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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 pil l ing
resistance.

The influence of enzyme treatment on felt ing shrinkage in several washing cycles, softness and
pil l ing resistance has been determined. The extent of the attack on the fiber properties was also
examined.

INTRODUCTION

The inherent abi l i ty of wool to shrink, or felt ,  dur-
ing wet f inishing 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. Felt ing is due to wool special fr ict ional prop-
ert ies namely the dif ference in fr ict ion 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 l i festyle 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
modif icat ion dealing with the felt ing property of wool
but they can roughly be divided in two groups 11,21

o Oxidative treatment (oxidizing agents most com-
monly used are chlorine, dichlorisocyanuric acid,
potassium peroxymonosulphate) or

o 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-
r ination produce very l i t t le discolouration and al low
the machine wash knitwear standards to be achieved
but there are some disadvantages with the use of
wool treated in this way l ike the impairment in han-
d le which is  produced and addi t ional  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

2

acidic pH and chlorine discharges during the opera-
t ion are produced. Owning to the increasing environ-
mental consciousness, ecological ly new treatments
as an alternative surface modif icat ion 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-
v i ronmenta l  and economical  po int  o f  v iew,  the
moderate reaction parameters of enzyme-catalyzed
processes and the possibi l i ty of enzyme recycl ing
make enzymes particularly attractive as catalysts.
Today enzymes are produced by biotechnological
processes in great amounts of constant qual i ty, and
are therefore appl icable to large-scale processes.
Advances in the f ield of genetic engineering al low
enzyme manufactures to design specific enzymes for
specific processes (with regard to temperature sta-
b i l i ty  or  an opt imum pH, for  example) .

I t  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-
t i le 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 f inishing route to be used,
the primary consideration is the nature of the prod-
uct, since, whereas the production of a washable
worsted spun product wi l l  feature techniques de-
signed to prevent facing-up, woolen spun products
wil l  require a route which includes a mil l ing 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

vl'kna a textil I (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 art icle
characteristics of the enzymaticly treated wool yarns
and knit ted 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 fol lows 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 felt ing shrinkage. Wool processed by this
route meets the maximum Woolmark specif icat ions
for machine-washabil i ty and may therefore be used
in the production of virtual ly any product, i rrespec-
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 fol lows three-
gi l l  boxes the last one is the gi l l  intersecting with
aoutolevel ler. The top supplied to the roving depart-
ment has l inear density of 22 ktex. Thus the main
aim of roving preparation is top attenuation to the
requi red l inear  densi ty  of  rov ing.  The process of
worsted roving preparation comrisings the process-
ing of top in tree passages of gi l l ing 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
pl ied in two threads. At the end, the enzyme treat-
ment and dyeing of the pl ied yarns were performed.
Characterist ics of spun wool yarns are given in tab.1.

E nzymes

Novolan L, a protease product, produced by modi-
f ied Baci l lus microorganism, suppl ied 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 hair iness material has porous structure.
Here, the dimensions of the holes are much smaller
than the length of the yarn. Thus, the capi l lary proc-
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Table 1 Physical and mechanical propert ies of the pl ied yarns,
declared by the producer

Property 2 8 l e x x Z  3 6 t e x x 2
Normal Superwash Normal Superwash

Linear density, tex 26,7 x 2
Cv, o/o 2,7
Twists, m-1 266
Tensi le strength, N 3,52
Elongat ion,  % 10
Uniformity, % 12,0
Humid i ty ,  % 13,8

2 6 , 3 x 2  3 5 , 0 x 2  3 5 , 3 x 2
2 , 6  1 , 2  1 , 1
270 240 248
3,38 4,90 4,26
1 0  1 6  1 3

1 1 , 8  9 , 4  6 , 7
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 f ibers 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 rat io of the yarn length is
as follows:

LzJ\ = Tt1/Tt2 = 36128 = 1,28 or 12 = 1 ,28 11

It means that the speed of the capi l lary process
during the enzyme treatment of the yarn with lower
l inear 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. lt was 2,4o/o reverse to 2% at coarse yarn.
The optimum enzyme concentrat ion was determined
in previous paper [6,7].

Prior to the application of enzyme the wool yarns
were scoured for 30 min at 60 oC in package dyeing
machine (on cones) with 0,5 g/ l  Tinovetin lU (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 l inear density
of 28 tex x 2 and 36 tex x 2 respectively and 1,2o/o
and 1% tor (S) with the same l inear densit ies in the
presence of 1 g/l Subitol RNC (CHT) as a surfactant
at  pH 8,5 (NH4C| and NH4OH) for  30 min at  55 oC.

Enzymatic treatment of (S) yarns was done with half
of the concentrat ion of the enzyme for (N) yarns in
the hope to improve harsh handle of Hercosett wool
and decrease pill ing. Treated yarns were cooled at
20 oC, rinsed and treated in hot water at 85 oC for 5
min in the presence of acetic acid at pH 4. Final ly
wool yarns were cooled down, rinsed with cold wa-
ter and treated 20 min with 2 % Persoftal ASN, si l i -
cone elastomer (Bayer) at 40 oC in the presence of
acetic aced (pH 5,5) and cross linked by drying at
85 oC. 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 CH3COOH) and treated with 2% Persofatl
ASN. (S) yarns were only dyed with the same con-
centration of the dye without enzymatic treatment.



lnstrumental methods

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

o Acid solubi l i ty, F.53.075
o Urea-bisulphite solubi l i ty, F.S3.076
o Yarn l inear density, F.S2.050
o Tensi le strength and elongation, F.S2.051
o Hair iness,
o No. of the yarn twists in the same direct ion t i l l

the break on Twist Tester - Metrimpex.
Hair iness was tested by microscopic method by

measuring:
. 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 ful ly fashion Stol l  CMS 422.6. Fol lowing fea-
tures were tested on knits:

o Tensi le strength and elongation,
. Dimensional stabi l i ty trough percentage area

shrinkage,
o Pi l l ing resistance,
r 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 (felt ing shrinkage). Equ.1 defined the
percentage area shrinkage:

Su = Sr r + Srz - (Sr 1 .Sr2)/1 00 (1 )

Where S" - area shrinkage (%), S.,,  -  breadthwise
l inear shrinkage (%), S.,,  -  lengthwise l inear shrink-
age (%\.

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

cles. The weight loss (%) after 2000 cycles and for-
mation of pi l ls was fol lowed. Pi l l ing formation is visu-
al ly determined with grades 1 to 3. 1 - no pi l l ing per-
formance; 3 - intensive pi l l ing 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 l inear densit ies
have higher acid, lower urea-bisulf i te and lower ten-
si le strength than (N) yarns due to the damage dur-
ing chlorination process. Addit ional damage of (S)
yarns occurred during subsequent dyeing process
as a result of signif icant loss of keratinous material,
since modif ied keratin is dissolved during the dye-
ing process, along with nonkeratin [8] and there is
the possibi l i ty of cyst ine decomposit ion to cysteine
and dehydroalanine residues result ing in addit ional
decrease of the tensi le strength of 5 to 10% depend-
ing on the l inear density of the yarn and decrease
of urea-bisulphite solubi l i ty [2].

Table 2 Acid and urea-busulphite solubi l i ty of the yarns before
and after enzymatic treatment

Tt (tex) Parameters
of treatment

Acid Urea-bisulphite
so lub i l i ty  so lub i l i ty

(N) untreated
(N) 2,4% Novolan L
(N) 2,4% Novolan L black
(S) superwash
(S) 1,2o/o Novolan L
(S) dyed black

9,7
9,2
o a
1 7 , 0
1 6 , 0
1 5 , 0

55,0
45,0
26,6
45,5
41,0
1 3 , 0

(N) untreated
(N) 2% Novolan L
(N) 2% Novlan L black
(S) superwash
(S)  1% Novolan L
(S) dyed black

1 0 , 6
1 0 , 0
7 ,9
1 7 , 5
1 5 , 8
1 5 , 5

55,0
44,53
3 1 , 6
46,0
41,0
14,0

Table 3 Effect of enzymatic treatment on l inear density, tensi le strength, elongation, hair iness and number of twists in the same
direction till the break of wool yarns

Parameters
of treatment

Linear Tensi le Coeff icient
density strength of variation

T e x N %

Breaking Coefficient
elongation of variat ion

% o/o

Hairiness Coeff icient
dJd,, of variation

%

Number of
twists t i l l

break, m-1

(N) untreated
(N) 2,4o/o Novolan L
(N) 2,4% Novolan L dyed black
(S) superwash
(S)1,2% Novolan L
(S) dyed black
(N) untreated
2% Novolan L
2% Novolan L dyed black
(S) superwash
(S) 1% Novalan L
(S) dyed black

55,1
51,4
53,7
55,1
52,9
55,7
72,1
69,0
73,0
72,4
70,5
73,0

3,3
2,5
2,7
2,9
2,7
2,6
4,6
3,7
3,9
4 ,1
3,5
3,9

7,4
7,3
7,7
4,8
5,9
7,3
6,0
9,9
5,3
4,9
10,7
5,3

1 3 , 0
8 ,9
1 0 , 0
9,4
8,8
8,9
17 ,6
7,9
1 1 , 0
1 5 , 6
12,8
11 ,2

10,7
18,4
1 6 , 0
13,7
8,9
14,7
6,2

27,8
9 ,9
1 3 , 0
13 ,4
9,4

3,0
2,8
2,7
4,1
3 ,1
3,6
2 ,8
2,7
2 ,3
3,0
2,8
3,5

22,0 1325,7
19,5 1493,2
19 ,9  1356 ,2
16 ,1  1369 ,9
21 ,1  1453,4
27,7 1409,6
21,7 1125,4
19,0 1254,7
24,6 1129,1
1  9 ,6  1  109 ,1
22,2 1200,9
24,6 1  158,7
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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 ( l iquid) and the
wool material (sol id) is ini t iated by adsorption at the
surface of the wool, fol lowed by dif fusion in the di-
rect ion of the inner layer of the f iber.

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 cel ls (separated by air-f i l led spaces). Ap-
proaching the core via the protein macrofibri ls and
microfibri ls, at the end is molecular consistent of the
amino acids arranged within the space of the r ight-
handed alpha hel ix. Since a protease is a large mol-
ecule, i t  was thought not to be able to penetrate the
fiber cuticle. Thus, it was expectate the attack would
be l imited to cuticular scales with only minor dete-
r iorat ion in mechanical propert ies being caused by
the damage to the interior. Oposite effect was no-
t iced when wool was treated only with enzymes[6].
Some of the enzymes were inf i l t rated into the mo-
lecular interst ices between the scales and thus de-
st royed the ent i re  ednocut icu le.  ln  fact  enzymes
catalyzed the degradation of different components
of wool f ibers, making the reaction control dif f icult .
Location of the reaction on the surface of the fiber
was f  ur ther  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 sol id mass may present a greater or lesser lateral
surface, depending on i ts geometry. Thus, yarn f ine-
ness, corresponding to the number of f ibers in the
yarn cross section, increases or decreases the con-
tact surface (for the same type of fiber).

The results of l inear densit ies, tensi le strengths,
breaking e longat ions,  ac id and urea b isu lphi te
solubi l i t ies (given in tab.2 and 3) indicate that the
degree of the hydrolysis greatly depended on pre-
treatment process, the concentrat ion of Novolan L
and l inear densit ies of the yarns. The decrease of
the l inear density and loss of tensi le strength is a
l i t t le bit  lower at the yarns with higher l inear density
due to lower loss of mass related to the control one
at the coarse yarn. Dyeing of the enzymatic treated
(N) yarns wi th meta lcomplex 2:1 dyes resul ted in
smal l  increase of  the l inear  densi t ies and tensi le
strengths due to the shrinkage at the temperature
of dyeing. Acid and urea-bisulphite solubi l i t ies of the
hydrolyzed yarns with two linear densities are almost
the same indicating the same degree of hydrolysis
but a decrease of urea-abisulphite solubi l i ty was no-
t iced on dyed hydrolyzed yarns due to the addit ional
damage during the dying process at the boi l ing point
of the water. Enzymatic hydrolysis was done in al-
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kal i  medium (pH 8,5). During the enzymatic hydroly-
s is  in  a lka l i  medium the lant ion in and l iz inoalanine
connections were formed. They stabi l ized the wool
structure by conformation changes in polypeptide
structure transforming the disulphide into disulphide-
sulphydryl connections lowering the solubility in urea-
b isu lphi te  [9 ] .

When wool  is  used as substrate for  enzyme-
catalyzed reactions, a special type of enzyme kinet-
ics is fol lowed. Enzyme dif fusion plays a much more
decisive role in this heterogeneous system of solu-
ble enzyme and sol id substrate than i t  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 dif fusion of the enzyme, and into the
sol id phase of the substrate and then dif fusion of the
reaction products out of the sol id phase into the l iq-
uor. Concerning the former, the dif fusion of the en-
zymes from the l iquor into wool f iber resembles the
diffusion of a dyestuff.  l t  is well  know, that chlorina-
t ion disrupts the f iber surface, and i t  can be assume
that it has removed the "surface barrier" stimulating
the absorption of enzymes on the f iber surface re-
sult ing in further decrease of tensi le strength of 6,9
to 14,6% depending on the l inear densit ies and de-
crease of  urea-b isu lphi te  so lubi l i ty .  Due to the
enzymatic hydrolysis hair iness of the f iber was de-
creased. Decrease of the hairiness is lower on yarns
with higher l inear densit ies due to the lower loss of
mass related to the control one at the coarse yarn.
From this results the lower loss of tensi le strength
of this yarn. Further decrease of hair iness of (N)
hydrolyzed yarns arise during the dyeing process due
to the addit ional reduction in the amount of surface
hydrolyzed f ibers.

Softness of the yarns was examined by measur-
ing the number of the twists in the same direct ion
ti l l  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 t i l l  the break by 10,3 to 11,2
and 5,7 lo 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 l inear densit ies of 28 tex x 2 and 36 tex x
2 exhibit cockling. This effect is manifested as a three
dimensional distort ion of the knit ted structure and is
usual ly  due to the:

. Evenness and consistency of the yarn and ult i-
mately those factors which can inf luence those
propert ies such as the quali ty of wool used in
the production of a part icular yarn (the f iber mi-
cron range),

r The degree of set imparted to yarns prior to knit-
t ing can also exert an inf luence since i f  yarns



can not be reset in the knitted configuration one
might expect an inferior result,

o Yarn regain and tension control during knit t ing,
r And cockl ing may occur at the r ib-panel inter-

face and at panel edges where loops are
stretched during ful ly fashioned knit t ing.

The yarns were produced from very fine fibers with
f iber diameter of 21,5mm so the f ibers probably did
not have any inf luence on cockl ing.The degree of
cockl ing was lower on garment knit ted from (N) and
(S) hydrolyzed yarns. During the enzymatic treatment
at 55 oC, and subservient drying, mechanical strains
introduced during the spinning were part ly relaxed
result ing 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.

Tensi le strength and elongation, abrasion resist-
ance and pi l l ing rat ings of garments made of (N) and
(S) yarns given in tab. 4 show 4,5 to 6,5o/o strength
loss fol lowed by good abrasion resistance. Pi l l ing
resistance of treated garments improved as a func-
tion of enzymatic treatment. Reduced yarn hairiness,
fewer protruding f ibers avai lable for entalglement di-
minished the pi l l ing potential from 3 to 2 and 1.

Wool yarns specif icat ions in terms of washabil i ty
very according to the nature of the product, with gar-
ments worn next to the skin, such as underwear,
hosiery and shirts, requir ing a higher performance
standard than, for example, trousers or knitwear. ln
the present study, examining fabrics are for use in
sweaters. Relaxation, consol idation and 1, 2 and 5
felt ing 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 l inear density during relaxation, consol idation
and felt ing washings. Relaxation shrinkage is nor-
mally introduced during f inishing by oversize fram-
ing immediately prior to steam pressing, and is ef-
fect ively 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  not iced dur ing the fo l lowing the
consolidation shrinkage. The felt ing shrinkage, which
is the sum of the relaxation and felt ing 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
felt ing shrinkage permitted is 8% after a total of 20
Woolmark machine wash cycles (40"C) and in our
examinat ion 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 felt ing 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 l inear density of 28 tex x
2. Garments made of (N) hydrolyzed yarn with l in-
ear density 28 tex x 2 shows felty appearance.

CONCLUSIONS

Treating of wool yarns with protease product
Novolan L reduced cockl ing, improved pi l l ing resist-
ance and soft handle of the garments and caused
low shrinkage reduction during the several washing
cycles without signif icant changes in physical and
chemical propert ies of the knit ted garments.

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

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

Parameters
of treatment

Knits made Tensi le
of yarn with strength

l inear density N
tex

Coeff icient % strength Breaking
of variat ion loss elongation

o/o %

Coeff icient % abrasion Pi l l ing
of variat ion resistance rat ings

% loss

(N) untreated
(N) 2,4o/o Novolan L
(N) 2,4% Novolan L dyed black
S) superwash
S) 1,2% Novolan L
S) dyed black
N) untreated
N) 2% Novolan L
N) 2% Novolan L dyed black
S) superwash
S)  1% Novalan l
S) dyed black

55,1
51,4
53,7
55,1
52,9
55,7
72,1
69,0
73,0
72,4
70,5
73,0

90,0
84,2
85,8
84,2
79,5
80,3
124,0
115,7
117 ,8
1  1 8 , 8
1 1 1 , 8
1  1 3 , 5

3,1
6,3
4,5
6,6
2,6
2,9
13,2
5,2
4,4
7,0
2,7
6,9

98,3
87,3
81,7
89,3
74,3
75,7
86,3
75,6
82,3
80,0
74,0
-7R n

8 , 1
3 ,6
4 ,1
4,5
5,4
5,3
10,4
1 1 , 2
6 ,3
3,2
12,9
A N

I
I

1 , 2
1 , 2
0,9
1 , 3
1 ' t
l r  I

0,6
0,7
0,8
0,7
1 , 2
1 , 0

*
4,6

5,5
4,6

6 ,7
5,0

5,9
4,5
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pil l ing resistance and soft handle without signif icant
changes of the shrinkage properties of the knitted
garments.
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EFFECT OF ADDITIVES ON SOIL REMOVAL IN CREASE
RESISTANT FINISHING

Hodul P., Korcovd D., Lokaj J., Murdrova A.

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

This paper is dedicated to the 50th 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 f inish of cotton with the reactant KNITTEX FEL
on sodium dodecyl sulphate adsorption, wetting, re-wetting, soil ing 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
inf luence of  addi t ives on soi l ing and soi l  removal  wi th mixed soi l .  On the other hand the signi f i -
cant soil release effect was observed with oily soil.

INTRODUCTION

Finishing of cotton fabrics as well  as blends with
chemical 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.9. 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-
z o l i d i n e - 2 - o n e  ( d i m e t h y l o l d i h y d r o x y e t h y l e n e  -
DMDHEU),  the second one is  the ester i f icat ion
through react ions wi th polycarboxyl ic  ac ids e.g.
1,2,3,4-butane tetracarboxylic acid (BTCA) t1 ].

End-use propert ies of goods f inished can be de-
sirable improved by application of various auxi l iar ies
in the f in ish ing bath.  Typica l ly ,  the bath conta ins
softening agents (polyethylene emulsion). ln the case
the auxi l iary  conta ins su i tab le funct ional  groups
which are able to react with the cross- l inking agent
then, i t  can permanently be bound to the f ibre sur-
face. l f  supramolecular compounds such as cyclo-
dextr in 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 f ibre a variety of organic molecules -
scents, bactericide etc.,  through the formation of in-
clusion complexes [4].  Polyethylene glycols in the
meander structure l ike in the solubi l izat ion process
can mediate l inking such substances via hydrogen
bonds.

ln our recent paper [5] we investigated the inf lu-

8

ence of CD and PEG as addit ives in f inishing bath
on basic characteristics of finished 100% cotton fab-
r ic. l t  was found that these compounds had no nega-
tive effect on whiteness, caused slight lowering of
dry wrinkle recovery angles, decreased the loss of
tensi le strength during curing and increased mois-
ture regain mainly at lower relat ive humidity.

I t 's well  known that crease proofing leads usually
to higher soi l ing 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 boil.
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 sudactants
as well  as oi ly dirt  and chemical ly bound on the sur-
face wil l  behave? Both CD and PEG wil l  inf luence
the value of f ibre cri t ical surface tension and thus
the wettabi l i ty mainly with oi ly components of soi l ,
zeta potential as well as the surface structure and
swell ing. Al l  these facts wil l  contr ibute to changes in
soi l ing and the soi l  removal by detergency. Usually
three ways may be considered in which soi l  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 oi ly l iquid soi l  is pre-
dominantly a question of wetting the substrate with
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both the oi l  and the washing bath, with sol id part i-
cles soi l ,  moreover, an important parameter is their
diameter. Large part icles the size of which is over
20 pm are easi ly removed by mechanical forces.
Part icles with diameter less than 0.1 pm can not be
removed through washing procedure l7l.

The aim of this paper was to obtain information on
the inf luence of B-cyclodextr in and polyethylene gly-
col on the adsorption of sodium dodecyl sulphate,
wett ing and re-wett ing, soi l ing and soi l  removal by
detergency.

EXPRIMENTAL

Material -  Fabric treatment

Desized, scoured and bleached 100% cotton fab-
r ic  by Slovak standard STN 80 0101 was used
throughout the study. Specif icat ion of fabric: weight
per unit  area of 125 g.m-2, plain weave, l inear density
of yarn, warp 20 tex, weft 25 tex, warp sett 32 + 2,
weft sett 26 x 2.

Cross-l inking agent Knittex FEL (CIBA) on the ba-
sis of modif ied dimethyloldihydroxyethylene urea for
crease resistant and easy care f inishing cel lulosic
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 i t 's high stabi l i ty and compatibi l i ty
with starch.

B-cyc lodextr in  C42H7ooss,  M.W.= 1135 g.mol-1
made by Merck.

Polyethylene glycol M.W = 1000g.mol-1 was sup-
pl ied 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 composit ion
of  impregnat ing l iquors is  g iven in  Table 1.  For  th is
investigations no softener was applied. The catalyst
was added to the formulat ion immediate ly  before
application. Wett ing agent Spolion 8 was used. Af-
ter padding the fabric was taken on frame, dried (10
min., 100 "C) in a force draft oven, fol lowed by cur-
ing in  a second oven at  150 "C for  5 min.

After condensation the samples were scoured in dis-
til led water (liquor ratio 1 : 30 at temperature of 50 "C)
for 30 min., f inal ly samples were dried at 105 "C.

Table 1 Formulations of impregnating l iquors

L iquor
NO

Concentrat ion
gL-t

1.1.  Test  methods

Evaluation of all fabric properties was carried out
on samples condit ioned at temperature of 20 + 2'C
at 65 % of relat ive humidity tor 24 hours.

2.2.'l Adsorption of surfactant of cotton samples
Adsorption of sodium dodecylsulphate (DDS) was

investigated in a concentration of 2, 4, 14 and 20
mmol.L-l .  The wide-neck f lask of a volume of 250
cmt was f i l led with a 150 cm3 solut ion of the sur-
factant in which a cotton sample of dimensions of
12x15 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
t i trant for solut ion 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 solut ion to chloroform. The
difference in concentrat ions before and after the
sorption respectively, yields the adsorbed amount of
the surfactant.

Chemicals :
Natr ium dodecylsulphate,
Septonex N-(cr-carbethoxylpentadecyl)-tr imethyl-

amoniumbromide,  0.004M,
Bromcresol  -  green solut ion,  0.159 in  250 mL d is-

t i l led water,
Solut ion of phosphates - 300 mL of 0.065 M of

natr ium hydrogen phosphate, 100 mL of 0.065 M
trisodium phosphate and 80 mL of n-propanol,

1 M NaOH,
Chloroform,
n-propanol .
Al l  chemicals were of p.a. grade.

Procedure
Transfer 10 mL of surfactant solut ion to 100 mL

glass stoppered graduated f lask add a volume of 24
mL solut ion of phosphates and 10 mL of 1 M natr ium
hydroxide. Carry out t i trat ion with the Septonex so-
lut ion. After each small  volume adding shake well
the cyl inder. Wait for separation of phases. Continue
ti trat ing unti l  al l  color is transferred to chloroform
phase. The same procedure should be applied for
b lank but  instead of  DDS solut ion 1O mL of  d is t i l led
water has to be used.

The analytical results were calculated as follows:

^ _ rnDDS - [toor / (V - V, )]* (Vz - Vo ) 150x coos_= _p* ,a_

where a -  amount  of  adsorbed DDS (mmol  g. - t ) ,
rTroos - DDS weighted (g), p - weight concentrat ion
of DDS (g L-t),  coos - concentrat ion (mmol L-t),  Vo -
volume of cationic t i trant for blank (mL), V, - vol-

Sample Spol ion 8
t .  1
il. 1
i l l .  1
tv. 1
v. 1

x Catalyst B-CD
1 2
1 2  3 0
1 2  5 0
1 2
1 2

30
50

Knitte
60
60
60
60
60

PEG

Values for untreated sample are given under P
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ume of cationic t i trant before adsorption (mL), V2 -
volume of cationic t i trant after adsorption (mL), m, -
weight of fabric sample taken.

The reciprocal form of the Langmuir isotherm

1 1 1

[+=k&]r{c l r* t+
where [c]r -  amount of surfactant on the material,
[c]r - surfactant concentration in solution, k - con-
stant, was used to determine the maximum amount
of surfactant adsorbed.

2.2.2 Wett ing
Wettabi l i ty of samples was evaluated using the

modif ied immersion method DIN 53901 [9] in which
the sinking t ime of a cloth placed on the surface of
the water is determined. Circular disc of cotton fab-
r ic of 7 cm in diameter careful ly dried tor 24 hours
under calcium chloride were prepared. Glass beaker
of 800 mL of volume was f i l led with dist i l led water
of 600 mL. The disc is placed onto water level by
tweezers and the sinking t ime is measured. Al l  the
measurements were made at constant temperature
of 22 + 1 'C. Series of 10 measurements are taken
to determine the mean value of sinking t ime. Times
below 3 s and over 300 s are omitted.

2.2.3 Soi l ing and soi l  removal
A measurement of detergency implies simply an

estimate of the amount of soi l  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 soi l  composed of  b lack Indian ink,
tetrachloromethane, sunflower oi l ,  dry milk, gela-
t in and water [10].

-  o i l y  so i l ,  o ld  eng ine  o i l  [ 1  1 ] .

Cotton fabric samples of dimensions of 12 x 30 cm
were immersed for 5 min. in the part icular soi l  and
excess of soi l  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 concentrat ion of 3g.L-1 was used. In dist i l led
water scoured samples were dried at 60'C and then
their reflectance was measured again. Detergency
(%) was calculated:

o/ow =
( K / S ) w  - ( K / S ) s

*  100
( K / S ) o - ( K / S ) s

where KS - values are given by Kubelka-Munk function

1 0

K / S _  
( 1 - R ) 2

' 2 R

R - ref lectance, (K/S)* - for washed swatches,
(K/S), - for soiled swatches, (K/S)o - for the swatch
before soi l ing.

RESULTS AND DISCUSSION

Layers of surfactant adsorbed on the surface of the
texti le material have a pronounced inf luence on the
final effect in wet technological operations as well
as in  the household maintenance of  goods.  Thus,
the wettabi l i ty in water is enhanced, zeta potential
is changed and there is a competit ion in adsorption
with other dif ferent substances such as dyes, soi l
etc., the soil removal being easier. All functional prop-
erties of surfactants are based on adsorption phe-
nomena.

ln order to obtain information on the inf luence of
both CD and PEG on soi l ing and soi l  removal  of
treated cotton fabrics the adsorption of DDS in the
range of CMC (8.1 mmol. L-t) was investigated. The
amount of surfactant adsorbed increases with higher
concentrat ion of  sur factant  in  so lut ion up to 15
mmol .L-1,  reaching the maximum value in  the con-
centrat ion range of 15 -20 mmol.L-l .  Adsorption iso-
therms for al l  samples are of the Langmuir types (Fig.
1-5). In the case of non-treated cotton the amount
of LSS surfactant adsorbed reaches equil ibr ium at

0 , 0 1

0,009

0,008

^  0 ,007

b U,UUO

E 0 ,005
i- o,ooa

0,003

0,002

0,001

3 5 7 9 1 1 1 3 1 5 1 7 1 9 2 1

c (mmoUL)

Fig. 1 Adsorption of surfactant on non-treated cotton fabric in
dependence of the concentrat ion DDS in solut ion (10 min.,
20 'c )

0,6

0 ,5

6
6  v ' a

E
E  ^ "
G

v , z

0 , 1

0
o 5  1o  

c  (mmol /L )  15  20  25

Fig.2 Adsorption isotherms for DDS on cotton samples treated
wi th  bath 1 . .  l l .  and l l l .
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Fig. 3 Adsorption isotherms for DDS on cotton samples treated
with bath 1., lV and V.
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Fig. 4 Adsorption of surfactant on cotton fabrics treated with bath
l l l  at dif ferent temperatures
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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 nm2 was found
for untreated cotton. For treated samples this param-
eter decreased in fol lowing order:

Cross-l inked cotton (P) > P + b - CD > P + PEG

For condensed oriented monolayer of DDS in the
air/  solut ion boundary the molecular area of O.2nm2
was  pub l i shed  I7 l .  Th is  va lue  i s  h igher  than  those
found in  samples l l l ,  lV a V.

It  is well  known that the adsorbed layers change
the surface properties which successively influence
the wettabi l i ty, the latter being the determining fac-
tor in soi l ing and soi l  removal processes. One has
to take into account that the desorption of surfactant

0 , 8

g
t r  ̂ ^
-  u .o:
a

0,4  -

a/--'

. ' a "

't 
"tt'

-a--=-

I

30

0,6 ,

o,s l
Io)

- 0 , 4  1
E
E  ̂ r  l
G

0 , 2 .

