
uzili geomriezku Geogrid BX 1100 Tensar. Zvoleny
usek hodnotili bezprostredne po dokonceni a opa-
kovane po troch rokoch premavky. Vysledky skuSok
ukazali, ze geomriezka umoznuje redukovat hrabku
zrnitého podkladu zo 430 na 280 mm a podstatne
tak usetri materialovée naklady. Strkovy podklad spev-
neny geomriezkou rozklada zatazenie spdsobené
prevadzkou na vacsiu plochu, éim sa predlzuje zi-
votnost komunikacie.

Spracovanie toxického vyluhu v Baltimore
GEOTECHNICAL FABRICS REPORT, 18, 2000,
€. 1, s. 48-50

Pri spracovani chromovej rudy v Baltimore vznika
toxicky vyluh s obsahom Sestmocného chromu, zne-
Cistujuci podzemnu vodu. Firma Commdore Sepa-
ration Technologies Inc. riedila tento vazny ekologic-
ky problém zavedenim procesu SLIM, ktory vyuziva
kvapalni membranu a odstrariuje chrom. Navyse ho
regeneruje do pouzitelnej formy. Kvapalna membra-
na sa vytvori impregnaciou porov v zvazku mikropo-
rovitych dutych polypropylénovych vlakien roztokom
nosica (organickej kvapaliny) a internym organickym
riedidlom. Nosi¢ extrahuje chrém z privadzaného roz-
toku a na rozhrani roztok/membrana vznika komplex,
ktory difunduje cez membranu. Nasleduje separacia
chrému a jeho regeneréacia. Technolégia umoziuje zni-
Zit obsah Sestmocného chrému pod 0,05 ppm. Je
vhodna aj na separaciu inych kovov z odpadovych véd.

InStalacia syntetickych geotextilii pri vystavbe
cestnych povrchov — prehl'ad spravnej metodiky
instalacie
GEOTECHNICAL FABRICS REPORT, 18, 2000,
6. 2,s. 16-18

Prvy zo serie Clankov venovanych uvedenej pro-
blematike v uvode Specifikuje vyznam a vyhody
pouzitia geotextilii v cestnom stavitelstve, definuje
geomriezky a geotextilie kladené pod asfaltovy ko-
berec ako aj funkcie, ktoré tieto materialy pinia. Ro-
zobera typy vhodnych geotextilii, suroviny, z ktorych
sa vyrabaju aj technoldgie ich vyroby. Po postdeni
ich vyhod a nevyhod sa autor podrobnejSie venuje
problematike skusania tychto materidlov. Specifiku-
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je vlastnost skusané podla noriem ASTM, pouziva-
né skuSobne metodiky a parametre, ktore geotexti-
lie musia splnhat, aby vyhoveli naroénym kritériam.

Vystuze asfaltovych kobercov
GEOTECHNICAL FABRICS REPORT, 18, 2000,
€. 2, s.30-33

Prispevok sumarizuje sucasny stav poznatkov zis-
kanych pri kladeni a uzivani vystuzi asfaltovych ko-
bercov v praxi. V uvode je kratko naértnuta historia
vystavby asfaltovych a beténovych povrchov s pouzi-
tim geotextilii a ich predchodcov. Dalej st popisané
moznosti pouzitia geotextilii pri opravach ciest ako
vystuznych materialov znizujucich vndtorné napétie
a zabranujucich praskaniu asfaltovych povrchov.
Nasleduje popis typickych materidlov pouzivanych
pre tieto ucely a analyza vplyvov intenzity dopravy
(unava materidlu, jeho posuv) ako aj klimatickych
podmienok na geotextilné vystuze asfaltovych pov-
rchov.

Nova norma pre sktSanie porusenia svu
GEOTECHNICAL FABRICS REPORT, 18, 2000,
¢. 3, s. 1417

Ddlezitou sucastou procesu zabezpecenia kvality
pri pouzivani vystelkovych geomembran je skiSanie
pevnosti §vov. Typické skusky porusenia Svu hod-
notia dva parametre — pevnost v Smyku a odlupovani.
V prispevku je uvedeny prehlad niektorych noriem
ASTM, podla ktorych sa skusa pevnost Svu. Najéas-
tejSie typy poruseni Svov su zobrazeneé aj popisané.
Nova norma ASTM 6392-99, Standardna skuSobna
metdda je ur¢end na stanovenie integrity Svov nes-
pevhenych geomembran vyrobenych metédami te-
pelnej fuzie.

