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Vldknotvorn6 polym6ry Fibre-Forming Po lymers

Fibre-forming electrically conductive polymer composites

Marcindin A., Hricov6, M., Fedorko R., Otelnit<ova X.

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Radl insk6ho I ,812 37 Bratrs lava,  Slovakia,  e-mai l :  anton.marc inc in@stuba.sk

The paper deals wi th the preparat ion condi t ions,  rheological  propert ies and e lect r ica l  conduc-
tivity of f iber-forming polymer composites based on the poly(ethylene terephthalate) (PET) and
conduct ive carbon b lack p igment  (Pr intex L6) .  Polymer composi tes were prepared in wide scale of
the p igment  concentrat ion (0-30 wt%) by or ig inal  method for  PET pigment  concentrates for  spun
dyed fibres. Capil lary extrusiometer was used for the measurement of rheological properties. Direct
current electrical conductivity of the PET composites was measured by the standard four-contact
method at  room temperature and the percolat ion threshold (cr i t ica l  concentrat ion of  p igment)  was
evaluated.  Corre lat ions between rheological  and e lect r ica l  propert ies as wel l  as ef fect  of  the se-
lected additives of composites on electrical conductivity are discussed. The PET composite fibres
were prepared by melt spinning up to 6 wt% of carbon black pigment. Electrical conductivity only
on the ant is tat ic  level  was obta ined.

1.  ln t roduc t ion

Electr ical ly conduct ive polymer f ibrous mater ials
have attracted much attention in the last decade, mainly
in  connect ion  w i th  the  deve looment  o f  new f ib rous
materials for responsive and smaft textiles. Conducting
fibres represent a group of special polymer materials
due to the anisotropy of their  structure and mechanical
propedies. They can be divided in to several  groups
according to their  nature: f  .  inorganic f ibres (metal ,
ceramic, carbon);  2.  organic f ibres (based on organic
conductive polymers - polyacetylene, polyaniline and
po lypyr ro le ,  par t ia l l y  carbon ised organ ic  f ib res) ;  3 .
modified fibres (fil led with conductive carbon pigments,
metal powders and conductive compounds); 4. fibres
coated by conduct ing layers (metal  coated, coated
by  conduct ive  organ ic  compounds and meta l  com-
pounds).

Mainly electrically conductive fibres based on com-
mon f ibre-forming polymers are interest ing for text i le
appl icat ion [1,  2] .  From this point of  v iew, the formula-
tion of the fibre-forming conductive composites is very
actual. The electrical conductivity of composites based
on a non-conduct ive polymer matr ix and conduct ive
dispersed part ic les depends signi f icant ly on the ex-
istence of a cont inuous conduct ing path across the
sample (percolation effect). Furlher, it is determined by
the morphology of the fil led polymer [3-5].

Conduct ive carbon black pigments, short  carbon
microfibres and carbon nanotubes are the most often
used as the conductive dispersed phase in polymers
[6-9].  Some of these mater ials have been commer-
cial ised during the last twenty years [10, 1 1].  The draw-
back of these usually high fil led materials (15-40 wt%
of f i l ler needed to obtain the required conduct iv i ty) is
their  insuff ic ient processing in spinning and a strong
decrease of their mechanical properties. The tenacity
of viscose fibres containino 30 wt% of carbon black oio-
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ment decreases to one half  of  the non-f i l led one. Poly-
propylene/carbon black (30 wt%) composites exhibi t
two t imes higher Young modulus and about 25% de-
crease in the tensi le strength. The elongat ion at break
decreases several times and the electrical conductivity
increases from 10-t0 S.cm-t ( for unmodif ied PP) to 1
S,cm- ' .  A t  low concent ra t ion  above the  perco la t ion
threshold, the electr ical  conduct iv i ty of f i l led polymers
increases rapidly with the concentration of the active
filler. When the full contact of the conductive particles is
achieved (at about 20-30 wt% of the fil le0, the increase
of the conduct iv i ty is s igni f icant ly lower [2,  5] .

E lec t r i ca l l y  conduct ive  f ib res  based on  common
fibre-forming polymers and conduct ive f i l lers appear in
periodic literature rarely. The first percolation threshold
(f i rst  cr i t ical  concentrat ion) corresponding to a sharp
decrease of the electr ical  resist iv i ty to the ant istat ic
level has been found for 3 wt% of carbon black dis-
pers ion  in  PP and po lye thy leneoc tene (PoE)  f ib res
[2].  However,  at  higher pigment concentrat ion a f ibre
break occurred and the mechanical  propert ies were
dramatical ly worsened. The melt  v iscosity increased
d is t inc t l y  and the  mel t  sp inn ing  was no  longer  pos-
sible.  An acceptable spinning for PPiPOE blends with
higher carbon black concentration (up to 12 wt%) was
obtained but only an ant istat ic level of  conduct iv i ty of
the fil led fibres was reached in this experiment.

There are several ways how to decrease the fil ler
concentration in the polymer matrix and to improve the
composite processing without loosing the mechanical
propefties and electrical conductivity. The conductivity
of f i l led polymers can be increased by the deformation
of the polymer (drawn f ibres).  Thermal treatment of
fil led semicrystalline polymers leads also to significantlr
higher electr ical  conduct iv i ty [12].  A posit ive inf luen::
on the conduct iv i ty has been found when a corr:  - , -

t ion of conduct ive addit ives (nanof i l ler and polyre'  :
used for modif icat ion of polymers 12,13-161. Ccn:-:



VlAknotvorn6 polym6ry

tive nanofillers represent very effective additives for
improvement of the composite conduct iv i ty.  A very
interesting method consists in the control of the phase
s t ruc ture  o f  nanocompos i tes  based on  immisc ib le
polymer components and conduct ive nanof i l lers [17].
In any case, according to literature, there is no simple
way of manufacturing conductive fibres already in the
antistatic range by simply fil l ing PP with carbon black,
because of insuff ic ient spinnabi l i ty and poor mechani-
cal propedies of the fibres [2].

In this paper, the rheological propedies and electri-
cal conductivity of poly(ethylene terephthalate) (PET)
and polypropylene (PP) f i l led with C. l .  Pigment Black
7 (carbon black) are presented and the possibility of
their  appl icat ion in spinning of the conduct ive f ibres is
discussed.

2. Experimental

Materials
Polymer: Polyethylene terephthalate LFK (PET),

(SH Senica a.s.)
Polypropylene Tatren HPF (PP),
(Slovnaft  Co.)

Carbon black: Pr intex L-6, (Degussa Co.)
Additives: Polyester wax Licowax E (LiE),

(Clariant AG)
Poly(siloxane) additives Tegopren (Teg),
(Degussa Co.)
Polypropylene glycol and stearic acid
ester Slovacid 44P (S44P), (Sasol Co)
Si l icone oi l  M-350, (Bayer Chemicals).

Preparation of the PET(PP)/carbon black composites
The PET (PP) concentrate dispersions (composites)

of the carbon black Printex LG were prepared using
twin screw extruder Werner Pfleiderer 0 = 28 mm at
280'C. First, the powders of the polymer and pigment
were mixed in a f lu id mixer for 3 min. In the next step,
the powder mixture was melted, kneaded and extruded.
As a result ,  concentrate dispersions in a chips form,
containing 3-30 wt% of black pigment, were obtained.
Selected concentrates were subsequently mixed with
30 wt% o f  PP.  Compat ib i l i se rs ,  wh ich  are  used in
preparation of the PET/carbon black pigment concen-
trates for pigmenting of PET fibres in mass, were ap-
plied into the mixture to improve the interaction of the
pigment particles with PET matrix. The composition of
the PET(PP)/carbon black composites is given in the
Tab le  1 .

Methods used
Rheological propefties: The capillary rheoviscosim-

eter Gottfert with the extruder 6 = 20 mm for the mea-
surement of the rheological properties of the polymer
pigment concentrate dispersions at275"C was used.
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Table 1 Composit ion of the PET(PP)/Printex L6 composites

The pressure in front of the capillary and the extrudate
volume were evaluated for the calculation of the ba-
sic rheological  parameters of the polymer composite
mel t :
- viscosity q - from the Newton equation r = t.i
-  power low index n -  f rom the Ostwald de Waele

p o w e r l a w r = k . i n
- agglomeration coefficient tr - from the straight line

dependence log t1 = log q, +1..r-1
where r  -  shear stress (at the capi l lary wal l ) ,  t -  shear
rate, k - coefficient, q- - viscosity of the dispersion at
T --) cO,

Electrical conductivity: For the electrical conductivity
measurements, the samples of polymer/carbon black
composites were extruded in form of strings using the
Plastometer at275"C. The strings were cooled in water
and cut to the length approximately 10 cm. Direct cur-
rent electrical conductivity of the PET(PP) composite
str ings was measured by the standard four-contact
method at room temoerature. Four contacts were oaint-
ed on the string with silver paint and gold wires were
pressed against them. Tesla Microvoltmeter-Picoam-
meter BM 545 and Metra Blansko Mult imeter M1T
380 were used for the measurements of the electrical
current and voltage, respectively.

The conductivity was obtained from the relation:

6 = ( |r)x(dtS)

where: o - conductivity, / - current applied through the
outer contacts, U- voltage between the inner contacts,

No PET LFK
V"l

PP Tatrer
l o /  1
l l o l

Printex
16, [%]

Addit ives

1 J 0,5% M-350

2 s3,5 o 0,5% M-350

89 1 0 1,0% M-350
A l 3 1,5% M-350

5 20 1,5% [,4-350

6 73,5 25 1,5% M-3s0
7 68,5 30 1,5% M-350

B 67,6 30 2 ' l 0,3% M-350

v 65,5 30 4 2 0,3% M-350

0 62,3 30 7,0 0.7% M-350

1 30 ,0% lv-350
a 30 1 4 , 0 ,0% M-350

30 I  / , C ,0% M-350
A 4 8 , 0 30 21  ,0 0% M-350

8 1  , 3 t c 0,7% M-350 3% LiE

6 77,3 t c 0,7% M-350 7% leg

7 77,3 t 0 0,7% M-350 7% S 44P
R 57,8 23,4 t c 0,8% M-350 3% LiE

I 2 ? 4 0,8% M-350 7"k Tea

20 2 4 4 l 3 0,8% M-350 7% S 44P
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S- str ing cross sect ion and d- distance between the
voltaoe contacts.

Fibre-Forming Polymers

Table 3 Electr ical conductivi ty of the PET/carbon black Printex
l A . ^ m n ^ < i t o a

Fig. 1 Four-contact method for the electr ical conductivi ty measure-
ments ,  A-ammeter ,  V-  vo l tmeter ,  R-  res is to r

Table 4 Electr ical conductivi ty of the PET(PP)/carbon black Prin-
tex L6 composites, (content of PP 30 wt%)

Resu l ts  and d iscuss ion

Rheological propefiies of the polymer/solid particles
composites depend on the concentrat ion of the f i l ler
and on the size and distr ibut ion of the padicles in the
polymer matrix. The electrical conductivity of polymers
filled with electrically conductive pafiicles depends in
principle on the same variables. The size of the primary
part ic les of the carbon black pigment is of  the nano-
metr ic level.  ln the real comoosites the paf i ic les form
large agglomerates which can create a conductive net
at higher concentration.

Tab le  2  Coef f i c ien ts  o f  the  rheo log ica l  equat ions  ( in  the  chapter
"Methods used") for the PET(PP)/Printex L6 dispersions

The d ispers ion  o f  the  p igment  Pr in tex  L6  in  PET
behaves as a non-Newtonian l iquid (Fig. 2,Table 2).
The melt  v iscosity of the dispersion increases with
the concentrat ion of the carbon black pigment in PET
(F ig .2 -q .  The dependence o f  v iscos i ty  on  the  p ig -
ment concentrat ion changes approximately at 15 wt%
of carbon black content in PET (Fig. a).  Higher slope
of the curve at higher concentrat ions of the pigment
indicates a change in the structure of the dispersion.
The agglomerates of the pigment grow the number of
contacts between particles increases and the flow of
the melt  composite is reduced. At low concentrat ion
of the pigment,  the power law index n decreases with
increas ing  o f  p igment  concent ra t ion ,  a t  h igher  con-

lnn r
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Fig. 2 Dependence of shear stress t on shear rate. i  (a) and viscosrty 1 on r- '  1b; for PET/Printex L6 concentrate dispersions.
Concentrat ion ol the pigment in the composites: 1 - 3 wt%,2-6 wt%, 3- 10 wt%,4- 15 wt%,5- 20 wt%, 6- 25 wt%, 7 - 30 wt%

1,7

No
Printex L6

l / o )

Conductivi ty o

[S .cm'11
1 o 3 , 6 , 1 0  0

2 6 4 , 6 . 1 0
J 1 0 3 , 7 . 1  0
A l c 9 , 7 . 1 0
5 20 3 , 2 . 1 0 -
6 25 5 , 8 . 1 0  1

7 30 1  ,0 .1  0 "

N o
Printex L6 Conductivi ty o

lS.cm-1' l

8 2 , 1 6. 1 0-6

I 4 .2 1 ,4.1 o-3

1 0 7.O 9.1 0-3

1 1 1 0 , 5 4 ,5 :O -2

1 2 1 4 4 ,3 iO '2

I J 1 7 , 5 2 ,4 iO r

1 4 c , o ,  t u

N o .
Printex L6

{%l
n i

3 876 0,75 0,06
2 6 907 0,75 0,09

3 1 0 1 331 o,70 0 , 1 2
A 2259 0,63 o , 1 7
5 20 2955 o,62 o,22
6 25 2875 0,30

7 30 241Q 0,74 0 , 1  B
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gffi
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0 '10 20 30
% Printex L6

Fig. 4 Dependence of the viscosity of the PET/Printex L6 concentra-
te dispersions ( i  = 200 s ' ,  T = 275'C) on the content ol the
carbon black Printex L6

centrat ion passes thorough a minimum and begins to
increase above 20 wt% concentration of the pigment

x30
% Printex L6

. . . . . . . .r_ Table 5 Inf iuence of compatibi l isers on the electr ical conductivi ty

,t  + ol PET(PP)/Printex L6 composites

No
Printex L6

lY"l

P P

t%l
Compatibi l iser

t%1
Conductivity o

lS.cm-' l
3% L iE 2.3 .10-2

t o 7o/o Teo 7,3 io-z
1 7 7% s 44P 4,3. 1 o- '?

1 8

t c

3% L iE 6,4 .1o- '?

1 9 30 7% Teg 7 ,1 iO-2

20 30 7% S 44P o  t  t n - 2

(Table 2, Fig.3b).  The maximum of the deviat ion from
the Newtonian f low (minimum of n) is obtained for the
same concentration as the "break" of the dependence
of the viscosity on the pigment concentration (Fig. 4).
The "agglomeration coefficient" ), increases with the
carbon black concentration.

The electrical conductivity of the PET/carbon black
composites increases with the pigment concentrat ion
(Fig. 5). A very low percolation threshold (the critical

2W 400 
t [u't] ffi

a o

Fig. 3 (a) Dependence of the viscosity 11 on the shear rate i for PET/Printex LO concentrate dispersions. Concentration oi the pigment in
t h e c o m p o s i t e s :  1 - 3 w t % , 2 - 6 w t ' n , 3 - 1 0 w t % . 4 - 1 5 w t " k , 5 - 2 0 w 1 " / " , 6 - 2 5 w t % , 7 - 3 0 ! v t % .

/h\ nonan;anaa ̂f  the power law index n and agglomeration coel l icient A of the PET/Printex L6 concentrate dispersions
(T = 275 "C) on the content ol the carbon black Printex Lo

, i f f i
IPa.s]

550

1$l

PETlPrintex L6 +,'

t #:
3&l : ,,'

: * ":  , - "
?q-,  J. '

t . 4
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E

g

(J

F
-i 1A{

.>
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I 10'
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^ ozopruurcxT6 10

n

% PRINTEX L6

Fig. 5 Dependence of the conductivity of PET/Printex L6 (a) and PET(PP)/Printex L6 (b)
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n

o - 1
o

PETiPrintex LO

t

2,3 2,4 2,5 2,6 2,7 2,8
log rt

Fig. 6 Dependence of the electr ical conductivi ty on the viscosity (at
275 "C, f=200 s-1) of PET/Priniex L6 composites

concentration of the carbon black above which continu-
ous conducting network of carbon black exists in the
polymer matrix) was found in both PET (0.8 wt%) and
PET(PP) (1,1 wt%) composites. When PET/carbon
black dispersion is di luted by 30 wt% of PP a three
component composite PETlPPlcarbon black Printex
L6 is formed. The deoendence of the electr ical  con-
ductivity of these composites on the concentration of
carbon black is the practically the same as for the two
component composites without PP (Fig. 5).

PET/carbon black comoosites with 15 wt% content
of pigment were modif ied by common compatibi l isers
such as polyester wax (LiE), polysiloxanes (Teg) and
polypropylene glycol/stearic acid (S 44P). According
to the results in the Table 5 these modifications do not
lead to an increase of the electrical conductivity of the
complex PET/PP composites. The conductivity level is
approximately the same as for unmodified PET/carbon
black concentrate dispersions.

Spinning tr ia ls using PET(PP)/carbon black disper-
sions were successful only up to 6 wt% of the carbon
black pa(ic les in the polymer matr ix,  The l inear resis-
tance of the fibres was very high (> 10" Qt/cm). To im-
prove the spinnability of the PET/carbon black disper-
sions it is necessary to look for suitable compatibilisers
and to opt imise the spinning condit ions,

Fibre-Forming Polymers

Conc lus ion

PET(PP)/carbon black Printex L6 concentrate
dispersions (composites) were prepared. The rheo-
log ica l  p roper t ies  and e lec t r i ca l  conduct iv i t y  o f
these composites were evaluated.

- The percolat ion threshold of the conduct iv i ty for
PET(PP)/carbon black composites was evalu-
ated.
Common compatibi l isers did not improve the elec-
tr ical  conduct iv i ty of the PET(PP)/carbon black
composites.

Acknowledgement: Support of the APVT (grant 20-011404),
VEGA (grant 112475/05) and VEGA (112021105) grant agencies is
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Vldknotvorn6 elektricky vodiv6 polyrn6rne kompozity

Translation of Abstract:
Fibre-forming electr ical ly conductive polymer composites

V pr6ci sa prezeniuje prfprava, reologick6 vlastnosti
a elektr ick6 vodivost v l6knotvornyich kompozitov na
b6ze polyetyl6ntereftal6tu (PET) a elektricky vodivfch
sadzi (pigment Printex LG). Polym6rne kompozity bol i
pripraven6 v Sirokej 5k6le koncentrdcie pigrnentu (0-
30% hm.) klasickyim postupom pripravy pigmentovfch
koncentrdtov pre farbenie PET vldkien v hmote. Reo-
logick6 vlastnosti kompozitov v tavenine sa merali na
kapil6rnom extruziontetri. Elektrickd vodivost kompozi-
tov sa stanovila Standardnou Stvorkontaktnou met6dou

na geometricky definovanyich vzorkich pripraventich
extrfz iou na plastometr i .  Extrapol6ciou sa stanovi l
perkoladny prah (kritick6 koncentr6cia pigmentu) elek-
trickej vodivosti kompozitov.

V prAci sa diskutuje vztah medzi reologicklmi a elek-
tricklrni vlastnostami kompozitov a tieZ vplyv niektonich
aditiv na elektricku vodivost kompozitov. Zvl6khovanim
z taveniny sa pripravili kompozitn6 vl6kna do maxim6l-
nej koncentrdcie pigmentu 6% hm. Elektrick6 vodivost
vldkien bola na Irovni antistatickVch vliikien.
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Polypropylene fibres modified by copolyamides
Part l. Preparation of modifed fibres and their properties

KriStof id M.,  N6diniakov| 2. ,  Leg6i J. ,  Ryba J.

Department of Frbres and Texti le Chemistry, Faculty of Chemical and Food Technology,
Slovak University of Technology in Bratislava,

Radl insk6ho 9,  812 37 Brat is lava,  Slovak Republ ic ,  e-mai l :  michal .kr is tof ic@stuba.sk

This contribution is devoted to the synthesis of copolyamides from e-caprolactam (CL) and
ADETA nylon salt from adipic acid (A) and dietylenetriamine (DETA) and an evaluation of some
their basic characteristics. Copolyamides containing 5, ' l  0 or 15 wt.% of ADETA nylon salt were
used as additlves and PP fibres modified with 4,8 and'l 2 wl.o/o ol copolyamides were prepared.

The molecular  weights of  copolyamides are h igh enough to consider  them as polymer addi t ives.
The mel t ing temperatures are lower in  compar ison wi th homopolyamide PA 6 and thei r  thermal
stabi l i ty  is  equal  to  that  of  PP.

The mechanical ,  e lect r ic  and sorpt ive propert ies of  modi f ied PP f ibres depend on the amount
of  copolyamide in the f ibre.  The h igher  the amount  of  each copolyamide,  the h igher  the degree
of  e last ic i ty  and sorpt ion of  water  vapour.  Also the e lect r ic  propert ies are bet ter .  and the tensi le
strength of modified PP fibres is lower.

INTRODUCTION

The modif icat ion of PP and PP f ibres is interest ing
from the point of view of research and technology as
well. There are several possibilities for improving their
propert ies. Physical  and chemical modif icat ions are
basic ways which can be commonly used and they are
reported on many papers.

Among the chemical modif icat ions graft ing of a PP
membrane sur face  w i th  po ly (N-v iny l -2 -pyr ro l idone)

[1] and PP hol low f ibre membrane surface with N,N-
dimetylaminoethyl metacrylate [2] leads to the higher
hydrophilicity of a PP sudace.

The hydrophilic modification of a PP fibres by oxy-
fluorination is another method to decrease the water
contact angle remarkably and increase the polarity and
hydrophilicity of the PP surface [3].

Surface modif icat ion, i .  e. ,  impregnat ion of a PP non-
woven fabric via monomer graft ing (e.9.,  acryl ic acid)
to a depth of S 100pm without changing the shape of
the material gives better hydrophilicity [4].

Durable hydrophilic and antistatic sudace effects for
PP fibres and fabrics without altering their bulk proper-
ties are assured by new surJace modifiers [5].

The penetrat ion of organometal l ic compounds (e.9.,
Si(OEt)4 into polymers l ike PP, PA, PES, and PU sur-
faces  under  supercr i t i ca l  CO2 shows an inc reased
surface hydrophilicity [6].

The physical modification consists mainly in the ad-
di t ion of other components as addit ives into the PP,
and their homogenization and processing into the final
product ,e.9,.  f ibre. These addit ives can be ei ther low
molecular comoounds or macromolecular ones.

Modif ied PP f ibres composed of PP and aluminosi-
loxane prepared by  mel t  b lend ing  and fo l lowed by
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spinning have signi f icant ly modif ied ant istat ic proper-
t ies [7] .

PP f ibres modif ied via blending with ethylene-vinyl-
acetate copolymer and ethylene-propylene copolymer
indicate better hydrophilicity and dyeing ability [8].

Polyamideureas as additives to PP contribute to the
better sorptive and electrical propefties of modified PP
fibres [9].

PP f ibres modif ied with alkal ine copolyamides have
better hydrophilicity, dyeability and electrical propefties
as wel l  [ '10].

EXPERlMENT

Material  used:
- polypropylene, PP Tl 902, Slovnaft ,  Slovakia
- r-caprolactam, CL, Nylstar Humenn6, Slovakia
- adipic acid.,  anal.  grade, A, Aldr ich
- diethylenetr iamine, DETA, Aldr ich, vacuum dist i l led

once
- copolyamides, KOPA synthesized from e-caprolac-

tam, adipic acid and diethylenetr iamine
- sulphuric acid, 93% anal.  grade
- water.

Preparat ion of the Copolyamides and Their
Properties

Copolyamides made from e-caprolactam (CL), adipic
acid A, and diethylenetriamine (DETA) (A and DETA
as components of ADETA nylon salt) were prepared by
the poly(addition-condensation) reaction proceeding in
the melt  in the N, atmosphere in two steps.

Step A. The hot DETA solut ion in ethanol (part  l )
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was successively added to the hot solution of the adipic
acid in ethanol (part ll), which was contained in a glass
apparatus immersed in a thermostated oil bath. After
mix ing  par ts  I  and l l  o f  the  ny lon  sa l t ,  e thano l  was
gradual ly dist i l led off  at  T = 90 'C.

Step B. After the maximum removal of the ethanol
the temperature rose to 

' f  = 1 '10 "C, and the whole
amount of CL was added. After the melt ing of the CL
and homogenezation, the temperature of the melt rose
again, and the polyreaction started with the evapora-
tion and condensation of the reaction water. The poly-
reaction was carried out at the atmospheric pressure
over 3 hours. The temperature of the melt  achieved
270-280'C at the end of the polyreact ion. The melt
was poured onto a metal  plate in the form of r ibbon
and cut into chips.

Reaction schemes: Polyreaction a - production of a
linear alkaline copolyamide from e-caprolactam, adipic
acid and diethylenetr iamine:

"R--ln 
* nHooc(cH')4cooH +

fni lJ + nHr(cHr)r-NHr-+
- iHN(CHr) rNFl (CHr)TNHOC(CH2)4COl , - [NH(CH,)sCO] . -

+  2nH,  O

Polvreact ion b in a vacuum - cycl izat ion of the alka-
l ine copolyamide to the polyamideimidazol ine:

- lcoN H(cHr)rNH (CH:)rN HOC(CH2)4CO]"-[N H (CH2)s].-

-_, J?-T tcH2)2NHoc(cnr1.coIt 'r-r lcnersi-+ nH, o (b)
Li l- ,8n,, ,  I

The copo lyamides  were  des ignated  by  the  mass
fract ion w of the ADETA nylon sal t  in the mixture of CL
+ ADETA at the beginning of the polyreact ion:

KOPA 5: 5 wt.% of ADETA and 95 wt.% of CL,
KOPA 10: '10 wt.% of ADETA and 90 wt.% of CL,
KOPA 15: 15 wt.% of ADETA and 85 wt.% of CL,
To de termine the  low-molecu la r  (water -so lub le )

compounds (LMC) an amount of about 2 g of each of
the copolyamide chips was extracted in hot water for
th .  The ex t rac ted  and a i r -d r ied  copo lyamides  were
dr ied  a t  T  =  105 'C in  avacuum oven and s to red  in
a  des icca tor .  T l re  amount  o f  LMC was de termined
from the mass difference before and after the extrac-
t ion and drying.

The limiting viscosity number (intrinsic viscosity - [q]
as a value corresponding to the molar weight) of the
extracted copolyamides was determined viscosimetri-
cal ly in a solut ion of 93 % H2.SO4, anal.  grade, at T =
25 oC, and graphical ly from thel c lependence:

l l .p/w, -  f (wr) and r l .p = ( t  -  to) / to

where t  is the f low t ime of the polymer solut ion, to is
the f low t ime of the pure solvent,  and w, is the polymer
mass fraction in the solutron.

The thermal stability and melting temperatures T*
were est imated by DTA measurement in air  atmo-
sphere using a Derivatograph Q-1500D (MOM Buda-
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Table 1 Characterist ics of the copolyamides

Tab le  2  Ther rna l  s tab i l i t y  o f  the  PP and copo lyamides

pest,  Hungary).  The basic cf iaracter ist ics oi  PP arrd
copolyamides (arnount of LMC, intr insic visc;osi ty and
T, ) are indicated in Table 1 . The thermal stability of the
PP and copolyamides are given in Table 2.

The dr ied copolyamides and PP were used for the
preparat ion of the blended chips. A mixture consist ing
of the relevant amounts of PP and copolyamide was
melted in a single-screw extruder at the temperatures
of i ts 3 zones Tr = 230 "C,T2= 250'C and Tr = 260uC.
The blended r ibbon was cooled down in cold water and
cut into chips. T-he air-dr ied blend chips were f inai iy
vacuum-dried at T = 105 "C and used for spinning. The
spinning of the blends was performed by laooratory
spinning equipment with an extruder Q = 16 mm at T =
250 oC, with take up '150 nr.min-1 with and without lu-
bricant (13 fibrils). After spinning, the fibres were dravun
to the drawing ratio tr = 3 (nonlubricated and lubricated
ones as wel l )  and A = 4 ( lubr icated f ibres oniy).

Evaluat ion of the Fibres's Propert les

The electr ic,  sorpt ive and mechanical  propert ies of
the unmodif ied and modif ied PP f ibres were studied.

The electr ic propert ies of the nonlubricated f ibres
with A = 3 were measured by POLYSTAT 1 equip-
ment.  A f ibre samole with a surface of about 1-1.4
cm' was charged up to the maximum potent ial  U,"u^;
simultaneously,  the t ime of achieving the zero potent ial

I ,  V Am, wt.orL

Polymer P P
KOPA 5
ADETA

K O P A  1 O
ADEI",I{

KOPA 1 5
ADETA

1 4 0 0 .2 0 . 1 3 . 2 t . 3

240 1 . 1 ' 1 , 0 4 . 8 2 . 2

280 2 .3 t 3 5 . 5 2 . 7

320 5 . 3 2 . 7 7 . O ^ n

360 1 A  1 4 . 7 s .5 o . 3

400 33.2 20.4 25.9 2 4 . 1

420 , ,10 0 46.s 1 A  q 4 8 . 8

P P

con ta i n i no
U." t

fvt
I i  i : ,

Isj
S

Iwt.%]
P P 530 37 0 2 9

4% KOPA 5 ADETA 460 J ; 0.28
B% KOPA 5 ADETA. 400 1 4 0.52

12% KOPA 5 ADETA 420 I 0.82
4"/. KOPA 1O ADETA 440 2 8 0 .38
8% KOPA 1O ADETA 360 8 c).59
12% KOPA 1O ADETA 280 3 0 . 7 6

4"/.  KAPA 15 ADETA 360 J I 0.33
B% KOPA .1 5 ADETA 380 7 0 .72
12% KOPA 15 ADETA 270 0 7 i

t u 3



Polymer
LMC

ivol.%l
I'r l

l cm-  o
T.
"ct

KOPA 5 ADETA t u . 4 86 208

KOPA 1O ADETA 1  1 . 0 62 1 9 S
KOPA 15 ADETA 12.4 57 1 9 0

Vl6knotvorn6 polym6ry

Table 3 Electrostat ic propert ies and sorption of water vapour S ol
the unnmodif ied and modif ied PP f ibres, 7" = 3

U,",- maximal potential at the beginning of the measurement,
1,,,  -  half  t ime of the discharging

Table 4 Tensi le strength TS, elongation E and elast ic deformation
e 
'  

of unmodif ied and modif ied PP f ibres, ,  l ,  = 4

P P
conta in ino

TS
cN. dtex-'

E
l o /

eo
l"/"1

P P 2 . 8 3 33 80.2

4"/" KOPA 5 ADETA 2.52 33 78.9

B% KOPA 5 ADETA 2.27 Z+ 80.5

12% KOPA 5 ADETA 1 . 9 8 82.9

4%KOPA 1O ADETA 2.53 24 79.4

8% KOPA 1O ADETA 2.56 a t r A

12%KOPAlOADETA 2.24 25 86.3
4% KOPA 15 ADETA 2.76 20 79.7

B% KOPA 15 ADETA 2.80 28 86.5
12% KOPA 15 ADETA 2.33 24 BB.B

was recorded. From this dependence it was possible
to obtain the half time of discharging t,,r. The sorption
of water vapour S was evaluated gravimetrically at the
temperature I = 21.7 'C and the 65 % relative humid-
ity using the lubricated fibres. The results are listed in
Table 3.

