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VaZenf ditatelia dasopisu ,,Vl6kna a texti l",

vydavatelia tohoto casopisu sleduju ciel 'vytvdrat podmienky i v tomto

obdobi spolodenskej transform6cie u nds a celosvetovej globalizdcie pre
prezentdciu vfsledkov vyskumu a vfvoja, i u2 zredukovan6ho nd5ho
vedeck6ho a technick6ho potencidlu a zdroven pre propagdciu Sirokej

Skaly sortimentu vyirobkov na5ich vfrobcov vldkien. Rovnako ciel 'om

vyd6vania casopisu je informovat Sirokli okruh naSich ditatelbv o aspek-

toch rozvoja vfroby a spotreby vldknitfch materidlov u nds a vo svete.

Rczvoj spotreby vfroby vldkien a vldknitfch materi6lov prechddzali

roznymi stupnami vlivoja. Dejiny vfvoja vldkien a vldknitSich materiSlov

su rovnako star6 ako dejiny civi l izdcie l 'udstva. Za obdobie asi 7000

rokov pouZivan ia  tex t i lny ich v ldk ien bo l i  aZ do konca 19.  s torod ia
pouZivan6 prfrodn6 vldkna. Koncom 19. a pociatkom 20, storodia za6{na

sa priemyseln6 vyiroba chemicklich vlakien z regenerovanych prirodnlich polymerov a tesne pred

druhou svetovou vojnou objavujri sa prv6 syntetick6 vldkna v prfrode sa nenachadzajuce. Chemick6
vldkna su teda legitfmnym dietatom 20. storocia. Prudkli rozvoj spotreby a 4iroby chemickfch vldkien

a vldknit l ich materidlov nastal po r. 1950 najmd v priemyselne vyspelSich krajinach. Spotreba vldkien

stupla 22,44 kg/osobu v r .  1900 na 3,76 kg/osobu v r .  1950, v r .  1990 na T,Bkglosobu a v r .  2002na

9 kg/osobu. Celkovd vliroba v5etklich druhov prirodnfch a chemickyich vldkien v r.2002 bola 63,473
mil. Vr aplikovanyich v oblasti odievania bytov6ho textilu a technickyich textilif. Podiel chemicklich vldkien
z celkovej spotreby vlakien predstavuje 58 %.

Najveic5r rozvoj zakladnych typov chemickyich vlakien za poslednfch 20 r.je uskutochovanli v Stdtoch

Azie,Afriky a juZnej Ameriky. Podiel vliroby chemickych vldkien v Stdtoch Azie sa zmenil232 % r. 1980

na 59 o/o v r.2000, pricom podiel Eur6py a Sev. Ameriky klesol za uveden6 obdobie z 57 % na 30 %.
V Stdtoch Europy, Sev. Ameriky a Japonsku dochddzak zvy5ovaniu vyroby Specidlnych a technickfch

typov vlaikien s vysolqimi uZitkovymi vlastnostami. Za poslednlich 10-15 rokov sa z4i5il podiel aplikdcie
vldkien v technickych textfl idch z22o/o na34 % a v priemyselne vyspelych krajinach vliroba a aplikdcia

techniclcyich vldkien je viac ako 40 0/0. Priprava vldkien s vysokymi fZitkowmi vlastnostami je zalolena
jednak na zmene molekulovej Struktury (zmena chemick6ho zlolenia) a na zmene nadmolekulovej a
morfologickej a makromorfologickej Struktfry pomocou fyzikalnych procesov. V ostatnom obdobivelk6
pozornost sa venuje priprave Specialnych typov vldkien. Najmei na zaklade ich zmeny priednej a
pozdlZnej geometrie. Jednd sa o vel'mijemn6 mikrovldkna, dutd a profilovan6 typy a tvarovan6 r6znymi
sposobmi.

Vfroba chemicklich vldkien a textilnSi priemysel v predchfudzajucom obdobf na Slovensku a v Cechach

zohrfvali doleZitu ulohu v rozvoji spotrebnlich tovarov a v rozvoji ndrodn6ho hospoddrstva.
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PrvdrryTrobachemickr ich vldkien-viskozovyich u nds bolazaveden6,v r .1919v SH Senica. Do r .1989
v eSfR bola vybudovand vyroba chemickych vldkien na urovni229,245tlr. VlTroba chemickfch vldkien
na Slovensku v tomto obdobi bola 135,402ilr.

Po zmene spolocensdho poriadku na Slovensku poklesla vSiroba vldknit l ich chemickyich materidlov

na 65 000 t/r. ako dosledok straty trhov, a odstafiovania vlirob viskozonich vldkien a men5ej investicnej

aktivity. Zdrovefi do5lo k redukcii investicil do vedecko-vfvojovej zakladne a do novlich vfrob, do sa
prejavilo negat(vne i v aspektoch rozvoja vfroby vldkien.

Vzhl'adom k bohatym skusenostiam a poznatkom v oblasti procesov prfpravy vl6knityich materidlov
na Slovensku a v eechdch bolo by prospe5n6 udrZat tento potencidl a vyuZit ho na zabezpecenie
podkladov pre prlpravu Specidlnych typov vldknit l ich materidlov u nds.

Rozvoj spotreby a vliroby vldkien - vldknitlich materiAlov v d'alSom obdobf vo svete bude podmieneny
prirastkom obyvatelbv, zmenou ich ekonomickdho potencidlu a zuiSenyimi ndrokmi I'udi na ich vlastnosti.
V r. 2000 Zilo na na5ej planete 6.1 mld obyvatelbv a spotreba vldkien bola 60,443 mil.t. Ak nedojde
k celosvetovfm pr i rodnym a celospolodenskVm katastrofdm sa predpoklada do r .  2050 ndrast

obyvatelstva na na5ej zemi na 1 1 mld. a spotreba vldkien 130 mil. t. Dal5im d0leZitl im faktorom, ktory
uZ v tomto obdobi podmienuje rozvoJ vliroby vldknitych materi6lov je celosvetovd globalizdcia, ktord
sa prejavuje koncentrdciou 4irobcov a integrdciou vyrobn5Tch odborov (vertikdlne prepojenie). Vel'ky
vplyv na rozvoj spotreby a vfroby a ekonomiky ma i vplyv rozporov spolocenskych vrstiev, regiondlnych
a medzi5t6tnych vztahov a ich silov6 rie5enie. Tieto fenomeny sa prejavuju i v ciastkovfch celosve-
tovych ekonomicklich krizach. V r. 2002 podl'a urcit5ich informdcif do5lo kznileniu investidn6ho kapitdlu
do vedecko - technick6ho a qivojov6ho potencidlu i pritom v5etkom, Ze spotreba a vfroba vldkien bola
vySSia ako v r. 2001 .

Vedecko-vyskumnyi potencidl na Slovensku md e5te stdle predpoklad prispievat k roz5irovaniu rozvoja
novych a Specidlnych typov vldkni t l ich mater idlov u nas, zvy5ovat ich konkurencnu schopnost na
domacom i zahranicnom trhu ak mu vytvorime priazniv6 podmienky.

Vyddvanfm casopisu Vlakna a texti l  chceme prispiet k vzdjomnej kompaktnosti lep5ej informovanosti
pracovnlkov nd5ho odboru ale i k propagdcii na5ich vyisledkov vliskumu a na5ich vyirobkov - vldkien
doma av zahranicf. Prfspevky vychddzaju iv anglickom jazyku a casopis dost6va sa i k zahranicnym
citatelbm, preto privltame prispevky v5etkyich na5ich citatelbv a inStit0cii.

Bratislava, august, 2003 Prof.  Ing. Mart in Jambrich. DrSc
dlen redakcnej rady
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NANOCOMPOSITE FIBRES FOR TECHNICAL TEXTILES

Marcincin A., Borsig B.

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Department of Fibres and Textile Chemistry

Radlinskeho 9, 812 37 Bratislava, SK, e-mail: tmarcin@chtf.stuba.sk, upolebor@savba.sk

The paper is devoted to the new kinds of  polymer mater ia ls -  polymer layered si l icate
nanocomposites as potential ones for application in fibre and texti le technology. ln introduction
part  a short  overview of  developments in hybr id organic- inorganic nanoaddi t ives and their  d isper-
s ion in wide scale of  polymers is discussed.

In experimental part some our results concerning the preparation of polypropylene nanocomposite
f ibres and evaluat ion of  their  structure and mechanical  propert ies are presented.

INTRODUCTION

Polymer composites having a change in composition
and structure on the nanometer scale exhibit remark-
able property enhancements related to conventional
composites. Nanometer structures represent a interme-
diate forms of matter, which fil ls in the window between
molecules and bulk materials. Nanomaterials exhibit
particular physical-chemical properties, different from
those, observed in bulk materials. These nanometer
size structures which are often represented by nano-
part icles of act ive compounds dispersed in polymer
matrix have been a subject of a number of recent pub-
l icat ions 11 ,2l.Polymer nanocomposites based on lay-
ered silicates as a reinforcing phase in an engineering
polymer matrix represent the most important forms of
hybrid organic-inorganic nanocomposites [3].  Other
types of nanoscale composites contain a metal nano-
part icles in polymeric matrix [4].  These composites
exhibit electrical conductivity and magnetic properties.
Polymers fil led with nanopigments and nanocolorants
(polymer concentrates) represent a wide scale polymer
materials and can be consider as third area of serious
interest of polymer science and technology [5]. Fourth
important area of polymer nanocomposites is focused
on polymer blends with polymer nanoparticles of dis-
persed phase [6].

Polymer nanocomposite materials with unique prop-
erties can be used and applied in fibre and textile tech-
nology. They provide nanocomposite fibres, qualitative
new types of fibres for clothing and for technical appli-
cation. Modif ied f ibres containing of layered phi losi l i -
cates, nanocolorants, active metal particles and polymer
nanofibrils are products of last developments in polymer
science, physic of solid compounds and other fields of
science. They have significant different properties in com-
parison with conventional modified fibres, mainly:

- high efficiency of modification at low content of
modif iers

- new properties, which depend on properties of
dispersed phase and on particle size
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- high homogeneity of fibre structure and morphol-
ogy

- high active surface of modifiers.

POLYMER LAYERED SILICATE
NANOCOMPOSITES

First polymer si l icate composites with nanosize of
particles were presented in 1985 in spite of reality that
research in this field of work has begun 50 years ago
[3]. Layered silicates were used as disperse phase re-
inforced in engineering polymers in form of hybrids of
organic - inorganic modif iers. High specif ic surface of
silicate nanoparticles is very convenient from the point
of view of reinforcement of polymers and their mechani-
cal-physical properties.

Dispersion of the layered si l icates into postulate de-
gree is dif f icult  in most of polymers because of their
preferred stacking in agglomerated tactoids. Further,
the dispersion of tactoids is prevented also by incom-
pa t ib i l i t y  o f  hydroph i l i c  s i l i ca tes  w i th  hydrophob ic
polymers. Posit ive results in dispersion of the si l icates
were achieved using compatibi l izers based on alkyl-
amonium sur factants such modi f ied par t ic les were
successful ly appl ied in hydrophobic polymers. Further,
the polymerisation of e-caprolactam in interlayer space
of silicates was utilised and ,,true" PA6 - organoclay
nanocomposi tes were created.  In  contemporary,
the layered silicate nanocomposites of most polymers
such as polyamide [1],  polyester l7l ,  polyimide 11 , 41,
epoxide [1, 4] and polyvinylalcohol [8] are known.

Modif icat ion of polymers by si l icate nanopart icles
provides a significant improvement of their properties
such as [1, 4]:  mult iple increase in elast ic modulus, sig-
nificant increase in tenacity (more than 50%), enhance-
ment of the barrier properties for permeants, increased
thermal  s tabi l i ty  and f lame retardance,  enhanced
chemical resistance and reduced solvent uptake, in-
crease in toughness and size stabi l i ty, hindered dif fu-
sion path ways through the nanocomposite, change in

Vldkna a textil 10 (3) 104-108 (2003)



magnetic properties and improvement in electrical con-
ductivity.

Structure of the polymer layered si l icate
nanocomposites

lmprovement in compatibility of layered silicate with
polymers is very often accomplished by replacement of
inorganic cation with organic ions having suitable hy-
drophobic chain. Such treatment serves to match the
polarity both particle surface and polymer and it is very
important for dividing the silicate plates of the layered
particles 11, 41.

In dependence on charge density of the organic ions
and on length of parafinic chains of the molecule of
organic phase the several kinds of posit ions in inter-
layer  space wi th d i f ferent  or ientat ion of  funct ional
groups can be created: monolayer, bi layer, pseudo-
threlayer and ,,parafinic" structure [4]. lf the polarity of
treated silicate particles is close to polarity of monomer
or polymer, these can intercalate into interlayer of the
part icles. They divide individual plates and exfol iated
nanocomposite is formed.

ln the beginning silicate particles are swelled by or-
ganic ions with long parafinic chains and distance be-
tween layers raises close to chain length. ldeal nano-
composite is formed only in this case, if in the next step
no attractive interactions among the particles are en-
forced. Only the highest degree of delamination pro-
vides the greatest change in propert ies of the nano-
composites.

When nanoplates of the silicate padicles do not ex-
hibit sufficient distance and they form layered structure
with less gap between plates than two t imes of the
chain length of the organic ion, the intercalated com-
posite is created having the regions with the high and
poor re inforcement .  These par t ic les have a l imi ted
stress transfer through interface matrix - f i l lers. The
smallest modification effect at conventional composites
was observed.

Processing of  polymer nanodispers ion

Nowadays,  polymer layered nanocomposi tes are
preferably prepared by two procedures: disintegration
of the sol id part icles in melt or in solut ion and in situ
formation nanoparticles by sol-gel procedure. Litera-
ture provides a relative poor information concerning the
preparation of the polymer nanocomposites in higher
than laboratory scale.

Many organoclays for polymer nanocomposites have
been commercial ised. The original size of these part i-
cles is 8-10 pm and every of the particles consist of the
cca106 plates. Delamination of these plates can not be
accomplished only mechanical ly e.g. by shear stress.

vtakna a textil 10 (3) 104-108 (2003)

The treatment of the layered silicates by low molecu-
lar or ol igomeric compounds with rat io of 100 equival i
100 g of the part icles, is usually used [9].

Delamination mechanism results from the several
papers and non-published works, further from knowl-
edge of preparation of conventional composites and
from mass pigmentation procedures. There are two
mechanisms of sol id part icles delamination. Sl ip of the
plates supported by shear stress that leads to dimin-
ish of the particle thickness and dividing of the plates
by penetration of organic phase into silicate particles.
Second mechanism does not require the high shear
stress. Preferring one of the above mentioned mecha-
nisms lead to unper-fected exfoliation of the particles or
to formation of powder tactoids with thickness about
100  pm.

The mutual interactions of polymer silicate particles -
organic additive determine the structure and morphol-
ogy of the nanocomposite. Compatibility of the compo-
nents in that composition has to be balanced. Organic
addi t ive has to fu l f i l  three basic  funct ions:  ro le of
delamination agent, compatibi l iser at polymer - f i l ler
interface as well as stabiliser of dispersed nanoparticles
in polymer.

In experimental work some our result of preparation
of polypropylene nanocomposite fibres containing par-
t icles of layered si l icates and evaluation of selected
their properties will be presented.

EXPERIMENTAL PART

Materials

Organophi l ic  layered s i l icates SOMASIF ME (100)
produced by CO-OP Chemical Co., Japan and hexa-
decylamine were used.

Preparation of polypropylene nanocomposites

Polypropylene powder and the organoclay were
premixed in a tumbling mixer together with 0,25 wt% of
stabi l izer  ( l rganox 1010/ l rgafos 168 Ciba 4/1) .  This
mixture was melt - blended together with 20 wt% of PP-
g-MA (Hostaprime H C5, Clariant GmbH, MA content
4 ,2  w to /0 ,  M* :  32 .000  g /mo l ,  T r  =  152  "C)  in  a
corotat ing twin screw extruder (Werner&Pgleiderer,
ZSK 25) at 190-230 'C and at 300 r.p.m. By this way
PP nanocomposite samples containing 1,3 and 5 wt%
of organoclay were prepared.

Spinning of  the nanocomposi tes

The composite fibres containing 1, 3 and 5 wt% of
SOMASIF were prepared f rom granulated polymer
using a laboratory TS (@ = 16 mm extruder with homog-
enisation zone at 250 "C and spinning speed of 150
m.min-1. The spinning nozzle with thirteen holes of 0,05
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mm diameter each was used. In this way the isotropic
f ibres, part ial ly oriented, were prepared. Fibres were
drawn with dif ferent draw rat ios (L), l .  :2 or l"  = 3.

Tensi le strength measurement

The mechanical propert ies of the composite f ibres
were determined using an INSTRON 1112 apparatus
at ambient temperature. Clamping length and deforma-
t ion rate were 100 mm and 500 mm.min-t.  The speci-
mens of each composition were tested and the aver-
age values reported.

Atomic force microscopy

AFM experiments were performed with a Nanoscope
ll l  scanning probe microscope. Height and phase im-
ages were obtained simultaneously while operating the
instrument in the tapping mode under ambient condi-
t ions.  lmages were taken at  the fundamenta l  reso-
nance frequency of the Si cantilevers, which was typi-
ca l ly  around 300 kHz.  Typica l  scan speeds dur ing
recording were 0,3- '  l ine/s using scan heads with a
maximum range of 1 6 x 16 prm. The phase images rep-
resent the variat ions of relat ive phase shif ts ( i .e. the
phase angle of the interacting cantilever relative to the
phase angle of the freely osci l lat ing canti lever at the
resonance frequency) and are thus able to dist inguish
materials by their material propert ies (e.9. amorphous
and crystal l ine polymers).

Transmiss ion e lect ron microscopy (TEM)

The TEM measurements were carried out with a LEO
CEM 912 transmission electron microscope applying

an accelerat ion voltage of 120 keV. The specimens
were prepared by embedding the f ibers in , ,LR white"
embedding media and sectioned using an ultramicro-
tome equipped with a cryo-chamber.

RESULTS AND DISCUSSION

Morphology of the nanocomposite polypropylene
f ibres

TEM micrographs have been prepared of polypro-
pylene f ibres having a drawing rat io, )"= 2 or l"  = 3 and
containing various quanti t ies of the f i l ler,  SOMASIF ME
Cl6 [10]. In the case of PP composite f ibre containing
1% SOMASIF f i l ler ,  prepared at  a drawing rat io ,  l :3 ,
and cut paral lel to the f ibre (Fig. 1, Sample E 23-3-500/
P), i  t  is seen that almost the whole area of the section
is covered with small, planar particles having an oblong
shape. These particles have a typical length of 750 nm
or more and a width of about 200 nm. Al l  these part i-
cles are oriented in the drawing direct ion of the f ibre
(i .e. from the left  to the r ight in this case). The transpar-
ent appearance of the part icles shows that they are
buil t  up by a small  number of SOMASIF layers respec-
tively. Some of these seem to be more clear (transpar-
ent) than the others. We consider the observed leaf-like
sheets to be single exfol iated layers of SOMASIF.

In the case of PP f ibre f i l led with 5% SOMASIF and
with drawing rat io )":2, the micrograph of the vert ical ly
cut fibers provides, according to expectations, an indi-
cation of a higher density of the dispersed SOMASIF
part icles. Also, the part icles are oriented in the direc-
t ion of drawing. Exfol iat ion of the SOMASIF part icles
also takes place but is less pronounced than in the

Fig. 2 Vert ical cut of PP nanocomposite f ibres

1 0 6

Fig. 1 Paral lel cut of PP nanocomposite f ibres

vldkna a textil 10 (3) 104-108 (2003)



Table 1 Tensi le strength of the nanocomposite PP f ibres f i l led with SOMASIF MEC16

PP
PP +  SOMASIF  MEC16

Sample E23 Sample E23122 Sample E22
SOMASIF 1 Wt% SOMASIF 3 wt% SOMASIF 5 wt%

Drawing ratio
Tensile strength IcNldtexj
Elongation [%]

1,=2
2,81
33,35

l,=3
3,09
28,50

),=2
0,65
32,30

)"=2
0,83
3 2 , 1 5

l,=3
1 , 6 6
26,12

l,=*t

1 ,46
26,15

),=2 L=3
1,34  2 ,30

32,35 25,70

case of f ibre f i l led with 1% SOMASIF and with higher
drawing ratio, i.e. l" = 3. This is supported by the ob-
serued greater thickness of the small plate-like particles
of the same f i l ler,  SOMASIF, in the f ibre.

Figure 2 (Sample E23-3-200) shows a vertical cut of
the fibre. The visible length of the particles corresponds
to the width of the particles shows in Figure 1. This re-
veals that the plate-shaped part icles, SOMASIF, are
oriented in the direction of fibre drawing (i.e. perpen-
dicular to the plane of the image). Therefore the length
of the particles of about 750 nm (see Fig. 1) is not vis-
ib le .

Mechanical propert ies of the PP-nanocomposite
f  ibres

The extruded nanocomposite fibres were drawn and
the submitted for tensile strength and ductility measure-
ments using an Instron Type 1112 apparatus. The f i-
bre sample containing 1 wt% nanocomposite (Sample
E23) with drawing ratio X = 2, showed considerable
decrease of tensile strength in the range from 2,81 to
0,65 cN/dtex in comparison with non-f i l led PP f ibres.
This decrease in tensile strength is caused by the pres-
ence of  the 10% of  PP-g-MA compat ib i l izator .  PP
grafted with maleic anhydride usually has a much lower
molecular  weight  than the or ig inal  po lymer.  This  is
caused by simultaneous degradation of PP during the
graft ing reaction. Similar diminished tensi le strength
has been observed with PP fibres containing only PP-
g-MA alone (without fil ler). ln general, the compatibilizer
has considerable inf luence on the tensi le strength of
the f  ibres.  Never theless,  an increase of  the
nanocomposite f i l ler in the PP f ibres to 3 a mount of
self-assembled exfoliated structures on a higher level
than fibres prepared at drawing ratio, X = 2, and with
the same or ig inal  content  of  SOMASIF f i l ler  (1  wt%,
Sample E23). So it can be concluded that the higher

level of self-assembled exfol iated structures in PP
nanocomposite fibres at ratio 1" = 3 are responsible for
the higher tensile strength. A similar effect of the draw-
ing of fibres was observed with PP-nanocomposite fi-
bres containing 3 wt% (Sample E23122) and 5 wt%
(Sample E22) resp. (Table 1). This explanation of the
positive effect of the drawing of the fibres and the for-
mation of exfoliated structures, on their tensile strength
supports also an observation that an increase of the
filler content of self-assembled structures. Thus a con-
siderable increase of the tensile strength of the fibres
at the same drawing ratio (from 0,65 cN/dtex at 1 wt%
filler (Sample E23) to 1,34 cN/dtex at 5 wt% filler (Sam-
ple E22), both prepared at X: 2) can be expected.

Acknowledgement: Support of the Slovak grant agencies APVT
(grant 20-010102) and VEGA (grant 1/8106/01) is appreciated.
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NANoKoMpoztrNE vLAKNA pRE TEcHlttcrE rexriLtE

Translation of Abstract:
NANOCOMPOSITE FIBRES FOR TECHNICAL TEXTILES

e tenoX je venovanli novfm materidlom - nanokompozitom na b6ze polym6rov a vrstvenfch silikdtov ako
potenciondlnym materidlom pre aplikdciu pri vfrobe vl6kien a v textilnej technologii. Uvodnd cast pojedndva

strucne o vyvoji hybridnfch organicko-anorganickfch nanoaditfvach a ich disperzidch v Sirokej Skdle polym6rov.
V experimentdlnej casti sa uvddzaju niektor6 vlisledky tfkajfce sa pripravy polypropyl6novfch nanokompo-
zito4ich vldkien, hodnotenia morfologickej Strukt[ry a mechanicko-fyzikalnych vlastnosti. V prdci sa pouZili

niektor6 typy plniv typu Somasif MEC. Z vyisledkov vyplyiva,2e pri vysokom stupni disperzity nanoaditiva v PP
vldknach klesd pevnost vldkien a tieZ ich taZnost v porovnani s nemodifikovanfm vldknom.
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PROCESSING OF POLYESTER CONCENTRATES FOR MASS
PIGMENTING OF PET FIBRES

Marcinc in,  A. ,  Ujhely iovd.  A. ,  *Bre jka,  O.