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

Sample No P l . tv.i l r . V.

a," ,  (mmol .g- ' )  0 .0145
Molecular area(nm2; 7.02

0 .5150
0.20

0.6307
0 . 1 6

0.7474
0 . 1 3

1.047
0.09

1.3539
0.01

the concentrat ion of 0.0093 mmol.g-1 (Fig. 1). For
cross-l inked cotton samples the corresponding value
was signif icantly 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 addit ive
was used the higher adsorption was observed. Due
to PEG the increase of amount was greater (1.1323
mmol.g-1) than that with CD (0.624 mmol.g- ' ; .  l t  may
be assumed that the surfactant enters the CD cav-
i ty  in  the same manner l ike inc lus ion complexes in
surfactant solut ions. 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 substant ia l
decrease of adsorption. The calculated average sur-
face area of 1kg cotton f ibres of 172 m2 was con-
sidered in calculat ing molecular areas of one mol-
ecule adsorbed.  Areas corresponding to one
adsorbed DDS ion were calcu lated f  or  maximal
amount adsorbed obtained using reciprocal form of
the Langmuir  isotherms.

From the results given in Table 2 i t  can be seen
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Table 3 Wett ing t imes in dist i l led water for cotton samples

Sample No

Wett ing t ime [s] 10.7 20.8 16.4 16.8 17.6 21.3

Table 4 Re-wett ing t imes for non-treated cotton and cross-l inked
cotton after the DDS adsorption ( t : 20 'C)

Sample No

V.tv.i l t .

coorImmolL-]]
Time [s]

1 4  2 0
21 20.3

20
1 6 . 5

2 8
22 19 .6

1 4
18.4

2 8
15.2 21.6

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-l inking of cotton causes an decreasing rate
of wett ing, the sinking t imes changed from 10.7 tor
non-treated sample to 20.8 for the f inished one. CD
and PEG at lower concentration speed up wetting
when compared with the sample cross-l inked with-
out addit ives but the sinking t imes exceed the value
of that for natural cotton. At higher concentration of

1 1



PEG (50 gL-1) the situation is somewhat dif ferent,
the wett ing t ime is higher than that for sample l .

For measuring the re-wetting times the samples
treated were immersed into the surfactant solutions
of concentrations of 2-20 mmol L-1 at 20 "C for 10
min. ,  dr ied and condi t ioned.  Then,  the s ink ing t imes
in distil led water were measured. From Tables 4 and
5 i t  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 l .) .  The higher con-
centration of surfactant the lower re-wetting times
(with the exception of sample l.).

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

Fig.6 Soil  removal of mixed soi l  for samples soi led after conden-
sation (1) and samples treated after condensation with sur-
factant solut ion and then soi led (2).

Table 5 Re-wetting times for cotton cross-linked with bath con-
taining addit ives after the DDS adsorption (t  = 20'C)

Sample No coo. [mmol.L- l ] Time [s]

80

60
=
s 4 0

20

0

Fig. 7 Soil  removal of used car oi l  for samples soi led after con-
densation (1) and samples treated after condensation with
surfactant solut ion and then soi led (2).

Table 6 Soil  removal of mixed soi l  by washing

Sample No P V.lv.i l t .

V.tv.1il .

Ro
R,
R*
%w

70
60
50

3 4 0
s30

20
1 0
0

86.46 85.37 85. '18
21.41 20.08 17.59
48.44 58.31 59.10
41.5 58.5 61.4

85.42 85.54 85.07
17.84 18.02 18.86
55.27 60.54 58.15
5s.4 63.0 59.3

Table 7 Soil  release of used car oi l

Sample No P

Ro

R.
R,,
%w

85.85 80.21 81.05
27.29 27.85 28.10
34.9 27.96 41.47
12.0 0.20 25.2

85.93 81.3 86.34
28.98 27.35 28.48
39.71 40.74 38.13
18 .8  22 .7  17 .1

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 l l l).

Experiments were also performed with samples
which were treated in solution of DDS (concentra-
tion of 20 mmol.L-1; 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

A quite dif ferent si tuation arises for experiments
carried out with used car oi l .  ln this case addit ives
sl ightly lower soi l ing but signif icantly increase soi l
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 soi l  signif icantly improves soi l  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 f ibres, both in the world and in Slovakia. The development of polyolefine
fibres in the past was explicit ly conditioned by the development of chemical f ibres and pyroly-
sis processes of crude oil products.

For about 7000 years during which text i le f ibres
have been used, until the late 19th century only natu-
ral f ibres - f lax, jute, cotton, wool and natural si lk -

were in use.
At the end of the 19th century and at the begin-

ning of the 20th century, the industrial production of
chemical f ibres 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 f ibres are
then a legit imate chi ld of our century. Their devel-
opment has been enormous to such an extent that
currently, their share in consumption of f ibres in al l
appl icat ion areas (clothing, home and engineering
fabr ics)  is  being about  58 percent  [1 ,  2 ,  3 ,4,  5 ] .  At
present, polyester (PET) and polyolef ine f ibres (PO),
especial ly polypropylene ones, are the most devel-
oping (Tab. 1). Polyolef ine f ibres are represented by
three types on the basis of polymers [5, 6]:

Tabte 1 Wortdwide production of polyolef in f ibers (1000 tons) in 1995-1998 and production capacity in 1999-2000 [1]

- polypropylene (PP)
- polyethylene (PE)
- polymethylpentene (PMP).
Polypropylene fibres have about 95-percent share

in the whole product ion of  polyo lef ine f ibres,  the
share of polyethylene fibres is about 5 percent and
the share of polymethylpentene f ibres is negl igible
(Polymer-Mitsui).  Polyethylene f ibres are produced
in form of  non-woven mater ia ls  (Spunbond,
Meltblown, Tyvek, Dren) and technical super high-
tenacious f ibres prepared from high-molecular PE by
the so-cal led xerogel method (UHMWPE) - f ibres
Spectra f rom the f i rm Al l ied Signal  and f ibres
Dyneema from the f irm DSM.

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

Region/Country 1995
NV

1 996 1 997 1 998 1 999

Western Europe
Eastern Europe
Turkey
Canada
USA
Mexico
Other America
Japan
Ch ina
South Korea
Taiwan
Other Asia

814
86
104
42
851
33
202
1 1 6
708
79
1 1 8
249
1 0 3

3505

362
44
30
27
238

5
53
1 1 8

785
91
112
45
874
37
204
98

727
80
120
271
117

426
40
31
27
255
6
7
56
1 3 1
6
5
I
1 9

992
207
3 1 1
62

1 255
50
235
134
880
88
143
331
1 6 3

575
78
55
32
378
7
1 4
78
1 5 0
1 2
1 2
74
24

793 421
109 44
171 33
48 28
914 283
4 3 5

208 9
1 0 5  6 1
722 128
81  I
1 2 2  5
274 10
1 1 7  1 9

7s1 462
1 1 0  4 4
259 40
54 29
971 290
4 3 6

208 10
102 58
719 125
7 6 8
124 9
257 I
129 21

975 562
195 55
3 1 1  5 5
62 32

1236 378
5 0 7
234 '13

134 78
880  150
8 8  1 0
137 12
335 17
149 24

I
1 7icaiOceanic

902
4407

1 0 1 8
4579

3707 1054
4761

3 8 0 3  1 1 1 1
4914

4786 1393
61 79

4851
6340

NV = monofi laments, mult i f i laments yarns, spunbonds and f i lm f ibers

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

Fiber p (g/cm3) v, 1m37rg; MP (pm2/tex) ),(Wm.K) RV (%) T. ("C) T, ("C)

PP
PA
PAN
PET
Viscose
Wool
Cotton

0,92
1 , 1 4
1  , 1 8
1 , 3 8
1 , 5 2
1 , 3 2
1 , 5 0

1 , 0 9
0,88
0,85
0,72
0,66
0,76
0,67

1087
877
847
725
658
756
667

0,8-1 ,0
3,4
6,5

2,0-3,0
11-14

23
27,5

0,01
3,5-4,5

1 , 0
0,3-0,5
11-14
12-18
8 -13

1 4 0
1 8 0

230

1 65-1 75
215-220

250-260

p = density, Vs = specif ic volume, MP = specif ic surface, l ,  = heat conductivi ty when l"u;,  = 0,026 Wm.K
RV = moisture regains, T, = softening temperature, Tt = melt ing temperature

Take-up
speed
m/min

Tenacity
cN/dtex

Elongation
%

Shr inkage
%

Table 3 Mechanical propert ies of PP f ibers made from Ziegler-
Nat ta  po lymer  (ZN- iPP)  and meta l locene po lymer
(m- iPP)

ZN-|PP: melt ing point = 163 "C m-iPP: melt ing point = 151 'C

MFI  = 25 g/10 min MFI  = 25 g/10 min

elastici ty of polymer's melt.  These propert ies of m-
iPP enable preparation of PP f ibres 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-
t ies as early as the beginning of i ts preparation, and
it was obvious that i t  would f ind a big appl icat ion in
the f ield of plast ic materials processing. When ap-
plying polypropylene in production of chemical f ibres,
opinions were not united because of some proper-
t ies of pure PP as lower l ight and thermal stabi l i ty,
bad dyeabil i ty in solut ions of dyes, hydrophobicity,
etc. For these reasons, big distrust of PP f ibres de-
veloped, and important world f ibre companies cal led
it  , , f ibre of the poor".

Today, polypropylene f ibres belong to the young-
est generation of chemical f ibres, having a large ca-
pacity production. Their development was relat ively
fast in comparison with other types of synthetic f i -
bres.  As ear ly  as 1958,  i .e .  four  years af ter
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 Bri tain, France and Slovakia. In 1970, produc-
t ion of  PP f ibres was 0,34 mi l  t ,  in  1980 around 1,05
mi l  t ,  and in  1990 2,2 mi l  t  (F ig.  6) .  At  present ,  pro-
duction and consumption of PP f ibres holds a sec-
ond p lace (5 mi l  t ) ,  a f ter  PET f ibres (16 mi l  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 l2-5,9, 1 1 , 15-201.

Polypropylene f ibres have won through on the
market as another type of chemical f ibres and also
because of their specif ic propert ies, especial ly:
- the lowest specific weight (Tab. 2)
- the highest specific volume and surface area [fab. 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

ZN- iPP m- iPP ZN- iPP m. iPP ZN. iPP m- iPP

3,2
3,3
3,8
4,4

2000
2s00
3000
4000

1 5  1 4
1 4  1 1
1 6  1 0
1 9  1 0 , 5

vention enabled to prepare crystal l izable polymers
also from monomers with asymmetric structure. Thus
we came partly closer to the laws of creation of poly-
meric f ibre-forming materials in nature (cel lulose in
cotton, proteins in natural si lk and in wool).  Also on
this occasion, we pay our respects to Prof. Natta and
his team for the contr ibution to polymeric chemistry
as well  as development of PP f ibres 112, 13, 141.

Development done unti l  now has ensured produc-
t ion of wide range of PP polymers, enabling prepa-
rat ion of f ibres which are appl ied in al l  spheres of
text i les while PP f ibres have the dominant posit ion
in non-woven mater ia ls  124,  5,  9 ,10,1 1 ,15,161.

Owing to new-built plants, producing polypropylene,
we can assume that in 2001, capacity of production
of polymer in the world wil l  reach 38,7 mil  t /year.
Capacity of production of PP polymer in Europe was
about  8,9 mi l  t lyear  in  1998.  1,8 mi l  t  f rom th is  quan-
t i ty were applied to PP texti les. There is an assump-
tion that in 2001 , capacity of production of PP poly-
mers in Europe wil l  be 10,9 mil  t /year 12-4,19,21,221.

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 metal locene catalysts (m-iPP) have
narrower distr ibution 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 o/o),

small  share of volat i le low-molecular fract ions, usu-
ally lower melt temperature (1 46-150'C) and lower

1 4

2,6
2 ,8
3 ,1
3,8

1 6 0
146
1 3 5
90

140
120
85
48
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- high activity to non-polar organic compounds
- high resistance to acids and alkal is
- resistance to moulds, microorganisms and insects
- the lowest irr i tabi l i ty of skin, hygienic - nonallergic
- non-toxic substances (CO, and HrO) are released

during thorough combustion
- higher thermal and insulating properties of their tex-

t i les
- higher absorption of sound
- high elasticity at low deformations
- soft and warm touch of their textiles
- high physical act ivi ty of their surface (separation

properties)
- negative electrostatic charge.

The main assortment of PP f ibres produced is in
form of staples, BCF, tow, text i le and technical yarn,
foi l  tapes, f ibr i l lated foi l  f ibres and f leeces (spunbond,
meltblown). PP f ibres are produced in broad scale
of  co lour  shades,  tenaci ty  (1 ,5-g cN/dtex) ,  l inear
density (0,5-600 dtex) with various transverse and
longi tudinal  geometr ies (F ig.  1) ,  wi th  var ious over-
molecular and macromorphological structures (Fig.
2, 3). Basic physical propert ies of f ibres are given
in Table 2. Absorption of sound is given in Figure 4.
The main spheres of appl icat ion of PP f ibres in prod-
ucts are given in Figure 5.

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

vtdkna a textil I (1) 13-23 (2001)

,'oor", with different struc-
tural modif icat ion; a - PP f ibres 1,3 dtex with the smectic-
hexagonal structural modif icat ion, b - Cross-section PP f i-
bres with inorganic substrata with monocl inic structural
modif icat ion

The research and development  of  PP f ibres in
Slovakia started in 1958 in the Research lnst i tute of
Man-Made Fibres and at the Department of Chemi-
cal Fibres at CHTF SVST, in cooperation with tex-
t i le research inst i tutes, VUMCH and mechanical-en-
gineering inst i tut ions. The f irst production of PP f ibres
was real ized in Chemosvit Svit  in 1965 (staple, tech-
n ica l  yarn) .  In  1967,  product ion of  PP f  ibres was
launched in SLZ Hn05ta (types of f ibres for furniture-
making). PP staple's production of a large capacity
and basic unit  of PP technical yarn - and later, of
PP BCF were real ized in 1970 in lstrochem
Bratislava. Production of PE and PP f ibrous materi-
a ls  (spunbond) was real ized in  1976 and 1 977 in
Tatralan KeZmarok. Further production of PP staples
and PP BCF, having a large capacity, was real ized
in 1978 and 1981 in lstrochem Bratislava, and pro-
duction of PP text i le yarn in 1980 in Chemosvit Svit .
The above-mentioned productions were introduced
on the bases of our own research and development
of machinery, with r ich scale of colour shades, physi-
cal-mechanical propert ies, f ineness, as well  as vari-
ous transverse and longitudinal geometries (prof i led
ones), and they were modif ied for signif icant spheres
of appl icat ion. In 1989, production of PP f ibres and
fibrous materials in Slovakia was 50 300 tlyear. Since
1989, innovation of processes of f ibres' preparation
as well  as further development of modif ied PP f ibres
have been happening.

At present, PP f ibres in form of staple, BCF, yarn,
non-woven text i les, tapes and similar products with
large scale of colour shades, physical-mechanical
properties, fineness and with various transverse and

1 5
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Fig. 3 SEM photographs of inner structure
of PP f ibres addit ivated with: a -

Mg(OH)r, b - BaS0o, c - CaC0., d -

without addit ivated, e - hol low f ibre
addit ivated with Mg(oH),

The sound Ac th i tY

o Y profr J^ rF

I rooo ttz RN\N cooo ttz FfiElegoo xr

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

longitudinal geometries (profiled ones) are being pro-
duced in Slovakia. They are modif ied for various
fields of appl icat ion.

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.

1 6

Agro- and geotextjles
8%

Hygiene & Medical
20%

Fig. 5 Texti ie 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 f ibres,
mainly for:
- protective and work clothings for various working

environments or climatic conditions
- ECO systems

Technical uses a
transportation

d-/o

Apparels and household
8o/o

Ropes & twines
60/o

Strapping
5%

FIBC's
b -/o
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OTHERS
5o/o

1 970

1 988

Fig.6  Wor tdwide product ion o f  PP f ibers  in  1970 and 1998

- non-woven fabrics for hygiene products and worsted
blankets

- knit ted winter and sport socks, and for hand and
machine knitting yarns

- non-woven fabrics for warming inserts, filtration of
gases and l iquids, e.g. deoi l ing f i l ters

- 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, especial ly with viscose staple and cotton.
The main appl ications are fol lowing:
- fabrics for alkali resistant industrial uniforms and cov-

eralls as well as common work clothing
- basic fabrics for special technologies (needle punch-

ing, tuft ing)
- technical f i l ter fabrics for agriculture, bui lding indus-

try, transport, etc.
- fabrics for bedspreads, bandages, shoemaker's ducks
- interlock knit ted 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 mult icomponent f ibres for
gas or l iquid circulat ion

- preparation of ECO materials.

The great part of polypropylene f ibres is in form of
non-woven materials, prepared direct ly under the
nozzle and reinforced by mechanical,  chemical and
thermal treatment [1 ,6,7]:
- fi lter materials, underfelts for tufted carpets, wraps

and hygiene products
-  however ,  the main appl icat ion is  in  form of

geotextiles for the following spheres:
- bui lding of roads, highways, forest and f ield drive-

ways
- building of sport facilities

vt 'kna a text i l  I  (1)  13-23 (2001)

- stabilization of dam embankments, river banks, wa-
ter reservoirs and channels - bui lding of rai lroads
and tunnels.
PP yarn is produced in a broad assortment and

with different fineness, different overmolecular struc-
ture and physical-mechanical propert ies, and with
various transversal geometry.

The main production volume is made up by trans-
versal ly and longitudinal ly textured BCF which are
used in the f ield of home texti les, especial ly for:
- tufted carpets with loop and pile
- upholstery fabrics and covers, decoration textiles,

textile wall covering, etc.
This  f ie ld  can a lso inc lude the so-cal led mul t i -

component PP f ibres in form of tow, intended for
cigarette f i l ters and for f i l t rat ion 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-
cial ly on a world-wide scale. Signif icant f ields of i ts
application are mainly fol lowing:
- 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 materials
- bedclothes
- r ibbons, ropes, l ines, nets.

In clothing industry, PP f ibres are appl ied to un-
denruear, chi ldren'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-cal led integrated areal text i les which
represent a suitable product for clothing, in terms of
physiology and hygiene.

The increasing interest in appl icat ion of the spe-
cial types for medicine is worth of our attention. In
this sphere, PP f ibres 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 f ibres are being developed by innovation of
their preparation processes and by their physical-
mechanical modif icat ion, are fol lowing:
- 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 stereoisomers

- special types for f loor coverings, wall  facings and
wallcovering, bedsheets, etc.

1 7



- in the sphere of text i le fabrics, modif ied 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-
ponation and good parameters of comfort of cloth-
ing (underuear, 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 stabi l izat ion of embank-
ments, dams and water reservoirs, and for affores-
tation

-  modi f ied and h igh tenacious f ibres for  cement
blends, used in bui lding industry and for thermal in-
sulat ion of bui ldings

- special f ibres for sports faci l i t ies, ropes and wrap
materials

- modified types of fibres for drainage felts, fi lter 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 transpoft, 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 fol lowing f irms:
- lstrochem, a.s. Bratislava (Supplement No. 1)
- Chemosvit-Fibrochem, a.s. Svit (Supplement No. 2)
- Research lnstitute For Man-Made Fibres, a.s. Svit

(Supplement No. 3)
- Tatral'an, a.s. KeZmarok (Supplement No. 4).

PP fibres have good chances of quantitative and
quali tat ive development also in the further period.
Today, the basic raw material - PP polymer - rep-
resents a sufficient source for preparation of fibres
f rom the viewpoint of production amount

12,3,10,21,221. Assortment composition of PP poly-
mers is so wide that i t  enables to prepare PP f ibres
and f ibrous materials which f ind their appl icat ion in
al l  spheres of text i les, used for personal and social
consumption [3-9,1 1 ,19-26]. Recently, production of

1 8

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
propert ies with high ut i l i ty 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 cycl ic
l-polyolef ines with high Tg and Tm for the high-te-
nacious f ibre 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/Tdj

NOBELEX B 1,3 2,8 h igh shr inkage
NOBELEX K 11 17 h igh shr inkage
ISTRONA B 1,7 2,2 2,5 2,8 cotton type
ISTRONA B TPS 2,2 2,5 2,8 thermobonding
ISTRONA B BST 2,2 2,5 2,8 antimicrobial
ISTRONA B BD 2,2 2,5 2,8 open end (OE)
ISTRONA B FDA 2,2 2,5 2,8 food contact approval
ISTRONA V 3,3 3,9 6,7 wool type
ISTRONA V TPS 3,3 3,9 thermobonding
ISTRONA V BD 3,9 6,7 open end (0E)
ISTRONA V BST 3,3 3,9 6,7 antimicrobial
ISTRONA V FR 3,9 6,7 f lame retardant
ISTRONA V LS 3,9 6,7 high UV stabi l i ty
ISTRONA V FDA 3,9 6,7 food contact approval
ISTRONA V HT 3,3 3,9 6,7 high tenacity
ISTRONA K 11 17 22 30 carpet type
ISTRONA K FR 11 17 22 f lame retardant
ISTRONA K BST 11 17 antimicrobial
ISTRONA K LS 11 17 high UV stabi l i ty
DIMAPOS 6,7 17 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 @ - f IAt
Prolen H 56-330/1 ,7-5,2 non-twisted
Prolen HP 56-330i1 ,7-5,2 No. of intermingl,

points min.20
660-1800/5,0-8,3 No.of in termingl .

Points max.10
Prolen HS 84-660/3,3-5,2 twisted (75-180)
Prolen HSF 22013,3 twisted (75-180)
Prolen HVP 660-1800i5,5-8,3 No. of intermingl.

Points  min.10

2. POLYPROPYLENE YARN@- textured, high elongation
Prolenvel 56-660/2,2-3,3 spindle twisted

K K  m i n . 2 5 , 2 7 5
Prolenvel FT 110-22012,2-3,3 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 .S ,  275 ,100

4. POLYPROPYLENE YARN @- air textured
Prolenvlr P 330-500 low effect of texturing
Prolenvlr CV 660-1100 medium effect of

texturing - core effect
Prolenvir T 1300-3000 high effect of texturing

- core effect of a
taslan yarn character
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Supplement No. 3

ASSORTMENT OF PP FIBRES
RESEARCH INSTITUTE OF MAN-MADE FIBERS. a.s. Svit

Supplement No. 4

ASSORTMENT OF PP AND PE FIBROUS MATERIALS
TATRALAN, A.S., KEZMAROK

Trademark Linear density
(dtex), Td/Tdj

POLYCORD - 650-3000/
technical fibre 5-17

KALCIF ILS-s tap le  5 -8

FIBROSAN - tow, 6-7
staple or flock

PP - staple 10-17

Charakteristic

high tenacious, flat
non-twisted, twisted
cut length (mm) 5, 12,20,
38, natural, dull, mass-dyed
composite fibre,
cut length (mm) 5, 10,12,
3 8 , 6 0 , 9 0 ,  1 1 5 ,  1 3 0 ,  1 5 0 ,
sorption of petroleum
substances 1 Okg/kg fibres
cut length (mm) 60, 75, 90,
1 0 5 ,  1 1 5 , 1 3 0 ,  1 5 0 ,
shrinkage max. 1,5 %,
mass-dyed
cut length (mm) 60, 90,
130,  150,  shr inkage min.
15 o/0, dull, mass-dyed
thermobonding
flat, twisted

Trademark Linear density
(dtex)

TATRATEX 2OO-1OOO

Charakteristic

PP, width 3500 mm
spunbond
PE, three-dimensional
fleece, width 1600 mm
PE, two-layer,
width 1600 mm
PE, meltblown,

P P - s t a p l e K  9 ,  1 1 , 1 5 ,  1 7

PP - staple PP/PE
MICRO-yarn <1

Za obdobie asi 7000 rokov pouZivania textilnfch vl6-
kien boli aZ do konca 19. storodia pou2ivan6 iba prfrod-
n6 vldkna - lan, juta, bavlna, vlna a prirodnf hodvab.
Koncom 19. a zadiatkom 20. storodia sa rodf priemy-
selnd vliroba chemickfch vldkien z regenerovanlich
prirodnlich polym6rov a tesne pred druhou svetovou
vojnou sa objavuj0 pru6 priemyselne vyrdban6 a spra-
covdvane syntetick6 vldkna v prirode sa nenachddza-
juce. Chemick6 vldkna su teda legit imnfm dietatom
nd5ho storo6ia. lch rozvoj bol tak velkyi, Ze dnes maj0
cca 58 %-nl podiel na spotrebe chemiclgich vldkien vo
v5etkfch oblastiach aplikdcie (obliekanie, bytor4i tex-
til, technick6 textflie) (1,2,3,4,5).V tomto obdobf sa naj-
viac rozvrjajf polyesterov6 (PET) a polyolefinov6 (PO),
najmd polypropyl6nov6 vldkna (PP) (tab.1). Polyolefi-
nov6 vldkna s[ reprezentovan6 troma typmi na baze
polym6rov (5,6):
- polypropylen (PP)
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DREN 850-1 000

TATRADREN lOOO-1200

TEXIZOL 150,600-3500

- polyetylen (PE)
- polymetylpent6n (PMP).

Polypropyl6nov6 vldkna z celkovej vfroby polyolefi-
novlich vldkien maju okolo 95 %-nf a polyetyl6nov6
cca 5%-nf podiel, polymetylpent6nov6 vldkna maju za-
nedbatel 'n; i  podiel (Polymer-Mitsui).  Polyetyl6nov6
vldkna s0 vyrdbane vo forme netkanfch materidlov
(Spunbond, Meltblown, Tyvek, Dren), technickyich su-
perpevnfch vldkien pripravovanyich z vysokomolekulo-
v6ho PE, tzv. xerog6lovyim sposobom (UHMWPE) -
vldkna Spectra f irmy All ied Signal a Dyneema f irmy
DSM z PE s0 tieZ vyrdban6 vo forme strfn-vlascov.
Ozndmenie objavu prof. Nattom v roku 1954 o pripra-
ve polypropyl6nu stereo5pecifickou polymerizdciou pri
po u Z i tf Zi eg I e r- N attovf ch kataly zato rov p ri n i es I o zv r at
i v polym6rnej ch6mii. Tento objav umoZioval pripra-
vit kryStalizovatel'n6 polym6ry i z monomerov s asy-
metrickou Struktfirou. Tyim sme sa diastodne priblfZili

ROZVOJ POLYOLEF1NOVVCH VLAKIEN VO SVETE A NA
SLOVENSKU

Jambrich, M., Budzdk, D.*, Jambrich, P.**, Ludivianskyi,  J.***, Revus, M.****

Fakulta priemyselnych technologii TrU Ptchov
*Vyskumny dstav chemick,ich vldkien a. s. Svlt

**lstrochem a. s. Bratislava
***Chemosvif a. s. Fibrochem Svit

*** S/ovenskd spolo1nos( priemyselnej chdmie Bratislava
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k zdkonitostiam tvorby polym6rnych vldknotuornyich ld-
tok v prirode (celuloza v bavlne, protefny v prirodnom
hodvdbe a vlne). I pri tejto prileZitosti vzddvame uctu
prof. Nattovi a jeho kolektivu za vklad pre polym6rnu
ch6miu i  pre rozvoj PP vldkien (12,13,14).

Doteraj5l rozvoj zabezpedil vfrobu Sirokej Skaly PP
polym6rov, umoZiujfcej pripravu vldkien uplatiova-
nfch vo vSetkych oblastiach textilif pricom PP vl6kna
maj0 dominantn6 postavenie v netkanfch materidloch
(2 ,3 ,4 ,5 ,  9 ,1  0 ,1  1 ,1  5 ,1  6 ) .

Novovybudovan6 vyirobne polypropyl6nu vytvdrajI
predpoklad, 2e v roku 2001 budri kapacity vfroby po-
lym6ru vo svete na urovni 38,7 mil. Vr. Kapacity Wro-
by PP polym6ru v Europe v roku 1998 bol i  cca 8,9 mil .
tlr.Z toho bolo aplikovan6 na PP textilie 1,8 mil. t. V ro-
ku 2001 sti vytvdran6 predpoklady na 10,9 mil. Vr ka-
pacit vfroby PP polym6rov v Europe (2,3,4,19,21,22).

V ostatnyich rokoch dal5i rozvoj PP polym6ru na b6-
ze Ziegler-Nattovych (ZN) katalyzdtorov je do znacnej
miery v tieni pripravy polym6ru s metalocenovfmi ka-
talyzdtormi (7,8,9). Polym6ry pripraven6 s metaloceno-
vymi katalyzAtormi (m-iPP) majf uZ5iu distribfciu mo-
lekulovy ich hmotnost f  (Mw/Mn = 2,5)  v  porovnani
s ZN-iPP (Mw/Mn = 3-5), ni25( obsah ataktick6ho po-
lym6ru (pod 0,5 %), maly podiel prchavfch nizkomo-
lekulor4ich frakcii, majI zvycajne ni25iu teplotu topenia
(146-150 "C) a n iZ5iu e last ic i tu  taveniny polym6ru.
Tieto vlastnosti  m-iPP umoZnujf pripravu PP vldkien
s vy55imi pevnostami, prfpravu jemnfch vldkien a vld-
kien s niZSou zrAlavostou v porovnanis vldknami prip-
ravenlimi z polym6rov ZN-iPP (tab.3).