The mechanical  propert ies were measured on the
lns t ron  1112 appara tus .  The c lamping  length  and
deformation rate were 100 mm and 500 mm.min-] ,
respectively. The elastic deformation was measured
on an  Ins t ron  1112 appara tus  us ing  the  hys teres is
loops method at a clamping length of 100 mm and a
deformation rate of 200 mm.min- ' .  A diagram of the
elastic values (Fig. 1) was obtained from the hysteresis
loops. From this diagram the following quantities were
determined:
e"1- elastic extension, e,- total extension, and e0 - elas-
tic deformation in % defined as the ratio of elastic ex-
tension e" l to total  extension e,according to Fig. '1.

eo= (e"/e1) x 100

The results are shown in Table 4.

3 .  DISCUSSION

Polymer additives - copolyamides from CL, adipic
acid and dietylenetr iamine with a high enough mo-
lecular weigth can be prepared using poly(addit ion-
condensat ion) react ion in amelt  within 3 hours. The
intr insic viscosit ies obtained, [r1] ,  are relat ively high ,

1 0 6
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It ttf
F

Fig. 1 Diagram o = f (e) of elast ic values

and a higher amount of ADETA comonomer lowers
this value. This is probably due to the higher volal i l i ty
of diethylenetr iamine during the preparat ion of ADETA
nylon sal t  in the f i rst  step A of the polyreact ion, i .e. ,  the
potential loss of DETA. This loss disturbs the balance
of the react ive groups const i tut ing macromolecules,
which leads to a decrease in the molecular weight of
the copolyamide.

The contents of the low molecular compounds,(LMC)
is comparable to that of  the commercial  unextracted
PA 6, which is 8-12 wt.% according the temperature
of the polyreact ion. The melt ing temperatures of the
copolyamides T, are lower in comparison to the PA6
(-220'C) but higher in comparison to the PP (-165
"C). The higher the content of the minor comonomer
(ADETA nylon salt ), the lower the melting temperature
of the copolyamide (Table 1).

The thermal stabi l i ty of  the PP and copolyamides is
very good and comparable to each other. A little higher
level of  decomposit ion is observed for the KOPA 10
ADETA.  The abso lu te  va lues  o f  the  amount  o f  low
molecular compounds del iberated at the processing
temperatures, i .e.  250-260 "C for the copolyamides
are practically the same as for the PP (Table 2).

The electrostatic propefiies of the PP and modified
PP fibres were evaluated on the basis of the two oa-
rameters - Ur* and t172. Acording to the results given
in Table 3, it can be stated that the electrostatic proper-
ties are positively influenced by the copolyamides. The
improvement of the electrostat ic propert ies through
modif icat ion is sl ight with 4 wt.% of any copolyamide.
By increasing the copolyamide content to the level of
8 wt.%, and mainly at 12 wI."/", the above-mentioned
propefi ies are essentially improved.

The water vapour sorpt ion S increases with the
increased amount of copolyamide in the modified PP
fibres according to the results in Table 3.

The mechanical properties, i.e. the tensile strength
TS, elongat ion E and elast ic deformation eo are re-
poded in Table 4. The tensile strenoth ofthe modified

f l E

%
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fibres is mainly negatively influenced by copolyamides
with a lower relative molecular weight and by the mixed
structure of two components with a lower compatibility
i .e.  the PP and copolyamide. The decrease in tensi le
strength TS is relatively low at 4 wl."/" and 8 wt.% of
each copolyamide. Elongat ion E of the modif ied PP
fibres is not practically affected. The elastic deforma-
tion e0 of the PP fibres modified with 4wt. % of copoly-
amides is the same as the unmodif ied PP f ibres. An
increased amount of copolyamides in the modified PP
fibres improves their elastic deformation.

4 .  CONCLUSTON

1. Copolyamides from e-caprolactam, adipic acid and
diethylenetr iamine can be prepared over 3h with
relat ively high molecular weight.  The amount of
low molecular weight in copolyamides is compa-
rable with that in the homopolymer PA6. The melt-
ing temperatures of the copolyamides are lower in
compar ison w i th  PA6,  and the  h igher  amount  o f
ADETA comonomer lowers essentially the melting
temperature.

2. The decomposition of the PP and copolyamides at
higher temparatures (in the melt) are at the same
level.

3. The electrostatic propedies of the modified PP fibres
are positively affected al a 4 wt."/" content of any co-
polyamide and (much) better at 8 wt.7o, and mainly
12w1.% of the copolyamide in the PP.

4. The tensile strength of the modified PP fibres is es-
sent ial ly negat ively inf luenced only at the highest
amount of the 12 wt.% of the copolyamide in the PP.
Elongat ion is pract ical ly uninf luenced. The elast ic
deformation is slightly positively effected by higher
amount of the copolvamide.

Fibre-Forming Polymers

5. The sorption of water vapour is positively affected by
the higher amount of the copolyamide in the modi-
fied PP fibres.
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Polypropyl6nov6 vlSkna modifikovane kopolyamidmi
east l. Priprava modifik6torov, modifikovane vl6kna a ich

vlastnosti

Translat ion of art ic le:
Polypropylene f ibres modif ied by copolyamides

Part l .  Preparat ion of modif iers,  modifed f ibres and their  propert ies

Tento prispevok je venovanli synt6ze kopolyamidov
z e-kaprolakt6mu CL a nylonovej soli ADETA z kyseliny
adipovej (A) a dietyl6ntr iaminu (DETA) a hodnoteniu
niektonich ich zdkladnyich vlastnosti. Kopolyamidy ob-
sahuj ice 5, 10 alebo 15% hm. nylonovej sol i  ADETA
bol i  pouZit6 ako adit iva pre vl i iknotvornl i  PP a PP
vl6kna modif ikovan 6 4, 8 a 12 hm.' / .  kopolyamidov
bol i  pr ipraven6.

Molov6 hmotnos t i  kopo lyamidov  su  dos ta todne
vysok6 na to, aby sme ich povaZovali za polym6rne
aditfva. Teploty tavenia su niZ5ie v porovnanis teplotou
tavenia homopolyamidu PA6 a ich tepelnd stabi l i ta je
porovnatel'nd s PP.

Mechanick6, elektr ick6 a sorpdn6 vlastnost i  modi-
fikovanyich PP vl6kien zdvisia na obsahu kopolyamidu
vo vl6kne. Cim je vy55f obsah kopolyamidu tSim niZdia
je pevnost,  t l im vy55i je stupeh elast ic i ty a sorpcia
vodnfch p6r, a tfm lepSie sf elektrick6 vlastnosti modi-
f ikcvanfch PP vl6kien.

UVOD

Modif ik6cia polypropyl6nu a PP vldkien je aktu6l-
ny ciel' vfskumu i technol6gie. Je vel'a moZnosti ako
dosiahnut zleodenie ich vlastnosti.

Fyzikdlna a chemickd modif ikdcia sf  cesty,  ktor6
m6Zu byt zvydajne pouZit6 a sf dokumentovan6 v mno-
h;ich prispevkoch.

Medz i  chemick fmi  mod i f i kdc iami  m6 ieme nAjs t
odkovanie povrchu PP membr6n poly(N-vinyl2 pyro-
lid6nom) ('1) a povrchu membr6n z dutfch PP vl6kien
pomocou N, N-dimetylaminoetyl  metakryldtu (2),  do
vedie k vySSej hyfrofilite povrchu PP.

Hydrofiln6 modifik6cia PP filmov oxyflourin6ciou je
d'al5ia met6da pre podstatn6 zvf5enie uhla zmddania
pre vodu, polarity a hydrofility povrchu PP (3).

Povrchovd modifikdcia t.j. impregn6cia PP netkanlich
textili i a nAslednyim odkovanim (napr. kyselinou akry-
lovou) do hlbky < 100pm bez zmeny tvaru materi6lu
zabezped( lepdiu hydrofilitu (4).

Trvanlivyi hydrofilnf a antistatickf efekt povrchu PP
vl6kien a tkanin bez zhor5enia objemovyich vlastnosti
sa dosiahne novyimi povrchovfmi modifikAtormi (5).

P reni kn utie organokovovej zltideni ny (napr. Si (Et)4)
do povrchu polym6ru ako PP, PA, PES alebo PU pri
superkritickom C02 spdsobilo zvfSenu povrchovtl hy-
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drof i l i tu mater iAlu (6).
Fyzikllna modifik6cia spodiva predov5etkfm v pri-

danid'al5ej zlo\ky ako aditiva do PP, jej homogenizdciu
s PP a spracovanie na konednyi produkt napr. vldkna.
Tieto adit iva mdZu mat molovt i  hmotnost v Sirokom
rozsahu,  a le  t ie  s  vy55ou molovou hmotnos tou  s t i
v17hodnej5ie.

Modif ikovan6 PP vl6kna zloien1 zPP a aluminosi-
lox6nu pripraven6 zmie5anim v tavenine a zvlAknenim
majI  podstatne modif ikovan6 ant istat ick6 vlastnost i
(7 ) .

PP v lAkna mod i f i kovan6 zmie5an im PP,  kopo ly -
m6ru etyl6n-vinylacetdt a kopolym6ru etyl6n-propyl6n
v tavenine a zvlAknenim vykazujr i  lep5iu hydrof i l i tu
a farbitel'nost (8).

Polyamidmodoviny ako aditrva prispievajI k zlep5eniu
sorpdnfch a elektrickych vlastnosti modifikovanfch PP
vlakien (9).

PP vl6kna modif ikovan6 zasadit ; imi kopolyamidmi
maji lepdiu hydrofilitu, vyfarbitel'nost a elektrick6 vlast-
nos t i  (10) .

1 .  E X P E R I M E N T

PouZit6 materi6ly:
-  polypropyl6n, PP Tl 902, Slovnaft ,
-  e-kaprolaktdm, CL, Nylstar Humenn6,
- kysel ina adipov6, p.a.A, Aldr ich,
- dietyl6ntriamin, DETA, Aldrich, razvAkuovo predes-

tilovany,
- kopolyamidy KOPA zosyntetizovan6 z e-kaprolak-

t6mu, kyseliny adipovej a dietyl6ntriaminu,
- kyselina sirovd, 93 % p.a.
-  vooa

Prfprava kopolyamidov a ich vlastnost i

Kopo lyamidy  z  e -kapro lak tdmu (CL) ,  kyse l iny
adipovej (A) a dietyl6ntr iaminu (DETA) (A a DETA
ako zloZky nylonovej sol i  ADETA) bol i  pr ipraven6
poly(adidno-kondenzadnou) reakciou v tavenine a du-
sikovej atmosf6re vo dvoch krokoch.

Krok A. Horfci  roztok DETA v etanole (dast l )  bol
postupne prid6vanf k horucemu roztoku kyseliny adi-
povejv etanole (dast ll) v sklenej aparature ponorenej
v termostatovanom olejovom kupeli. Po zmieSani dasti
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I a ll bol etanol postupne oddestilovany pri teplote T =
9 0 ' C .

Krok B. Po odstr6neni maxim6lneho mnoZstva eta-
nolu sa teplota taveniny zvfSila na hodnotu T = 1 10 "C
a pr idalo sa cel6 rnnoZstvo e-kaprolaktdmu. Po roz-
taveni CL a hornogenizdcii taveniny jej teplota znova
stupala a polyreakcia za6,ala uvol'iovanfm a konden-
z{ciou reakdnej vody. Polyreakcia za atmosferick6ho
t laku trvala 3h. Teplota taveniny dosiahla na konci
polyreakcie 270 - 280'C a tavenina bola vyliata na ko-
vov0 platdu vo forme struny aporezanS, na granuldt .

ReakdnA sch6ma a vyjadruje pr ipravu l ine6rneho
zdsadit6ho kopolyamid u obsah ujuceho sekunddrne N H
- skupiny za atmosferick6ho tlaku, reakdnd sch6ma b
vyjad ruj e cykli z6ci u zdsad it6ho kopolyam i d u za v zniku
imidazolfnovyich kruhov.

Kopolyamid bol oznadenli dfslom vyjadrujfcim hmot-
nostn6 percento nylonovej soli ADETA zo zmesi CL +
ADETA na zadiatku polyreakcie:

KOPA 5: 5 hm.% ADETA a 95 hm.% CL
KOPA 10: '10 hm.% ADETA a 90 hm.% CL
KOPA 15: '15 hm.% ADETA a 85 hm.% CL
Ext rakc iou  as i  29  kaZd6ho kopo lyamidu vo  v r i -

acej vode podas th bol i  stanoven6 nizkomolekulov6
(vodorczpustn6) ldtky LMC. Extrahovan6 a vzduch-
osuch6 kopolyamidy bol i  su5en6 pr i  T = 105 "C vo
v6kuovej suSiarni  a uloZen6 v exikdtore. MnoZstvo
LMC bolo urden6 z rozdielu hmotnosti pred a po ex-
trakcii a sudeni.

Limitn6 viskozitn6 dislo [n]ako hodnota zodpovedajd-
ca molovej hmotnost i  extrahovanych kopolyamidov
bolo stanoven6 viskozimetricky v roztoku 93 % H2SO4,
p.a., pri teplote T = 25 "C a graficky zo zdvislosti:

l .p/w, - f(w,) a t .p = ( t  -  to)Ao

kde t je das prietoku roztoku polymtiru, to je das prietoku
dist6ho rozp05tadla a w, , je hmotnostn6 % polym6ru
v roztoku.

Tepelnd stabi l i ta a teploty tavenia T, bol i  urden6
z DTA merania v atmosf6re vzduchu s pouZitim prfstroja
Derivatagraph Q - 1500D (MOM BudapeSt, Mad'arsko).
Z{kladnf charakteristiky PP a kopolyamidov (obsah
LMC,  l im i tn6  v iskoz i tn6  d is lo  [n ]  a  T , )  s r i  uveden6
v Tablel .  Tepeln6 stabi l i ta PP a kopolyamidov su uve-
den6 v Table 2.

VysuSen6 granulAty kopolyamidov a PP boli pouZit6
pre pripravu zmesn6ho granuldtu. Zmes obsahujfca
prfslu5n6 mnoZstvA PP a kopolyamidu bola pretavend
v jednozdvitovkovom extruderi  pr i  teplotdch jeho 3
zon T1 = 230 oC, Tz= 25A oC a T. = 260 "C. Zmesnd
struna bola chladen6 studenou vodou a posekand na
granul6t. Vzduchosuchf granrriAt bol ndsledne vdkuovc
vysudenl i  pr i  teplote T = 105 oC. Vysudenyi granu-
let PP modifikovaneho kopolyamidom bol zvl6knenyi
laboratornym zvl6khovacfm zariadenfm pri teplote T
= 250 'C (s extr i lderom @ = 16 mm, pr i  odtahovej
nichlost i  150m . min-]  s pouZit im ajbez pouZit ia pre-
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parAcie (13 fibril). Po zvldkneni boli vl6kna vydiZen6 na
l. = 3 (vldkna s prepardciou aj bez prepardcie) a 7" = 4
(len vlAkna s prepar6ciou).

Stanovenie vlastnosti vl6kien

Elektrick6 vlastnosti vl6kien pripravenfch bez pre-
pardcie (), = 3) boli stanoven6 na pristroji Polystat 1.
Vzorka vldkna s plochou asi  1-1 .4 cmz bola nabit6
na maximdlny potenci6l U,", a postupne bol zazna-
mendvanli das poklesu ndboja na nulu. Z tejto zdvislosti
bol oddftanf poldas rozpadu n6boja t,,r.

Sorpcia vodnfch p6r S bola vyhodnotend gravimet-
r icky pr i teplote T =21.7 oC a relat ivnejvlhkost ivzdu-
chu 65 % pouiijfic vlAkna s prepardciou. Vyisledky sri
uveden6 v Table 3.

Mechanick6 vlastnost i  bol i  nameran6 na pr istroj i
Instron 1 1 12. Up(nacia dlZka a ryichlost deformdcie boli
100 mm a 500 mm.min-] .  Elast ickd deform6cia bola
meran6 t ieZ na Instrone 1112 met6dou hyster6znych
sludiek pri upfnacej O[Zte t 00 mm a ryichlosti deform6t-
cie 200 mm.min-1. Diagram elast ickyich hodndt (Fig. 1)
bol ziskanf z hyster6znych sludiek. Z tohto diagramu
bol i  urden6: e.,  -  elast ick6 predlZenie, e,  -  celkov6
pred[Zenie a e0 - elastick6 deformdciav "/o definovand
ako pomer  e las t i ck6ho pred fZen ia  e . ,  a  ce lkov6ho
predlZenia e,:

eo = (e.,/e,) x 100

Vyisledky sri uveden6 v Table 4.

3 .  DISKUSIA

Polym6rne aditiva - kopolyamidy z e-kaprolakt6mu,
kyse l iny  ad ipove j  a  d ie ty l6n t r iamfnu s  dos ta todne
vysokou molovou hmotnostou moZu byt pr ipraven6
p o l y ( a d i d n o - k o n d e n z a d n o u )  r e a k c i o u  v  t a v e n i n e
v pr iebehu 3h. Zisten6 hodnoty l imitneho viskozitn6ho
dfsla [n] sf relativne vysok6 a vy5Siobsah komonom6ru
ADETA tt i to hodnotu zniZuje. Je to pravdepodobne
v d6sledku vySSej prchavost i  DETA podas prfpravy
nylonovej soli ADETA v prvom kroku A polyreakcie t.j.
moZnej straty DETA. T6to strata naru5a rovnovdhu
reakdnyich skupin vytvdraj fc ich makromolekuly,  do
vedie k znileniu molovej hmotnosti kopolyamidu.

Obsah nizkomolekulovlich ldtok LMC porovnatel'ny
s ich obsahom v komerdnom neextrahovanom PA6,
ktor! je v rozmedzi B-12hm.% podl'a teploty polyreak-
cie. Teploty tavenia kopolyamidov T, s( niZ5ie v po-
rovnanis teplotou tavenia PAO (-220 'C),  ale vy55ie
v porovnanis teplotou tavenia PP (-165 "C). e im vy55f
je obsah komonom6ru ADETA, t fm niZ5ia je teplota
tavenia kopolyamidu (Table 1).

Tepeln6 stabilita PP a kopolyamidov je vel'mi dob16
a navzdjom porovnatel 'n6. Tepelnl i  rozklad kopoly-
amidu KOPA 10 ADETA je o m6lo vy55i ako cistatnfch
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polym6rov. Absol0tne hodnoty obsahu nizkomoleku-
lo4?ch l6tok uvol'nenyich pri teplot6ch spracovania, t.j.
250-260'C sf pre kopolyamidy prakticky rovnak6 ako
u PP (Table 2).

Elektrostatick6 vlastnosti PP a modifikovanfch PP
vl6kien s0 hodnoten6 dvomi parametrami Ur", a t,,..
Z vyisledkov v Table 3 vypllva, Ze elektrostatick6 vlast-
nosti str pozitivne ovplyvnen6 uZ mnoZstvom 4 hm.'k
kopolyamidu v PP. Zvyi5en[m obsahu kopolyamidu na
hodnotu t hm.% a 12 hm."/" sa tieto vlastnosti pod-
statne zlepSia.

Sorpcia vodnfch pdr stdpa so st0paj(cim obsahom
kopolyamidov v modifikovanlich PP vldknach ako to
vidno z Table 3.

Mechanick6 vlastnosti, t.j. pevnost, taZnost a elas-
tickd deform6cia sf uveden6 v Table 4. Najmii pevnost
modifikovan;ich vlAkien je negativne ovplyvnen6 ko-
polyamidmi.  Ddvodom je ich niZ5ia molovA hmotnost
a zmesn6 Struktf ra dvoch zloliek - PP a kopolyam-
idu s ich niZ5ou zn65anl ivostou. ZniZenie pevnost i
je relat ivne nizke pr i  obsahu 4 hm.ok a B hm.% ko-
polyamidu. TaZnost modifikovanyich PP vldkien nie je
prakticky ovplyvnenA. Elastickd deformdcia PP vl6kien
modifikovan'ich 4 hm."h kopolyamidov je rowrakd ako
nemodifikovanfch PP vldkien. Vy55i obsah kopolyami-
dov v modifikovan;ich PP vl6knach zvy5uje hodnotu ich
elastickej defo rm6cie.

Fibre-Forming Polymers

4. ZAVER

Kopolyamidy z e-kaprolaktdmu, kyseliny adipovej
a dietyl6ntriam(nu m0Zu byt pripraven6 v priebehu
3h s relat ivne vysokou molovou hmotnostou. Ob-
sah nizkomolekulovl ich l6tok v kopolyamidoch je
porovnatelnf s ich obsahom v homopolym6re PA 6.
Teploty topenia kopolyamidov si niZ5ie v porovnani
s PA 6 a vy55f obsah komonom6ru ADETA zniluje
ich teplotu tavenia.
Tepelnf rozklad kopolyamidov a PP pr i  vySSfch
teplot6ch (v tavenine) je na rovnakej Irovni.
Elektrostatick6 vlastnosti modif ikovanyich PP vldkien
s0 pozit ivne ovplyvnen6 uZ pr i  obsahu 4 hm.' / .
ak6hokol'vek kopolyamidu a (ovel'a) lep5ie pri obsa-
hu 8 hm.% a najmd 12hm."/" kopolyamidu v PP.
Pevnost modif ikovanyich PP vldkien je podstatne
negativne ovplyvnenA len pri obsahu 12 hm.o/" ko-
polyamidu v PP. TaZnost nie je prakt icky ovply-
vnen6. Elast ickd deformdcia je mierne pozit ivne
ovplyvnen6 vy55im obsahom kopolyamidu.
S o r p c i a  v o d n e j  p a r y  j e  p o z i t l v n e  o v p l y v n e n 6
vy55im obsahom kopolyamidu v modif ikovany?ch
PP vl6knach.

1 .

2 .

3 .

4 .

6
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THE EFFECT OF POLYVINYL ALCOHOL AND
NANOADDITIVES ON THE COLOUR PROPERTIES

OF MODIFIED POLYPROPYLENE FIBRES

BolhovA E.,  UjhelyiovA A.,Streck6 S.,RusnAk R, Leg6h J.

Slovak Llniversity of Technology in Bratislava, Faculty of Chemicat and Food Technotogy,
Department of Fihres and Textile Chemistry, Badlinskdho I, 812 37 Bratislava. Slovak Republic,

e- m ai I : eva" bo I hova@ stuba. sk, an na. uj h e lyovA@ stu ba. sk

The modi f icat ion of  polypropylene (PP) f ibres is  of ten or iented to the improvement  of  thei r
hydrophil ity and dyeabil ity. The modification of PP by a nanoadditive (NA) is an effective way to
prepare new fibres with advanced properties for texti le and technical application.

A study of the colour characteristics and mechanical-physical properties of modified polypropy-
lene/polyvinyl alcohol (PP/PVA) and polypropylene/polyvinyl alcohol/nanoadditive (PP/PVA/NA)
f ibres is  presented in th is  paper.  On the basis  of  the exper imenta l  resul ts ,  i t  is  possib le to s tate
that modified PP/PVfuNA fibres have a higher sorption of a disperse dye than PP/PVA fibres. The
addi t ion of  PVA and NA decreases the mechanical -physical  propert ies as wel l  as the or ientat ion
factor of the modified PP/PVA and PP/PVfuNA fibres

1. Introduct ion

The PP is the most commonly used polyolefin poly-
mer in the production of staple fibres and filaments for
applications such as textiles, nonwovens, high-tenacity
yarns and films. The success of the polymer can be at-
tributed to several interesting as well as advantageous
properties, namely easy processability, a low specific
gravi ty,  a good chemical resistance as wel l  as wide
availability and a low cost.

The dyeing of unmodified polypropylene fibres by the
exhaustion method is characterized by the low affinity
of the dyes to PP and the low colour parameters (low
colour fastness, low washing and dry-cleaning fast-
ness) in the dyed fibres. The preparation of modified
polypropylene fibres with nanoadditives (NA) is inter-
esting from the point of the dyeability of these fibres in
a dyebath with disperse dyes [1-3].

The principle of disperse dyeing is especially used for
dyeing polyester and cellulose acetate fibres. Disperse
dyes are applied to the fibres from an aqueous dye bath
in which the water-insoluble dyes are dispersed using
appropriate surface active agents [4, 10].

The nanopafticles can be introduced to the polypro-
pylene matr ix in a melt ing and/or dissolving process
with the help of heat,  an organic solvent and mechani-
cal blending. The introduction of the nanoadditive im-
proves the accessibility of the fiore, and this favours
the dyeing of the modified PP fibres with the disperse
dyes. They provide chemical and/or physical bonds to
the dyes. In the case of NA, it should carry or be able to
develop charged groups or other functional groups that
can attract dyes via chemical and lor physical bonds.
According to Fan and co-workers, the dyeing was pos-
sible on the basis of the toduous pathways created by
oriented nanoclay layers in the polymer system, thus
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modifying the accessibility of the fibres [5-9].
In this paper the effect of polyvinyl alcohol (PVA) and

a nanoaddit ive on the colour and mechanical-physi-
cal  propert ies of the modif ied polypropylene/polyvinyl
alcohol (PP/PVA) and polypropylene/polyvinyl alcohol/
nanoadditive (PP/PVAINA) fibres is presented. These
fibres were dyed by the exhaustion method fronr a bath
with a disperse dye.

2. Experimental

2 .1 .  Mater ia ls

Synthetic fibres
The following materials were used for the prepara-

t ion of the unmodif ied polypropylene (PP), modif ied
polypropylene/polyvinyl alcohol (PP/PVA) and modified
polypropylene/polyvinyl alcohol/nanoadditive (PP/PVA/
NA) f ib res :

. Polypropyiene Tatren TF 33'1 (PPf )- granulation
product, Slovnaft, a.s., Bratislava, melt flow index
M F I =  1 1 g i ' l 0  m i n ;

.  Polypropylene HPF (PPZ) -  powdery, Slovnaft ,
a.s. .  Brat is lava,

. Polyvinyl alcohol 205 (PVA),

.  Glycerine (GL)- plast ic izer for the PVA

. Nanoaddit ive (NA)- Montmori l loni te K 10, spe-
cific sudace 220-270 g/1, density 300-370 g/1,

. Compatibiliser - polypropylene-grafted-maleic
anhydride ( iPP-g-MA), fy.  Clar iant,

.  Stabi l izer -  synergist ic blend of l rganos 101Oilr-
gafos 168 (4:1),  fy Ciba (0,3wt.  'k per weight of
PP) .

The PVA was plast ic ized with the glycerine at a
temperature of 130 oC for 40 min. The modif ied PP/
PVA fibres were prepared from the PP,. The PP, was
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melted and mixed with the PVA using a double screw
extruder at 230 "C. The blends were spun by a classic
procedure using a laboratory pi lot  plant with a single
screw extruder Q = '16 mm at 250'C and a spinning
speed of 150 m.min-1.

The modified PP/PVA/NA fibres were prepared from
PP2. NA was dispersed in glycerine using a homog-
enizer. Then the PVAwas plasticized with the glycerine
at  a  tempera ture  o f  '130 'C fo r  40  min .  The PP was
mixed and melted with the PVA/NA using a double
screw extruder at 230 "C.

The unmodif ied polypropylene (PP), modif ied poly-
propylene/polyvinyl  alcohol (PP/PVA) and modif ied
polypropyleneipolyvi nyl alcohol/nanoadditive (P P/PVA/
NA) blends were spun by a classic procedure using
a laboratory pilot plant with a single screw extrud er @ =
16 mm at 250 oC and a spinning speed of 150 m.min-t .
The fibres were drawn to tr = 3.

The composition of the prepared fibres is in Table 1.

Disperse Dye
- Terasi l  Blue 3RL

2.2 .  Dye ing

Dyeing process
A lubricant from the fibres was removed in the bath

(1 .5  g / l  S lovapon A and 1  g / l  Na.POo)  a t75 'C to r  20
min. The f ibres were dyed using AHIBA AG CH 4127
Birsfelden laboratory equipment (Switzerland) at tem-
peratures of 98, 1 10 and 120 'C. The dyeing procedure
was used for the PET fibres.

Reduction cleaning
The dyed fibres were washed in a solution consist-

ing of 3 ml/ l  NaOH 38 'Be, 1.5 g/ l  Slovapon, and 2 gl l
NarSrOo, at 75 "C for 30 minutes.

Fibre-Forming Polymers

Tab le  1  Charac ter is t i cs  o f  unmodi f ied  (PP) ,  mod i f ied  (PPIPVA)
and (PP/PVA/NA) f ibres

samples P P l  ( % ) ' PP2 (%) PVA (%) NA (%)

1 1 0 0
2 99
3 97 3
{ 95 5
5 92.5 I . a

6 98.5 1 0 . 5
1 96.5 3 0 . 5
8 O A E 5 0 .5
9 92 / . c 0.5

2.3 .  Methods

C o I o u r ch aracte ri sti cs
The colour character ist ics of the dyed f ibres were

evaluated by the CIE Lab method. The colour param-
eters were est imated by measuring the ref lectance
curves using Ultrascan XE spectrophotometer equip-
menI.