Slovak University of Technology, Faculty of Chemical and Food Technology, Department of Fibres and Textile
Chemistry, Radlinskeho 9, 812 37 Bratislava, Slovak Republic, E-mail: tmarcin@chtf.stuba.sk

*Research lnstitute for Man-Made Fibres, Stdrova 2, 059 01 Svit, Slovak Republic

In th is contr ibut ion the rheological  behaviour of  the polyester (PES) black pigment concentrates
and their  processing in mass pigment ing of  the polyethylene terephthalate (PET) f ibres were
invest igated. The rheological  measurements and f i l terabi l i ty  of  p igment concentrates as methods
for appreciat ing their  processing propert ies as wel l  as geometr ical  unevenness of  spun dyed
f ibres for  evaluat ion of  the PET-concentrate miscibi l i ty  in spin-dyeing were studied. l t  was found
that the f i l terabi l i ty  of  concentrates is proport ional  to the selected rheological  parameters such as
viscosity. Unevenness of mass pigmented PET fibres results from mixing efficiency of polymer
and concentrates in extruder before spinning. Tenaci ty and elongat ion at  break of  f ibres decrease
proport ional  to their  d iameter var iance. Higher v iscosi ty of  concentrate leads to higher uneven-
ness of  p igmented f ibres.

INTRODUCTION

According to our previous papers the degree of pig-
ment dispersion in colour concentrate strongly depends
on mutual interactions among the components mainly
at interface of solid particles [1-3] and also on kinetic
condi t ions and rheology in  d ispers ion and in  mix ing
processes [4, 5].

From this point view, dispersant can act as surfactant
and can significantly influences the surface and inter-
face phenomena. In previous research was found that
these interactions in ternary blend polymer-pigment-
d ispersant  can be studied per fect ly  by rheologica l
measurements and by methods of f i l terabi l i ty of con-
centrates [5, 6],

The filterability of the dispersion (Fo) is expressed as
an increment of the pressure Ap in front of the f i l ter re-
lated to a weight of the filtrate (m) in conventional equip-
ment and f i l t rat ion condit ions [6]:  Fo : Ap/m [5].

Investigating the pigment dispersion in low molecu-
lar polypropylene the relat ions between f i l terabi l i ty of
the d ispers ion and coef f ic ients of  some empir ica l
rheological equations such as: 1. viscosity n, (r l  = r l i ) ,
2. power law index n from Ostwald and de Waele equa-
tion r = k.in, and 3. ,,agglomeration" coefficient )" from
empirical equation logtl : logn- + L.t-1, where r is shear
stress, '! is shear rate, k is coefficient and rl- is viscos-
ity for r-' -) O were indicated 16,71.

Mixing of polymer with pigment concentrate in melt
is  accompl ished under  shear  s t ress in  laminar  f low
conditions as a rule. The interface is increased with a
mixing t ime. The mixing eff iciency is determined pre-
vailingly by the viscosity ratio of the dispersed phase
(r i2)  (concentrate)  and the polymer (nr)  [8 ] .  Some
model for immiscible polymers can be applied for,,mis-
cible" system polymer-pigment concentrate [9].
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According to three layer model in which the layer of
dispersed phase (2) is between layers of matrix (1, 3),
in case of the much more higher viscosity of concen-
trate (r12 than the viscosity of matrix (q1, the (nrlq,) ra-
t io represents a high value and shear stress of dis-
persed phase is close to zero [8, 9].The condit ions for
mixing process are not suitable. In opposite case if the
viscosity of matrix is much more higher, comparing to
concentrate, the maximum of shear rate in dispersed
phase is given by equationi y2 = v/(H - 2h) and condi-
tions for deformation of concentrate are more conven-
ient (y2 - shear rate in dispersed phase, H distance
between borders of 1 and 3 layer, h - thickness of layer
1 (is equal for 3) and v - speed of upper border/speed
of lower border = 0).

In this paper the rheological properties of the selected
concentrates of C.l .  Pigment Black 7 in commercial
PES carriers and their inf luence the geometrical un-
evenness and some mechanical  proper t ies of  PET
spun dyed fibres were investigated.

EXPERIMENTAL

Mater ia l  used

Polymer concentrates based on polyester carr iers
and black pigments

No Polyester  C. l .  P igment  P ig .  conc.
carr iers Black 7 (wt. %)

I

I

2
?

4
5
o
7

PET L Printex L-6
PET G Nyl.Schwarz BLN
PET G Printex 300
PET T Printex L-6
PBT Printex 300
PBT Printex L-6

PET B Printex L-6

25
20
20
25
30
30
25

1 0 9



PET L: Polyethylene terephthalate L, SH Senica, SK,
[n ]  =  0 ,5  s . l -1 .

PET G: Polyethylene terephthalate Grisuten, [n] = 0,55 g, l- ' .
PET T: Polyethylene terephthalate T (textile), SH Senica, SK,

[n] = 0,65 g' l- ' '
PET B: Polyethylene terephthalate B (bottle), SH Senica, SK,

[n ]  =  0 ,9  g ' l - ' '
PBT: Polybuthyleneterephthalate,Celanex2000
PET T: PET T melted and extruded at 285'C

Methods
Rheological properties of polymers and concentrates

were measured us ing the capi l lary  rheometer
Plastomer M 201 with capi l lary diameter D = 1mm and
length L = 1Omm dt T = 285 "C. lni t ial  stress ts (r for
i -+ 0), power law index n, viscosity q for i =500 s-r and
q- for r -+ oo, as well as agglomeration coefficient )"
were evaluated.

Filterability of pigment concentrates was evaluated by
means of the laboratory extruder D = 30mm at stan-
dard condit ions [6, 7].

lnstron 1112 apparatus for measurement of the me-
chanical-physical propert ies was used. Geometrical
unevenness of fibres (diameter) was evaluated by mi-
croscopic measurements.

Preparation of pigment concentrate
The powders of PES and C.l.  Pigment Black 7 were

mixed at room temperature using a high speed mixer
and then melted and knitted using a laboratory Werner
Pfleiderer twin screw extruder, D : 28mm at 280"C.
Concentrates in chips form were prepared by cooling
and cutting of extrudate.

Preparation of spun dyed fibres
Spun dyed PET fibres were prepared using a labo-

ratory spinning l ine with extruder D: 30mm at 280 "C.
Polyethylene terephthalate T (textile) was pigmented in
mass by black concentrates before spinning. Concen-
tration of black pigment in f ibres was 0,2; 1 ,0 and 2 %.
Fibres were drawn at temperature 120'C. Linear den-

200 250
- l

T ' S

Fig. 1 Estimation of ini t ial  share stress (te of PES concentrates.
Extrapolation of r = f(i) fori + 0: 1. PET L + Printex 16 (25%);
2. PET G + NS BLN (20%), 4. PET T + Printex L6 (25%); 6.
pBT + printex L6 (30%)

110

sity of fibres was T, = 16,7 tex x f40. Cross-section of
the f ibres can be expressed in Sl units by,, l inear den-
sity" T in tex or by other derived units. 1 tex represents
the weight of 1000 m length of fibres. T = r.O' s - cross-
section of f ibres, p - specif ic weight of f ibres; t40 -
multifi lament consisting of 40 monofilaments.

RESULTS AND DISCUSSION

Four kinds of polyester carriers and three types of C.l.
Pigment Black 7 were used for preparation of PES con-
centrates with pigment concentrat ion within 20-30
wt.%. All concentrates represent the standard or deve-
loped commercial products for mass pigmenting of PET
fibres.

Rheological measurements of polyester black pig-
ment concentrates reveal a non Newtonian, quasi-
Binghamian behaviour of the melt with cri t ical shear
stress rs at !  + 0 (Fig.1, Table 1). l t  is evident that in
the laminar flow conditions at mixing process the actual
shear stress has to be above the critical value ts. The
critical shear stress re increases with viscosity of con-
centrates (Table 1). Rheological quantities measured
close to value of re exhibited the high variance of these
parameters.

Power-law coefficient n and coefficient of agglomera-
tion l" reveal the difference in structure change during
flow of pigment concentrates in dependence on shear
conditions which results from disintegration of pigment
agglomerates (Figs.2-3, Table 1). Both coefficients are
indirectly (n) or directly (),) proportional to the concen-
tration of black pigment in polyester concentrate as a
rule and they depend also on nature of polymers. Pig-
ment particles in PET G and in PBT carriers (samples
2, 3, 5) exhibit  a lower abi l i ty to agglomeration in com-
parison with their dispersion in PET. The viscosity at

4,7

* 4r5
oa

4,3

4 ,1

log Y

Fig. 2 Dependence of log shear stress (r) on log shear rate (i) for
selected black pigment polyester concentrates at 285'C: 1
PET L + Printex L6 (25%);2.PET G + NS BLN (20%);3. PET
G + Printex 300 (20%); 4, PET T + Printex LO (25%);5, PBT
+ Printex 300 (25%); 6. PBT + Printex L6 (30%); 7. PET B +
Printex L6 (25%); 8. PET T

50

30

...
P

2,6) )1 , 8r,410
15010050
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I

I

5'o 
,-t . lot 

7'o

F ig .3  Dependence of  logq on 1/ r  {or  se lected b lack po lyester
concentrates at 285 "C: 1. PET L + Printex L6 (25%);2. PET
G + NS BLN (20%); 3. PET G + Printex 300 (20%);4. PET T
+ Printex L6 (25%); 5. PBT + Printex 300 (25%); 6. PBT +
Printex L6 (30%); 7. PET B + Printex LO (25%); 8. PET T

Table 1 The coeff icients 11, re, ),  and 11 of rheological equations
for carbon black concentrates in polyester carr ier at
285 "C, nc - concentrate viscosity, 4o - PET viscosity

cv,oh

Fig. 4 Relations between rheological coefficients 1", ts of black PES
concentrates and unevenness of the spun dyed PET fibres
(CV of fibre diameter)

I

0 ,6  1 ,1  1 ,6  2 ,1  
l og  F6

Fig. 5 Dependence of the variation coefficient of the diameter of PET
spun dyed fibres on filterability of concentrates in log scale

l '
2 , t  2 ,2  2 ,3  2 ,4  2 .5

log t l  ruu

Fig. 6 Dependence of the variation coefficient of PET spun dyed fibre
diameter on black concentrate viscosity in log scale

of f ibre evenness on these quanti t ies (Figs. F7).Two
conclusions reveal these dependencies: Proportiona-
lity between viscosity and filterability of concentrates
and reality that three layer model derived for immisci-
ble two component blends [8] can be applied also for
"miscible" blend polyethylene terephthalate-polyester
concentrate.

Inhomogeneity of coloured f ibres is indirect propor-
tional to their tenacity and elongation at break (Figs. 8,
9) .  High unevenness of  f ibres fo l lows the gradual ly

3,0

a
t

l l
I

- l
I

o ! l

r l -
I
I

Con-  C . l .P igmen t
centrate Black 7 16

No c  (%) (kPa)
) , .10-3 1,"

(%)
nsoo (nJnp)soo

(Pa.s)
0,9

0,8

P E T T  O
1 2 5
2 2 0
3 2 0
4 2 5
5 3 0
6 3 0
7 2 5

0 ,4  79 ,3  81 ,3
45,0 44,7 158,5
8,9 95,5 112,2
11 ,9  91 ,2  223 ,8
25,0 43,6 131 ,8
9 ,2  66 ,1  281 ,8
25,0 91,2 199,5
45 ,3  89 ,1  316 ,3

rlg
1 , 4
2 ,7
1 , 6
3,5
2,4
? o

,,infinite" shear stress 11- does not correspondent with
115es ?nd also with agglomeration coeff icient i" ,  High
values of i  indicate a high abi l i ty to form the agglo-
merates with strong attractive interactions of pigment
part icles (samples 1, 4, 6,7). Weakest attract ive inte-
ractions were observed in PBT concentrates (samples
5) where 30% pigment concentration from this point of
view corresponds with 20% pigment content in PET G
concentrates (Table 1 ).

The mixing condit ions in one screw extruder do not
al low to prepare absolutely homogeneous blend PET-
concentrate. Inhomogeneity in polyester blends leads
to local change in viscosity of blend and to variance in
spun dyed fibre diameter. That is possibility to express
the mixing eff iciency of PET and PES concentrate in
melt by geometrical unevenness of fibres.

The average values of the coefficient of variation of
fibre diameter in Table 2reveal strong influence of the
rheological properties of concentrates on unevenness
of PET spun dyed fibres.

Dependence between viscosity, f i l terabi l i ty, ini t ial
stress and agglomeration coefficient of concentrates on
one side and coeff icient of variat ion CV of f ibre dia-
meter on other side reveal the unambiguous decrease

vlitkna a textil 10 (3) 109-1 13 (2003)

0 0,84
29 0,29
12  0 ,41
1 4  0 , 5 1
28 0,37
14  0 ,60
16  0 ,50
33 0,33

0 ,9

0 .8

6
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€
z'^ 

0.9

(J
b!

log ).

Fig.7 Dependence of the variation coefficient of PET spun dyed fibre
diameter on agglomeration coeff icient of PES black con-
centrates in log scale

breaking of  ind iv idual  monof i laments at  both lower
stress and lower elongation.

Unambiguous st ra ight  l ine dependencies In CV =

f(lnq, Inl", InF6), where CV is variation coefficient of fi-
bre diameter express the role of viscosity of concen-
trates as the most important parameter in mixing pro-
cess (if the viscosity of pigmented polymer is constant)
without regard to kind of polyester carrier or type of the
C.l.  Pigment Black 7. l t  can be considered that , ,ag-
glomeration coefficient" l. exhibiting the same depen-
dence on CV of fibre diameter (Fig. 4, 7) is included into
ratio of concentrate viscosity to polymer one nJno (Ta-
ble 1) which is the basic parameter for quantification of
mixing efficiency of immiscible polymer melt.

30 s '

F ig .  8  Dependence of  the tenac i ty  o f
variance of fibre diameter

PET spun dyed f ibres on

0  l 0  2 0  
, r 3 0

Fig.  9  Dependence of  the e longat ion o f  PET spun dyed f ibres
(undrawn) qn vryiance of fibre diameter

a'

1 0

s
C)

a

Table 2 Stat ist ical evaluation of the PET spun dyed f ibre diameter at dif ferent concentrat ion of C.l .  Pigment Black 7, PET f ibres 1f-7f
were coloured bv concentrates 1-7

PET f ibres CV
( % )

CV'
(%)(%)

Fibre Diameter
(pm)

Fibre diameter
vanance, s-

.}1 |
I

I

PET T 34,9 6,5 7,05 7,05

1 4 , 9
37,2
34,1
32,3

1f
0,2
1 , 0
2 ,0

12,1
21,6
67,3

9,27
12,9
22,7

7 ,9
8,69
8,22
7,08

9,8
8 ,8
6,5

36,9
36,8
38,0

2t
0,2
1 , 0
2 ,0

8,0
8 ,55
6,58
8 ,91

36,8
37,5
37,8

0,2
1 , 0
2 ,0

9 ,5
5 ,6
1 0 , 3

1 0 , 94t
0 ,2
1 , 0
2,0

36,9
35 ,1
36,8

21,7
1 2 , 6
1 2 , 9

12,92
9,86
q o 7

7 ,7
8,50
8,28
6,27

9,4
8 ,9
5 ,1

35,9
36,2
37,1

0 ,2
1 , 0
2,0

tr{

1 1 , 6
5,8
27,2
24,9

37,0
34,4
35,5

0,2
1 , 0
2 ,0

6f
6,68
14,4

13 ,86

7f
0,2
1 , 0
2 ,0

37,1
36 ,1
34,8

1 1 , 0
8,2
15,4
25,8

7,95
10,90
14,10
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CONCLUSIONS

- The proportionality between viscosity of PES con-
centrates and filterability on the one side and the
variat ion coeff icient of the diameter of PET
undrawn spun dyed fibres on the other side were
found.

- Unevenness of the diameter of PET spun dyed f i-
bres is indirect proportional to tenacity of undrawn
fibres.

- Processing of the polyester black pigment concen-
trates can be expressed by the viscosity as main
rheologica l  parameter  which corresponds wi th
more difficult defined quantity of filterability of con-
centrates.

Acknowledgement: The experimental works were supported by
National Grant Agency of Slovakia VEGA (Grant 126, FCHFT, STU)
and APVT (Grant 20-010102).
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SPRACOVATEINOST POLYESTEROVVCH KONCENTRATOV
UREETVCn PRE FARBENIE PET VLAKIEN V HMoTE

Translat ion of Abstract:
PROCESSING OF POLYESTER CONCENTRATES FOR MASS PIGMENTING OF

PET F IBRES

V prispevku sa prezentuju reologick6 vlastnosti polyesteror,nich (PES) koncentrdtov pigmentu C.l.Pigment Black
7 a ich spracovatel'nost v procese pigmentdcie polyetyl6ntereftaldtovfch (PET) vldkien v hmote. Pomocou
reologicklich merania met6dou filtrovatel'nosti sa hodnotili spracovatelsk6 vlastnosti koncentrdtov. MieSatelhost
koncentrdtov s PET sa vyhodnotila nepriamo meranfm geometrickej nerovnomernosti vldkien farben;ich v hmote.
Experimentdlne vyisledky ukdzali na priamoumerny vztah medzi viskozitou a filtrovatel'nostou koncentrdtov.
Nerovnomernost priemeru vldkien je ovplyvnene t ieZ ucinnostou mie5ania polym6ru a koncentrdtu v tavenine
pred zvl6knenfm. Predpoklad,2e vd65ia nehomogenita zmesi sa prejavf vyS5ou nerovnomernostou vldkien, sa
experimentdlne potvrdi lo a na5l i  sa zdvislost i  medzi nerovnomernostou PET vldkien farbenfch v hmote a
niektorfmi reologickl imi vel icinami farebn6ho koncentrdtu. Zist i la sa t ieZ nepriamorimernd zdvislost medzi
pevnostou a geometrickou nerovnomernostou vldkien.
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CATIONIZED WOOL FIBRES AND POSSIBILITIES FOR
THEIR APPLICATION

Lukanova, V., Gantchev, V.

University of Chemical Technology and Metallurgy, I Kliment Ohridski blvd., 1756 Sofia, BULGARIA
E-mail: vkg@uctm.edu

As a resul t  of  the research carr ied out,  a change in the heat-physical  propert ies of  wool  f ibres,
modif ied wi th Polymin P is determined. Lower levels of  a lkal isolubi l i ty  and carbamidbisul f i te solu-
bil i ty of the treated fibres are also observed. The modified fibres posses increased adsorption
capaci ty for  chloropyr imidine and vinylsul fone dyes.
Keywords: cat ionizat ion;  wool  f ibres;  Polymin P.

INTRODUCTION

Textile production entails extremely large consump-
tion of water, which, after the various technical treat-
ments, contains a number of impossible to decompose
dangerous pollutants that very often get into the soils
and the natural water basins [1]. The reactive dyestuffs
and their hydrolyzed forms are reckoned among this
class of dangerous pollutants. Parallel to the dying and
printing with reactive dyestuffs, even if the technologic
regime is most strictly observed, in the bath and on the
fibres is formed a hydrolyzed form of the dyestuff, which
is not effect ive and fal ls off  during the subsequent
washing. This effects both the dyeing yield and the
pollution of the waste waters. Many methods for purifi-
cation of waste waters are known [2], and most of them
include the usage of strong ion exchangers. Widely
applied are the ion exchanging resins, prepared on the
base of polyethylenimins ( PEI ),  due to their high ex-
changing capacity [3]. Very effective is the usage of PEI
as precipitate agents of anion suspensions during pu-
rification of waste waters, lightening of fruit juices, pres-
ervation of foods etc. [4, 5]. However, the ion exchang-
ers prepared through modif icat ion of f ibres are quite
more effective due to the fact, that the fibres possess
more complex surface than the granulated ionites, and
respectively higher adsorption capacity. On the other
side the usage of natural fibres - cotton, wool, natural
silk etc. - as a matrix for ion exchangers, has the low-
est impact over the environment, because these fibres
are completely decomposed when turned into waste
materials.

The emphasized above facts, and the fact that the
modification carried out with polyethylenimins is rela-
t ively easy, l ined the basic goals of the studies carr ied
out in the present work, and they are:

r determination of the changes in the heat-physical
proper t ies of  wool  f ibres modi f ied wi th poly-
ethy lenimin.

o study of the possibility for usage of cationized with
Polymin P wool f ibres, for puri f icat ion of waste
waters polluted with reactive dyestuffs.

1 1 4

WORK METHOD

The modif icat ion is carr ied out with 10% water solu-
tion of Polymin P (-CH2-CH2-NH-). with molecular
mass 20 000-30 000, on wool tops of 60-th grade (fi-
bre thickness 23.5-25.0 pm). The method of soaking -
heat treatment is appl ied, which includes:

. soaking of the wool fibres with a water solution of
Polymin P under  pH 8.5-9.0 for  10 min.

o pressing out of a foulard at 100 % degree of
pressing.

. Drying in laboratory cel l  at 80'C for 30 min.

. Heat treatment at 1 20 "C for 10 min.
o Washing at 40 "C for 10 min. in bath, containing

1 g/l  non-ionogenic text i le auxi l iary at M 1 : 40, for
the removal of the Polymin P that is not bound.

The drying of the fibres is obligatory, because even
small  quanti t ies of residual humidity help the migration
of the polymer and uneven laying on the surface of the
fibres.

Aiming to determine the effectiveness of the tempera-
ture of the modification carried out, in the work are stud-
ied fibres which have just been dried at 80 "C and fibres
that have been dried and thermofixed at 120 "C, which
are compared with the untreated fibres. The possibil-
ity for more low-temperature modification would have
positive effect on the economy of the process, regard-
ing i ts energy consumption.

The change in the heat-physical propert ies of the f i-
bres the cationization carried out is characterized with
the help of  d i f ferent ia l  thermal  (DTA) and thermo-
grav imetry  (TGA) analyses,  which are made on
der ivatograph OD 102 of  the Hungar ian company
MOM, system Paulik, with test samples of about 200
mg cut up f ibres at equal heating velocity - 2.5 "C/min
in  ce ramic  c ruc ib les  in  s ta t i c  a i r  env i ronment .
Dialuminum tr ioxide is used as a standard.

The DTA analysis represents determination of the
temperatures at which the heated sample undergoes
chemical and physical transformations, which are ac-
companied by thermal effect.
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RESULTS AND DISCUSSION

On the derivatogram on Fig. 1, in the temperature
area 7Q-150'C is expressed endothermic process
of desorption of humidity and liberation of water. This
effect is strongest with the treated with Polymin P
samples, which is also confirmed by the results in
Table 1 concerning the change in the mass of the
fibres. In the case of wool f ibres modif ied at 80'C,
the decrease in  the mass at  the beginning of  the

ltP fii2 8,Srr 'ti.U ,lurtr Jtrr:

Fig. 1 Derivatogram of woolfibres cationized with Polymin P:
1 .  -  B0  "C ,2 . -120 "C ,3 .  -  un t rea ted  f i b res

deviat ions in  the area of  destruct ion is  11.4%, which
is due not only to desorption of humidity, but is also
as a result of l iberation of not bound Polymin P. A
clear tendency towards increase of the temperature
in the area of destruction is observed, which leads
to a change in the progress of the curve - respec-
tively for the initial wool 210 "C, the wool treated with
Polymin P at 80-212"C, and for the treated with
Polymin P at 120-225 'C. This is connected to a
change in the structure of the samples, especial ly
at higher cationization temperature. According to l i t-
erature data [5],  the destruction of the polyethylen-
imins in air environment starts at temperatures above
250"C,  i .e .  in  the case of  the modi f ied at  120"C f i -
bres, the temperature in the area of destruction is

Table 1 Loss of mass by the f ibres

increased wi th about  15 'C and the loss of  mass is
smal ler  than that  of  the in i t ia l  wool  f ibres.  ln  the
derivatogram occurs a peak al 215 "C for the un-
treated f ibres, which is connected to an endothermic
process, regarding the f irst stage of destruction, as
a result of the breaking of the intermolecular bonds
and the destruction of the wool 's keratin. ln the case
of the treated f ibres this peak is at higher tempera-
ture: 218 "C - for modif ied at 80 "C and 230 "C - for
modif ied at 120'C. This destruction is a result of the
breaking of the disulf ide bonds as well  as the de-
struct ion of free phenol, amino and hydroxyl groups.

ln the temperature interval 240-250'C on Figure 1,
the curves ref lect an endothermic process, probably
connected to the formation of intermolecular bonds and
the globulation of the keratin, and also thermal destruc-
t ion as a result of i ts disintegration. This peak is regis-
tered for untreated wool at 250 oC, for treated at 80-
253 "C, and for treated at 120-280 'C. The reason for
the hindered thermal destruction (280 "C) of curve 2 is
a result of the clearly expressed interaction between
the wool fibres and Polymin P at 120 'C. The treatment
of f ibres at 80'C does not include chemical interaction,
because the temperature of complete destruction of the
fibres is the same as that of the untreated fibres. Be-
sides, a large part of the precipitated, probably on the
sur face,  Polymin P is  d is in tegrated to vo lat i le  sub-
stances, which influences the substantially increased
loss of mass at that temperature - 34.3% for the modi-
f ied at 80 'C, 22 % for the untreated and 1 7 .9 % for the
modif ied at120 'C (table 1):

The analyses carried out show, that during modifica-
t ion of wool f ibres with Polymin P at 120 oC, ? chemi-
cal reaction between them takes place, as a result of
which their heat physical propert ies are changed. The
temperature of destruction of the keratin of the modi-
f ied under these condit ions f ibres is 280 oC, and that of
the in i t ia l  -  250 "C;  the loss of  mass of  the f i rs t  is
42.3 %, and that of the init ial  -  50 %.