Infiltracia cez uzavery skladok odpadu
GEOTECHNICAL FABRICS REPORT, 18, 2000,
€. 4,s. 22-26

Autor bol ¢lenom timu, ktory tri roky monitoroval
infiltraciu cez uzaver skladky odpadov v City of High
Paint, pri vystavbe ktorej bol pouzity geosynteticky
vystelkovy material s bentonitom s priepustnostou
1.10"cm.sek™'. V Gvode prispevku autor popisuje
Struktiru uzaveru skladky a program monitorovania.
Podrobne su uvedené klimatické a poveternostné
podmienky oblasti a namerané hodnoty zrazkovej
¢innosti. Zaznamenané vysledky celkovej roénej in-
filtracie cez uzaver skladky su znazornené aj grafic-
ky. Trojro¢ny priemer roénej infiltracie ako percento
roénych zrazok bol 6,31 % na svahoch a 0,33-
2 % na bezné skladky. Dihodobé roéné hodnoty in-
filtracie umoziuje predpovedat s dostatoCnou pres-
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nostou model HELP, nie je vSak vhodny na predpo-
vedanie vrcholu prietoku v laterdlinych drenaznych
systémoch.

PVC: DIha histéria, perspektivna buducnost
GEOTECHNICAL FABRICS REPORT, 18, 2000,
€. 4, s. 3841

Autor prispevku priblizuje 30-ro¢nd histériu pouzi-
tia PVC geomembran, spdsob ich vyroby, ich viast-
nosti a skasky, ktorymi sa zistuju formy, v akych sa
dodavaju na stavenisko, metdédy ich spajania. Pod-
robnejSie je popisané pouzitie PVC geomembran pri
budovani skiadok odpadov a priklady niektorych ich
uspesnych praktickych aplikécii. Dalej su uvedené
moznosti ich pouzitia vo forme vystelkovych geosyn-
tetickych materialov pri rekonstrukcii brehov riek
a kanalov, rybnikov a inych vodnych nadrzi. V zavere
su nacrtnuté perspektivy tychto najcastejSie pouzi-
vanych geosyntetickych materialov.

Periodické skusanie vlastnosti geosyntetickych
materialov a ich certifikacia
GEOTECHNICAL FABRICS REPORT, 18, 2000,
¢. 5, s.22-23

Autor sa v Uvode prispevku zaobera otazkou neis-
toty merani, odberom reprezentativnych vzoriek, vy-
poctom priemernych hodnét pri vykonavani periodic-
kych skuSok a otazkou, &i takéto skuSanie umoznuje
spolahlivo stanovit ,minimaine” vlastnosti vyrobku.
Dalej je popisany odporucany postup pre periodic-
ké skusanie geosyntetickych vyrobkov. Autor uvad-
za prehlad periodickych skuSok vykonavanych u jed-
notlivych typov geotextiinych materiélov a cituje
prislusné normy. Certifikacia by sa mala vztahovat
na skusky vykonané v priebehu predchadzajucich 12
mesiacov. Certifikat potvrdzuje, Ze vysledky perio-
dickych skuSok su reprezentativne pre prebiehaju-
cu vyrobu.

Nova norma ASTM na skusanie geosyntetickych
ilovych vystelkovych materidlov
GEOTECHNICAL FABRICS REPORT, 18, 2000,
¢.6,s.8 5