MechanicaFphysical properties and orientation factor
The mechanical-physical  propert ies were measured

using the TIRATEST 27025 apparatus. The clamping
length and deformation rate were 0.1 m and 0.0083
m . s ' .

The orientation factor (f") was obtained by measuring
of the speed of the sound, using the Dynamic Modulus
Tester-PPM-5R apparatus.

3 .  Resu l ts  and D iscuss ion

The colour characteristics of the unmodified polypro-
pylene (PP), modif ied polypropylene/polyvinyl  alcohol

D)

Fig. 1 The dependence of the l(S of unmodif ied and modif ied PP f ibres on their composit ion (a) belore and (b) after reduction cleaning
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(PP/PVA) and polypropylene/polyvinyl alcohol/nanoaddi-
tive (PP/PVA/NA) fibres were obtained by measuring the
CIE Lab parameters before and after the reduction clean-
ing (RC). These results are in Tables 2-3 and in Fig. 1.

The dyeing behaviour of a fibre depends on its physi-
cal  and chemical structures. The hydrophobic PVA
modifier and the nanoadditive in the modified PP fibres
can enable the dyeing of these f ibres with disperse
dyes.

Table 2 CIE Lab Characterist ics ot dyed PP, PP/PVA and PP/
PVA/NA fibres by Terasil Blue 3RL at the temperature
a)  98  'C ,  b )  1  10  'C  and c )  120 "C

c )  1 2 0 ' C
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The increase in the PVA content improves the dye-
abi l i ty of  the modif ied PP/PVA f ibres in comparison
with the unmodif ied PP f ibre at 98 and 110'C before
RC (Fig. 1a).  Turned inside out,  the dyeabi l i ty of  the
PP/PVAfibres at a temperature of 120'C is lower. The
addition of NA, the l(S of the modified PP/PVA/NA is
increased markedly in comparison with the PP and
PP/PVA fibres at all temperatures. The effect of the
increased PVA content at the constant NA content on
the dyeing of the modified PP/PVtuNA fibres was not
observed.

After the reduction cleaning, the l(S of the PP/PVA
fibres decreased to the value of the l(S of the PP fi-
bre. lt is possible to assume that the PVA forms large
pores in the modified PP/PVA fibres. They are larger
than the dye molecules; therefore, the dye molecules
are not fixed and released from the fibre into the bath
during the reduction cleaning, and they have no abil-
i ty to remain (Fig. 1b).  On the other hand, the effect
of the nanoaddit ive on the stabi l i ty of  the dye in the
modified PP/PVA/NA fibres after the reduction clean-
ing is significant. The nanoadditive forms attractive dye
sites in the modified PP/PVA/NA fibres for their better
dyeing f rom the bath. Tlre l(S of the PP/PVA/NA fibres
is higher than the l(S of the PP/PVA fibres after RC,
too. From the results it can be stated that the lncrease
in the dyeing temperature markedly increases the t(S
only for the modified PP/PVA/NA fibres r,^rith a low PVA
content (1 and 3 % wt.) .

Tfre results of the colour character ist ics.  i .e. ,  t l " re
di f ference in l ightness (AL.),  the total  colour di f fer-
ence (AE-) and the shade difference (AH.) of the dyed
unmodif ied polypropylene (PP), the modif ied polypro-
pylene/polyvinyl alcohol (PP/PVA) and polypropylenei
polyvinyl  alcohol/nanoaddit ive (PP/PVA/NA) f ibres
before and after the reduction cleaning (RC) indicate
that the very interest ing connect ion of the PVA is 1
-3 wt. o/. and 0,5 wt.% of the NA (Table 2a-c). The
colour di f ference (AE.) increases with the increase in
the dyeing temperature before arrd after the reduction
cleaning. The value (AL") indicates that the modified
PP/PVA and PP/PVA/NA f ibres are darker than the
PP f ibre (standard).  Al l  the ClELab character ist ics of
the modified polypropylene/polyvinyl alcohol (PPlPVA)
and polypropylene/polyvinyl alcohol/nanoadditive (PP/
PVA/NA) fibres are lower after the reduction cleaning
because the PVA is washed out from the PP/PVA fi-
bres and leaves large enough pores, which are larger
than the padicles of the disperse dye. Al l  the modif ied
fibres have a positive value of (AH.), which means that
the modified PP/PVA and PP/PVA/NA fibres dyed with
disperse dye had a ruddier shade than the PP f ibres.

From the results of the mechanical-physical proper-
ties of the unmodified PP and modified PP/PVA and
PPIPVA/NA f ibres, i t  can be stated that the tenacity
of the modified PP/PVA fibres decreases linearly with
the increase in the PVA content. The decrease in the

sampres
AL" A E AH.

before
RC

after
RC

belore
RC

after
RC

before
R C

after
RC

2 -2.5 - t . J 2.7 2.0 1 . 0 0.5
3 -5.4 5.4 t . Y 0.7 '1 .1

4 _ J .  I -0.8 4.2 2 .3 0.8 t . o

-4.9 o.7 \ , , t . o 0.3 0.9

b -6.5 - 1  1 . 3 1 0 . 3 1 5 . 5 5 . 9 5 . 3

7 - 1 7 . 5 - 1 2 . 2 1 8 . 9 15 .0 5.7 4 . 6

I - 1 2 . 4 - 1 3 . 1 12.4 1 3 . 6 0.9 0 . 5

I -  I O . d - 1 5 . 0 1 7 . 2 15.7 0 .6 0 .7

a) 98 "C

sampres
AL' A E AH-

before
RC

alter
RC

before
FIU

after
RC

before
RC

after
RC

2 -3.21 -0.23 a  ^ 1 0.77 1 . 0 U . J

A  1 1 1 .03 c - z I 1 . 7 2.4 0 .2
A -3.39 0.24 5.38 t . o A 1 n o

- l 1B 1 . 1 7 3.55 \ t . J  I 3 .3 o.2
o -  t + . 2 - t  t  - 4 0 18.7 25.39 10.2 1 0 . 6

-14 .26 - t o - I 18.27 20.66 9.9 8.3
I -5 .5 -  i Z . J J 5 . 9 1 14,67 0 .9 3 .2

I -10 .38 -1  5 .25 1 1 . 6 4 1 7 . 7 5 4.0
b )  110  " c

samples

AL ' A E AH-

before
R C

after
RC

before after
N U

beJore alter
RC

1

2 l . / D 0.s3 1 . 8 1 0.86 0.3 0.5

6.04 0 . 9 7 6 . 4 I 1  . 1 9 1 . 0 0 .7
A 7.6 3 .78 8.39 3 .92 0 .6 0 .9

J I  t . + t 3.31 12,9 3.6 1 . 4 1 . 4

-7 .97 1 8 . 2 8 1 0 ' 7 4 23.41 7 .0 9 .0
J - 6 . 1 4 - z  |  . + J 7.52 25.25 J .  l I . l

o 1 . 2 4 1 2 . 0 8 4.41 1 3 . 3 9 L t

I 0.47 12.4.3 3 . 9 1 t J .  t c 3 .5 2 .0

1 1 3



sampres
g

(cN/dtex)
CV
("/.) 1

1 a n a t . t J o 0.35

2 2.55 2.59 0.36

2.54 2.96 0.33
A 2.32 a  A 1 0 .31

2 . 1 7 6.82 0.26

6 2.49 2.84 0.35

7 t . 3 0 1 1  A 0.32

I 1 . 9 7 1 1 . 1 0.3
q 2.23 2 .2 0 . 1 9
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Table 3 The mechanical-physical propert ies (tenacity o, elongation
e and their variation coefficient CV) and orientation factor
1" of unmodif ied and modif ied PP l ibres

tenacity of the modified PP/PVA/NA fibres with the PVA
content is not l inear,  but i t  passes through a minimum
(Table 3). The highest decrease in tenacity is recorded
for the modified PP/PVA/NA fibres with a composition
of 96.5/3.0/0.5 % wt. The orientation factor decreases
l inearly with the increase in the PVA content in the
modi f ied  PP/PVA f ib res  as  we l l  as  in  the  mod i f ied
PP/PVA/NA fibres.

4 .  Conc lus ion

In this paper the dyeabi l i ty,  the mechanical-physical
properties and the orientation factor of the unmodified
PP, modified PP/PVAand PP/PVA/NAfibres were stud-
ied. From the results obtained it can be stated that:
- The PVA increases the sorption of the dye from a

bath of the modif ied PPIPVA f ibres but does not
provide for its stability in the fibre.

- The addition of the NA increases the sorption of the
dye as well as the stability of the dyeing of the modi-

Fibre-Forming Polymers

fied PP/PVA/NA fibres.
- The addition of the PVA and both the PVA and NA

decreases the mechanical-physical  propeft ies as
well as the orientation factor of the modified PP/PVA
and PP/PVfuNAfibres.
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Vplyv polyvinylalkoholu a nanoaditiv na koloristick6
vlastnosti modifikovanfch polypropyl6novfch vl6kien

Translation of abstract:
The Effect of Polyvinyl Alcohol and Nanoaditives on the Colour Properties of

Modif ied Polypropylene Fibres

Modifik6cia polypropyl6nouich (PP) vl6kien je dasto
orientovand na zlepSenie ich hydrofility a vyfarbitel'nosti
z k0pel 'a.  Modif ik6cia polypropyl6nu nanoadit fvami
(NA) je efekt ivny spOsob pr ipravy novfch vl6kien
s vylep5enyimivlastnostami pre textil a technick6 aplik6-
cie. Pri modifikdcii PP vl6kien nanoaditivami sa zvli5ila
ich vyfarbitel'nost disperznlTmi farbivami z k0pel'a.

V prdci sa hodnotil vplyv polyvinylalkoholu (PVA)
a nanoadit iva (NA) na Strukturu, kolor ist ick6 a me-

chanicko{yzik6lne vlastnosti modifikovanych PP/PVA/
NA vl6kien. Na zdklade zfskanfch experimentdlnych
vlTsledkov je moZn6 konbtatovat,  Ze modif ikovane
PP//PVA/NA vl6kna majf vy55iu schopnost sorbovat
disperzn6 farbivo z k[pel 'a ako PP/PVA vldkna. Pri-
danim modifik6torov (PVA a NA) sa znfZili mechanicko-
fyzik{lne vlastnosti ako aj faktor orientdcie mocji-
f ikovanyich PP/PVA/NA vliikien.
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1.  ln t roduc t ion

The treatment of wastewater from textile dyeing is an
environmental  oroblem that has received considerable
attent ion. At the present t ime great efforts are being
made to minimize the quantity and toxicity of industrial
effluents. This wastewater is primarily derived from ef-
f luents from desizing, pr int ing, and dyeing processes.
The effluent from textile processing is often discharged
to municipal sewage treatment plants or directly to wa-
terways. Textile industries are the largest consumers
of dye stuffs, and it is estimated that '10-15 % of the
dye is lost during the dyeing process and is released as
effluent. Textile dyes are not biodegradable, padicularly
the reactive ciyes [1]. Despite this fact, it is possible to
use some special  biotreatment processes for deco-
lourization. For example, a mixture of various reactive
textile dyes was successfully treated by the white-rot
basid iomycele P h a n e roch aete so rdi d a l2l.

React ive  dyes  are  one o f  the  most  w ide ly  used
classes of dye, account ing tor 32/" of  the quant i ty
and approximately 43% of the value of the world 's
consumption of dyes using cel lulosic f ibres [3] .  They
also have a low f ixat ion relat ive to other classes of
dye, with an average 7O % of the reactive dye that is
used in the dyeing process being affixed to the fabric.
Reactive dye that remains in the effluent is hydrolyzed
during the dyeing process and therefore cannot be
reused. The reactive dyeing process produces two dif-
ferent waste streams. The initial concentrated dyebath
eff luent is above 50 oC, has a pH of at  least '11, and
contains up to 0.6 g l-1 unfixed dye and 40-80 g l-1 salt
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(NaCl or NarSOo) as wel l  as smal l  quant i t ies of other
additives [4].

There are several possible methods for the treatment
of wastewater from textile dyeing. Although biological
treatment processes are often the most economical
for contaminated industrial wastewater treatment, ad-
vanced oxidation processes (AOPs) provide an effec-
tive means of rapidly treating biorefractory compounds
such as dyes with efficient process control [5-8].

It is well known that one of the most important AOPs
in coloured wastewater treatment is the Fenton reac-
tion [9, 

'10]. Oxidation by Fenton's reagent (Fe2.lHzO2)
is traditionally attributed to the generation of hydroxyl
radicals via the following Fenton reaction:

Fe2* + H2o, + H* -+ Fest + Ho'+ H2o ( i )

Therefore, the chemistry related to the use of Fen-
ton's reagent is, above all, radical chemistry 111, 121.
The hydroxylation and oxygenation of substrates is the
result  of  these react ions. The considerable react iv i ty
of the hydroxyl radicals is clearly documented in their
atmospheric [13, 14] and biological  react ions [15, 16]
with organic and biological substrates. The reactions
of hydroxyl radicals may be classified with respect to
their character as follows:
i) reaction proceeding by hydrogen abstraction,

R H  +  H O ' - +  R ' +  H 2 O  ( 2 )

ii) addition reactions,
ArH + HO'+ HO-ArH' (3)

R2C:CR2 + HO'-+ HOR2C-C'R2 (4)

COAGULANT PRETREATMENT AND FENTON TREATMENT
OF COLOURED WASTEWATERS FROM COTTON DYEING

CONTAINING ONE OR A MIXTURE OF CIBACRON
BIFUNCTIONAL REACTIVE DYES: YELLOW FN-2R. RED

FN.3G, AND NAVY FN-B

Prousek, J. ,  Vavrekovd L.

Department  of  Envi ronmental  Engineer ing,  Facul ty  of  Chemical  and Food Technology,
Slovak Technical Universitv. Radlinsk6ho L 812 37 Bratislava. Slovak Republic

e-mail: jozef .prousek@stuba.sk

This s tudy examines the use of  chemical  coagulant  pret reatments and Fenton 's  reagent  t reat-
ment for wastewaters coloured from cotton dyeing and containing one or a mixture of CIBACRON
bifunctional reactive dyes such as Yellow FN-2R, Red FN-3G, and Navy FN-8. Ferrous sulfate
(FeSOo'7HrO) was used as a coagulant. In the second treatment step, the standard Fenton's re-
ageni  (Fe ' . /HrOr)  was appl ied for  the text i le  dye degradat ion.  The in i t ia l  dye l iquor  conta ined the
dye  (1 .2  g  l - 1 ) ,  sod ium su l f a te  (60  g  l l ) ,  sod ium ca rbona te  (14  g  l - 1 )  and  the  Spo l i on  8  (4  g  l - 1 )
wetting agent. The experimental results were assessed in terms of chemical oxygen demand
(COD) and colour removal to determine the overall treatment efficiency of both processes. Each
wastewater  was found to reach a d i f ferent  COD removal  ef f ic iencv,  but  in  a l l  the cases the colour
was complete ly  removed.
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i i i )  oxidat ion react ions.

ArH + HO'-+ ArH'* + HO- (5)

Mn* + HO' -> M(n + 1) + + HO- (6)

The main  rad ica l  in te rmed ia tes  fo rmed dur ing  a
Fenton react ion are carbon-centered R'radicals and
oxygen-centered  rad ica ls  such as  ROO'and RO' ,
where R is alkyl or hydrogen. The propagation steps
of the radical reaction lead to the formation of non-radi-
cal products or to the formation of new radicals. In the
case of azo dyes, the addition of hydroxyl radical to the
azo chromophore has been proposed as the first step
of the react ion. According to [17],  a hydroxyl  radical
adds to the azo linkage-bearing carbon of a hydroxy
or an amine-subst i tuted aromatic r ing. The result ing
HO'adduct breaks down to produce benzene as the
f inal  oroduct.  Another mechanism has been described
[18]. lt has been proposed that in the first step, hydroxyl
radical adds directly to the azo group (-N:N-), with
subsequent steps which can be described as follows:

R l -N:N-Rz +  Ho ' -+  R1(Ho) ru-N ' -R2 0J

coloured colourless

R1(HO)N-N'-R2 + o, -+ R11Ho)N-N(oo')R'z->
-+ R1-No + Rz-No, (8)

Very rapid decolourizat ion in the f i rst  minutes of a
Fenton react ion suggests this mechanist ic pathway
- the addition of the HO' radical to the chromoohore.

Biological  t reatment systems are general ly 5-20
times cheaper to build and 3-10 times cheaper to op-
erate than are AOPs oxidative treatment systems [19];
therefore, the maximum biological removal of contami-
nants is desirable. Where the wastewater stream con-
tains predominantly stable biorecalcitrant compounds,
it is possible to partially degrade the target compounds
with hydroxyl  radicals in order to increase their  sus-
ceptibility to biological degradation. The majority of the
wastewater COD can then be removed with a relatively
cheaper biological treatment.

The present paper investigates coagulant pretreat-
ment and Fenton treatment of coloured wastewaters
from cotton dyeing in order to remove the colour and
decreased residual COD.

2. Experimental

Actual coloured wastewater

Ac tua l  co loured  wastewaters  were  produced in
a laboratory scale and obtained from a cotton dyeing
process by CIBACRON bifunctional reactive dyes such
as Yel low FN-2R, Red FN-3G, and Navy FN-B (Ber-
ndth J. ,  Diploma work, STU Brat is lava, 2001).  Each
of the ten different wastewaters contained one dve or
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Table 1 Dyes used for cotton dyeing

Crrlour Dyes and the rat io used

Yellow CIBACRON Yellow FN - 2R (denoted as A)

Red CIBACRON Red FN - 3G (denoted as B)

B lue CIBACRON Navy FN - B (denoted as C)

Orange T h e m i x t u r e o f A : B = 2 : 1

Khaki T h e m i x t u r e o i A : C = 2 : 1

Scarlet T h e m i x t u r e o f B : A = 2 : 1

Brown The mixture oiA : B : C = 1 : 1 : 1
Green T h e m i x t u r e o f C : A = 2 : 1
Bordeaux T h e m i x t u r e o f B : C = 2 : 1

Violet T h e m i x t u r e o f C : B = 2 : 1

a mixture of dyes (see Table 1).  The ini t ia l  dye l iquor
was composed of the dye (1.2 g l -1),  sodium sulfate
(60 g l -1),  sodium carbonate (14 g f l )  and the Spol ion
8 wetting agent (4 g l-1).

Coagulant pretreatment and Fenton treatment

One g of FeSO^.TH2O as a coagulant and 0.3 ml of
20 % NaOH were added to the wel l -mixed coloured
wastewater (350 ml) and the coagulation finished after
t  h mixing and t  h standing. After f i l t rat ion, 300 ml of
the f i l ter l iquor was acidi f ied to pH 3 and then treated
with Fenton's reagent by adding the appropriate amount
of ferrous sulfate and hydrogen peroxide (see Tables 2
and 3). The reaction was carried out for t h. Finally, the
samoles were neutralized with NaOH and treated with
1 drop of coagulant (polyaluminiumchloride, PAC) and
'l drop of flocculant (0.1 % solution of Zetag 57) under
mixing. After t h settling, the supernatant was taken for
COD and residual colour analyses. A modif ied semimi-
cromethod was used forthe COD measurements. Spec-
tral measurements of the treated wastewaters indicated
that in all the cases, the colour was completely removed.
The results of the coagulation and Fenton treatment are
summarized in Tables 2 and 3.

Table 2 COD removal (%) after coagulat ion and Fenton treatment')
for the Fenton's reagent rat io HrOr/FeSO4 = 1750/1000
m o l

uiThe colour removal was 100 "ktor al l  the dyes studied. COD.,
COD" and CODp are the init ial  value, after coagulat ion, and alter
the Fenton treatment. q", r1p and r1t are COD removal elficiency
(%) after coagulat ion, Fenton treatment and total eff iciency lor
both treatment Drocesses

Colour
coDo
(mg l- ')

Treatment method

Coagulat ion Fenton
Total

^ a t i
E t  i l -

ciency

coDc
(mg l- ')

l c
(%)

coDF
(mg l- ')

r|s

(%)
l r
(%)

Yellow 3725 2155 42 895 5B 76

Red 3360 2111 37 793 62 76

Blue 4921 3989 1 9 2128 47 57
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Colour
coD"

(mg l - ' )

Treatment method

Coagulat ion Fentcn

coD"
( m g  l - ' )

l.lc

(%)
CODF

( m g l )
l l r

(e6)
n r

(',L)

Orange
3600 261  0o 28 448 B3 BB

2250" 3B 7 1 7 6B 80

Khaki
2152 1 0760 50 1 793 + 6 7 1 7

1 973" 8 1 793 I 1 7

Scarlet
4842 z 3  l 1 0 48 3587 + 4 3 26

4393' I Z J J  I 47 52

Brown
4842 3228" J J 1 255 o l 74

34A7c 30 1 973 42 59

Green
4125 076b 74 t o t 4 + 5 0 u l

Ala^c 65 538 63 87

Bcrdeaux
1 973 61  40 1 8 1 793 9

/  J J I 1 6 1 4 1 0 I t l

Violet
3766 076b 7 1 35S 67 90

973" 4B 538 73 86

") The colour removal was 100 % in al l  cases

SkuSobn6 met6dy

Table 3 COD removal (9'") after coagulation and Fenton treatment ")
tor the Fenton's reagent treatment rat io o{ HrOrlFeSOo =
875/500 b) and 1750/1 000 mg l-r ct

3.  Resu l ts  and d iscuss ion

The rate of contaminant oxidat ion is l imited by the
rate of hydroxyl  radical  product ion and the loss of
rad ica ls  in  unproduc t ive  s ide  reac t ions .  Accord ing
to  genera l  Fenton  reac t ion  pr inc ip les  [10 ] ,  the  bas ic
mechanism of the Fenton treaiment consists of oxida-
t ion and chemical coagulat ion of the dye molecules.
The ferric ions generated in the Fenton reaction react
with hydroxide ions to form ferric hydroxo complexes.
which are capable of captur ing the decolourized dye
or  o ther  o rgan ic  mo lecu les  and prec ip i ta t ing  them
out.  Such a coagulai ion/precipi tat ion act ion has been
previously appl ied 120,211. The need to decrease the
organic contaminants'  content had been real ized by
the ferrous sulfate coagulation pretreatment before the
application of the Fenton's reagent treatment. As ap-
pears from Tables 2 and 3, in some cases coagulat ion
pretreatment has led to a high value of COD removal
in this first treatment step. For example, in the case of
a green dyebath. the ini t ia l  high COD value of 4125 mg
l-1 decreased after coagulat ion to 1076 mg.f1 Q4%
COD removal) ,  or in the case of a violet  dyebath, the
coagulat ion treatment resulted in a decrease from
3 766 mg l-1 to 1076 mg l-1.  l t  is necessary to note
tha t  w i thout  the  coagu la t ion  pre t rea tment  s tep ,  the
eff ic iency of the Fenton treatment was low. In some
cases, as can be seen from the results (see Table 3),
the COD value after the Fenton treatment increased.
This is a case of the low oxidizable oroanic compounds
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in COD dichromic oxidat ion. The low oxidizable abi l -
ity of these type of compounds was increased by the
Fenton treatment.  For example, the ini t ia l  COD value
of a khaki dyebath after coagulat ion was 1076 mg l-1.
which was increased by the Fenton treatment by + 67
%. A simi lar s i tuat ion was also observed in the case
of scarlet ,  green, and Bordeaux dyebath wastewaters
after a Fenton treatment (see Table 3). In most cases,
however,  coagulat ion and the Fenton treatment led
to the COD decreasing in every step of the treatment
processes.

As was pointed out above, in al l  cases of the treat-
ment processes the colour was completely removed.
This is a very impoftant fact for coloured wastewater
treatment. But it must be emphasized again that without
coagulat ion pretreatment the colour was removed only
to a lesser extent.

Also, the amount of Fenton's reagent used versus
the eff ic iency of COD removal is of  basic importance.
I t  appears from Table 3 that the eff ic iency of Fenton's
reagent treatment is dependent on the dye chemical 's
or igin and the organic compounds'  content and char-
ac ter .  The resu l t  o f  the  t rea tment  p rocess  a lso  de-
pends on the dyebath used, i .e. ,  whether the bath is
composed only from one dye or a mixture. Thus, in the
case of one dye used in a dyebath, the results show
that both treatment processes are efficient (see Table
2).  Simi lar iy,  in the case of dve mixtures, sometimes
the treatment process increased the efficiency of COD
removal,  but sometimes the total  ef f ic iency of COD
removal was low (see Table 3).  l t  is also clear from the
data summarized in Table 3 that a higher concentrat ion
of Fenton's reagent did not lead to better results in al l
cases. This fact is of  interest f rom an economic view,
and the COD removal achieved is not adequate for a
greater ut i l izat ion of Fenton's reagent concentrat ions.

I t  can  be  conc luded tha t  the  t rea tment  sys tems
uti l ized are sui table AOPs for the decolourizat ion of
coloured wastewater and also for decreasing the ini-
t ia l  COD conten t .  In  add i t ion ,  the  coagu la t ion  and
precipitation used in the Fenton treatment step led to
better results in COD removal and also to a sioni f icant
decrease in the sett ing t ime.

4 .  Conc lus ion

In the present study, a two-step treatment process,
i .e. ,  coagulat ion with ferrous sul fate in the f i rst  step and
Fenton's reagent treatment in the second step, was em-
ployed for the treatment of coloured wastewaters f rom
cotton dyeing. In some cases the coagulat ion step led
to a high degree of COD removal s imi lar to the second
Fenton treatment step. Sometimes the presence of
recalci t rant organic compounds in the treated waste-
water resulted in an increase in the f inal  COD value
after the second step of the treatment. This is a good
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start ing situation for the next possible biotreatment
step. Also, the application of PAC as a coagulant and
organic polymer as a flocculant at the end of the Fenton
treatment step appeared to be a way to increase the
COD removal. The total decolorization of allthe treated
wastewaters was achieved. lt could be generally pro-
posed that the wastewater after treatment was more
suitable for biological treatment processes, as was
similarly described by the authors in [22] for the AOPs
system known as continuous Fenton's process, which
is composed of three treatment parts - coagulation
pretreatment in the first step, the Fenton treatment in
the second step and biological treatment with activated
sludge in the third step.
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SkuSobn6 met6dv

V pr6ci  bola StudovanA chemick6 koaguldcia ako
predilprava a Fentonova reakcia na distenie farebnyich
odpadovyich v6d z farbenia bavlny, ktor6 obsahoval i
jednu alebo zmes CIBACRON bifunkcnyich reaktivnych
farbiv a to Yellow FN-2R, Red FN-3G a Navy FN-B. Ako
koagulant bol pouZit! siran Zeleznatf (FeSOo.THzO).
Na degrad6ciu text i ln l ich farbiv bola v druhom stupni
distenia pouiit6 Standardn6 Fentonova reakcia (Fe2'l
HrOr ) .P6vodny i  fa rb iac i  roz tok  obsahova l  1 ,2  g . l - '

Test ing Methods

farb iva ,  60  g . l - r  s i ranu sodn6ho,  14  g , l -1  uh l id i tanu
sodn6ho a 4 g. l -1 zm6dacieho prostr iedku SPOLION
8. Experiment6lne vysledky bol i  hodnoten6 na z6klade
odstrdnenia chemickej spotreby kyslfky (CHSK) a fareb-
nost i  za Udelom urdenia celkovej 0dinnost i  obidvoch
procesov. KaZd6 odpadovA voda dosahovala rdzne
hodnoty r idinnost i  odstrdnenej CHSK, ale vo vSetkfch
pripadoch bola farebnost odstr6nen6 uplne.

Koaguladn6 preduprava a pouZitie Fentonovei reakcie
na distenie farebnlich odpadovyich v6d z farbenia bavlny

jednou alebo zmesou CIBACRON bifunkdnfch reaktfvnych
farbiv: Yellow FN-2R, Red FN-3G a Navy FN-B

Translat ion of abstract:
Coagulant pretreatment and Fenton treatment of coloured wastewaters from

cotton dyeing containing one or a mixture of CIBACRON bifunct ional react ive
dyes: Yel low FN-2R, Red FN-3G, and Navy FN-B
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Prehl 'adn6 dl6nky

1.  Uvod

Nanoveda a nanotechnologie (NVT) predstavuju
v sudasnost i  jednu z najperspekt ivnejdich ciest pre
inov6ciu technol6gii a materi6lov. NVT sa nachddzajri
na kr iZovatke vednl ich a technologickyich odborov.
Maju teda charakter pr ierezov6ho zamerania s t fm,
Ze okrem vyuZfvania poznatkov z jednotlivlTch odborov
prin65aj i  nov6 or igin6lne modely, postupy, met6dy
a materi6ly.

V poslednom desatrodi sa vo vfskume polym6rov
pouZivaj0 vel 'mi intenzivne anorganickd nanodast ice
ako n izkoob jemov6 ad i t i va  (0 -15%)  pre  zv fSen ie
tiZitkovfch vlastnosti polym6rov. Tieto polym6rne na-
nokompozity dovol'ujri zvli5enie mechanicklch vlast-
nosti polym6rov a zAroveh poskytujri polym6rom rad
d'alSich vlastnosti s vy55ou pridanou hodnotou ako sri:
znftenie priepustnosti plynov a pAr, zn[ienie horl'avosti,
zvyiSenie teploty rozkladu a odolnostivodi chemikdlidm.
Riadenie morlo169ie pri spracovani je zdkladom tech-
nologie kompozitov. UmoZiuje prfpravu technickfch,
inZin ierskSich materi6lov.