As a result of the modification carried out, a change
in the chemical behavior of the wool f ibres also took
place, which is proven by the data for alkalisotubility
(AS) and carbamidbisulf i te solubi l i ty (CBS), shown in
Table 2.

Table 2 AS and CBS of the f ibres

Type of
treatment

AS CBS
o/o o/o

1 .
2.

P o l y m i n  P - 8 0 " C
P o l y m i n P - 1 2 0 " C
Untreated wool f ibres

12,3
1 0 , 5
14,7

12,0
1 1 , 1
1 3 , 5

Type of
treatment 1 0 0 ' c 150  "C

Loss of mass by the f ibres, %
200 ' c  250 ' c  300 ' c 350 "C 400 "C

1 .
2.
3 ,

P o l y m i n  P - 8 0 " C
P o l y m i n P - 1 2 0 ' C
Untreated wool f ibres

11 ,4
8 ,4
7,0

12,8
8,9
O R

15,7
q q

1 0 , 0

34,3
17,9
22 ,1

62,8
42,3
50,2

45,7
30,5
34,3

55,7
38,9
42 ,1
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The data in Table 2 show the orotective function of
the precipitated on the surface and in the interior of the
fibres polymer, Compared to the AS of the untreated fi-
bres, that of the treated is lower, i.e. the infiltration of
the alkal is to the polypeptide chain is hindered, The
same is observed ad CBS. which is a measure for the
breaking of the cross links in the keratin of the wool.
The access to them of carbamide-bisulfite solution is
hindered too, as a result of which the values of CBS for
the treated fibres are lower, especially for the modified
at 120 "C.

A proof for the change in the structure of the wool fi-
bres after their cationization with Polymin P is also their
increased adsorption capacity towards anion dyestuffs,
which is most probably a result of a change of the fi-
bres'surface potential.  A large number of iminogroups
is brought in with the modification, which are protonized
in water solution and strongly increase the affinity of the
fibres towards the anion dyestuffs. The studies are
carried out with the dyestuffs Bezaktiv Green V-6B -
v iny lsu l fone  and  Dr imaren  Br i l l i an t  B lue  P-2RL -
chloropyrimidine from water solutions with concentra-
t ion 0.05 g/1, which are f i l tered through the modif ied f i-
bres. The idea for the production of f i l ters is to use
waste fibres from the wool-textile industry. The quan-
tity of the adsorbed dyestuff is measured by the differ-
ences in the concentrations of the dyestuff in the initial
solution and in the filtrate, which are determined spec-
trophotometrical ly according to previously prepared
standard straight line of the respective dyestuff accord-
ing to the fol lowing formula:

Quanti ty of the adsorbed dyestuff,  lmg.g-' ]  =
= I[(Co - Cn) .25l lm,

where C0 - concentrat ion of the dyestuff in the ini-
t ial  solut ion, g. l-1, Cn - concentrat ion of the dyestuff
in  the f i l t ra te,  g . l - t ,  10 < n < 40,  m -  mass of  the
f ibres.

The mass of the filter, which is cut out and well mois-
turized wool fibres is 19. Each separate potion of dye-
stuff solut ion is 25 ml.

As seen from Fig. 2, the adsorption capacity of the
modified with Polymin P fibres for Bezaktiv Green V-68
is many t imes bigger than that of the untreated. The
fibres modified a|120 "C bind larger quantity of dyestuff
(48.5 mg/g)  than the f ibres modi f ied at  80 "C.  This
proves the recapitulations made above, concerning the
impact of the temperature at which the modification of
the fibres is carried out. In previous works is optimized
the concentration of the modifying agent and is deter-
mined that the 10 % solut ions are most effect ive.

On Fig. 3 is shown the adsorption capacity of the fi-
bres when filtering solutions of the dyestuff Drimarene
Bri l l iant Blue P-2RL. Fig. 3 is identical to Fig. 2. Again
the f ibres modif ied with Polymin P at 120'C retain the
largest quantity of dyestuff. What draws the attention
is that the adsorbed chloropyrimidine dyestuff is less
than the adsorbed vyni lsulfone. This can be explained
with the lower reactive property of the chloropyrimidine
reactlve dyestuffs than that of the vynilsulfone.

CONCLUSION

The modi f icat ion of  wool  f ibres wi th Polymin P
changes the structure of the fibres, which reflects on

Quantity of

the adsorbed
dyestuff, [mg.g-tl

Diagram I

Bezaktiv Green V-68

50
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0
Untreated
wool fibres

Polymin P 80oC Polymin P l20oc Type of treatment

Fig.2 Dependence of the quantity of the adsorbed dyestuff on the type of treatment
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their heat-physical behavior. The temperature of de-
struction of the keratin increases with about 30 "C to-
wards that of the untreated fibres.

The modified with Polymin P fibres have lower values
of AS and CBS than the initial, most probably as a re-
sult of an interaction with the reactive groups of the fi-
bres which has occurred.

The modified woolfibres possess stronger adsorption
capacity towards the vynilsulfone and chloropyrimidine
reactive dyestuffs. Ths can be used for the production
of filter mediums from waste wool fibres for purification
of waters, polluted with the studied dyestuffs.

Diagram 2
Drimarene Brilliant Blue P-2RL

Polymin P 80"C Polymin P 120oC Type of treatment
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CATIONIZED WOOL FIBRES AND POSSIBILITIES FOR THEIR APPLICATION
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SURFACE ROUGHNESS OF PROTECTIVE CLOTHING

Mil i tky J . ,  Bajz ik  V.

Textile Faculty, Technical University of Liberec 461 17 Liberec, Czech Republic
e - mail : jiri.militky@vslib.cz

The main goal  of  protect ive c lothing design is the real izat ion of  heat resistance. On the other
hand it is necessary to ensure wearing comfort as well. lmportant parts of mechanical comfort are
tact i le propert ies including roughness. Standard methods of  surface roughness measurement are
based on the surface prof i le evaluat ion.  Example is Kawabata evaluat ion system (KES),  where
the surface height var iat ion (SHV) t race is obtained. In th is contr ibut ion the s imple technique
based on the tracking of  metal  b lade on the text i le surface and registrat ion of  required load is
descr ibed. The cont inuous recording of  the load is real ized on the TIRATEST tensi le test ing
machine. The resul t  of  measurements is surface force t race (SFV).

For character izat ion of  roughness the mean absolute deviat ion MAD (denoted by Kawabata.  as
SMD) is usual ly used. The procedure of  surface complexi ty parameters evaluat ion f rom SHV
traces is based on the fractal  d imension computed form power spectral  densi ty and var iogram (or
autocorrelat ion funct ion).  The main aim of  th is work is quant i tat ive comparison of  var ious rough-
ness characteristics and relation of these characteristics with subjective hand.
KEYWORDS: surface roughness, measur ing device,  f ractal  d imension

1.  INTRODUCTION

Roughness of engineering surfaces has been tradi-
tionally measured by the stylus profiling method creat-
ing of surface profi le cal led surface height variat ion
(SHV) trace [7].  This prof i le characterizes thickness
(height) variat ion in selected direct ion. Modern meth-
ods are based on the image processing of surface im-
ages [10]. Surface irregularity of plain textiles has been
identified by friction [1], contact blade 12,41,lateral air
flow [3], step thickness meter [6] or subjective assess-
ment [5].

Standard methods of surface profile evaluation are
based on the relative variability characterized by the
variation coefficient (analogy with evaluation of yarns
mass unevenness) [8] or simply by the standard devia-
t ion.  This  approach is  used in  Shi r ley sof tware for
evaluation of results for step thickness meter [9].

Characterization of roughness based on the mean
absolute deviation MAD is the classical descriptive sta-
tistical approach. This statistical characteristic is use-
fu l  for  random SHV t races where e lements of  SHV
trace are statistically independent each other. The SHV
profile of a lot of fabrics has been identified as irregu'
lar and more structured.

The descript ive stat ist ical approach based on the
assumptions of independence and normali ty leads to
biased estimators if the SHV have short or long-range
correlations [8]. There is therefore necessary to distin-
guish between standard white Gauss noise and more
complex models. For description of short range corre-
lations the models based on the autoregressive mov-
ing average are useful [1a]. The long-range correla-
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tions are characterized by the fractal models [15,12].
The determinist ic chaos type models are useful for
revealing chaotic dynamic in determinist ic processes
where variation appears to be random but in fact there
are predictable [13].

For the selection among above mentioned models
the power spectral density (PSD) curve evaluated from
experimental SHV can be applied [17].

Especia l ly  the f racta l  models are widely  used for
rough surface descript ion [16]. For these models the
dependence of log(PSD) on the log(frequency) should
be l inear. Slope of this plot is proport ional to fractal
dimension and intercept to the so-cal led topothesy.
For white noise has dependence of log(PSD) on the
log(frequency) nearly horizontal plateau for all frequen-
c ies ( the ord inates of  PSD are independent  and
exponential ly distr ibuted with common variance [13]).
More complicated rough surfaces as result of grinding
can be modeled by the Markov type processes [19]. For
these  mode ls  the  dependence  o f  l og (PSD)  on  the
log(frequency) has plateau at small  frequencies then
bent down and are nearly l inear at high frequencies.

The f  racta l  type models were cr i t ic ized by
Whitehouse, who concluded that the benefits are more
vi r tua l  than real  [16] .  On the other  hand the deeper
analysis of rough surface should use more complex
model than classical descriptive statistics.

Greenwood [1 1]proposed technique based on the
definit ion of local maxims (peaks) and derivation of
peaks height distribution. A lot of recent works is based
on the assumpt ion that  the stochast ic  process
(Brownian motion) can describe thickness variat ion
[20].
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This work is devoted to the analysis of load required
to move of blade on fabric surface R(d) obtained from
new accessory to tensile testing machine. The combi-
nation of classical roughness characteristics and fractal
dimension estimation is used for evaluation of surface
roughness of barrier technical textiles having various
structures. Roughness characteristics are compared
with subjective hand ratings.

2.  SURFACE PROFILE EVALUATION

Kawabata [2] constructed measuring device for reg-
istration the surface height variation (SHV) trace. The
main parl of this device is contactor in the form of wire
(diameter 0.5 mm). This contactor is moved by constant
rate 0,1 cm/sec and SHV is registered on paper sheet.
The sample length L= 2 cm is used. The SHV corre-
sponds to the surface profile in selected direction (usu-
ally in the weft and warp directions are used for SHV
creation). The result of measurements is thickness R(d,)
in various distances d from origin. Characterization of
roughness is based on the mean absolute deviat ion
MAD (the classical descriptive statistical approach).

Similar approach is based on the measurement of
R(d) by Shirley step meter with replacement of meas-
ur ing head by b lade [21] .

We have constructed the simple accessory to the
tensi le test ing machine. The principle is registrat ion of
the force F(d) needed for tracking the blade on the tex-
t i le surface. Roughly speaking, the F(d) should be in-
versely proportional to the R(d). ln reality, the Ffd) pro-
f i le  is  d i f ferent  due to smal l  deformat ion sur face
deformation caused by the tracked btade. Based on the
pre l iminary test ing the fo l lowing work ing condi t ions
have been selected:

Blade contact pressure 0.2 N
Blade movement rate 0.6 mm/s
Sampling frequency 50 1/s (length between samples
Ad =  0 .013  mm)

Fig 1 Accessory for roughness evaluation

Vldkna a text i l  10 (3) 118-125 (2003)

Investigated length T = 30 mm
The picture of this accessory is on the Fig. 1.
Output from measurements is sequence of loads

F(d).Variation of thickness R(d/ or loads F(d) canbe
generally assumed as combination of random fluctua-
t ions (uneven threads, spacing between yarns, non
uniformity of production etc.) and periodic fluctuations
caused by the repeated patterns (twill, cord, rib etc.)
created by weft and warp yarns. For descript ion of
roughness the characteristics computed trom R(d) or
F(d) in places 0<d<T (f is maximum investigated sam-
ple length and M is number of places ) are used.

Especially for weaves it is necessary to identify peri-
odic component in R(d) or F(d)as well. For this purpose
the spectral analysis can be useful. The position of re-
peated weave pattern can be estimated from variance
spectrum (power spectral density function) P(w) : PSD
estimated from periodogram.

3.  SURFACE ROUGHNESS DESCRIPTION

There are two reasons for measuring surface rough-
ness. First, is to control manufacture and is to help to
ensure that the products perform well .  ln the text i le
branch the former is the case of special f inishing (e.9.
pressing or ironing) but the later is connected with com-
fort appearance and hand.

From a general point of view, the rough surface dis-
play process which have two basic geometrical fea-
tures:

1. Random aspect: the rough surface can vary con-
siderably in space in a random manner, and sub-
sequently there is no spatial function being able to
describe the geometrical form,

2, Structural aspect: the variances of roughness are
not completely independent with respect to their
spatial positions, but their correlation depends on
the distance. Especially surface of weaves is char-
acterized by nearly repeating patterns and there-
fore some periodicities are often identified.

From the SHV or SFV trace is possible to evaluate a
lot of roughness parameters. Let we define roughness
characteristics for SHV (the same equations are also
val id for SFV). Classical roughness parameters are
based on the set of points R(d) j  =1.. M defined in the
sample length interval L. The measurement points d,
are obviously selected as equidistant and lhen R(d)
can be replaced by the variable F,. For identification of
posit ions in length scale is suff icient to know sampling
distance dr= d j-  d j . ,= L/M for i>7.The standard rough-
ness parameters used frequently in practice are l22l:

(i) Mean Absolute Deviation MAD. This parameter is
equal  to  the mean absolute d i f ference of  sur face
heights from average value (R). For a surface profile
this is given by
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MAD= lX^ , -  R^l tr  I
M 7 ' ,  ' ,  o l

This parameter is often useful for qual i ty control.
However, i t  does not dist inguish between profi les of
different shapes. lts propefties are known for the case
when R7's are independent identically distributed (,i.i.d.)
random variables

(ii) Standard Deviation (Root Mean Square) Value
SD. This is given by

Its properties are known for the case when R,'s are
independent identical ly distr ibuted (. i . i .d.) random vari-
ables. One advantage of SD over MAD is that for nor-
mally distr ibuted data can be simple to derive confi-
dence interval and to real ize stat ist ical tests. SD is
always higher than MAD and for normal data is SD =
1.25 MAD. lt does not distinguish between profiles of
different shapes as well. The parameter SD is less suit-
able than MAD for monitoring certain surfaces having
large deviations (corresponding distribution has heavy
tai l) .

(iii\ Mean Height of Peaks MP. This is calculated as
the average of the profile deviations above the refer-
ence value R (often is R -- FJ. lt is given as mean value
of peaks Pr, i = Np where

Pi = Ri- R for Rr- R > 0 and P, = 0 elsewhere

(iv) Mean Height of Valleys MV. This is calculated as
the average of the profile deviations below the refer-
ence value R (often is R = Fa.). l t  is given as mean
value of val leys V,, i  = Nv where

Vi  = R-  Rr  for  Rr-  R < 0 and V,  = 0 e lsewhere

The parameters MP and MV give information on the
profile complexity. Exceptional peaks or valleys are not
considered but are useful in tr ibological appl icat ions.

(v) The Standard Deviation of Profile S/ope PS. This
is given by

(vi) The Standard Deviation of Profile Curvature PC.
This quantity called often as waviness is defined by the
similar way

The slope and curvature are characteristics of a pro-
f i le shape. The PS parameter is useful in tr ibological
applications. The lower the slope the smaller will be the
friction and wear. Also, the reflectance property of a
surface increases in the case of small PS or PD.

(vii) Mean S/ope of the Profile MS. This is given by

MS=l:g9l (5)
M T l d x l j

Mean s lope is  an important  parameter  in  severa l
applications such as in the estimation of sliding friction
and in the study of the reflectance of light from surfaces.

(vi i i )  fen Point Average fP. This characterist ic is
defined as the average dif ference between the f ive
highest peaks and five deepest valleys within a surface
profile. The parameter fP is sensitive to the presence
of high peaks or deep scratches in the surface and is
preferred for quality control purposes.

These parameters are useful in the case of functional
surfaces or for characterizing surface bearing and fluid
retention and other relevant properties. For the char-
acterization of hand will be probably best to use wavi-
ness PC. The characteristics of slope and curvature
can be computed for the case of fractal surfaces from
power spectra l  densi ty ,  autocorre lat ion funct ion or
variogram.

A set of parameters for profile and sudace characteri-
zation are collected in [20], These parameters are di-
vided to the fol lowing groups:

o Statist ical characterist ics of height distr ibution
(variance, skewness, kurtosis)

o Spat ia l  character is t ics as autocorre lat ion or
variogram (denoted in engineering as structural
function)

. Functional characterist ics (connected with f luid
retention or flow properties)

There exists a vast number of empir ical prof i le or
surface roughness characteristics suitable often in very
special situations. Some of them are closely connected
wi th character is t ics computed f rom f racta l  models
( f racta l  d imension and topothesy) .  Greenwood [1 1]
proposed a general theory for descript ion of surface
roughness based on the distr ibution of heights.

General surface topography is usually broken down
to the three components according to wavelength (or
frequency). The long wavelength (low frequency) range
variation is denoted as form. This form component is
removed by us ing of  polynomial  models or  models
based on the form shape. The low wavelength (high
frequency) range variation is denoted as roughness
and medium wavelength range variat ion separates
waviness. The most common way to separate rough-
ness and waviness is spectral analysis. This analysis

(2)

(3 )

i+(Ri- R)'

1 r- ( dR(x) )2
^,t ?[ d" i,

120

P C = (4)
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is based on the Fourier transformation from space do-
main d to the frequency domain a = 2nld.

For computation of above-mentioned characteristics
the program DRSNOST in MATLAB has been created.
The following characteristics are computed:

1. Mean absolute deviat ion MAD
2. Mean profile slope MS
3. Standard deviation of profile slope PS
4. Standard deviation of profile curvature PC
5, Ten point average fP
6. Variation coefficient CV :SD/ Ru
7. Mean fractal dimension Dr
8. Initial fractal dimension Dro
The computation of fractal dimensions is described

in chap. 6.

4.  SPECTRAL ANALYSIS

The primary tool for evaluation of periodicities is ex-
pressing of signal R(d) by the Fourier series of sine and
cosine wave

R(d) = $ * l@x cos(Zrkd) + bx sin(Znkd)) (6)
2 k

Quantity d is often time or distance from origin and
k:1,2,3,4... .  The f irst two terms have period 1, the sec-
ond two terms have period 112,the third two terms have
period 1/3 etc. One consequence of this is that the dif-
ferent pairs of terms are orthogonal ( integral of their
product is zero). This fact faci l i tates f i t t ing of Fourier
series to experimental data. The term ao/2 can be made
zero by centralization (i.e. subtracting of mean value).
By using of Euler formula exp(ia)=cos(a)+isin(a), where
i is imaginary unit the Fourier series may be written in
the compact form

F(d) :Lcr exp(-2rikd)

The complex coeffic,"na, c* have real and imaginary
part ak and ibr ln Fourier series only the terms up to
k = M/2 contain any useful information. After this bound
are real coefficients repeated symmetrically and imagi-
nary coef f ic ients repeated ant isymmetr ica l ly .  The
Fourier Transform is conversion of data from series
accord ing to d to  the ser ies of  f requencies 0)  =
Zxkl(M L), for k =1 , 2, 3. .  .

RF(o)= In(a) exp(-iafi) (7)

Function RF is symmetric about frequency..o = ZnlL.
For discrete data the fast Fourier Transform (FFD leads
to transformed complex vector DRF. Vector DRF may be
used for creation of power spectral density. P(w)

P(r) = DRFconj(DRF) | ti = abs(DRF)' t t3 (8)
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where conj(.) denotes conjugate vector. The P(a) is
estimator of spectral density function and contains val-
ues corresponding to contribution of each frequency to
the total variance of R(d). Frequency of global maxim
on P(a) is corresponding to the length of repeated pat-
tern and height corresponds to the nonuniformity of this
pattern. Spectral density function is therefore generally
useful for evaluation of hidden periodicit ies.

The estimation of the spectral density function P(a.r)
is relatively straightforward in theory but in practice situ-
at ion is more dif f icult  since data are only avai lable in
discrete samples of l imited extent. For f ini te sample
lengths if is necessary to use windowing (avoiding leak-
age) de-trending (avoiding non stationarity of mean)
and f i l t rat ion of parasite frequencies [26]. The main
spectral estimators are available in Signal Processing
toolbox of MATLAB system [28]. The spectral estima-
tors for finite data length corrupted by random errors
could be inaccurate. The more sophist icated proce-
dures are very sensitive to the tuning parameters. For
estimation of fractal dimension is therefore the best way
to use simple FFT based method with proper data pre-
treatment (detrending, windowing) [27].

5. STATISTICAL ANALYSIS

A basic statistical feature of R(d) is autocorrelation
between distances. Autocorrelation depends on the lag
h (i.e. selected distances between places of thickness
evaluation). The main characteristics of autocorrelation
is covariance function C(h)

C(h) = cov(R(d),R(d + h)) =

= E((R(d)* E(R(d)) (R(d + h)- E(R(d))))

and autocorrelation function ACF(h) defined as normal-
ized version of C(h)

ACF(n)= g? (e)c(0)
The E(x) denotes expected value of x. ACF is one of

main characterist ics for detection of short and long-
range dependencies in dynamic (time) series. lt could
be used for preliminary inspection of data. The compu-
tation of sample autocorrelation directly from definition
is for large data tedious. The technique of ACF crea-
tion based on the FFT is contained in Signal Process-
ing toolbox of MATLAB (procedure xcorr.m) [28]. The
spectral density is the Fourier transform of covariance
function C(h)

P(co)= + jtttl exp(-iat)dt (10)
zlr 6

The ACF is  inverse Four ier  t ransform of  spectra l
density
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c(h) : 
*[r@) 

exp(iafi)dco (1 1)
0

These relations show that characteristics in the space
and frequency domain are interchangeable.

In spatial statistics is more frequent variogram, (called
often as structure function) which is defined as one half
variance of differences (R(d) - R(d+h))

r (h)  = 0.5 DIR(d)-  F(d + h) l  (12)

or

f(h) = 0.5 tE(R( d) - R(d + n)2 - e2 691 - R(d + h))l (13)

Symbol D(x) denotes variance of x. For stationary
random process is mean value independent on lag h
i.e. E(R(h)) : m and then

r(h) = o.s E(n(d)- R(d + n)2 (14)

For random processes having stationarity of second
order is val id

c(h)  = EIR(d)  R(d + h) l -  m'  (15)

Variance is then equal to

D(R(d)) = C(h = 0) = c(0) (1 6)

and variogram is directly related to covariance

r(h) = c(o)- c(h) (17)

The variogram is relatively simpler to calculate and
assumes a weaker model of statistical stationarity, than
the power spectrum. Severalestimators have been sug-
gested for the variogram. The traditional estimator is

t  M ( h )

G(h) = =+ L (n(a,1- R(d 1.)2 (18)
zM(h)  7 r '  

'  /

where M(h\ is the number of pairs of observations
separated by lag h. Problems of bias in this estimate
when the stat ionar i ty  hypothesis  becomes local ly
invalid have led to the proposal of more robust estima-
tors. One such estimator has been created by Cressie
and Hawkins [29]. Another est imator has been sug-
gested by lsaaks and Srivastava [30].

It can be summarized that simple statistical charac-
teristics are able to identify the periodicities in data but
the reconstruction of "clean" dependence is more com-
plicated. The variogram is often sufficient for characteri-
zation of surface profiles.

6.  FRACTALS AND FRACTAL DIMENSION

Most of man made objects are geometrically simple

1 2 2

and can be classified as composition of regular geo-
metric shapes as lines, curves, planes, circles, spheres
etc. Some objects are not be approximated precisely
by the regular geometric shapes. One category of these
objects  is  ca l led f racta ls .  Benoi t  Mandelbrot  has
coined term fractal in the seventies [12], (From Latin
fractus, meaning irregular or fragmented). Fractals
have two interesting characteristics. First of all, fractals
are self-similar on mult iple scales, in that a small  por-
tion of a fractal will often look similar to whole object.
Second, fractals have a fract ional dimension, as op-
posite to integer dimension of regular geometrical ob-
jects.