Spoloénost ASTM schvdlila normu D6496 ,Stan-
dardna skuSobna metoda stanovenia priemernej pril-
navosti hornej a spodnej vrstvy vpichovanych
geosyntetickych ilovych vystelkovych materialov®.
Zistené udaje prispeju ku zvyseniu ochrany zivotné-
ho prostredia proti znecisteniu zo skladok odpadu.
ASTM tiez vydala ,Standardnu priruCku D6495 pre
akceptovanie skuSobnych poziadaviek pre geosyn-
tetické ilové vystelkové materialy”, v ktorej su navrh-
nuté rézne skusobné metody, napr. skuska indexu
napucania, ubytku kvapaliny, pevnosti v natrhnuti, in-
dexu toku a pevnosti v strihu. Uvedené su tiez od-
porucané verifikacie zhody s akceptovatelnymi Spe-
cifikaciami materialu.
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Stadia o vystelkovom materiali z polyetylénu
s vysokou hustotou
GEOTECHNICAL FABRICS REPORT, 18, 2000,
¢. 7, s.36-39

Predmetom 3tudie bola membrana z polyetylénu
s vysokou hustotou vystavena 10 rokov pdsobeniu
ultrafialovému Ziareniu a odpadovej vody. Materidl
s hrubkou 1 mm bol inStalovany v aprili 1988 v Cis-
ticke odpadovych véd v Ohiu. Po 10 rokoch neboli
pozorované ziadne Statisticky vyznamné zmeny fy-
zikalnych vlastnosti (pevnost v tahu a v dalSom trha-
ni, odolnost voéi prerazeniu) ani rozdiely medzi vzor-
kou vystavenou a nevystavenou sinecnému Ziareniu.
Antioxidanty boli pritomné aj po 10 rokoch a stale
ucinné. Nedoslo k vyraznejSej zmene teploty tave-
nia ani obsahu sadzi. Membrana nadalej plni svoj
ucel a zatial' ju netreba vymienat. Predpoklada sa,
Ze materialy vyrabané v sucasnej dobe maju lepsie
uzitkové vlastnosti a dlhSiu zivotnost.

Filtracia a drenaz: technicka poznamka
GEOTECHNICAL FABRICS REPORT, 18, 2000,
¢. 7, s. 40-41

Témou prispevku je pouzitie geotextilii pre filtrac-
né ucely. V tychto aplikaciach sa najc¢astejSie pouzi-
vaju vpichované geotextilie alebo netkané geotexti-
lie speviiované termicky, ako aj tkané geotextilie
s monofilnym hodvabom. Pri vyrobe vhodnej geotex-
tilie pre filtraéné aplikacie je nutné vykonat analyzu
pbdy a hydraulickych podmienok v teréne. Pre sta-
novenie vlastnosti geotextilii pre filtracné aplikacie
existuje mnoZstvo postupov. Zakladnym kritériom je
dlhodoba priepustnost. Stanovuje sa podla normy
ASTM D5567 — Ukazovatel hydraulickej vodivosti.
Pre stanovenie zanesenia geotextilie v zbernych sys-
témoch vyluhu sa pouziva norma ASTM D1987 —
Biologické zanesenie geotextilnych alebo podno-
geotextilnych filtrov.

Bikomponentné vlakno uréené Specialne na vy-
robu pneumatickych run
TECHNICAL TEXTILES, 9, 2000, ¢.1,s. 7

Firma Fiber Vision vyvinula bikomponentné viak-
no AL-ADHESION-C, z ktorého sa vyrabaju pneuma-
tické runa vhodné na vyrobu netkanych textilii spev-
fiovanych termicky. VIdkno ma polypropylénové jadro
a polyetylénovy plast. Dobre sa spdja s celuldzou,
pri vyrobe netkanej textilie aj pri pouzivani dochad-
za len k minimalnemu uvolfiovaniu prachu. Vlakno
ma vysokU pevnost, doddva sa s dizkou strize 3, 4,
6, 8 a 12 mm. Vysoké pevnost sa dosahuje vdaka
presnému stanoveniu pomeru jadro—plast. Viakno sa
mOze spracovavat na linkach M and J Fibretech aj
Dan Web. (vyCerpavajlce)

Vyuzitie netkanych textilii firmy Struto
TECHNICAL TEXTILES, 9, 2000, ¢. 1, s. 8-9

Vidkna a textil 8 (1) 55-58 (2001)