Nanomateri6ly vyuZivaju,,statick6" (dasovo nezdvisl6)
charakteristiky nanoplnfv. Rovnako je moZn6 uvaZovat
o vyuZivani ,,dynamickfch" vlastnosti a charakteristik
nanodast ic ako je lokdlna zmena teploty,  skr l l tenie
alebo ohyb dastice alebo povrchu, rot6cia alebo trans-
ldcia nanodastic ako odozva na vonkaj5ie pdsobenie
optick6ho, elektrick6ho alebo magnetick6ho pol'a. Je
to perspektfvna prileZitost pre vfskum Strukt(rne adap-
t ivnych nanokompozitov (SANK) a novych procesov
riadenia modologie polym6rnych mater idlov [1] .

Pr i  adapt ivnych Struktu16lnych nanokompozitoch
sa vyuZivaj I  najmd ich mechanick6 charakter ist iky
ako je tvrdost,  mdkkost,  tuhost,  0navn6 vlastnost i ,
sorpcia vody, ryichlost opotrebenia, odolnost vodi me-
chanick6mu po5kodeniu povrchu, povrchov6 trenie-
lubr ic i ta a in6. V prot ik lade k vyuZit iu stat ickfch me-
chanickfch vlastnost i ,  mechanick6 vlastnost i  SnruX
s[ kontrolovatel'n6 a laditel'ne vzhl'adom k odozve na
vonkajSie podnety. Tieto spri5tacie podnety sa mdZu
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z6.merne apl ikovat ako beZn6 impulzy budidov po-
honov alebo mdZu byt spojene s roz5irenym prahom
operadn6ho prostredia ako je samopasiv6cia alebo
samooprava poSkodenych dastf v agresivnom prost-
redi. V kaZdom prfpade aplik6cia anizotr6pnych nanoel-
ementov ako sri uhlikov6 nanotrubice a vrstven6 silikd-
ty ku tradidnfm monolitickfm adaptfvnym polym6rom
ako su napriklad termoplastick6 elastom6ry poskytuje
prostriedky k modifikdciichovania sa polym6rov, d'alej
k novfm alebo zlepSenfm vlastnostiam vypllivajricich
zo spojenfch sietinanoelementov a konedne k vyuZitiu
nanoelementov na spu5tanie zmeny v chovanf sa poly-
m,5ru [2, 3].

Pr ik lady demonStruj fce nov6 horizonty, spojen6
s  t lTmi to  adapt ivnymi  nanokompoz i tami  zahr iu ju
samopasivdciu vrstvenfch silik6tovlich nanokompozi-
tov v agresivnom prostredi [2] ,  piezo- a pyro- elek-
trick6 charakteristiky viacniisobnlich stien uhlikovlich
nanotrubic v elastom6rnych nanokompozitoch, nov6
elektrick6 a optick6 tvary pri zotaveni nanokompozitov
[3] a dynamiku nanokompozitnfch budidov [4] .

Chemick6,  tyz ikA lne  a  inZ in ie rske  pos tupy  pre
dezintegr6ciu vrstven5ich kryStdlov (vrstven6 si l ikd-
tov6  tak to idy ,  jednos tenn6 p6sky  C-nanot rub iek) ,
zameran6 na  dos iahnut ie  rovnomerne j  d is t r ib r i c ie
nanoe lementov  je  Spec i f i ck6  pre  nanotechno log ie
a nanomateri6ly.  V5eobecne sf t ieto postupy malo
rozpracovan6. Rovnako su m6lo rozvinut6 postupy
pre priestorovo a orientadne riadenri hierarchickf mor-
fol69iu s preciznostou porovnatel 'nou s konvendnymi
text i ln lTmi technol6giami ako je zdrulovanie vl i ik ien
a tkanie. VyuZitie vlastnosti medzifAzov6ho rozhra-
nia polymer -  nanodast ica a jedinednost i  v lastnost i
mnohfch nanodast ic poskytuj0 moZnost dosiahnut
prec izne r iaden ie  mor fo169 ie ,  vd i tane man ipu l6c i f
s elektricklim a magneticklm pol'om [5]. Cez riadenti
n a n o 5 kdl ovrj d i st ri b u ci u kaldej zlolky a m akros ko p i ckri
or ientdciu a distr ibuciu zloLenia je moZn6 uvaZovat
o vystuZuj0cich efektoch, o opracovani a sp6jani ul-
trapevnfch polym6rov ako aj o optickej difrakcii. Vyvoj
akt ivnych polym6rnych nanokompozitov s novlTmi

POLYMERNE (VLAKNTTE) NANOKOMPOZTTY, PRIPRAVA,
SrnuKTURA A vLASTNosrl

Marc ind in  A . .  Do loo5 O.

Slovenskd technick6 univerzita v Bratislave, Fakulta ]n"ri.f,. i  a potravin6rskej technologie,
Radl insk6ho 9,  812 37 Brat is lava,  e-mai l :  anton.marc inc in@stuba.sk

V kompiladnej pr6ci sa diskutuje s[6asn1i 4ivoj pri priprave, hodnoteni Struktriry a vybranlich
v lastnost i  polym6rnych nanokompozi tov na b6ze polyesterov,  polyamidov a polypropy16nu.

Prfspevok je zameran;i najmd na analyzu vplyvu Ipravy vrstevnatlich sil ik6tov organickou f6zou,
kompatibil iz6torov a technologick6ho zariadenia na process delamin6cie a exfoli6cie dastic. Okrem
toho sa v prlspevku pojedn6va o nanokompozitoch na b6ze akrylovlich a laktonovyich polym6rov
a netradidnfch postupoch Ipravy anorganicklich i lov.
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vhodnlmi vlastnostami poskytne nov6 pr i leZitost i  ku
vytvoreniu pr iestorovSich kompaktnfch Struktur,  napr.
pre automobi lovy pr iemysei.

2.  Struktura a vlastnost i  PES si l ik6tovfch
vrstvenf ch nanokompozitov

Nov6 postupy prfpravy polym6rnych nanokompozi-
tov a s t fm spojend funkcional izdrcia nanodasi ic su
v poslednfch rokoch stredobodom pozornost i  poly-
m6rne j  i  mater i6 love j  vedy .  Jednoduch6 my5 l ienka
kombin6cie dvoch mater ielov otvAra cestu k novl i rn
vysoko uZ i tkovy im mater i6 lom.  Mimor iadny  zAu jem
z akademick6ho i priemyseln6ho hl'adiska je venovanf
nanokompozitom, kto16 pozostdvaj0 z polym6rnej ma-
trice a anorganick6ho plniva. Struktdra takychio ma-
ter idlov vyZaduje r iadenie rozmerov a povrchovfch
vlastnosti dastic, pretoZe jednoduch6 zmesovanie kom-
ponentov naprfklad cez extr[ziu nedava poZadovanI
homogenitu a distr ibuciu dast ic,  t ieto si lne aglomeruju,
pr idom sa neziskaju ani poZadovan6 fyzikdlne a me-
chanick6 vlastnost i  [6, .

In te rka l6c ia  a  ex fo l i6c ia  s I  pos tupy  na  pr ip ravu
polym6r-si l ikdtovfch vrstvenych nanokompozitov cez
in te rka ldc iu  monomerov ,  po lym6rnych taven in  a le -
bo roztokov polym6rov. S touto technikou sri spojen6
aj probl6my, najmi i :  a) s[  nevyhnutn6 si in6 interakcie
medzi polym6rom a silikdtom dc br6niinterkal6cii nepo-
ldrnych polym6rov, b) polymerizdcia monom6rov je
dasto sprevddzanA bodnfmi reakciami, c) interkalAcia
taveniny vyZaduje nizku viskozitu, d) anorganick6 latky
s tesnlTmi vrstvami alebo s nevymenitel'nyimi ionmi ako
naprik lad graf i t ,  VrOu ,MoSr, mastenec a d'al5ie st i
vel 'mi taZko interkalovateln6. Konedne, pre systtSmy
polym6r - uhlikov6 nanotrubky je modifikacia fazov6ho
rozhrania edte st6le v polohe vel'kej vfzvy.

Polym6rne interkalovan6r'exfoliovan6 nanokompo-
zi ty su predmetom extenzivneho vlTskumu v posled-
nom desatrodi [7,  8] .  Vel 'kyi  podet prdc je venovany
priprave kompozitov s riadenou modologiou. Vzhl'adom
na charakter aluminosi l ikdtovfch povrchov zvld5tny
z(tujem predstavuje Studium vplyvu ionov5Tch skupin
v semikryStalickfch polym6roch na tvorbu morfologie
vrstvenfch silikdtovlch polym6rnych nanokompozitov.
Z tohto hl'adiska sri zaujimav6 interakcie sulfonovan6ho
PET a dastic MMT.

Prfprava PET nanokompozitov s nanodasticami MMT
sa Studovala najmzi z hl'adiska zv!5enia mechanicklch
vlastnost i  [9]  a zniZenia pr iepustnost i  plynov [10].  Ex-
perimenty poukdzal i  na si lny vplyv nanodast ic a ich
distr ibIcie na kryStal izdciu PET [11].  MMT pri  vySSej
koncentrdci i  (nad 3%) zniZuje rychlost kry5tal izdcie
PET. MMT platnidky pdsobia ako kryStal izadn6 centra
a zvy5uju teplotu kryStal iz6cie, resp. zni2uju poldas
kryStal iz6cie. KryStal izdciu ovplyvhuje t ieZ obsah iono-
mernlch skupin [12].  V pr6ci  [13] sa Studovala mor-
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fologia, mechanick6 vlastnost i  a kinet ika kryStal izdcie
PET a  su l fonovan6ho PET,  (SPET)  s  obsahom 1 ,8 ;
3 ,9  a  5 ,8  % mol .  su l fonovane j  kyse l iny  te re f t6 love j
( i zo f td love j ) .Ako nanop ln ivo  sa  pouZ i l i  r6zne druhy
MMT typu C lo is i te .  Nanokompoz i ty  sa  pr ip rav i l i  na
'16 mm dvojz6vi tovkovom extruderi .  Ako metody sa
pouZi l i :  rdntgenograf ia,  TEM a DSC. 16nove interakcie
medzi Stat ist icky zavedenlTmi sul foskupinami do PET
relazca a MMT sri priazniv6 pre dispergdciu organicky
modifikovan6ho nanosilikiitu. Ukdzalo sa, Ze sledovan6
typy MMT nemaju vlznadnej5i  nukleadnl i  r id innok pr i
kryStaliz6cii SPET (PETI). Aj ked'sa pr(prave PET/MMT
nanokompozitom doteraz venovala vel 'k6 pozornost

[14],  plne dispergovany - exfol iovan6 syst6my doteraz
nebo l i  pub l i kovane.

Studoval i  sa t ieZ d'alSie typy polyesterovych nano-
kompozitov [15, 16].  Pre syst6m PBT/MMT sa pouZi l i
komerdn6 typy modif ikovan6ho MMT (Nanof i l ,  Cloisi te
a Del l i te) [15].  Na pr ipravu sa pouZi l i  dvojz6vi tovkovf
extrrder Haake a Brabender mix6r.  Nanokompozity sa
pripravi l i  o koncentr6ci i  3,  6 a 9"k, pr i  teplote 230'C.
Studovala sa morlologia nanokompozitov v zdvislosti od
podmienok pr ipravy. Morlologia PBT nanokompozitov
sa Studovala pomocou TEM. Urdi t6 typy komerdnych
MMT vykazova l i  vy55 i  s tupe i  ex fo l iAc ie .  Podobne
vy55i podiel  exfol iacie vykazoval i  vzorky pr ipravene
s pouZitfm extrudera v z6vislosti od nichlosti vytlddania.
Vlastnost i  f indlneho mater i6lu su str iktne vztahovan6
k interakci6nt medzi MMT a polymerom. Nanof i l  919
a Cloisi te 25A d6val i  v iac homog6nne disperzie. Vy55ie
moduly bol i  stanoven6 pre PBT/Cloisi te kompozity.

Pri  prfprave nanokompozitov na bdze poiyetyl6n-
naftaldtu (PEN) a vrstevnat l ich f lov sa i ly opracoval i
s acet6tom ant imonu a 12-karboxyl dodekAnamoniom
alebo ob idvomi  komponentmi  sudasne [16 ] .  PEN/ i l y
nanokompozity bol i  pr ipraven6 cestou polymerizdcie
in si tu.  Cez rozl icn6 stupne disperzi ty nanocastfc sa
sledovala kompatibilita nredzi flom a polym6rnou matri-
cou a vplyv intergaler iovej katalyzy na delaminadny
proces  v  PEN mat r ic i .  Nanokompoz i ty  sa  hodnot i l i
polar izadnym mikroskopom so skr iZenlTmi hranolmi
a  pomocou r tg .  d i f rakc ie .  Kombindc ia  o rgan ick6ho
aditiva s acet6tom antimonu ako katalyzdtorom reakcie
sa ukdzala z hl 'adiska kompatibi l i ty a stupia disper-
zi ty vfhodnejSia, ako pouZit ie uvedenfch ldrtok samo-
statne.

3. Polyamidov6 nanokompozity,  vplyv postupu
prfpravy na ich Strukturu a vlastnost i

P o l y m 6 r n e  v r s t v e n e  s i l i k i i t o v e  n a n o k o m p o z i t y
sa objavi l i  v patentovej l i teratIre okolo r .  1950 [17]
a Speci6lne polyamidovri  nanokompozity sa objavujr i
v r .  1976 [18].  V5Tskumnipracovnfci  f i rmy Toyota a. s.
119-21 ,22) zatali detailn6 Strjdium tyichto kompozitov,
ktore sa roz5irilo na d'alSie oracovisk6. Prv6 silik6tov6
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kompozity sa pr ipravi l i  pr id6vanim tuhyich dast ic pr i
taven( alebo pred polymeriz6ciou laktdmu in si tu.  Je
jasn6, Ze aj  druh6 cesta pr ipravy vedie cez taveni-
nov6 spracovanie. V obidvoch pripadoch je potrebn6
predpokladat,  Ze podmienky spracovania budf mat
d6leZityi vplyv na charakter tvoriaceho sa kompozitu.
V literatfre je v tornto smere len vel'mi m6lo informdcii
[23]. Je vel'a ddvodov predo taveninov6 spracovanie
nanokompoz i tov  sa  uprednost iu je  p re  komerdn6
vyuZ i t ie .  Na jzndmej5 ie  o rganos i l i kd ty  su  na  b6ze
montmori l loni tu (MMT), ktor5i  md Specif ickf  povrch
a2750 mzlg. Nanokompozity tvoren6 zmesovanim
tavenfn sf  popisan6 v prdcach [23-33],  avSak t ieto
pr6ce neposky tu j r i  in fo rmdc ie  o  vp lyve  podmienok
disperg6cie a homogeniz6cie na ich Strukturu. D6leZit0
r i lohu pr i  disperg6ci i  MMT v polym6rnej matr ic i  m6
fprava anorganicklTch 6astic organickou f6zou. Tieto
upravy a najmd vfber organickfch l6tok vliznamne
ovplyviuje stupei disperzie plniva [26-29], t331. Okrem
toho 4iznamn0 f lohu pri dispergdcii majf mnoh6 d'alSie
detaily procesu. Naitastie mnoho beZnlch plnidiel ako
napr.  CaCO3, MMT mdZu sa St iepat a dispergovat aZ
do hr0bky dast ic okolo 1 nm. Neseparovan6 vrstvy
MMT po vneseni do polym6ru s0 dasto vo forme tak-
toidov [33, 34].  Termin interkaldcie vyjadruje pr ipad
ked'mal6 mnoZstvA polym6ru vnikajI do medzivrstev-
n6ho pr iestoru medzi platnidky dastfc plniva av5ak
pritom dochddza k separdcii platnidiek do vzdialenosti
men5ej neL 2-3 nm. Exfoli6cia alebo rjelamindcia sa
vyskytuje v pokradujricej separdcii platnidiek pridom ich
vzdialenost je nad 10 nm. Plne exfol iovan6 a disper-
govan6 nanokompozity pozostdvajI z delaminovanlTch
dastic rovnome rne d istrib uovanyich v poiym6ri.

Organos i l i kd ty  p re  nanokompoz i ty  sa  dod6va j t i
s dasticami okolo B pm. KaZdd z tlichto dastfc obsa-
huje r6dove 106 platnidiek, kto16 sa mOZu od seba
oddelit v priebehu delamin6cie a dispergdcie. Pri vyso-
kom stupni disperzity je moZn6 odak6vat maximdlny
vplyv nanodastic na vlastnosti polym6ru. Doteraz sa
popisali pozitivne vplyvy organosilk6tov na vlastnosti
mnohlch polym6rov: je to vplyv na mechanicke vlast-
nost i .  tepelnf stabi l i tu.  rozmerov0 stabi l i tu.  bar ierov6
vlastnost i  a znienie horl 'avost i .  Celkov6 zlepSenie
pripadne ziskanie novfch vlastnost( polym6rov zdvisi
v5iznamne od stupia disperzity a pripadnej orientdcie
dastfc v zAvislosti od kombindcie chemickej ripravy
a optimdlnych podmienok spracovania.

V pr6ci [35] sa Studovala dispergovatel'nost dvoch
typov nanosilikdtov v PA6 za pouZitia rdznych typov ex-
tr0derov. Struktrira polym6rnych r ranokompozitov sa cha-
rakterizovala rc5ntgenograficky, transmisnou elekt16novou
mikroskopiou a meranim mechanickfch vlastnostf. Stupei
distribfcie dastfc sa interpretoval pomocou dasu zotrvania
polym6ru v extruderi a intenzitou Smykovlich velidin. Na
zAklade uisledkov sa navrhuje model, ktoni objasriuje
delaminAciu organosilik6tov v polym6ri v zdvislosti od
Smykor4ich podmienok a od dasu disperg6cie.

V ldkna  a  t ex t i l  12  ( 3 )  121 -127  (2005 )

Review Art ic les

Okrem toho sa Studoval vplyv typu extrfdera, kon-
f igurdcie zdvi tovky a dasu zotrvania v extrdderi  na
modologiu nanokompozitov a ich mechanicko-fyzikAlne
vlastnosti. Na zdklade ziskanlich vfsledkov sa navrhuje
mechan izmus de lamindc ie  a  d ispergdc ie  o rganos i -
l ikdtov v polyamide 6. PouZi l  sa komerdny polyamid 6
a organoily typu Cloisite 15A a Cloisite 308. Polyamid 6
mal molekulovu hmotnost 30 0009/mol a zodpovedajrici
MFI 12 g/10 min. Pre experiment sa pouZi l i  extrdderi
s niekoi'kymi konfigur6ciami z6vitoviek. Koncentrdcia
organoilov bola okolo 5 %, obsah anorganick6ho plniva
pri  308 a 15A bol 3,7 alebo 3,1 % (podl 'a obsahu or-
ganickej fdzy).

Stupen delaminAcie a disperzi ty nanokompozitu bol
monitorovanyi rontg enog raf icky 5i  roko u hl  ovy m r oz-
ptylom X-lridov alebo XRD a analyzou reflexnfch stdp
a transmisnyim elektr6nov; im mikroskopom (TEM).
Urovei disperzi ty sa posudzovala na zdklade TEM
podtom platnidiek na ploche obrdzku.

Vplyv extrudera, konfiguraicie z6vitovky a casu
hnetenia.

Hodnot i la sa fdinnost Styroch extr iderov s rdznou
geometr iou z6vi tovky.
1. Jednoz6vitovkovf extr fder Q = 25,4 mm ukonden!

hlavou s vysokou intenzitou mieSania
2. Dvojztwitkovli extruder s korotujticimi ziivitovkami O

= 30 mm, samost ieracim fdinkom
3 .  D v o j z 6 v i t k o v f  e x t u d e r  L e i s i r i t z  s '  =  3 4  m m

s nesuhlasnfm otAdanim zavitoviek, ktor6 spolu-
zaberaju (konj ugovan6)

4. Dvojzdvi tovkov! extr fder Leistr i tz O = 34 mm s
nes0hlasnym ot6danim zdvitoviek uloZenfch vedl'a
seba (nekonjugovan6)
Okrem toho sa meni la geometr ia zi iv i toviek, dlm sa

dosiahla zmena Smykovfch velidin pri tavenia hneten(.
Tak sa dosiahl i  t r i  I rovne: nfzke, stredn6 a vysok6
Smykov6 deformdcie.

Zdkladom zmien v konfiguracii zdvitoviek bol podet
hnetacfch diskovlTch blokov. Pre nizke Smykov6 napdtie
to bol jeden blok, pre stredn6 tr i  b loky. Hnetacie disky
mal i  r6zny uhol stupania a tak napomdhal i  tavenine
po lym6ru  pos tupovat  v  smere  vy t l66an ia ,  a lebo ju
vracali spZit. Tak sa dosiahol rozdielny cas zotrvania
taveniny v extr [der i .

Leistr i tzove extr fder i  nekorotujuce nemali  hneta-
cie elementy pricom konjugovan;i typ sa vyznadoval
vysok fm Smykov lm e fek tom (hneten ie -mie5an ie) ,
nekonjugovany typ naopak mal n(zku Smykovu defor-
mdciu s distr ibudnfm mieSanim. Zmena Smykovyich
paramet rov  pr i  t f ch to  ex t rL ideroch sa  dosahova la
o tvdran im a lebo uzavre t im dopravneho e lementu
a Smykovlch elementov a pr idavn6ho turbfnov6ho
mix6ru. Oas zotrvania taveniny v extr[deri bol vyhod-
noten;i pomocou 1-2 mm hlinikovlich dastic. Dal5imi
parametrami ddleZit lmi pre efekt dispergAcie je t ieZ
teplotnlT profil v extrfderi a ot6cky extr0dera, ktor6 s[
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urduj0ce pre delaminAciu a distr ibuciu MMT platnidiek,
aby sa dosiahla vysokd kvalita nanokompozitu. Pre de-
tailnf rozbor vplyvu podmienok disperg6cie a zostavy
extr0derov nie je dostatok informAci i  ani  experiment6l-
nych podkladov.

Nanokompozity pr ipraven6 pomocou si l ik6tovyich
dast ic 30B a 15A sr j  vhodn6 pre hodnotenie vplyvu
parametrov spracovania na stuperi disperzity v PA6.
Oastice 30B sa delaminujti vel'mi l 'ahko, kdeZto dastice
15A v PA6 s( vel'mi citliv6 na podmienky spracovania
a Dreto sr l  vhodn6 ako modelov6 l6tka. Na zdklade
vfsledkov Sirokouhlej  di f rakcie X-l t idov a transmisnej
elektr6novej mikroskopie sa vyhodnot i l  vplyv pod-
mienok mie5ania na dispergadn! a distr ibudnl i  efekt
dast ic.  Na5iel  sa pozit ivny vplyv stupia disperzi ty na
modul pevnost i  PA, ktoni st fpal  22,7 na 3,3 GPa pre
15A organoi ly s niZ5im stupf iom disperzi ty,  d 'alej  na
4,0 pre dobre dispergovan6 syst6my a al na 4,4 GPa
pre dobre dispergovan6 syst6my dastic 308. Vysokf
stupefi disperzity dastic 308 vykazoval niZdiu taZnost.

Predpokladanf mechanizmus delamindcie
a disperg6cie

Mechanizmus dispergdcie dast(c vych6dza z vVsled-
kov viaceryich pr6c i nepublikovanfch poznatkov au-
torov [35]. Zahifra tieZ informdcie z tvorby nanokom-
pozitov v polypropyl6ne, maleinovanom polypropyl6ne
a dalSfch polym6roch.

Navrhovanf mechanizmus sa zakladd na vztahu
m ed zi ko m pat i bi I ito u o rg a n ickei f Azy (aditiv a) po u Z iva n ej
na ilpravu kompozitov a polym6rnej matrice ako aj na
podmienkach pripravy a ponrika tri postupy:
1 .  Organ ick6  ad i t i vum je  kompat ib i lne  s  mat r icou .

V tom prfpade sa zfskaji exfoliovan6 nanokompo-
zity vo vSetlqich pripadoch okrem pouZitia jednozdvi-
tovkov6ho extrfdera.

2. Adit fvum m6 nizku kompatibi l i tu s matr icou. V tomto
prrpade pre dobrf exfoli6ciu je potrebn6 optimalizovat
podmienky prfpravy.

3, Aditivum je nekompatibiln6 s matricou. Zfska sa neex-
foliovand disperzia interkalantov a taktoidov. V pri-
pade zvfSenia kompatibi l i ty sa dispergovatel 'nost
zlepSuje.
Pdvodnyi predpoklad, Ze exfolidcia dastlc nanosilik6-

tov je priamoumernd Smykovej intenzite sa uk6zal ako
nie celkom spr6vny. Vyisledky tejto pr6ce poukazuj0
na dva mechanizmy delaminovania dastic. Prvf sp6-
sob pozostdva zo sklzu platnidiek vrstevnatej dastice
staksu, dfm sa zmen5uje jeho vf5ka, tento mechaniz-
mus podporuje Smykovd intenzita pridispergAcii. Druhf
postup predpoklad6 penetrdciu polym6rnych molek(l
medzi platnidkami, kto16 sa takto zacinajI  oci  seba
oddel 'ovat.  Tento mechanizmus nevyZaduje vysoku
Smykovu deformdciu, ale je zdvislyi na difuzii aditiva
(polym6ru) do je umern6 predov5etkfm dasu zotrvania
mater iAlu v extr fder i .  Tak ako polym6r penetruje do
priestoru medzi platnickami zvlASt v blizkosti ich koncov
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(hrdn) ,  doch6dza k  i ch  odde l 'ovan ia  a  od lupovan iu .
Pri tom m6Ze dochddzat t ieZ k zvlneniu alebo ohnu-
tiu platnidky do bolo tie1 dokAzan6 TEM. Skusenosti
a poznatky tieZ poukazujI na to, le napr. pri polypro-
pyl6novej matr ic i  do5lo k fraktf  re platnidiek a vzniku
taktoidov hribky okolo 100 nm. V pripade, Ze neddjde
k zvyi5eniu kompatibility medzi matricou a organickyim
aditfvom, zvy5ovanie intenzity mieSania a strihovlich
si l  nemaj( za ndsledok d'al5iu dezintegri ic iu dast ic.
Napr. pridanie kopolym6ru PP-maleinanhydrid a opti-
malizicia podmienok vedie k vyznamn6mu zlep5eniu
delamindcie a dispergdcie.

4. Polypropyl6nov6 nanokompozity -  pr iprava,
Struktf  ra a vlastnost i

Vfvoj nanokompozitov na bdze polypropyl6n u (P P)
a ilov so smektickou Struktfrou ako sri hectorily, mont-
morilonity alebo sl'uda sleduje predovietklim zlep5enie
mechan ick l i ch  v las tnos t i  po lym6rneho mater i6 lu .
Je zndme, ie k vyznamn6mu stuZuj(cemu efektu
a zlep5eniu mechanickfch vlastnosti dochadza najmd
pri  exfol iovanfch syst6moch [36, 37].  Polypropyl6n,
vzhl'adom na s0dasny 47vol produkcie a tieZ s ohl'adom
na mechanicke vlastnosti, je zvl65t zaujfuav'i pre t(to
modif ik6ciu [38-40].  Hlavnl i  probl6m, ktor l i  je pr i tom
najdastej5ie diskutovanli je rozdielnost v polarite poly-
m6ru a aditiva, do briini dezintegrdcii dastic minerdlu.
Pre zfskanie exfoliovanSTch vrstevna$ch silik6tov v PP
je nevyhnutn6 ich preduprava spravidla kat i6novym
surfaktantom ako su organick6 amoniov6 scli alebo
alkyl fosf i ty [4 '1 ] .  Naviac kompatibi l i ta ty ichto organo-
i lov s PP sa musi eSte zvyiSit  naprfklad pouZit im PP
odkovan6ho maleinanhydridom [42].  Pr i tom dobre
vfsledky pri priprave tlchto nanokompozitov sa dosiahii
len pri relatfvne vysokfch koncentrdcidch odkovan6ho
PP aZ do 22% 143, 441.

O k r e m  v h o d n e j  I p r a v y  m i n e 1 6 l n e h o  p l n i v a  s a
d6leZitd riloha pripisuje pri prfprave polym6rnych nano-
kompozitov aj molekulovej hmotnosti polymeru a aditiv,
d'alej sp6sobu pr(pravy a pouZit6mu zariadeniu [45]. Pri
prfprave PP nanokompozitov s obsahom Cloisite 15A
(montmorilonit - MMT, s vymenenfm Na- za oktadecy-
lamoniovyi  ion) sa pouZi l i  dva typy kompatibi l izdtorov:
PP-g-MA s obsahom 0.7 % odkovan6ho MA a druh17
typ na baze monoetanolstearamidu (Abriflo 65). Sle-
doval sa vpiyv rdznych profilov zdvitovky extrridera (A,
B, C) a miesta pr id6vania adit iva -  pred roztavenim
polym6ru a po roztavenf polym6ru. Struktfra nanokom-
pozitov polypropyl6nu sa charakter izovala pomocou
difrakdnl ich metod WAXD a SAXS a t ieZ pomocou
transmisnej elektr6novej mikroskopie TEM. Hodnot i l i
sa tieZ z6kladne mechanick6 vlastnosti. Z vyisledkov
vyplliva relatfvne malyi vplyv zariadenia a hnetacich ele-
mentov zAvitoviek na interkalAciu polym6ru a exfoliacnli
proces. To len potvrdzuje predpoklad, Ze interkaldcia/
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exfol idcia je typicky di fuzny proces, do podporuj I  aj
lep5ie vfsledky dezintegrdcie dast ic dosiahnut6 pr i  PP
s niZSou viskozitou. Ako efektivnej5i kompatibiliz6tor sa
ukdzal PP-g-MA. Vy55i stupei interkaldcie a exfoli6cie
mal za ndsledok zlepSenie z6kladnych mechanickfch
vlastnostf. Z uisledkov tieZ vyplfva, Ze pri maxim6lnom
stupni exfolidcie MMT je kritickd (maximdlna) koncen-
trAcia nanoplniva v PP okolo 2 %.