Because fractals are self similar they are constructed
by recursion. For geometrical fractals is the recursion
explici t ly visible. For stochastic fractals or random
fractals the recursion is more little subtle and may be
an artifact of an underlying fractal building process that
occurs on multiple spatial scales. The main character-
istic of both fractals types is fractal dimension. The frac-
t ional (fractal) dimension D can be evaluated by the
fol lowing way. Let the number N(a) of l ine segments
of d length needed to cover the whole curve in plane
is measured. The length of curve is estimated as L(d)
:N(d)d. In the limit d -+ 0 the estimator L(rI1 becomes
asymptotically equalto length of curve L independently
on d. The Hausdorf-Besicovitch dimension D (fractal
dimension) of this curve is the cri t ical dimension for
which the measure Mo(Q defined as

Mo@) = N(d)do

changes from zero to inf ini ty [23]. The value of Mo(Qfor
d : D is often f ini te and therefore for suff icientlv small
d is  va l id

N(d) = 6D or L(6) = 61-D

The fractal dimension is then computed as

D =  1 -  
l ogL( t )

log d

For random fractals is simpler to use power spectral
density or related functions. Some techniques for fractal
dimension computations are summarized e.9., in [24].
The methods for computation oh Hurst coeff icient is
described in [25].

In measurement of surface profile (thickness varia-
t ion R(h)) the data are avai lable through one dimen-
sional line transect surface. Such data represents curye
in plane. The fractal dimension D. is then number be-
tween 1 (for smooth curve) and 2 (for rough curve),

Fractals are characterized by power type depend-
ence of variogram and power spectral density. For a
power law variogram is valid

f ( h )  =  c lh l '  ( 1e )
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where c is a constant, The Hurst exponent H, lies in the
interval (0,1). Where H : 0 this denotes a curve of ex-
treme irregularity and H : 1 denotes a smooth curve.
Exponents H and fractal dimension D are in fact related

Dr  =2 -H

Similarly, for P(a) is valid

P(r) = e, 16,1-$2H)

where exponent  (1 + 2H) l ies in  the in terval  ( ' t  ,3) .
Fractal dimension is conventionally obtained through
estimating the parameter from a LSE linear regression
of the log-log transformation of Equations (19) and (21).
In practice is behavior expressed by eqn. (19) val id
near origin and by enq (21) in a neighborhood of inf in-
i ty. ln general,  i t  s Dp computed from this relat ion de-
noted as effective fractal dimension.

There are several problems with estimating fractal
dimension in this fashion. First,  elevation points, points
on the variogram and the error term in the LSE regres-
sion are likely to be autocorrelated. Second, data points
in log-log space are unequally spaced and, third, de-
cisions concerning an acceptable cutoff for goodness
of fit (R2) of the linear function are of an arbitrary a pri-
ori  nature. Since the aim of the l ine f i t t ing exercise in
estimating fractal dimension is the description of the
relat ionship rather than predict ion, the bias introduced
by the first problem is not critical. A solution to the sec-
ond is to re-sample the data using a geometric progres-
sion, but at a cost of a dramatic reduction in the number
of points used in the line fitting exercise. An alternative
to the third is to estimate the standard error SE around
the slope of a regression l ine. Based on these equa-
t ions the program DRSNOST in MATLAB for est ima-
tion of fractal dimension from variogram has been con-
structed. From the f irst 12 points (excluding 3 points
near origin) the init ial  fractal dimension Dro and from
all points the mean fractal dimension Dp are computed.

7.  EXPERIMENTAL PART

The 54 f lame retardant barr ier text i les have been
selected for investigation. They covered flame retard-
ant f inished cotton fabrics (satin, l inen and twi l l  pat-
terns) ,  fabr ics created f rom heat  res is tant  f ibers
(Nomex, FR Viscose anf modacrylic fibers), and com-
binations of hat resistant fibers with flame retardant fin-
ished cotton. The F(d) traces have been obtained by
means of above described accessory. The R(d) traces
have been obtained from KES device and Kawabata
mean roughness (MAD) was computed. The subjective
hand SH was evaluated from judgment of 30 persons.
They rated the fabrics to the 1 1-point scale. The sub-
ject ive hand SH was computed as median of rat ings
d iv ided  by  11 .

Vldkna a textil 10 (3) 1 18-125 (2003)

8.  RESULTS AND DISCUSSION

For investigation of mutual relations among subjec-
tive hand, classical characteristics of roughness (out-
puts 1-6 from DRSNOST program) and fractal charac-
terist ics of roughness (outputs 7-8 from DRSNOST
program) the correlation map has been created. This
map is shown on the t ig.2.

ln the first column of this map are correlations of sub-
jective hand with roughness characteristics. lt is clear,
that the correlations are not so high (black is no corre-
lat ion and white is perfect l inear relat ion). Maximum
correlation is between subjective hand and fractal di-
mensions.  There are corre lat ions between some
roughness characterist ics as well .  The dependence
between subjective hand and initial fractal dimension
De, is shown on the fig. 3

It can be said that for these materials the roughness
has a l i t t le inf luence on hand. The deeper analysis of
correlation map and partial relations between rough-
ness characteristics leads to the following conclusions:

Fig.2 Correlation map of characteristics (first variable is SH)

r MAD highly correlates with other roughness char-
acteristics

. MAD correlates with fractal dimensions as well but
some no linearity appears.

Comparison of D r, calculated f rom SFV and
Kawabata MAD from SHV is shown on the fig. 4.

Moderate corre lat ion on f ig .4 ind icates the d i f fer -
ences between these two methods. One reason is the
fi l trat ion of some frequencies real ized automatical ly by
the KES device. The comparison of KES roughness
(MAD) and subjective hand SH is shown on the fig. 5.

Very low correlat ion on f ig. 5 points at small  impor-
tance of  sur face roughness for  predic t ion of  hand
based on the KES.
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Fig. 3 Relat ion between init ial fractaldimension and subjective
hand SH
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Fig.4 Dependence between roughness from SFV (Oro) and
Kawabata sHV (MAD)

9. CONCLUSTON

Proposed accessory for measurement of SFV trace
is very simple and can be used for practical measure-

k = 0.16742, q = 6.2005, r = -0.20735

J + +
t

t liii' -""' - -. ...*r....

drsnost Kawabata

Fig. 5 Comparison of KES roughness (MAD) and subjective hand SH
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ments. The correlation with KES results is week. The
init ial  fractal dimension is probably most suitable for
complexity of roughness characterization. The analy-
sis of SFV based on the DRSNOST program is in re-
a l i ty  more complex.  The more c lass ica l  roughness
characterist ics and topothesy are computed as well
and many other techniques of fractal dimension calcu-
lat ion are included. In the future the analysis wil l  be
extended to the chaotic models and autoregressive
models. Small  correlat ion of surface roughness with
subjective hand indicates the l i t t le importance of this
parameter for protective textile fabric mechanical com-
fort prediction,

This work was supported by the research project LN008090 ot
Czech Ministry of Education
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DRSNOST POVRCHU OCHRANNEHO ODEVU

Translation of abstract:
SURFACE ROUGHNESS OF PROTECTIVE CLOTHING

Hlavnyim cielbm dizajnu ochrann6ho odevu je zabezpecenie tepelnej odolnosti. Na druhej strane je tieZ nutn6
zabezped.it komfort pri nosenf. DdleZityim aspektom mechanick6ho komfortu su dotykove vlastnosti vdftane
drsnosti. Standardn6 metody merania povrchovej drsnosti su zaloZen6 na hodnotenI povrchu profilu. Prlkladom
je Kawabatov syst6m vyhodnotenia (KES, kde sa zfska obraz kol isania povrchovfch nerovnosti .  V tomto
prfspevku je popisanA jednoduchd technika zalolenA na pos0vani kovov6ho l istu po text i lnom povrchu a
registrdcii vyZadovan6ho zatalenia. Kontinudlna registrdcia zalaleniaje zaznamenana zariadenfm na testovanie
tahu - TIRATEST, Vfsledkom merania je stopa povrchovej sily (SFV).

Pre charakterizovanie drsnosti povrchu sa obycajne pouZiva priemernd absolutna odchflka MAD (oznacend
Kawabatom ako SMD). Spdsob vyhodnotenia s0bornlich povrcho4Tch parametrov z SHV stop je zaloleny na
fraktdlnom rozmere vypoditanom z hustoty sily a variogramu (alebo autokoreladnej funkcie). Hlavn! ciel'tejto
prdce je kvantitativne porovnanie rOznych charakteristfk drsnosti a vztah tyichto charakteristfk so subjektfvnym
dotykom.

[29]  Cress ie  N. ,A. ,  Hawkins D.M. :  Robust  est imat ion o f  the
variogram, Mathematical Geology 12, 115-125 (1980)

[30] lsaaks E. H,, Srivastava R. M.: Spatial continuity measures
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COLOUR DIFFERENCE FORMULA EVALUATION ON LCAM
TEXTILE DATA

ViK M.

Laboratory Colour and Appearance Measurement, Technical University of Liberec Czech Republic, e-mail:
michal.vik@vslib.cz

Colour to lerances are ei ther set  in v isual  terms or,  more and more, on basis of  measured
values. How should one go about set t ing to lerances, and what are meaningful  colour to lerances?
This subject is of considerable interest to manufacturers of coloured texti les as well as to their
customers.  This paper descr ibes most of  the factors that  must be considered in set t ing such
tolerances.

The goal of colour difference formulas is to accurately and objectively define a colour difference
so that it agrees with average visual assessments. Statistically, the variation coefficient of the
CIELAB formula is approximately 30%. This means colour di f ferences seen by the average ob-
server as a 1 E uni t  wi l l  be calculated approximately f rom 0.4-1.6 uni ts wi th a 95% conf idence
limit. Newer formulas are in better agreement with the average observer than the CIELAB. Today
ei ther CMC (2:1),  BFD, or ClE2000 would be the better choice.  Which one is better? They al l  are
about equal ly good. The var iat ion coeff ic ient  of  these formulas is approximately 20% or about as
good as a s ingle observer 's assessment.  Their  advantage is based on the fact  that  they adjust  for
a l ight  grey v iewing surround that the CIELAB does not.  Current ly work cont inues on improving
colour di f ference formulae, but s igni f icant fur ther improvements may not be possible.  In th is pa-
per,  based on the psychophysical  method of  paired comparison, an exper iment for  test ing the
visual  colour di f ference in relat ion to color imetr ic scales is presented to analyze the relat ionship
between colour discr iminat ion supra-threshold colour 'd i f ference percept ion and i ts use in text i le
industry.  Pr imary are discussed actual  colour-di f ference formulae DlN99, ClE2000 and MV-1.
Key words: colour di f ference equat ion,  qual i ty control ,  v isual  judgement

INTRODUCTION

Considerable work has been accomplished in terms
of color dif ference perception comparing single col-
oured patches. ln 1942, MacAdam wanted to test the
linearity of errors in the colour matching experiment, He
discovered that differences between to colour are not
l inear. The fol lowing f igure 1 show 25 measure of dif-
ferences of colour made by MacAdam in xy space.
Curves represent ten-time threshold of just noticeable
difference between two colours. This threshold is non-
uniform because curves are elliptic. lt means that the
di f ference depends on the d i rect ion of  the colour
change.

Just noticeable differences are also non-uniform be-
cause size and orientation of ellipses change from point
to point.

The most widely used colour difference equations in
the last decades are CIELAB and CIELUV colour dif-
ference equations recommended in 1976 by the ClE.
In both CIELAB and CIELUV colour spaces, the colour
difference DE * between two arbitrary colours is defined
as an Euclidian distance in a uniform space compris-
ing a l ightness L* axis and red-green, yel low-blue op-
ponent colour axes using rectangular coordinates. The
colour difference in CIELAB colour space are given by
Equat ions 1:

AE*  =  (1 )

126

where a* and b* are the redness-greenness and yel-
lowness-blueness scales in CIELAB colour space.

The colour  d i f ference formula CIE 76 is  in  many
cases not adapted to human perception.

Work in area colour differences has concentrated on
collecting reliable data and developing equations that

o o,r o.2 0,5 a.4 0,5 0.6 07
x

Fig. 1 MacAdam elipses
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describe the perceived colour - dif ference results.
Newer equations have been developed on base of the
CIELAB (CIELCH) colour  space wi th appl icat ion
weighting dif ference components such as DL*, DC*
and DH*. Weighting functions S., Sc, Sn are computed
from regression analysis used l inear (C1E1994) or hy-
perbolic model (CMC (l:c)\.

A E = . / l  _  I  + l  _  |  + r _ t  ( 2 )
tr[r.w, / l, krwrj ( knw, )

During the development of a new colour - difference
formulas (C|E1994, C94CHR and MV-1(l:c)) was con-
siderable discussion about possible hue dependencies,
as exemplified by the CMC1 and BFD2 equations. The
CMC (l:c) colour - difference formula was a refinement
of the JPC79 equation developed by Dr. McDonald3.
McDonald found that, for brown and purple-blue col-
ours, CIELAB tolerances were over predicted. There-
fore was implemented in  CMC equat ion hue-angle
dependent correction. The BFD colour - difference for-
mula was based on the Luo-Rigg (BFD) dataset. Luo-
Rigg found that green colours were also over predicted.
But Berns studies on RIT-Du Pont dataset4 showed
that, this hue dependency is not necessary condit ion
by development of a new colour - difference formula.

However last statistical analyses of different colour -

difference datasets corroborate an existing hue-angle
dependent function or derive a new function - Vik" and
K im6.

The CIE 94 and the CMC formufa have offered a
correction of the colour differences (also the other for-
mulas). All these correction formulae have a several
disadvantage that they correct the dif ferences and
therefore violate the vector definition of a colour differ-
ence in a colour space. Example of hue dependency
correction of colour difference calculation is seen on the
MV-1 colour difference formulaT' I :

l (  n t . \ ' (ac . ) '  (M. \ '  ^c*^H*
L E u v _ t =  r / l , o  |  + l  -  |  + l  -  I  + -  ( 3 )I Y ' Y - '  

t r | . / S , ,  t c A , )  [ A n  )  A d

where

S t =
1,358964 + 0,016071 .L .

2

sc2.sh2

and sc = 0, 9304 + 0, 0586 46.C *

Sh = 0,7607 + 0,01 7561 .C .

A3COS = 4,48 + 8,89 cos(hro + 66,09) -

-1 0,22 cos(Zh uo + 43,1 8) +

+1 1,42cos(3h"0 - 80, 01)

weightings coefficients are for slightly textured surface
( t e x t i l e s )  l : 2 , c : 1 .

Other possibi l i ty how make correction of CIELAB
colour space nonuniformity is Rohner and Rich solu-
t ion, which was published at the AIC conference 1995
in Berlins. Based on this recommendation was devel-
oped DIN 99. The new DIN 99 colour difference formula
instead describes a nonlinear transform the colour co-
ordinates of the CIELAB colour spaceto:

AEol,veg = g)

where Les dgs, bee ofe DIN 99 colour coordinates. Start-
ing point is the calculation of the CIELAB coordinates
L*, a*, b*:

DIN 99 L ightnessr  hg = 105,51 .

Temporary variable for redness:

ln(1 + 0,0158.1. )

e = d *. cos(1 6" ) + b *. sin(1 6")

Temporary variable for yellowness:

f  = 0,7.1^. .s in(1 6")  + b " .cos(1 6 ' ) ]

Temporary variable for chroma: 6 = ̂ [sz + t2
Temporary variable for hue angle (in radian):

hor  =arctan[ l )
\ e /

DIN 99 hue angle: hgg: her '180/n

DIN 99 chroma: Cgg= f ln(1+0.045G)l/(0.045 kcH kE)

ke

DIN 99 redness:
DIN 99 yellowness:

ags= Cgg cos(hu)
bgg: Css sin(h"r)

cos2 (Ad3cos)sh' + sin2 (Ad3cos)Sr'

sc2.sh2
sin2 (na3cos)sh2 + cos2 (Ad3cos)Sr '

A d =
sc2.sh2

sin(2ad3cos)[tn'  -  t" ' ]

Parameters k6 and k" are obviously (kr" : k") : (2 : 0,5)

EXPERIMENT

In Laboratory Colour and Appearance Measurement
(LCAM DTM TF TU Liberec) was prepared dataset in
dark blue region of colour space. Each colour-dif fer.
ence pair was prepared from 5.5 x 4.0 cmz cut rectan-
gular samples attached to stiff cardboard side-to-side
with a hair l ine separation between them. The sample
pairs were measured with a Datacolor Spectraf lash
SF300UV spectrophotometer in specular component
excluded (SPEX) and UV included modes. In each pair
CIELAB co-ordinates of samples and the colour-differ-
ence were calculated for the llluminant D65 and the 10"

AcZ =

Ahz =
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Fig. 3 CIELAB DE/DV comparisonFig. 1 LCAM colour difference data set - dark blue

Observer. lnstrumental measurements were repeated
3 t imes throughout the visual tests period. The error
(standard deviat ion) in measured colour-dif ference
value was 0.17 DE* uni t .

Observations were performed in a Grettag Macbeth
Judge ll Controlled Lighting Cabinet with approximate
0i45 illuminating/viewing geometry. The simulated fluo-
rescent daylight had a correlated colour temperature of
6500"K, and the lightne$s (L.) of cabinet's background
(bottom) was Munsell N7 colour. Twenty-two colour
normal observers assessed each test colour-difference
pair against the grey scale, which was produced follow-
ing lSO 105-A02,  fastness test ing for  assessing
change in colour. The observational task was pick the
grey-scale pair thought to be closest in magnitude to
the test pair, then to answer a grey-scale grade (GS)
up to 1 decimal point, e.9,, (  5 ).  An equation relat ing
GS to corresponding visual difference (DV) was:

AV = _0.SS7 + 26.59e-GS/1 527 (5)

The visual experiment was conducted in a darkened
room. Each observer repeated the experiment f ive
t imes. Distr ibution of colour samples in CIELAB colour
space is shown in f ig. 1.
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Fig. 4 DlN99 DE/DV comparison

RESULTS

Testing of six different colour-difference equations -
C IELAB,  D lN99 ,  C1E1994 ,  MV-1( l : c ) ,  C lE2000  and
CMC(l:c) on LCAM datasets give a better results for
equations with hue dependency of Sh scal ing factor.
The DE values from colour-difference formulas were
calculated using L*a*b* values for batch and standard
published by Luo and Rigg11, Bernst2 and Vik. Al l  equa-
tions mentioned above was entered to Microsoft Excel.
I t  is possible change al l  entering parameters. These
calculated DE was compared with DV values.

d E M v - 1 ( 2 . 1 )

Fig.  5  MV-1(2:1)  DE/DV compar ison
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Fig. 6 Comparison of equation's performance

On the fig. 6 is shown, that best results give ClE2000
equation. DlN99, MV-1 and CMC (2:1) gives approxi-
mately same results. lt comes to this, that for best re-
sults we need combination of both views on CIELAB
colour space nonuniformity (hue dependency correc-
t ion and colour  ax is  t ransformat ion) .  Et  hoc genus
omne is included in ClE2O00 colour dif ference formula.

Conclus ion

In summary, the last few years have, in opinion, seen
signif icant improvements in the predict ion of the mag-
nitude of perceived colour-dif ferences, by the use of
severa l  CIELAB-based formulas.  Of  course,  much
more research needs to be done within this topic, by
analysing of specific parametric factors, such as those

Recieved: Mav 2003

HODNOTENIE FAREBNEJ DIFERENCIE TEXTIIIE NA LCAM
TEXT1LIE NA LCAM

Translation of abstract:
COLOUR DIFFERENCE FORMULA EVALUATION ON LCAM TEXTILE DATA

Farebn6 odchyilky ddleZite pre vyrobcov i zdkaznikov su popfsan6 opticklmi (zrakovfmi) udajmi, alebo stdle
viac a viac nameranlimi hodnotami. Tento prfspevok popisuje faktory, ktor6 musia byt uva2ovan6 pri popise tyichto
odchfl iek.

Cielbm vztahov pre farebne odch;ilky je presne a objektivne definovat farebnu odchflku tak, aby s0hlasila
s priemernfm zrakovfm hodnotenfm. Variadnf koeficient CIELAB vz{ahu je pribl iZne 30%. Znamend to, 2e
farebn6 odchflky stanoven6 priemernlim pozorovatelbm ako 1" E jednotky budti vypocftan6 pribliZne z 0.F1.6
jedno t iek  s  95% hran icnou  zhodou .  Nov6  vz tahy  -  CMC (2 :1 ) ,  BFD a lebo  C lE2000  su  v  lep5e j  zhode
s priemernfm pozorovatelbm ako CIELAB vztah. V5etky s0 pribl iZne rovnako dobr6 a variacnf koeficient je
pribliZne 20%, alebo asi tak dobr6 ako hodnotenie jedn6ho pozorovatel'a. lch vfhoda je v tom, 2e nastavuju pre
svetlo 5ed6 pozadie. V tomto prfspevku zaloZenom na psychofyzikdlnej metode pdrov6ho pozorovania experi-
ment pre testovanie viditel 'nej farebnej odchflky vo vztahu ku kolorist ickej stupnici analyzuje vztah medzi
farebnfm rozliSenim vnlmania farebnej odchflky a jej pouZitia v textilnom priemysle. Prednostne s0 diskutovan6
farebn6 odchflky aktudlnych rovnic DIN 99, CIE 2000 MV-1.

Comparison of equation's pefformance -

Pi (lesser value - better performance)

affect ing the optimal weighting function for l ightness
differences, etc. Discrepancy against equations with
and without hue-angle correction is relatively low, there-
fore next developing of a new colour - difference for-
mula must be directed on this point of colour science.
ldeal ly, the model form should have some physiologi-
cal basis.
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Z VEDECKOVYSKUMNVCH A VVVOJOVVCH PRACOVISK

POLYPROPYLENOVE KOMPOZITY
6ast' 1.

MlynardfkovA 2., Borsig E.,

Fakulta chemickej a potravindrskej technologie, S/ovenskii technicka univerzita v Bratislave, Radlinskeho 9,812 37
B r ati s I av a, e - m ai l : zita *m I y n arc i kov a @ h otm a i l. co m

Priprava polymdrovlich kompozitnlch materi6lov pat-
ri medzi zaujimav6 a velmi ucinn6 metody, ktonimi sa
daju modi f ikovat  r6zne fyz ikd lne a najmd 0Zi tkov6
vlastnosti polym6rov. Hocitdto metoda modifikdcie pat-
r i  k najstar5fm, nov6 prfstupy a zlep5enia, najmd vo
vztahu interakcii polym6r-plnivo, umoZnuju pripravu
polym6rovlich syst6mov resp. materidlov s ndrocnfmi
vlastnostami.

Medzi polym6rov6 kompozity zahriujeme v5etky po-
lym6rov6 syst6my, v ktorlch prfmes rOzneho povodu
(organick6ho alebo anorganick6ho), v r6znej forme
(casticov6ho, r6zneho tvaru alebo vldknit6ho) su dis-
pergovan6 v polymeri. Tfm je vyjadrend aj zdkladnA
charakteristika polym6rovfch kompozitov, Ze s0 to dis-
perzn6 syst6my, ktor6 obycajne pozostdvaj{r najmenej
z dvoch fdz pridom kontinudlnu fdzu tuoripolym6r a dis-
pergovan u f dzu ad itivum-pln ivo.

Ako plnivd sa pouZivaju latky r6zneho povodu a preto
ich delrme na organick6 (casto polym6ry, prirodn6 ale-
bo synteticke) a anorganick6 plniva. Tieto sa priddva-
j0 do polym6ru vo forme malfch castlc r6zneho tvaru.
Pri hrubom delenf ich moZeme rozdeli t  podl 'a tvaru na
castice charakteristick6 pre prd5kov6 ldtky a vldknit6
plnivd. Prd5kov6 6astice s0 obydajne nepravideln6ho
tvaru, zfskavame ich zvycajne mletim roznych -druhov
anorganickeho alebo organick6ho materidlu. Castice
vldknit6ho tvaru sa moZu ziskat izoldciou z rdznych
druhov prirodn6ho materidlu (napr. z dreva) alebo sa
zfskavaj0 technicky (napr. sklenen6 vldkna).

Polym6rov6 kompozity s polypropyl6novou matricou
sa stdvaj0 v obdobf poslednej dekady predmetom zvy-
5en6ho zdujmu a to najmd z troch ddvodov: polypropy-
len (PP) je ekonomicky vlihodnli', md relativne dobr6
zdkladn6 mechanick6 vlastnosti a je ekologicky prija-
telhyi nielen z hl'adiska jeho 4iroby ale aj z hlhdiska re-
cykldcie. DoterajSie vysledky ziskand pri priprave PP
kompozitov uk6zal i ,  2e sa daju dosiahnut zlepSenia
pevnosti v tahu, zvyi5it tuhost, modul elasticity, tvrdost
ale aj zvf5it elasticitu taveniny. Na druhej strane plni-
vo zniZuje predlZenie pri namdhaniv tahu, rdzov0 pev-
nost a index tavenia [1, 2].

V tomto strucnom prehl'ade zhrnujeme vybrane vy-
sledky dosiahnut6 pri prfprave a charakterizovani PP
kompozitov, zverejnen6 najmei v poslednej dekade.

1 3 0

Udaje sme rozdelili podl'a typu plniva na PP kompo-
zity plnen6 organicklm a zvtd5t anorganicklm plnivom.