Svojimi vlastnos{ami vzbudil polypropyl6n pozornost
hned'v zaciatkoch jeho prfpravy a bolo zrqm6, Ze v ob-
lasti spracovania plastictcfch ldtok najde velk6 uplatne-
nie. Pri uplatnenf polypropyl6nu vo 4irobe chemickrich
vldkien neboli jednotn6 nAzory z ddvodov niektoryich
vlastnosticist6ho PP ako niZ5ia svetelnd a tepelnd sta-
bilita, z16, vfarbitelhost z roztokov farbiv, hydrof6bnost
a pod.. Z tychto dovodov sa vytvori la k PP vldknam
velkd nedovera a vliynamn6 svetov6 vldknarsk6 firmy
toto vldkno oznadovali ako ,,vlakno chudobnfch".

Polypropyl6nov6 vldkna patria dnes medzi najmlad-
5iu generdciu velkokapacitne vyrdbanlich chemickyich
vldkien. lch rozvoj bol relatfvne ryichly v porovnani k os-
tatn;im typom syntetickyich vldkien. UZ v roku 1958, t.
j. po 4 rokoch od zverejnenia objavu prof. Nattom za-
cina vfroba PP vldkien v USA a Tal iansku. Do roku
1965 bola zavedend vyiroba v Japonsku, Velkej Brita-
ni i ,  Francuzsku a na Slovensku. V roku 1970 bola vf-
roba PP vldkien 0,34 mil .  t ,  v roku 1980 asi 1,05 mil .
I a2,2 mil. t v roku 1990 (obr. 6). Dnes zaujima vfro-
ba a spotreba PP vldkien druh6 miesto (>5 mil .  t)  za
PET v laknami (>16 mi l .  t ) .

Prudk;i  rozvoj PP vldkien bol podmienenli  jednak
dostatocnfm zdrojom zdkladnej suroviny ale i zdslu-
hou ich v5eobecnlich, Specifickfch a Specidlnych vlast-
nosti, aplikovatelhostou zariadenia vyvijan6ho pre syn-
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tet ick6 vldkna a l ie? cenou zdkladnej suroviny
(2,3,4,5,9,1 1,15-20). Polypropyl6nov6 vldkna sa pre-
sadi l i  na trhu ako d'alSi typ chemick6ho vldkna aj
z dOvodov ich Specifickfch vlastnosti, predov5etk;im:
- najniZ5ia Specifickd hmotnost (tab. 2)
- najvy5Si mernf objem a mernd plocha (tab. 2)
- vysokd odolnost v odere za sucha a mokra
- niZ5ia zAdri vlhkosti  ( tab.2)
- vysok6 kapil6rna vzlinavost
- najniZSi odpor vodi prestupu vodnyich par v ich tex-

til iach
- vysokd aktivi ta k nepoldrnym organickfm zl0ceni-

ndm
- vysokd odolnost voci kyselindm a alkAlidm
- odolnost voci pliesiam, mikroorganizmom a hmyzu
- najniZ5ia drdZdivost pokoZky, hygienicky nezdvad-

n6 - nealergick6
- pri  dokonalom spalbvani vznikaju netoxick6 latky

(COr a H2O)
- vy5Sie tepelno-izolacn6 vlastnosti ich textilif
- vySSia pohltivost zvuku
- vysokd elasticita pri nizkych deformdcidch
- hebkf a tepl;i ohmat ich textili i
-  vysokd fyzikdlna aktivi ta ich povrchu (separadn6

vlastnosti)
- negativny elektrostatickf naboj.

Hlavnf sort iment vyrdbanyich PP vldkien je vo for-
me str iZe, kdbl ika, k6bla, text i lneho a technick6ho
hodvdbu, foliovfch pdsok, fibrilovanfch foliovlch vla-
kien a run (spunbond, meltblown). Vyiroba PP vl6-
kien je v Sirokej 5k6le farebnfch odtieiov, pevnostl
(1 ,5-g cN/dtex), jemnostr (0,5-600 dtex) o r6znej
priecnej a pozdlZnej geometri i  (obr. 1), s rdznou nad-
molekulovou a makromorfologickou Strukt0rou (obr.
2, 3). Zdkladn6 fyzikalne vlastnosti vldkien su uve-
den6 v tab. 2. Pohlt ivost zvuku je uvedend na obr.4.
Hlavn6 oblasti  apl ikdcie PP vldkien vo vfrobkoch s0
uveden6 na obr. 5.

Vliskum a rozvoj PP vldkien na Slovensku zadal r.
1958 vo Vfskumnom ustave chemickfch vldkien a na
katedre chemickyich vldkien CHTF SVST za spolu-
prdce s VlJ text i lnyimi, VUMCH a strojdrskymi in5ti-
t[ciami (VU a vfrobcami zariadenia). Prva vfroba PP
vldkien bola real izovand v Chemosvite Svit  r .  1965
(striZ, technickf hodvab). V r. 1967 bola spustend vf-
roba PP vldkien v SLZ Hnu5tie (nabytkarske typy vld-
kien). Vel'kokapacitnd 4iroba PP striZe azAkladnA
jednotka PP technick6ho hodvdbu a pozdejSie PP
kablika bol i  real izovan6 v r.  '1970 v lstrocheme Bra-
tislava. Vfroba PE a PP vldknitlich materiAlov (spun-
bond) bola realizovanA v r. 1 976 a 1977 v Tatral'a-
ne Ke2marok. Dal5ia velkokapacitnd 4iroba PP striZe
a PP kablika bola real izovand v r.  1 978 a 1981 v ls-
trocheme Bratislava a PP texti ln6ho hodvdbu v r.
1980 v Chemosvite Svit .  Uveden6 vfroby bol i  zave-
den6 na podkladoch vlastn6ho vfskumu a vl ivoja
strojn6ho zariadenia s bohatou Skdlou farebnyich od-
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t ieiov, fyzikdlno-mechanickfch vlastnost[,  jemnosti ,
s rdznou priecnou a pozdlZnou geometriou (prof i lo-
van6) a modif ikovan6 pre rozhodujfce oblasti  apl i-
kdcie.

V r.  1989 bola vfroba PP vlakien a vldknitfch ma-
teridlov na Slovensku 50 300 t/r .  Od roku 1989 do-
5lo k inovdcii procesov pripravy vldkien ale aj k d'al-
Siemu vyivoju modif ikovan;ich PP vldkien. V tomto
obdobi su na Slovensku vyrdban6 PP vldkna typu
striZ, keblik, hodvdb, netkane textflie, pasky a podob-
n6 vfrobky s rozsiahlou Skdlou farebnfch odtieiov,
fyzikdlno-mechanickfch vlastnost[, jemnostf a roznej
priecnej a pozdllnej geometrii (prof ilovan6) a modi-
fikovan6 pre r6zne oblasti aplikdcie. ZAkladn6 kla-
sick6 delenie PP str iZovyich vldkien je na typy ko-
bercov6 (K), vlndrske (V) a bavlndrske (B). Vldkna
rozdielnych typov sa l i5ia nielen svojou jemnostou
ale i  nadmolekulovou a morfo logickou Strukt f rov,
resp. niektor6 typy i molekulov'im zlolenim polym6r-
neho syst6mu. Strukt0ra, resp. vlastnosti  sa menia
podl 'a oblasti  apl ikdcie. Hlavnou oblastou apl ikdcie
PP striZovyich vldkien je oblast bytov6ho textilu.

Polypropyl6novd striZ kobercov6ho typu sa pouZi
va najmd do:
- v5fvanlich kobercov ako vlasovd i ako podkladovd

dast
- ihlovanfch plsti a netkanfch podlahonich krytin
- netkanyich dekoracnfch ldtok a obkladov stien
- odvodnovacich plstf a filtra6n;ich textflii. Vlndrske ty-

py PP striZovlich vldkien vyuZfvame bud'samotn6
alebo v zmesiach s viskoznou striZou a prirodnlimi
vlAknami najmd na:

- ochrann6 a pracovn6 odevy do r6znych pracovnfch
prostred[, resp. klimatickfch podmienok

- pre EKO syst6my
- netkan6 textilie pre hygienick6 0dely a 6esan6 prik'jvky
- pleten6 zimn6 a Sportov6 ponoZky a rudn6 a strojn6

pletacie priadze
- netkan6 textflie pre oteplovacie vloZky, filtrdciu ply-

nov a kvapalin, napr. odolejovacie filtre, textilie pre
stavebnictvo a dopravu. Bavlndrske typy PP striZo-
vfch v ldk ien maj I  t ieZ Si rok[  apl ikdc iu jednak
v priadzach zo 100 o/o PP alebo v zmesiach, najmd
s viskozovou striZou a bavlnou. Hlavn6 aplikdcie su
nasledovn6:

- tkaniny pre pld5te a odevy s ochrannou funkciou pro-
ti anorganichim Zieravindm ale i obydajn6 pracovn6
odevy

- zdkladn6 tkaniny pre Specidlne technologie (vpicho-
vanie, vSfvanie)

- technick6 tkaniny filtracn6, pre pol'nohospoddrstvo,
stavebnfctvo, dopravu a podobne

- tkaniny pre prestieradloviny, obviizoviny, obuvnfcke
stielky do obuvy

- interlokov6 pleteniny pre spodnu bielizen a jednollc-
ne pleteniny pre nirobu prestieradiel, Sportov6 odie-
vanie a pod.
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- vldkna zra2av6 pre zmesn6 r0na na vlirobu syn-
tetickfch koZi

- netkan6 materidly z viackomponentn;ich vldkien
pre recirkuldciu plynov alebo kvapalnfch m6dii

-  pre pripravu EKO materidlov. Vel 'kf podiel apl i-
kdcie polypropyl6nu je vo forme netkanych ma-
teridlov pripravenfch priamo pod hubicou spev-
nenyich mechanicky, chemicky a termicky (1,76):

- f i l t racn6 materidly, podkladov6 text i l ie pre v5i-
van6 koberce, obaloviny a pre hygienicke ucely

- hlavn6 pouZit ie je v5ak vo forme geotexti l i i  pre
oblast:
o vVstavba ciest, dial'nic, lesnlich a pol'nohos-

poddrskych pristupovlich ciest
. vVstavba Sportovfch aredlov
. speviovanie ndsypov hradz[, ndsypov pri

riekach, vodnyich nddrli a kandlov
. 4istavba Zeleznic a tunelov.

Nekonecn6 PP vldkna vyrdbame v Sirokom sort i-
mente a rozdielnej jemnosti  s rozdielnou nadmoleku-
lovou Struktfrou a tyzikAlno-mechanicklimi vlastnos-
tami a rdznou priecnou geometriou.

Hlavnf objem produkcie tvoria priecne a pozd%ne
tvarovane kdbliky a su pouZivan6 v oblasti bytovfch
textf l i [ ,  najmd do:
- v5ivanfch kobercov so sluckou a vlasom
- nabytkov6 a potahov6 ldtky, dekoracn6 textilie, tex-

tiln6 tapety a pod.
Do tejto oblasti zapadalu aj tzv. viaczlolkov6 PP

vldkna vo forme kdbla, ur6en6 pre cigaretov6 f i l t re,
ktor6 maju svoje Specifickti vlastnosti a ddvajri San-
cu vyuZit ich i  pre in6 oblasti  f i l t rdcie plynnfch m6-
di i .  Nekonecn6 vldkna - text i ln; i  hodvdb o jemnosti
od 30 do 600 dtex hladkf i tvarovanf predstavuje re-
latfvne vel'kri kapacitu produkcie, ktord najmd v ce-
losvetovom meradle narastd. Jeho rozhodujuce ob-
last i  apl ikdcie su najmd:
- tkaniny pre pre5[van6 prikryivky
- technick6 tkaniny pre filtrdciu, nepremokav6 plach-

toviny, elastick6 pasy a popruhy
- osnovy nabytkor4ich tkanfn
- pre5ivacie materidly pre uirobu netkanych textili i
- nabytkove, dekoracn6 a calunicke tkaniny
- uiplnkov6 tkaniny
- osnovn6 pleteniny
- opletan6 gumy
- postel'nd bielizen
- stuhy, land, Snfry, sietky.

V odevnom priemysle je apl ikdcia polypropyl6no-
vfch vldkien do biel izne, detsk6ho a ddmskeho oSa-
tenia, ponoZiek, rukavic, Sportov6ho a oddychov6ho
oblecenia a oblecenia pre ndrocn6 pracovn6 odevy,
napr. do chemickyich prevddzok a laboratori [ .  Polyp-
ropyl6novf hodvab tvarovanyi a s rozdielnou geomet-
r iou umoZnuje pripravit  tzv. integrovane plo5n6 tex-
til ie, ktor6 predstavuju vhodn;i vlirobok pre oSatenie
z hl 'adiska fyziologie odievania a hygieny. Za pozor-
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nost stoji neustale rastuci zlujem aplikdcie Specidl-
nych typov v oblasti medicfny. Tu sa PP vldknavyuli-
vaju v podobe chirurgickfch nitl, obvdzovfch tkan[n,
tamponov, protez, membrdn pre ultraf i l trdciu krvi,
obalov6 materidly pre pl ienky, dekubitn6 podloZky,
sanitdrne gAzy a chirurgicke ptdSte a pod. Zauj{ma-
v6 oblasti, pre ktor6 sa d'alej vyvijaj0 nov6 sortimenty
PP vldkien cestou inovdcie procesov ich pripravy
a fyzikdlno-chemickou modif ikdciou su:
- modifikovan6 typy vysokozrAlav6 pre nov6 typy ko-

bercov, potaho4ich ldtok, ndbytkor4ich tkanfn a prik-
rfiky, paplony (nealergick6) novou kombindciou ste-
reoizomerov

- Speci6lne typy pre podlahoviny, obkladacky st ien
a tapety, prestieradld a in6

- v oblastitextilnfch textiliisa vyvfjajf modifikovan6 ty-
py v zmesiach s inyimi vldknami pre ochranne a pra-
covn6 odevy pre ndrodn6 oblasti pouZitia v priemys-
le, medicfne a biolaboratoridch

- vldkna so zmenenou prie6nou a pozdlZnou geomet-
riou pre zimn6 a Sportov6 odievanie a oteplovacie
vloZky

- vldkna pre integrovan6 textilie s dobryimitransportnyi-
mi vlastnostami vlhkosti  a dobrfmi parametrami
komfortu odievania (spodn6 prddlo, detsk6 plienky,
5portov6 obleky)

- zmesn6 vldkna pre nov6 generdcie porom6rov
- mikrovldkna pripravovan6 klasickfmi postupmi, d'a-

lej cez viackomponentn6 zmesi M/F a postupov mel-
t-blown, ktor6 sa vyuZfvaju na exkluzivne a Sporto-
v6 oblecenie a technick6 aplikdcie

- vldkna pre technick6 textilie ako su geotextilie pre ni-
stavbu ciest, dial'nic, speviovanie ndsypov, hrddzi,
vodnyich nddrli, zalesiovanie a in6

- modifikovane a vysokopevn6 vldkna do cemento-
Wch zmesl pre stavebnfctvo a zateplbvanie budov

- Specidlne vldkna pre Sportov6 aredly, lan6 a obalo-
viny

- modifikovane typy vlakien pre odvodiovacie plste,
filtracn6 materidly, pre klimatizadn6 zariadenia

- vldkna pre rie5enie EKO probl6mov, najmd pre se-
pardciu ropnyich ldtok z vodnlich a plynn;ich prostre-
di a na ochranu pddy pred kontamindciou Skodlivf-
mi substrdtmi

- Specidlne vldkna pre dopravu, polhohospoddrstvo,
potravindrsky a chemickf priemysel

- viackomponentn6 vldkna na bdze PP typu M/F po-
lyfibrilarny a multijadrow typ u ktoryTch sa menia me-
chanick6 a chemick6 vlastnosti  a s0 vhodn6 i  na
prfpravu mikrovldkien

- bikomponentn6 vldkna typu S/S a JlP, najmd hete-
rofiln6 - termopojiv6

- bioaktfvne PP vldkna so Sirolqimi oblastami aplikdcie
v textilnich, technickych a mediclnskych uirobkoch.
V sficasnosti sa vyrdbaju PP vl6kna a vldknit6 ma-

teridly na Slovensku v nasledujucich f irmdch:
- lstrochem, a.s. Bratislava (priloha 1)
- Chemosvit-Fibrochem, a.s. Svit (prfloha 2)
- Vfskumnf 0stav chemickfch vldkien, a.s. Svit (pri-

loha 3)
- Tatralan, a.s. Kelmarok (priloha 4)

PP vldkna maj0 i  v dal5om obdobi dobr6 predpok-
lady pre kvantitativny a kvalitatlvny rozvoj. Zaklad-
nd surovina PP polym6r predstavuje z hl 'adiska
mnoZstva vliroby v tomto obdobidostatocny zdroj pre
prlpravu vldkien (2, 3, 10, 21, 22). Sodimentnd sklad-
ba PP polym6rov je tak Sirokd, 2e umolnuje pripra-
vu PP vldkien a vlaknityich materidlov uplat iujucich
sa vo v5etkfch oblastiach textili i vyuZivanfch v osob-
nej a spolocenskej spotrebe (3-9, 1 1, 19-26). V os-
tatnom obdobi za6[na vyiroba novej generdcie PO,
najmd PP polym6rov na bdze metalocenovyich ka-
talyzatorov, ktor6 umoZnuju pripravu vldkien so 5i-
rokou Skdlou vlastnosti s vysoklimi uZitkovfmi hod-
notami (2-8). Novf katalytickf syst6m ddva
predpoklady zdmernej pripravy PP stereoizom6rov
(m-iPP, m-sPP, m-aPP), kopolym6rov PP/PE, zme-
si polym6rov, LLDPE a cyklickfch l-polyoleffnov s vy-
sokyimi Tg a Tm pre typy vlakien vysokopevnfch
a znd5aj0cich vysok6 tepeln6 zalalenie.
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INFLUENCE OF THE MASS IRREGULARITY OF THE
LINEAR TEXTILES ON THE PLAIN TEXTILES

APPEARANCE

Jirdskovd P.

TU v Liberci, Department of mechanical technologies, Czech Republic

1. THE IRREGULARIW OF THE LINEAR TEXTILES

Parameters and characterist ic functions exist to
descript ion and denomination of the mass irregular-
ity of linear textiles and they are usually used in prac-
t ise.

There are these parameters in practise limit irregu-
lar calculat ion of the addit ional irregulari ty that origi-
nate during of the production - production and me-
chanical irregulari ty. According to index irregulari ty
is formulated dimension of the real length text i le
irregulari ty.

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. lt is
possible to identify imperfect step in the technology.

2. THE IRREGULARITY OF THE PLAIN TEXTILES

2.1. The visual evaluation of text i les

The area of the irregularity of the plain textiles isn't
elaborated in detai l .  The visual evaluation of text i le
appearance is only method used in practise. Yarn
defects - periodic but even

unperiodic show in the f inal appearance of the tex-
t i les this way.

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

1 "moire effect" (that means unsettled CB2(F,T)i,i
appearance of the textiles) - that is
made by components, with the short
wavelength (I < 50 cm);

2 faults with middle wavelength (), = 50 cm - 5
m) is caused specif ic condit ion. They no more
occur in the practice;

3 barriness (that means strong cross strip) - that
is made by components with longer wavelength
( ) , > 5 m )

b) The unperiodical defects show l ike f luttering
sloudiness appearance.

This classification is subject method that it isn't
based any quantitative parameters.

24

2.2. The characterist ic of the plain irregulari ty

2.2.1. Variance - area coeff icient fabric
The same way like yarn, the effort was about de-

termination of the parameters and characteristic func-
t ions for descript ion and the evaluation of the mass
irregulari ty of the plain text i les. l t  uses similar pa-
rameters l ike in yarn - optical diameter of the yarn
can be interpret as transparency of the l ight, the
transparency or using the mass.

According to mass variat ion G, area F, with test
areas f ,  WEGENER and PEUKER determined var i -
ance - area coefficient fabric CB(F, f)":

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

2.2.2. ldeal area variat ion
According to presumption about accidental distr i-

but ion of  the th ick or  the th in p laces in  the yarn
WEGENER and HOTH determined of fabric that are
produced by ideal process of the ideal area variance.

Where F = L"2 - area fabric in the form square with
length side L, CB(L,,T) '  -  ideal variance length co-
eff icient of the weft,  CB(L",T); -  ideal variance length
coeff icient of the warp, L, = e,.(F)o'u - the length of
the weft yarn woven - in to area F, Lo : eo.(F)o'u -
the length of the warp yarn woven - in to area F,
eu = Lr/L" - weft shortening , eo : LJL" - warp short-
ening, zu - number of the weft thread, zo - number of
the warp thread, NrTru - weft count (metric number),
NrT'ro - warp count (metric number)

( 1 )
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They determined coefficients of outside texture f
(the weft coefficient), ry (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:

cB2 (F, T)i , i
cB2(L 'T) i .6

The variance - area curve for the fabric with warp
thread irregulari ty only:

cB2(F,T) i , i  =  ca2( t* t ) ' '  ?
Fv)

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

2.2.4. The variance - area curve of the knitted fabric
When we make relat ion too - dimensional system

for one-dimensional system, we determine variance
- area curve of the knit ted fabric in condit ion nought
number of the warp threads.

cB2(F,r),,, =814 (8)
JF -z^

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

On one course is knit ted yarn of the length L =
er.(F)o'u, and e, - shortening for one course.

2.2.5. The quali ty of the production of the plain
texti les

The parameter corresponds to the dimension of the
irregulari ty (analogously as the irregular index of the
l inear text i les). Index K compares of the theoretical
and of the real area variance of the textiles (accord-
ing  to  WEGENER,  HOTH) :

K(L,r)s = HlkK(L,r) (e)
cB(F,T) i i  \  ' ,  '

This qual i ty index includes of the text i les produc-
t ion process as well  as of the spinning process.

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

The method of  the cut t ing 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-
f lect ion or the radiography method of the electrons.
This  method was used for  checking of  the th ick
tapes, foi l  surface coating of the fabrics. Measuring
ionisation f low is the mass and proport ional the plain
mass. This manner measure relat ively small  areas.
The finish mass of the large areas we can determine:

a) indirect ly - by adding the specif ic of the small
areas;

b) direct ly - by measuring of the large areas.

(6)
JF

)

,  I e o . t t m o  ) 2'o 
[  ""J\n'o J

[',*ffi *=") (3)

Coefficient of the structure - warp:

z n
' t - -  \ - /

(  e , ' , .Nm^ \ '

[2, i f f i *=o)
Then we decide the equation (5) from the equa-

t ion (2) :

cB21F,T) i , i  =  
* [ " t ' (Lu,T) i  . (  +  cB2(1" ,T) , . ry ]  (5)
V F . -

2.2.3. Variance - area curve fabric
We have of the fabric with dif ferent construction.

We need determine relat ion between the irregular-
i ty of the l inear as well  as of the plain text i les (the
irregulari ty is made warp and weft threads).
WEGENER and PEUKER made construction for vari-
ance - area curve determination, where the weft
threads provoke the irregulari ty and the irregulari ty
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 irregulari ty only:

t7J 5..8 t , .62 5t.77 cm
Iangth oJ wefi thread. Lu

Fig. 1 ldeal area variance curve CB(F, T)i.i
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For determination of the characteristics (of the light
transparency in the fabric) was used the photomet-
r ic 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 coeff icients are dependent:
f  .  i rregulari ty of the mass
2. irregulari ty of the diameter
3. irregulari ty of the twist.
The variance coeff icients l ight transparency of the

fabrics is defined ambiguously.

KEISOKI - the apparatus for determination of the
irregulari ty of the area text i les.

Japanese f i rm developed the inst rument ,  which
calculate the parameter D from the components of
the mass irregulari ty 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
irregulari ty of the l inear text i les on the optical princi-
ple (measure the diameter of the yarn, her volume).
According to measured value is practised computer
simulat ion of the fabric appearance.

USTER TESTER lV. - the apparatus for the meas-
uring of the irregulari ty of the l inear text i les on the

capacity principle ( i t  measures quanti ty passing, her
mass). According to the spectrogram of the yarn is
practised computer simulat ion of the future appear-
ance of the plain text i le (fabrics as well  as knit ted
fabrics).

Practise appl ication to the above - mentioned of
the parameters acquits oneself i l l .

The manner of  the evaluat ion to the apparatus
KEISOKI isn't  expand. This art icle is summary infor-
mation and relat ions. The most use manner of the
evaluation of the irregulari ty of the plain text i les is
computer simulat ion on the base f inding (count) pa-
rameters of the l inear text i les.

The object of this art icle is summarises knowledge
about this problem.

ln next work is necessary the numerical or experi-
mental analyses of the relat ion for calculat ion of the
plain variance.

Using l i terature

WEGENER, W. ,  PEUKER, H. :  D ie  Bez iehung zwischen der
GarnungleichmdBigkeit und dem Warenbild text i ler
Fldchengebilde, Inst i tut fr ir  Texti l technik der Technischen
Hochschule Aachen, 1 961
URSINY, P.: Theory of the spinning, vSSf Liberec, 19g2
Technical l i terature of the f irm ZELLWEGER USTER

t1l

tzl
t3l
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BESTIMMUNG DER INFOLGE DES NAHENS AUFTRENDEN
MATE R IALD E FAOR MATI ON E N

Trajkovic, C., Cirkovic, N.

Tehnlogisch Fkultdt in Leskovac, Universitdtin Nis Bulevar Oslobodenja 124, 16000 Leskovac, Yugoslavia

Die Mat i ra ldeformat ionen im Nahtbereich des Kleidungsstt ickes, die beim Ndhen entstehen,
konnen in Form des Schrumpfens der Naht ent lang und bei  den zwei l in igen St ichen auch quer
auf die Naht auftret ten.  Deformat ion der Neht ent lang kommt vor wie:  Krduselung der unteren
Mater ia lschicht  in Bezug auf die obere,  Schrumpfung oder Verkurzung der Naht ldnge durch
Stichengarn sowie Wellenbildung am Material der Naht entlang. ln dieser Arbeit sind die Ergebnisse
einer Untersuchung der Krduselung der unteren Mater ia lschicht  in Bezug auf die obere sowie
der Schrumpfung oder yerkurzung der Ldnge einer Naht mit  der Bezeichnung 1.01.01. entstanden
durch Ndhgarn fur die St ichtypen 301 und 401 und durch Naht l in ien in Ketten und SchuBrichtung
dargestellt.

Beim Ndhen der Texti lmaterial ien, d.h. beim durch-
stechen des Materials durch Ndhnadel kommt es
sehr oft zu unterschiedl ichen Beschddigungen des
Materai ls, die sich durch Unterbrechungen oder tei l-
weisigen Beschddigungen der SchuB- und Ketten-
fdden bei den Geweben, des Garns beim Gestr ick
oder des Ndhgarns manifest ieren, was meistens eine
Folge der  unentsprechend ausgewi ih l ten Nah-
parameter ist,  d.h. Stichdichte, Art und Ldngsmasse
des Garns,  Nummer und Spi tzenform der  Ndhnadel ,
Garnspannung, Ndhegeschwindigkeit u.a. Man sol l te
naturl ich auch die Beschaidigungen nicht vergessen,
d ie durch d ie Nadel  (abgenutzt  oder  beschddigt ) ,
Fuss (se ines Drucks auf  das Mater ia l ) ,  des Zug-
mechanismus u.a. verursacht werden.

Die Mater ia l ien kOnnen auch beim Zusammen-
ndhen der Tei le des Kleidungsstuckes durch Nah-
garn deformiert werden, wodurch eine Krduselung
der  Nah t  en t lang  (Abb .  1 )  und  be i  mehr l i n igen
Stichen auch quer auf die Naht (Abb. 2) entsteht.

Diese Deformationen, die der Naht entlang vorkom-
men, manifest ieren sich als: Krduselung der unteren

Schicht in Bezug auf die obere, Schrumpfung - Ver-
kurzung der Ldnge der Naht durch Stichengarn und
Wellenbi ldung am Material der Naht entlang 11,21.

Die Krduselung wird in Form von Verkurzung der
unteren Mater ia lschicht  in  Bezug auf  d ie obere
ausgedrt ickt.  Die untere Materialschicht, die sich an
der Seite des Zahnrechens befindet, verkurzt sich
mehr als die obere, die sich an der Seite des das
Material aufdruckende Fusses befindet [1,2,3].

Die Verkurzung wird als eine Relat ivgrosse dar-
gestel l t  A', '  (%) und durch die Gleichung bestimmt:

An = tn-to .too

wobei: Lo - Linge der oberen bzw. unteren Gewebe-
schichtvor dem Ndhen (cm), Ln - Ldnge der oberen
Gewebeschicht  nach dem Ndhen (cm) und Ld -
Ldnge der unteren Gewebeschicht nach dem Ndhen
(cm).

Die Krduselung wirkt sich negativ auf die Quali tet
ders Ndiherzeugnisses aus. Schrumpfen bzw. Krump-

( 1 )

z
o

lr
x
b0

N

0)

t <q)

Abb. 1 Krduselung - Krt immung des Materials
der Naht entlang
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Unterfadenzugklaft (cN)

Abb. 2 Schrumpfung des Materials durch - komplexe Zweilinienstich

27



fen wird in Form der gemeinsamen (gleichzeit igen)
Verkurzung des Materials ausgedrrickt,  nach dem
Durchndhen auf Kosten der Materialdeformation
durch Nahtgarn (Abb. 1).

Diese GrdBe wird auch als relativ dargestellt A" (%)
und durch die Gleichung bestimmt:

l _ l
Ac =  

-o ,  -n  
.100 (2 ' )' L o

Wel lenb i ldung w i rd  in  Form von Krummung des
Materials der Nahtl inie entlang ausgerdruckt (Abb. 1).
Solche Krummungen der  Naht  ent lang s ind fur
Material ine mit grdsserer Festigkeit,  d.h. mit groBem
Steifmodul, charakterist isch. Fur die Gewebe sind
zwei Arten von Wellenbi ldung charajkterist isch:

a)  Nahtwel lenbi ld ing,  wenn s ich d ie Wel le  uber
einige Maschen hinuber durchzieht und b) Maschen-
wel lenbi ldung,  wenn s ich d ie Wel le  auf  d ie Ldnge
einer Masche ausbreitet.