Pozitivny vplyv niZ5ej viskozity PP na delaminadn5i
proces MMT sa naSiel  aj  v d 'al5ej  pr6ci  [46].  Tento
vlsledok je v protiklade s literArnymi 0dajmi pre poly-
amid  6 ,  kde  sa  vy55 i  s tupeh de lamin6c ie  dos iaho l
pr i  zvl i5eni molekulovej hmotnost i  polym6rov [47].
Dispergovatel'nost vrstiev MMT v roztavenom polym6ry
zdvisi na termickej difrizii makromolekf I do medzivrst-
vovfch priestorov a potom na mie5acej fdinnosti za-
riadeni [35], ktor6 je v5ak v pripade PP nanokompozitov
zanedbatel'ne [46].

Pri vysokyich teplotdch spracovania doch6dza k ter-
mickej oxid6cii polym6rov a vzniku prchavfch produk-
tov. Pritomnost organoilov zvy5uje teplotu vzniku tlich-
to prchavfch splodin. Splyiovanie polym6ru vedie k
preusporiadaniu vrst iev si l ik6tu do p6vodnej f i losi l ika-
tovej Struktr i ry,  ktorA tvor i  povrchovf keramizovanI
pokoZku, ktord brdni d 'al5iemu preusporiadaniu. Toto
chovanie sa na5lo pre v5etky nanokompozity nezdvisle
na ich modo169i i .

5.  Netradidnf postup prfpravy polym6rnych
nanokompozitov, kombin6cia adit iv

V d'al5ej  prdci  sa popisuje netradidnf postup na
pripravu povrchovo modif ikovanl ich anorganickyich
nanodastfc a ich aplikAcia v nanokompozitoch. V tomto
koncepte s0 anorganick6 nanodastice ZnO pripraven6
sol-g6lov1im procesom pouZitfm vodorozpustnlch soli
ako prekurzorov v inverznej emulzi i  [48-50].  Emulzia
je stabilizovand amf if i I ic$im StatistickyTm kopolym6rom
(polylauryl metakryl6t-ko-dimetylaminoetylmetakryldt).
Tento I'ahko dostupn;i kopolym6r na jednej strane riadi
a kontroluje vel'kost dastfc a na druhej strane zostdva
ako kompatibilizdtor s polym6rnou matricou. D6leZitou
prednostou emulznej techniky je I'ahkost prevedenia
aj vo vdd5om objeme a cenovd nen6rodnost. PouZitie
makromolekulov6ho surfaktantu udrZuje vysoku sta-
bi l i tu disperzie sp6sobenf vysokou i6novou si lou vod-
nejflzy [51] a dovol'uje pripravu emulziiz nasftenfch
vodnyich roztokov prekurzorov. Takto boli pripraven6
ZnO nanodastice a ich aplik6cia v PMMA transparent-
n17ch f6li6ch s ciel'om UV ochrany. Z toho dOvodu su
poZiadavky na homogenitu a distrib0ciu dastic, ako aj
absencia agreg6tov a aglomerdtov v matr ic i  PMMA
mimoriadne vysok6.

V prvom s tupn i  sa  pr ip rav i l i  dve  emulz ie  v  to lu6-
ne ako kontinu6lnej lAze, obsahujuce acetdt Zn ako
prekurzor a NaOH ako sol-g6l premenu inciukujfca
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latka s pouZit i r r  ul t razvuku. Druhl i  stuperi  zahrfruje
ul trazonif ikAciu zmesi obidvoch emulzi I  s ni is lednym
sudenim. Premfvanie surovych dastfc a vedl 'aj i fch
produktov vodou poskytuje dastice ZnO s polym6rnymi
retazcamiadsorbovanynri na ich povrchu potvrdene iC
spektroskopiou. Tuh6 fdza.klord sa ziska v 3.stupni sa
mOZe znova rozdispergovat v nepoldrnom prostredi.
Oast ice mal i  pr iemerny rozmer 100nm (TEM).

Nanokompoz i tn6  f i lmy  bo l i  p r ip raven6 z  roz toku
PMMA aZnO v tolu6ne. UV-VIS spektrd poukazuju na
transparentnost (priepustnost svetla 95%) vo viditel'nej
oblast i  a len 60-75% priepustnost v UV oblast i  (300-
350 nm). Fi lmy obsahoval i  9,4% ZnO dasic.  pr iemerni i
vel'kost stanovend TEM bola 73t69 nm.

Publ ikovany postup je univerz6lny aj  pre ine anor-
gan ick6  das t ice  ako  S iOr ,  T iO,  a  ZnO,  k to re  maj r i
vysokri  apl ikovatelnost v pr iemyselnej praxi .

Lamel6rne nanodast ice organof lov patr ia t ieZ k per-
spektivnym retard6rom horenia [52]. Pri 5o,'o obsahu or-
ganoflov sa ziskaj0 polym6rne materi6ly nie len s vy35ou
pevnostou, ale tieZ s vyznamne vy55ou odoinostou voci
horeniu. Funkcia ty ichto dastfc pr i  horeni spodiva vo
vytvoreni izoladnej vrstvy karbon-si l ikdtovlch splodfn
na povrchu mater id lu  podas  horen ia  ako  vys iedok
kalalyzy degrad6cie polym6rov v prftonrnosti flovfch
nanocas t ic .  Td to  i zo lu je  pod nou sa  nachadza juce
vrstvy a zniiuje rlchlost vzniku rozkladnfch produktov
(dekompozrc ie ) .  N iek to i ' f  au tor i  uza tv 'a ra1 i ,  Ze  i ie to
lamel6rne nanodast ice sa musia pouZit  spolu s infmi
ad i t fvami ,  aby  sa  dos iah la  akceptovate lna  odo lnos t
vod i  horen iu  [53 ] .  Da lS ie  nanodast ice  so  s l 'ubnym
termostab i i rzadnym [6 inkom na po lym6ry  s i l  ox idy
kovov [54].  Tieto adit iva sa skfSal i  t ieZ ako retardery
horenia najm6 v kombini lc i i  s organoi lmi (synergickyi
efekt) .  V prezentovanej pr6rci  io bol i :  rrano- TiO, De-
gussa 21 nm; 50 m2lg; FerOr, taCerac,23 nm; 50m:' /g
a organomodif ikovanf MMT v polymetylmetakryl6te
(PMMA ).  Pre hodnotenie bol i  pouZit6 termick6 met6dy
najmd TGA a kalor imetr ia.

Z vl is ledkov vyplfva, Ze tak termicku stabi l i tu ako aj
odolnost vodi horeniu PMMA je moZn6 vlznamne zvf5it
kombindciou anorganicklTch nanoplniv.

Nanokompozity na b6ze polyiaktonu
a EVA kopolym6ru

Vzh l 'adom na chemickr i  podobnost  po ly lak tonov
a polylakt6mov sr j  t ieto casto prednretom modifrka-
c ie  v rs tevnat fmi  s i l i ka tmi .  Nanokompoz i ty  z  po lye-
capro lac tonu (PCL)  p r ip rav i l i  au tor i  [55 ]  zmie ian im
taveniny polym6ru s prirodnfm Na- montmorillonitom a
montmorillonitom modifikovanfm hydrogenovanynr tal-
lowalkyl-om (HTA) a quaf iernymi amoniovymi sol 'ami,
ako je dimetyl  2-etylhexyl  HTA am6nium a metyl  bis(2-
hydroxyety l )  HTA amonium.  Kompoz i ty  sa  pr ip rav i l i
mechan ickym mieSanfm pr i  130 "C po  dobu 10  min .
Roztavenf  mater i6 l  sa  t lakom fo rmova l  do  dos iek
hrubfch  3  mm,  k to r6  sa  tep lom l i sova l i  p r i  100 "C.
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Nanokompozityobsahoval i  1,  3,  5 a 10 % hmot.  mont-
morillonitu a liSili sa len v plnive do predstavoval cistli
alebo modifikovanf montmorillonit. Obsah kompozitu sa
analyzoval pomocou TGA. Interkalovan6 a exfoliovan6
Struktf ry sa Studovali met6dou XRD a TEM analfzou.
Pr i rodn l i  sodnf  montmor i l lon i t  t vor i l  v  PCL be lny
kompozit s mikro-rozmerovfmi dasticami. Pevnostn6
vlastnost i  nanokompozitu,  najmd tvrdost,  sa plynulo
zvySovala s obsahom plniva najmenej do obsahu 5
% hmt., za kton/mi sa mechanick6 vlastnostivyrovna-
l i  a lebo zniLi l i .  Vplyv obsahu plniva na mechanick6
vlastnost i  PCL nanokompozitov sa hodnot i l i  tahovou
sku5kou. Youngove moduly PCL nanokompozitov bol i
vdidSie v porovnani s distfm PCL tak interkalovan;ich
ako aj  exfol iovanl ich 5trukt0r.  Naprik lad Youngove
moduly sa vyznamne zvf5ili z 216 MPa pre distf PCL
na viac ako 390 MPa pre kompozity obsahujr ice 10
% hmot .  MMT-(OHr) .  Youngove modu ly  mik rokom-
pozitov z nemodif ikovanych montmori l loni tu (MMT-
Na) boli v podstate nez6visl6 od obsahu flu v rozsahu
skfman6ho rozpdt ia.  Vfznamn6 zlepSenie termickej
stabi l i ty PCL sa naSlo hlavne pr ivel 'mi nfzkom obsahu
f iov (1% hm.).  Termick6 vlastnost i  polye-caprolactonu
sa Studova l i  metodami  DSC a  TGA.  DSC meran ia
ukl.zali, Ze plnivo nem6 vplyv na teplotu sklovit6ho
prechodu (Ts) PCL, ktor6 sa pozorovala zhruba pr i
-60 "C pre vSetky vzorky. Podobne teplota tavenia
(T,) kompozitov bola vel'mi blizka dist6mu PCL, zhruba
57 "C. Termickd degraddcia sa sledovala pomocou
TGA pridom nanokompozity degradoval i  pr i  vy55ej
teplote ako distf PCL.

V pracach [56-58] sa ziikladn6 PCL nanokompozity
pr ipravi l i  in si tu interkaladnou polymeriz6crou e-cap-
rolactonu v pr i tomnost i  protonizovanej ol-amino-ky-
sel inv.

bitsia pr6ca [59] pojedn6va o nanokompozitoch na
bAze kopolymeru poly(ethylene-co-vinylacetat) (EVA)
ktoni sa pouZiva priv5irobe telekomunikadnlch k6blov.
Rozd ie lne  mod i f i kdc ie  f i los i l i kd tov  a  EVA po lym6ru
sa zmie5al i  pr i  120"C v Brabedner-ovom zmie5avadi
AEW330 s ciel 'om ziskat polym6rne vrstven6 si l ika-
tov6 nanokompozity (PLSN). Ukdzala sa moZnost
vytvorenia exfoliovanych nanokompozitov v EVA poly-
m6ri  s nasledujr ic imi si l ik6tmi:  Somasif  ME100/ODA
a Cloisite 308. Cloisite 64v EVA kopolym6ri poskytoval
len interkalovan6 nanokompozity.  In6 si l ikdty (Somasif
ME100/ADA) d6val i  typick( Strukturu, kde bol i  dast ice
v  mik romet roch .  Autor i  z is t i l i ,  Ze  10  % hmt .  s i l i kd tu
v nanokompozitnlich vz-ork5,ch je schopn6 vyznamne
znftit,vplyv kyslika podas termooxid6cie, nezdvisle na
tom, di je morlol69ia interkalovand alebo exfol iovan6.

Tento prispevok bol spracovanyi s finandnou podporou agentiry
APVT 20-01 1 404
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UVOD

Polysacharidy rastlinn6ho pdvodu patria medzi ob-
novitel'n6 suroviny, ktor6 sa v s66asnosti povaiuju za
strategick6 zdroje pre rozvoj zelen6ho priemyslu. D6raz
sa pritom kladie najmti na priemyselne najviac produ-
kovan6 polysacharidy - celulozu a Skrob, ktonich deri-
v6ty mdZu v52ne sriperit so synteticlqimi polym6rmi na
bdze petrochemickfch surovin a tak prispiet k rie5eniu
environmentdlnych probl6mov. V poslednom desatrodi
narast6 zdujem o tzv. funkdn6 biopolym6ry. Stivisf to
s pokrokmi dosiahnutymi pri cielenej modifikAcii poiysa-
charidov na deriv6ty s un i kdtnymi chem ickf m i, fyzikal
nymi a biologicky aktivnymivlastnostami. Nov6 funkdtr6
biopolym6ry je moZn6 pripravit z obnovitel'n1ich surovin
a r6znych odpadov pri spracovani pol'nohospod6rskych
rastlin ako aj z biotechnol6gii, vyuZivaj[c klasick6 ako
aj nekonvendn6 postupy.

Zavedenie vhodnych subst i tuentov do makromole-
kuly polysacharidr.r vedie k priprave novlTch deriv6tov
s r6znymi vlastnostami,  ktor6 m0Zu byt vyuZit6 ako
polym6rne tenzidy, zahustovadid, emulgAtory, n6teriv6,
kvapalno-kry5tal ick6 polym6ry (L-C),  termostabi ln6
biopolym6ry, nosi6e pre imobi l izovane en:: .vmy a pre
vysokorldinnr-r  kvapal inovu chromatograf iu (HPLC),
biomembr6ny v medicine a in6.

1.CHEMTCKE wrOprrrrACrr polvsAcHARrDov

Anhydroglukozovajednotka polysacharidov, a teda
aj Skrobu m6 tri vol'n6 hydroxylov6 skupiny. Na uhliku
v polohe 6 (pokial'rrie je bodom vetvenia amylopektinu)
sI to pr imdrne, na uhl ikoch v polohe 2,3 sr i  to sekun-
ddrne hydroxylov6 skupiny. V5eobecne su pr imdrne
alkoholy reaktivnej5ie, avSak reaktivita vZdy zAvisi na
konkr6tnej Strukt0re polysacharidu, na vdzbe skupiny
do suboru atomov v najbi iZSom okol i  [1] .

Primiirna hydroxylovd skupina i skupina na uhliku 2
srl si reaktivitou podobn6, preto nie sf beZne uspeSn6
pokusy o selektivnu reakciu na hydroxyle v polohe 6.
V niektonich pr ipadoch sa v5ak nemusia prejavi t  iba
poldrne faktory, ale prednostnd reakcia niektorej sku-
piny m6Ze byt vyvolan6 inou skutodnostou, neZ mierou
reaktivity. Prfli5 objemnli substituent je zo st6rickfch
dOvodov schopnli substituovat iba pristupnI hydroxy-
lovr i  skupinu v polohe 6 [2] .

Pri reakcidch Skrobu vo forme zrna je tvorba prisluS-
n6ho deriv6tu zdvis16 aj na pristupnosti polysacharidu
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pre chemick6 dinidld.  Je preto vfhodn6 Skrobov6 zrnd
pripravit napudanim, pripadne rozru5enim bez degra-
d6cie polysacharidu, alebo poskytnut dostatodne dlhyi
das pre penetr6ciu dinidiel  do zh a ich rovnomern6
rozptlTlenie v celom objeme [3].

VSeobecn6ho zvf5enia reakt iv i ty v nukleof i ln l ich
substitrlci6ch sa dosahuje aktivAciou Skrobu pOsobe-
nim alk6l i (za tvorby alkal ickej  sol i ,  resp. reaktfvneho
ani6nu Skrobu:

(Skrob)-OH + OH- + [(5krob-O..H..OH ]-  <>
<>(Skrob)-O- + HrO (1)

Hlavnym efektom substitticie je docielenie znftenej
tendencie retrogradovat, do sa prejavuje uZ u deriv6tov
s nizkym stupfiom substittJcie [3].

1.1  ETERY SrnOeU

Medzi najvfznamnej5ie 6tery Skrobu patr i  karbo-
xymetylSkrob (KMS) a hydroxyetyl5krob. Karboxy-
metylSkrob sa pr iemyselne pr ipravuje subst i tudnou
reakciou vo vodnej paste. Do suspenzie Skrobu vo vode
sa ddvkuje NaOH a sodn6 sol'kyseliny monochl6rocto-
vej.  Zmes sa zahrieva na 85'C Sest hodin. Po Styroch
hodin6ch sa do zmesi ddvkuje epichl6rhydrin ako sie-
tovadlo, dim sa zrniSi viskozita produktu-KMS [3,4].

KarboxymetylSkrob pripravenyi v prostredi alkoholu
mA neporu5en6 zrnA a znfteny teplotnyi interval ma-
zovatenia. Disperzne stabi ln6 a za tepla rozpustnt i
karboxymetyl5kroby majI  DS 0,02-0,05, za studena
rozpustn6 deriv6ty majf DS > 0,2. Zosietenie Skrobu
p re d ete rif i k 6ciou vy r azne ovplyvi u je reo lo g i ck6 vlast-
nosti a mechanick0 oclolnost vodnej disperzie. Skrob
m6Ze byt zosieteny aj v priebehu reakcie [3].

V patente [5] s0 uveden 6 r6zne postupy pripravy KMS
podl'a toho, ake fyzikdlno-chemick6 vlastnosti sa poZa-
duj( od pripraven6ho 6teru a akf DS sa m6 dosiahnut.

Ak je nevyhnutmou podmienkou zachovanie Struk-
tr i ry Skrobov' fch zh za sfdasn6ho hydrof i l izadn6ho
efektu subst i tujdcej skupiny, modif ikdcia sa real izuje
v prostredr organick6ho rozptlStadla. Takto sa synteti-
zoval KMS resp. jeho sodnd sol'v prostredI bezvod6ho
pyridinu podl'a reakcie

(5krob)-OH + CICHTCOONa +NaOH ->
-> (5krob)-OCHTCOONa +NaCl + HrO (2)

Privfrobe KMS s DS < 0,05 sa reakcia uskutodni la
vo vodnej suspenzii zavyulitia inhibitorov mazovate-
n ia .
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Pri priprave deriv6tov s vy55fm DS sa pouZil distyi
alkohol ako reakdn6 prostredie.

V obidvoch pripadoch v5ak doch6dzalo k priebehu
neZiadfcich reakcii, ktor6 zniZovali vftaZnost substitti-
cie. Z tohto dOvodu sa pri reakcii vyuZil izopropylalkohol
a v druhom pripade sa regulovala rlichlost a poradie
dAvkovania jednotlivfch zloliek. Reakdnd teplota sa
pohybuje od 35 do 52'C a reakdnli das je 3-8 hodfn.

Optim6lne reakdn6 podmienky sa Studovali pre kar-
boxymetyl6ciu zemiakov6ho Skrobu s 2-chloroctanom
sodnyim ako dinidlom, NaOH, v nevodnom prostredi
rdznych alkoholov - metanolom, tromi izom6rmi buta-
nolu, izopropylalkoholomv prdci [6].

Najvhodnej5im rozp05tadlom je izopropanol s 10
hm % vody. Dosiahnutf  DS = 1,3.

V pripade, Ze reakcia pozostdva z troch stupriov,
dosiahnutf  DS = 2,2.

1 .  ROH + NaOH + RONa +  HrO

kde R je SkrobovA makromolekula

2. RONa + CICH2COONa -+ ROCH2COONa + NaCl
3. NaOH + CICH2COONa -+ HOCHTCOONa + NaCl

Hyd roxyetyl5krob sa pripravuje reakciou prirod n6ho
amylopekt(nu s etyl6noxidom v alkal ickom prostredi.
Hydroxyetyl5krob mA viacer6 medicinske aplikdcie [7].

V literatfre [8]sa uv6dza prfprava 6lerov Skrobu hyd-
rofobizdciou Skrobu a amylozy alifatick;imi o.-epoxidmi
s dlhlim retazcom (Cu aZ C,r). Reakcia sa uskutodnila
v prostredi dimetylsulfoxidu (DMSO), pri laboratornej
teplote, s pouZitim hydridu sodn6ho ako katalyzdtora.
V DMSO je amyloza ako aj Skrob dobre rozpustn6,
bez zvy5kov molekulovej asocidcie a OH skupiny s0
pristupn6 reaktantu. Av5ak dlh6 alifatick6 epoxidy (od
C,r)  maj0 l imitovanf rozpustnost v DMSO. Pripravi l i
sa produkty s DS = 0,1-2,0, Produkt s DS =1,0 je roz-
pustnyi v DMSO, tolu6ne a tvori flexibiln6 filmy. Vysoko
substituovan6 deriv6ty vykazovali bod sklenenia Tg pri
teplote pod 0'C.

Deriv6ty Skrobu s vysokyim stuphom funkcionaliz6cie
pripravili autoriv prdci [9]. Efektivnou homog6nnou syn-
t6zou Skrobu v prostredi dimetylacetamid (DMAC) / LiCl
pr ipravi l i tosyl5krob s DS = 0,4-2,0. PouZit im ' tC NMR
spektroskopie sa zistilo, Ze tosyldcia prednostne pre-
bieha na C2, potom na C6 a C3. Termick6 stabilita pro-
duktov sa zvy5ovala so stdpaj0cim DS a degradAcia
derivdtu s DS = 0,6 zadala pri teplote 166 'C.

Reakciou zemiakov6ho Skrobu s benzylchlor idom
pri teplote 50 "C sa pripravili hydrof6bne benzyl6tery
Skrobu. Benzyl6cia bola kyslokatalyzovand a derivati-
z6cia Skrobu sa uskutodnila v roztoku alebo vo vodn;ich
suspenzi6ch. Publ ikovanl i  postup umoZfiuje pouZit
vy55iu koncentrdciu Skrobu pri niZ5ej viskozite rozto-
Xu. St0Oiom kinetiky uvedenej reakcie sa pozorovala
tendencia 5krobovlTch g ran u l,,absorbovat" hyd roxylov6
iony, ak bol i  pr i tomn6 elektrolyty v suspenzi i  (napr.
NarSOo sa priddval do vodn6ho roztoku v snahe za-
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brdnit Zelatindcii Skrobu). VftaZok benzyl5krobu s DS
0,15 je 92%, potrebnyi reakdnlT das 34 hodin a teplota
50 'c [10] .

Amf if iln6 O-alkyl6te ry karboxymetylSkrobu sa pri pra-
vili reakciou KMS a vy55fch alkythalogenidov v sristave
N,N-dimetyl formamid(DMF)/ voda (1 :2) za katalyzy
NaOH alebo pyr idinu pr i  r6znych reakdnfch podmien-
kach. Ziskali sa vodorozpustn6 produkty s povrchovo
- aktivnymi a stabilizadnlimi vlastnostami. Etery Skrobu
s nizkym stupfiom substitricie sa vyznadujti vynikajuci-
mi emul gadnlimi udi nkami porovnatel'nyimi s komerdne
pouZivanf m Tweenom 20 [1 1].

1 .2  ESTERY SKROBU

Skrob sa ester i f ikuje vo vodnej suspenzi i ,  vo vod-
nom roztoku, v organicklch rozprl5tadl6ch alebo su-
chou cestou.

Modif ik6cia Skrobu vo vodnej suspenzi i  prebieha
pri  relat fvne nizkych teplotdch. Hornou hranicou po-
uZitel'nei reakdnej teploty je bod mazovatenia Skrobu
v danom roztoku, teda 70 "C. Chemick6 reakcia sa
uskutod f i  u je  v  he terog6nnom sys t6me.  Mod i f i kd to r
musi v prvej  IAze di f  undovat do vnftra zrna, druhou
fdzou je sorpcia a tretou je reakcia modif ikatora so
Skrobovou makromolekulou.

V el' mi z6le2l n a ve I'kosti a ch e m i ckych vl astnostiach
molekfl modifikdtora, koncentradnlch a dascvyclr po-
meroch a na vlastnost iach pouZit t ihc Skrobu, hlavne
z hl'adiska Struktdry jeho zfn a chemickej distoty (obsah
tuku).  Skrobov6 zrn| s kompaktnou Strukt[rou a m6lo
otvorenou kapi lar i tou (obi lne Skroby) sr i  v suspenzi i
taZko modifikovatel'n6, Na difuzne a sorpcn6 pornery
m6 vp lyv  a j  m iera  napud iavan ia  zh ,  teda doba,  po
ktor[  bolo Skrobov6 zrno pred modif ikaciou v styku
s vodou [3].

Vel'k1i vplyv na reaktivitu md aj chemick6 distota
Skrobu, hlavne obsah zvySko4ich bieikovin a lipidov.
Tieto l6tky pokrl ivaj0 nepriepustnou vrstvou povrch
kapil6r v Skrobovom zrne, dim staZuju pristup k vol'nfm
hydroxylovfm skupindm. Niekedy su na cast z nich
aj naviazan6. Z tohto d6vodu je vhodn6 pred modif i -
k6ciou Skroby (hlavne obi ln6) premlTvat organickfm
rozoriStadlom.

D6leZit6 je tieZ reaktivita modifik6tora. Pri vysokej
reaktivite (typick6 pre substituenty s epoxidovou sku-
pinou) reakcia prebieha ryichlej5ie nel diluzia do vnutra
zfn, teda na povrchovfch vrstvAch zin a rnodifikdcia
nie je rovnomern6.

Specifickfm probl6mom chemickej modifikdcie Skro-
bu vo vodnej suspenzi i  je hydrof i l iz6cia Skrobu. Napu-
diavaniu a2 mazovaleniu Skrobovych zh v priebehu
modifika6nej reakcie moZno zabrlnil prfdavkom tzv.
inhibftorov mazovatenia, Do rivahy prichddzaj0 anor-
ganick6 soli s vysokfm vysol'ovacfm efektom (siran
sodnli) [12].

Z organick'ich rozptlStadiel pouZivanfch pri este-
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r i f ik6ci i  su popisan6 syst6my N-metylpyrol idon [13],
dimetylf ormamid [1 4], di metylacetamid/LiCl) [1 6].

Reakciou vo I'nfch hyd roxylovlich sku pin m akromol e-
kuly Skrobu s kyselinami vznikajI estery Skrobu [3].

Esterifik6cia Skrobu a jeho derivdtov sa uskutodfiuje
tromi sp6sobmi:
'1.  Klasickou met6dou.

a.) Acylchloridmi v zmesi organick6ho rozpriStadla
a pyr idinu, ktory viaZe vznikaj f ic i  chlorovodik
a tfm prech 6tdza na pyridiumchlorid.

b . )  Acy lch lo r idmi  v  zmes i  o rgan ick6ho rozpr iS-
tadla, pyr id hu a 4,4-dimetylaminopyridiu (4-
-DMAP) ako katalyzdtora, ktory urychl'uje reak-
ciu a zvy5uje DS.

2. Acetanhydridom, anhydridmi kysel in alebo zmie-
Sanfmi anhydridmi pripravenfch ,,in situ" z vy55ich
mastnfch kyselin a acetanhydridu.

3. Transesterifik6ciou s metylestermi vySSich mastnyich
kyselin.

1.2.1 Modif ik6cia klasickou metodou
Ester i f ik6cia Skrobu chlor idmi organickfch kysel in

(od kysel iny octovej ku mastnfm kysel ini im) vedie
k termoplasticklim a hydrof6bnym materidlom, ak DS je
relativne vysokyi. Pre tieto (dely autori uZ skOr Studovali
acetyldciu Skrobu a to Mul len a kol .  (1942) [15] a Wolf f
a  k o l .  ( 1 9 5 1 ) [ 4 0 ] .

V ['15] sa esterifikdcia uskutodnila v prostredi pyridi-
nu a acylchlor idu pr i  teplote 115"C, a reakdnom dase
6 hodin. T6to met6da vyZadovala pouZit ie len mal6-
ho mnoZstva organick6ho rozpt i5tadla v reakci i ,  dfm
sa minirnal izovala degraddcia Skrobu a rozpu5tadlo
fdinkovalo aj  ako katalyz6tor.  Zist i lo sa, Ze mecha-
nick6 vlastnost i  esterov Skrobu, ktor6 sf  v d6sledku
pritomnosti rozvetven6ho amylopektinu nevhodn6 pre
priemyseln6 apl ik6cie sa mdZu zlep5it  so vzrastom
vel'kosti substituentov (butyr6t, kapro6t).

Acyl6ciou zemiakov6ho Skrobu v syst6me LiCl /
DMAC s acylchlor idom pri  teplote 90'C sa pr ipravi l i
modifikovan6 Skroby (oleoyl, palmitoyl, lauroyl, caproyl,
butyrat) s DS v rozsahu od 0,3 do 3. Pripraven6 estery
sa charakter izoval i  FT-lR spektroskopiou a elemen-
t6rnou analyzou, kto16 potvrdili priebeh reakcie a DS.
Vzrastanie hydrof6bnosti srjviselo so vzrastom stupia
acyldcie. Zistilo sa, Ze modlfikovan6 Skroby do vyS5ich
DS majf lep5iu termicku stabilitu a vy55iu rozpustnost
v organiclcfch rozpu5tadl6ch [1 6].

Termomechanick6 spr6vanie a biodegradabilita hyd-
rofobizovanych derivdtov Skrobu v zmesi nizkohustotn5i
polyetyl6n/modifikovanf Skrob sa uvddzav [17 ]. PouZil
sa ester 5krobu s dih5im retazcom (Cu) a s DS = 2,7.
Predpokladalo sa, Ze pripravenyi modifikovanyi Skrob
bude mat zvf5en5i hydrof6bny charakter zapridinenf
zavedenim dlhfch oktanoylovyich skupin. Pripravene
zmesi sa vyznadovali vy55ou termickou stabilitou, vy5-
Sou taZnostou pri pretrhnuti a vel'mi malou absorpciou
vody.
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Esterifikdcia Skrobu s chloridmivy55ich mastnfch ky-
selin v prostredi DMF sa uvildzav patente [18]. Esterifi-
k6cia Skrobu so stearoylchloridom (DS = 2) sa uskutod-
ni la v moldrnom pomere 1:4, v prostredi DMF/pyridin,
pri teplote 100 "C, reakdnom dase 6 hodin. Produkt sa
vy zr 62al v 7 0'/" zmesi etanol u a vody. P r ed vy zr 62an(m
bol g6lovitf ester Skrobu vysoko elasticklT.

V pr6ci [19] sa uvAdza esterifik6cia Skrobu bez pou-
Zitia rozpilStadla v dvoch krokoch, pridom v prvom kro-
ku sa aktivuje Skrob kyselinou mravdou pri laborat6rnej
teplote podas 2 min0t, do vedie k formyliicii. V druhom
kroku sa uskutodnila oktanoyldcia in situ s oktanoyl-
chlor idom pri  '105'C podas 40 min[t  v atmosf6re N,
s vytaZkom 96% a DS = 1,5.