1 Polypropyl6nov6 kompozity plnen6
anorganick im p ln ivom

Tento druh kompozitov moZeme e5te rozdelit podl'a
tvaru plniva na PP kompozity s vldknitfm a 6asticovfm
anorganickfm plnivom.

1.1 Polypropyl6nov6 kompozi ty  p lnen6 v lSkni -
t fm anorganickl im plnivom

Na prlpravu kompozitu s PP matricou sa moZu pouZit
ako plnivo krdtke keramicke vldkna (30hm%), ktor6
spevnujI vzniknutf kompozit. Spevfiujuci ticinok kera-
mickfch vlAkien je znacne ovplyvnenyi predchadzfiu-
cim spOsobom spracovania a homogenizdciou kompo-
zitu. Lomov6 pevnost PP kompozitnyich vldkien sa d6
zvli5it udinkom benzoylperoxidu [3].

Pri  vyirobe lamindtovyich trubiek sa objavi la novd
technologia. Na Technickej univerzite v Darmstadte bol
vyvinutli novli spOsob vyroby kompozitn;ich r0r s ter-
moplastickou matricou. Princip je vtom, Ze termoplas-
tickd rfra sa ovinie vystuZenfmi vldknami pod vhodnfm
uhlom, potom sa celok vloli do Specidlnej odstredivky,
kde sa termoplastick6 jadro roztavi a odstredivou silou
sa vpravftavenina do navinutej kostry. Vyisledn! v!ro-
bok moZe obsahovat 50-€0% sklenenfch vldkien. Ten-
to postup sa overil s PP a s PA, pricom okrem sklene-
nfch vldkien sa pouZil i  aj  uhl ikov6 vldkna. Tdto
technologia je v priprave na vyuZit ie v priemyselnom
meradle [4].

Vzorky PP kompozitu obsahujuce matovan6 sklene-
n6 v ldkna ako p ln ivo,  bol i  pr ipraven6 naskladanim
vrstiev kompozitu s r6znym obsahom sklenen6ho vldk-
na v polypropyl6novej  matr ic i  (10,  15,  20,25,30%)
a ndslednfm zlisovanfm. Tfmto sp6sobom sa pripra-
vili vzorky kompozitu, u ktorfch v prvom pripade vrch-
nd vrstva mala najvy55iobsah vldkien (30%), v druhom
pripade vrchn6 vrstva obsahovala najmenej vldkien
(10%) a tretia vzorka kompozitu sa pripravila s rovnakou
distribfciou vldkna v celom objeme vzorky (20%), obr. 1.
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Obr. 1 SchdmatickO zndzornenie vzoriek pripravenyich z vrstiev kom-
pozitu PPlrlzny obsah sklenenenyich vldkien: (A) vzorka kom-
pozitu s maximdlnym obsahom vldkien vo vrchnejvrsNe; (B)
vzorka kompozitu s minimdlnym obsahom vldkien vo vrchnej
vrswe; (C)vzorka izotropn6ho kompozitu. Prevzat6 so s0hla-
som vydavatel'swa Elsevier [5]

Sk0Skami ohybnosti a rdzovej pevnosti sa zistoval
efekt distribucie vldkien v kompozitoch pri rOznom za-
taZeni, co priamo s0visi s mechanickyimi vlastnostami
kompozitov. U vzorky kompozitu s vysoklim obsahom
sklenenfch vldkien vo vrchnej vrstve sa pri merantpev-
nosti v ohybe a rlzovej pevnosti zistil i vySSie hodnoty
v porovnanI so vzorkou izotropn6ho kompozitu aj so
vzorkou s n lzkym obsahom sk lenenfch v lak ien vo
vrchnej vrstve [5].

FACTOR, je komercnf typ polypropyl6nov6ho dlhov-
ldkniteho sklokomopozitu s obsahom 10 aZ 60% skle-
nen;ich vlAkien o dlZke 10-25 mm. Dlh6 vldkna zvy5ujti
tuhost a pevnost kompozitu do tej miery, Ze moZe nah-
radit naprfklad krdtkovldknit6 polyamidov6 kompozity,
pritom vyhodou PP oproti PA je, 2e PP nie je treba pred
spracovanim predsu5ovat a kompozit po spracovani
kondicionovat. Kompozit sa spracovdva v5etkfmi tav-
n; imi technologiami. Tuhost a pevnost tohto kompozi-
tu umoZnuje nahradit aj komplikovan6 hl inikov6 odl iat-
ky. VyuZiva sa aj na motorov6 kryty a batoZinov6 6asti
dut, prlstrojov6 dosky, kryty elektrickyich ndstrojov, n6-
bytkov6 dielce a pod. [6].

Pokrok sa tieZ ocakdva od ndhrady sklenenfch vld-
kien vl6knami polym6rovymi, pricom hlavnlimi prinos-
mi by malo byl znllenie hmotnosti vyrobku, bezprob-
l6movd recyk ldc ia a t ieZ obmedzenie koroz iv i ty
zariadenia pri spracovdvan[, s dim tieZ sitvisi i znlZenie
ndkladov na spracovatelsk6 zariadenie. Nutnlim pred-
pokladom pre stuZovanie termoplastov polym6rovymi
vldknami je zachovanie povodnej pevnosti vldkien po-
cas vliroby.Tym sa zna6ne prekonaj0 pevnostnd vlast-
nosti matricor4ich polym6rov . Z hladiska materidlovych,
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Obr.2 Morfologia modelu jednoduch6ho vldknit6ho i-PP kompozitu
po trojdiovej izotermickej kryStalizdcii pri 145'C. Prevzat6 so
s0hlasom vydavatel sNa Elsevier [8]

ekonomickfch, i  spracovatel 'skych aspektov su naj-
vhodnej5ie polyetyl6ny, PP a kopolym6ry EVA pre ta-
k6to stuZovanie ako matricov6 polymery [7].

Medzi tak6to kompozity moZeme zaradit kompozity
pozostdvajuce z PP matrice az PP vysokomodulovlich
vldkien (okolo 12 GPa) zfskan6 zvldkhovanim z tave-
n iny s  pevnostou 730 MPa.  Znich sa pr iprav i l  jedno-
duchf vldknitf kompozit vzdjomnfm prestfpenfm vyso-
komodulovfch v ldk ien i -PP polym6rovou taveninou
v tenkom filme, pricom matrica pozostdvalaz rovnak6-
ho druhu polypropyl6nu. Obr.2 ndm ukazuje morfolo-
giu modelu jednoduch6ho vldknit6ho i-PP kompozitu,
ktorf izotermicky kry5talizoval tri dni, pri teplote 145"C.
Vo vzorke moZeme vidiet tr i  rozne oblasti :  i -PP vldkno
diastocne prestfpen6 v transkryStalickej vrstve, ktorA
obsahuje lameldrne kryStaly rastuce kolmo k osi vldk-
na, a ktord je obklopend matricou i-PP obsahujucej sf6-
rol i t icku Strukturu. Na velkost sf6rol i tov v matrici  a na
Sirku transkry5talickej vrstvy vplliva teplota. KryStalizd-
cia i-PP matrice pri  mierom podchladeni viditel 'ne for-
muje sf6rol i t ick0 Strukturu v i-PP matrici .

Prestupenie vysokomodulov6ho polym6rov6ho vl6k-
na termoplastickou matricou zvy5uje mechanick6 vlast-
nosti tohto kompozitu. Specifickf modul a pevnost vy-
soko d lZenfch v ldk ien i -PP,  k tor6 su prest t ipen6
v matrici  i -PP, moZu vel 'mi dobre konkurovat so Stan-
dardnfmi druhmi sklenenfch vldkien vyplRaluce polyp-
ropyl6n, a okrem toho su vyhodn6 aj z hl 'adiska envi-
ronmentdlneho [8].

1 .2 Polypropyl6nov6 kompozi ty  p lnen6 6ast ico-
vym pln ivom

NajcastejSie sa na prfpravu casticovych PP kompo-
z i tov pouZivaju p ln ivd CaCO3 a mastenec,  k tor6 je

1 3 1



obr.3 Kryog6nne lomov6 a leptan6 povrchytrojzloikovlTch PP/EoR/caco.kompozitov; a-60/10/30; b -6ol2ol2o;c-60/30/10 (RC1
kompozit;) ;  d - 60/30/10 (RC2 kompozit).  Prevzat6 so s0hlasom vydavatelstva Elsevier [ '12]

moZn6 dopovat v mnoZstve aZ okolo 70 hm% [9]. Ca-
CO. md vdc5inou 6ast ice s  izot ropnou Strukturou
a s malym nukleacnlTm efektom , zalial' co mastenec me
vrstevnatu (do5tickovitu) Strukturu a vytvdra kryStali-
zacn6 zArodky pri kry5talizacii PP [10].

Hodnotenim krut iaceho momentu PP s obsahom
mastenca (PP/A) a s obsahom CaCO3 (PP/B) sa cha-
rakterizovala viskozna povaha taveniny. Zist i lo sa, Ze
nrzky obsah plniva sposobuje znftenie torznych hod-
not vo vzfahu k PP, co moZe suvisiet s faktom, 2e n[z-
ky obsah p ln iva spOsobuje dobru d ispergaciu v  pp
matrici, co sa prejavl v lepSej medzifazovej interakcii

132

medzi  PP a p ln ivom. VysoklT obsah p ln iva (15 hm%)
naopak zvySuje torzne hodnoty kompozitov vo vztahu
k samotn6mu PP. Tento vysledok sa dd vysvetl i t  nd-
chylnostou plniva k tvorbe aglomer6tov, do potom ve-
die k nizkej medzifazovej interakcii medzi pp a plni-
vom. Pri zmesiach PP/A a PP/B sa pozoroval i  vel 'mi
bl izke hodnoty krut iaceho momentu analyzovanlich
vzoriek ked'sa porovndvali  vzorky s rdznym obsahom
alebo rdznou velkostou castic plniva (3,0-0,0 pm) [1 1].

Predmetom zdujmu sa stali aj trojzlolkov6 polyme-
rov6 kompozity, obsahujrice mdkkf elastom6r a tuh6
plnivo, s cielbm dosiahnut optimdln e vyvalenie rdzo-
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Obr.4Kryogenn6lomov6aleptandpovrchyt ro jz loZkov l ichPP/EV4CaCO.kompozi tov ;  a-60/10/30;  b-60120120;c*60 i30/10(VC1
kompozit;) ;  a d - 60/30/10 (VC2 kompozit).  Prevzat6 so suhlasom vydavatelstva Elsevier [12]

vej pevnosti a tuhosti. V trojzloZkovfch syst6moch sa
doteraz pouZi l i  ako p ln ivd mastenec (MgSiO4.H2O),
CaCO3 a kaolln. NajbeZnejSie pouZlvanlimi elastom6r-
mi su kopolym6r etyl6n-propyl6n (EPR) a terpolym6r
etyl6n-propyl6n dien (EPDM). Mechanick6 vlastnosti
takichto kompozitov sri ovplyviovane nielen ich zlo-
Zenim a charakteristikou zloliek, ale aj fdzovou morfo-
logiou a sposobom dispergdcie adit fvnych komponen-
tov. V trojzloZkovlich kompozitoch sa formuju dva typy
fdzovej Strukt0ry: oddelena disperzia, kde elastom6r
a dastice plniva su dispergovan6 oddelene v polym6-
rovej matrici; alebo enkapsuldcia, kde elastomdr za-
puzdrovdva dastice plniva [12].

Vldkna a textil 10 (3) 130-137 (2003)

Enkapsu lacia je termodynamicky vyhod nejSi proces,
pricom konecnd Struktura kompozitu je urcend adh6-
ziou medzifazami a stabilitou enkapsulovanfch jedno-
tiek proti Smykovym sildm v tavenine pocas procesu ta-
ve n i a. Takdto t azov a Stru ktu ra troj zl oZ kovlich kom pozitov
je ovplyvnovan6 reologiou tavenia v syst6me, technikou
zmie5avania, povrchovlTmi charakteristikami a vzdjom-
nou zmdcavostou p ln iva a polym6rovych z loLiek.
V kompozite PP/EPDM/CaCO. povrchove opracovanie
plniva CaCO3 sposobilo oddelenie disperznych fdz plni-
va a elastom6ru (enkapsuldcia nenastala), zatial 'co pri
pouZit i  neopracovaneho CaCO3 sa dosiahla enkapsu-
ldcia. Zlep5enie adh6zie medzi polym6rom a castica-
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Obr. 5 Snfmacia elektronov6 mikrografia lomov6ho povrchu kompozitov: a, b - PP-30%CeVS; c, d - PP-30% CeVM (v oboch pripadoch 7
hm% PP-MA). Prevzat6 so suhlasom vydavatelstva Elsevier [21].

mi plniva sa de uskutocnit funkcional izdciou polym6ro-
vychfaz. V syst6me PP/EPR/plnivo sa ukdzalo, Ze vcle-
nenie PP funkcional izovan6ho male in-anhydr idom
spOsobilo oddelenie elastom6ru od plniva, ale pouZitie
maleinovan6ho EPR a nefunkcionalizovan6ho PP dalo
u2 enkapsuladn0 Strukt0ru plniva.

Na formovanie fazovej Strukt0ry PP kompozitov md
tieZ velkyi vplyv aj polarita elastom6ru. V takfchto troj-
zloZkovlich kompozitoch rozdiel vo formovanf fdzovej
mikro5truktury zdvisf od toho, akf typ elastom6ru sa po-
uZije ci EOR alebo EVA.

Pri m ieSan ie etyl6n-oktenov6h o nepoldrneho kopoly-
m6ru (EOR) do kompozitu sposobilo oddelenie disper-
zie, elastom6ru a castic plniva t. j . ,2e EOR a plnivo bol i
dispergovan6 samostatne. PouZitim poldrneho elasto-
m6ru etyl6n-vinylacetAtu (EVA) kompozit preukdzal
enkapsulacnu Struktriru plniva, do sa pripisalo vysokej
afinite EVA k CaCO3. Prftomnost plniva v elastomernej
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faze PPIEVA/CaCO3 syst6mu, v ktorej sa spozorova-
lo zniZenie nukleacnej 0cinnosti  plniva na PP bola pot-
vrdend aj DSC analyzou 1121.

Obr. 3 ukazuje mikroStrukturu PP/EOR/CaCO. kom-
pozitov, kde EOR a CaCO3 dastice s0 v PP matrici
rozdispergovan6 oddelene.  Zvy i5enim obsahu EOR
v kompozite a znlLenfm obsahu plniva sa nezmenila
Struktura, ale zvf5ila sa hustota dispergovanych kva-
pociek EOR v PP matrici  (obr.3a,3b). Zmenou poradia
mieSania PP, EOR a CaCO3 sa nepodari lo zlskat en-
kapsulacnu Strukturu. V systeme, kde EOR sa najskor
zmie5al s CaCO3 (RC2 kompozit) sa t ieZ spozorovala
v matrici  PP oddelend disperzia EOR a CaCO. (obr.
3d). Na tomto obrdzku v5ak vidiet, Ze niektor6 castice
plniva v kompozite s[ ciastocne zmad,an6 EOR. EOR
kvapocky v tomto kompozite su vdcSie v porovnani
s kompozi tom, kde p ln ivo sa najskor  zmie5alo s  PP
(RC1 kompozit,  obr. 3c).
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Opadn0 morfologiu moZeme vidiet na obr. 4 pri PPI
EV/VCaCO3 kompozite, kde je jasne vidiet zapuzdrenie
castlc plniva poldrnym elastom6rom EVA. Zdanlivo
prdzdny pr iestor  okolo cast ic  p ln iva na obr .  4  zn6-
zornuje elastom6r. Zistilo sa, Ze poldrny elastom6r EVA
pri 10ok obsahu je viic5inou cely v medzifdzovej oblasti
(obr. 4a) a nepozorovali sa izolovan6 kvapocky EVA.
Ani pri tl ichto kompozitoch Struktura nezdvislod pora-
dia zmie5ania jednotlivfch zloliek. Konecnd Struktfra
pripomina enkapsulovanlT kompozit bez ohl'adu na to,
ci plnivo bolo najskor zmie5an6 s PP (VC1 kompozit,
obr. 4c) alebo s EVA (VC2 kompozit, obr. 4d).

Z toho vypl;iva, 2e tdzova Strukttira trojzloZkovlich
kompozitov sa nem6Ze zmenit z oddelenej disperzie
na p lnu enkapsulac iu zmenou poradia v  k torom sa
jednotl iv6 zlolky mie5aju. Mie5anie plniva s elasto-
m6rom pred zmie5anim s PP v5ak zvy5uje ndklonnost
elastom6rnych castlc prilhr.rt k povrchu plniva [12].

2 Polypropyl6nov6 kompozity
p lnen6 organickfm pln ivom

Diskusia o recyklacnfch moZnostiach a ekologickej
vyuZitelhosti sklom stuZenlich plastov, najmd vo forme
vldkien, viedl i  k ndvrhom ich nahradenia prirodnyimi
vldknami. Prfrodn6 vldkna maju niekolko vfhod v po-
rovnanf so sklenenyimi vldknami: nlzku cenu, hmotnost
a lhhk[ dostupnost. Pritejto prileZitosti treba podotknut,
Ze vdc5ina doteraz pouZfvanfch organickfch plnlv sa
zakladA na vldkni\ich prirodnfch materidloch.

Porovndvali  sa mechanick6 vlastnosti  prirodnyich
vldkien kenafu a lanu, a tieZ sa sledovali mechanick6
vlastnosti  z nich pripravenfch kompozitov [13]. Ako
matr ica sa pouZi l  po lypropyl6n.  Pr iemernd jemnost
vldkien bola pribliZne rovnak6, pre I'an (5.20t2.35 tex)
a pre kenaf  (5,11+1,98 tex) ,  a  tak sa oba typy mohl i
navzdjom porovnat. Zistilo sa, Ze samotn6 kenafov6
vldkna prejavuju v priemere niZ5iu pevnost v tahu ako
I 'anov6 vldkna, ale zAroven sa ukdzalo, Ze kompozit
kenafiPP md vyS5iu pevnost v tahu ako kompozit lhn/PP.

O celulozov6 vl6kna sa v poslednom obdobi stupa
zdujem, pretoZe umoZnuj0 ziskat kompozity s lep5imi
mechanicklmi vlastnostami v porovnani s nevldknitlimi
plnivami 11+161. Vlastnosti  vldkien vypl iuj0ce kom-
pozit zdvisia od faktorov, ako je adh6zia medzi vldknom
a matr icou,  objemov6 zastr ipenie v ldk ien,  hr0bka
vlAkien, orientdcia vldkien, ale tieZ od prenosu napdtia
cez medzif 6zu [17-19].

Vldkno sisal je lignocelulozovy materi6l extrahovanf
z rastliny Agave Sisalana, ktor6 rastie v juZnej casti Indie.
V tabulke 1 sa uvddzajti niektor6 jeho vlastnosti [20].

Kompozity s polypropyl6novou matricou obsahujuce
sisalov6 vldkna sa pripravili metodou mie5ania v roz-
toku a metodou mieSania v tavenine, pridom sa sledo-
val vplyv procesu pripravy na mechanick6 vlastnosti
kompozitov.
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Tabul 'ka 1 Vlastnosti  sisalovVch vldkien

Pr iemer
vl6kna

lpml

Obsah
l ign[nu

fkJ

Obsah Pevnost Elongdcia
celul6zy v tahu max.

l%l  [MPa]  t%l

1 00-300 4-5 85-BB 400-700 5-14

Sledovanim torzndho momentu podas mieSania sa
zist i lo, 2e torzny moment str ipa 0merne s obsahom
sisalovfch vldkien v PP matrici  v rozmedzi od 5 do
300 , co sposobuje rast viskozity zmesi so zvySujucim
sa obsahom vl6kna. DoleZitf je aj vplyv teploty, ktorf
sa sleduje pri 50 otdckach za minutu, a dase mie5ania
10 minut .  Pevnost  v  tahu komoozi tov narasta la s
teplotou do 170 oC a potom za6,ala klesat. Pokles
pevnosti  v tahu nad touto teplotou je sposobenf ter-
mickou degrad6ciou vl6kien, av5ak pri nizkej teplote,
pod 170'C, vysok6 Smykov6 napdtie a viskozita podas
mie5ania, zaprfdiiujI defekty vo vldknach a sposobuju
niZSie pevnosti kompozitu .

N6hodne orientovane kompozity PP/sisal pripravo-
van6 mieSanlm v roztoku maju maximdlne znfZenie
pevnosti  do 10% obsahu vldkna. Nfzky obsah sisalo-
vyich vldkien v polypropyldnovej matrici  a takt ieZ aj
zbytky rozpu5tadla moZu mat za ndsledok vytvorenie
dutiniek v matrici, ktor6 sposobuju zn[ienie pevnosti
v tahu. TieZ pri  takomto nlzkom obsahu vldkien nedo-
chddza k dostatocnej adh6zii matrice k vldknam poso-
benim slabfch Smykovfch sil. So zvy5ujricim sa obsa-
hom vldkna pevnost v tahu rastie [20].

ZvlSenie pevnosti v tahu u kompozitov pripravenfch
z taveniny oproti kompozitom pripravenych z rozloku
m6Ze byt sposobend lep5ou disperziou vl6kna v matrici
pri priprave kompozitov. Je v5ak tiel zrejm6, 2e v pr[-
pade kompozi tov z iskanycl  mie5anim v tavenine,
hlavnyi podiel tvoria vldkna s dlZkou do 2mm. V kompo-
zitoch plnenyich krdtkym vldknom existuje kritickd dlZka
vldkna, ktord je potrebnd pre vldkno k rozvinutiu plnfch
napditovlch podmienok v matrici. Ked' je vldkno kratSie
ako kr i t icka d lZka,  v ldkno nem6 dostatodnI  vdzbu
s matricou a kompozit sa poruSf uZ pri nfzkom zatalenl.
V prfpade kompozitov pripravenych z roztoku sa pev-
nost v tahu zvy5uje so zvy5ujucou sa diZkou vldkna.
Optimdlna dlZka je do 10 mm, dlh5ie vldkna uZ sposo-
buj0 probl6my pri extr0zii (vytlacovani) kompozitu.

Kom pozity obsahuj 0ce pozd lZn e orientovand vldkn a
vykazuju lep5ie mechanick6 v lastnost i  ako pr iecne
a ndhodne orientovan6 kompozity. Porovnanim kom-
pozi tov pr ipravenl ich mie5an[m v tavenine a kom-
pozitov pripravenfch v roztoku, lepSie vlastnosti pre-
ukazal i  kompozity mie5an6 v tavenine, do moZeme
vidiet aj z tabul 'ky 2, v ktorej sa uvddzaju zdkladn6
mechanick6 vlastnosti.

Porovndvali sa aj ta2n6 vlastnosti kompozitov plne-
nlich sisalovlimi vldknami ale s rOznou matricou. Ako
matrica sa pouZil  polypropyl6n, nizkohustotnl i  poly-
etyl6n a polystyr6n. Kompozity sa pripravili mie5anim
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Tabul 'ka 2 Mechanick6 vlastnosti  ndhodne orientovanfch PP kompozitov, pripravenfch mieSanim v tavenine a v roztoku.

Obsah vldkna"

l%"1

MieSanie v roztoku
Pevnost v tahu

IMPa]

Pevnost v tahu

t%l

MieSanie v tavenine
Obsah vl6knau Pevnost v tahu

l%1 [MPa]

Elongdcia

l'/'1
0
5
1 0
20
30
40

U

1 0
20
30

35
29 (36)"

3 1  , 1 4  ( 3 9 , 1 )
33,84 (44,4)

' 15 ,0

8 (7,82)
7,34 (7 ,11)
9,5  (8 ,33)

35
28,7
35,6
36,5
37

38,7

10,33
8,22
9,1 '1
8,33
8,33
8,56

"Dlika vldkna 6 mm,50 ot/min, teplota 170'C. oHodnoty koreSpondujr i  spozdlZne orientovanfmi kompozitmi.

Tabulka 3 Porovnanie mechanickfch vlastnosti  pozdlZne a nd-
hodne orientovanfch kompozitov pripravenfch mie-
Sanim PP,  PS resp,  LDPE s v ldknom s isa l  (d lZka
vldkna ie 6 mm) v tavenine.

Obsah vl6kna

[hm%]

Pevnost v tahu Elongdcia max

[MPa] l'/,1

P P
PS
PE
P P
PS
PE
PP
PS
PE
PP
PS
P E

etr

34,9
9 ,2
36

21,3
1 5 , 6 1
39 ,1
43,2

2 1 , 6 6
44,4
45,06
31 ,12

35
34,9
9 ,2
29

1 8 , 1 6
1 0 , 8

3 1 , 1 4
25,98
12,5

33,84
20,42
14,7

I = pozdlZne orientovan6; R = ndhodne orientovan6 kompozity

v roztoku a ako plnivo sa pouZili vldkna o diZke 6 mm.
Z tabulky 3 je zrejm6,2e PP/sisal aj sisaULDPE kom-
pozity maj0 vySSie hodnoty pevnosti v tahu so zvy5u-
j0cim sa percentudlnym obsahom vldkna (od 0 - 30%),
zatial'do hodnoty u sisal/ polystyr6nov6ho kompozitu
sa menia nepravidelne [20].