Die GroBe der Wellenbi ldung kann durch Welle-
bi ldungkoeff izient W (%) beurtei l t  werden, der das
VerhAltnis der Krrimmung und Ldnge der Stiche dar-
stel l t ,  an der sich die Welle ausbreitet (Abb. 1):

fw=*.roo (3)

wobei: f  -  Krummung in der Naht, f  = b - h (mm), b -
Abstand von der Kette bis Spitze der Welle (mm),
h - Dichte der Gewebeschichten (mm), lu - Stich-
l i inge (mm) und n - Anzahl von der Welle erfassten
Maschen.

Bei der Stichenwellenbildung (fur eine Stiche n : 1),
betrdgt der Wellenkoeff izient W (%):

t  b ,  h . roo  (4 )*=  
[ .100=  , ,

Weiche Gewebe mit kleinem Steifmodul verkurzen
(schrumpfen) sich leicht, so dass der Wellenkoef-
f izient nicht groB ist.  Feste - grobe Gewebe mit
groBem Steifmodul verkurzen (schrumpfen) sich
schwer, dafr ir  kommt aber die Wellenbi ldung mehr
zum Ausdruck (der Wellenkoeff izient ist grosser).

Bei komplexen zweil inigen Stichen bemerkt man
auBer der schon genannten auch die Querdeforma-
t ion der  Ndhte,  d.h.  Schrumpfen des Mater ia ls
zwischen der Stichen seitens des Greiferfadens, der
zwei paral lele Ndhte verbindet (Abb. 2).

Diese GrdBe kann auch a ls  re lat iv  dargeste l l t
werden A"s (%),  d .h. :

Ac  (  =  So ;  5 "  .1oo  (5 )u D  
s o

wobei: So - Ausgangs Breite des Tei ls (mm) und S"-
Breite des Tei les nach dem Durchndhen (mm).
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GRUNDEIGENSCHAFTEN DES NAHMATERIALS

Zur Untersuchung des Einf lusses der Stichdichte
und Ndhgeschwindigkeit auf die Gewebedeforma-
t ionen wdhrend des Ndhens wurde e in Baumwol le-
gewebe verwendet, mit in der Tabelle 1 enthaltenen
Grundeigenschaften. Gendht wurde mit mercerisier-
tem Baumwollegarn, Handelsbezeichnung 60, des-
sen Grundeingenschaften in der Tabelle 2 gegeben
s ind .

Verb inden Ndhen der  Gewebemuster  wurde
durch Stichen der Typen 301 und 401 ( l t .  ISO 4916)
an der  Naht  mi t  der  Bezeichnung 1 .O1 .Ol  ( l t .  ISO
4915) durchgefuhrt.

Gewebemustern wurden gemdB der Anweisungen
aus der Literatur [4] vorbereitet, so dass der Einfluss
der  Verdnderung der  Ndhgeschwindigkei t  vom
Anfang des Ndhens bis zum Erreichen der Nominal-
geschwindigkei t  und beim St i l l legung der  Maschine
vermieden wurde.

Tabelle 1 Grundeigenschaften des Gewebes

Eigenschaften
.l
I

MaBeinheiten Werte
2 3

FldchenmaBe
Fadendichte:

- in Kette
-  in  SchuB

Dicke
LdngsmaBe des Garns:

- fiir Kette
-  f i i r  SchuB

ReiBkraft:
- auf Kette
- auf SchuB

ReiBdehnung:
- auf Kette
- auf SchuB

Schrumpfen beim Waschen:
- auf Kette
- auf SchuB

Bindun

9lm2
cm

1 3 0 . 1

28
16.2
0.38
tex

29.5
29.5

488
267

mm
tex

6 .8
12.7

0.1
2.8

Tuch

Tabelle 2 Grundeigenschaften des NAhgarns

Eigenschaften
1

MaBeinheiten Werte
2 3

LdngsmaBe tex 10.3 x 3
Anzahl der Drehungen beim Zwirnen m-l 819
ReiBkraft:  -  absolut cN 849

- relativ cNltex 27.47
ReiBdehnun % 5.2

UNTERSUCH U NGSERGEBNISSE
UND DISKUSSION

Ergebnisse der Untersuchung des Schrumpfens
der unteren Materialschicht in Bezug auf die obere
An und Schrumpfen - Verkurzen der Nahtldnge durch
St ichengarn Ac s ind in  den Tabel le  3 b is  6
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Tabelle 3 Tabelle 5

Lfd.

Nummer

I
I

Ndhgesch-

wind igke i t

(min-l)
2

Stichdichte

(cm-t)

3

Lfd.
Nummer

I

Ndhgesch-

windigkeit

(min-1)
2

Stichdichte

(cm-t)

3

an

(%)

4

ac

(%)

5

an

("k)

4

ac

(Y')

5

1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
20
21
22
23
24
25

2000
, t

2500

1 500

t t

,,

3 5 0 0

3.51
4.01
5.45
6.62

10.52
3.51
4.00
5.45
6.53

10 .90
3.47
3.99
5.46
6.99

10 .75
3.57
4.03
5.46
6.60

10 .60
3.60
4.02
5.43
6.8s

1 0 . 8 1

0.22
0.30
0.40
0.32
0.61
0.40
0.40
0.60
0.62
0.40
0.20
0.20
0.20
0.40
0.80
0.20
0.22
0.42
0.20
0.61
0.20
o.20
0.40
0.20
0.40

0.20
0.60
0.61
0.30
0.20
0.61
0.41
0.41
0.41
0.20
0.60
0.60
0.60
0.80
0.20
0.40
0.41
0.61
0.40
0.40
0.60
0.60
0.40
0.40
0.40

3 . 1 4
3.33
4.24
5 . 1 0
6 . 1 3
3 . 1 5
3.33
4.24
5.00
6.02
3 . 1 7
3.33
4.22
5.00
6.06
2.97
3.33
4 . 1 5
5.00
5.87
2.97
3.31
4 . 1 3
4.97
5.95

0.20
0.40
0.20
0 . 1 0
0.40
0.20
0.40
0.69
0.40
0.20
0.20
0.20
0.20
0.20
0.20
0.40
0 . 1 0
0.41
0.40
0.40
0.20
0.30
0.40
0 . 1 0
0.20

0.40
0.20
0.20
0 . 1 0
0.40
0.40
0.40
0.20
0.20
0.40
0.40
0.40
0.40
0.39
0.40
0.40
0.20
0.40
0.41
0.40
0.40
0.40
0.40
0.20
0.60

{
I

2
3
4
5
6
7
I
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
20
21
22
23
24
25

2000

1 500

2500
,,

t t

3 000
,,
t t

3s00

3000

Tabelle 4 Tabelle 6

NAhoesch-
Lfd.

windiokeit
Nummer

(min- ' )

Stichdichte
(cm-')

3

an

(%)

4

ac

(%)

5

an

("/o)

4

ac

(%)

5

Lfd.

Nummer

I

Ndhgesch-

wind igke i t
(min-1;

2

Stichdichte

(cm-t)

3

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

2000

,,

2500

1 500

3 500

t t

t t

3.53
4.00
5.46
6.78

10.87
3.53
4.01
5.46
6.83

10 .89
3.43
4.02
5.46
6.80

10.75
3.39
4.03
5.46
6.80

1 0 . 9 0
3.42
4.01
5.47
6.79

1 0 . 9 1

0.61
0 . 5 0

0.41
Q.20
0.41
0.21
0.21
0.40
0.25
0.20
0.20
0.20
0.21
0.42
0.42
0.20
0.21
0.20
0.40
0.20
0.21
0.31
0.42
0.20
0 . 1 0

0.82
0.91
1 . 0 2

1 .  0 2
1 .OZ
1 . 0 6
1 . 0 5
1 . 0 5
1 . 2 3
1 . 2 3
1 . 0 7
1 . 0 7
1 . 2 8
1 . 2 8
1 . 2 7
1 . O 7
1 . 2 2
1 . 1 5
1 . 2 2
1 . 3 1
1 . 2 8
1 . 2 2
1 . 1 5
1 . 2 2
1 .43

1 500

2500

3 000
t ,

,,
3500

tt

t t

3.07
3.52
4 . 1 8
5.00
5.88
3.02
3.51
4 . 1 6
4.98
5.95
3 . 1 0
3.44
4 . 1 5
5.02
5.98
3.04
3.44
4 . 1 5
4.95
5 .91
3.07
3.44
4 . 1 0
4.95
5 .91

0.20
0.20
0.20
0.40
0.40
0.41
0.20
0.21
0.20
0.40
0.20
0.20
0.20
0.21
0.40
0.20
0 . 1 0
0.20
0.21
0.20
0.20
0 . 1 0
0 . 1 0
0.21
0.20

0.62
0.62
0.62
0.80
0.80
0.41
0.60
0.62
0.80
0.81
0.83
0.80
1 . 0 3
0.83
0.80
0.83
0.80
1.03
1 . 0 3
1 . 0 0
0.80
0.83
1 . 2 4
1 . 0 3
1 . 0 0

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

,t

t l

2000

3000

dargestel l t .  Es wurde die Nadel Nummer 90 mit nor-
maler Spitze verwendet sowie Naht mit der Bezeich-
nung  1 .01  .01 . ,  S t i ch  Typ  301  in  r i ch tung  SchuB

Vldkna a textit 8 (1) 27-31 (2001)

(Tabelle 3) und ind Richtung Kette (Tabelle 4) sowie
Stiche Typ 401 in Richtung SchuB (Tabelle 5) und
in Richtung Kette (Tabelle 6).
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Abb. 6 Grafiken der Verdnderuhg der Nahtverkrirzung durch Maschengarn (A") abhi ingig von der Stichdichte: a) bei den
Nahtmustern mit Stiche Typ 301 und b) bei den Nahtmustern mit Stiche Typ 401 (B - Nahtl inie ist in Richtung SchuB und D -

Nahtl inie ist in Richtung Kette)

Krduseln der onteren Materialschicht in Bezug auf
die obere An zeigt die Tendenz der Verminderung
mit der Erhohnung der Ndhgeschwindichkeit (Abb. 3).
Mi t  der  Erhohnung der  St ichdichte n immt d iese
GroBe bei  den Mustern mi t  Naht l in ie  in  Richtung
SchuB zu, wahrend sie bei den Mustern mit der Naht-
l inie in Richtung Kette die Tendenz sur Stagnation
zeigt (Abb. 4). Etwas grossere Werte fur An sind bei
den Mustern mit der Stiche Typ 301 und Nahtl inie
in Richtung SchuB in Vergleich mit den Mustern mit
Stiche Typ 401.

Die GrdBe A" (die Schrumpfung - Verkurzung der
Naht durch Ndhtgarn) nimmt mit der Erhohung der
Geschwindigkei t  zu (Abb.  5) ,  und mi t  der  Erhdhung
der Stichdichte ab, bei den Mustern mit Nahtl inie in
Richtung SchuB und n immt zu bei  den Mustern mi t
Nahtl inie in Richtung Kette (Abb. 6). Auch bei dieser
GroBe haben die Mustern mit der Stiche Typ 301
h6here Werte gegenuber Stiche Typ 401.

SCHLUBFOLGERUNG

Krduseln,  Schrumpfen und Wel lenbi ldung am Ma-
terial beim Ndhen sind eine Folge der nicht r icht ig

ausgewdhlten Ndhparameter oder nicht r icht ig ein-
gestel l ten Mechanismen der Ndhmaschinen.

Um diese Erscheinungen auszuschl ieBen oder zu
minimis ieren,  is t  es not ig :
- Richtige Auswahl der Ndhmaschine bezuglich des

Ndhmaterialssowie, des Ndhgarns, der Niihnadel,
der Stichdichte, der Ndhgeschwindigkeit usw.,

-  e inwandfre ie Einste l lung und Wartung der  Ndh-
maschine,

- Gute Ausbildung der Arbeiter und
- permanente Durchfuhrung der Qualitdtskontrolle.

LITERATUR

t1l  V. F. Shan'gina: Soedineniya detalei odezhdy, Legkaya
industr iya - Moskva, 1976

l2l E. F. Popova, B. A. Zaitsev: Vliyanie natyazheniya nitei na
vel ichinu volnistost i  shva, Tekhnologiya legkoi
promyshlennosti  -  Moskva, 12 (1969) 6, 106-1 1 1

t3l L l. Galynker, L V. Safronova: Mekhanicheskaya
tekhnologiya proizvodstva odezhdy, Legkaya industr iya -

Moskva ,1977

t4l C. Trajkovic, N. Cirkovic: Uticaj parametara sivenja na
jacinu i  deformaciju savova, Glasnik hemicara i  tehnologa
Republ ike Srpske,  Banja  Luka,  39 (1996) ,  151-156

3.0 3.5 4 0 4.5 5.0 5.5 6.0

St ichdichte (cm'r )

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



INFLUENCE OF ULTRASOUND VIBRATIONS VARIOUS
FREQUENCIES ON CELLULOSE FIBERS

SWELING AND MECHANICAL CHARACTERISTICS

lgnjatovic, 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  ef fects observed in sol id- l iquid and l iquid- l iquid systems. Thus ul t rasonic
energy has been applied in texti le industry, as well, for the most part in soaking processes, and
text i le washing, c leaning and dyeing.

Ultrasound application in texti le processes compiles heterogeneous systems in processing bath,
with texti le substrates inside. However, mechanisms of ultrasound action on the substrates, ac-
tive substances and all f ibers related phenomena inside the bath are not clear yet. This paper
deals with investigation of ultrasound action on texti le 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. lt appears that ultrasound vibrations contribute to increased fibers
swell ing 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 ln t roduct ion

At the end of mil lenium ecology has become one
of the enterprising crucial issues. Texti le industry,
especial ly a f inal text i le 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 text i le
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 text i le industry, primari ly in :  wash-
ing and drying processes, preparative processes of
some wet f inishing, text i le f ibers dyeing etc. That is
why i t  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 t i t led "Modern Approaches in
New Dyeing Procedure Development for Optimal
Pollut ion of the Environment", and f inanced by Sci-
ence and Technology Ministry of Serbia.

1.2 Ul t rasound

Man's ear can detect sound waves with lower limit
of 16-20 Hz, and the upper l imit of 16 000-20 000
Hz, depending on the recipients individual charac-
terist ics and age.

A sound with frequencies below 16 Hz (the lower
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l imit of man's hearing) has been cal led infrasound.
A sound with frequencies belonging to 20 000-1010
Hz range ("the over-hearing range") has been called
ultrasound. A sound with frequencies over 1010 Hz
is being cal led hypersound.

Depending on the wavelengths and frequencies,
ultrasound expresses some specif ies in i ts irradia-
t ion, spreading and reception, and so in i t  s appl ica-
t ion. From this reasons, i t  ls convenient to divide
ultrasound frequencies range in three major areas:
low-frequency ultrasound 20 000-100 000 Hz), high-
frequency ultrasound (105-1Oo Hz), and diagnostic
u l t rasound (106-1010 Hz; .

Ultrasound waves obey to the same spreading laws
as the other acoustic waves from al l  frequencies
ranges. They are obedient to general wave equa-
t ion, appl icable to al l  frequencies. Then, similarly to
electromagnetic waves, ultrasound waves obey to
general reflexion and refraction laws at various me-
diums borders, to dif fract ion in the presence of ob-
stacles and heterogeneity's inside the medium, to
absorpt ion ( i .e .  weakening)  dur ing spreading (be-
cause of  sound's  energy t ransformat ion 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 elast ic charac-
terist ics only. That is why the ultrasound waves are
so clearly dist inguished from l ight and other forms
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of electromagnetic waves that freely spread in uni-
verse. During the ultrasound spreading the elast ic
medium particles oscillate and transfer energy across
the medium towards the waves spreading direct ion.
The osci l lat ions intensity is proport ional to the ap-
pl ied force and i t 's duration. During this process, an
energy transfer among the part icles take place, and
not the part icles shif t ing.

Depending on the external applying force on an
elastic material,  one may dist inguish two kinds of
WAVES:
- Longitudinalwaves, with particles oscillating in direc-

t ion paral lel to the waves spreading direct ion, ap-
pearing in the mediums in allthree aggregate states;

- Transversal waves, with particles with particles os-
cillating in direction vertical to the waves spreading
direct ion, appearing in sol ids only [1,2].

1 .3 Ul t rasound appl icat ion

Ultrasound has been broadly appl ied in many ar-
eas, like: mechanical treatment, welding, metals crys-
tal l izat ion, metal l izat ion, soldering, plast ic deforma-
t ions,  thermal  s tabi l izat ion,  c leaning,  aerosols
coagulat ion,  emuls ions,  d ispers ions,  scat ter ing,
electrochemical processes, materials ref inement,
medical therapy and surgery, investigations of con-
st ruct ions stabi l i ty .  A lso,  i t  has been appl ied in
microscopy and visualization, defectoscopy, medical
d iagnost ics,  mater ia ls  test ing wi thout  damaging,
hydrolocation, f luids level,  volume and f low control,
in navigation and signal izat ion, materials structures
analysis, in acoustic communications, in environment
protection. Few mult idiscipl inary areas emerged as
a result of the application: acoustic electronics,
acoustical optics, and sonochemistry [3, 4].

One of the most important sonochemical effects
is cavitat ion. Ultrasound vibrat ions cause compres-
sion and refract ion in water medium, i .  e. high and
low pressure areas, respectively. The refraction it-
self  creates bubbles that spread, and f inal ly, during

compression,  undergo to d is in tegrat ion,  making
shock-waves. This phenomenon of creation and dis-
integration of bubbles (known as cavitat ion) is gen-
eral ly responsible for most of the ultrasonic physi-
cal and chemical effects observed in sol id- l iquid and
l iqu id-  l iqu id systems.  Thus u l t rasonic  energy has
been applied in text i le industry, as well ,  for the most
part in soaking processes, and text i le washing [5],
bleaching 16-81 and dyeing 19-221.

Ultrasound application in textile processes compiles
heterogeneous systems in processing bath with tex-
t i le substrates inside. However, mechanisms of ul-
trasound action on the substrates, active substances
and al l  f ibers related phenomena inside the bath are
not clear yet. This paper deals with investigation of
ultrasound action on text i le substrates (bubbling and
mechanical characterist ics of cel lulose classical and
micro fibers as well as cotton fibers).

2.  EXPERIMENTAL PART

2.1 Ultrasound influence on cellulose fibers swelling

Ultrasound inf luence on cel lulose f ibers swell ing 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 text i le f ibers:
Russian cotton ST | 33/34 (100 f ibers), ZW classi-
cal type f iber, and ZW microfibers (50 f ibers each).

The f ibers were exposed to ultrasound action in
dist i l led water for few t ime intervals. The f ibers di-

Table 1 The increase of the f ibers diameters (%)

HrO + ultrasound
(40 kH)

HrO

Cotton
ZW classical
ZW mikro

7-12 12-29
7.3 9.7
17.6 22s

20-26 9-13
12  7 .9
23 17.3

25.7-30
1 7 6

28

60 90 180
min min min

60 90 180 24
min min min h

11-22
11.4
26.7

5-B
6.4
8 , 1 6

Fig.1 The cotton f ibers diameters changes, depending on the t ime of ultrasound treatment in dist i l led water.

vtdkna a textitS (1) 32-3s (2001) 33



Fig.2 The cel lulose microf ibers diameters changes, depending on the t ime of ultrasound treatment in dist i l led water.

Fig.3 The diameters changes at classical type cel lulose f ibers, depending on the t ime of ultrasound treatment in dist i l led water.

Table 2 The f ibers mechanical characterist ics, depending on the
way of treatment.

Russian cotton ZW classical

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

The histograms as well  as the Table 1 points out
the cavitat ion effect as the major force behind the
increased f ibers swel l ing.  The u l t rasound induced
90 minutes swel l ing is  equal  to  24 hours swel l ing
without ultrasound. This is very important for wet
text i le processes, primari ly for washing, bleaching
and dyeing.

2.2 Ultrasound effects on the fibres mechanical
characterist ics

Cotton and cel lulose f ibres were treated in dist i l led
water for 90 and 180 minutes respectively, without
and with 40 k{z ultrasound treatment. The 200 and
600 kHz ultrasound duration was 90 minutes.

The cotton f ibres mechanical characterist ics were
invest igated on USTER HVI 900 apparatus
(ZELWEGER),  whi le  those of  ce l lu lose f ibers on
VIBRODIN (LENZING).  The stat is t ica l ly  handled re-
sults were shown atTab. 2.

cN/tex
SD
CV

| (o/o)

SD
CV

cN/tex | (o/o)

SD SD
CV CV

0  m in
27,32
1 . 0 6
3.94

7.2
0.2
9.0

16 .34  18 .79
1 . 9 4  2 . 1 2
0.27 0.3

HrO - 90 min 28.22
w i thou t  US  1 .17

4.23

7.5
0.3
3.5

17 .84
2 .81
0.4

15.84
3.09
0.44

H2O -180 min 27.97
wi thout  US 1.52

5.54

7.6
0.2
3.0

17.24
1 . 5 6
0.22

17.94
2.63
0.37

40 k{z -

90 min
26.76
1 . 3 9
5.29

7.3
0.3
4.2

1 6 . 4
2.46
0.35

15.7
4.04
0.57

4O k{z -

180  m in
26.81 7.7
1 .64  0 .4
6.23 4.6

16 .89  19 .84
1 .34  2 .6
0 .19  0 .37

200 kHz -
90 min

25.54
0.95
3.81

7.6
0.2
2.0

600 kHz -

90 min
26.2
1 . 9 5
7.64

7.3
0.3
4.0
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The cotton fibers exposed to ultrasound express
a weakening of the strength, and insignif icant elon-
gat ion.  The maximal  s t rength weakening is  6.5%,
found for 90 minutes of treatment with 200 kHz ul-
trasound. No such changes were found at the cel lu-
lose f ibres. One could say that ultrasound does not
have a signif icant inf luence on the mechanical char-
acterist ics, i .  e. does not damage them. That offers
a lot of potential possibi l i t ies to ultrasound applica-
t ion in text i le industry.

3 CONCLUSION

Cavitat ion caused by ultrasound contr ibutes sig-
nif icantly to text i le f ibres swell ing. On the other hand,
i t  does not damage them in dried state.
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Katedra vldkien a textilu CHTF STU, Radlinsk6ho 9, 812 37 Bratislava.

*Vliskumnf Istav chemick,ich vldkien, 059 21 Svit.

1. VVVoJ PoLYPROPYLENOVVVH VIATIEru

1.1. Vfvoj vo svete

Stri2ov6 polypropyl6nov6 (PP) vlakna a BCF vldk-
na urden6 pre podlahoviny predstavuju podstatnV po-
diel v sridasnosti vyrdbanfch PP vldkien. Dlhorocne
tento podiel reprezentuje pribl iZne tret inu systema-
ticky sa zvySujtrcej produkcie PP vldkien, ktord v po-
rovnanI s rokom 1990 stripla viac ako 50 o/o.

V s0casnosti PP vldkna predstavuju asi 35 % v'i-
roby syntet ickyich vlakien vo svete. Spolu s poly-
etyl6ntereftaldtovfmi (PET) vldknami majI najvy55i
index rastu za posledn6 desatrodie, a kyim vyiroba
PET vlakien predstavuje vySe 55 % podiel na celko-
vej vfrobe chemicklich vldkien, PP vldkna objemom
vfroby v poslednfch rokoch predstihli vyirobu celu-
lozovlich, polyakrylonitrilovfch i polyamidovfch vla-
kien ako ukazuje Tab. 1 [1-4].

Polypropylenov6 vldkna nachddzaj0 dobre uplat-
nenie najmd v bytovom texti le a v poslednom obdo-
bf sa ujal i  t ieZ v automobilovom priemysle. Malu cast
z ich produkcie predstavujf nekone6n6 vldkna, mul-
t i f i lamenty s apl ikdciou pre odevn6 pleten6 i  tkan6
textilie. Velka cast polypropyl6novyich vldkien md up-
latnenie ako technick6 vldkna.lch sfcasnl i  rozvoj
podporuje najmd nizka cena, technick6 a ekologick6
faktory. K technickfm faktorom patria niektor6 pred-
nosti vo 4irobe a vo vlastnostiach [5]:
- univerzdlnost PP vldkien pre technick6 i textiln6 ap-

likdcie
- nirobn6 postupy s vyuZitim technologiclgich zariade-

nipre zvldkiovanie z taveniny, spolocne vhodn6 tieZ
pre PET a polyamidov6 (PA) vlakna

- variabilnost v technologii vlakien a Sirokf sortiment
- textiln6, technick6, BCF, netkan6 textilie (spunboud

a melt blown technologic), vldkna ztolii a pAsky
- spracovanie polym6ru PP v Sirokom rozsahu mole-

kulovej hmotnosti MFI od 6 g/10 min do 600 aZ 1000
g/10 min

Table 1 Svetovd produkcia syntet ickfch vl6kien (1000 t)

- recyklovatelhost polym6ru anfuka chemickd reakti-
vita

- moZnost modifikdcie vldkien nlzkomolekulovlimi i po-
lym6rnymi aditlvami

- vyrie5enA tepelnd i svetelnd stabilita
- vysokd frovei procesu farbenia v hmote pigmentmi
- riadend reologia pri nirobe vldkien
- perspektiva vyvoja no4ich typov s novou generdciou

katalyzdtorov pre synt6zu - Wvoj vldkien z metalo-
c6novlich PP vldkien (mPP)

- nlzka cena v porovnani s infmi vldknotvornfmi po-
lym6rmi
Nov6 impulzy pre roz5irenie sort imentu vldkien

a pre pripravu PP vldkien so zlep5enfmi vlastnos-
tami poskytujri nov6 katalytick6 syst6my pri synt6-
ze, ktor6 umoZnuj0 pripravit PP s regulovanou mo-
lekulovou hmotnostou, Struktr,rrou tzv. metalocenov6
polym6ry m-iPP [6].

Polypropyl6nov6 vldkna maju aj niektor6 nedostat-
ky, ktor6 brdnia niektorl im dalSim apl ikdciam a kto-
16 prinajmen5om brzdia ich d'alSi rozvoj. Sri to naj-
md:
- relativn a nhka teplota topenia
- ni2Sia elasticita a zotavovacie vlastnostiv porovna-

ni s PET a PA vldknami
- nevyrie5end otdzka ich farbitel'nosti vytahovacfm

postupom a potlacou
Posledn6 dva body sri  z hl 'adiska apl ikdcie PP vld-

kien vel 'mi vl iznamn6 a poslednf z nich sa priamo
dotfka novych postupov farbenia a predstavuje aj za-
meranie tejto prdce.

1.2. Vfvoj na Slovensku

Pokles qiroby chemicklich vldkien v deviitdesiatych
rokoch na Slovensku bol vyisledkom spolocenskej
a hospoddrskej krizy v krajindch RVHP, ktord viedla
k rozpadu ,,planovan6ho hospoddrstva" a rozpadu tr-
hu v strednej a vl ichodnej Europe.

Vldkna lroky 1 970 1 975 1 980 1 990 1 995 1 998

Polyamidov6 vldkna 1903 2469
Polyesterov6 vldkna 1645 3374
Polyakrylov6 vl6kna 1003 1398
Polypropyl6nov6 vldkna 370 730
Svetovi produkcia celkom 4921 7971

31  51
5127
2060
1 1 1 0

11 586

3742
8687
2320
2640

16 552

391 1
1 1  9 5 8
2420
481 6

22 105

3 390
16  050
2 510
3 178

27 820
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Celul6zovd
Polyesterov6
Polyamidov6
Polypropyl6nov6
Celkov6 produkcia

9,3 6,3
17,6  14 ,1
57,4 45,1
50,3 23,2
133,7 88,7

Tabfe 2 Rozvoj vyiroby chemicklich vl6kien na Slovensku v kt.

Druh vldkna
Rok vliroby

1989  1991  1993  1995  1998

v polym6ri v priebehu extruzie a zvldknovania. Ten-
to postup je relativne jednoduchli, ekonomicky vy-
hodnyi a farben6 vldkna maju v z6vislost i  od pouZi-
tfch pigmentov dobr6 a2 vyborn6 stdlosti vyfarbenia
na svetle, v prani, v otere [9, 10].

K nevfhoddm farbenia v hmote patr i  najmd mald
f lex ib i l i ta  v  zmene farebn6ho odt iena v pr iebehu
zvl6knovania a tfm aj nizka kreativita v dizajne tex-
tilnyich materidlov, ako aj velkyi objem odpadu pri pre-
chodoch farebn6ho odtiena. DalSou nevlhodou je
adaptdcia technologickfch zariadenI a investicie na
d'alSie zariadenia ako s0 hmotnostn6 ddvkovade,
bocn6 extrudery, homogenizfry a in6.

NemoZnost pouZit ia klasick6ho postupu pri  farbe-
ni PP vldkien sa prejavuje najmd pri modernfch tech-
nologidch ako je potlac. Polyesterov6 a polyamido-
v6 vl6kna, ktor6 je moZn6 farbit  alebo potldcat
v malyich poloZkdch, na5l i  5irok6 uplatnenie v odev-
nlctve a bytovom textile. Podobnd situdcia je aj v pro-
dukci i  kobercov. Na europskom trhu je stdle vysokd
poZiadavka na f lexibi l i tu, na vfrobu v men5ich obje-
moch, na rlichle doddvky, na vy55i pocet farebnfch
odtieiov a kreativnost dizajnu textilnyTch vfrobkov.
Z toho vyplliva stdla poZiadavka vyfarbitel'nosti z ku-
pel 'a a potlace aj pre PP vldkna [10, 19].