1.2.2 Modif ik6cia anhydridom, anhydridmi kysel in
alebo zmie5anfmi anhydridmi pripravenfch
,,in situ" z vyS5fch mastnfch kyselin a ace-
tanhydridu

Acetdty kukuridn6ho Skrobu s vysokl im obsahom
amylozy (70%) sa pripravili s DS=1 ,5-2,0 a Studovali
sa ich termick6 vlastnost i  [21].  Ester i f ikdcia sa usku-
todnila v prostredi acetanhydridu a kyseliny octovej za
pritomnosti vody a hydroxidu sodn6ho, kto16 sp6sobili
napudanie a aktiv6ciu Skrobu. Pri r6znych hmotnost-
nych pomeroch a reakdnom dase 20-50 min. sa do-
siahol DS = 1 ,5:  2,0 a 2,5. DSC analyzou sa zist i lo,
Ze voda bola efektivnym plastifikdtorom pripravenlich
vysokosubstituovanyich acetdtov Skrob u.

Homog6nnou acetyldciou Skrobu acetanhydridom
v pritomnosti NaOH sa ziskal acetiit Skrobu s DS do
2,7. Stfdium charakteristik tlichto polym6rov, najmii
teploty Tn uk6zalo, Ze v jednom stupni reakcie moZno
zfskaf hydrof6bny, termoplast ickl i  polym6r s vel 'mi
dobrou termickou stabilitou (do 280 'C) a zvy5uj0cou
sa odolnostou vodi vlhkosti [22].

Uplne substituovan6 estery vy55ich mastnlich kyse-
lin Skrobu sa pripravili z prislu5nyich anhydridov v py-
ridine ako katalyzdtore a rozpr.rStadle [16], podobnfmi
synt6zami bol i  pr ipraven6 Skrobov6 sukcin6ty [23]
a propion6ty/f tal6ty Qa|

Acetylder ivdty Skrobu sa pr ipravi l i  ester i f ikdciou
v prostredf acetanhydridu a vodn6ho roztoku NaOH
[41] podl'a nasledovnej sch6my :

(5krob)-OH + NaOH + (CHTCO),O -+

(5krob)-OCOCH3 + NaOCOCH. + H2O (3)

Retrogradadn6 vlastnosti Skrobu sa eliminovali za-
vedenim acetylovej skupiny, ktord i  pr i  nizkom DS
dod6vala Skrobu dlhodobu disperznu stabi l i tu.  Dodr-
Lan(m opt imdlneho pH sa pot ladi l i  vedl 'a jSie reakcie
ddvkovanim 3% roztoku NaOH do reakdnej zmesi.
Reakcia prebiehala pr i  38 "C a pH 8,4.

Rfchla prprava esterov Skrobu so stredn;im stupiom
substitticie a s malfm mnoZstvom vedl'ajSich produk-
tov sa prezentovala v [26]. PouZila sa zmes such6ho
kukuridn6ho Skrobu, I'adovej kyseliny octovej a anhyd-
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ridu kyseliny octovej pod tlakom. Acetdt Skrobu s DS
0,5-2,5 sa pripravi l  pri  teplote 160-180 "C podas 2-10
minUt. Reakdn6 nichlost sa zvy5ovala so zvySovanim
koncentr6cie kyseliny octovej a klesala so zvySovanim
koncentr6cie anhydridu kyseliny octovej. Kyselina oc-
tov6, ktord zostala vo vzork6ch sa f plne odstrdnila vo
v6kuu pri 120-190 "C.

Zmie5an6 estery Skrobu sa pripravili z anhydridov
kyseliny kapr6novej a octovej a v druhom prfpade an-
hyd ridov kyseliny lau rovej (pripraven6ho dehydratdciou
kyseliny laurovej) a octovej. PouZitf Skrob sa aktivoval
rozpustenim v hor0com DMSO a ndslednyim prezr6-
lanh v etanole alebo v pyridine pri 80 'C. VlastnA
reakcia prebiehala 5 hodin pri 60 "C, visk6zny produkt
sa vlial do metanolu a vysuSil. Produkty sa testovali
ako plastifikAtory 1271.

VyuZivajuc alternativne met6dy bez pouZitia toxic-
kyich, drahf ch a z produktov taZko odstr6nitel 'nfch
organicklTch rozptlStadiel bol i  pripraven6 tr iacetdty
Skrobu refluxovanim Skrobu, acetanhydridu a 50%
roztoku NaOH 2-5 hodin [29].

Podobn6 met6da pripravy acetdtov, propion6tov
a butyr6tov Skrobu s DS 1-2 popisand v [30] pozost6-
vala z mieSania vodnej suspenzie Skrobu s anhydridom
a 25% NaOH 4 nodiny pri teplote 0-40 'C, pridom sa
dosiahli vysok6 vltalky produktu (a2 90'/.).

Karboxymetyl5krob sa modifikoval mixovanfmi an-
hydridmi typu RCO-O-OCH3 pripravenfmi,,in situ", kde
R = Crr-Crz a pripravili sa nizkosubstituovan6 estery
KMS. Pripraven6 estery sa vyznaduj0 vynikajucimiemul-
gadnfmi, pracimi a antiredepozidnymi Udinkami [41 ].

1.2.3 Transesterif ik6cia s metylestermi vy55ich
mastnfch kyselin

Transesterifikdcia sachar6zy s metylesterom vyS5ej
mastnej  kysel iny v  DMF za kata ly t ick6ho uc inku
K2CO3 sa uvddza v [28]. Vznikajfci metanol sa od-
str6nil  v6kuovou frak6nou desti l6ciou. Tento postup
pripravy monoesterov sachar6zy s vy5Simi mastnymi
kyselinami sa vyuZfva v priemysle pre nizku cenu pri
vlirobe neionovlich detergentov

V literatrjre [31] sa uvAdza met6da transesterifik6cie
celul6zy a amylozy. Reakcia prebiehala pri 1 90-1 95"C,
2 a26 hodin po predch6dzajfcej homogeniz6cii zmesi
polysacharidu, vody, mydla(ako emulgdtora) a mety-
lesteru vy55ich mastn;ich kyselfn (laurovej a stearovej),
ked'pred esterifik6ciou bola zo zmesi odparovand voda
30 min. pri 130 "C. Laur6t amylozy mal v optim6lnom
prfpade DS = 0,61 av'fta\ok52% a laur6t celul6zy mal
DS = 0,18 a vftaZok 82%. Obidva estery mali hydro-
fobny charakter.

Transesterif ikdcia Skrobu s metylpalmitdtom sa
prezentovala v [32]. Esterifik6ciou dosiahnutf stupefi
substitricie silne ovplyvi uje koncentrdcia katalyzttlora
(metanoldt draseln!) a molovli pomer metylpalmitdtu
ku Skrobu.
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Ester i f ik6cia KMS sa uskutodni la reester i f ik6ciou
s vinyl laurdtom(ViLa) v organickych rozpriStadl6ch
resp. v g6l-suspenzi i  DMF/4-tolu6nsulfonovd kysel i -
na(4-TSK), za udinku katalyz6tora 4-DMAP v rdznych
h motnostnyich pomeroch . Zbkan5 vodorozpustn6 hyd-
rofobizovan6 deriv6ty KMS s ViLa sa vyznadovali vy-
nikajucimi povrchovo - aktfvnymi vlastnostami, najmA
emulgadnou, pracou a ant iredepozidnou Udinnostou
[20]. PouZitie metylesterov mastnlch kyselin je uihod-
n6, pretoZe s0 to mierne reagenty, ziskan6 z rastlin-
nfch olejov, s0 biodegradabiln6, netoxicke, vo vel'kom
mnoZstve dostupn6 a lacn6.

1.2.4 Nov6 postupy
Ked'Ze v poslednom desatrodf sa v organickej syn-

t6ze v'irazne preferujf dve cesty, na jednej strane
hl'adanie stereoselektivnych metod, na druhej strane
efektivnych met6d s vysokfmi vltaZkami, minimdlnymi
odpadmi a kr6tkym reakdnlim dasom [33]je nutn6 spo-
men(t vyuZitie ultrazvuku alebo mikrovlnn6ho liarenia
pri modifikiici6ch.

Predpokladd sa, Ze v d6sledku interakcie lAtky s mik-
rovlnnfm Ziarenim doch6dza k jej  prehriat iu,  doho
d6sledkom je zvf5enie ryichlost i  reakcie. Z doteraz
publikovanlch prdc [33,34] sa usudzuje, ie uryichlenie
reakcie sa dA odakdvat vtedy, ak reaguj0 polArne kitky
a najmd, ak sa reakcie zfdastfiuj0 veizby s vel'k17m
dipolovyim momentom. Podobne pozorujeme vyrazn6
z4ichlenie reakcie, ak mikrovlnn6 Ziarenie absorbuje
substr6t alebo katalyziior a nie rozpriStadlo.

Pw'ikrAt sa pouZitie mikrovlnn6ho Ziarenia v ch6mii
polysacharidov uvddza v l i terat l re v roku 1933 [35,
361 a tlikalo sa vplyvu mikrovfn na hydrolfzu vodnfch
roztokov Skrobu, arabskej gumy a agaru.

Ester zemiakov6ho Skrobu sa pripravil esterifik6ciou
za 0dinku mikrovlnn6ho Ziarenia s frekvenciou 2450
MHz a  0 ,5  Wg mik rov lnne j  energ ie .  Zmenou para-
metrov mikrovlnnej reakcie sa ziskali produkty s poZa-
dovanlim stupiom substitricie. Vlastnosti Skrobovlich
vzoriek sa skumali  pomocou svetelnej mikroskopie,
g6lovej chromatografie, X-ltldovej defraktomrlrie a re-
ol69ia na viskografe Brabender. Pozorovala sa zmena
kryStalickej Strukt0ry zemiakov6ho Skrobu z typu B na
typ A [37].

Vplyvom sonoch6mie na C-zl fdeniny, okrem in6-
ho aj  na Skrob sa zaoberA v prdci  [38] Kardos N.
Ultrazvuk sa s vfhodou vyuZiva pr i  izoldci i  rOznych
druhov polysacharidov. Jeho vplyvom doch6dza dasto
k zniZeniu molekulovej hmotnost i ,  teda k degrad6ci i
polysacahridu.

Transesterifik6cia KMS s estermi vy55ich mastnlich
kysel in (metyl laurdt,  v inyl laurAt) za t id inku mikrovln
(600W) s ciel'om pripravit nizkosubstituovan6 vodoroz-
pustn6 derivdty sa uvddza v [39]. Mikrovlnn6 Ziarenie
zniluje reakdnf das o jeden poriadok z 5 hodin na 5
min[t .
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SLNEENE uv ZInneruIE A OCHRANA TExT1LIAMI PRED
JEHO NEGATIVNYMI VPLYVMI

Balogovd L., 5est6k J.

VUTCH-CHEMITEX spo l .  s  r .o . ,  Z r l ina ,  S lovenska repub l ika ,  Autor izovanA osoba SKTC-119,
Not i f i kovan6 osoba d .  1296,  www.vutch .sk

1.  Uvod

Slnedn6 Ziarenie -  energia potrebnd pre Zivot na
zemi. Takto ho poznd kaid! z n6s. Ale vieme, ak6
md fdinky na n65 organizmus a do m6Ze spdsobit?
DokdZeme sa pred nim dostatodne chrdnit, alebo zos-
taneme aj nad'alej len postrannlm pozorovatel'om a
budeme sa Nerit, Ze nds sa jeho ddinok netlTka?

Odpoved'na t ieto, ale aj  d 'al5ie otezky t l ikaj t lce
sa slnedn6ho Ziarenia a jeho vplyvov na organizmus
dloveka ndjdete v tomto dldnku urden6ho hlavne pre
spotrebitel'a, aby si uvedomil rizik6 a moZnosti ochrany
ored nimi.

2 .  S lnedn6 i ia ren ie

S lnedn6 Z ia ren ie  je  e lek t romagnet ick6  Z ia ren ie ,
ktor6ho hlavnym prfrodnfm zdrojom je Slnko. Javi
sa ako biele svet lo,  prechodom cez atmosf6ru sa
diastodne modifikuje, dim sa podstatne zniluje obsah
jeho UV zloZky.

Del i  sa na tr i  zdkladn6 skupiny, kto16 su z hl 'adiska
vplyvu na dloveka a materi6ly znadne rozdielne:
1. Ultrafialovd Ziarenie (UV) s vlnovou dlZkou

100-400 nm, tvori pribliZne 7o/" energie
2. Viditelnd Ziarenie (VlS) s vlnovou dlZkou

400-750 nm, tvori pribliZne 47"/" energie
3. lnfraieruen6 Ziarenie (/F) s vlnovou dlZkou

nad 750 nm, tvor i  pr ibl iZne 46% energie

Tabul 'ka 1 Slnedn6 soektrum

Ludsk6 oko je schopn6 ako svetlo registrovat elektro-
magnetick6 Ziarenie s vlnovou dlZkou od cca 400-750
nm, tzv. viditel'n6 Ziarenie. Ziarenie s vlnovou O[Zkou
vddSou nel750 nm, tzv. infraderven6 Ziarenie, sa
javi ako derven6 Ziarenie. Ziarenie s vlnovou diZkou
men5ou neZ 400 nm, tzv. ultrafialov6 Ziarenie, sa javf
ako fialov6 Ziarenie.

Ziarenie s vlnovlTmi dfZkami, ktor6 su menSie ako
100 nm, patri  k ionizuj0cemu Ziareniu alebo t ieZ k ront-
genov6mu (RTG), 6i2e gama-liareniu [1].
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3. UV i iarenie

Pribl iZne 7% slnedn6ho Ziarenia dopadaj0ceho na
Zem tvorf UV Ziarenie, pridom jeho mnoZstvo a intenzita
z6visia od rodn6ho obdobia, podasia, dennom dase a
pod. Je ohraniden6 vlnovfmi dlZkami od 100 nm do
400 nm. Pre I'udskli zrak je neviditel'n6 a nesie vel'k6
mnoZstvo netepelnej energie..

Podl'a rozsahu vlnovlich dlZok ho rozdel'ujeme na
3 oblasti, ktor6 majf na organizmus rOzne fyzikiilne
a biologicky odli5n6 pOsobenia:
- UV iiarenie typu C s vlnovou O[Zfou 100-290 nm.

Toto Ziarenie je najnebezpednej5ie, je karcinog6nne
a vel'mi Skodliv6 pre v5etky 2iv6 organizmy. Ochranu
pred nrm zabezpeduje oz6nov6vrctua, ktorA md schopnost
ho absorbovat, av5ak vplyvom tvorby ozonou.ich dier m6Ze
preniknft Ziarenie aZ do atmosf6ry.

- UV iiarenie typ B s vlnovou dlikou 290-315 nm. Je
cca 103 kr6t nebezpednejSie ako Ziarenie typu A a pri
nadmernom vystaveni sa slnedn6mu Ziareniu m6Ze
sp6sobit ak(tny zApal koLe tzv. eryt6m, rakovinu
koZe a ood..

-  UV i iarenie typu A s vlnovou OfZt<ou 315-400 nm.
Z pohl 'adu fyziologickfch r idinkov na dloveka je
najmenej nebezpedn6. V rozumnom mnoZstve je pre
I'udsk6 telo potrebn6, napom6ha pri tvorbe vitaminu
D, sterilizuje a zvy5uje odolnost proti patog6nnym
bakt6ri6m. [2]
Naj5kodlivej5ia dast UV Ziarenia - Ziarenie typu C sa

nevyskytuje v slnednom spektre na zemskom povrchu,
je plne pohlcovan6 atmosf6r ickfmi plynmi,  teda absor-
bovan6 kyslikom vrchnej stratosf6ry alebo mezosf6ry,
ako aj oz6novou vrstvou. Pre meranie UV ochrany su
preto ddleZit6 len 6asti UV-A a UV-B Ziarenia. UV-A
lfde sa oz6nom oslabujti len vel'mi m6lo, l0de UV-B
sa v oz6novej vrstve oslabujrl o cca 95 Yo, takle zem-
skf povrch dosiahne len mal6 dast z nich. Aj ked'dasf
liarenia UV-B je z viidiej miere absorbovand ozonom
a v  r6mc i  ce l6ho dopada jdceho s lnedn6ho spek t ra
predstavuje menej ako 2 % energie, aj napriek tomu
vyvolS,va celyi rad biologickfch efektov [1].

4.  Vplyv UV i iarenia na organizmus dloveka

Koia je najvddSim org6nom dloveka, ktoni ako prvf
pr ichddza do kontaktu so slnednymi l0dmi.  Skladd sa z
pokoZky (epidermis) a zamSe (dermis) [3] ,  obr,  1.

RTG
Ziarenie

UV
Ziarenie

Viditel'n6
Ziarenie

Blizke
r0 (NrR)
Ziarenie

zrarenre

<100 nm <400 nm
400-750

nm
750-1 400

nm
3 000-1 2 000

nm
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Vlnovd dlZka [nm]

V urditfch rnnoZst'riich mA slnedn6 Ziareniu cel17 rad
pre Zivot dloveka potrebnfch a pozit fvnych r idinkov.
K n im pat r i  t vorba  v i tamfnu D (D2 a  D3)  a  zhned-
nut ie pokoZky, kto16 slr lZi  najmd k ochrane pod frou
leZiacich koinl ich vrst iev a DNA v jadre buniek. K tomu
v5ak postaduje 10 minr j tove vystavenie sa slnedn6mu
Ziareniu denne. Slnedn6 Ziarenie okrem toho st imuluje
imunitn!  syst6m a podmief iuje celkovf poci t  zdravia.

Negatfvne, teda Skodliv6 udinky slnedn6ho liarenia
rnoZu na dloveku zanechat akr j tne, alebo aj  chronick6
ndsledky.

Medzi akr i tne ndsiedky patrf  napr.  eryt6m (sp6le-
nie).  lde o akftny zApal kole, ktory je vyvol6vany
dastou ul traf ialoveho Ziarenia slnedn6ho svet la pr i  nad-
mernom slnednom liareni. Rozumieme pod t17m zmeny
koZe v ddsledku p6sobenia i iarenia, predov5etklTm
ultrafialoveho svetla ako napr. zhnednutie a reparadn6
mechanizmy, ale aj  chorobn6 koZn6 reakcie ako1n6
poSkodenia spOsoben6 Ziarenim. [1 ]

Pr i  intenzfvnom p6sobeniUV Ziarenia m6Ze d6jst  k
trvalfm a ireverzibilnf po5kodeniam zdravia, ako zAkal
odnej So5ovky, preddasn6 starnut ie koZe, rakovina
koZe. mutdcie, infekdn6 choroby a pod.

i *'  uspaf ia!uce ziarenre

-_l___
Fyzikiilne velieiny !

iiareiria

rn .{ nnbu-]uu um
aZ do Cca 50 mm

Obr. 1 Hlbka prieniku UV i iarenia do koZe v z6vislost i  od typu UV 2iarenia
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5. Ochrana pred UV i iarenim textf l iami

V s0dasnost i  uZ existuj0 r6zne moZnost i  a formy
o c h r a n y  d l o v e k a  p r e d  n e p r i a z n i v f m i  I d i n k a m i
slnedn6ho UV Ziarenia (UVR - ul t raviolet radiat ion).
Okrem ochranniTch okul iarov a opal 'ovacich kr6mov
mdme dnes uZ k dispozfci i  5 iroku paletu text i ln l ich
a odevn5Tch mater i i l lov, ktor6 el iminujI  a zabrahujr i
pr ieniku UV Ziarenia cez text i l iu a jeho kontaktu s
ookoikou .

Pr i  dopade UV Z ia ren ia  na  tex t i ln6 /odevn6 ma-
teridly dochddza k r6znym tyzikAlnym dejom, ktor6 sri
zn{zornene na obr.2.

Ref lex ia  -  Z ia ren ie  sa  mOZe na povrchu tex t i l i e
odrazit bez toho, Ze by sa infiltrovalo alebo difundovalo
do text i ln6ho mater i6lu.

Absorpcia - Ziarenie m6Ze byt textilnfm materidlom
uplne absorbovan6 - pohlcovan6, najmai u hustfch
a taZkych text i lnfch l6tok. V oboch prfpadoch nedo-
pad6 na pokoZku Ziadne UV Ziarenie.

Transmis ia  -  UV Z ia ren ie  c ie lene (o r ien tovane)
penetruje - prechddza cez textil. S tyimto sa stretAvame
najmd u textilnfch materiAlov s vel'kfmi pormi. U beZne

Reflexia Ai:.r:li:ii:'.::ilr:

Textil ia

Fovrch pokoiky

Srien:tsVeft*
tt:ans,frrisia ; *ifuzna

trafts{Ilr',$a

iiarenie, kto16 pre*lo
cez textilny nrateri;il

I  Riclog;bky u*inne
I  .  r n i i , { l ^ ,  .  x : . . .  " - ^ , - :  -

Y G l l v l l  l V  e l C l i  $ t  l t + l
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Obr. 2 Interakcia medzi UV Ziarenim - text i l iou - ookoZkou
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Struktfrovan6ho materi6lu sa najdastej5ie stretdvame
s tfm, Ze Ziarenie sa po penetr6ci i  dif0zne rozptf l i ,
V oboch pripadoch transmisie sa UV Ziarenie dostdva
vo vdd5ej alebo men5ej miere na povrch pokoZky [4].

Odevy s funkdnou UV ochranou sri odevy, ktor6
odflltruji podiel prirodzen6ho UV Ziarenia, ktor6 ohro-
zuje zdravie a predstavuje fdinn6 preventivne opa-
trenie pre I'udi, ktorf sa dasto zdr2iavaju na slnku, di
uZ z pracovnlch d6vodov alebo vo svojom vol'nom
dase. Netreba ale zab0dat, Ze obledenie ponuka len
diastodn0 a obmedzenf ochranu pred UV Ziarenim.

Ochrann0 funkciu textilii m6Ze ovplyvnit niekol'ko
faktorov:

a) Struktf ra - konStrukcia textilie
b) typ a zloZenie vl6kna
c) farba a slitost odtieia materiAlu
d) obsah vlhkosti (voda, pot)
e) upravarensk6 procesy (TPP a UV absorb6ry)

Struktira textilie
Tak ako pri stanovenf priepustnosti vzduchu texti

liami, aj tu sa dd riadit jednoduch5im pravidlom: ,,e im je
textflia hustej5ia a hrub5ia, tyim vddSiu ochranu posky-
tuje." V prfpade rovnakej konStrukcie sa ochrannf faktor
zvy5uje s hr(bkou resp. hmotnostou textilie.

Typ a zloZenie vldkna
Priepustnost UV Ziarenia je u vl6kien pouZivanlich

na vlirobu textflif r6zna. Syntetick6 vldkna vykazujti
lep5iu schopnost absorpcie UV Ziarenia ako prirodn6
vldkna. UV absorpcia syntetickyich vl6kien je pod-
m ienen6  a romat i ckou  S t ruk tUrou  v l6kna  a  dd  sa
modi f ikovat  p igmentami .  PA v l6kna s0 oprot i  PES
vlAknam pr iepustnej5 ie .  B ie len6 bavlna m6 vy55iu
priepustnost UV Ziarenia ako surovd bavlna, ktorej
UPF (ultrafialo4i ochrannf faktor) je podstatne vy55i z
d6vodu obsahu prirodnyich pigmentov, pektinov a vos-
kov, ktor6 majd v tomto pripade aj f unkciu absorbovat
UV Ziarenie.

Farba a sytos( odtiefia
Farby absorbujri Ziarenie vo viditel'nej oblasti selek-

tivne a u mnohlTch farbiv sa dosahuje absorpcia aZ
do spektra UV Ziarenia. Tak6to farbivd p6sobia ako
absorb6ry UV Ziarenia a zvy5ujr,i ochrann;i faktor textf-
lie. V5eobecne moZno povedat, Ze v prfpade rovnakej
Struktfry text(lie a rovnak6ho pouZit6ho farbiva, hlbok6
slite odtiene majil vy55i ochrann;i udinok ako svetl6
odtiene a maximdlnu ochranu v principe zabezpetu)0
dierne a tmavomod16 farbv.

Obsah vlhkosti
Ochrannf faktor vlhk6ho resp. mokr6ho odevu je

podstatne niZ5i, ako ochrannf faktor such6ho odevu.
Voda v priadzi a v priestore medzi vldknami zniluje roz-
ptylovyi efekt a tyim zvy5uje priepustnost UV Ziarenia.
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Upravarensk6 procesy
Pomocou Speci6lnych dpravarenskfch procesov

je moZn6 absorpciu UV Ziarenia podstatne zv175it bez
ovplyvnenia ostatnyich vlastnosti textilii, ako su vzhl'ad,
ohmat a priedu5nost textilie [5, 6, 7].

Odievanie poskytuje l'udom jednu z vhodnfch foriem
ochrany proti UVR. Netreba ale zabfdat popritom aj na
zabezpedenie d'alSfch vlastnosti odevu, ako su strihov6
rieSenie odevu, komfort nosenia a v letnlich obdobiach
aj vzduSnost odevu.

6. Ochrannf ultraf ialovf faktor - UPF

Ochrann6 vlastnosti spotrebnyich predmetov, ako
sf textiln6 materidly zabezpelujuce ochranu dloveka
pred nepriazninimi fdinkami slnedn6ho UV Ziarenia su
definovan6 pomocou tzv. ultrafialov6ho ochrann6ho
faktora - UPF (Ultraviolet Protection Factor), ktory
informuje spotrebitel'a o tom, akf Irovei ochrany dany
vfrobok poskytuje spotrebitel'ovi pred UV Ziarenim.

Tabul 'ka 2 Prehl 'ad pouZivanlch medzindrodnlch noriem na kvan-
t i f ikdciu lunkdnej UV ochrany text i lnlch a odevnfch
vlTrobkov pomocou UPF.

Stanovenie ochrannych vlastnosti spotrebnlich pred-
metov s bari6rovlmi vlastnostami proti UV Ziareniu je
definovan6 v prfslu5nfch norm6ch a metodikAch, ktor6
popisujri sktl5obn6 metody a spdsoby, ako Specifikovat
a klasifikovat stupei ochrany spotrebnfch predmetov
oroti UV Ziareniu.

K normam, ktor6 stanovujI metodu na meranie UV
ochrann6ho faktora (UPF) patri aj eur6pska norma SIN
EN 13758-1:2003 ,,Textilie. Ochrannd vlastnosti proti
stneindmu IJV liareniu. iast 1: Met6da na skrtSanie
odevnlich textilii.

Stanovenie UPF spodiva v zistovanf priepustnosti
ultraf ialov6ho 2iarenia (UV) spOsobujdceho eryt6m,
cez odevn6 plo5n6 textilie za Standardnfch podmienok
t8l

Pri zad6vani poZiadavky a podmienok na stanove-
nie UPF textilnlich materi6lov je potrebn6 zohl'adnit
skutodn6 podmienky nosenia a o5etrovania odevov a
zadefinovat poZiadavku tak, aby bolo splnen6 nasle-
dovn6:
a) pri sk(Sani nov6ho odevu alebo textiln6ho materidlu

treba zohl'adnit, Ze po procesoch o5etrovania ako

Norma V!robok Chr6nend dast tela

EN 13578-1  :2001 texti l /odev koia

EN 13758-2:2003 textil/odev koia

UV Standard 801 texti l /odev koia

AS/NZS 4399:1996 texti l /odev ko2a

B S  7 9 1 4 : 1 9 9 8 textil/odev ko2a

AATCC 183:1998 texti l /odev koia

1 3 5
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napr. po prani alebo chemickom disteni sa ochrannlT
taktor mOZe zniZit

b) pri sk05anItextili iv hladkom nenapnutom stave treba
zohl'adnit, Ze mnoh6 odevn6 textilie sil podas nose-
nia alebo pr i  telesnej akt iv i te napnut6, 6im mOZe
d6jst k zvadSeniu p6rov v textilnej Struktfre a tfm k
zvlSeniu priepustnosti UV Ziarenia cez odev

c) treba zohl'adnit', Ze odev sa telesnfm potom zvlhdi
a t17m sa m02e UV ochrana znfiil',
Inak by mohlo d6jst'ku skresleniu skutocnlch uisled-

kov a nositel'ovi odevu by sa predstierala falo5nd ochra-
na a bezpednost'.

UPF textilndho materidlu sa stanovipre celkovu spe-
ktrdlnu priepustnost' T(i") nasledujricim sp6sobom [B]:

U P F :

i=400
\ -  r r : \ . " 1 r \ . A / r \
L: -r" t

L=290

"f't(^) .re) ee) n(L)

kde: E(A)je spektr6lna intenzita slnedn6ho Ziarenia vy-
jadren6 v Wm-2nm-1, e(A)je.eryt6mov1i ridinok spektra,
A(I)  je interval  v lnovych di2ok merania, T(A) je spe-
ktr6lna priepustnost pri vlnovej dlZke A, tzv. transmisia
text i lu (vid 'kapitolu 5),  I  je vlnovd dlZka v nm.

Uvedenli matematickf vztah plati pre vlnovy rozsah
od A = 290nm do tr  = 400nm v oblast iach UVAa UVB
2iarenia.

Na zdklade dosiahnut6ho UPF sa odevn6 vl i robky
klasi f ikujr i  a oznadujr l .  PoZiadavky na klasi f ikd:ciu a
oznadovanie odevov, ktor6 majf poskytorrat ochranu
pred slnednfm UV Ziarenim stanovuje europska norma
S7/V EN 13758-2:2003 ,,Textilie. Ochrannd vlastnosti
proti stnein6mu tJV iiareniu. ead 2: KtasifikAcia a
oznaiovanie odevov" [9]. Podl'a tejto normy musi byt
na jn iZ5 ia  namerana hodnota  UPF pod l 'a  metod iky
stanovenej STN HN 13758-1:2003 vi idSia ako 40 a
priemern6 priepustnost UV-A menSia ako 5"uo.