Termick6, morfolog ick6 a dyn am icko-mechan ick6
vlastnost i  ce lu l6zovl ich kompozi tov sa pozoroval i
v preci [21], pridom tu sa pouZili dva typy celulozovich
vldkien (CeV): celul6zovA priadza z nasekanfch vld-
kien a ndsledne spradenlich (CeVS), a drevn6 celulo-
zove mikrov ldkna (CeVM).  Ako kompat ib i l izdtor  sa
pouZil maleinovanyi polypropyl6n PP-MA (7 hm%).

Viskoelastick6 chovanie PP podstatne ovplyvnuje
pritomnost CeV priadze. Zvyi5enie modulu a znflenie
hodnot vlhkosti sa pozorovalo so zvliSenlim obsahom
vldkna, ktord md stuZujrlci efekt a zabezpecuje medzi-
flzovu adh6ziu medzi vldknom a matricou. Tieto vlast-
nosti sa ovplyvnili viac s CeVS ako CeVM plnivom.

Morfologick6 pozorovania potvrdili zlep5enie medzi-
fAzovej adh6zie medzi vldknom a matricou ako vidiet
na SEM-snimku s lomovfm povrchom (obr. 5) kompo-
zitov PP+3go7o CeVS (obr. 5a, 5b) a PP+30% plniva
drevnej celulozy (obr. 5c, 5d), Tieto snimky preukazuju
dobrf dispergdciu plniva v matrici, efektivitu zmdcania

1 3 6

vldkien matricou a siln0 medzifitzovu adh6ziu medzi
komponentmi. V prftomnosti PP-MA sa nespozorovala
Ziadna aglomer6cia castlc. V PP/CeVS kompozite su
cel6 vldkna pokryt6 vrstvami matrice co prispieva k
dobrejtaZnosti vl6kien. Aj u vzoriek PP/CeVM moZeme
vidiet matricu pril 'nutu k povrchu plniva. Tieto pozoro-
vania predpokladaj [ ,  2e kompat ib i l izdtor  PP-MA je
kovalentnou vdzbou spojenf s PP matricou a CeVS
'211.

Drevo vstupuje tieZ do plastovlich kompozitov. Kom-
pozit,  obsahujt ici  vdc5ie mnoZstvo drevn6ho prachu
(plnivo) ma drevenf vzhl 'ad. Plast v nom posobi ako
pojivo. Kompozit je potom moZn6 spracovat rovnakfmi
postupmi ako samotn6 drevo, mdZe byt rezanf, vrtany,
a upravovanf rovnakl imi postupmi aj ndstrojmi ako
drevo.  T ieZ ho moZeme farb i t ,  brus i t  a  lakovat  na
dosiahnutie rovnakfch efektov ako u prirodn6ho dreva.
Sucasn6 pouZit ie tyichto kompozitov je okrem oken-
nfch a drevenyich r6mov aj pouZitie na dldiky a ploty.
Vd65ina produktov bola vyrobend tzv.  syst6mom
,,Strandex", vhodnym pre kompozity s obsahom drev-
nej zlolky do 7 0%, zahf ha p re d s u 5 e n i e d rev n ej zlolky
pre znilenie obsahu vlhkosti pod 2%. Potom sa drevnli
pra5ok zmie5a s prd5kovfm PP a spolu sa priddvaju do
dvojz6vi tovkov6ho vf t lacn6ho zar iadenia.  Tfmto
postupom sa v sudasnosti vyrdbaju tieto kompozity asi
na 100 vytladovacfch syst6moch [22].

V prdc i  [23]  sa sk0mal  vp lyv p ln iva na reologicke
vlastnosti kompozitnlch materidlov PP/Mg(OH), a PPI
drevnd m0cka s vy5Sim obsahom plniva. Zist i lo sa, Ze
reologicke v lastnost i  ve l 'mi  zdv is ia  od tvaru cast ic
p ln iva,  od d is t r ibuc ie ve l 'kost i  a  t ieZ od povrchovej
fpravy plniva. Vysokf obsah Mg(OH), je poZadovany
v PP (t60 hm o/o), akvfslednf kompozit ma byt pouZityi
ako retardant horenia. Zist i lo sa, Ze je vel 'mi talke
zmesovat vysokyi obsah plniva Mg(OH)2 s PP, najmd
ak  md p ln i vo  p rev lAda jucu  un imod6 lnu  d is t r i buc iu
velkosti castrc. Spracovatel'nost Mg(OH)/PP kompo-
zitu bola zlep5end pouZitlm plniva, ktor6 pozostdvalo
zo sf6rickfch dastic s binoddlnou distrib0ciou velkosti.

PP kompozit plnen;i drevnou mudkou vykazuje typic-
k;i pseudoplastickf tok, ktorf spolu s viskozitou tave-
niny vel 'mi zdvisl od obsahu plniva a interakcif  medzi
drevnfm vldknom-vldknom; a drevnym vl6knom-poly-
m6rom. Ako u Mg(OH)rlPP kompozitu aj pri  pouZit i

1 0

30

1 5  ' t 5

o o

200 200
7,82 B

9 7
4 2 7

7 , 1 1  7 , 3 3
8 6
3  1 0

8,33 8,5
7 4
2 7
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drevn6ho plniva, kde dastice t ieZ prejavi l i  binoddlnu
distribfciu velkosti 6astfc, je moZn6 znllit viskozitu
tavenia a zvliSit spracovatelhost kompozitov.

Reologick6 chovanie kompozitov s reaktivi tou na
fdzovom rozhranf sa moZe zlep5it, ak polym6rnu matri-
cu zmie5ame s komponentom, ktoni je schopny pod-
robit sa izotropnfm zmendm. MoZe to byt napr. kva-
palnokryStalick), polym6r. Zlep5enie procesu tavenia je
moZn6 q znilenfm teploty pod horn0 hranicu teploty
pre drevovldknityi kompozit (T = 220 'C) 

[23].
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MORFOLOGICKA
VLASTNOSTI

1 .  U V O D

Prfprava a ndslednd aplikdcia no4ich typov polym6r-
nych materidlov zalolenfch na bdze polym6rov plne-
nfch dasticami, ktoryich aspoi jeden rozmer je v nano-
metrickej oblasti ,  predpoklada i  poznanie Struktr iry
a vlastnosti tfchto materidlov. Nanokompozity tuoren6
z polym6ru a nanodastlc plniva su nov6 materidly, kto-
nich vlastnosti su derivovan6 unikdtnou fdzovou morfo-
logiou a zlep5enyimi medzifazouimi vlastnostami disper-
govanej tAzy a matrice. Z hl 'adiska morfologie
a mikro5truktury nanorozmerov nanokompozitov je moZ-
n6 plnen6 nanokompozity rozdelit do dvoch skuprn in-
terkalovan6 a exfoliovan6. Interkalovan6 nanokompozi-
ty vznikajf, ked'do Strukttiry plniva je zabudovanlich mdlo
polymdrnych retazcov, vysledkom 6oho je zviidsenie
medzivrstuovej vzdialenosti. Exfoliovan6 nanokompozi-
ty sa tuoria, ked'silikdtov6 vrstuy su individudlne rozdis-
pergovan6 v polym6rnej matrici, v ktorej priemernd vzdia-
lenost medzi oddelenyimi vrstuami zdvisf od mnoZstva
plniva. Struktura re6lnych polym6rnych nanokompozitov
plnenfch anorganiclqimi plnivami sa nachddza zvycajne
medzi himito dvoma idedlnymi mikro5trukt0rami [1].

Na hodnotenie morfologickej Struktiry nanokompo-
zitov sa vyuZivaj0 klasick6 metody ako RTG (WAXD,
SAXS), optick6 (polarizadnyi mikroskop - POM, skeno-
vacf elektronovf mikroskop - SEM, transmisnf elektro-
novf  mikroskop -  TEM, SALS Hu),  termick6 (DSC,
DTA, DMSC) a pod.

1.1.  Hodnotenie morfo logickej  St ruktury nano-
kompozi tn ich mater i6 lov pomocou mikros-
kopickfch metod

Opticke metody patria k najjednoduch5lm metodam
hodnotenia morfologickej Strukt[ry polym6rov, vldkien
aleraz inanokompozitov za fcelom zhodnotenia rov-
nomernost i  a  homogeni ty  d ispergdcie 6ast ic  p ln iva
v polym6ri [2, 3]. KedZe sa jednd o dispergdciu castic
s velmi mallmi rozmermi, klasick6 optick6 metody sa
len vo vel'mi malej miere pouZivaj[ na hodnotenie Struk-
t0ry nanokompozitov.

Met6dy SEM, TEM a SALS umoZnujri kvantitativne
i kvalitativne hodnotenie Struktury nanokompozitov -
dispergAciu dastfc, tvar morfologickfch utvarov ako aj
ich velkost [1-8].
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Metoda SEM bola pouZitd na sledovanie transkry5-
talinity polypropyl6nu v zdvislosti od typu modifikdtora
(kratke modifikovan6 i nemodifikovan6 polyetyldn teref-
tal6tove a polyamidov6 vl6kna) a teploty kry5talizdcie
[3]. Pridavok modifikovanlich polyetylen tereftaldtovlich
vlakien do polypropyl6nu zniluje teplotu kry5taliziicie
polypropyl6nu viac ako pridavok nemodifikovanfch po-
lyetyl6n tereftaldtovlich vldkien v porovnanr s kryStali-
zdciou dist6ho polypropyl6nu. Modifikovan6 kr6tke po-
lyetyl6n tereftaf dtov6 vldkna ako adit ivum
v polypropyl6ne zlep5uj0 adheziu k polypropyl6nu, zni-
Zuj0 schopnost kry5talizdcie polypropyl6nu a zvySuj0
mechanickofyzikdlne vlastnosti v porovnani s nemodi-
fikovanfmi krdtkymi polyetyl6n tereftaldtovfmi vldkna-
mi. Modif ikovan6 ako aj nemodif ikovane polyamidove
krdtke vldkna maj0 na kry5talizdciu polypropyl6nu rov-
nak! vplyv.

Metoda TEM pouZitd pri  hodnotenr Struktury nano-
kompozitov na bAze roznych polym6rov polypropyl6-
nu [1 ,  3 ,  4 ,7,  8 ] ,  po lyamidov [9-1 1] ,  po lyeter imidu [5]
i  po lyamido- imidu 121 -  p lnenlch roznymi p ln ivami
s cast icami  b l fzkymi  nanorozmerom poukazuje na
tvorbu vrstevnatej Strukt0ry nanokompozitov s exfolio-
van;im alebo interkalovanym polym6rom. Vzdialenos-
ti vrstiev vzniknutej kry5talografickej vrstevnatej Struk-
t I ry  nanokompozi tu z6v is ia  od typu,  rozmerov
a obsahu pou2iteho anorganick6ho alebo organicky
modi f ikovan6ho anorganick6ho p ln iva phi l los i l ikdtu
a od typu polym6ru.  So zv l iSenym obsahom e;  q;
7,5 %) montmor i l lon i tu  v .polypropylene ockovanom
maleinanhydridom klesd dlZka (193 -+ 127 nm) a zvde-
Suje sa hrfbka (5,2 -+ 10,2 nm) nanodastic v nanokom-
pozite [7]. Ockovan6 poldrne skupiny malelnanhydridu
v PP-MAH retazcoch podmienuju interakcie s castica-
mi plniva difuziou polypropyl6novyich retazcov do pries-
torov vrstevnatej Struktury philfosilik6tov6ho plniva, cfm
sa zvdc5uje vzdialenost medzi vrstvami Strukt0ry phil-
losi l ikdtu.

Nanokompozity s pridavkom komercn6ho maleinan-
hydr idu (MAH) vytvdra ju uspor iadanej5 iu Strukturu
a vytvdraj0 exfoliovan6 vrstevnat6 Strukt0ry v porovna-
nis nanokompozitmi pripravenfmi s laboratorne modi-
fikovanlTm dietyl maleatom (DEM). Je mo2n6 predpok-
ladat ,  2e nanokompozi ty  s  pr idavkom MAH tvor ia
zmie5any syst6m exfoliovan6ho a interkalovan6ho sta-
vu Strukt[ry s dezorientdciou vrst iev okolo 200 nm
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a malymi  agregdtmi  cast ic  p ln iva.  Nanokompozi ty
s DEM s0 menej usporiadan6, ale s uzavretej5ou Struk-
turou interkalovanfch vrstiev plniva [4].

Z meran{ pomocou POM a Hv-SALS je moZn6 kon-
Statovat, 2e polypropyl6n modifikovanf PP-MAH kryS-
talizuje vo forme sferolitov, ktor6 su zlo2en6 zo sklada-
nych lamiel zvt ic5ujr jcich sa hlavne v tangencidlnom
smere s relativne vysoklim stupnom usporiadania. Po
pridanf organosi l ikatov6ho plniva k polypropyl6nu sa
tvor l  syst6m zo sk ladanfch lamie l  o  men5ej  d lZke,
s niZ5ou hustotou a s nfzkym stupnom usporiadania.
Pokles hustoty skladanlich lamiel moZe byt sposobe-
ny zn[Zenfm schopnosti  kryStal izdcie polypropyl6nu,
Znilenie schopnosti kryStalizacie polypropyl6nu sa vys-
vetl'uje separdciou retazcov polypropyl6nu casticami
plniva [7]. Takfto spOsob kry5talizdcie polypropyl6nu
m0Ze viest aZ k tvorbe cr-modifikdrcie.

1 .1 .1 .  Hodno ten ie  mor fo log icke j  S t ruk t f r y  nano-
kompozitnych materidlov RfG metodami

Na sledovanie morfologickej Struktfry polymerov, vld-
kien a v sudasnej dobe aj nanokompozitov su najviac
pouZivane RTG metody. RTG metody so Sirokouhlo-
vlim i malouhlovym rozptylom umoZnuju hodnotit typ
kryStalickej modifikdcie, velkost zdkladnej bunky, kryS-
talickli podiel polym6rnych materidlov a pod. Preto su
RTG metody jednfmi zo z{kladnfch metod pre zfska-
nie dostatodne exaktnfch predstdv o Strukture novych
polym6rnych nanokompozi tov p lnen; ich adi t ivami
o vel 'mi malfch rozmeroch 11 , 2,4-6, 8-1 1].

H od noten ie mo rf olog i e exfol iovanf ch n anokom pozi-
tov pripravovanych z vodnej suspenzie poukdzali  na
tvorbu agregdtov, ktor6 vznikaj0 z dvoch a viacerlich
castfc sposobom koaguldcie a f lokuldcie. Koagul6cia
spOsobuje orientdciu agregdtov plocha-plocha (face-fa-
ce) a flokuldcia uprednostnuje tvorbu orientAcie dastfc
vo forme hrana-plocha (edge-face) a hrana-hrana (ed-
ge-edge). Sposob agregdcie vedie k heterog6nnym
zmendm distribfcie phillosilikdtovfch castic a sposobu-
je mnoZstvo interakci i  medzi nimi 112-161. Vfsledky
merania pomocou optick6ho mikroskopu a TEM polya-
mido- imidovfch fo l i i  potvrd i l i  v fskyt  aglomerdtov
rOznych velkostf.  Priemernd vel 'kost aglomerdtov sa
zvy5uje so zvy5ovanim koncentrdcie phillosilikdtovfch
castlc v kompozite.

Montmorillonit (MMT) tvori kryStalicku vrstevnatu mo-
difikaciu so vzdialenostou vrstiev 1O A. Organicky upra-
venyi MMT kryStalizuje vo vrstvdch s rozdielnou vzdia-
lenos tou  v rs t iev  12  A  p r i  7 ,1 '  a  25  A  p r i  3 ,5o  na
difrakdnom zazname. Prftomnost pikov na difrakcnom
zAzname urcuje charakter morfologickej Struktury na-
nokompozitov. Ak absentujri pfky na difraktnom zaz-
name, jednd sa o vznik nanokompozitu s exfol iovanou
Struktrirou a ak sa piky na difrakdnom zdzname na-
chddzaju, vznikd nanokompozit s interkalovanou Struk-
turou. Vzorka s obsahom 1,0 % phillosilik6tovfch castfc
tvorfdisperziu s exfoliovanou Struktfrou, pretoZe neob-
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sahuje na d i f rakcnom zAzname Ziadny p ik .  Vzorky
s obsahom 1,5-2,5 % phillosilikatovlch castic obsahu-
1u vyrazne piky na difrakcnych zlznamoch a tym pg-
tvrdzujrj vznik dipserzie s interkalovanou Struktfrou. Co
je treba zdoraznit, je zvlSenie vzdialenosti medzi vrst-
vami nanokompozitov o roznom obsahu MMT oproti
cist6mu MMT. Pri 3 % koncentrdci i  phi l losi l ikdtovych
castfc v syst6me nedoch 6dza ani k exfolidcii ani k in-
terkaldcii. Predpokladd sa tvorba nemieSatel'neho mak-
rosyst6mu. V disperziAch s exfoliovanou Strukturou (pri
vel'mi nfzkej koncentrdcii phillosilikatovyich iastic) me-
dzi polym6rom a casticami MMT nie su van der Waal-
sove sily, co je vlisledkom uplnej de5trukcie vrstevna-
te j  St rukt t i ry  MMT. V d isperz idch s in terkalovanou
Strukt0rou van der Waalsove si ly dominuju medzi cas-
t icami polym6ru a plniva a zachovdva sa aj povodna
kryStalickd Struktura MMT. Kritickou hranicou pre tvor-
bu interkalovanej Strukt0ry je 1,5-2,0% koncentrdcia
phillosilikdtovyich castic v polym6ri [2].

Rontgenografick6 hodnotenie nanokompozitov s ko-
merdnym (malefnanhydridom MAH) i  laboratorne mo-
dif ikovanlm (dietyl maleatom DEM) plnivom potvrdi lo
vznik vrstevnatej Strukt0ry taklchto nanokompozitov.
Rozdielne su len vzdialenosti vrstevnatej Struktury na-
nokompozi tov s  MAH a DEM pln ivom. Anorganicke
i organicky modifikovan6 plnivd pouZivane pri priprave
nanokompozitov kry5talizuju v rovnakfch vrstevnatyich
kryStalografickfch Strukturach, ale s rozdielnymi vzdia-
lenostami vrstiev. Po pridanit)rchto plnfv do polypropy-
l6nu a pridanim e5te d'al5ejzlolky kompatibiliz6tora sa
tieto rozdiely e5te viac prejavia. Vzdialenost medzi vrst-
vami anorganick6ho plniva v nanokompozite sa zvdc5i
interkaldciou plniva do polypropyl6nu. Zvdc5enie vzdia-
lenosti vrstiev ako aj vdc5ia nerovnomernost vrstevna-
tej Struktriry nanokompozitu sa prejavila pri pouZitf la-
boratorne pripraven6ho kompatibi l izdtora PP-g-DEM.
Zretel'nej5ie piky na r6ntgenografickej difrakcii boli zis-
kan6 pre nanokompozity plnen6 komercnyim typom
anorganick6ho p ln iva l30.TC s pr ldavkom PPgMAH
ako aj s pridavkom PPgDEM [4].

Podobnd Strukttira vznikd aj pri sledovanl polypropy-
l6nu odkovan6ho male in anhydr idom a p lnen6ho
montmori l lonitom [1]. Bola potvrdend vrstevnata mik-
roStruktura nanokompozitov plnenyich montmori l loni-
tom. Porovnan[m Struktury plniva a nanokompozitu je
moZn6 kon5tatoval, 2e vrstevnatd Strukt0ra plniva je
zachovanA v dispergovanej forme plniva v matrici, ale
sa zvdc5ili vzdialenosti medzi vrstvami vplyvom inter-
kalovan6ho ockovan6ho polypropyl6nu maleinahydri-
dom. Dispergovany stav plniva bol potvrdenf aj hod-
notenim TEM. Castice plniva tuoria vrstevnatd Struktrjru
rozdispergovan0 v matrici polypropyl6nu, co zodpove-
dd interkalovanej Struktfre [1].

Analyzy malouhlovej a Sirokouhlovej difrakcie ukdza-
li, 2e polyamid 6 kryStalizuje v cr-modifikdcii ako najsta-
bi I nejSej mod if i kdci i. KryStalog raf ick6 y-mod if i kdci a po-
lyamidu 6 sa vyskytuje len vel 'mi zr iedkavo pri  vel 'mi
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Specifickfch podmienkach chladenia. Je velmi nestd-
la a prech adza na stabilnu cr-modifikdciu. To ist6 platf
aj pre kry5talizdciu kopolym6rov a zmesikopolym6rov
s amorfnyim polym6rom. Pri hodnoteni kryStalografic-
kfch charakteristik kopolym6rov PA6/P46,6 v porovna-
ni s PA6 je moZn6 skon5tatovat, Ze stupen kryStalinity
kopolym6rov je velmi nizky a k pomal6mu zvf5eniu
kryStalizacie dochddza len v podiatocnlTch tAzach kry5-
talizdcie. V pociatocnfch tdzach kry5talizdcie kopoly-
m6ru doch6dza aj k poklesu velicln charakterizujucich
lameldrnu Strukt0ru kopolym6rov v porovnani s velici-
nami charakterizujrjcimi lameldrnu Struktfru homopo'
lym6ru PA6. V protiklade s \im je chovanie sa amorfnej
dasti  kopotym6rov, ktord nevykazuje vel 'k6 rozdiely
v porovnani s homopolym6rom [9].

1 .1 .2. H od noten i e kryStal izdci e na nokom pozitnych
materi6lov

Chovanie sa polym6rov pri izotermickej a neizoter-
mickej kry5talizdcii sa najcastej5ie sleduje pomocou
termickfch metod DSC, DTA, DMSC. lzotermick6
kry5tal izdcia je z hl 'adiska merania a matematick6ho
hodnotenia jednoduch5ia, ale neddva ndm dostatodnf
popis procesu kry5talizdcie polym6rov, Neizotermickli
sposob merania a matematick6ho hodnotenia je ztoZi-
tej5i, ale ddva lepSipopis dan6ho procesu pripravy po-
lym6rov, vldkien a v sfdasnej dobe aj nanokompozitov.

Sp6sob a hodnotenie izotermickej kry5talizdcie bol
sledovanli pre distyi polyamid 6 (PA6) ako homopolym6r
s rdznou molekulovou hmotnostou a pre syst6my kopo-
lym6rov polyamid 6/polyamid 6,6 (PA6/PA6,6) v pome-
re 90/10 a 85/15 a pre zmesi kopolyamidov (PA6/PA6,6
85/15) s amorfnym polym6rom (PA6am) (70130) tgl.

Zteorieje zn6me,2e na kinetiku kry5talizdcie homo-
polym6rov vplyiva vel'a parametrov, ako sri molekulo-
vd hmotnost, mnoZstvo a typ koncovfch skupfn ako aj
historia pripravy a podmienky spracovania polym6ru.
V5etky charakteristiky kry5talickej Struktriry zdvisia aj
od rychlosti chladenia, do suvisis nukledciou a rastom
kryStalitov.

Pri porovnani kinetiky kryStalizlcie homopolym6ru
a kopolymdrov (PAO a PA6/PA6,6)je moZn6 kon5tato-
vat, ie kopolym6ry pri ni25ej teplote kryStalizuj0 rlich-
lejSie ako homopolym6ry, do suvisr s rlichlej5ou kry5-
tal izdciou segmentov PA6,6 ako PA6 pri  danejteplote.
lch prftomnostou sa zvf5i i nukledcia a rlichlost kry5-
taliz6cie PA6 segmentov v kopolym6roch v porovnanf
so segmentami PA6 v homopolymdri. Kry5tality, ktor6
vznikaj0 pri kry5talizdcii kopolym6rov, sd neusporiada-
nej5ie ako kry5tal i ty vznikajuce v homopolym6roch,
V kopolym6roch PA6/PA6,6 sa netvoria eutektick6
kryStality, ale kryStality PA6,6 s0 vylucovan6 z lameldr-
nej kryStalickej oblasti PA6 a kry5talizuju rovnomerne
rozdispergovan6 v amorfnej oblasti PA6.