Materidly britskej firmy Struto — vysokoobjemné
netkané textilie — st vhodné na izolacné ucely, pouzi-
vaju sa ako vyplne ¢aluneného nabytku, aj ako iné
vypinkové materidly, plstené podiozky, vyplne mat-
racov, filtre a rdzne iné technické textilie. Vyrabaju
sa z prirodnych alebo syntetickych vidkien, novych
aj recyklovanych, pripadne z ich zmesi. Ako termo-
plasticka zlozka sa pouziva viakno s nizkym bodom
tavenia alebo bikomponentné viakno. Objemné ru-
no sa moéze spajat s vhodnym substratom alebo la-
minovat medzi dve vrstvy iného materialu pre Spe-
cifické ucely pouzitia. Vyborna tvarova pamét sa
dosahuje vdaka vertikalnej orientacii vacsiny vlakien
v konstrukcii. Materidly maju velmi dobré izolaéné
vlastnosti.

Firma Sider Arc - 50 rokov monofilamentov
TECHNICAL TEXTILES, 9, 2000, ¢. 2, s. 7

CRINLENE je polypropylénové monofilové vidkno
vhodné na vyrobu filtracnych textilii. Obsahuje Spe-
cialne termalne aditivum, ktoré zlepsuje jeho mecha-
nické a tepelné vlastnosti. Vyuziva sa na vyrobu fil-
trov na filtraciu horucich kvapalin. Monofilamenty
ESTENE s vysokym modulom sa dodavaju s jemnos-
tou 25-150 dtex. OsvedCcili sa napr. pri vyrobe tka-
nin do sietotladovych strojov. Monofily Crinlene a Es-
tene vyraba talianska firma SIDER ARC, ktora ma
VO svojom vyrobnom programe aj polyamidy 6, 6.6,
6.10,12, PET, PVDF, POM a iné Speciality s jemnos-
tou v rozmedzi 22—-10 000 dtex.

Firma DSM rozSiruje sortiment protibalistickych
ochrannych materialov
TECHNICAL TEXTILES, 9, 2000, ¢. 2, 5. 8

Firma DSM High Performance Fibers vyvinula kab-
lik UD-SB31 na vyrobu ,makkych" ochrannych vy-
robkov, napr. nepriestrelnych viest a kablik UD-HB25
na vyrobu ,tvrdych“ ochrannych vyrobkov, ako su pril-
by alebo panciere vozidiel. S pouzitim viakna Dynee-
ma UD-SB31 je mozné znizit hmotnost nepriestrel-
nych viest 015 % v porovnani s tymi, ktoré sa
vyrabali z UD-SB2. NizSia hmotnost a lepSia pruz-
nost tohto nového materiadlu zabezpecuje vacsi kom-
fort nosenia. Novy kablik UD-HB25 v sebe spaja vy-
nikajuce balistické charakteristiky vyrobku UD-HB2
s optimalnymi mechanickymi viastnostami ako je vy-
sokd tuhost. Material sa lahko spracovava a tvaruje
do prilb aj zlozZitych prvkov pre vozidla. Dyneema—
UD su kompozity s paralelne ulozenymi viaknami
v kon§trukgcii.

Technolégia vyroby vlakien z vodivych polymé-

rov

TECHNICAL TEXTILES, 9, 2000, ¢. 2, s. 24-26
Predpokladom uplatnenia viakien z vodivych poly-

mérov v perspektivnych technickych aplikaciach je

vyvoj vhodného vychodiskového polymeéru a techno-
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I6gie jeho spracovania do formy vlakien tak, aby ne-
doslo k zmene ich elektrickych vlastnosti. Britski od-
bornici z Durham University vyvinuli technoldgiu vy-
roby vodivych polyanilinovych viakien. Do bezného
polyanilinu pridavaju protény prostrednictvom mole-
kal kyseliny sulfonovej. Ako rozpustadlo sa pouziva
kyselina dichloretanova. Zmes sa vstrekuje do
koagula¢ného rozpustadla, v ktorom dochadza k od-
straneniu kyseliny dichiéretanovej, kym kyselina sui-
fonova zostava naviazana k polyméru. Zmes sa
zvlaknuje podobnou technologiou, aka sa pouziva pri
vyrobe polyamidu.