2.1. Doteraj5i vl ivoj PP vl6kien vyfarbitel 'nfch
klasickfm postupom

Farbenie PP vlakien klasickyim postupom, napr.
disperznlimi farbivami, ddva vel'mi nizku vlitaZnost
farbiva a vel'mi n{zke stdlosti v pranf. V poslednyich
30 rokoch sa zaznamenali dve obdobia so zvf5e-
nou intenzitou vliskumnyich prdc v oblasti klasick6-
ho farbenia PP v ldk ien.  Bolo to  obdobie 1970-1980,
kedy bol i  vyvinut6 niektor6 technologie farbenia do
vysok6ho stupna real izdcie na bAze nizkomolekulo-
vfch adit iv, av5ak len niektorf z nich sa pouZfval i
v priemysle a to len vo vel 'mi obmedzenom rozsa-
hu. Druh6 obdobie predstavuju devdtdesiate roky,
kedy na zdklade predchddzaj0cich vfsledkov boli vy-
vi jan6 PP vldkna modif ikovan6 najmd polym6rnymi
aditlvami. Medzi technologicky i technicky zaujfua-
v6 r ie5enia patr i l i  nasledovn6 postupy:

1. Vfvoj novych typov farbiv pre nemodifikovan6
PP vldkna. Bol i  pr ipraven6 farbivd, najmd antrachi-
nonove typy disperznfch farbiv s molekulou s dlh; im
uhl'ovodikovlim retazcom [1 1]. T;imto sposobom sa
vfznamne zvyi5ila sorpcia z kfpel'a a farebnd sila vld-
kien. Tento postup vSak vyZadoval farbivd cenovo
ndrodn6, a v dosledku toho ako aj niZ5ich stdlosti vy-
farbenia, najmd v prani sa priemyselne neujal.

2. Zavedenie funkcn;ich skupfn do polym6rneho re-
lazca najmdi hydroxylovlich, halog6novfch, karboxy-
lo4ich, esterovfch, nitr i lovyich, amidovyTch a infch
chemickou cestou. Sl 'ubn6 vfsledky sa ziskal i  naj-
md pri  odkovanej kopolymerizdci i  PP vldkien vinylo-

6,6 7 ,4
14 ,7  16 ,5
32,5 38,0
13,4 14,4
67,2 76,3

3,8
12,0
35,0
12,7
64,1

Kyim vfroba celul6zovlich a polyesterovyich vldkien
v r.  1995 zostala na urovni r.  1989 a produkcia po-
lyamidovfch vlakien klesla z 57,5 t is. ton na 38,0 t is.
ton (-34%), k najvdcSiemu poklesu do5lo vo vfrobe
PP v ldk ien.  Tento pokles 250,4 t is .  ton na 14,5 t is .
ton (-71 %) bol vfsledkom najmd rozpadu vyichod-
n6ho trhu a nizkej konkurencieschopnosti  vyrdban6-
ho sort imentu vldkien. VdZnym ekonomickfm prob-
l6mom bola t ieZ nizka akumuldcia zdrojov aj pre
jednoduch6 pokradovanie vyiroby. Prehlad vfroby PP
vldkien na Slovensku za posledn6 desatro6ie je vi-
diet v tabulke 2 17, 81.

Polypropyl6nov6 vldkna v si l6asnom obdobi majt i
v europskom priestore prioritu v mnohyich textilnlich
i technickfch apl ikdci6ch. Vzhl 'adom na tradiciu ich
vfroby a dobr6 persondlne zlzemie na Slovensku je
aZ nepochopitel 'nd ich nfzka produkcia v sudasnom
obdobf, ked' v okolitfch Stdtoch do5lo k vfznamn6-
mu ndrastu ich vyroby, napr. v Ceskej republike, Ra-
k0sku atd'.

Je moZn6 redlne predpokladat, Ze vel 'kf podiel po-
lypropyl6novfch vldkien urdenfch pre bytovyi textil
najmii  str iZovfch a BCF vldkien, by bolo moZn6 up-
latnit najmd v technologii potlace (koberce, dekorad-
n6 materidly), kde v sridasnosti  dominuje farbenie
v hmote i  na Slovensku [7].

Jednou z podmienok zvfSenia konkurencieschop-
nosti polypropyl6novfch vldkien v tfchto oblastiach
spotreby je inovdcia sort imentu a zlep5enie niekto-
rlich vlastnosti ako napr. elastickfch vlastnosti a vy-
farbitel'nosti z k0pel'a resp. potladou.

2. SUEASNV STAV FARBENIA
POLYPROPYLENOVVCH VLAKIEN

Vzhl 'adom k hydrofobnemu retazcu makromoleku-
ly PP bez aktfvnych funkcnfch skupin maju polyp-
ropyl6nov6 vldkna vel'mi mal0 aZ zanedbatel'n0 afi-
nitu k chemickyim reaktantom, co plat i  t ieZ
o farbivdch. Preto t ieto vldkna nie je mo2n6 vyfarbit
klasicklim postupom ako in6 chemick6 vldkna - poly-
esterov6, polyamidov6, polyakrylonitr i lov6, celul6zo-
v6 atd'. Prakticky celd s06asnd produkcia farbenfch
PP vlakien sa vyrdba postupom farbenia v hmote t. j .
pigmentdciou taveniny polypropyl6nu pred zvldkne-
n[m, ktord spocfva v dispergdcii anorganickfch 6i or-
ganickyich pigmentov pripadne aj rozpustnfch farbiv
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vfmi monom6rmi ako akrylovou kysel inou, akrylonit-
r i lom, styr6nom, vinylpir idlnom a vinylacetdtom [10,
1 11. Oxiddcia, chlordcia, resp. d'alSie drastick6 0pravy
povrchu vldkien sa neujal i  pre technologickri  ndroc-
nost a nerovnomernost modifikdcie. Podobn6 probl6-
my aj ked' v menSej miere sa ukdzal i  pr i  ockovani
PP vldkien poldrnymi monom6rmi. Okrem toho sta-
losti vyfarbenia tlichto vldkien boli nizke najmA v ote-
re. Kopolymerizdcia s cielbm zaviest kysl6 funkcn6
skupiny do retazca PP o6kovanom polymerizdciou
nebola 0spe5n6, podobne ako synt6za kopolym6ru
priamo pri  prfprave polym6ru.

3. Fyzikalna modifikdcia polym6ru PP pred zvlAk-
nenim nizkomolekulovfmi alebo polym6rnymi adit f-
vami s vhodnfmi funkdnfmi skupinami. Tato modif i-
kdcia bola orientovan6 najmA na adit iva so
z6sadit l imi aminoskupinami, prlpadne tercidrnym du-
sfkom, pre farbenie lacnfmi kyslyTmi alebo kationo-
vyimi farbivami, ktor6 sa pouZlvajf na farbenie vlny
a polyamidovyich vldkien. Sortiment tfchto farbiv je
vel'mi Sirok;i a ukazovali sa tu dobre predpoklady pre
tento typ modifikacie. Z casto pouZivanfch a 0spe5-
nfch aditiv to boli najmd: kopolym6ry etyl6nu s al-
kylaminoakryldtmi, vinylpir idin, N-vinylkarbazol a ak-
rylamid, dhlej akryldtov6 kopolym6ry, kopolyamidy
s derivdtmi piperazfnu, polyamfnotriazoly, polymodo-
viny a styr6n-aminov6 Zivice. Do polypropyl6nu sa
priddval i  pred zvldknenim v mnoZstve do 10% hmot.
[13 -16 ] .

4. FyzikAlna modifik6cia organokovovyimi zl0ceni-
nami h l in ika,  medi ,  z inku,  a le najmd n ik lu  vo forme
soli organicklch kyselin, alkoholdtov, fenoldtov, ami-
nov a triazolov. Tdto modifikdcia vyladovala 4ivoj
Specidlnych farbfv s moZnostou tvorby cheldtovfch
komplexov Ni a aditiva [10]. Ani tdto relatfvne uspe5-
nd modif ikdcia nena5la Sir5ie priemyseln6 vyuZit ie.
Hlavn6 dovody spocivali v obmedzenom mnoZstve
relatfvne drahfch farieb schopnfch tvorit komplexy
s Ni. VSetky farby mali  odtien do zelena. Postup sa
vyznadoval obtiaZnostou dosiahnutia sftych odtienov
a ni25ou reprodukovatel'nostou vyfarbenia. Negatfv-
ne boli tieZ ekologick6 dosledky pri vySSom obsahu
Ni v polym6ri.  PP vldkna modif ikovan6 Ni zhicenina-
mi sa vyuZfvali najmd pri fsekovom farbenf, kde rep-
rodukovatel'nost a egdlnost vyfarbenia nie je tak vf-
znamnlim faktorom.

5. Fyzikalna modifikdcia PP vldkien polym6rnymi
aditfvami s cielbm vyfarbenia vldkien dispeznfmi far-
bivami, pouZfvanfmi na farbenie polyesterovfch vld-
kien. Ukdzalo sa, Ze PP vldkna modif ikovan6 poly-
m6rnymi adit fvami na bdze polyamidov 114l
a pofyesterov 117-191 do koncentrdcie 8-1 2 o/o hmot.
je moZn6 vyfarbit aj na sfte odtiene disperznyimi far-
bivami [16-191. Bol i  vyvinut6 polyesterov6 adit iva
s dobrou kompatibi l i tou s polym6rnou matricou po-
uZit im vhodnfch kompatibi l izdtorov [18-19]. Na dob-
rej 0rovni sa ukazuje rieSenie modifikdcie PP vldkien
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modif ikdtormi vyvinutyimi v laboratoriach Centexbel
v Belgicku. Tento modif ikdtor pod ndzvom Chroma-
tex zaviedla do vfroby fy Atochem. Mo2e byt prida-
nf do PP ako koncentrdt pred zvldknenim do obsa-
hu okolo 8% hmot. Aditfvum poskytuje syite
vyfarbenie vl6kien disperznl imi farbivami s dobrl imi
stdlostami na svetle v otere a v pranf [19].

2. 2. Vl6knotvorn6 zmesi polypropyl6n -
polyamid

Modif ikacia PP polyamidom 6 (PA6) v zdvislost i  od
koncentr6cie dispergovanej titzy zlep5uje niektor6
vlastnosti polypropyl6novlich vldkien ako napr. zvy-
Suje sorpciu vodnyich par a zniluje tvorbu elektros-
tatick6ho ndboja uZ pri koncentrdcidch do 7o/o hmot.
120, 211. Pri vySSej koncentracii (do 30% hmot.) sa
zlep5uju hlavne elast ick6 vlastnosti  PP vlakien a vy-
farbitel'nost disperznyimi farbivami 122, 231. Okrem
PA6 sa pre pr[pravu vldkien z polym6rnej zmesi PP-
PA pouZili tieZ PA66 a PA12l24l. V5eobecne je moZ-
n6 kon5tatovat, Ze polypropyl6n s polyamidmi tvorl
heterog6nne zmesi typu polym6rnych zl iat in.

Vzhl'adom na slab6 adh6zne vdzby na fdzovom roz-
hrani PP-PA heterog6nnej zmesi pri  vySSom obsa-
hu dispergovanej tazy je nevyhnutn6 pouZit kompa-
tibilizdtory. Ako vel'mi vyihodn6 sa ukdzali reaktivne
aditiva na blze polyoleffnu (PP) odkovan6ho malei-
nanhydridom. Analyza f6zov6ho rozhrania pomocou
lC ukazala, 2e v priebehu tavenia a dispergdcie PA
v PP za pr l tomnost i  ockovan6ho PP,  dochddza
k chemickej reakci i  medzi maleinanhydridovfmi jed-
notkami a -NH, skupinami PA6 [23]. Chemickd reak-
cia na fdzovom rozhrani PP/PA zvy5uje napdtie na
zvldkiovacej drdhe. To m6,za ndsledok vy55iu orien-
tdciu PP pod hubicou a vy55iu r l ichlosf kry5tal iz6-
c ie.

Pri vyS5om obsahu PA6 v PP, pri  obsahu 2-3%
odkovan6ho PP ako kompatibilizdtora, sa zvli5ila pev-
nost vldkien a klesla taZnost. Vy55ie hodnoty vyka-
zovali tiel zotavovacie parametre vldkien [22, 231.
Pri obsahu PA fdzy okolo 25-350/o v PP sa na5la velmi
dobrd vyfarbitel'nost zmesi z vldkien disperznlimi far-
bivami 125-271.

2.3. Vl6kna zo zmesi PP a polyesterov

Podobne ako polyamidy vdc5ina komercnlich po-
lyesterov pri  dispergaci i  v PP tvorl jasne nemieiatel ' -
n6 zmesi, ktor6 sa nad 10% hmot. dispergovanej fd-
zy musia nevyhnutne kompatibi l izovat. Pre zlep5enie
znd5anlivosti  polypropyl6nu a polyetyl6ntereftaldtu
(PET) sa moZu pouZit tak reaktivne ako aj nereaktfv-
ne aditfva. Z reaktlvnych aditiv je zndmy ockovanyi
kopolym6r PP a malefnanhydridu, ktory je v5ak me-
nej ucinnf ako v pripade zmesi PP/PA. Dobr6 vlisled-
ky najmei v spracovatel'nosti PP/PET zmesi sa zis-
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kal i  pr i  pouZit i  kompatibi l izdtora na bAze 24(alko-
xyfenyl)oxazolinu [28-30].

Ako ciastodne reaktivne aditiva je moZn6 pouZit es-
tery a amidy nizkomolekulovyich a ol igom6rnych ld-
tok ako napr. alkylendiamidy karboxylovfch kyselin
(ADKK) [30].

Analyza reologickfch vlastnostf zmesi PP/PET uka-
zuje, Ze kompatibiliz6r ADKK zniluje odchflku vis-
kozity zmeslod adit lvnej hodnoty a zlep5uje znd5an-
livost zloliek. Naviac aditfvum vfznamne zniluje
viskozitu taveniny PET. Aditivum takto vytv6ra Spe-
cif ick6 podmienky pre pripravu PP/PET vldkien tzv.
polyfibrilarneho typu, kde dispergovand fdza vytvAra
dlh6 f ibr i ly v polym6rnej matrici  s relat ivne nizkou dis-
t r ibuc iou hrubky f ibr i l  [18,  28] .

Pre zmesn6 vldkna PP/PET sri  charakterist ick6
Standardn6 mechanicko - fyzikdlne vlastnosti .  Pev-
nost vldkien mierne klesd s obsahom dispergovanej
zlolky. Podobne mierne klesd aj taZnost, najmd pri
vy55lch koncentrdcidch PET. Napriek niZSej pevnosti
zmesn6 vldkna vykazovali vy55iu elasticitu, ktord rds-
t la  0merne s obsahom PET [18] .

Polypropyl6nov6 vldkna modif ikovan6 polyestero-
vfm aditivom do 10-15% maj0 dobrri vyfarbitel'nost
a vysok6 hodnoty vyt iahnutia z kupel 'a v porovnanl
s nemodi f ikovanyimi  v ldknami [18,  28] .

2.4. Yi lvoi adit iva ,,Chromatex"

Na 0vod je potrebn6 kon5tatovat, 2e tdto prdca
predstavuje jednu z najucelenejSfch koncepcif pri vf-
voj i  PP vldkien, farbenfch z k0pel 'a alebo potladou,
v hist6rii vyivoja PP vldkien.

Experimentdlne pr6ce sa uskutodnil i  v Belgicku za
financnej podpory projektovfch agentur. Zo zfskanfch
a publikovanyich vlisledkov je moZn6 cast aplikovat
v d'alSom vfskume farbenia PP vldkien.Pri 4ivoji tohto
aditfva sa urobi la dokladnd analfza doteraj5fch mo-
difikacii polypropyl6novfch vldkien s cielbm zabez-
pecenia farbenia klasickfm postupom. Z ekologickfch
dovodov boli vylricen6 aditiva obsahujuce taZk6 ko-
vy. Ako nadejnf postup sa vol i la modif ikAcia poly-
m6rnymi adit ivami. Vzhl 'adom na nizku kompatibi l i tu
aditfv obsahujt icich vy55i obsah ionovyich skupfn
(napr. sol i  organickl ich kysel in) s polypropyl6nom,
tieto bol i  podobne vyl0cen6 z vyberu u2 na zadiatku
[1e ] .

Vychddzajuc z tlichto analyz a poznatkov pri ex-
perimentalnej prdci sa potvrdi l i  niekto16 teoretick6
predpoklady a to najmd v dvoch aspektoch. Na jed-
nej strane polym6rne aditlvum musf byt hydrofobne
aby sa zabezpedila dobrd kompatibilita s PP matri-
cou, na strane druhej aditfvum musi byt dostatodne
poldrne aby sa zabezpecilo viazanie farbiva jeho fun-
kcnyTmi skupinami. Aby sa zabezpecila rovnovdha
tyichto poZiadaviek bol i  selektovan6 Specidlne kopo-
lym6rne adit iva. Naviac nie samostatn6 adit ivum, ale
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zmesi takto pripravenyich polymerov a kopolymerov
sa testovali na mie5atel'nost s PP a vyfarbitel'nost vld-
kien. Sledovali  sa najmd podmienky vzniku syner-
gick6ho efektu v obidvoch parametroch, v znd5anli-
vosti i vo vyfarbitel'nosti.

Znd5anlivost polypropyl6nu s aditivom sa sledovala
analyizou stupfia jeho disperzily v polypropyl6novVch
vldknach mikroskopicky a nazlklade hodnotenia me-
chanickfch vlastnostf vldkien. JemnejSia disperzia
aditiva mala pozitfvny vplyv na mechanick6 vlastnosti
zmesnych vldkien.

Vyfarbovacia schopnost modifikovanfch PP vldkien
sa sledovala v zdvislost i  od typu farbiva, kde sa us-
kutodnila vliznamn6 selekcia farblv. Optimalizovali sa
tieZ parametre farbiaceho postupu. Z koloristickfch
vlastnosti  sa sledovala farebnd si la vldkien, vyt iah-
nutie k0pel'a a vplyv koncentrdcie vybran;ich aditiv
na t ieto vlastnosti  vldkna. Studoval sa t ieZ vplyv tep-
loty ustalovania na zmenu kolorist ickfch vlastnosti
vldkien, najmd stdlost i  vyfarbenia v5eobecne. Sp"-
cidlna pozornost sa venovala st6lostiam vyfarbenia
na svetle, kde rad disperznlich farbiv sa ukdzal ako
nevhodny pre farbenie takto modifikovanfch PP vl6-
k ien.

Ukdzalo sa, 2e podstatnf vplyv na stdlosti vyfar-
benia na svetle maj0 interakcie farbiv s polym6rnou
matricou a nemdZe byt odvodend z farbenia infch ty-
pov syntetickfch vldkien. DoleZita je aj stalost v ote-
re, ktord suvisf najmd s limitnou hodnotou vytiahnu-
t ia farbiva z kupel 'a a jeho prebytku na povrchu
vldkna. Znilovanie vytiahnutia farbiva z k0pela je vfs-
ledkom afinity modifikacnej prfsady a jej koncentrd-
cie vo vldkne.

Adit lvum Chromatex je definovan6 ako syst6m
niekol'kfch kopolymerov, ktor6 zabezpecuju dobru
kompatibilitu s PP a vytvdraju aktivne miesta pre kot-
venie farbiva vo vldkne pri dostatocnej ryichlosti far-
benia a vytiahnuti farbiva z ktipel'a.

Vzhl 'adom na pri tomnost poldrnych funkdnfch sku-
pin je Chromatex hygroskopickf a pred apl ikdciou sa
musi suSit,  spravidla v granulovanej forme. Su5enie
pri 60-70 'C pocas niekol'kfch hodin poukazuje na
nfzku tepelnu stabi l i tu adit fva, alebo vysokl i  sklon
k hydrolyize vplyvom vody a teploty.

Pridavok 8% aditfva Chromatex do PP sa ukAzal
ako dostatocnli pre zfskanie sftych odtienov pri far-
beni. Zmena tejto koncentrdcie nemd za ndsledok
zmenu v kinetike a vyt iahnuti farbiva z kupel 'a, m62e
v5ak ovplyvnit niektor6 mechanick6 i  kolorist ick6
vlastnosti  vldkien.

3.  MODIFIKACIE A FARBENIE PP VLAKIEN NA
SLOVENSKU . DOTERAJSI VVVO.I

V na5ich podmienkach sa venovala pozornost mo-
dif ikaci i  PP za udelom farbenia PP vlakien z k0pel 'a



a potlacou v rdmci niektorfch uloh zdkladndho a ap-
likovan6ho vfskumu v minulosti a niekto.ryich uloh VE-
GA v poslednom obdobf v spoluprdci VUCHV, Kated-
ry vldkien a textilu CHTF STU a SAV.

Na zdklade poznatkov o organickfch latkach ob-
sahuj0cich kovy ako Zn, Al a Ni, schopnlich tvorif sta-
biln6 farebn6 komplexy sa rispe5ne vyvijali modifi-
kovan6 PP vldkna s aditfvami na blze nikelnatlich
zl0denfn viacerfmi renomovanlimi vliskumnfmi pra-
coviskami na svete. Najroz5irenej5ie modifikdtory boli
nabaze niklu, a to alkoholdty, fenoldty a pod.

Na VUCHV vo Svite bola vyvinutd modifikdcia PP
vldkien stearatom nikelnatfm. Tdto modifikdcia ma-
la niektor6 nedostatky, ktor6 nakoniec boli prlcinou,
Ze tdto modif ikdcia sa v priemysle v Sir5om meritku
neujala. Boli to najmd: mdlo brilantn6 farby a I'ahkf
kovovli nddych vyfarbenfch vldkien, nedostatocne 5i-
roka Skala farieb a ich vysokd cena a tieZ probl6m
s farbenim zmesi PP vlakien s niektorfmi prfrodnfmi
vldknami. Na druhej strane modif ikdcia zludeninami
niklu priniesla zlep5enie niektoryich vlastnostl PP vld-
kien ako zvf5enie tepelnej a svetelnej stability 1171.

Prv6 modifikdcie PP bAzickymi zlfdeninami na 0rov-
ni pilotnfch skti5ok boli na bdze nfzkomolekulovfch
a oligom6rnych, resp. polym6rnych aditiv s obsahom
vol'nfch -NH, skupin schopnych viazat kysl6 farbi-
vd. Bola to skupina tr iazolov, ol igom6rnych Zivic
i  vyuZit ie japonsk6ho modif ikdtora Sumiepoch FS22
na b{ze aminoalkylakrylatov [15-17]. Vlakna vyka-
zovali dobr0 vyfarbitel'nost kyslfmi farbivami, av5ak
mali n(zke stdlosti najmd na svetle. Svetlostdlostitfch-
to farieb boli o 2-3 stupne niZSie ako v prfpade vy-
farbenia cistfch polyamidovlich vldkien. Zistilo sa, Ze
negatfvny vplyv na vyfarbenie modifikovanfch PP vld-
kien majI oxidacn6 produkty polypropyl6nu , ako pe-
roxidy, aldehydy, ktore sa moZu podiel'at na d'al5ich
oxidacnfch i redukcnlich procesoch. Starostlivo vy-
bran6 stabilizdtory (sveteln6, tepeln6) moZu vyzna-
me zvyi5it stdlosti vyfarbenia na svetle. Modifikacia
polypropyl6novyich vldkien sa v5ak stdva nefnosne
ndkladnou a el iminuje jednu z najdOleZitej5fch pred-
nosti  polypropyl6nu a to jeho nizku cenu.

Boli pripraven6 tieZ polypropyl6nov6 vldkna modi-
f ikovan6 aditfvami na bdze polyesterov [18, 28]. Po-
uZili sa pri tom kompatibilizdtory, ktoryich funkciou bolo
zlep5enie spracovatel'nosti nemodifikovan6ho poly-
propyl6nu. Na vyfarbenie sa pouZil i  disperzn6 ace-
t6tov6 modr6 a derven6 farbiv6 a niektor6 vyivojovd
typy farbiv fy Bezema. Na zdklade experimentdlnych
vysledkov sa zist i lo, 2e 10% koncentrdcia polyeste-
rov6ho adit iva za prftomnosti  vhodnfch kompatibi l i -
zdtorov je dostatocnd pre vyfarbenie vldkien na sfte
odtiene. Pre farbenie nie je potrebn6 pouZit teploty
nad 100'C ani Ziadne prend5ade farbiva. Farebnd
sila vldkien zdvislod koncentrdcie aditiva a rastie s te-
plotou. Stdlosti v otere a v pranf s0 vyhovujfce a| bez
alkal ick6ho prania [28].
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Tieto prdce predstavuj0 r jvodne experimentdlne
prAce do problematiky farbenia PP vldkien z kfpel 'a
resp. potlacou po predchddzajucej modifikdcii poly-
propyl6nu polyesterovfm aditfvom za pritomnosti vy-
bran6ho kompatibilizdtora.

Niektor6 vyisledky z farbenia modif ikovanfch PP
vldkien s[ v tabul'kach 3-5.

Table 3  Mechanick6 v lastnost i  zmesi  PP-PET v l6k ien oo
termofixdci i  pr i  100 'C, 30 min

Elasticita pri 50 % pevnosti
rcer rer r3,
T o % %

Vzorka
6.

cpEr
To

Pevnost iaZnost
cN/dtex %

1
2
3
4
5

0
5
1 0
1 5
100

2.22 27.0
1 .98  27 .1
1.96 29.4
1 .95  27 .3
'1  .55 19.3

7.4 6 .2  83.9
8.2 7 .1  86.6
8.6 7 .6  88.9
7.3 6.6 89.7
8.0 7 .O 87.5

e"", - celkovd deform6cia, e",- elastick6 deform6cia, ro", - stupen
pru2nosti

Table 4 Vplyv modif ikdcie PP vldkien polyesterovl im aditfvom
(10%) na farebnu s i lu  v ldk ien.

Farbiv6
fy Bezema

Vl6kno K iS
Nemodif ikov. Modif ikovan6

Blau SE-RDL

Rubin SE-RDL

Ge lb  E -RD

Hladk6
Tvarovan6

Hladk6
Tvarovan6

Hladk6
Tvarovan6

3.0
5 .0
2.0
2 . 1
3.5
4.5

26.5
27.5
27.5
30.5
24.5
22.5

Table 5 Farebnd si la a stdlost i  vyfarbenia zmesnfch PP/PET
vl6kien, pre farbiva Bemacron, pri  2% vyfarbeni.

Vzorka Farbivo

Stdlost v odere
AJD' 

Pred Po Stailost
100'C reduk. reduk. v pranl

pranfm prani

1

2
Rub in  SE  RDL
Blau SE RDL
Blau E RD
Rubin SE RDL
Rot  E RD
Rot SE BDL
Orange SE RDL
Gelb E RD
Ge lb  SE  RDL

2.5
28.3
1 9 . 5
31.2
1 7 . 8
1 0 . 3
1 9 . 5
23.1
1 8 . 8

1 -  nemodi f ikovan6 PP v ldkno,  2  -  PPIPET v ldkno (10% PET)

Pri farbeni tyichto vldkien Skdlou farblv fy Bezema
sa dospelo k pozit ivnym vyisledkom z hl 'adiska me-
chanickyich vlastnostivldkien ako aj ich koloristickfch
vlastnost[.

Vldkna PP s obsahom polyesterovtlho aditfva (do
10% hmot.) maju dostatocn6 mechanicko-fyzikdlne
vlastnosti .  Pevnost vldkien je niZ5ia asi o 10o/o, av5ak
elastick6 vlastnosti vldkien (stupen pruZnosti) sa zvy-
Suj[ asi o 10% oproti  nemodif ikovanfm PP vldknam.
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Farebnd si la modif ikovanfch PP vldkien po vyfarbe-
nl je v priemere desatndsobne vySSia ako nemodif i-
kovanfch vldkien. Ucinok redukcn6ho prania je pri-
jatel'n1i pri tmavfch farbivach (modrd, rubinova). Pre
cerven6 a Zlte farbivd dochddza po redukcnom pra-
ni asi k 20-30% poklesu farebnej sily. Vplyv koncen-
trdcie adit iva nad 10% hmot. je zanedbatel 'nf pri  tep-
lotdch farbenia nad 100"C. VySSiobsah modif ikdtora
md pozit ivny vplyv na vyfarbenie pri  teplotdch do
100 "C. Vyfarbenie modif ikovanfch PP vldkien dis-
perznyimi farbivami vykazuje dobr6 stdlosti v otere
a v prani.

4. ZAVER

V prlspevku sa diskutuje sucasnyi vfvoj modifikdcie
PP vldkien s cielbm zlep5enia ich farbenia z k0pel 'a,
resp. tlacou. Perspektlvnou modifikdciou sa ukazuje
aditivdcia PP vldkien polym6rmi na bdze polyesterov.

Nov6 impulzy pre roz5irenie sort imentu vl6kien
a pre pripravu PP vldkien so zlep5enfmi vlastnos-
tami poskytujn nov6 katalytick6 syst6my pri synt6-
ze, ktor6 umoZnuj0 pripravit  PP s regulovanou mo-
lekulovou hmotnostou, Strukturou tzv. metalocenov6
polym6ry m-iPP [6].

K zakladnfm nedostatkom doteraj5ej modifikacie
polypropyl6nu polyesterovfmi aditivami patri najmd
nedostatocnd uroveh technologickej zndSanlivosti po-
lypropyl6nu a polyesterov, ktord sa prejavuje v zhor-
Senej spracovatel'nosti pri dlhodobom zvldkiovani,
vcitane aditiva Chromatex a nedostatodn6 poznatky
z reologick6ho chovania sa zloZiek pri priprave zmes-
nfch vldkien a ich vplyvu na spracovatel'nost a mor-
fologiu (spracovatel'nost polym6rnej zmesi pri zvldk-
novani).