Mie5atelhost aromatickfch a alifaticklich polyamidov
bola zohladnend pri  Str idiu zmesi kopolym6rov PA6/
PA6,6 s amorfnfm nekry5talicklim polyamidom. Vplyv
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amorfn6ho polyamidu (PA6am) na kinetiku kryStalizd-
cie zmesi nemd jednoznacnf charakter. Pri niZ5ich tep-
lotdch kryStalizdcie pridavok amorfn6ho polyamidu zni-
2uje r fch lost  kry5ta l iz6c ie,  k tord je  porovnate l 'nd
s ryichlostou kry5talizdcie kopolym6rov. Pri vyS5rch tep-
lotdch kry5talizdcie amorfnli polyamid znichluje krySta-
lizacny proces tfchto zmesl ako aj ich stupen kryStali-
n i ty .  KrySta l iza6nf  proces zmesf  je  moZne popisat
Turbull- Fischerovf m vztahom :

In G = In Go - (AEYkT") - (AF./kT") (1)

kde G je nichlost rastu sf6rolitov, Go je preexponencidl-
ny faktor, k je Boltzmanova kon5tanta, T. je teplota
kryStalizacie, AE* je vol'nd energia aktivdcie prechodu
segmentov retazcov z taveniny do kryStalickejflzy, LF*
je volhd energia tvorby nukleikritickej velkosti. Pri vyS-
Sich teplotdch izotermickej kry5talizdcie, ked'sa T" bli-
Zi k T,, urduj0cim faktorom rfchlost i  kry5tal izdcie je
dlen rovnice (-AF"/kT.), ktor! zodpovedd za rlTchlost
tvorby nukleacnlch centier. Nekry5talizuj0ci amorfn;i
polyam id vyl ucuje castice kryStal izuj uceho polyam idu,
ktor6 podporujti nukledciu. Dochddza ku konformacn6-
mu preskupovaniu kryStalizuj0cich segmentov na lokdl-
nej Irovni a t17m aj k zvySeniu rlchlosti tvorby kryStali-
tov. Pri niZ5ich teplot6ch izotermickej kryStalizdcie, ked'
T" je vel'mi vzdialend od T' urcujucim faktorom kry5-
talizacn6ho chovania je faktor (-AEYkT.) z rovnice (1)
zodpoved aluci za rfchlost kryStalizdcie. Amoffny polya-
mid, ktor6ho Tn je okolo 120 "C, brdni dif0zii retazcov
PA6, 6i2e ich kryStalizacii a tym predlZuje cas kryStali-
zacie, cim zniZuje rlichlost kryStalizdcie. PredlZenie ca-
su kryStalizdcie je moZn6 potvrdit aj zvdc5en[m hrub-
ky lamiel a dlhou periodou kry5tal izdcie. Amorfnd cast
kryStalicklich polyamidov PA6 PA6,6 v zmesi sa pridav-
kom amorfndho polyamidu nemen[. Amorfnf polyamid
je vtldcanf do lameldrnych oblastiamorfnejcasti zmesi
tvorenej retazcami PA6/PA6,6 a tvorl s nimi jednotnf
amorfnI oblast zmesi. Pridavkom amorfneho polyami-
du klesne teplota kryStalizacie tychto zmesl, zvAcSi sa
aj ich lameldrna kryStalickd vrstva a klesd aj kryStalinita
zmesi .

Vfsledky prdce je moZn6 zhrn0t do niekolkych bodov:
- podmienky pripravy ovplyvnuju nichlost kryStalizd-

c ie homopolym6rov (PA6),  kopolym6rov (PA6/
PA6,6) a zmesi homopol6ru/kopolym6ru/amodn6-
ho (PA6/PA6,6/PA6am) polym6ru

- laktam ako monom6r posobf v homopolym6ri ako
plastifikator, brdni rastu kryStalitov a zniZuje kine-
tiku kry5talizdcie

- kinetika kry5talizdcie je viac spomalbvand v komo-
nom6roch ako v zmesiach homopol6ru/kopolym6-
ru/amorfn6ho polymeru [9].

Studium neizotermickej kry5tal iz6cie, aj ked'sa jed-
nd o ovela zloZitej5i proces hodnotenia, ddva podstat-
ne viac informdcii o kryStalizAcii cistlTch polym6rov ako
aj polymernych zmesi. Polypropylen je typickyi semi-
kryStalickf polymer, ktor6ho stavebn6 jednotky nano-
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kompozitu s anorganickfm plnivom sa pohybuju v roz-
meroch od nm do pm. Hrubka phillosilikatonich vrstiev
odpoveda nm, rozmery sferol i tov polypropyl6nu je
moZn6 charakterizovat v pm. Termicke vlastnosti na-
nokompozitov, t. j. kryStalizacn;i proces matrice zdvi-
sia od mikro5truktury MMT a jeho vplyvu na kryStalizd-
ciu matrice [1].

Pomocou DSC sa sledoval vplyv plniva na termick6
vlastnosti nanokompozitu - na ryichlost chladenia, teplotu
kryStalizdcie a pod. Boli vyhodnoten6 teploty kryStaliza-
cie pri roznej 4ichlosti chladenia pre cistli PP-g-MAH
a nanokompozit. Znameranfch vyisledkov vyplliva, Ze
teploty kryStalizdcie klesaju so zvy5ovanim nichlosti ch-
ladenia pre cis[i PP-g-MAH inanokompozit. Pri porov-
nani PP-g-MAH a nanokompozitu je zrejm6, Ze teploty
kryStal izacie oboch materidlov pri rovn alqich 4ich losti ach
chladenia su rozdielne a nanokompozit kryStalizuje pri
vy55fch teplotdch.

Na dalSie vyhodnotenie procesu neizotermickej kryS-
talizdcie boli pouZit6 vztahy:

1. Avramiho rovnica
2. Kissingerova rovnica
3. Dobrevovej metoda
Vyhodnotenim kineticklich parametrov n, K kry5tali-

zAcie pomocou zdvislosti log[-ln1-X(t))] : n.logt + logK
pre distf  PP-g-MAH a nanokompozit bolo zisten6, Ze
Avramiho exponent n nadobuda hodnoty blfzke hodno-
te 2,5 pre oba materidly. Na zdklade hodnotenia pro-
cesu neizotermickej kryStalizdcie pomocou Avramiho
rovnice je moin6 kon5tatoval, 2e rfchlost chladenia
a castice plniva nemaju vplyv na kinetick6 parametre
kry5talizdcie.

Na lep5ie zhodnotenie ako aj na porovnanie proce-
su kry5talizacie 6ist6ho PP-g-MAH a nanokompozitu
bola pouZita aj Kissingerova teoria urcenia aktivacnej
energ ie prechodu makromolekulovfch segmentov
k povrchu rastu kryStalitov AE.. pomocou vzfahu:

Dfln(ofi-2p)l/d(1 lTo\ = - ^E/R (2)

AktivacnA energia pre PP-g-MAH je-162,0 kJ/mol
a pre nanokompozit je 193,2 kJ/mol. Castice plniva
zvy5ujri viskozitu taveniny a zabranuju aj pohybu po-
lym6rnych retazcov a preto na vytvorenie kry5talickej
Strukt0ry nanokompozitu je potrene vric5ie mnoZstvo
energie. I napriek zvf5enej hodnote aktivadnej energie
pri kry5talizAcii nanokompozitu prftomnost dastic plni-
va zvy5uje rlichlost kry5talizdcie, co potvrdili vfsledky
merania DSC.

Na vyhodnotenie nukleacnej aktivity plniva bola po-
uZitd aj metoda Dobrevovej pomocou vztahu:

log o = konst-BJ2,3ATp2 (3)

Velidina B sa vypodita zo vztahu

B = coo3.V#/sk.t,.ns,i.n (4)

kde V, je moldrny objem kryStalickej tAzy, AS, je en-
tropia tavenia, k je Boltzmanova konStanta, o je Speci-
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ficka povrchovd energia, o je geometrick;i faktor. Akti-
va6nd schopnost e dastlc plniva v nanokompozite je de-
finovand ako pomer pr6c potrebnfch pri tvorbe trojroz-
mernych kry5tal i tov polym6ru s a bez plniva. Ak je
castica extr6mne aktlvna pri nukledcii, potom e sa rov-
nd nule. Pre absolftne inertn6 castice sa e rovna jed-
nej. Ak pr6ca je rovnd s0cinu n.T.'..B, pricom n je Av-
ramiho kon5tanta, ktorf je moZn6 urcit z DSC merani
a je pribl iZne kon5tantnd pre polypropyl6n ockovanf
MAH i pre polypropyl6n plnenf MMT, potom aktivacnu
schopnost dastic plniva je moZn6 urcit z pomeru smer-
nlc zdvislost i  logg = f (1F1s plnivom a bez plniva.

Po matematickom zhodnoteni nameranfch vfsled-
kov je moZn6 kon5tatoval, 2e pomer smernic vySSie
uvedenej zdvislosti resp. aktivacnd schopnost castic
plniva je rovnd 0,84, co charakterizuje plnivo ako nuk-
leacn6 dinidlo. Phillosilikdtov6 vrstvidky plniva su aktfv-
nymi zlolkami heterog6nnej nukle6cie. Volhii energia
pociatocnej nukledcie klesd vplyvom pritomnosti aktfv-
nych zloliekplniva. Aktfvnymi zloZkami nukledcie moZu
byt aj maleinanhydridov6 skupiny na polypropyl6no-
vom retazci, ktoryich aktivacnd schopnost je vZdy pod-
statne niZ5ia ako aktivacnd schopnost castic plniva [1].

Na zdklade prftomnosti pikov na termogramoch zika-
nfch pri prvom ohreve z DSC merani bol kon5tatova-
n;i  unik prchavfch zloZiek tak z cist6ho MMT ako aj
z cist6ho PAI a zmesi. Na termogramoch ziskanfch
z druh6ho ohrevu sa uZ pfky nenachddzaju. Predpok-
ladala sa aj prftomnost dvoch zlomov na termogramoch
z druh6ho ohrevu pre vzorky s plnivom MMT, co by
malo zodpovedat dvom teplotdm Tg pre plnen6 poly-
m6ry [18-19]. Dva zlomy na termogramoch pre vzor-
ky plnen6 MMT neboli nameran6. To moZe byt sposo-
ben6 rovnaklimi relaxadnfmi 6asmi pre polym6r i plnivo
(vel'mi mdlo pravdepodobne) alebo malou citlivostou
DSC metody k tfmto zmendm.

Urdenie tvorby disperzie s exfoliovanou alebo inter-
kalovanou Strukturou pomocou meraniDSC alebo TGA
je moZn6 nazdklade hodnotenia Specifick6ho tepla. Pri
tvorbe disperzie s exfol iovanou Struktfrou srj  zmeny
Specifick6ho tepla vel'mi mal6 oproti cist6mu PAl. Ovel'a
vdcSie su zmeny Specifick6ho tepla pri vzorkdch s kon-
centrdc iou vy55ou ako 1 ,5 o/o MMT, 6 iZe u vzor iek
s tvorbou interkalovanej Struktury. Vzorky s koncentr6-
ciou 1 ,5 a2,0 % MMT, u ktorfch sa tvorf interkalova-
nd Struktrira, maj0 aj niZ5iu schopnost degradacie. To
je sposoben6 zvf5en[m interakcif medzi polymernymi
retazcami a skupinami MMT, Pri disperzilch s exfolio-
vanou Strukturou interakcie medzi polym6rom a MMT
s0 mal6 alebo Ziadne a tfm aj schopnost degradAcie
tyichto materidlov je vy55ia l2l.

1.2 MechanickofyzikAlne vlastnosti  nanokompo-
z i tn fch mater i6 lov

Konedn6 vlastnosti nanokompozitu zdvisia od typu
anorganick6ho plniva, od distr ibucie jeho nanorozme-

141



rov, od homogenity distribucie nanocastfc v polymeri
a od termodynamickyich interakcif medzi casticami na-
noplniva a polym6ru resp. kompatibilizdtora.

Mechanick6 vlastnosti  -  tvrdost - polym6rov plne-
nych MMT su podstatne vySSie ako cisteho PAl. Naj-
vy55ie hodnoty bol i  dos iahnut6 pr i  koncentrdc i i  1
% MMT. Najvy55ia tvrdost pri  1% koncentraci i  MMT
m0Ze byt sposobend tym, 2e mal6 mnoZstvo MMT
v matricije najlep5ie rozdispergovan6 a umoZnf najlep-
Sie prepletenie retazcov polym6ru s plnivom a \im PAI
vytvrdne. Po zvliSeni koncentr6cie MMT nad 1 % nas-
tdva mierny pokles tvrdosti  dan6ho syst6mu, ale nie
drastickli. Polym6rnym retazcom PAl, ktor6 su penet-
rovan6 do Strukttiry MMT, je zabrfunen6 stvrdnft do ta-
kej miery ako pri 1 % MMT [2].

Porovnanfm Youngo4ich modulov nanokompozitov
s pridavkom PPgMAH a PPgDEM je moZn6 konStato-
vat, Ze niZ5ie hodnoty sa dosiahli pri pouZiti kompati-
bilizdtora DEM. KompatibilizAtor DEM md otvorenej5iu
Strukturu ako MAH a dipolovf moment DEM mdZe pok-
lesn0t a2 na nulu, clm umoZni zmenu konformdcie re-
tazcov PAl. Zmena konformdcie retazcov sposobi aj
zmlenie Youngovyich modulov. MAH md niekolkond-
sobne clenitejSiu a tuh5iu molekulu s permanentnl im
dipolovl im momentom, do umoZnuje poldrnej5ie inte-
rakcie s poldrnymi phillosilikdtovlimi casticami v porov-
nani s DEM kompatibi l izdtorom. MAH moZe tvori t  aj
imidov6 vdzby s oktadecylamlnovyimi kationmi castic
plniva. MAH ako komercnf 4irobok md vySSiu cistotu
a zdroven vySSiu homogenitu castic. NiZ5ia cistota i ho-
mogenita laboratorne pripraven6ho DEM umoZfiuje
tvorbu agregdtov flokulovanie jednotlivfch castic plni-
va do vAc5fch celkov. Agregdty iniciuju trhliny matrice
a tym sposobuj0 znlZenie mechanickofyzikdlnych vlast-
nost i  po lypropyl6nu s pr ldavkom kompat ib i l izdtora
PPgDEM. Pevnost polypropyl6nu zdvisiod typu ocko-
van6ho kompatibilizdtora a jeho obsahu ako aj od ty-
pu a obsahu anorganick6ho plniva. Vzorky s obsahom
PPgMAH maj0 vySSiu pevnost ako vzorky s PPgDEM.
Pevnost nanokompozitov s pouZitlm oboch kompatibi-
lizdtorov klesd so zvy5ovanlm koncentrdcie anorganic-
k6ho plniva. Rdzovd pevnost so zvy5ovanim obsahu
ockovan6ho polypropyl6nu klesd. VAcSia variabi l i ta
zmien mechanickofyzikalnych vlastnosti sa prejavila pri
pouZit i  poldrnejSieho ockovan6ho kompatibi l izdtora
PPgMAH [a].

Zlep5enie elastickyich vlastnosti bolo sledovan6 u na-
nokompozitu pripraven6ho z polypropyl6nu a SiO2-g-
PS ako plniva odkovan6ho polystyr6nom [17].

V prvej fdze bolo pripraven6 ockovane plnivo SiO2
polystyr6nom pomocou polym erizAcie monom6ru styr6-
nu. V dal5ej fdze bolo zmixovan6 ockovan6 plnivo s po-
lypropyl6nom v jednozdvitovkovom extruderi pri 200'C.
Vzorky boli podroben6 mechaniclqim pevnostnyim sk05-
kam, kde sa ziskali napdtovo-deformacn6 krivky, kto-
16 boli vyu2it6 na stanovenie energie spotrebovanej pri
danej sku5ke.
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Interakcie medzi zloZkami kompozitu plnivo-poly-
m6r-kompatibilizdtor urduju ucinnost napdto4ich pre-
chodov pri pevnostnlich sku5kach ako aj rozsah defor-
mdcie matrice. V konecnej fAze urcujr j  vlastne
mechanickofyz ikd lne v lastnost i  kompozi tu.  Z toho
dovodu je potrebne aj sledovanie vplyvu obsahu jed-
notlivlich zloliek kompozitu na mechanickofyzikdlne
vlastnosti .

K znileniu pevnosti a taZnosti moZe dOjst vplyvom
zoslabenia medzif iuovej adh6zie medzi zlolkami kom-
pozitu. Pevnost kompozitov plnenych ockovanfm PP-
g-SiO, sa zvyiSila rapidne uZ pri jeho nizkej koncentrd-
c i i  a  d 'a lSie zvf5enie koncentr6c ie p ln iva uZ
nesposobilo 4irazn6 z4i5enie pevnosti. Ak vdzba me-
dzi plnivom a matricou je dostatocne pevnd, pevnost
kompozitU oyc moZe byt aZ 1,33-ndsobkom pevnosti
povodn6ho polym6fu orm.t

oroio'y,.. = 1 + 0,33.F(c).v? (0 < F(c).v? < 1) (s)

oro/oy,, = 1,33[1 < F(c).V?] (6)

kde V, je objemovy zlomok castic plniva a F(c) je po-
diel celkovej plochy k ploche castlc zapojenfch do in-
terakcii s polym6rom. V pripade, ak koncentrdcia na-
pdt ia  okolo cast fc  p ln iva pres iahne hodnotu F(c) ,
Smykovd poddajnost castic sa rovnd Smykovej poddaj-
nosti matrice. DochAdzak dissipdcii energie pri deform6-
ci i  kompozitu vplyvom dispergovan;ich dastic plniva.
Najidedlnej5ia deformdcia kompozitu s dissipacnl im
procesom napit ia nastdva pri  obsahu 0,65 % plniva
v kompozite, kedy dochddza k ,,perfektnej" adh6zi i
polypropyl6nu s ockovanyim plnivom SiOr-g-PS. I nap-
riek potvrdeniu teoretickfch predpokladov, pevnost da-
n6ho materidlu sa zvf5i la len na froven 1 ,1S-ndsobku
pevnosti povod n6ho polymeru. N edosiah n utie teoretic-
kej hodnoty pevnosti bolo vysvetlen6 malou taZnostou
matrice polym6ru.

Ked'sa predpoklad6, 2e F(c) charakterizuje podiel
z4i5enia castic plniva zapojenych do interakcii pri de-
formdcii syst6mu, potom castice plniva vo vSeobecnosti
majI charakter vfstuZe v nanokompozite. Vy55ie hod-
noty F(c) fakticky indikuju pevnejSie medzifdzov6 inte-
rakcie. To t ieZ nepriamo potvrdzuje vaic5iu odolnost
kompozitu vodi deformdcii za tepla, diZe zniluje zrdZa-
vost nanokompozitov vplyvom nanodastic [17].

Publikovany prfspevok vznikol za financnej podpory projektov
APVT 2O-01 01 02 a VEGA 426 FCHPI SfU.
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Bc. Michaela Girmanov6
Vplyv makromorfologickej Struktlry textilii na ich biofy-
zikdlne vlastnosti.

Cielbm diplomovej prdce je posudit vplyv makromor-
fologickej Struktury dvojzloikov;ich a trojzlolkovyich
zmesn;ich textili i na ich biofyzikalne vlastnosti.

Textilie s prevaZujticim podielom PP vldkien a dop-
lfruj0cim podielom prirodnfch vldkien s0 urden6 do
odevu. Z tohto dovodu sa hodnotia vlastnosti, ktor6 ko-
re5pondujri s biofyzikdlnymi a komfortnfmi vlastnosta-
mi textili i pri noseni, ako s0 priepustnost vodnej pary,
pr iepustnost  vzduchu,  pr iepustnost  tep la za sucha
a vlhka, stlacitelhost a trenie. Vzhl'adom na rOznu mak-
romodologicku Struktriru danI zloZenim textllie z rozny-
ch vldkien s0 biofyzikdlne vlastnosti  rozdielne. Kom-
plexn;im hodnotenim sa zist i lo, 2e zlolenie text i l ie
z troch zloliekje vhodne; podiel lycry v textilii pri kom-
plexnom hodnoteni je menej vhodnf z hlhdiskatyzio-
logie a komfortu pri noseni.

The influence of macromorphological structure of tex-
tiles on their biophysical properties.

The goal of the work is to evaluate the influence of
macromorphological structure of blended textiles of two
and three components to their biophysical properties.

The textiles with prevailing PP fibre portion and a por-
tion of natural fibres are designed for clothes. That is
the reason why we measured the properties that cor-
respond with biophysical and comfort properties of tex-
tiles while wearing such as water vapor permeability,
air permeability, heat permeability in wet and dry con-
ditions, compressness and friction coefficient.

Regard i n g the d ifferent m acromorph olog ical structure
given by the composition of different fibres the biophy-
sical properties differ.

The complex evaluation has shown that the compo-
sition of textile of three components is convenient; the
lycra portion is less convenient from physiological and
comfort point of view while wearing.

Bc. Janka Kukulbv6
Kinetika farbenia modifikovan,!ch polypropylenovlch
vldkien

Diplomovd prdca bola zamerand na hodnotenie kine-
tiky farbenia modifikovanlich polypropyl6no4ich vld-
kien disperznfmi farbivamiTerasi l  Rosa 2GLA a Tera-
sil Blau 3RL vytahovacfm postupom.

Kinetika farbenia bola hodnotend na zdklade sledo-
vania tibytku farbiva z kupela v zdvislosti od casu far-
benia pri piatich teplotdch pre kaZdri z troch vzoriek
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modif ikovanlch polypropyl6novl ich vldkien. Ziskan6
experimentdlne zdvislosti pre hodnotenie kinetiky far-
benia boli spracovan6 matemeticky pomocou niekolkli-
ch modelov. Z vSisledkov matematick6ho spracovania
je moZn6 konStatoval,2e najvodnej5im modelom pre
popis kinetiky farbenia modifikovanfch polypropyl6no-
vyich vldkien disperznfmi farbivamije model Patterso-
nov resp. Vickerstaffov. Podlh urcenyich najvhodnej5fch
modelov boli dalej vypocltan6 difuzne koeficienty a ak-
tiva6nd energia farbenia modifikovanfch polypropyl6-
novfch vl6kien disperznyimi farbivami vytahovaclm
postupom.

Zo ziskanyich vyisledkov diplomovej prdce vyplfva, 2e
najlep5ie podmienky pre farbenie modifikovanfch po-
lypropyl enovf ch vl 6kien d i spe rzn;im i f arbivam i vytah o-
vacfm postupom s[  vySSie teploty  (okolo 100 "C)
a dlh5ie casy farbenia (viac ako 30 min).

Kinetics of dyeing of the modified polypropylene fibres
Diploma work was focused to the evaluation of kin-

metics of modified polypropylene fibres by exhaustion
method with disperse dyes Terasil Rosa GLA and Te-
rasi l  Blau 3RL.

Kinetics of dyeing was evaluated by determination of
dyestuff loss in the dyeing bath as a dependence of
dyeing time at 5 levels of temperature and 3 samples
of modified polypropylene fibres. Obtained experimen-
tal dependences were processed mathematically using
several models. Results prove that for description of dye-
ing kinetics the best model is that of Patterson and Vic-
kerstaff respectively. From these models diffusion coef-
ficients and energy of dyeing activation were calculated.

From obtained results it follows that the higer tem-
peratures (about 100 "C) and longer time of dyeing (more
than 30 min) are the best conditions for exhaustion dye-
ing of modified polypropylene fibres with disoerse dyes.

Bc. Tuzana Marti5kov6
Koncentrovan6 disperzie pre pigmentdciu polyestero-
vlich vlakien

Diplomovd prdca bola zamerand na hodnotenie spra-
covatelhosti ciernych koncentrdtov nabAze PET a PBT
v rdznom pomere prifarbenf PET vldkien v hmote a na
vplyv technologie farbenia v hmote na niekto16 zAklad-
n6 vlastnosti vldkien. Spracovatel'nost koncentr6tov sa
hodnot i la  na zdklade ich reologickfch v lastnost l
a mie5atel'nosti so zdkladnyim polym6rom pri prfprave
vldkien. Mie5atel'nost sa posudzovala na zdklade rov-
nomernosti Strukt0ry a geometrie pripravenlich vldkien.
Boli vyuZit6 merania mechanickyich vlastnostr vldkien
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(pevnost a taZnost), mikroskopickd merania (priemer
vlakien) a ich Statistick6 zhodnotenie.

Concentrated dispersions for pigmentation of polyes-
ter fibres

Diploma work was focused to the evaluation of black
concentrates processability using PET and PBT in dif-
ferent relationships during mass pigmenting of PET fib-
res. Influence of dyeing technology on basic fibre pro-
per t ies was examinated as wel l .  Processabi l i ty  of
concentrates was evaluated by rheological behavior
and miscibility with basic polymer during preparation of
fibres. Miscibility was determined by evenness of struc-
ture and geometry of prepared fibres. Mechanical pro-
perties (tensile strength and elongation at break), mic-
roscopic measurements (diameter of fibres) and their
statistical evaluations were evaluated as well.