Tabul 'ka 3 Rozsahov5 sch6ma UPF z austrdlsko-novoz6landskej
nornry AS/NZ 4399.1996 pre odevy s ochranou proti
s lnedn6mu Z ia ren iu  [11 .

Pre vfrobcu, ale aj  spotrebitel 'a je vel 'mr d6leZit6
vediet, Ze ochrann6 odevy proti UV Ziareniu, pri ktoryich
sa poZaduje zhoda s touto normou musia byt okrem
d'al5ich d6leZitfch informdcif uvedenfch v tejto norme
oznaden6 najmzi piktogramom, v ktorom je uveden6
dislo normy EN 13758-2 a UPF a0+ [9]. Len v takom
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pripade si mdZe byt spotrebitel' istf, Ze vfrobok, ktoni
nosia zaktor6 zaplat i l  vyS5iu cenu neZ maju beZn6
vfrobky m6 vlastnosti, ktor6 poZaduje.

7. Prostr iedky v text i l i6ch zabezpedujfce
ochranu pred UV i iarenim

Samotn6 vlAkna, kto16 sa pouZfvaju na vlirobu textili i
pre odevn6 fdely, maj(-vel'mi nizke hodnoty ochran-
n6ho faktora, kto16 nesphiajd poZiadavku na bari6rov6
textif ie zabezpedujuce ochranu pred UV Ziarenim. Preto
sa do tfchto textilif aplikujU prostriedky zabezpedujfce
poZadovan6 vlastnosti a stupeh ochrany.

V z6vislost i  od pouZivanej techniky sa t ieto pros-
tr iedky m0Zu apl ikovat dvoma sp6sobmi:

a) aplikdcia do vl6kien ako aditivum
b) aplikdcia ndnosom vo lAze zoSl'achtovania

textili i
Tieto met6dy ochrany I'udsk6ho tela pred UV Ziarenim

zahthaju bud' ab s o rp c i u UY liar enia pom oco u tzv . U V
absorb6rov, ktor6 oslabujri UV Ziarenie a tyim chrdnia
vldkna pred fotodegraddciou, alebo zabezpeduj(t rozp-
tllenie UV Ziarenia - odraz pred kontaktom s I'udskou
pokoZkou.

Ako UV absorb6ry sa pouZivajLi zlfdeniny obsahu-
juce benz6noi,6 jadr6. Ziarenie je absorbovan6 ako
vibradn6 energia, kto16 zrneni molekul6rnu Struktr i ru,
d6 jde  k  vyZ iaren iu  tepe lne j  energ ie  a  moleku la  UV
absorb6ra sa vrdti do p6vodn6ho stavu. PouZivan6 UV
absorb6ri s0 na b6ze kyseliny salicylovej, benzofenonu
a benzotr iazolu.

LAtky, ktor6 odrd2ajrt UV Ziarenie s0 obydajne na
bAze napr.  TiO..  Niektor6 z t lchto ldtok nielen UV
Ziarenie odr62lu, ale aj  absorbuju [10].

Max imdlnu  ochranu posky tu j r i  tex t f l ie  v tedy ,  ak
zabezpeduju 100'h odrazivot UV Ziarenia resp. absor-
pciu Ziarenia ako zmenu i iarenia na teplo.

a) Aplikdcia do vl1kien ako aditivum
Aditiva s0 l6tky, ktor6 sa do polymernych retazcov

nezabudoviivajf , ale zostdvajI dispergovan6 v hmote
polym6rov. Ako adit fvum sa mOZu pouZit  polym6ry,
organick6 l6tky a anorganick6 zludeniny. Pr id6vaj0
sa do taveniny resp. roztoku polym6ru tesne pred
zvldknenim.

Ako aditfva do polymtirov odr6Zajucich UV iiarenie sa
pouZivaj( predo'v5etk5irn keramick6 pr65ky s vysokfm
indexom lo rnu .  S  pos tupnfm rozvo jom techno l6g ie
nano-dastic sa pouZivajti aditiva s vel'kostou jednotiek
nanometroch. Optimdlna jemnost prd5kovfch dastic je
okolo 140-180 nm. Z pohl 'adu pohlcovania UV Ziarenia
sa pouZi'va ZnO,klori prakticky neprepfSta paprsky UV
Ziarenia s vlnovou O[Zkou od 300-370nm.

O niedo menej udinnf je TiOr, ktoryi prevlAda u vtid5i-
ny vl6kien a je integrovanf v PES, PA a PAN vldknach.
TiO. je typickii anorganick6 keramickd zludenina, ktord

UPF-rozsah
Ochrann5
kateg6ria

Priepustnost UVR
cez odev, "k tJV-f aktor

15-24
dobrA

ocnrana
6,7--4,2 1 5-20

25-39
vel 'mi dobrd

ocnrana
a 1 - 2 6 25,30 ,35

40-50, 50+
vynikajfca

ocnrana
<  2 . 5 40,45 ,50 ,50+
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je schopnd absorpcie v rozsahu vlnovlich OIZoX ZeO-
400 nm.

MnoZstvo tyichto ldtok vo vl6kne sa pohybuje aZ do
10% a poskytujri cca 90% ochranu pred UV Ziarenfm.
Niekedy sa keramick;i prach rozptyl'uje len do jadra
b ikomponentn lch  jadro /p lASt  v l6k ien .  Vd 'aka  ich
dostatodnej odolnost i  prot i  tepeln6mu Ziareniu je ich
vedl'ajbfm efektom ajochrana pred tepelnlTm Ziarenim,
pretoZe odr62aj0 aj infraderven6 paprsky s vlnovfmi
dlZkami nad 700 nm a t lm zabezpeduj i  aj  ochranu
prot i  v5etkl im zloZk6m slenn6ho Ziarenia. Vplyvom
pritomnosti kovu sa u nich prejavuje aj antibakterialny
a dezodoradnf fdinok. Takt ieZ je moZn6 pouZit  kom-
bin6ciu tiTchto dvoch l6tok a tak zv!5it UV absorpciu
text i l ie.  [10]

bal5imi keramick;imi ldtkami, kto16 majI schopnost
fdinnej ref lexie (odrazu) s[  aluminiov6 a aluminum
- si l ikdtov6 zl0deniny montmori loni t  -  bentonit .

b) Aplikdcia nAnosom vo fdze zodlachfovania textt'lii
Pr incfpom 0prav textf l i i  chr6niacich pred p6sobenim

UV Ziarenia je viazanie UV absorb6rov alebo keramick-
yich dast ic bud'absorpciou alebo pomocou povrcho-
v6ho ,,odkovania".

Organick6 chemik6lie ako benzotriazol, hydrobenzo-
fenol a fenyltriazin s[ pouZivan6 ako prim6rna zloika
povrstveni resp. impregnAci i  a mdZu dosiahnut Sirokf
0dinok pri UV ochrane. U PES textili i je moZn6 vyuZit to,
Ze l6tka typu benzotriazolu (pritomnost aromatickfch
jadier) s0 schopn6 sa viazat na vldkna podobne ako
disperzn6 farbiv6.

Celulozov6 vldkna majI  nizku af ini tu k UV absor-
b6rom a preto sa t ieto ldtky vdd5inou doddvaju do
Zivicovlich fprav napr. pri realizdcii nekrdivej 0pravy
[ 1 0 ] .

Pre docielenie ochrany technicklch text i l i i  prot i
UV Ziareniu sa pouZfvajf  techniky zat ierania alebo
ndnosov.

8. ZAver

Ochrana pred Skodl ivfmi 0dinkami slnedn6ho UV
Ziarenia sa vplyvom zvyi5en6ho mno2stva ozonor4Tch
dier stdva doraz viac aktu6lnou, Ziadanou a nevyh-
nutnou s(dastou nd5ho Zivota a zad,ha sa vyuZivat aj
v textili6ch. PoZiadavku na zabezpedenie ochrany pred
UV Ziarenim nezahfiaj( uZ iba technick6 textilie, ale
zatha sa uplathovat aj v odevoch, ktor6 sa vyrazne
podiel'aj( na ochrane svojho uZfvatel'a.
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V poslednfch rokoch je pozornost venovan6 vfrobe
odevov chr6niacich pred slnednyim Ziarenfm s ciel'om
ochrdn i t  pokoZku pred  spd len im.  Bo lo  by  skromn6
predpokladat,  Ze v budfcnost i  budu tento typ ochrany
poskytovat v5etky beZn6 letn6 odevy a ochrana proti
UV Ziareniu uZ bude samozrejmostou. Na5ou snahou
by malo byt,  aby sme dokdzal i tento sen zreal izovat a
poktisit sa tak predfst mnohlim ochoreniam.

Vlskumy v oblast i  UV Ziarenia zamerane na ap-
lik6ciu prostriedkov zabezped,ujucich ochranu pred UV
Ziarenim do vldkien ako aditiva dokazuju, Ze existuje
sp6sob zabezpeden ia  ochrany  pred  nepr iazn iv fmi
idinkami slnedn6ho UV Ziarenia. Trendom dne5nej
doby je vyiskum v oblasti nanotechnol6gii a moZnosti
vyuZitia nanodastic pre docielenie no4ich, kvalitativne
lepSich vlastnost(vldkien. T6to techno169ia prind5a so
sebou zadiatok novej 6ry v oblasti vyvoja textilnyich
mater id lov  a  d 'a lS ieho smerovan ia  v l i robnfch  a le  i
spracovatel 'sk17ch dinnostf .  Pozit ivnym hodnotenim
sr i  dopos ia l '  dos iahnut6  v fs ledky  a  zabezpeden ie
permanentnej ochrany a to nielen pred UV Ziarenim,
ale aj  pred d'al5imi nebezpedenstvami,  v5ade tam,
kde sa s touto technol69iou pracuje. Prfnosom tej to
technol6gie je,  Ze poukdzala na novf smer v oblast i
zo5l'achtovania vldkien a textili i smerom k zvliSenej
ochrane sootrebitel'a.
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SfoOliv6 chemick6 latky v texti l idch

Pol l6k  M.

VUTCH-CHEMITEX,  spo l .  s  r .o .  Z i l ina ,  S lovenskd repubt ika
e-mail  :  chemitex@nextra,sk

1 .  U v o d

Vlivojvo svete po ll. svetovej vojne, charakterizovanf
p rudkf m rozvojom p riemyselnej r,ni roby a zav Adzan{m
novfch techno169i i ,  bol  sr idasne sprevddzanf dev-
astAciou 2ivotn6ho prostredia. Tento trend vyvolal
intenzivny rozvoj proekologickfch aktivft a hl'adanie
real izovatel 'nfch postupov pre odstraiovanie eko-
logickfch nedostatkov s ciel'om rldinnej a efektivnej
ochrany prfrody a Zivotn6ho prostredia. Eur6pska
Inia pr i ja la viacero opatreniv oblast i  ekol6gie. Zostal i
skodif ikovan6 v dodatku k Rimskej dohode zr. l9B7.
V Maastr ichtskej dohode je ustanovenie, Ze ochrana
Zivotn6ho prostredia musf byt integr6lnou sidastou
celkovej pol i t iky dlenskl ich 5t6tov EU [1].  Ekotogick6
opatrenia vyZadujri:

-  vyrazn6 obmedzenie emisi i  toxicklch ldtok (z
,,diernej listiny")
- zvliSenie dotdcii do vyroby zalolenej na prvotnfch

surovinach
- zavedenie ECO-auditu (ECO Managenrent and Audit

Scheme,,EMAS")
-  z a v e d e n i e  E C O - z n a d i e k  ( E C O - l a b e t s )  p r e

oznadovanie vyrobkov (napr.  eur6psky kvet,  mo-
dry7 anjel ,  biela labut a pod.),  ktor6 z ekologick6ho
h l'adiska nezataluju Zivotn6 prostredie,
Environment6lne zameranie politiky clensklTch kraj in

EU vychddza zo skutodnosti, Ze dlovek je iniegrrilnou
sUdastou Zivotn6ho prostredia, teda priamo i nepriamo
vytv6ra podmienky, v ktor!-ch lije, ale sf dasne vyt-
v6ra predpoklady pre existenciu Zivotnfch podmienok
budricich generdcif. Jeho strategickou rilohou je aktivne
p6sobit na Zivotn6 prostredie, aby sa znilovali vdetky
potenci6lne zdroje jeho znedistovania (priemyselne od-
pady, exhalaty, odpadov6 vody, zdroje Skodlivlich ldtok
a pod.) a minimalizovali sa uZ jestvujuce negativne do-
pady z minulosti (ozonov6 diera, sklenikor4T efekt, globiilne
otepl'ovanie, likvid6cia daZd'ovlich pralesov, potencidlne
zdroje toxichich a karcinog6nnych l6tok a pod.).

2.  Zdroje Skodl ivfch chemickfch tdtok

JednlTm z hlavnfch znedistovatel'ov Zivotn6ho pros-
tredia je pr iemysel.  Sp6sobuje znedistovanie pOdy,
vody i  ovzdu5ia. Stupef i  znedistenia z|vis( od cha-
rakteru technologick6ho procesu vlroby a spdsobov
zabezpedovania jeho bezpednost i .  Vfnimkou nie je
ani textilnyi priemysel.

1 3 8

Na znedistovani p6dy sa textilnli priemysel bez-
prostredne nepodiel'a. Komplikovanlim probl6mom je
likvid6cia lepenfch ply5ov a v5ivanlich podlahovfch
krytfn. lde o vfrobky, ktor6 sa v prirode vel'mi taZko
(prostrednictvom mikroorganizmov) rozkladaju - de-
graduj0. Obsahujri chemick6 l6tky na bAze polyakryll-
tov a d'alSich polym6rnych organiclcich zlfdenin, ktor6
sI iba obmedzene biologicky degradovatel'n6.

Zned is fovan ie  ovzdu5 ia  je  v  zdsade spo jen6
s bezprostrednfm vyuZivanim zdrojov energie. Najviac
je ovzdu5ie znedisten6 oxidmi SO2, CO2, CO, COz
a tuhlimi 6asticami (popoldekom). Vyinimodne toxickfmi
znedisteniami ovzduSia sd chlorovan6 deriv6ty dibenzo-
p-dioxinu alebo dibenzofur6nu naz'fvan6 dioxinmi. Su
to toxick6 a karcinog6nne ldtky, p6sobiace na l'udskf
organizmus uZ v stopovlich mnoZstv6ch. MdZu vznikat
v pr iebehu technologick6ho procesu vfroby, ale aj
v priebehu spal'ovania textilnfch odpadovfch surovin
obsahujt ic ich sfdasne chlor a organick6 zl0deniny.
Z tohoto d6vodu sa upfSta od bielenia vldkien a textfli i
chlorom a chlorovanfmi zl(deninami.

Znedistovanie vody: v pripade textiln6ho priemyslu
predstavuje toto znedistovanie najvdidSf probt6m, aj ked'
mnoZstvo odpadov z textilnej vliroby, odvddzanfch
bezprostredne do povrchovfch vdd je mal6.

V odpadoch sa nachAdzajf Skodtiv6 a toxick6 liit-
ky, ako napr, kyseliny, alk6lie, miner6lne soli, farbivd,
rastlinn6 oleje, tuky, vosky, povrchovo-aktivne ldtky,
tuZiace ldtky, Zivice, polym6ry, ale t ieZ formaldehyd,
chl6rovan6 rozprl5tad16, chl6rovan6 bi fenyly,  kovo-
organick6 komplexy atalk6 kovy. Tieto l6tky nie je
moZn6 z odpadovfch vOd odstr6nit sedimentdciou ani
biologicklTm distenim.

Najd6leZitej5ou 0lohou v oblasti ekot6gie je elimin6cia
Skodlivlich l6tok prostrednictvom inov6cie technologic-
klch procesov, napr. recykliz6cia vody, n6hrada chl6ru,
resp. ch16rnanov oz6nom, rekuper6cia rozpriStadiel ,
katalytick6 spal'ovanie ich zvy5kov a pod,

3. Hodnotenie obsahu Skodl ivfch l6tok
vo vfrobkoch

3.1 Dobrovol 'nf  pr incip

Novyi pr istup k problematike kontroly Skodl ivost i
technol6gie vfroby je oznadovanli ako ,,ECO - profi-
ling". Je zaloZen'! na skfmani ekologickej Skodlivosti
dan6ho vfrobku vo vSetkfch etap6ch procesu vfroby.
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V pripade, Ze sa nezistia v priebehu vfroby - teda od
vstupnl ich surovin a2 po odpady zv' i roby vlTrobku
- Ziadne ekologick6 negatfva, vy0sti proces,,ECO-pro-
fil ing" do procesu udelenia ekologickel znadky kvality
pre danf druh 4irobku , ,ECO-label ing" [2] .

Jednoznadn 5, analyza znedistujricich ldtok nach-
6dzajucich sa v jednotlivlich etap6ch technologick6ho
procesu a Skodliviich lAtok vo finAlnom vlirobku ijeho
medziproduktoch umoZhuje pr i jat ie adekv6tnych n6-
pravnfch opatrenf vo vlirobe. Sch6ma procesu analyzy,
oznadovand ako met6da,,diernej skrinky", je znAzorn-
en6 na  obr .  d .  1 .

Eco-labeling je v EU zaveden;i na dobrovol'nejbAze,
tzn., 2e z6vis( od vlirobcu, v akom rozsahu poZiada
o udelenie eko-znadky na vlastn6 vyirobky. V rdmci
EU je nariadenim d. BB0/1992 v zneni nar iadenia d.
1980/2000 europskeho parlamentu a Rady zaveden6
povinne vo vSetklich dlenskfch St6toch dobrovol'n6
eko-znadka tzv. europsky kvet.  Kr i t6r id pre text i ln6
vfrobky sU definovan6 v rozhodnuti d. 2002/371lES a
s0 vo vSetklich dlenskfch Stdtoch EU rovnak6. Udele-
nie eko-znadky v5ak musia schvdlit v5etky dlensk6 5t6ty
p rostred n ictvom ko m pete ntnlich n drod nlic h o rgdn ov (v
SR je to Ministerstvo Zivotn6ho prostredia).

Okrem eur6pskej znadky sa v Eur6pe vyprofilovalo
viacero niirodnlich komerdnfch eko-znadiek (nemeckf
Modni anjel a pracovnyi krfZ, Skandin6vska biela labut,
ho landsk l i  M i l ieukeur ) .  M imo EU majd  eko-znadku
v K6rei, Japonsku, Indii, Kanade a pod.

D6leZitost nadobIdaj( predov5etkfm medzin6rodn6
znadky, z ktorlch je komerdne najrispe5nej5ia OKO-
TEX Standard. lde o znadku europskeho zdruZenia pre
vlskum a sk05anie v oblasti textilnej ekol6gie, ktor6
zdruLuje sku5obn6 laborator id z Europy i  z cel6ho
sveta  (Cfna ,  K6rea,  Japonsko,  USA a  Juhoaf r i ckd
republika).
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Kriteri6 vypracovan6 tfmto zdruZenim boli inSpir6ciou
pre tvorbu kr i t6r i f  eur6pskej eko-znadky (tzv. europ-
skeho kvetu) a aL na mal6 vlinimky sn viacer6 krit6ri6
totoZn6.

3.2 Legislat ivne vymedzenf pr incip hodnotenia
obsahu Skodl ivyich l6tok v textf l i6ch

Je logick6, Ze popri  dobrovol 'nom sp6sobe hodno-
tenia obsahu Skodlivyich lAtok vo.vfrobkoch, textiln6
nevynfmajfc,  jestvuj t i  v rdmci EU legislat ivne pred-
pisy, ty ikajuce sa bezpednost i  vyirobkov. Smernicami
tzv. nov6ho pr istupu (New approach) sr i  pre viacer6
vybran6 komodity vlirobkov stanoven6 bezpednostn6
poZiadavky, ktonich splnenie musi vyrobca deklarovat
pred ich uvedenim na trh.

Vlrobky dlhodobejspotreby, medzi ktor6 patria ajtex-
tiln6 uirobky, s0 o5etren6 smernicou EU d. 2001i9S/EHS
o v5eobecnej bezpednosti vlirobkov. Smernica definuje
pojem ,,bezpednost" vfrobku a moZnosti zavedenia kri-
t6rif bezpednosti pre jednotliv6 typy vyirobkov.

Okrem smernice o v5eobecnej bezpednosti sa sor-
timentu textiln5ich a odevnyich vfrobkov tfkajf smer-
n ice :
.  smern ica  EU 76 l769 lEHS,  obsahu j fca  zoznam

chemicklTch l6tok a pripravkov, ktoqich pouZivanie
vo vyrobkoch je obmedzen6 alebo zakAzan6, v zneni
neskorSich zmien a doplnkov [3]:

. smernica 20041211E5, ktor6 definuje maximdlnu kon-
centrdciu (30 mg.kg-')niektor6ho z 22 arylamhov,
kto16 m6Zu vzniknut redukciou azofarb(v, nachddza-
jrlcich sa v textilnych a odevn;ich vlrobkoch

. smernica d. 91/338/EHS, ktord stanovuje maximdlny
obsah (0 ,01  % hmotn . )  kadmia  (Cd)  v  tex t i ln fch
farbivdch a pigmentoch smernica 94127 IEHS, ktorA
stanovuje maxim6lny obsah 0,5 pgim2ltyZdefi niklu

vpllv na :

minim6lne negatlva (dopady)

Obr. 1 Sch6ma procesu ekologickej analyzy textilnych v5i'robkov [3]
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(Ni) v kovovfch sildastiach textilnlch a odevnych
4irobkov (gombfky, spony ni tovacie gombfky, oz-
doby, sponky, 5nury, zipsy atd'.) .

. nariadenie 6. 91 I 17 3l El<, ktar 6 zakazuje pouZitie pen-
tachlorJenolu (PCP) vo v;irobkoch, uvadzanlich na
trh EU, v koncentr6cidch vySSich ako 0,1 % hmotn.
V SR boli tieto smernice transponovan6 vyhl65kami

MH SR c.67120022. z.  a d. 180/2003 Z. 2.,  ktoni  mi sa
vyddva zoznam chemicklTcir lAtok a prfpravkov so z6ka-
zom pouZivania alebo obmedzenianri. Tieto vyhld5ky
sti vykon6vacimi predpismi k zAkonu t,. 16312001 Z.
z. o chemickfch ldtkach a chemickfch pr ipravkoch
v zneni neskor5ich predpisov.

Ako je z uveden6ho prehl 'adu zrejm6,legislat ivne
v y m e d z e n i e  h o d n o t e n i a  o b s a h u  S k o d l i v f c h  l 6 t o k
v textilnlich a odevnyich vyirobkoch je pomerne 0zko
koncipovan6. Vyplyiva to zo skutodnost i ,  Ze nie s0
spracovan6 Stridie analyz rizikovyich faktorov, tzv. risk
assessment chemickych latok nach6dzajfcich sa v tex-
tilnlich vfrobkoch, rra z6klade ktor5ich by bolo moZn6
objektfvne zddvodnit nutnost legislat(vne oSetrit tuto
oblast. Ddvodom je nedostatok finandnlch prostried-
kov, kritickd situdcia suvisiaca so zniZovanim vyrob-
nfch kapacit  v text i lnom odvetvi  v d6sledku enorm-
n6ho ndrastu exportu dinskych text i lnyich vfrobkov
do Europy, odr62ajuca sa na n6kupe lacnych surovin
a materi6lov z Azie, presun vfrobnyich kapacit z Eur6py
do 6zi jskfch kraj in ( lndia, Pakistan, Indonezia, Thajs-
ko),  ako aj  i ld inn6 pdsohrenie lobby zastupcov vfrob-
cov, ktor i  nemajf  zAujem o hodnotenie r iz ik (moZn6
d6sledky vyplfvajtice z nutnosti pouZivania drahSich,
kvalitnejbich surovfn a technologif v textilnej vyrobe).

3.3 Predtrhovi kontrola text i lnfch vlTrobkov
v S R

V sr jv is lost i  so vzniknutou negat ivnou si tudciou na
trhu s text i ln l imi vfrobkami v SR a v Eur6pe prebie-
hala v SR v rokoch 1997-20A4 povinnd cert i f ikdcia
textilnSTch a odevnVclr vfrobkov. Podstatou certifikdcie
text i lnfch vfrobkov bolo hodnotenie nasledovnlch
rizikor4Tch faktorov:
- hodnotenie obsahu vol'n6hc a hydrolyzovatel'n6ho

formaldehydu
- hodnotenie obsahu chlorovanych pest icfdov vo

vfrobrkoch s obsahom bavlny a vlny
- hodnotenie obsahu taikyich kovov (As, Pb, Cd, Cr,

N i ,  Co,  Cu,  Hg)
- hodnotenie pH vodn6ho r4i luhu
- hodnotenie st6lofarebnosti vo vode, v alkalickom a

kyslom pote a pr ioteroch
- hodnotenie odolnosti vyfarbenia textilnlich a odevnyTch

vyrobkov urdenych detom vodi slin6m a potu.
Uveden6 rizikov6 faktory vyplynuli z analyz a hodno-

teni jestvuj0cich syst6mov hodnotenia bezpednosti tex-
tilnlich 4irobkov v zahranidi a konzult6ci(so zdravotnfc-
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kymi expedmi Ustavu preventfvnej a klinickej mediciny
(UPKM)v Brat is lave. Vfsledkom spolupr6ce bola slov-
ensk6 technick6 norma STN B0 0055 Textilie. Limitn6
koncentriicie Skodlivfch ldtok. Technick6 poZiadavky
a skr iSobn6 met6dy, ktord vstr ipi la do platnost i  od
1. 1. 1998. Norma sa stala zAkladnym technickym pred-
pisom pre posudzovanie zhody textilnfch a odevnfch
vyirobkov v SR v rokoch 1998 aZ 2005. V rokoch 2003
a22A04 pre5la rozsiahlou rev(ziou. Jej najnovdia verzia
z roku 2004 je STN B0 0055: 2004. Textflie. Textiln6
a odevn6 vSirobky. Technick6 poZiadavky a sk05obn6
met6dy. Bola not i f ikovanA v r6mci EU. Popri  s0hrne
potenci6lnych rizikovfch faktorov textilnSich a odevnfch
vyrobkov, re5pektujricich najnov5ie legislativne opatre-
nia EU, obsahuje i najnovSie v Europe a vo svete zave-
den6 skri5obn6 metodiky a postupy na ich stanovenie
a maxim6lne pr ipustn6 koncentrdcie. Je ojedinelou
komplexne konc ipovanou a  pouZ(vanou narodnou
technickou normou pre text i ln6 vl i robky v ramci EU
i vo svete.

Vyisledky certif ik6cie ziskan6 autorizovanou osobou
SKTC-119 pr i  VUTCH-CHEMITEX,  spo l .  s  r .o .  Z i l ina
v rokoch 1997-2004 (4) potvrdi l i ,  Ze sa na trh v SR
dovttia cca 8 o/o textilu a odevnfch 47robkov, ktor6
nevyhovujri technickfm poZiadavk6m. Ak vezmeme do
uvahy skutodnost, Ze v rodnom objeme ide o desiatky
aZ stovky mi l ionov kusov vfrobkov uvddzanlch na
trh v SR a tieZ fakt, Ze v rdmci cedifikdcie boli posud-
zovane typy (skupiny) vfrobkov na zAklade rovnak6ho
materi6lov6ho zlolenia a rovnakej technologie 4iroby,
uvedenfch 8 ?6 predstavuje stiitisfce aZ mili6ny kusov
textiinyich a odevnlich vyirobkov, ktor6 mdZu potenci6lne
olrrozi t  zdravie a bezpednost Sirokej spotrebitel 'skej
verejnosti, deti nevynimaj0c.

Analyzy r4isledkov certifikiicie texlilnlich a odevnych
vfrobkov, ktor6 su k dispozici ivo VUTCH-CHEMITEX,
spol. s r.o. Zilina l4l preukdzali, Ze najviac vfrobkov
nevyhovovalo technickym poZiadavkdm, t fkajUcich
5 d .

- obsahu formaldehydu (sortiment ko5eli, postel'nej
bielizne a vrchnfch odevov pre deti)

-  c e l k o v 6 h o  o b s a h u  c h r 6 m u  ( o s o b n A  b i e l i z e i ,
panduchovyi tovar, tri6k6, koSele)

- stdlofarebnost i  v potoch, vo vode a pr i  oteroch
(osobn6 b ie l i zer i ,  kode le ,  t r idk6 ,  nodn i i  b ie l i zeh ,
panduchovy i  tovar ,  pos te l 'n6  b ie l i ze i ,  v rchn6
o5atenie pre det i ,  plavky, toaletn6 biel izei) .

4.  Vedecko-technickyi  projekt, ,Studium vplyvu
chemickfch l6tok v text i l i6ch na zdravie

obyvatel'ov v SR"

Na z6klade ziskanfch analyz pracovnici VUTCH-
CHEMITEX,  spo l .  s  r .o .  Z i l ina  os lov i l i  odborn fkov
z rezorlu zdravotnictva (Slovenskd zdravotnicka uni-
verzi ta -VVZ- UPKM, Brat is lava a Fakultnd nemoc-
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nica v Mafi ine s poZiadavkou o spoluprdcu na presk0-
man i vplyvu najdastej5ie sa vyskytuj ricich n ed ostatkov,
zistenfch v r6mci certifikdcie textilnyich vlirobkov v SR
v rokoch 1997-2004, na I'udskyi organizmus.

Vyisledkom bola priprava ved ecko-technick6ho pro-
jektu: Strldium vplyvu chemicklch l6tok v textili6ch na
zdravie obyvatel'ov v SR (d'alej len ZDRAVIE). Ndvrh
spolodn6ho projektu bol predloZenlT v roku 2004 na
schvdlenie Agentfre na podporu vedy a techniky SR
v Bratislave (d'alej APVT) v rdmci aktudlnej vyzvy,
nAs ledne bo l  schv6 leny i  a  APVT posky t la  na  jeho
r ie5en ie  f inandn6 pros t r iedky .  VUTCH-CHEMITEX,
spol. s r.o.Zilina sa na financovani spolupodiel'a. Doba
rie5enia projektu je 1 . 1 . 2005 ai 31 . 12. 2007.