Dalej s0 to nedostatocn6 poznatky z procesu far-
benia a potlade modif ikovanfch PP vldkien.

Rie5enie tfchto 0loh spolu s d'alSlm vfberom adi-
tfv a kompatibilizdtorov ako aj rie5enia Specifickyich
probl6mov farbenia zmesnlich vldkien, najmii st6losti
vyfarbenia na svetle moZu v blfzkej bud0cnosti pris-
piet k 0spe5n6mu zavedeniu farbitel 'nych modif iko-
vanl ich PP vl6kien v priemyselnom meritku.

Publikdcia bola vytvorend za finandnej podpory Grantovej agen-
tIry SR, grant VEGA 1/8106/01 1e-Z1ptl.e6nok je venovany 50.
vyrodiu zaloZenia Katedry vliikien a textilu na Chemickotechnolo-
gickej fakulte, S/ovenskey technickej univerzity v Bratislave.
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Otanof je venovan! 50. vl irociu zalo2enia Katedry vldkien a text i lu
na Chemickotechnologickej fakulte, Slovenskej technickej univerzity v Bratislave.

1. Modifik6cia chemickfch vlakien aditivami

Modifikacia chemic$7ch vlakien aditivami predsta-
vuje jeden zvyznamnfch sposobov pripravy vldkien
s upravenfmi alebo [plne novfmi fZitkovfmi vlast-
nostami. Je to najroz5irenej5i sposob zvyiSenia tepel-
nej a svetelnej stability vldkien [1-5], zlepSenia vyfar-
benia z kupel'a [6, 7], antistatickfch vlastnosti vldkien
[8]  a  e last ic i ty  [9 ] .  Cestou adi t ivdc ie sa pr ipravuj r i
antibakteridlne vldkna [10] a tieZ vldkna farben6 v hmo-
te pigmentami, ked' farbenie vytahovacim postupom
z kfpelh je nemoZn6 alebo pri vysokfch poZiadavkdch
na stdlost i  vyfarbenyich vldkien [1 1 , 19, 20]. K naj-
ddleZi te j5 im modi f ikacnyim postupom v technologi i
chemick;ich vldkien zvld5t polypropyl6novfch patr i
aditivdcia svetelnfmi stabitizdtormi a tuhfmi casticami
-  p igmentami a p ln ivami .  V obidvoch pr ipadi lch sa
jedna o inkorpordciu kvapalnyich zloliek alebo tuhlich
castic do polym6rnej taveniny a ndslednd priprava
vldkien. Tento proces pozostdva z dvoch stupiov:
a. Priprava koncentrovanej disperzie pigmentov, plniv

alebo infch aditiv vo vhodnom spravidla polym6r-
nom nosici, (koncentrdtu).

b. Mie5anie a homogenizAcia koncentrovanej dis-
perzie so zdkladnfm polym6rom pred zvl6knenfm.

Pri tepelnej a svetelnej stabilizAcii sa dasto pouZivajl
aj in6 postupy ako napr. aditivAcia uZ pri synt6ze, kyim
pri farbeniv hmote a prfprave plnenfch vldkien je tento
dvojstupno4i proces pravidlom.

Postup pigmentdcie syntetickfch vldkien v hmote bol
povodne vyvinutf pre polypropyl6nov6 vldkna, ktor6
nemoZu byt uspokojivo farbene vytahovacfm pos-
tupom z kupel 'a vzhl 'adom na parafinickyi charakter
polyoleflnov bez funkcnfch skupln schopn;ich viazat
farbivo. Niektor6 vyznamn6 prednosti tohto postupu,
najmd ekologick6 a vysok6 stdlost i  vyfarbenia pig-
mentami s0 tak zretel'n6, Ze sa pouZiva i pri farbeni
polyesteronich a polyamidouich vldkien urcenyich pre
ndrocn6 aplikdcie a pre slte odtiene [1 1, 121. Najmii
stdlosti na svetle pigmentovanlich vldkien s[ prakticky
nedosiahnutelh6 pri farbeni klasickfmi farbivami. Preto
sa syntetick6 vldkna farben6 v hmote pouZivaj0 casto
pre textiln6 materidly do extr6mnych podmienok, ako
s0 koberce, podlahov6 krytiny a automobilov6 textflie.

Pigmentdcia syntetickfch vldkien v hmote vychddza

42

z povodnej technologie ,,sucheho" farbenia plastickfch
ldtok, av5ak poZiadavky na stupen disperzity pigmen-
tov, na mie5atel 'nost koncentrovanlich disperzif  so
zdkladnym polymerom a na celkovu rovnomernost
vyfarbenia, su kvalitatfvne vySSie. V literature je tento
proces zn{my pod pojmami ako ,,dope dyeing, extru-
sion dyeing, melt dyeing, spin dyeing".

Pri doteraj5om 4ivoji farebnych koncentrdtov i far-
benivldkien v hmote museli byt re5pektovane zdklad-
n6 princfpy dispergdcie pigmentov vo vysokoviskoz-
nych polym6rnych tavenindch pri priprave koncentrdtov
i  v ldk ien.  Termodynamick6 podmienky d ispergdcie
pigmentov v tavenine polym6ru su determinovan6
vzalomnymi interakciami zloliek, spravidla pigmentu,
nosica a dispergovan6ho aditlva - dispergdtora. Ok-
rem toho vyznamn0 flohu v dispergdcii pigmentov, ale
tieZ pri dispergdcii - mie5anf koncentrdtu a zdkladn6ho
polym6ru maj0 reologick6 vlastnosti zloZiek, do sr.rvisi
s kineticklimi podmienkami procesov farbenia v hmote.

Vfs ledkom posobenia termodynamickfch i  k ine-
t ick l ich faktorov je  d ispergdcia a lebo aglomerdcia
pigmentovfch 6astic, prlpadne vznik f lokul pri  nemie-
Satel'nosti dispergdtora s polym6rnym nosicom. Pozna-
nie vplyvu vzdjomnfch interakcii zloliek na spraco-
vate l 'nost  p igmentu a t ieZ koncentrdtu v  procese
farbenia v  hmote,  ako a j  na kolor is t ick6 v lastnost i
vldkien, najmd na farebnti  si lu pigmentu, predstavuje
zdklad modif ikacie vldknotvornfch polym6rov pig-
mentami pri  vyuZitf  farebnfch koncentrdtov ako
findlnych aditfv.

PredloZeny sfbor prdc je zamerany na Studium vzA-
jomnfch interakcif zloliek v disperzidch organickfch
pigmentov v polypropyl6ne a na vplyv tlichto interakcif
na reologick6 a koloristick6 vlastnosti farebnfch kon-
centrdtov a PP vldkien farbenlich v hmote. Je veno-
vanf tieZ 4ivoju novfch dispergacnfch aditfv, opti-
malizdci i  zlo2enia a podmienok prfpravy farebnlTch
koncentrdtov a vplyvu pigmentov na Struktfru vldkien.

2. Koncentrovan6 disperzie (koncentr6ty)
pigmentov ako polym6rne adit iva

Koncentrovan6 d isperz ie p igmentov pre farbenie
syntetick; ich vlakien v hmote predstavujI unikdtny
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polym6rny materidl s vysoklim obsahom organickyich
pigmentov (do 40% hmot.), alebo anorganickfch pig-
mentov (do 50 % hmot.), s vysoklim stupnom disper-
zi ly a vysokou rovnomernostou rozdelenia dastic,
spravidla v semikry5tal ickej polym6rnej matrici .  S0
zlo2en6 spravidla z troch komponentov: polym6rneho
nosi6a, pigmentu a dispergdtora. Farebn6 koncentrdty
s nosidom na b{ze polypropyl6nu alebo polyetyl6nu
nie je moZn6 pripravit  bez ucinn6ho dispergacn6ho
aditiva. Aj v pripade, ie polymernym nosidom su poly-
estery alebo polyamidy s poldrnejSrmi funkcnlimi skupi-
nami, pozitfvny vplyv dispergdtora na spracovatel'sk6
vlastnosti koncentrdtov je tieZ evidentnli [13].

V devdfdesiatych rokoch boli vyvinut6 nov6 koncen-
trovan6 disperzie vybran;ich pigmentov s vysoko-
uc inn lm i  d i spergd to rmi  [13 ,  14 ] ,  u rden6  na jmd na
farbenie vel 'mi jemnlich vldkien a mikrovldkien a pre
technologie vysokorfchlostn6ho zvl6khovania [1 5].
Farbenie tyimito disperziami ddva vysoku farebnI silu
a farebn6 stdlosti na svetle, v otere, pranfa chemickom
cisten f . Vysokd tech nolog ickd spol ah I ivost spracovan ia
je spdjan6 najmd s reologickfmi vlastnostami a,,filtro-
vatel'nostou" koncentrdtov.

Polymdrne nosiie
Pre prlpravu koncentrdtov na farbenie vldkien sa

vychddza spravidla z prd5kov6ho polym6ru s vysolgim
mernyim povrchom. Prd5koui polypropyl6n sa zlskava
priamo z procesu synt6zy. Koncentrdty s lep5ou
spracovatel 'nostou sri  spojen6 s uzkou distr ib0ciou
velkosti castic polyolefinu [16, 17].

Polyetyl6ntereftal6t a polyamid 6 sa priemyselne pri-
pravujri synt6zou v tavenine a zfskavaj0 sa v granu-
lovanej forme. Pre prfpravu koncentrdtov sa granulo-
vanf polym6r melie na prdSkovf materidl pri nizkych
teplotdch. Vzhladom na mie5atelhost zloZiek pri farbe-
n[  v  hmote,  polym6rny nosi6 je  sprav id la chemicky
ident ickf  so zdkladnfm polym6rom, pre farbenie
ktor6ho je urcenf.

Pigmenty a ich dispergadnd schopnost'
Pre pigmentdciu polypropyl6nouich, polyestero4ich

a polyamidovlch vldkien v hmote sa uprednostnujf
organick6 pigmenty, ktor6 majf vysoku farebn0 si lu
a poskytujI  bri lantn6 odtiene. Z anorganickyich pig-
mentov sa vyuZlvaj0 najmd sadze a oxid t i tanidityi .
Pigmenty sri podl'a chemickej Struktury registrovan6
v Color lndexe (C. l.) a s[ oznacen6 farbou a cfslom
napr.:  diazokondenzadnf cervenf pigment: C. l .  Pig-
ment Red 144.

Organick6 pigmenty predstavuju spravidla cyklick6
zlfceniny obsahujtice chromoforov6 skupiny. Vyzna-
cuju sa nerozpustnostou a vysokou tepelnou stabilitou.

Pre farbenie vldkien sa pouZfvaj0 najcastej5ie nasle-
dovn6 skupiny pigmentov [14, 18, 1 9, 20, 21 , 221:
a. Monoazopigmenfy. Niektor6 s[ menej tepelne sta-

bi ln6 nad 260'C (C. l .  Pigment Red 48:3) a ddvajf
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niZ5ie stdlosti vyfarbenia. In6 predstavuj0 vysoko-
0Zitkov6 pigmenty (C. l :  Pigment Yel low 181).

b. Diazopigmenty. Obsahuju dve chromoforovd sku-
piny. Sri odvoden6 od benzidinu a moZu byt pripra-
ven6 t ieZ kondenzdciou monoazopigmentov. lch
tepelnd stabilita je vel'mi dobrd a2 do 300 "C (C. l.
Pigment Yellow 95).

c. lzoindolinove pigmenty. S0 odvoden6 od tetrachlor-
ftalimidov. Vyznacuj0 sa vysokou tepelnou a sve-
telnou stabi l i tou (C. l .  Pigment Yel low 109).

d. Perylenov1 pigmenty. Su odvoden6 od penten-
karboxylovl ich kysel in. Sr.r vysoko tepelne stdle
av5ak taZko dispergovatel 'n6 v PP (C. I .  Pigment
Red 149).

e. Antrachinonov6 a indigoidne pigmenty. S[ taZko
dispergovatelh6 v polym6roch avSak vyznacuj0 sa
dobryimi stdlostami vyfarbenia (C. l. Pigment Red
177).

f . Chinakridonov6 pigmenty. Maju vysok6 stdlostn6
charakteristiky (C. l. Pigment Red 2020).

g. Ftalocyanfnov1 pigmenty. Maj0 vysokri tepelnu sta-
bilitu a stdlosti vyfarbenia (C. l. Pigment Green 7)

h. Dioxazlnovd pigmenty. Vykazuj0 vysokf termo-
stabilitu a st6losti na svetle, v otere a v pranl (C. l.
Pigment Violet 37).

Rozmery pigmentovfch dastlc sa pohybujri od 0.01
do 1 .0 pm. Zitkladn6 castice pigmentov su definovan6
ako primdrne, ktor6 moZu byt spajan6 do aglomerdtov
(spojenie hranami), alebo agregdtov (spojenie plo-
chami). Celkovf mernyi povrch aglomerdtov tak kore-
Sponduje so sumou povrchu primdrnych castic. Mernf
povrch agregdtov je men5i ako suma mern;ich povr-
chov primdrnych castfc.

Na zdklade rontgenovej analyzy sa organicke pig-
menty pre farbenie vldkien moZu rozdelit na tri skupiny
[26]. Pw0 skupinu predstavujri typicke kryStalicke latky
s trojrozmernou periodicitou (C. l. Pigment White 6, C.
l .  P igment  Red 177,  C.  l .  P igment  Green 7) .  Druha
skupina md prevaZne dvojrozmernf periodicitu s niZ-
Sou froviou kryStalick6ho usporiadania (C. l. Pigment
Red 1 4, C. l .  Pigment Yel low 95, C. l .  Pigment Yel-
low 109). Tretiu skupinu tvoria pigmenty bez typickej
kry5tal ickej stavby ako napr. sadze (C. l .  Pigment
Black 7).

Intenzivny qiskum pigmentov kulminoval v posled-
nom desatrodf novlimi vysokoriZitkovfmi pigmentami
na bAze novfch Strukt0r [23], latentnfch pigmentov

l24l a nanokolorantov [25].

Dispergacnf aditiva
Dispergdtory tvoria najmen5i podiel v koncentro-

van;ich disperzidch, av5ak maj0 4Tznamnf vplyv na
proces dispergdcie pigmentov. Tieto aditfva 0cinkuj0
v dispergadnom procese primdrne ako ldtky s povr-
chovou aktivitou v nevodnom prostredia zabezpecuju
zmddatel 'nost povrchu pigmentov a vy55iu adh6ziu
pigmentov k polym6rnemu nosidu.  Okrem toho
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napomahaj0 dezintegrdci i  agregdtov pri  dispergdci i
a stabilizuj0 stupefi disperzity pigmentov. Kapildrne sily
v p6roch aglomerdtov posobia mechanizmom,,kvapal-
neho" klina 127, 281. Okrem toho dispergadn6 aditiva
vdaka vfznamn6mu vplyvu na dispergacnf proces
a Struktfru disperzii pigmentov ovplyvnujI vfznamne
aj reologick6 vlastnosti disperzii. S0 to spravidla nizko-
molekulov6 ld tky,  a lebo o l igom6rne ld tky na bdze
polyalkoholov, polym6ry a kopolym6ry s nfzkou mole-
kulovou hmotnostou (vosky) a pod. [13, 14,20,28,30].

Stupen disperzity pigmentov v polymdrnom
m6diu, relativna farebnd sila

Dispergdcia pigmentov v polym6roch je fyzikalny
proces charakterizovany niekolkfmi oddelenfmi stup-
hami. Podl 'a ISO 4518/1-1978 dispergdcia pigmentov
v inom m6diu je ch6pand ako dezintegrdcia aglome-
rdtov na men5ie dastice - agregdty a primdrne dastice
a ich simultdnne zmdcanie m6diom. Proces pozostdva
z dezintegrdcie, distrib0cie a stabilizdcie castic pig-
mentu 121,281.

Stupen disperzity pigmentov vo vldknach sa m02e
stanovit priamou alebo nepriamou metodou. Ako pria-
me metody sa najdastej5ie pouZivaj0 mikroskopick6
metody v spojenf s obrazovou analyzou [31-33], infra-
6ervend spektroskopia [34] alebo najnov5ie metody
skanujfcej elektronovej mikroskopie s fluorolescenciou
X l0cov v kombindcii s digitdlnou obrazovou analyizou
[35].

V prdci [36] sa hodnotili povrchov6 charakteristiky
pigmentov pred dispergdciou. Mernf povrch sa sta-
novil na zdklade adsorpcnyich BET izoteriem a pre
meranie velkosti castfc sa pouZila elektronovd mikro-
skopia a sedimentadnd analyza. Na zdklade distr i-
bucnej funkcie v logaritmickfch suradniciach bol
vyjadrenyi parameter disperzity ako priemernd velkost
dastfc a koeficient polydis perzity.

Vyjadrenie stupna disperzity pigmentov vyuZit im
nepriamych metod je zvla5t zaujfmav6 z toho dOvodu,
Ze tieto veliciny s0 spojen6 6asto so spracovatelskfmi
vlastnostami pigmentov a koncentrdtov a tieZ s koloris-
ticklimi vlastnostami vldkien, pridom tieto metody sa
vyznacuj0 vysokou cit l ivostou. Dobr6 vfsledky sa
ziskal i  najmd pri  apl ikdci i  reologickyich merani [31],
metody filtrovatel'nosti [36, 37] a na zdklade merania
farebnej sily pigmentov vo vldknach.

Relativna farebnd sila vldkien (RFS) sa m02e vyjadrit
pouZitfm Kubelka - Munkovej rovnice [38]:

RFS = [(K/S')",o*v / (K/S)516n6",6].100

kde je K - absorpcnf koeficient aS - rozptylovl i
koef icient

V naSich prdcach sa na5la pr iama fmera medzi
RFSR pigmentovanyich vldkien stanovenej na zdklade
remisnych meranf a analogickou relatlvnou farebnou
si lou stanovenou transmisnyimi meraniami RFSa po

4

rozpusteni  vyfarbenyich PP v ldk ien v xy lene pr i
teplotdch nad 100 "C [39, 40].

Pre proces dispergdcie pigmentov pri farbenf vldkien
v hmote okrem termodynamickfch podmienok s0 vel-
mi dole2it6 tieZ kinetick6 parametre dispergAcie. Pre
kinetiku dispergdcie pigmentov boli navrhnut6 kinetick6
modely,  k tor6 zmenu stupna d isperz i ty  p igmentov
najcastej5ie vyjadruj0 kvantitatfvne nepriamo pomocou
relat fvnej  farebnej  s i ly  d isperz ie a lebo v ldkna [41] .
Zdvislost je exponencidlna, kde exponentom je stcin
rfchlostnej konStanty a casu dispergdcie. Tento
priebeh dispergdcie bol potvrdenli  aj pri  dispergdci i
pigmentov urcenfch pre polypropyl6n v rozdielnych
mediach [40].

3. Povrchov6 interakcie v procesoch farbenia
vldkien v hmote

Proces disperg6cie a homogenizf lcie pigmentov
v polypropyl6ne pri prfprave vldkien farbenyich v hmote
poukdzal  na nevyhnutnost  pouZi t ia  d ispergacnfch
aditfv. Bez gichto Organick6 pigmenty v polypropylene
vytvdrali,,nezmadane" aglomerdty a spracovatel'nost
takfchto koncentrdtov bola pre farbenie vldkien nevy-
hovujuca. Experimentdlne sa overil udinok niektoryich
oligomdrnych aditfv, zludenfn ktor6 boli zdkladom pre
vfrobu povrchovoaktivnych ldtok pre vodn6 prostredia
a zistil sa pozitivny vplyv najmd polyoxyetyt6nglykolu
a polyoxypropyl6nglykolu, v kombindci i  s niektorl imi
tepeln;imi stabilizdtormi ako Antioxidant 6 (406, tri-p-
etylfenylfenylfosf i t) .  Tieto latky vzhl 'adom na nizku
prchavost  a tepeln0 stabi l i tu  pr i  tep lotdch tavenia
a zv ldknovania PP v lak ien sa pouZival i  ako prv6
dispergdtory pre polypropylenov6 v ldkna [44,  50] .
Spracovatel 'nost t l ichto koncentr6tov nebola vldy
vyhovuj0ca a organick6 pigmenty sa nachddzali  vo
vldknach vo forme aglomerdtov a tieZ flokul, ktor6 sa
vytvdrali interakciami s dispergdtorom.

Povrchov6 naplitie, zmdEatel'nost', adhdzia
ZAkladnou flohou na5ich prvlich prdc venovanfch

pigmentdci i  polypropyl6novfch vlakien v hmote bola
kvantifikdcia interakcii v syst6me polypropyl6n - pig-
ment - dispergdtor a vplyv tfchto interakcii na stupen
disperz i ty  p igmentov a farebn0 s i lu  v ldk ien.  Ked'Ze
polym6rny nosic a v zdsade aj dostupne pigmenty boli
definovan6 a kon5tantne, zameranie prdc sa sustredilo
na t ret i  komponent  syst6mu,  na d ispergdtor  a na
interakc ie z loZiek na povrchu p igmentov.  T ieto sa
charakterizovali povrchor4im a medzifdzovlm napdtim
v nemie5atel'n;ich syst6moch 142, 43, 461, zmdcatel-
nostou, kritickym povrchovym napiitlm 1441, adhlznou
prdcou a efektfvnou hrfbkou povrchovej vrstvy na
pigmentovych dasticiach 14, 45, 47, 481. Pre moZnost
degraddcie polypropyl6nu nad teplotou topenia pr i
dlhfch dasoch merania v mnohyich prdcach sa

vldkna a textil 8 (1) 4247 (2001)



namiesto polypropyl6nu pouZi l  modelovy i  po lypro-
pylenoni olej (PP K 1000) a merania sa uskutocnili pri
niZ5fch teplotdch.

Vzhladom na n[zke povrchov6 napdtie polypropyl6nu
zmAcatel'nost povrchu pigmentu je takmer dokonald,
uhol zmdcania je blizky nule (cosq = 1,0) [44]. Podob-
n6 vfsledky zmdcatel 'nosti  pigmentov sa ziskal i  pr i
polypropyl6nglykole [45, 46]. Polyetyl6nglykoly s vyS-
5[m povrchovlim napdtim, ako je povrchovd energia
tuhyich pigmentov vykazujti vy55i uhol zmdcania (cosq
pod 1,0) [46, 50].

Dobrd zmd6atel 'nost sa povaZuje za nevyhnutnu
podmienku dobr6ho adh6zneho kontaktu.  Napr iek
rovnakej  zm6cate l 'nost i  p igmentov pr i  d ispergdci i
pigmentov v polyolef inoch a polyoxypropyl6nglykole
na5ie l  sa v l iznamnf rozdie l  v  s tupni  d isperz i ty  p ig-
mentu v polypropyl6ne za pouli t ia t fchto disper-
gdtorov, ktoryi je podstatne vy55i pri poldrnej5om poly-
oxypropyl6nglykole [46, 49, 45].

Nizka farebnd sila pigmentov v polypropyl6ne s niz-
kou alebo vysokou molekulovou hmotnostou (PP vlak-
na) poukazuje na n(zky dispergacnyi fcinok nepoldr-
nych polyoleflnov pri dispergdcii pigmentov. Vlisledky
len potvrdzujr i  empir ickri  sk0senost, 2e dispergova-
tel'nos{ organicklich pigmentov pri farbeni PP vldkien
v hmote bez dispergacn6ho aditiva je nedostatocnd.
Mikroskopick6 pozorovania poukazuju na existenciu
velklich aglomerdtov pigmentov v PP vldknach. Tieto
vfsledky neodporuju v5eobecne uzndvanej definfci i
o zm6datelhosti ako o podmienke silnlich adh6znych
vdzieb.  Poukazuj t i  v5ak na to,  2e podmienka
zmddatel'nosti je nutnd, av5ak nie le dostaduj0ca pre
dispergdciu pigmentov. Navy5e, vz6jomn6 interakcie
v trojzlolkovom syst6me polypropyl6n - pigment -

dispergdtor su zloZitejSie ako v bindrnom polypropyl6n
- pigment, dispergdtor - pigment. Pri tom sa nemoZu
zanedbat  in terakc ie a kompat ib i l i ta  polypropyl6nu
a dispergacn6ho adit iva. V pripade dvoj ice polypro-
pyl6n - polyoxyetyl6nglykol sa jedna o zjavne neznd-
Sanliv6 zlolky. Vfsledkom povrchovl ich interakci i
v trojzlolkovom syst6me polypropyl6n (oligom6rny
olej) -  pigment - polyglykoly je migrdcia pigmentu na
tAzovd rozhranie a po jeho nasyitenl do polyglykolovej
fdzy [44,45, 50]. Tieto javy poukazuju na povrchovti
aktivitu pigmentovfch dastic natazovom rozhranl ne-
poldrnej a poldrnej zlolky pri vzdjomnej dispergdcii
a na moZnost stabilizacn6ho ucinku ,,emulzie" kvapal-
nfch zloliektuhlimi dasticami pigmentu [45,51]. Povr-
chovd aktivita antrachinonov6ho pigmentu na rozhranI
polypropyl6n - polyetyl6nglykol sa potvrdi la experi-
mentdlne meranlm medzifdzov6ho napdtia.

Povrchov6 vrstvy a medzifdzov6 napiitie
po ly p ro py I 6 n -d i s pe rg dto r

Dal5im povrchovfm javom, ktoni sa experimentdlne
Studoval, bola povrchovd vrsWa kvapalnei zlolky poly-
olefinu a polyglykolu na povrchu pigmentoWch castfc.
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Teoria povrchovfch vrst iev kvapalnl ich zloZiek na
tuhyich povrchoch vysvetl 'uje tento jav na zdklade
adsorpcie velkfch molekfl na tuhyi povrch cez interak-
cie charakterist ickych, najmd poldrnych funkcnyich
skupin anaz{klade orientdcie a zmeny v pohyblivosti
segmentov makromolekul, ktor6 nie su priamo adsor-
bovan6. Adsorbovan6 i dalSie makromolekuly so zni-
2enou pohyblivostou a s urdityim orientadnyim efektom
tvoria povrchovf vrstvu, ktorej efektfvna hr0bka je
charakterizovand vzdialenostou od povrchu, pri ktorej
sa vlastnosti makromolekul neli5ia od vlastnosti mole-
kul v objeme [52-54]. Z toho dovodu zdanlivd hrribka
(dhlej len hr0bka) povrchovej vrstvy zdvisi znadne od
zvolenej metody pre jej stanovenie. V na5ich prdcach
sa pouZila viskozimetrick6 metoda, ktorej princ(pom je
kompardcia zdanliv6ho objemu tuhfch castlc v dis-
perzi[ (s povrchovou vrstvou) s ich skutocnyim obje-
mom. Touto metodou sa stanovila hrtibka povrchovej
vrstvy organickyich nlzkomolekulovyich i oligom6rnych
ldtok na povrchu pigmentov. Vfsledky poukdzali  na
qiznamnf rozdiel v hrfbke povrchovej vrstvy v zdvis-
losti od polarity ldtok a tieZ od zloZenia a charakteru
pigmentu. Napriek \imto vyraznym rozdielom v hrubke
povrchovej vrstuy kvapalnfch modelouich kvapalin na
povrchu pigmentov nena5iel sa jednoznacnyi vplyv
tohto parametra na stupen disperzity pigmentu v tfchto
m6didch 144, 49, 501.

Jasn6 nezndSanlivosf polypropyl6nu a polyetyl6n-
glykolov sa prejavi dokladnou separdciou zloZiek vo
forme kvapiek na vldkne pod zvldkhovacou hubicou uZ
pri desatindch percenta polyoxyetyl6nglykolu v PP. Pri
trojzloZkovom syst6me polypropyl6n - pigment - poty-
oxyetyl6nglykol sa pozoruje dobrd kompatibilita zloZiek
aj pri vysok;ich koncentrdcidch polyglykolu (do 15%)
pri 30% obsahu pigmentu vo farebnom koncentrdte
tak, Ze k Ziadnej separdcii zloliek nedochddza. To plati
aj pre vldkna farben6 na syte odtiene, ktor6 m6Zu
obsahovat aZ do 1% glykolu.

Priame merania povrchovfch a medzitAzovych inter-
akcii (napdti), hrfbky povrchovlich vrstiev, adsorpcie
pigmentu na fdzovom rozhranf a kompatibility (medzi-
tdzov6 napaitie) neznd5anli4ich zloliek za prftomnosti
pigmentov, dovol'ujI navrhnrit mechanizmus dispergd-
cie pigmentov v polyoleffnoch za prftomnosti dispergd-
tora neznd5anliv6ho s polym6rom.

Mechanizmus dispergdcie pigmentov
Tento mechanizmus predpokladd pri priprave kon-

centrovanfch disperzii v prvej tAze zmilcanie prd5ko-
v6ho polypropyl6nu dispergacnyim adit ivom, ktorl i
vytvorf na povrchu prd5kov6ho polym6ru vrstvu na
mikrometrovej frovni. Po pridanipigmentu a ndslednej
homogenizaci i  zmesi v prd5kovej forme dochddza
k rozdeleniu pigmentu po povrchu, pricom jeho zmd-
canie dispergdtorom nie je dokonal6 a dochddza tiel
k  , ,obaleniu"  d ispergdtora p igmentom (pre jav i  sa
tvorbou pigmentom obalenfch kvapiek pri  prebytku
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dispergdtora). Tri to 0vahu podporuje t ieZ l imitovanie
dasu dispergdcie prd5kovfch zloliek za pritomnosti
aditiva pri priprave koncentrdtov. Pri jeho prekrodenI
(pri 0plnom zmddanl castfc pigmentu dispergdtorom)
vznikd zmes, ktor0 po pretavenf charakterizuj0 velk6
flokuly pigmentu a dispergdtora.