Polyuretanové povrstvenia firmy Baxenden
TECHNICAL TEXTILES, 9, 2000, ¢&. 3, s. 14-16

Tradi¢né povrstvenia textilii danskej firmy Baxen-
den s na baze rozpustadiel. Produkt WITCOFLEX
SUPER DRY sa pouziva na Upravu Sportovych ode-
vov, odevov pre volny ¢as a pracovnych odevov. En-
vironmentalne poZiadavky spifia hydrofilny systém na
vodnej baze WITCOFLEX ECO DRY. Firma Baxen-
den vyvinula polymér, ktory sa pouziva na vyrobu
laminatu COMFORT PLUS s priedySnym povrstve-
nim. Bol vyvinuty v spolupraci s firmou Polycoating
GmbH. Tymto polymérom sa mbzu povrstvovat aj net-
radicné substraty ako runo alebo textilie s mimoriad-
nou pruznostou. Polyuretanové disperzie sa predavaju
s nazvom WITCOBOND. Povrstvuju sa nimi textilie, ko-
Ze, pouzivaju sa v lakoch, lepidlach a farbach.

Adresar vyrobcov ochrannych vyrobkov
TECHNICAL TEXTILES, 9, 2000, ¢&. 3, s. 27-35

V adresari su uvedeni dodavatelia textilii, Special-
nych pomocnych pripravkov, surovin, polotovarov po-
uzivanych v ochrannych aplikaciach. Adresar je spra-
covany podla geografickych oblasti. Uvadza sa
nazov firmy, jej adresa, kontaktna osoba, telefonne,
faxové a e-mailové spojenie ako aj strucny vyrobny
program.

Laminaty vyrobené s pouzitim vrstvenych termo-
pojivych félii
TECHNICAL TEXTILES, 9, 2000, ¢. 4, s. 21
Francuzska firma Prochimir ponuka vrstvené félie,
z ktorych sa termickym spdjanim mézu vyrabat la-
minaty. Kazda folia ma 2-3 vrstvy. Vyraba sa koex-
truziou polyuretanom, kopolyamidu, polyesteru ale-
bo polypropylénu. Niektoré folie maju aj bariérové
vlastnosti. Teploty topenia sa pohybuju medzi 60-
200 °C. V pripade pouzitia materidlov citlivych na tep-
lo sa teploty znizuju, na druhej strane su vSak v po-
nuke aj folie s odolnostou voli vysokym teplotam,
uréené pre narocné aplikacie. Félie sa mézu lami-
novat na tkaniny aj na netkané textilie vyrobené z pri-
rodnych a syntetickych vldkien. Hribka adhéznej
vrstvy je rovnomerna, rychlost spracovania na ka-
landri dosahuje 20 m.min™".
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Dohoda uzatvorena na davky antimikrobialnych
pracovnych odevov
TECHNICAL TEXTILES, 9, 2000, ¢. 5, s. 4

Firma Microban Ltd. (VB) uzavrela s firmou Sun-
light strategicku dohodu, na zaklade ktorej tato fir-
ma ziskala opravnenie upravovat svoje pracovné
odevy antibakteridlnym prostriedkom Microban. Pra-
covné odevy firmy Sunlight nosi denne asi milién ro-
botnikov vo Velkej Britanii. Odteraz budu vSetky pra-
covné odevy firmy Sunifight upravené po prani
prostriedkom Microban, ktory zabezpecuje medzi
pranim nepretrzita ochranu voci Sirokému spektru
bakterii ako Salmonella, Escherichia coli, Campylo-
bacter a Listeria. (vyCerpdavajuce)

Nehorlavé calunenie do verejnych dopravnych
prostriedkov
TECHNICAL TEXTILES, 9, 2000, €. 5, s. 13-15

V Europe sa vo verejnych dopravnych prostried-
koch najcastejSie pouzivaju nehorlavé textilie vyro-
bené z polyesteru Trevira CS. V sucCasnej dobe sa
Coraz viac pouzivaju aj zmesove textilie s viaknom
Viscose FR firmy Lenzing. Okrem nehorlavosti splfia-
ju aj prisne kritéria stanovené pre odolnost voci oderu
a stalofarebnost. Firma Rohner Textil vyraba pota-
hovky zo zmesi viny a viakna Viscose FR, ktore zis-
kali certifikat OKO-TEX. Maju prijemny ohmat a pris-
pievaju ku zvySeniu komfortu cestujucich. Predpisy
nemeckych Zeleznic, tykajuce sa horlavosti, spina
tiez netkana textilia C 1997 VM firmy Freudenberg.
Véazi len 150 gm? a je vyrobena technoldgiou spun-
lace zo zmesi vidkien z melaminovej Zivice a p—ara-
midu. Upravuje sa disperziou sfudy.