Ciel'om rie5enia projektu je St6dium vplyvu vybranfch
Skodlivlich chemickych l6tok (formaldehyd, taZk6 kovy,
farbiv6), nachiidzaj0cich sa v textilidch na zdravie I'udi
v SR. Jednou z kl'ridovlich oblasti vyskumu je Stf dium
vplyvu st6lofarebnosti textilnlich vyrobkov na I'udskf
organizmus, kto16 sa v odbornej l i terature vyskytuje
len vel'mi sporadicky a ziskan6 vfsledky s0 rozporn6
a nejednoznadn6. D6kazom s[ aktudlne spracovan6
re5er5e odborne j  l i te ra tu ry ,  k to16 budr i  v  p r iebehu
rie5enia VTP publikovan6.

Predmetom rie5enia VTP ZDRAVIE v roku 2005 je [5]:
1, Detailne zmapovat a analyzovat dostupnd odbornI

literaturu, k danej problematiky.
2. Zanalyzovat v5etky ziskan6 vlTsledky uverejnen6

v odbornych dl6nkoch, sr lv is iacich s predmetom
riedenia VTP .,Zd ravie".

3. Analyzovat real izovan6. legislat fvne opatrenia
v danej oblasti v rdmci EU a SR, resp. v n6rodnej
legislative jednotlivyich dlenskfch krajin EU.

4. Analyzovat situAciu na trhu s textilnlmi vfrobkami
v SR a metodiky hodnotenia obsahu Skodl iv l ich
chemicklch ldtok v textilnlch a odevnlich vfrob-
koch.

5. Vyiber vzoriek textilnlich vlTrobkov, umiestnenyich
na trh v SR, pre hodnotenie vplyvu Skodlivyich ldtok
na zdravie obyvatel'ov v SR.

6. Realizovat testy ak0tnej koZnej a odnej dr6Zdivosti
podl'a platnej normy STN a OECD Guidelineov d.
404 a 405.

7. Uskutocnit  histo-patologick6 testy vzoriek tkaniv
zvierat, ktor6 pre5li testami koZnej driiZdivosti ap-
likdciou textfli i podl'a bodu 5.

From research departments

B.  Rea l izovat  tes ty  koZne j  senz ib i l i z6c ie  vzor iek
Skod l iv fch  l6 tok  (HCHO,  azo la rb ivd)  na  vy ty -
povanlich probandoch.

9. Vypracovat analytick6 Strjdie obsahu taZkfch kovov
v tkaniv6ch experiment6lnych zvierat po aplikdcii
vzoriek textili i podl'a bodu 5.

5. Z6ver

Rie5enie projektu ,,Zdravie" je prvlm krokom ku kom-
plexn6mu r ie5eniu problematiky hodnotenia obsahu
vybranlch Skodlivyich chemickych l6tok v textilnyich
a odevnfch vfrobkoch v SR.

Konednf vlisledok - St0dia - bude obsahovat analyzy
rizik chemickylch l6tok afarb(v, z textilnfch a odevnfch
vyrobkov, prichddzajfcich do bezprostredn6ho kontak-
tu s I'udskou pokoZkou. Nakol'ko ide o vlirobky dennej
potreby, analyzy rizik a ich ddsledkov na I'udskf orga-
nizmus su jednou zo zAkladn'ich podmienok realizdcie
smernice EU 2001/95/EHS o v5eobecnej bezpednosti
4Trobkov a d'alSich legislatfvnych predpisov EU v danej
ob las t i .  V  SR bo la  p re to  ak tud lne  z r iadend komis ia
pre v5eobecnf bezpednost vlirobkov na MH SR. Ob-
dobne postupuju aj ostatn6 dlensk6 5t6ty EU.

Tento prispevok bol spracovanlT v rdmci rie5enia projektu ,,Zdra-
vie" APVT-99-01 0604
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VedtciDP: Prof.  Ing. Mart in Jambrich, DrSc.
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HODNOTENIE STRUKTUNV N VLASTNOSTI EKO
POLYPROPYLENOVVCH VLAKN ITVCH
MATERIALOV

PredloZen6 diplomovA pr6ca sl<rjma vplyv polypro-
pyl6no4ich vlAkien pripravenfch o rozdielnej makro-
morfoiogickej Struktfre na fyzikdlnu akiivitu - sorpciu
ropnl ich resp. olejovfch ldtok z vodn6ho prostredia
u netkanfch materidlov.

Teoretick;i dast diplomovej prdce obsahuje prelrl 'ad
poznatkov o rr:zvoji, Strukture, vlastnostiach a aplikdcii
EKO polypropyl6novfch vl i ik ien. Uvitdza, rozdel 'uje
a popisuje technologick6 postupy vfroby polypropyle-
novej striZe a netkanlch materidlov.

V experimentdlnej dasti prace sa v orvej fAze hodno-
tia fyzikalno - mechanick6 vlastnosti, kry5talickf poCiel
a mii<roskopicke snfmky povrcl-ru, ako aj priecne rezy
pripravenych vzoriek polypropyl6novej str iZe. Druha
1522 vyhodr rocu je  fyz ika lno-mechan ick6  v las tnos i i
netkanyich materidlov, mikroskopick6 snirnky povrchu
a fyzikalnu aktivitu - sorpciu olejovlTch l6tok z vodn6ho
prostredia.

EVALUATION OF THE STRUCTURE AND PRCP-
ERTIES OF EKO PP FIBRES MATERIALS

The presented dipioma work examines the effect of
polypropylene fibers which are made for physical activ-
ity - sorption of oil materials from an aqua medium by
nonwoven mater ials in di f ferent macromorphological
structures.

The theoret ical  part  of  this diploma work contains
a  rev iew o f  the  deve lopment ,  s t ruc tu re ,  qua l i t y  and
appl icat ion of EKO polypropylene f ibers.

I t  also introduces, div ides and describes technologi-
cal manufacturing procedures for polypropylene staples
and nonwoven materials.

In the f i rst  phase of the experimental  part  of  this
d ip loma work ,  phys ica l  and mechan ica l  p roper t ies"
the crystal l ine port ion, the microscopic photos of the
sudace and the transverse cuts of prepared samples
of polypropylene staple are evaluated.

In the second phase there are evaluated physical
and nrechanical  propert ies nonwoven mater ials of,
microscopic photos of surface and physical  act iv i ty
- sorpt ion of oi l  mater ials from aqua medium.
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PRiPRAVA NOVVCH BIOPOLYM6RoV Z HYDROXY.
ETYLCELULOZY
S VYUZITIM MIKROVLNNEJ ENERGIE

DiplomovA pr6ca sa zaoberd prfpravou no4ich derivd-
tov hydroxyetylcelul6zy konvendnlimi a nekonvendnymi
oostuomi:

) transesterifikAciou metylesterom kyseliny laurovej
a metylesterom repkov6ho oleja, s ciel'om pripravit
estery bezrozpuStadlovfm sp6sobom esterif ika-
n i a

!  t ransester i f ikAciou vinyl laurdtom v prostredi
H2O/K2CO3

> transesterifikdciou metylesterom kyseliny laurovej
a rnetylesterom repkov6ho oleja, vinyllaur6tom za
drdinku mikrovln.

Esiery sa charakterizovali FTIR spektrami. Stanovili
sa ich povrchovo-aktivne vlastnosti (povrchov6 napatie,
emulgadn6 fdinnost, penivost, pracia a antiredepozidnii
il6innost).

Der ivAty  sa  vyznadu j f  ma l l im zn iZovan im povr -
chov6ho napdt ia,  4ibornou emulgadnou fdinnostou
porovnatel'nou s komerdnym emulgiitorom Twennonr
20,  ve l 'm i  dobrou pen ivos tou ,  vyn ika j fc im i  p rac imi
ddinkami porovnatel'nfmi s dodecylsfranom sodnlim
(LaSO.Na), vel'mi dobrou antiredepozidnou fdinnostou,
prevy5u j r i cou  0d innos t  HEC resp.  CMC,  k to rd  sa
rrouZiva vo funkcii ochrann6ho koloidu.

THE PREPARATION OF NEW BIOPOLYMERS FROM
HYDBOXYETHYLCELLULOSE USING MICROWAVE
ENERGY

The diploma work deals with the preparat ion
of new derivat ions of hydroxyethylcel lulose using
convent ional and unconvent ional methods:
r transestei'ificaticn with fatty acid methylester (FAME)

and methylester of rape oil using a free solvent tech-
n ioue

> transester i f icat ion of HEC with vinyl laurate, in a
water/KrCO3 system

> transesterification with fatty acid methylester (FAME)
and methylester, with vinyllaurate under the effect of
microwave energy
The esters hydroxyethylcel lulose were character-

ized by FT-lR spectra. Their sufface-active properties

Suhrny diplomovlich prilc
na Katedre textilu

so sfdlom v Puchove v
v Skolskom

a odievania, FPT TnU
rdmci inlinierskeho Studia
roku 200412005
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were determined (surface tension of water, emulsifying
efficiency, foamability, washing pedormance, antirede-
position efficiency).
The main features of the derivat ives exhibi ted low-
ered surface tension of water,  excel lent emulsi fy ing
activity, which can be compared - to Twenn 20, very
good foamability, excellent washing power, compared
to sodium dodecylsulfate (LaSO3Na) and, very good
anti redeposition activity.

Autorka DP: Bc. Erika Kupdovd
VedlciDP: Doc. Ing. lva Srokov6, CSc.
Konzultant DP: lng. Lubica Egytidov6
Recenzent: lng. Ren6ta Poll6kov6

USTALOVANIE VYFARBENf BAVLNY REAKTIVNY-
MI FARBIVAMI

Vyf a rbe n i a reaktivnym i f arbivam i zaznamenavaj I p o-
s l e d n f c h  d e s a t  r o k o v  z m e n y ,  h l a v n e  v  o b l a s t i
ustal'ovania.

Ustal'ovanie vyfarbenia bavlny fixadnfmi prostried-
kami pouZivaj0 aj  v a.s.  Levi tex Levice. Vyznaduje
sa  jednoduchou ap l i kdc iou ,  r i sporou energ i i ,  dasu
a iZitkovej vody, no e5te stdle existujri nedostatky,
ktoryich vyrieSenie mdZe priniest zlep5enie fZitkovfch
vlastnostivyfarbeni reaktfvnymi farbivami a pritom tieZ
vyznamn6 f spory chemik6lii a ndkladov.

Diplomov6 prdca sa zaoberS. zlepSenim st6lofareb-
nost i  vyfarbeni reakt ivnymi farbivami na bavlnenom
materidly a ekonomikou ustal'ovania.

Ulohou tej to prdce je zhodnot i t  z hl 'adiska kval i -
ty, ktor6 z pouZitlich typov fixadnlch prostriedkov sri
najvhodnej5ie na ustal 'ovanie a porovnat jednot l iv6
fixadn6 prostriedky z ekonomick6ho hl'adiska.

Na zdklade porovnania dosiahnut; ich vfsledkov
s nAkladmi pre ustal'ovanie moZno konStatovat, Ze
zlepSenie st6lofarebnost i  vyfarbenia je pre kald' i
dez6n rozdielne a zdvisi od pouZit6ho fixadn6ho pros-
tr iedku.

FIXATION DYEING OF THE COTTON MATERIAL OF
REACTIVE DYES

The dyeing of reactive dyes has changed in areas
of fixing in the last ten years.

This method is also used at company Levitex Levice.
It is characterized by a simple application, saving en-
ergy, t ime and ut i l i ty water,  but there are st i l l  some
shoftages where resolution can improve utility quali-
ties, the dyeing of reactive dyes and saving chemicals
and costs.

This diploma work deals with the improvement of
colour fastness dyeing of reactive dyes on cotton mate-
r ial  and the economics of f ix ing.

The main task of this work is to evaluate from the view-
point of quality, which the type of fixing equipment has the
most suitable effect and comoared economicallv.
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After comparing the results achieved, we can state
that improving the stabi l i ty for each design is di f ferent
and depends on using the f ix ing equipment.

Autorka DP: Bc. Lenka lstenikov6
Vedlci DP: lng. Gajane Urban, CSc.
Konzultant DP: lng. Ludmila Balogov6
Recenzent:  lng.VladimiraPapajovd

SLEDOVANIE VPLYVU KONSTRUKCIE
A MATERIALOVEHO ZLOZENIA
PLETENINY SO ZNfZENOU HORLAVOSfOU NA
JEJ VVSLEDNE PARAMETRE

Sledovan ie  vp lyvu  konSt rukc ie  a  mater id loveho
zloZenia pleteniny so znfZenou horl 'avostou na jej
vysledn6 parametre.

D ip lomovA prdca je  zameran6 na  p le ten iny  so
zn(Lenou horl 'avostou na bAze Speci6lnych vldkien.
Na tyichto pleteninach sa sleduje vplyv kon5trukcie
a mater i6lov6ho zloZenia na v; is ledn6 kval i tat ivne
parametre ako sr i  stdlost vo vyfarbeni,  pr iepustnost
vzduchu, Zmolkovitost a rozmerov6 stabi l i ta po pra-
niach a suSenf.

T6maticky je rozdelend na dve dasti. V prvej, teo-
retickej dasti sti spracovan6 inform6cie o Specidlnych
vldknach so zniZenou horl'avostou, ktor6 su vhodn6 pre
vlirobu Speci6lnych textilnfch materidlov a odevov pre
profesie, vyZaduj[ce ochranu pred rizikom otvoren6ho
ohfia a vysokfch tepl6t. Strudne sI zhrnut6 aj poznatky
o pletenindch, o ich konStrukcii a charakteristike. Druh6,
experimentdlna dast obsahuje skfSobn6 met6dy, popis
a vfsledky experimentov.

OBSERVING THE EFFECT OF THE CONSTRUC.
TION AND MATERIAL COMPOSITION OF KNIT-
TING WITH LOWER COMBUSTION ON ITS RE-
SULTING PARAMETERS.

The diploma work concerns knitting with lower com-
bust ion on the basis of special  f ibres. The effect of
construction and materialcomposition on the resulting
qual i tat ive parametres is observed. The qual i tat ive
parametres are: colour-fastness, transmission of air,
forming crumbles on text i les and dimension stabi l i ty
after washing and drying.

As far as the theme is concerned, the diploma work
can be divided into 2 parts. In the first pafi, theoretical
information on special  f ibres with a lower combust ion
is developed. They are suitable for the production of
special  text i le mater ials and clothes for professions
requiring protection against the risk of open fire and
h igh  tempera tures .  The knowledge on  kn i t t ing  and
their construction and characteristics are also briefly
summed up. The second experimental  paft  includes
examining methods, descr ipt ions and the results of
experiments.
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Autorka DP: Bc. Jana Pechodiakovd
VedrtciDP: lng. Milan Krdlik,CSc.
Konzultant DP: RNDr. Lubomira Holl6novd
Recenzent: Doc.lng.Anna Ujhelyiov6,PhD.

NANOSTRUKTURALN E POVR*STVENI E TEXTIL-
NVCH MATERIALOV SCL-GEL. TECHNIKOU.

Diplomovd prAca sa zaoberh problematikou text i l -
n6ho zo5l 'achtovania za mokra technologiou sol-g6l
postupu k funkdnemu nanopovrstveniu povrchu textil-
n6ho mater i6lu.

V diplomovej prAci s0 zhrnut6 teoret ick6 poznat-
ky sridastne pouZivanfch technologickfch postupov
a novej s6l-96l techniky pre Speci6lne fyzik6lno --chem-

ick6, konedn6 [pravy.
V experimentdlnej dast i  diplomovej prAce s( uve-

den6 r4isfedky zpr$ravy nanosolov a organonanos6lov
(SiO2)",  podmienky ich nanesenia na PES, VIS a ba
tkaniny a vytvorenia nanovrstvy a hodnotenie vybranlich
funkdnlich vlastnosti takto povrstvenfch tkanfn.

NANOSTRUCTURAL COATING OF TEXTILE MATE-
RIALS USING SOL _ GEL TECHNOLOGY.

The thesis deals with problems of wet f in ishing of
text i les using sol  -  gel  technology aimed at the func-
t ional nanocoat ing of a text i le 's surface. Theoret ical
knowledge o f  techno log ica l  p rocedures  app l ied  a t
present and nevr sol - gel technology for special physi-
cochemicalf in ishes were summarized in the thesis.

The experimental pafi of the thesis includes results
concerning the preparat ion of nanosol and organona-
nosols (SiO2)" , conditions PES for coating, viscose and
cotton woven fabrics with compounds and deposition of
the nanolayer as well as an evaluation of the selected
functional propefiies of the coated woven fabrics.

Autorka DP: Bc. Mart ina Gundzovd
VediciDP Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jarmila Balogovii
Recenzent:  Ing.JaroslavLucivjanskl i

PRfPRAVA INTEGRoVANVcH TEXTiLI i  Zo ZMESI
VLAKIEN NA BAZE POLYPROPYLENOVVCH
MIKROVLAKIEN

Diplomov6 pr6ca je zamerana na aplikaciu zmesi
vldkien na bdze polypropyl6novfch mikrovl6kien pre
pripravu integrovanfch textf l i f  so zlep5eni?mi fyzio-
log icky imi  v las tnos tami .  ln tegrovan6 p le ten iny  bo l i
vyroben6 zo zmesf vlAkien na zdklade polypropyi ls-
novy ich  mik rov ldk ien  v  kombindc i i  s  bav lnou,  e las-
tanom a polyestero4im vldknom . V laborat6rnych
podmienkach pod l 'a  s tanovenfch  nor iem sa  hod-
not i l i  fyzik6lno - mechanick6 vlastnost i  jednot l ivfch
v l6k ien  a  o le ten in .  T ieZ sa  hodnot i la  makromor fo -
logick6 Struktr i ra a fyziologick6 vlastnost i  pletenin.
Piatimi probantmi boli vvhodnoten6 0Zitkov6 vlastnosti
termopr6dla.
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Ciel'om tejto pr6ce bolo urdenie interakcie : vlastnosti
v ldkien, mater i6lov6 zloZenie integrovanych text i l i f  a
ich vlastnost i .

PREPARATION OF INTEGRATED FABRICS FROM
A FIBRE BLEND BASED ON POLYPROPYLENE
MICROFIBRES

The diploma work were concentrates on appl icat ion
of a fibre blend based on poiypropylene microfibres for
preparation of integrated fabrics with improved physi-
ological  propeft ies. Integrated kni ts were made from
blended yarns  based on  po iypropy lene mic ro f ib res
with cotton, elastan and polyester combinations. The
physical  and mechanical  propert ies of in0ividual yarns
and samples of integrated knits from these yarns were
evaluated, under laboratory conditions according to de-
termined norms. The macromorphological structure and
physiological propedies of fabrics were also evaluated.
Five probants were evaluated commercial properties
of thermal underwear.

The main aim of this work was evaluating the interac-
t ion between f ibre propeft ies, the mater ialcomposit ion
of integrated fabr ics and their  propert ies.

Autorka DP: Bc. 5tet6nia Volfovd
Veddci DP: Doc. Ing. lva Srokov6, CSc.
Konzultant DP: lng. Vladimir Vavro
Recenzent:  Mgr. Jarmila CingelovS, PhD

VPLYV KVALITY KUPELA NA MAGNETICKE
VI-ASTNOSTI SUEIASTOK V TECHNOLOGICKOM
PROCESE VVROBY VO FY HYDAC

V diplomovej praci  sa r ie5i la problematika fy HYDAC
a to kvalita umlTvacieho a oplachovacieho kiipel'a na
konedn0 kvalitu vlirobkov. V tomto procese umfvania a
odmastovania sudiastok sa pouZfva prostriedok SurTec
101 obsahujuci  popri  ostatnych zloZkt ich ani6nove a,
nei6nov6 tenzidy.

Technologick! postup vo vyrobe predpisuje dodrZat
urdit6 koncentradn6 rozmedzie prostriedku SurTec pre
oba kupele.

Na sledovanie kval i ty kr ipel 'ov sa pouZi l i  met6dy z
oblasii hodnotenia povrchovoaktvnych ldtok. Sledovan6
velidiny su funkciou dasu pouZivania kfipel'ov
a koncentracie. Optim6lna funkcia kilpel'a ye cca 5 dni.

THE EFFECT OF THE QUALITY OF A BATH CN
T H E  N 4 A G N L : T I C  P R O P E R T I E S  O F  A  P R O D U C T
IN A TECHI.IOLCGICAL PROCESS IN THE HYDAC
F I R M

The thesis deals with an issue of HYDAC firm name-
ly,  the effect on qual i ty of a washing and r insing bath
on the f inal  qual i ty of a product.  In this process SurTec
101 is used as cleaning and washing agents.

The descript ion of the technological  methods dic-
tates to abiding some concentrat ion ranges of this
medium for both baths.
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For monitoring the quality of baths, were used meth-
ods for the ambit of the value analysis of a sudace-ac-
tive substance. Were found, that testing parameters
are a function of time and concentration. The optimal
function of a bath is about 5 davs.

Autorka DP: Bc. Lenka Strtrarsfa
VedlciDP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: lng. Jarmila Sfkorovd,

Ing. Michal Siarnik
Recenzent: Doc. Ing. Anna Mur6rov6, PhD.

SrnuxrunA A vLASTNosr AGREGovANVcH
VLAKENNVcH UTVAROV

Diplomovd pr6ca je zameranS. na pripravu agrego-
vanlch vldkennych titvarov zo zmesi polyesterovych
a Lyocellovlich vldkien a na hodnotenie ich fyzikdlno-
mechanickych vlastnosti. Agregovan6 vl6kenn6 utvary
sa pouZivaj[ ako vlTplri

do vankd5ov. Ciel'om diplomovej prdce je agregovat
vl6kna hydrof6bne s hydrof i ln lmi,  za udelom zvfbenia
prfjmu vlhkosti.

THE STRUCTURE AND PROPERTIES OF AGGRE.
GATED FIBRE SYSTEMS MADE FROM POLYETH.
YLENE FIBERS

The thesis is focused on the preparat ion of aggre-
gated f ibre systems based on polyester and Lyocel l
fibres. Simultaneously, it deals with an evaluation of its
physico-mechanical  propedies. Aggregated f ibre sys-
tems are used to fil l the pillows. The goal of the thesis
is to aggregate hydrophobic fibers with hydrophilic ones
for the purpose of increasing moisture intake.

Autorka DP: Bc. Silvia T6thov6
VediciDP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP; Ing. Vladimir Rusn6k
Recenzent: lng. Milan Ol5ovskf

PR'PRAVA A VLASTNOSTI KOMPOZITOV NA
eAze cnorcovVcH vLAKTEN

Diplomov6 prdca je zameranA na pripravu a hod-
notenie kompozitov na bAze nekonednfch dadidovfch
v l 6 k i e n  a  i i v [ c .  H o d n o t i l a  s a  m a k r o m o r f o l o g i c k 6
Strukt0ra dadidovSich vl6knit iTch mater i6lov obrazo-
vou analfzou. Pr ipravi l i  sa viacvrstvov6 kompozity
vystuZen6 dadidovfmi a sklenenlTmi vldknami techno-
169iou rudn6ho laminovania a v6kuovym lisovanim pod
f6liou. Stanovili sa fyzik6lno-mechanick6 vlastnosti a
kysl ikov6 dislo.Vlastnost i  a Struktfra kompozitov na
biize dadidovyich vl6kien sa porovndvali s kompozitmi
vystuZenymi sklenenfmi vldknami, ktor6 tvoria v tomto
obdobi z{kladny typ kon 5t ru kdnf c h m ate riiil ov.

PREPARATION AND PROPERTIES OF COMPOS.
ITES BASED ON BASALT FIBERS

The purpose of this work is the preparat ion and
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evaluat ion of composites based on cont inuous basalt
f ibers.

The structures of the basalt  reinforcements were
evaluated. The basalt and glass fiber-reinforced poly-
ester resin and epoxy composites were prepared by
hand using a lay-up and vacuum foil infusion process to
determine their  mechanical  propeft ies and the oxygen
index. The properties and structure of the composites
based on basalt and glass fiber were compared.

Autorka DP: Bc. Boiena Mandfchov6
Ved1ciDP: Doc. lng. lva Srokov6, CSc.
Konzultant DP: lng. Alibeta Cilov6
Recenzent: RNDr. Anna Malovfkov6, PhD.

NOVE POSTUPY MODIFIKACIE CMS VEDUCE K
BIOSURFAKTANTOM

Dip lomov6 prdca sa  zaober*  S t r id iom fyz ikd lno-
chemickfch vlastnost i  der ivdtov pr ipravenfch chem-
ickou modifikdciou O-(karboxylmetyl) Skrobu.

Derivdty sa pripravili transesterifikdciou s metylester-
om repkov6ho oleja, s vinyllaurAtom a s metyllaurdtom
v rdznych prostrediach (v DMF,H.O, solventfree) bez i
za pritomnosti katalyzdtora (4-TSK, K2CO3, NaOH) vari-
rovanim reakdnl ich podmienok (teploty,  dasu, hmot-
nostn6ho a molov6ho pomeru) pn klasickom sp6sobe
ohrevu alebo za fdinku mikrovlnrr6ho Ziarenia.

Pripraven6 deriv6ty sa charakterizovali FT-lR spe-
ktrami a u vodorozpustnfch sa stanovi la emulgadnd
[6innost, povrchov6 napatie, kritick6 micelovA koncen-
tr6cia, pracia a antiredepozidnd fdinnost.

Pripraven6 hydrofobizovan6 estery CMS sa vyzna6o-
vali relativne dobrou emulgadnou rjdinnostou, prdrcou a
antiredeoozidnou 0dinnostou.

NOVEL METHODS FOR THE MODIFICATION OF
o-(oARBOXYMETHYL) STARCH LEADTNG TO BrO-
SURFACTANTS

The thesis deals with a study of the physico-chemi-
cal propedies of derivatives prepared by the chemical
modification of O-(carboxymethyl) starch.

The derivatives were prepared by transesterification
with methyl  ester of vegetable oi l ,  v inyl  laurate and
methyl laurate in different solvent systems (DMF, HrO)
or under solvent-free condit ions, with and without 4-
TSA, K2CO3 or NaOH as a catalyst. The reactions were
carr ied out under var ious react ion condit ions (mass or
mole ratio, time, temperature)with conventional heating
or by microwave irradiation.

The prepared derivatives were characterized by FT-
lR spectroscopy and sudace active properlies such as
emulsifying efficiency, washing power, antiredeposition
eff ic iency and the surface tension of water-soluble
derivatives were determined.

The padially hydrophobised esters of CMS exhibited
relat ively good emulsi fyng act iv i ty as wel l  as washing
power and antiredeposition efficiency.
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SrnurruRn A vLASTNosr RUN zo zMESr vLAKTEN
Diplomov6 pr6ca bola zameranA na pripravu rfna s

rdznym zlolen(m PES a Lyocellovfch vldkien, na hod-
notenie Struktiry a fyzikdlno-mechanickyich vlastnosti
tfchto rfn, ktor6 sl0iia ako vfplfi do priknivok. Ciel'om
pr6ce bolo spojit hydrof6bne vldkno s hydrofilnym za
ubelom zvf5enia prijmu vlhkosti r[na. U rf n sa sledo-
vala rozmerov6 stabilita bezprostredne po vyrobeni a
v dasovej zdvislosti. TieZ sa hodnotili deforma6n6 a
tepelnoizoladn6 vlastnost i  r [n.  Pomocou obrazovej
analyzy sa hodnotila makromorfologickd Strukt0ra a
stanovil sa oodiel vl6kna a vzduchu v r[ne. Y zAvere
sa posudzovalivztahy medzi Strukt0rou a vlastnostami
pripravenyich r(n.

THE STRUCTURE AND CHARACTERS OF FLEEC-
ES OF MIXED FIBRES

The diploma work focused on the preparat ion of
fleece with different compounds of PES and Lyocell
fibres and on evaluation of the physical and mechanical
characters of these fleeces. These fleeces are used as
filler for quilts. The goal of the diploma work is to combine
hydrophobic fibre with hydrophilic ones for the purpose
of increasing the moisture intake of fleece. We observed
dimensional stability immediately after preparation and
dependence on time. We also evaluated the deformation
and thermal-isolation characters of fleece.

Through image analysis the structure was evaluated,
where the ratio of the fibres and air was determined. ln
conclusion, we judged the relations between the struc-
ture and characters of the prepared fleeces.
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Autorka DP: Bc. Dana Adamikov6
Ved1ciDP: Ing. Gajane Urban, CSc.
Konzultant DP: lng. Martin Pilko
Recenzent: Ing. Ludmila Klusovd

ANALVZA PROCESU SPRACOVANIA AIRBAGOV-
EHO SVA

Dip lomovd pr6ca sa  zaoberd  ana lSTzou sk t iSok
nastrel 'ovania vzduchovfch vank[5ov (airbagov) a
technologiou SAB Svov a autopotahov, v podmien-
kach 4iroby EYBL, s r.o. T6maticky je rozdelend na
dve dasti.

V teoretickej dasti sa nachddza prehl'ad poznatkov
v procesoch nakladania, oddel 'ovania, spojovania,
dokondovania a organizadn6ho procesu riadenia.

Experimentdlna dast obsahuje skfSobn6 met6dy,
popis a vfsledky experimentov roztrhnutia SAB 5vov,
pr i  zapracovanf airbagu so zameranim na dobu a
vel'kost tohoto SAB dva a analyzu niti pouZivanlich pri
Siti autopotahov a SAB 5vov.

ANALYSIS OF AIRBAG STITCH PROCESSING
The thes is  centers  on  an  ana lys is  o f  tes t ing  the

act ivat ion of airbags and on the SAB technology of
stitches and car seat covers underthe EYBL companys
manufactur ing condit ions. l ts subject matter consists
of two parts.

The theoretical pad contains an overview of insights
into the loading, separat ing, connect ing and f inishing
processes and the process of organisational manage-
ment.

The experimental pad features the testing methods,
the description and results of experiments of the rupture
of SAB stitches upon airbag activity taking into consid-
eration the time aspects and the size of the stiches and
an analysis of the threads used for car seat covers and
SAB stitches.

146 Vl6kna a text i l  (3)  142-146 (2005)