Pri ndslednom pretaveni prd5kovej zmesi dochddza
k vzdjomnej dispergAcii zloliek, z ktoryich polypropyl6n
predstavuje kont inudlnu t6zu a d ispergdtor
s p igmentom su d ispergovanou tAzou,  ako cast ice
pigmentu s,,immobilnou" povrchovou vrstvou dispergd-
tora alebo castice dispergdtora stabilizovan6 pigmen-
tovanl imi  cast icami  na fdzovom rozhranI  s  poly-
propyl6nom [45, 55]. Tento mechanizmus dispergdcie
podporuje a j  opt im6lne mnoZstvo d ispergdtora
potrebn6ho na pr ipravu koncentrdtu s  opt imdlnymi
spracovatel'skymi a koloristickfmi vlastnostami. Bolo
vypracovanyich niekolko metodik na jeho stanovenie.
Jedna je predstavend v prdci, kde optimdlne mnoZstvo
dispergdtora kore5ponduje s jeho hrfbkou povrchovej
vrstvy a pohybuje sa od 10 do 40% na objem pigmentu

[56-58]. Vy55ia viskozita disperzie a dokonca vznik
t ixotropnej disperzie napr. pri  diazokondenzacnfch
pigmentoch v polypropyl6ne za prl tomnosti  polyoxy-
etyl6nglykolov poukazuje na vysoku afinitu disper-
gdtora k  p igmentu.  Pr i  jeho n iZSej  koncentr6c i i
vytvdraju castice disperg6tora a pigmentu relat ivne
pevnI  Strukturnu s iet ,  k tor f  je  moZn6 vysvet l i t
spolocnou povrchovou vrstvou na tuhfch casticiach.

Na zdklade tfchto vlisledkov sa zfskali vel'mi cenn6
informdcie o interakcidch zloliek v bindrnom syst6me
pigment - polypropyl6n, pigment - dispergdtor, poly-
propyl6n - dispergdtor, ktor6 su vyiznamnfm pris-
pevkom pr i  ob jasnovanf  mechanizmu d ispergdcie
organickfch pigmentov v polyoleffnoch za prftomnosti
po ldrneho d ispergdtora a objasnuju morfo logicku
Strukt0ru disperzie [13, 1 4, 45,50]. NeumoZnuju vSak
na tejto 0rovni informdcii  najst priamy vztah medzi
povrchovlimi vlastnostami a spracovatel'nostou pig-
mentov pr i  d ispergdci i  (s tupnom disperz i ty)  a  t l im
nedovoluju definovat ani ich vplyv na koloristick6 vlast-
nosti vldkien farbenyich v hmote.

Spracovatel'skE vlastnosti farebnich disperzif
Spracovatel 'nost pigmentov moZe byt definovand

sIborom vlastnostl  pigmentov, polym6rneho nosi6a
a dispergdtora, ktor6 sa pri  farbenf vldkien v hmote
prejavia najmd na filtrovatel'nosti koncentrdtov a nd-
sledne t ieZ vyfarbenej taveniny pred zvldknovanim,
d'alej na stupni disperzity a farebnej sile vldkien teda
aj na ekonomike farbenia. Koncentrovan6 disperzie so
znfZenou spracovatel'nostou sa spravidla vyznacujti
vysokou viskozitou a zntlenou mie5atel 'nostou so
zakladnym polym6rom, 60 sa negatfvne prejavi na
znilen[ stability zvldkiovania, na znileni Strukt0rnej
i geometrickej rovnomernosti vldkna, na zvliSenf prie-
trhovosti pri zvldknovani i dfZeni. Zld spracovatelhost
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koncentrdtov zn iLuje ekonomiku farbenia v  hmote
i trhovti  konkurencieschopnost farebnlich koncen-
trdtov, ktor6 s[ vfhodn;im v;irobnyim artiklom reno-
movanych vfrobcov.

Z6kladnou ulohou d'al5ich prdc tyikaj0cich sa disperzif
organick; ich p igmentov v polypropylene bolo ndjs t
vhodnf metodiku a parametre na vyhodnotenie zloZi-
tlich interakcif (najmti povrchovych), ktorlich optimali-
zAcia by viedla k zlep5eniu mieSatel'nosti koncentrdtov
zo zdkladnyim polym6rom a teda k zvf5eniu stability
zv ldknovania i  k  z lep5eniu rovnomernost i  St ruktury
vldkien, Takto zfskan6 vlisledky by sa vyuZili pri opti-
malizdcii chemick6ho zloZenia a molekulovej hmotnosti
dispergdtorov z hl 'adiska spracovatel 'nosti  koncen-
trdtov i farebnej si ly vldkien.

Dal5ie experimentdlne prdce ukazali, 2e vzAjomn6
interakcie v trojzloZkovom syst6me moZu byt Studo-
van6 vel'mi dobre dvoma metodami: na zdklade reolo-
gickfch meranlvyuZitlm modelov a empirickfch vzfa-
hov v5eobecne odvodenlich pre suspenzie tuhyich
castfc v kvapalnom m6diu [59, 60, 61] a anal;izou toku
disperzie cez jemn6 a definovan6 otvory filtracnlich sit
tzv. metodou filtrovatel'nosti 141, 49,621.

Publikdcia bola vytvorend za financnej podpory Grantovej
agentIry SR, grant VEGA 1/8106/01 (A-26/01).
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FYZIOLOGIA ODIEVANIA I.
TEPELNA REGULACIA CI-OVEKA

Murdrovd. A.

CHTF STU, Radlinskdho 9, 821 37 Bratislava

e tdnoX je venovanyi 50. vfrodiu zalolenia Katedry vldkien a textilu
na Chemickotechnologickej fakulte, Slovenskej technickej univerzity v Bratislave.

O fyziologi i  odievania pojedndvame v srivislost i
s odievanfm dloveka. Odev je kvAzi-Iyziologickf sys-
t6m, ktoryi pomdha udrZiavat teplo tela pri ndrocnfch
chladnlich podmienkach a naopak odvddzat teplo od
tela pri teplom vonkaj5om prostredi, alebo vysokom
fyzickom zatalen(. Odev je vZdy pritomnf a podiel'a
sa pri fyziologick;ich cinnostiach 6loveka. Z hl'adis-
ka fyziologie odievania je najdoleZitej5ia fyziologic-
kd cinnost dloveka tepeln6 reguldcia tela.

Biologicky patrf dlovek do spolocnosti teplokrvn;ich
Ziuich tvorov, so stdlou teplotou jadra 37 "C (t.j. v tru-
pe a h lave) .  UZ teplotnf  rozdie l  + 2"C s ignal izu je
chorobnli  stav prehriat im, alebo podchladenim.

Energia sa tvori v tele z potravy, ktord sa prijima
a biochemicky premiefia za pritomnosti vdychovan6-
ho kyslika. Vznikd pritom velk6 mnoZstvo energie,
ktord sa potrebuje na dinnost roznych vnftornfch or-
gdnov a prdcu svalov. Velkf podiel energie sa od-
v6dza ako teplo do vonkaj5ieho okol ia. Si l  Styri
sposoby odvddzania tepla z tela do okol ia:

1 . pfchanim
2. Ziaren(m
3. Vfdajom tepla cez pokoZku ako ,,suchy" tok

tepla
4. Vild$om tepla cez pokoZku ako tok tepla

odparovanfm potu
Regul6cia teploty tela je rozdielna u neodet6ho

a u odet6ho cloveka. U neodet6ho je vaic5i podiel od-
vddzan6ho tepla Ziarenlm a konvekciou. U odet6ho
cloveka je zvf5enf podiel odvddzan6ho tepla odpa-
rovanim potu. Odvddzanie tepla Ziarenim je u ode-
t6ho dloveka obmedzend.

Metabolizmus pri roznych fyzickfch 6innostiach clo-
veka je rozdielny. V tab. 1 s0 vyjadren6 niektor6 din-
nosti a vyikon dloveka vyjadrenli vo wattoch. Jednot-

Table 1 Vfkon cloveka pri roznych telesnyich dinnostiach

Cinnost Vfkon, W

spanre
sedenie v kl 'ude
st6tie
lahkA telesnd pr6ca
ch6dza 4km/h
chOdza Skm/h
talkit prdca
maxim6lny kr6tkodobf vlikon

ka na vyjadrenie ldtkovej premeny na energiu je me-
tabolik, 1 met = 58 W . m-2 (obr. 1).

3 5 .10 km/h

s _deft fiA &
o.E l.o 1.4 2.0 j.o g.o rrrcr

Obr. 1 Ldtkov6 premena pri roznych dinnostiach

Zakladna energetickd bilancia dloveka je vyjadre-
nd vztahom (1) :

M -  P" ,  :  H," ,  *  H,  *  H"+ H" (1)

M - latkovd energetickd premena, P"* - vonkajSia fy-
zickd prdca svalov, H.". - vfdaj tepla dyichanim, H, -
vfdaj tepla Ziarenlm, H"- vyidaj tepla suchfm tokom,
H" - vfdaj tepla odparovanlm potu

Na I 'avej strane rovnice (1) je teplo produkovane,
na pravej strane teplo vydan6 do vonkaj5ieho oko-
lia. U odet6ho dloveka vstupuje do procesu vyidaja
tepla odev. Potom platf (2):

Hct = H"+ H" (2)

Hcr - prechod tepla cez odev (W), H" - prechod tep-
la such;im tokom, H" - prechod tepla odparovanlm
potu.

Prechod tepla cez odev bude vfznamne zdvisiet
od jeho fyziologickyich vlastnosti, ktor6 reprezentujri
odpor prechodu tepla (RJ a odpor prechodu vodnej
pary (R"). Odpor prechodu tepla je tepelnAizolacia.
Prechod tepla cez odev bude d'alej vyiznamn e zAvi-
siet od poveternostnfch podmienok v ktorfch sa no-
si,  t . j .  od teploty okol ia, vzduSnej vlhkosti  a ryichlost i
vetra. V neposlednej miere bude hodnota prechodu
tepla cez odev zdvisiet od fyzickej cinnosti, ktor0 clo-
vek vykondva v danom odeve. Celkove plati:

Hcr = f(R", R", At, Ap, a, v) (3)

At - rozdiel strednej hodnoty teploty kole a vonkaj-
Sieho okol ia ("C), Ap - rozdiel t lakov vodnej pary na

85
1 1 5
1 6 0
200
280
350
450

1 000-1 200
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Obr.2 Prechod vodnej pary cez textiln0 vrstvu

povrchu koze a vodnej pary v okol i tom vzduchu
(mbar), a - povrch koZe (mt), v - rfchlost vetra
(m.s-t), R" - tepelnd izoldcia 1m2..C.W.r, R" _ odpor
prechodu vlhkosti (m2.mbar.W-t).

Zdvislost odvddzania tepla cez odev podlh posred-
neho vztahu je ztozirit Vystupuje tu ziolita interak-
cia vplyvov ,,telo - odev - kl[ma'.
. Tepef n[ reguldciu cloveka riadi domyselne med-

zimozog. Pri ochladzovanf sa pouzlva uAcsinou odev
ako ochrana proti chfadu. pri prehriatf tela nastdva
fcinn6 ochladzovanie odparovanim potu. odev no-

sime v chladnom ale aj v teplom prostredi,  najmd ak
sfuzi ako ochrana koze. v chladnom prostredi md
odev tepelne izolovaf koZu. V teplom prostredf, ked'
je zvli5en6 potenie je trrohou odevu odvddzat tepro
a vodnu paru od pokozky do vonkajsieho okoria. Na
obr. 2 je schematicky zn6zornen6 odvddzanie potu
od koze cez text i lnu vrstvu. Ked'text i l  je kapacitne
nepostaduj0ci pre odvddzanie potu, potom sa pre_
poti. V takom odeve citi dlovek diskomfort pri nose-
ni. Zvf5enim pododevnej vrstvy - mikroklimy sa zr4isi
rovnomernost vyuzitia textilnej plochy pre prechod
vodnej pary.

zAven

Fyziologia odievania riesi vztah medzi odevom, r'ud-
skyim telom a vonkajsim prostredfm. odev ako kv6-
zifyziologickf syst6m m d zabezpelit term ofyz io log ic-
kf komfort pri jeho nosenf.

Pre technologov vldkien, texti lu a odevu je vela
moZnosti ako ciel' dosiahnut.

LITERATUNN

t1l Mecheels J., umbach K. H.: Meiliand rextirberichte 1 2 , io2g-
1 0 3 1 , 1 9 7 6

IzJ Weder M.: Textiveredtung 22 ( jO) 376_381, 1987

vonkajSie okolie

textil
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FYZIOLOGIA ODIEVANIA II.
ODEV AKO ,,FYZIOLOGICKV" SYSTEM

Murdrovd A.

CHTF STU, Radlinskdho 9, 812 37 Bratislava

etdnok je venovanf 50. vfrociu zalo2enia Katedry vlSkien a textilu
na Chemickotechnologickej fakulte, Slovenskej technickej univerzity v Bratislave.

Zileme v takej spolodenskej etape I 'udstva, ie bez
odevu sa nezaobfdeme. Hlavn6 atr ibr i ty odevu s0:

- vyjadruje naS zovnajSok
- chrdni koZu pred vonkaj5fmi vplyvmi
- pomdha udrZovat teplotu tela
- je vyznamnli cldnok v interakcii ,,dlovek -

odev - kl lma".

Odev md v s0vislost iach s fyziologiou odievania
funkciu ergonomickri, pokoZkovo senzoricku a tyzio-
logickri :

Ergonomickd funkcia odevu je dand str ihom tak,
aby sa mohol v iom vykondvat pohyb.

PokoZkovo-senzorickd funkcia odevu je minimali-
zoval draldenie tlakovlich a teplotnfch receptorov
v koZi.

Fyziologickd funkcia odevu spociva v ricasti na te-
pelnej reguldci i  cloveka.

Odev je kvdzi-fyziologickyi syst6m. Jeho ,,tyziolo-
gickf" r icinok sa prejavi aZ v interakci i  s dlovekom.
Odev pomdha udrZiavat vhodn6 teplo tela a odpa-
rovanie potu v dostatocnej miere v Sirokom rozsahu
telesnyich zalalen{ a rlznych klimatickfch podmie-
nok.

NajdoleZitej5ie fyziologick6 vlastnosti  odevu s0:
- tepelnd izoldcia odevu
- priepustnost vodnej pary cez odev.
Dobrf funkcnyi odev pri  nosenl sa takmer nevni-

ma. Pldnovanou vfrobouodevu na zAklade poznat-
kov o fyziologi i  odievania mo2no takl i  odev skon-
Struovat.

Hlavnf podstatu odevu tvorf text i l ,  pozostdvaj0ci
z text i lnl ich vldkien. Od nich sa odvi jaju najd0leZitej-
5ie fyziologick6 vlastnosti  odevu.

Tepelnd izoldcia odevu vyjadruje mieru odporu proti
prechodu toku tepla suchou cestou - R" 1m2."C.W1;.

V starSej literature sa uv6dza jednotka pre tepelnu
izo ldc iu c lo ,  pr icom plat i ,  2e lc lo  = 0,155 mz."C.
V\|1. Tepelnd izoldcia l clo prislucha I'ahk6mu vychdd-
zkov6mu pdnskemu odevu,  obr .1.

Odpor prechodu vlhkosti  cez odev sa vyjadruje
hodnotou - R" (m2.mbar.W-t).

Tepelnd izolacia (R.) a odpor prechodu vlhkosti
(R") sucasne posobia na tepeln0 reguldciu cloveka.

Dobrf odev je taky, ktorf md vhodnrl tepelnu izo-
ldciu a najvy55iu moZn0 priepustnost vodnej pary.
Optimdlny pomer hodnot R" a R" uddva vztah:

i ,n  :  0 ,6. (RJR")  (1)

i ,n - index prechodu vlhkosti ,  R" - odpor prechodu
tepla, R" - odpor prechodu vodnej pary.

Indexy prechodu vlhkosti pre vybran6 druhy texti-
l i l  a odevov sri  v tab. 1

Tab. 1 Indexy prechodu vlhkosti niekto4ich textilii(i,",) a odevov (i,')

Druh

trtrtrffitrfftrm
0,1 0,3 0.5 0.8 l .o I  .5 3.0 c lo

Obr.  1 Tepelnd izolAcia roznych odevov

ko5elbvina 0,20-0,45
oblekov ina 0,15-0,35
pletenina na spodn6 prddlo 0,25-0,50
netkand text i l ia 0,35-0,55
I 'ahk1i oblek 0,60-0,67
oblek so zimnfm pla5tom 0,48-0,54
pracovnf odev optim6lny 0,60-0/2
pracovnli  odev neoptimdlny 0,40-0,52

Vy55ie hodnoty indexu prechodu vlhkosti  odevu
v porovnanI s indexom prechodu vlhkosti  text( l i (  spo-
civaj0 v tom, Ze odev je syst6m zloleny z viacej tex-
t i lnl ich a vzduchovfch vrst iev, ktor6 spolu v interak-
ci i  so str ihom odevu regulujr i  pr iepustnost vodnej
pary a tepeln0 izoldciu.

Tepelnd izolacia odevu R" sa vyladruje vztahom (2):

R" : R"L. * R", + RcL e)

R"r_. - tepeln6 izoldcia vzduchu v pododevnej vrstve,
R", - tepelnd izolAcia textilnej vrstvy, R"1. - tepelnd
izoldcia vzduchovej vrstvy viazanej na textil z von-
kajSej strany.
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R " = R " r _ , * R " , + R " , _ "

R" sa vy-

(3)

Rer_. - odpor prechodu vodnej pary cez pododevnu
vrstvu, R",- odpor prechodu vlhkosti cez textilnu vrst-
vu, R"r- - odpor prechodu vlhkosti cez vzduchovti
vrstvu, ktord je viazand na textil z vonkaj5ej strany.

Zo vzlahov (2) a (3) vyplfva, Ze textilnd vrstva pris-
pieva iba podielom k celkovej hodnote R" a R". Tex-
tiln0 vrstvu chdpeme ako ,,kompozit" tvoren'i z vla'
kien a vzduchu. Prdve vzduch je v tomto kompozite
hlavnfm tepelnfm izolantom. Dobre tepelneizoluj0-
ce textiln6 vrstvy maj0 90-95% zo svojho objemu
vzduch. Kon5trukcia text i l ie a vldkna v nej majf mat
taku makro5trukt0ru, aby uzatvdrali v medzivldkenfch
priestoroch co najviac vzduchu. V tom je hlavnf vf-
znam vldkien na odpor prechodu tepla a vodnej pa-
ry. Vlakna tvoria text i lnu konStrukciu, v ktorej uzat-
vdrajri vzduch. Pohyblivost takto uzavret6ho vzduchu
ma byt co najmen5ia, aby hodnota R" bola dosta-
tocnd. Stladitel'nost textilnej vrstvy md velkf vfznam
na tepelnf izoldciu.

Vldkna maju vysokti  tepeln[ vodivost, naopak
vzduch ma vel 'mi mahi tepelnu vodivost, tab.2.

Tab.2 Tepeln6 vodivost vl6kennfch text i lnfch materidlov

Druh 1,, kcal/m2.'C.h

Odpor prechodu vodnej pary cez odev
jadruje vztahom (3):

v lna
hodv6b
bavlna

lan
PA

PES
PAN

vzduch

0 , 1 6
0 , 1 8
0,25
0,25
0,20
0 , 1 5
0 , 1 5

0,022

Prechod vodnej pary cez textilnf vrstvu sa usku-
tocnuje viacerymi moZnfmi cestami. S0 to:

1. Dif0zia vodnej pary cez pory text i lu
2. Absorpcia vodnej pary do vldkien a ndsledne

desorpcia
3. Adsorpcia vodnej pary na povrchu vldkien, mig-

rdcia pozdll vldkien a desorpcia
4. Kapildrna kondenz{cia vodnej pary.
Difuzia vodnej pary z pododevnej vrstvy cez textil

do vonkaj5ieho okol ia sa uskutocnuje cez medzip-
r iestory vldkien a priadze v tkanine alebo pletenine.
Vodnd para,difunduje cezvzduch, ktoryi sa nachdd-
za v tfchto medzipriestoroch. Z hl'adiska fyzikdlne-
ho ide o jav pohybu plynu v inej plynnej latke. Cim
je textil otvorenej5i, tfm je diftizia vodnej pary ridin-
nej5ia. Priepustnost vodnej pary difuznym spOsobom
zdvisi od dif0znej cesty, ktord je dand kon5trukciou
priadze a textflie, teda od makro5trukt0ry vldkien. Ne-
zdvisf od druhu polym6ru.

Vldkna a textilS (1) 50-52 (2001)

Absorpcia vodnej pary od pokoZky do vn0tra vl6-
kien, transport cez vl6kna a desorpcia na vonkaj5ej
strane text i lu s0 zdvisl6 od chemickej a fyzikalnej
Struktury vldkien a relativnej vlhkosti vzduchu. Trans-
port vlhkosti spOsobom absorpcie a ndslednej desor-
pcie je pomalyi.  Vldknovd polym6rna substancia tu
mA velkf vyznam. Absorpcia vodnej pary sa moZe
diastodne ovplyvnit zo5l 'achtenfm povrchu vldkien
a kon5trukciou textilu. Hydroskopicnost vldkien pdso-
bi obmedzujr ico na dif t tziu vodnej pary.

Adsopcia na povrchu vldkien, migrdcia pozdlZ vld-
kien a desorpcia na vonkaj5ej strane textf l ie je naj0-
cinnej5i mechanizmus pre prechod v_odnej pary cez
texti l .  Sumdrny povrch vldkien na 1m2 texti lu je mno-

Tab. 3 Nasiakavost vody vldknami pri 65% relativnej vzduSnej vlh-
kosti

Druh vldkna Nasiakavost, %

PA
PES

bavlna
vlna

visk6za

hondsobne vdd5i. Na povrchoch vldkien sa vytvdra
tenkd kvapalnd vrstva vody, ktord migruje na von-
kaj5iu stranu text i lu, kde sa odparuje do vonkaj5ie-
ho okolia. MnoZstvo takto odtransportovanej vody z6-
visf od hydrofilnosti vl6kien. Zmi'catel'nost povrchov
vldkien moZno vyrazne zvfSit povrchovou upravou
zo5l'achtovanlm, kon5trukciou priadze a kon5trukciou
texti l ie.

Transport vody cez kapi ldry medzi vldknami
a priadze sa uskuto6huje kapi ldrnymi si lami. Kvapal-
nd voda sa pohybuje cez textil a na vonkaj5ej stra-
ne sa odparuje do okol ia. Tento sp6sob transportu
vlhkosti zdvisi od makro5truktury vldkien, makroStruk-
t0ry priadze, kon5trukcie textilie a povrchovej upra-
ve zoSl'achtenim. Polym6rna substancia vldkna m6
malf vplyv na kapi ldrnu kondenzdciu.

Velkf vyznam na priepustnost vodnej pary celkove
cez odev md strih odevu a jeho ventilacn6 otvory.

Akyi sposob transportu vodnej pary cez textil bude
preferuj0ci, zdvisf od mnohlich faktorov:
- Hrrjrbka vldkien a ich geometria ovplyvnuje geomet-

r iu  kapi ldr ,  medzipr iestory medzi  e lementdrnymi
vldknami. Jemnost vldkien uddva celkovu plochu
povrchov vldkien v textfli i.

- Kon5trukcia priadze ovplyvnuje difuzne, absorpdn6
a kapildrne cesty vodnej pary.
Vtizby tkaniny a pleteniny z hl'adiska priepustnosti
vlhkosti s0 najr4iznamnej5ie.
Uveden6 faktory podporuju tieZ priepustnost vzdu-

chu. Priepustnost vzduchu cez text i l iu nekore5pon-
duje vZdy s priepustnostou vodnej pary. Priepustnost
vzduchu nezdvisi vel 'mi od hrubky text i lnej vrstvy.

4,2
0 ,9
8 ,5
17,0
13,0
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Priepustnost vodnej pary je t imernd Stvorcu hr0bky du vodnej pary. Druh vldknotvorn6ho polym6ru, t .  j .
textilnej vrstvy. ci sri vldkna synteticke, chemick6 alebo prfrodn6 nie

Strih odevu z hl'adiska jeho fyziologickej funkcie je je rozhodujrici. Vplyvy sri v makro5trukture ,,vlakno
dofeZitf faktor, ktorf ovplyvnuje komfort nosenia. Pri - priadza - textil". Znamena lo, 2e v tejto oblasti sri
jeho nevhodnom ndvrhu by boli fyziologick6 a tieZ e5te rezervy, ako urobit synteticke vldkna co najviac
ergonomick6 funkcie potlacen6. podobn6 prirodnym vldknam.

Vo vdetkfch pripadoch pouZlvania odevu sf ven-
tilacn6 otvory bypassy pre teplo a vlhkost.
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z vEDEcKovVsKUMruYcn n vVvo.lovVcH pRAcovisr

Zhodnotenie vrlisledkov posudzovania zhody ostatnfch
urdenfch vfrobkov vo VUTCH-CHEMITEX spol. s r. o. Zilina,

Autorizovan6 osoba SKTC11 9 za rok 2000

Evaluation of results of conformity assesment regarding
other specified products in VUTCH-CHEMITEX Ltd . Zalina,

Authorized Body SKTC-119 for the year 2000

Herchlovd. l .

VUTCH-CHEMtTEX spo/. s r.o., Zilina, Autorizovand osoba SKTC-I19

VyTsledky posudzovania zhody ostatnyich urdenfch U vfrobkov spotrebnej ch6mie, ktor6 nesplhalu po-
vyirobkov vo VUTCH-CHEMITEX spol. s r. o. Zilina Ziadavky tvorf najvaid5ie percento odmietnuti potvrdit
za rok 2000 uvddzame v nasleduj0com tabulkovom zhodu pdvodom zo Spanielska 34 % a Ceskej repub-
prehl'ade: l iky t ieZ 34 %.

Celkom
Vydan6 odmietnutia potvrdit  zhodu na text i ln6 po-

dlahov6 kryt iny bol i  zastupen6 povodom len z Bel-
g icka.

Teritoridlny prehl 'ad o nekval i te text i lnfch a odev-
nlich vfrobkov uvddzame v grafe 2 avyrobkov spot-
rebnej ch6mie v grafe 3.

zaevidovanyich Ziadosti
z toho modul a
z toho modul b
z toho modul c

nepovinn6 cert i f  ik6cia

2 306
291
36

1 967
1 2

Pocet Celkom Tuzemsko

vydanfch certifikdtov
- z toho neurden6 vfrobky

1 761
1 5

1 2 7
6

1 634
I

vydanyich potvrdenI o zhode 1 4
vydan6 odmietnutia potvrdit  zhodu
- z toho vydan6 odmietnutia potvrdit  zhodu na vfrobky modulu a
- z toho vydan6 odmietnutia potvrdit  zhodu na vfrobky modulu c

87
1 7
70

3
1
2

84
1 6
68

V skupine neurcenyich vyirobkov sri zastfpen6 pre-
dov5etkfm vlnene postel'ne s0pravy pre dospel;ich
povodom z Nemecka, Bulharska a Mad'arska, met-
rdL na vyrobu postel 'nej biel izne povodom zo Slo-
venskej republiky.

V pocte vydanfch potvrdeni o zhode predstavuj0
najviid5i podiel vfrobky spotrebnej ch6mie celkom
49,8 %, text i ln6 podlahov6 kryt iny sr i  zastupen6
46,6 % a Sijacie nite predstavujri 3,5 oh z celkov6ho
poctu vydanlich potvrdeni o zhode.

Z celkov6ho poctu certifikdtov vydanyich AO SKTC-
119 (1761) bolo vydan;ich spolu 87 rozhodnuti  o od-
mietnuti  potvrdit  zhodu, 6o predstavuje 4,9 o/0.

Na dovdlan6 vfrobky bolo vydanlich odmietnutf
potvrdit  zhodu celkom 96,5 % .

Vfrobky pdvodom z Azie sa podiel'{u 67 % na nek-
valite textilnfch a odevnfch vyirobkov.
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Percentudlne prekrodenie jednotlivfch limitov zdra-
viu Skodlivfch ldtok a kvalitativnych parametrov, kto-
16 s[ dovodom odmietnutia potvrdit  zhodu na tex-
t i ln6 a odevn6 vf robky za rok 2000 s0 uveden6
v  g ra fe  1 .

Vydan6 odmietnut ia  potvrd i t  zhodu na text i ln6
a odevn6 vyirobky boli povodom z krajin uvedenfch
v grafickom zndzorneni (grat 2).

V;irobcovia v rdmci SR z uveden6ho prehl 'adu
predstavuju 3 % z celkov6ho poctu odmietnuti pot-
vrdit zhodu na textiln6 a odevn6 vlirobky.

Vlisledky potvrdzuju, 2e vfrobcovia v SR dodrZia-
vaj0 zdsady a principy bezpecnosti vyrobkov a ochra-
ny zdravia spotrebitelbv v porovnanl s podielom do-
vozcov na vydanyich odmietnutiach potvrdit  zhodu.

Z celkov6ho poctu odmietnuti potvrdit zhodu na vyi-
robky modulu a bolo celkom 70,5 % vydanfch na vf-
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fomald.hyd fomaldehyd + fomaldehyd + fomaldehyd + faik6 koty
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Graf 1 Percentudlne prekrodenie limitov zdraviu Skodlivfch l6tok a kvalitatlvnych parametrov

23oh 
Turecko

6 %

Grat 2 Teritori6lny prehl'ad o nekvalite textilnfch a odevnych
vfrobkov za rok 2000

Ftlardsko Madarsko

8Yo

Sloversk6 regtblika

8%

eesk6 reg.rblika

UYo

Graf 3 Teritoridlny prehlad odmietnuti  potvrdit  zhodu

robky spotrebnej ch6mie a 29,4 oh na textiln6 podla-
hov6 krytiny.