Zdravotnicke textilie vstupuju do novej éry
TECHNICAL TEXTILES, 9, 2000, &. 6, s. 3-5
Prispevok popisuje najnovsie trendy v oblasti zdra-
votnickych a hygienickych textilii. V tivode autor pub-
likuje udaje o spotrebe zdravotnickych textilii. V Gvo-
de autor publikuje Udaje o spotrebe zdravotnickych
textilii a uvadza prognézu spotreby do roku 2005.
Podrobnejsie sa zaobera problematikou absorp&nych
vyrobkov na jedno pouzitie, obvazov a bandazi no-
vého typu, aplikaciou biopolymérov so schopnostou
vytvarat nové prostredie pre lieCbu poraneni, mate-
ridlov s postupnym uvolfiovanim lieciv, resp. s vyuzi-
tim superabsorpénych vldken. Dalej su popisané naj-
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novsie trendy v oblasti vyvoja a pouzitia textilnych im-
plantatov a Specidlnych pracovnych odevov. Autor
priblizuje materialy pre jednotlivé spomenuté aplika-
cie — vlakna, priadze, textilné Struktary z prirodnych
i syntetickych viakien a kompozitné materidly. Doty-
ka sa aj problematiky likvidacie odpadu.

Netkané textilie ihlované vodnymi tryskami, roz-
pustné vo vode — nova generacia zdravotnickych
textilii
TECHNICAL TEXTILES, 9, 2000, ¢. 6, s. 6-7
Autori definuju zdravotnicke textilie ako sterilné hy-
gienické materialy. Klasifikuju ich podla viastnosti
a Gcelu pouzitia. Uvadzaju percentualne zastlpenie
jednotlivych typov na trhu USA. Podrobne sa venu-
ju zdravotnickym textiliam vyrobenym z PVA rozpus-
tného vo vode. Uvadzaju metddy uprav PVA, ktoré
umoznuju menit teplotu rozpustania textilii. V zave-
re prispevku sa autori venuju problematike sklbenia
komfortu nosenia s bloka&nymi viastnostami zdravot-
nickych textilii a skuSkam, ktorymi sa tieto vlastnos-
ti skusaju. Strucne je nacrtnutd budicnost zdravot-
nickych textilii rozpustnych vo vode najma s ohladom
na ochranu Zivotného prostredia.

Svetova vyroba textilnych viakien ma v roku 2003
dosiahnut 37,8 miliénov ton
TECHNICAL TEXTILES, 9, 2000, €. 6, s. 36
Celkova spotreba vlakien sa bude zvySovat roéne
05,4 % a v roku 2003 dosiahne podla odhadov spo-
lo€nosti Freedonia 37,8 milidonov ton. Synteticke viak-
na budu nadalej zvySovat svoj podiel na trhu, hoci
ich ro¢ny rast bude len 5,1 %. Najvacsi odbyt zaz-
namenaju olefiny a polyester. Polypropylén sa uplatni
najmé v kobercovych podkladovkach, kde bude na-
dalej nahradzat prirodné vidakna. Podiel celulozovych
viakien na trhu bude klesat. Umelé viakno Lyocell
sa uplatni pri vyrobe netkanych textilii, v priemysel-
nych aj v odevnych aplikaciach. Dopyt po syntetic-
kych viaknach budu stimulovat technologické inova-
cie a dalSie zdokonalovanie Uzitkovych a estetickych
vlastnosti.

Pre publikovanie pripravila Ing. Valéria Capeﬁové,
VUTCH-CHEMITEX spol. s r.o0. Zilina,
Slovenska republika
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