Dovody odmietnutia potvrdit  zhodu u vl irobkov
spotrebnej ch6mie bol i  nasledovn6:
- prekrocenie limitu hodnoty pH 1%-n6ho roztoku W-

robku
- nizka pracia schopnost pracieho prostriedku
- prekrodenie limitu hodnoty inkrustdcie
- vysoke strata pevnostitkaniny po 25 ndsobnom prani

- vysoke zmena farebn6ho odtiefia tkaniny.
V tejto skupine vyirobkov najvaid5f podiel odmietnutf

potvrdit zhodu vydanlich na vfrobky bol povodom
zkrajin, ktor6 uvddzame v grafe 3.

Dovody odmietnutia potvrdit  zhodu u text i lnfch
podlahovfch krytin boli nasledovn6 :
- nizka stdlost vyfarbenia vo vode
- nedodrZanie menovitej hodnoty celkovej hmotnosti
- nedodrlanie menovitej hodnoty hmotnosti vlasu nad

podkladom.

Vydan6 rozhodnutia o odmietnutf potvrdit  zhodu
boli  p6vodom len z Belgicka.

Vl isledky hodnotenia urden;ich vfrobkov za rok
2000 potvrdzuju potreby skfSania 4irobkov a ochra-
ny zdravia spotrebitelbv.

Z hl 'adiska ochrany spotrebitel 'a je v platnosti  od
1.7.1999 Vyhla5ka Min is terstva hospoddrstva SR
c. 18/1998, ktorou sa stanovujt i  podmienky na oz-
nadovanie zloleila a sposob zaobchddzania s tex-
t i lnyimi vfrobkami, ktorej s[ urden6 symboly o5etro-
vania text i l i i  pr i  ich pouZlvani.

Zikon 6. 26411999 Z. z. o technickfch poZiadav-
kach na vf robky a o posudzovani  zhody a o zme-
ne a doplneni  n iektory ich zdkonov spolu so zdko-
nom 6. 29411999 Z. z o zodpovednosti  za Skodu
sposobenu vadnfm v l i robkom a zdkonom c.  634/
1992 Zb.  o ochrane spotrebi te l 'a  v  znenf  neskor-
Sich predpisov (zdkon c.  13711998 Z.  z .  azakon
c.  310/1999 Z.  z . )  vytvdra j I  uzavret f  leg is la t fvny
rdmec na ochranu Zivota,  zdrav ia a majetku osob
a Zivotn6ho prost redia.

Slovenski
republika -....

3 %

eeskd republ ika
1Yo

Europa  (na jmd

Pol'sko, Vel'ka
Br i tan ia ,  Nemecko)

,  
Az ia  (na jmd  d ina ,

\  l nd ia ,  Pa ld$an  )
67 o/o
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zo zAH RANrCr,rYcn ensoPlsov

Hodnotenie zrnit6ho podkladu spevnen6ho geom-
rieZkou
GEOTECHNICAL FABRICS REPORT, 18,  2OOO,
d. 1, s. 22-28

Ministerstvo dopravy Stdtu Wyoming overovalo
efektivnost ndkladov vynakladanyich na obstaranie
a in5taldciu biaxidlnych geomrieZok pri vfstavbe vo-
zoviek ako aj funkcnost takto vybudovanfch doprav-
nyich stavieb. Pri vfstavbe testovanej vozovky po-
uZil i  geomrieZku Geogrid BX 1 100 Tensar. Zvoleny
0sek hodnoti l i  bezprostredne po dokondeni a opa-
kovane po troch rokoch premdvky. V;isledky skri5ok
uklzali, 2e g eo m rielka u moZfi uj e red u kovat h ru bku
zrnit6ho podkladu zo 43Q na 280 mm a podstatne
tak u5etri materidlov6 ndklady. Strkovf podklad spev-
nenf geomrieZkou rozklad6 zala2enie spdsoben6
prevadzkou na vdc5iu plochu, cfm sa predlZuje 2i-
votnost komunikdcie.

Spracovanie toxick6ho vl i luhu v Balt imore
GEOTECHNICAL FABRICS REPORT, 18,  2OOO,
6. 1, s. 48-50

Pri spracovani chromovej rudy v Balt imore vznikd
toxickli vliluh s obsahom 5estmocn6ho chromu, zne-
cistujr ici  podzemnf vodu. Firma Commdore Sepa-
ration Technologies Inc. rie5ila tento vAlny ekologic-
kf probl6m zavedenlm procesu SLIM, ktoni vyuZiva
kvapaln0 membrdnu a odstranuje chrom. NavySe ho
regeneruje do pouZitel 'nej formy. Kvapalnd membrS-
na sa vytvorl impregndciou porov v zvdzku mikrop6-
rovityich dutfch polypropyl6novlich vldkien roztokom
nosida (organickej kvapaliny) a internlim organick;im
riedidlom. Nosic extrahuje chrom z privddzan6ho roz-
toku a na rozhranI rozto(membrdna vznikd komplex,
ktoni difunduje cez membrdnu. Nasleduje separdcia
chromu a jeho regenerdcia. Technol6gia umoZiuje zni-
Zit  obsah Sestmocn6ho chromu pod 0,05 ppm. Je
vhodnd aj na separdciu infch kovov z odpadovlich vod.

In5tal6cia syntet ickich geotexti l i i  pr i  vfstavbe
cestnlich povrchov - prehlhd spr6vnej metodiky
inStal6cie
GEOTECHNICAL FABR/CS REPORT, 18, 2OOO,
6 . 2 ,  s .  1 6 - 1 8

Prvf zo s6rie cldnkov venovanfch uvedenej pro-
blematike v 0vode Specif ikuje vfznam a vfhody
pouZit ia geotextf l i [  v cestnom stavitelstve, definuje
geomrieZky a geotextilie kladene pod asfaltovf ko-
berec ako aj funkcie, ktor6 tieto materidly plnia. Ro-
zobera typy vhodnlich geotextfli i, suroviny, z ktorfch
sa vyrdbajf aj technologie ich vyiroby. Po posrideni
ich vfhod a nevfhod sa autor podrobnej5ie venuje
problematike skfSania tfchto materidlov. Specif iku-
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je vlastnost sk[5an6 podl 'a noriem ASTM, pouZiva-
n6 skuSobn6 metodiky a parametre, ktor6 geotextf-
l ie musia spiRat, aby vyhoveli  ndrocnfm kri t6ridm.

VfstuZe asfaltovich kobercov
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d. 2, s. 30-33

Prlspevok sumarizuje sfcasnf stav poznatkov zis-
kanfch pri kladeni a uZfvanl vfstuZi asfaltovyich ko-
bercov v praxi. V rivode je krdtko nadrtnutd historia
vfstavby asfaltovfch a betonovfch povrchov s pouZi-
tlm geotextili i a ich predchodcov. Dalej s0 poplsane
moZnosti  pouZit ia geotextl l i f  pr i  opravdch ciest ako
vlistuZnyich materidlov zniZujricich vnutorn6 napdtie
a zabraiujricich praskaniu asfaltovlich povrchov.
Nasleduje popis typickyich materidlov pouZivanych
pre tieto fcely a ana|iza vplyvov intenzity dopravy
(0nava materidlu, jeho posuv) ako aj kl imatickfch
podmienok na geotextilne vyistuZe asfaltovfch pov-
rchov.

Nov6 norma pre skf5anie poru5enia Svu
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d .  3 ,  s .  1 + 1 7

DoteZitou sucastou procesu zabezpecenia kvality
pri pouZlvanI vfstelkovyich geomembrdn je sku5anie
pevnosti Svov. Typick6 skri5ky poru5enia Svu hod-
notia dva parametre - pevnost v Smyku a odlupovani.
V prfspevku je uvedenli prehlad niektonich noriem
ASTM, podl'a ktorfch sa sku5a pevnost Svu. Najcas-
tej5ie typy poruSenf Svov su zobrazen6 aj popfsan6.
Novd norma ASTM 6392-99, Standardnd sk05obnd
metoda je urcend na stanovenie integri ty Svov nes-
pevnenfch geomembrdn vyroben;i'ch metodami te-
pelnej tuzie.

f nfiftr6cia cez uz6very sklddok odpadu
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d. 4, s. 22-26

Autor bol clenom tfmu, ktorf tri roky monitoroval
infiltrdciu cez uzdver sklddky odpadov v City of High
Point, pri vfstavbe ktorej bol pouZitli geosyntetickf
vfstelkovli materiAl s bentonitom s priepustnostou
1.10-7cm.sek-1. V r ivode prispevku autor popisuje
Struktr iru uzAveru skladky a program monitorovania.
Podrobne s[ uveden6 kl imatick6 a poveternostn6
podmienky oblasti a nameran6 hodnoty zr62kove1
cinnosti. Zaznamenan6 vfsledky celkovej rodnej in-
filtrdcie cez uzAver sklddky su zndzornene aj grafic-
ky. Trojrocnyi priemer rodnej infiltrdcie ako percento
rocnl ich zr62ok bol 6,31 oh na svahoch a 0,33-
2 o/o tro, beZn6 sklddky. Dlhodob6 rodn6 hodnoty in-
filtrAcie umoZnuje predpovedat s dostatodnou pres-



nostou model HELP, nie je v5ak vhodnyi na predpo-
vedanie vrcholu prietoku v laterdlnych dren62nych
syst6moch.

PVC: Dlhe historia, perspektivna buducnosf
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d. 4, s. 38-41

Autor prlspevku pribl iZuje 3O-rocn[ hist6riu pouZi-
tia PVC geomembrdn, sposob ich vfroby, ich vlast-
nosti a sk0Sky, ktorfmi sa zistujri formy, v aklich sa
doddvaju na stavenisko, metody ich spajania. Pod-
robnej5ie je popfsan6 pouZit ie PVC geomembrdn pri
budovanf sklddok odpadov a priklady niektorfch ich
fspe5nyich praktic$ich aplikdcii. Dalej sr.r uveden6
moZnosti ich pouZitia vo forme qistelkovfch geosyn-
tet ickfch materi6lov pri  rekonStrukci i  brehov r iek
a kandlov, rybnlkov a infch vodnfch nildrlt. V zdvere
su nacrtnut6 perspektivy tfchto najcastej5ie pouZi-
vanyich geosyntetickfch materidlov.

Periodick6 sku5anie vlastnosti  geosyntetickfch
materi6lov a ich cert i f ikdcia
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d. 5, s. 22-23

Autor sa v uvode prfspevku zaoberA otAzkou neis-
toty meran[, odberom reprezentativnych vzoriek, vyi-
poctom priemernfch hodn6t pri vykondvani periodic-
kyich sku5ok a otdzkou, 6i tak6to skri5anie umoZnuje

lpolahl ivo stanovit, ,minimalne" vlastnosti  vfrobku.
Dalej je popisanf odpor0canf postup pre periodic-
k6 sku5anie geosyntetickych vfrobkov. Autor uvdd-
za prehl'ad periodickyich skuSok vykondvanfch u jed-
notl ivfch typov geotexti lnfch materidlov a cituje
prislu5n6 normy. Certifikdcia by sa mala vztahovat
na sk0Sky vykonan6 v priebehu predchddzlucich 12
mesiacov. Certifikdt potvrdzuje, Ze vfsledky perio-
dickfch skri5ok s0 reprezentatrvne pre prebiehaju-
cu vyrobu.

Nov6 norma ASTM na sk05anie geosyntetickfch
ilovfch vfstelkovfch materi6lov
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
6 . 6 , s . 8

Spolocnost ASTM schvdli la normu D6496 ,,Stan-
dardnd sk05obnd metoda stanovenia priemernej pri l -
navosti  hornej a spodnej vrstvy vpichovanfch
geosyntetickyich ilovfch vfstelkovlich materialov".
Zisten6 0daje prispeju ku zvf5eniu ochrany 2ivotn6-
ho prostredia prot i  znecisteniu zo sklddok odpadu.
ASTM tieZ vydala ,,Standardn0 prirucku D6495 pre
akceptovanie skt5obnfch poZiadaviek pre geosyn-
tetick6 ilov6 vlistelkov6 materidly", v ktorej su navrh-
nut6 rozne sk05obn6 metody, napr. skriSka indexu
napu6ania, ubytku kvapaliny, pevnosti v natrhnuti, in-
dexu toku a pevnosti  v str ihu. Uveden6 s0 t ieZ od-
por0can6 verifikdcie zhody s akceptovatel'nymi Spe-
cif ikdciami materidlu.
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Studia o v l is te lkovom mater i6 l i  z  polyety l6nu
s vysokou hustotou
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d. 7, s. 36-39

Predmetom Stfdie bola membrdna z polyetylenu
s vysokou hustotou vystavend 10 rokov posobeniu
ultraf ialov6mu Ziareniu a odpadovej vody. Materidl
s hr0bkou 1 mm bol in5talovanf v apr( l i  1988 v cis-
t icke odpadovfch vod v Ohiu. Po 10 rokoch neboli
pozorovan6 Ziadne Statisticky v,fznamn6 zmeny fy-
zikdlnych vlastnosti (pevnost v tahu a v dal5om trha-
ni, odolnost voci prerazeniu) ani rozdiely medzi vzor-
kou vystavenou a nevystavenou slnedn6mu Ziareniu.
Antioxidanty bol i  pr i tomn6 aj po 10 rokoch a stdle
0cinn6. Nedo5lo k vyraznej5ej zmene teploty tave-
nia ani obsahu sadzi. Membrdna nad'alej plni svoj
[cel a zalial' ju netreba vymieiat. Predpokladd sa,
Ze materialy vyraban6 v s0dasnej dobe maj[ lep5ie
riZitkov6 vlastnosti a dlh5iu Zivotnost.

Filtr6cia a dren6i: technickf pozn6mka
GEOTECHNICAL FABRICS REPORT, 18, 2OOO,
d. 7, s. 4041

T6mou prispevku je pouZit ie geotexti l i f  pre f i l t rac-
n6 fdely. V tfchto aplikacidch sa najcastej5ie pouZi-
vaj0 vpichovan6 geotextflie alebo netkan6 geotexti-
l ie spevnovan6 termicky, ako aj tkan6 geotexti l ie
s monofilnfm hodvdbom. Pri vyirobe vhodnej geotex-
til ie pre filtracn6 aplikdcie je nutn6 vykonat analyzu
pody a hydraul ickfch podmienok v ter6ne. Pre sta-
novenie vlastnosti  geotexti l i i  pre f i l t racn6 apl ikdcie
existuje mnoZstvo postupov. Zakladnfm krit6riom je
dlhodobd priepustnost. Stanovuje sa podl 'a normy
ASTM D5567 - Ukazovatel' hydraulickej vodivosti.
Pre stanovenie zanesenia geotextflie v zbernfch sys-
t6moch vf luhu sa pouZfva norma ASTM D1987 -
Biologick6 zanesenie geotexti lnyich alebo podno-
geotextilnyich filtrov.

Bikomponentn6 vldkno urden6 Speci6lne na vf-
robu pneumatickfch r[n
TECHNICAL TEXTILES, 9, 2OOO, d. 1, S. 7

Firma Fiber Vision vyvinula bikomponentn6 vldk-
no AL-ADHESION-C, z ktor6ho sa vyrabaju pneuma-
t ick6 runa vhodn6 na vyirobu netkanfch text l l i i  spev-
iovanych termicky. Vldkno ma polypropyl6nov6 jadro
a polyetyl6novyi pldSt. Dobre sa spdja s celu16zou,
pri vfrobe netkanej textilie aj pri pouZivanl dochdd-
za len k minimdlnemu uvol ' f iovaniu prachu. Vldkno
ma vysok0 pevnost, doddva sa s di2kou str iZe 3, 4,
6, 8 a 12 mm. Vysokd pevnost sa dosahuje vd'aka
presn6mu stanoveniu pomeru jadro-pleSt. Vlekno sa
moZe spracovdvat na linkdch M and J Fibretech aj
Dan Web. (vycerpdvajfce)

VyuZit ie netkanfch text l l i i  f i rmy Struto
TECHNICAL TEXTILES, 9, 2000, c. 1 , s. 8-9
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Materidly bri tskej f i rmy Struto - vysokoobjemn6
netkan6 textilie - sri vhodn6 na izolacn6 udely, pouZi-
vaju sa ako vyiplne 6al0nen6ho ndbytku, aj ako in6
vfplnkov6 materidly, plsten6 podloZky, vfplne mat-
racov, filtre a r6zne in6 technick6 textilie. VyrabajI
sa z prirodnfch alebo syntetickfch vlakien, novfch
aj recyklovanfch, prlpadne z ich zmesf. Ako termo-
plasticka zlolka sa pouZfva vldkno s nfzkym bodom
tavenia alebo bikomponentn6 vldkno. Objemn6 ru-
no sa m62e spajat s vhodnfm substrdtom alebo la-
minovat medzi dve vrstvy in6ho materidlu pre Spe-
cif ick6 ucely pouZit ia. Vfbornd tvarovd pamiit  sa
dosahuje vd'aka vertikdlnej orientdcii vdc5iny vldkien
v kon5trukci i .  Materidly maj0 vel 'mi dobr6 izola6n6
vlastnosti .

Firma Sider Arc - 50 rokov monofi lamentov
TECHNICAL TEXTILES, 9, 2OOO, d. 2, 5.7

CRINLENE je polypropyl6nov6 monofi lov6 vldkno
vhodn6 na vfrobu f i l t radnlch textf l i i .  Obsahuje Spe-
cidlne termdlne aditfvum, ktor6 zlep5uje jeho mecha-
nick6 a tepeln6 vlastnosti. VyuZfva sa na vlirobu fil-
trov na f i l t rdciu horucich kvapalln. Monofi lamenty
ESTENE s vysokym modulom sa dod6vaj0 s jemnos-
tou 25-150 dtex. Osvedci l i  sa napr. pri  vyirobe tka-
nin do sietotladoWch strojov. Monofily Crinlene a Es-
tene vyrdba tal ianska f irma SIDER ARC, ktord ma
vo svojom vfrobnom programe aj polyamidy 6, 6.6,
6.10,1 2, PET, PVDF, POM a in6 Special i ty s jemnos-
tou v rozmedzi 22-10 000 dtex.

Firma DSM roz5iruje sort iment prot ibal ist ickfch
ochrannfch materi6lov
TECHNICAL TEXTILES, 9, 2OOO, d. 2, S. 8

Firma DSM High Performance Fibers vyvinula kdb-
lik UD-S831 na vyirobu ,,mdkkfch" ochrann;ich v1i-
robkov, napr. nepriestrelnlich viest a kablik UD-H825
na vlirobu ,,furdych" ochrannyich lnirobkov, ako s[ pril-
by alebo panciere vozidiel. S pouZitfm vldkna Dynee-
ma UD-SB31 je moZn6 zmlit  hmotnost nepriestrel-
nfch v iest  o  15 % v porovnani  s  t fmi ,  k tor6 sa
vyrdbali  z UD-SB2. NiZSia hmotnost a lepSia pruZ-
nost tohto nov6ho materidlu zabezpecuje vtic5f kom-
fort nosenia. Novf keblik UD-H825 v sebe spdja vy-
nikajfce bal ist ick6 charakterist iky vfrobku UD-H82
s optimilnymi mechanicklimi vlastnostami ako je vy-
sokd tuhost. Materidl sa I'ahko spracovdva a tvaruje
do prilb I zlolit 'fch prvkov pre vozidld. Dyneema-
UD sri  kompozity s paralelne uloZen;imi vldknami
v kon5trukci i .

Technologia vl iroby vl6kien z vodivfch polym6-
rov
TECHNICAL TEXTILES, 9, 2000, d. 2, s. 2+26

Predpokladom uplatnenia vldkien z vodivfch poly-
m6rov v perspektfvnych technickyich aplikdciach je
vyvoj vhodn6ho vfchodiskov6ho polym6ru a techno-
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logie jeho spracovania do formy vldkien tak, aby ne-
do5lo k zmene ich elektrickyich vlastnosti. Britski od-
bornfci z Durham University vyvinul i  technologiu vyi-
roby vodivfch polyani l fnovfch vldkien. Do beZn6ho
polyanilinu priddvaj0 protony prostrednictvom mole-
kul kyseliny sulfonovej. Ako rozp05tadlo sa pouZiva
kysel ina dichloretdnovd. Zmes sa vstrekuje do
koaguladneho rozp05tadla, v ktorom doch6dza k od-
strdneniu kysel iny dichloretdnovej, kfm kysel ina sul-
fonovd zostdva naviazand k polym6ru. Zmes sa
zvldknuje podobnou technologiou, ak6 sa pouZfva pri
vfrobe polyamidu.

Polyuretanov6 povrstvenia f irmy Baxenden
TECHNICAL TEXTILES, 9, 2000, 6. 3, s. 14-16

Tradi6n6 povrstvenia textili i ddnskej firmy Baxen-
den st i  na bdze rozp0Stadiel.  Produkt WITCOFLEX
SUPER DRY sa pouZfva na 0pravu Sportovlich ode-
vov, odevov pre vol'ny das a pracovnfch odevov. En-
vironmentdlne poZiadavky splna hydrofilnf syst6m na
vodnej bAze WITCOFLEX ECO DRY. Firma Baxen-
den vyvinula polym6r, ktorV sa pouZfva na vfrobu
lamindtu COMFORT PLUS s priedy5nyim povrstve-
nlm. Bol vyvinutf v spolupr6ci s f i rmou Polycoating
GmbH. Tyimto polym6rom sa mdZu povrstuovat aj net-
radicn6 substrdty ako r0no alebo textllie s mimoriad-
nou pruZnostou. Polyuretdnov6 disperzie sa preddvaj0
s ndzvom WITCOBOND. PovrsWuj0 sa nimi textflie, ko-
Ze, pouZivaju sa v lakoch, lepidldch a farbdch.

Adres6r virobcov ochrannich virobkov
TECHNICAL TEXTILES, 9, 2000, d. 3, s. 27-35

V adres6ri s0 uvedenf doddvatelia textilif, Specidl-
nych pomocnlich pripravkov, surovfn, polotovarov po-
uZivanfch v ochrannfch aplikaciach. Adresdr je spra-
covanf podl 'a geografickyich oblast[.  UvSdza sa
nAzov firmy, jej adresa, kontaktnd osoba, telefonne,
faxov6 a e-mailov6 spojenie ako aj strucnf vfrobnf
program.

Lamin6ty vyroben6 s pouZitim vrstvenich termo-
poj ivich fol i i
TECHNICAL TEXTILES, 9, 2OOO, 6,. 4, S. 21

Francuzska f irma Prochimir pon0ka vrstvene fol ie,
z ktorlich sa termickfm spajanfm moZu vyrdbaf la-
min6ty. Kaldit folia ma 2-3 vrstvy. Vyrdba sa koex-
tr0ziou polyuretdnom, kopolyamidu, polyesteru ale-
bo polypropyl6nu. Niektore fol ie maju aj bari6rov6
vlastnosti .  Teploty topenia sa pohybuj0 medzi 60-
200 "C. V pripade pouZitia materidlov citlivfch na tep-
lo sa teploty zniluju, na druhej strane su v5ak v po-
nuke aj fol ie s odolnostou vodi vysokyim teplotdm,
urcen6 pre ndrocn6 apl ikdcie. Fol ie sa moZu lami-
novat na tkaniny aj na netkan6 textilie vyroben6 z pri-
rodn;ich a syntet ickfch vldkien. Hrfbka adh6znej
vrstvy je rovnom erna, nichlost spracovania na ka-
landr i  dosahuje 20 m.min- ] .



Dohoda uzatvoren6 na d6vky antimikrobi i lnych
pracovnich odevov
TECHNICAL TEXTILES, 9, 2OOO, 6. 5, S. 4

Firma Microban Ltd. (VB) uzavrela s f irmou Sun-
light strategick0 dohodu, na zaklade ktorej tdto fir-
ma ziskala oprdvnenie upravovat svoje pracovne
odevy antibakteridlnym prostriedkom Microban. Pra-
covn6 odevy f irmy Sunlight nosi denne asi mil ion ro-
botnikov vo Velkej Britanii. Odteraz budti v5etky pra-
covn6 odevy f i rmy Sunl ight  upraven6 po pranf
prostriedkom Microban, ktorf zabezpecuje medzi
pranim nepretrZit0 ochranu vodi Sirok6mu spektru
bakt6ri i  ako Salmonella, Escherichia col i ,  Campylo-
bacter a Listeria. (vyderpdvajuce)

Nehorl 'av6 calunenie do verejnfch dopravnfch
prostriedkov
TECHNICAL TEXTILES, 9, 2000, d. 5, s. 13-15

V Europe sa vo verejnlch dopravnfch prostr ied-
koch najcastej5ie pouZivaj0 nehorl'av6 textflie vyro-
ben6 z polyesteru Trevira CS. V sfcasnej dobe sa
6oraz viac pouZfuaju aj zmesov6 textilie s vldknom
Viscose FR firmy Lenzing. Okrem nehorl'avosti splia-
j0 aj prisne krit6ria stanoven6 pre odolnost vodi oderu
a stdlofarebnost. Firma Rohner Textil vyrdba pota-
hovky zo zmesi vlny a vldkna Viscose FR, ktor6 zis-
kali certifikat OKO-TEX. Maju prijemnf ohmat a pris-
pievaj0 ku zvf5eniu komfortu cestujricich. Predpisy
nemeckyich 2eleznfc, tlikajuce sa horl'avosti, splna
tieZ netkand textf l ia C 1997 VM firmy Freudenberg.
VdZi len 150 gm2 a je vyrobend technologiou spun-
lace zo zmesi vldkien z melaminovej Zivice a p-a'a-
midu. Upravuje sa disperziou sl 'udy.

Zdravotnicke textilie vstupuju do novej 6ry
TECHNICAL TEXTILES, 9, 2000, c. 6, s. 3-5

Prispevok popisuje najnov5ie trendy v oblasti zdra-
votnickych a hygienickfch textili i. V 0vode autor pub-
likuje idaje o spotrebe zdravotnlckych textili i. V 0vo-
de autor publikuje 0daje o spotrebe zdravotnfckych
textflif a uvAdza prognozu spotreby do roku 2005.
PodrobnejSie sa zaober6, problematikou absorpcnlich
vfrobkov na jedno pouZit ie, obvdzov a banddZi no-
v6ho typu, apl ikdciou biopolym6rov so schopnostou
vytvdrat nov6 prostredie pre liecbu poraneni, mate-
ridlov s postupnym uvol'iovanfm lieciv, resp. s vyuZi-
tim superabsorpcnyich vldken. Dalej s0 poplsan6 naj-

nov5ie trendy v oblasti uivoja a pouZitia textilnfch im-
plantdtov a Specidlnych pracovnlch odevov. Autor
pribl i2uje materidly pre jednotl iv6 spomenut6 apl ika-
cie - vldkna, priadze, textiln6 Struktfry z prirodnlich
i syntetickfch vldkien a kompozitn6 materidly. Dotf-
ka sa aj problematiky l ikvid6cie odpadu.

Netkan6 text i l ie ihlovan6 vodnfmi tryskami, roz-
pustn6 vo vode - nov6 generdcia zdravotnickych
texti l i i
TECHNICAL TEXTILES, 9, 2000, c. 6, s. 6-7

Autori definujf zdravotnfcke textilie ako steriln6 hy-
gienick6 materidly. Klasif ikuj0 ich podl 'a vlastnostf
a u6elu pouZit ia. Uvddzajf percentudlne zast0penie
jednotlivfch typov na trhu USA. Podrobne sa venu-
ju zdravotnfckym textili6m vyroben;im z PVA rozpus-
tn6ho vo vode. Uvadzaju metody uprav PVA, ktor6
umoZnujf menit teplotu rozpri5tania textf l i i .  V zave-
re prfspevku sa autori  venujr i  problematike skibenia
komfortu nosenia s blokacnyimi vlastnostami zdravot-
nickych textflif a sku5kam, ktorfmi sa tieto vlastnos-
t i  sk05aj0. Strucne je nacrtnutd buducnost zdravot-
nickych textflif rozpustnyich vo vode najmd s ohladom
na ochranu Zivotn6ho prostredia.

Svetov6 vfroba textilnfch vl6kien m6 v roku 2003
dosiahnut '  37,8 mi l ionov ton
TECHNICAL TEXTILES, 9, 2000, c. 6, s. 36

Celkovd spotreba vldkien sa bude zvy5ovat rodne
o 5,4 o/o av roku 2003 dosiahne podl 'a odhadov spo-
locnosti  Freedonia 37,8 mil ionov ton. Syntetick6 vldk-
na bud0 nad'alej zvy5ovat svoj podiel na trhu, hoci
ich rocnf rast bude len 5,1 %. Najvac5i odbyt zaz-
namenaju olefiny a polyester. Polypropyl6n sa uplatni
najmd v kobercovfch podkladovkdch, kde bude na-
d'alej nahrddzat prfrodn6 vldkna. Podiel celulozo4ich
vldkien na trhu bude klesat. Umel6 vldkno Lyocel l
sa uplatni pri  vfrobe netkanyich textf l i i ,  v priemysel-
nfch aj v odevnfch apl ikaciach. Dopyt po syntet ic-
kfch vldknach budri st imulovat technologick6 inovd-
cie a d'alSie zdokonalbvanie uZitkovyich a estetickfch
vlastnost[.

Pre pubtikovanie pripravila tng. Valeria Capekovd,
VUTCH-CHEMITEX spo/. s r,o. Zilina,

S/ovenskd republika
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