Bc. Andrej Rusn6k
Polymerne zmesi na bdze polyesterov ako aditiva pre
modifikdciu vldkien

Cielbm diplomovej prdce bolo zhodnotenie vplyvu vy-
branfch vlastnostlpolym6rovyich zlo2iek PET a PBT na
nadmolekulovri Strukturu a niekto16 zdkladn6 vlastnosti
zmesnych PET/PBT vldkien. Skumala sa tieZ moZnost
pouZitia zmesi PET/PBT ako polym6rneho aditiva pre
modifikdciu polypropyl6nouich vldkien. V praci sa Studo-
vali reologick6 a termick6 vlastnosti polym6rnych zmesi
PET/PBT a zmesn;ich PET/PBT vlakien. Boli zhodnote-
n6 zdkladn6 mechanicko-fyzikdlne vlastnosti zmesnych
vldkien a na5li sa zdvislosti medzi kompatibilitou zloZiek
a rovnomernostou Struktury zmesnyich vldkien.

Polymer blends on the base of polyesters as additives
for modification of fibres

The diploma work was aimed at the evaluation of in-
f luence of some propert ies of polymer components
PET and PBT on the supermolecular structure and ba-
sic propert ies of blend PET/PBT f ibres as well .  The
possibility of application of PET/PBT blends as polyme-
ric additive for modification of polypropylene fibres was
investigated. Further the rheological and thermal pro-
perties of PET/PBT blends and fibres were studied. Ba-
sic mechanical-physical properties of blend fibres we-
re evaluated and dependances between compatibility
and evenness of blended fibre structure were found.

Bc. Radovan Radovcic
Chemickdt a fyzikdlna modifikdcia polyamidu 6 pre vlak-
na s vy55 imi uZitkovlmi vlastnost'ami

Hlavnfm cielbm diplomovej pr6ce bola priprava ko-
polyamidov z e-kaprolaktdmu, kyseliny adipovej a di-
etyl6ntriaminu dvojakfm sp6sobom :

- zo samostatn;ich zloliek
- z e-kaprolaktdmu a nylonovej soli druhfch dvoch

zloliek a porovnanie vlastnostr \ichto dvoch typov
kopolyamidov
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DruhA cast prdce bola venovand priprave zmesnlich
PA 6 vldkien modif ikovanyich s 10, 20, 30, a 50% hm.
kopolyamidov a stanoveniu vlastnosti  zmesnlch vla-
k ien.

Chemical and physical modification of PA 6 for fibres
with better end-use properties

The main aim of diploma work was to prepare copo-
lyamides from e-caprolactam, adipic acid and diethyle-
netriamine by two ways:

- from independet components
- from e-caprolactam and nylon salt of two others

components and to compare properties of these
two types of copolyamides.

The second part of this work was devoted to the pre-
paration of blended Pa 6 fibres modified with 10, 20, 30
and 50 wt.% of copolyamides and to the investigation
of blend fibres properties.

Bc.  Jana Carn6
V plyv kompatibi I izdtora n a vlastnosti
n anoko m pozitn ych v I dkie n

Prdca bola venovand prfprave novyich typov vldkien
zalo2enych na bdze komercnfch typov vldknotvornlich
polym6rov s vyuZitfm anorganickfch plnfv. Vldkna pozostd-
vali z matrice izotaktick6ho polypropyl6nu, ktor6 obsahovala
rozne koncentrdcie plniva Nanofi l  a kompatibi l izdtora -
polypropyl6nu ockovan6ho maleinanhydridom (iPP-g-MA).
Od pripravenfch nanokompozitnfch vldkien sa ocakdvala
zmena mechanicko-fyzikdlnych a uZitkovfch vlastnostf.
Sledovali sa mechanick6 vlastnosti (pevnos{ a taZnost),
sorpcia vody a tolu6nu v nanokompozitnyich vldknach a
ich elektrostaticlqi potencidl.

Vfsledky hodnotenf vlastnosti potvrdili vliznamnli vplyv
castfc a kompatibilizdtora na Strukturu, morfologiu, mecha-
nick6, sorpcnd a ind vlastnosti polypropyldnor4ich vldkien.
Taktie2 sa potvrdili dobr6 kom patibilizacn6 u cin ky i P P-g- MA.

lnfluence of compatibilizer on properties of
nanocomposite fibres

The aim of the thesis was preparation of new types
fibres based on the commercial types of fibre-forming
polymers using inorganic particles. The fibres consist
of matrix from isotactic polypropylene which contains
different concentrat ions of f i l ler Nanofi l  and compa-
tibilizer isotactic polypropylene grafted maleic-anhydrid
(iPP-g-MA). From prepared nanocomposite f ibres a
change of mechanical-physical properties and end-use
properties were expected. The mechanical properties
(tensile strength and elongation), sorption of water and
toluene in prepared nanocomposite f ibres and their
electrostatic potential were studied.

The evaluation of measured propert ies confirm re-
markable influence of both the particles and compati-
bilizer on structure, morphology, mechanical and end-
use propert ies of polypropylene f ibres. Also a good
compatibilisation effect of iPP-g-MA was confirmed.
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Z KONFERENCIE

3.N cENTRAL EURoPEAN CONFERENCE

3'd Centrat European Conference o vldknotvornyich
polym6roch,  chemicky ich v ldknach a Specid lnych
textf l idch sa uskutocni la v dnoch 10.-12. septembra
2003 v primorskom stredisku v PortoroZi v Slovinsku.
Hlavnyim organizdtorom konferencie bola Univerzita
v Maribore.

Hlavn6 t6matick6 okruhy na konferencii boli:
- Textiln6 vldkna
- Nov6 materidly
- Technick6 textilie
- Modifik6cie vldkien
- Povrchy vldkien
- lnteligentn6 textilie
- Recykldcie
- Upravy materi6lov
- Textiln A,,zelenA ch6mia"
- Sk[Sanie.

Prednd5ky boli zaraden6 podla t6matick6ho zame-
rania do Siestich sekciivrdtane posterov.

Plendrne prednd5ky na konferencii mali t6mu:
- Modern finishing processes for surface modifica-

t ion
- lontex: A cel lulosic f ibre for f i l t rat ion and ion ex-

change
- Flex fatigue of PET/PEN fibers
- Some recent results of dynamic analysis of un-

winding from conical packages
- Processing of polypropylene and polyester pig-

ment concentrates for spun dyed fibres
- Characterization of polymer surface modification
- Modif icat ion of wool by pulse corona discharge

and enzymes

Na konferencii bolo registrovanlich vy5e 80 fcast-
nikov. Okrem domdcich tu bol i  udastnlci z Polska,
Rakfska,  SRN, Francfzska,  Por tugalska,  Gr6cka,
Chorvdtska, Mad'arska, USA, Japonska, deska a
Slovenska. Celkom odznelo 30 prednd5ok na vysokej
odbornej frovni a s bohatou diskusiou.

Zo Slovenska bol i  na konferenci i  pr i tomni zdstup-
covia z  STU-FCHPT Brat is lava,  VUTCH-Chemitex
s.r.o. Zitinaa VUCHV a.s. Svit. Na konferencii prezen-
tovali udastnfci zo Slovenska tieto prednd5ky:

1. Processing of polypropylene and polyester
pigment concentrates for spun dyed
(Prof. lng. Anton Marcincin, PhD.)

2. Physiological properties of textiles
(Doc. lng. Anna Murdrovd, PhD.)

3. Copolyamides as additives for modification of
polypropylene and polyamide fibres
(Doc. lng. Michal Kri5tof ic, PhD.)

Okrem prednd5ok boli ricastnfci zo Slovenska aktivni
v posterovej sekcii.

Ku konferencii bolvydanli Book of Abstracts v kniZnej
forme a Proceedings na CD-roome.

Dal5ia, v poradi 4th CEC bude v roku 2005 na TU
v Liberci,

Informdciu o konferencii poddva:

Doc. Ing. Anna Murdrovd, PhD.
STU-FCHPT Bratislava
Radlinsk6ho 9
812 37 Bratislava
anna.murarova @ stuba.sk
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ZO ZAHRANICNYCH CASOPISOV

Perspektivy vfvoja vl6kien, priadzia materi6lov na
technicke ucely

ytlESSTjFFE/TECH.TEXT|LIEN, 47, 2001, d. 3,
s .2129

Technick6 trendy su ur6ovan6 poZiadavkami trhov,
rastucim ekologickyim sprdvan[m, poZadovanyimi ilZit-
kovfmi vlastnostami v; irobkov a poZiadavkami po
osobnej bezpecnosti a komforte. V uvode autor popi-
suje 5 alternatfvnych zdrojov vldkien na pokrytie poZia-
daviek trhu. PodrobnejSie sa zaoberd problematikou
vldkien na biopolym6rnej baze a novfmi technologia-
mi pradenia. Dalej popisuje najnovSie trendy v oblasti
vfvoja viacfunkcn;ich povrstvenlTch alebo laminova-
nlich materi6lov a textilnfch materi6lov pre zdravotnfc-
tvo.

P rod u ktivnej5ia tech n o lo gia zvlflkfr ova n ia pod trys-
kou
yLlESSTOFFE/TECH.TEXT1LtEN, 47, 2001, d. 3,
s. 68-69

V 6ldnku je predstavend najnov5ia technologia zvldk-
novania pod tryskou ,,Perfobond" firmy Rieter-Perfojet,
ktord ponuka niekolko inovatlvnych konceptov, cfm sa
stdva zariadenie vfkonnejSim, efektfvnejSfm a flexibil-
nej5im. Textiln6 materidly vyrobene touto technologiou
s0 lep5ie ne2 klasick6 materidly, najmd co sa tfka me-
chanickyich vlastnosti. TaktieZ su neobycajne mdkk6
a objemn6. Predpokladan6 moZnosti  ich apl ikacie: hy-
gienickli priemysel, zdravotnfctvo, polhohospoddrstvo
atd'.

Runov6 text i l ie z mikrovldkien do automobilov
yLlESSTOFFE/TECH.TEXTILIEN, 47, 2001, d. 3, s. 71

Nemeckd firma Frendenberg Vliestoffe KG predsta-
vila novu generdciu textili i ,,Evolon" urdenlich do auto-
mobilov, ktor6 sa vyrdbajf z mikrovl6kien zvldknova-
nfch priamo z polym6rov. Su jemnej5ie neZ klasick6
mikrovldkenn6 materidly. Podla slov f irmy sa text i l ie
Evolon vyznaduju vysokou rovnomernostou pri nfzkej
hmotnosti ,  text i lnyim vzhl 'adom, vysokou pevnostou
v natrhnutl ,  vel 'mi dobrou absorpciou zvuku, dobrou
spracovatel'nostou, rozsiahlymi moZnostami upravy po-
vrchu pomocou textiln;ich zo5l'achtovaclch procesov.
Tieto textilie sa pouZivaj0 v automobiloch na dekordciu
stropov, na vfrobu potahov na sedadld, na obloZenia
batoZinovfch priestorov, taktieZ ako zvukovo-izoladn6
r[na atd'.

Optim6lne f i l t racn6 vfkony s vl6knami na b6ze me-
laminovej iivice
ytlEssI?FFE/TECH.TEXT|L|EN, 47, 2001, d. 3, s. 72
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Predmetom cldnku je vldkno Basofil na bAze mela-
mfnovej Zivice, ktor6 sa najnov5ie pouZiva aj ako filtrac-
n6 m6dium pri f i l t rdci i  horuceho vzduchu, pretoZe je
odoln6 voci vysoklim teplotdm. Ndsledkom vfrobnlich
podmienok je prierez vldkien nie okruhly, ale sk6r ovdl-
ny a priemer sa pohybuje od 7-24 mikrometrov. Vd'a-
ka splo5ten6mu prierezu vldkien je preto k dispozici i
vdc5ia separadnd plocha. Rozdieln6 jemnosti  zlep5u-
lu zasa rozdelenie porov, co pri rovnakom prietokovom
objeme vedie k ni25iemu tlakov6mu rozdielu. Toto plati
aj pre vl6kenn6 zmesi, napr. z Basofilu a metaarami-
dov. Dokonca filtracnf vlikon tfchto filtrov je e5te vyS-
5i, pretoZe rozdieln6 triboelektricke vlastnosti jednotli-
v ; ich z loZiek zmesi  pozi t ivne vply iva ju na f  i l t rdc iu,
Vlirobcom uvedenych vldkien je nemeckd firma BASF
AG.

Syst6my bondcoating pre fixacn6 vloiky
yLIESSTOFFE/TECH.TEXTIL|EN, 47, 2001, e .  4,
s . 1 0 - 1 3

Nielen v technickfch aplikdcidch, ale aj v odevoch sa
pouZfvaj0 text i ln6 runov6 materidly na dosiahnutie op-
timdlnej trvdcnosti. Na priklade vfroby textilnfch vyis-
tuZnlich vlo2iek su v dl6nku poplsan6 a vysvetlen6 sy-
st6my bondcoat ing:  bodov6 spdjanie pastou
a dvojbodov6 spdjanie.

Lamin6cia a povrstvovanie technickfch text i l i i  ta-
veninou
VLIESSTOFFE/TECH.TEXT|LIEN, 47, 2001, d. 4, s.
1 + 1 6

Aplikdcia taveniny (EVA, CoPA, CoPET, PUR) v tex-
tilnom priemysle nahrddza syst6my na b6ze vody ale-
bo rozpri5tadiel a oproti klasicklm povrstvovacim a ka-
Sfrovacim procesom ponuka mnoho vlihod:

- proces nezalaluie Zivotn6 prostredie (bez rozpu5-
tadiel);

- nie su potrebn6 pridavn6 zariadenia na spalbvanie
odpadov6ho vzduchu;

- substrdty nie su vystaven6 tepeln6mu Soku;
- nie je potrebn6 su5enie alebo spekanie;
- niZSia spotreba energie;
- nie je potrebnd Specidlna priprava povrstvovacej

hmoty;
- velkyi vliber lepidiel;
- jednoduchA obsluha a vysoka spol'ahlivost vf roby;
- velkyi vfber substrdtov;
- vfber bodovfch alebo sietovfch vzorov;
- lamin6ty s mdikklim ohmatom a zdterom.
Technologia,,Cavimelt" alebo,,Caviscreen" spodiva

v nand5anltaveniny na substrdt prostrednictvom ryt6-
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ho valca (Meltprint) alebo filmovou potlacou (Screen-
print).

R0nov6 text i l ie z mikrovl6kien s text i lnfm charak-
terom
yLlESSTOFFE/TECH.TEXTIL|EN, 47, 2041, 6. 4,
s. 37-40

Firma Freudenberg Nonwovens sa snaZlvyrdbat ta-
k6 materidly (100-300g/m2;, ktor6 sa vyzna6ujti textil-
nyimi vlastnostami, ako je dekoratfvnost, schopnost
riasenia, spracovatelhost, ,,wash wear" a s[ z bikom-
ponentnych mikrovldkien (0,1Sdtex -1 dtex). Komfort
a UV-ochrana s0 vlastnosti, ktor6 6oraz viac poZadu-
j0 spotrebitelia. Tieto vlastnosti sri charakteristick6 pre
materidly,,Evolon". Vhodnou upravou sa dosiahne po-
Zadovanyi vzhl'ad a ohmat. Uveden6 su vlisledky sk0-
Sok uskutocnenfch vo 4iskumnyich ristavoch v Lyone
(textilno-mechanick6 vlastnosti) a v Hohensteine (ter-
mo-fyziologick6 a dermo-senzorick6 vlastnosti).

Zar iadenia na upravu pneumat ikov6ho kordu
a technickfch priadzi
ytlEssro FFE/TECH.TEXTILtEN , 47 , 2001 , 6. 4, s. 49

V obdobi coraz vdd5ieho ekologick6ho tlaku vzhla-
dom na Setrenie prirodnych zdrojov a ochranu 2ivotn6-
ho prostredia sa aj Svajdiarska firma Benninger AG vy-
rovndva s tfmito poZiadavkami a doporucuje vfrobcom
pneumatikov6ho kordu a technicklich priadzr vyuZfvat
syst6my (napr. ,,DUAL RAM", ,,FHCu, ,,Cord Dry", ,,Cord
Tec") a pristroje, ktor6 umoZnuju vylep5it energetickri
bi lanciu, optimalizovat technologickf proces, zvf5it
kvalitu hotovych vlirobkov atd'. Pristroje su jednoducho
zabudovatelhd do jestvujucich zariadeni.

Fireblocker do odevov pre poi iarnikov a ochran-
nich pracovnfch odevov
yLlESSTOFFE/TECH.TEXT| Lt EN, 47, 2001, 6. 4,s. 50

,,Vi lene" f ireblocker ponuka f irma Freudenberg ako
bari6ru pred teplom vo forme vol'nej alebo v pre5ivanej
netkanej textilii s pod5fvkovinou alebo so znadkovfmi
membrdnami ako bari6ru pred vlhkom. Hlavnou zloZ-
kou vldkennej zmesi f i reblocker,,Vi lene" je vldkno,,Ba-
sofil" nabdze melaminovej Zivice ztimy BASF. Hyd-
raulicky ihlovand rfnov6 textilie z tohoto materidlu sri
objemn6 a I'ahk6, vyznacuju sa dobryimi tepelno-izo-
ladnfmi vlastnostami, vynikaj0cou rozmerovou stabili-
tou a textiln;im ohmatom. ,,Vilene" fireblocker je vhod-
nf do ochrannlich odevov pre poZiarnikov (ochrana
pred vlhkom, teplom a tepelnfm stresom). Vyirobky s0
aj po opakovanyich praniach a tepelnfch r icinkoch
n e h orlhv6, tepel no-izol adn6, pried u5n6 a rozmerovo-s-
tabiln6. Skri5ky netkanych textilii v nezdvislfch sk0Sob-
nfch 0stavoch potvrdili hodnoty uvAdzan6 v medzindrod-
nfch normdch.

Obvdzy na rany s hydrovl6knami
ytlESSIOFFE/TECH.TEXTILIEN,48,2002, c. 1 , s. 63
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,,Textus Multi" - mikkf, sterilnf , hydrofilnf obvdz na
rany z r0na spod trysky je na kontaktnej strane s ranou
povrstvenf porovityim polyetyl6no4im filmom. PouZfva
sa najmd pri liecbe mokvavyich rdn vo v5etklich troch
Stadiach. UdrZuje optimdlny stupei vlhkosti, prispieva
k autolytickej liecbe, md baktericldne 0cinky, nie je oklu-
z(vny, dobre sa oddel'uje od novovytvoren6ho tkaniva,
posobi hydroaktfvne, interaktivne a/alebo bioaktivne.

Mult i funkcn6 vloiky pre stre5n6 materi6ly
ytlESSTOFFE/TECH.TEXTILIEN, 48, 2002, c. 1, s. 64

Vfsledkom spolocn6ho 4ivojov6ho projektu obchod-
nfch oddelenisklenenfch vldkien a polyesteru a pouZi-
tia najmodernej5ich vfrobnfch technologii je ,,Combi-
Mat", v ktorom s[ zdru2en6 vfhody polyesterov6ho
a sklenen6ho runa, Vysokopevn6 a rozlaind polyeste-
rov6 rilno ako aj rozmerovo-stabiln6 a Specidlne upra-
ven6 sklenen6 r0no sa spoja technologiou vpichovania.
U vzniknut6ho tvarovan6ho kompozitn6ho materidlu
nedochdd zak zhor5eniu vlastnosti sklenenych vldkien.
Zlep5f sa aj sprdvanie pri horenf. Z materidlu ,,Combi-
Mat" sa vyrdbajI vysokokvalitn6 polym6rne bit0meno-
v6 stre5ne pdsy. Dal5ie uplatnenie vfrobku: zvukovd
izol6cia, podlahove krytiny, atd'.

Kompaktn6 zariadenie na polypropyl6n FDY
ytlESSf OFFE/TECH.TEXTILIEN , 48,2002, c. 1 , s. 65

O zariadenie,,VarioFil", ktor6 koncom roka 2001 pre-
zentovala nemeckd firma Barmag je velkf zdujem. No-
47 koncept stroja na vfrobu vysokokvalitnfch nekoned-
nyich vl6kien z PP a infch polym6rov pokrliva rozsah
ti trov od 50 aZ po 1200 den pri  maximdlnom vyikone
stroja 216 kg/h. Zariadenie ,,VarioFil" je vhodn6 na vy-
robu Sirok6ho sort imentu vfrobkov v malfch mnoZ-
stvdch. Vlirobca chemickfch vldkien moZe velmi rfchlo
reagovat na poZiadavky dynamicky sa rozvrjaj0ceho tr-
hu. Zariadenie s minimdlnou udrZbou je nendrodn6 na
obsluhu.

Vl6kna na ochrannf odev pre poiiarnikov
vLlESSTOFFE/TECH.T EXTI Lt EN, 48, 2002, e. 2,
s .  6-12

Dopyt po termicky stabilnfch, nehorlhvfch chemic-
kfch vldknach neustdle stupa. Predmetom Studie su
vlAkna na ochrann6 odevy pre poZiarnikov: aramidov6
(PPTA),,N omex",,,Kevl ar", polybenzi m idazolov6 (PB l),
polyvinylchloridove (PVC), polytertraf luoretylenov6
(PTFE) ,,Teflon", polyamidimidov6 (PAl) ,,Kermel". Pod-
robnej5ie je popisand nov6, modifikovan6 vldkno PAN
,,Prylanit".

LepSie ri2itkov6 vlastnosti ochrann6ho' odevu
ytlESST?FFE/TECH.TEXTILtEN, 48, 2002, d. 2,
s .  13 -14

Pomocou procesu ,, lnterSpun" na zariadeniach
,,AquaTex" sa dosiahnu lep5ie textiln6 vlastnosti tkanin
na ochrann6 odevy. Vfhody zoSl'achtovania: znllena
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spotreba flu6rkarbonovlich a infch chemikdlil, absol0t-
na rovnomernosf tkaniny po celej Sfrke, zn{Zenl, prie-
pusnost vzduchu u tkanln zo striZe, nastavitellnA (zvy-
Send alebo znftena) priepustnosf vzduchu u tkanfn
z nekonecnlch vldkien, zn[2en6 ndklady na priadzu po-
uZitim lacnej5ich dopriadacich sposobov, zniZenie ale-
bo elimindcia chemikalif Skodlivfch pre Zivotn6 prostre-
die, ekologicky proces, 100 % recyklovatelhf.

Kompozitn6 tkaniny na ochranu cloveka
yLlESSTOFFE/TECH.TEXTILtEN, 48, 2002, a. 2,
s . 1 6 - 2 2

Cielbm 4iskumn6ho programu na Technickej univer-
zite v Texase je vyivoj balistickfch ochrannyich podkla-
dovrich materidlov s vyuZitim najmodernej5lch vfrobnyi-
ch technologi i ,  napr .  r0novych text i l i i .  V rdmci
vfskumnej cinnosti sa snaZia pomocou technologie vy-
roby netkanyich textilif a tkania vyvin0t balisticky suport
na ochrann6 odevy na bdze koZe. Zdmeromje vyiroba
kval i tnfch a ergonomicky tvarovanfch ochrannlich
odevov z kompozitn6ho materidlu koZa/vlakno s balis-
tickym ochrannlim [6inkom.

Obnovitel 'n6 suroviny na technick6 text i l ie
yLlESSTOFFE/TECH.TEXT1LtEN, 48, 2002, 6. 2,
s. 35-36

V septembri 2001 sa konalo v Erfurte 3. sympozium
s odbornfm veltrhom na t6mu ,,MateriAly z obnovitel-
nyich surovfn" ( l 'anov6, konopn6 a tropick6 rastl inn6
vldkna). 50 vystavovatelbv a 70 odborn;ich prednd5ok
informovalo o aktudlnej situdcii pri zlskavani, ilprave,
spracovavanf obnovitelhyich surovin a aplikdcii vfrob-
kov z n ich (napr .  ob loZenie batoZinov6ho pr iestoru
a dverf z tvarovanlich kompozitnfch materidlov auto-
mobilov; morskd trdva - izolacne ucely v stavebnictve;
bambusovd vldkna - vyistuZ do plastic$ich hmot; spev-
novanie tenkfch betonovl ich konStrukci i  konopn;imi
vldknami; ndhrada sklenl ich vldkien v termoplastoch
konopn;imi, atd'.).

Laroche: Spracovanie vl6kien a recykl6cia odpadu
INDUSTRIAL FABRICS BULLETIN, 12, 2002, E. 3,
s. 38-39

Recykldcia textilnyich odpadov prind5a mnoh6 eko-
nomick6 a ekologick6 vyihody. Star6 textflie sti d6leZi-
tou textilnou surovinou budricnosti. Upraven6 odpady
vznikajfce pri vfrobe priadzi, plo5nyich 0tvarov a net-
kanyich textili i je moZn6 opdtovne pouZit vo vfrobnom
procese.

Textilie do automobilov
//VDUSTRIAL FABRICS BULLETIN, 12, 2002, e. 3,
s. 43-44

V dnoch 13.-14. marca 2002 sa konal v nemeckom
Mannheime medzindrodnf kongres poriadanf spoloc-
nostou VDI - Technologia plastickfch ldtok, na ktorom
sa zucastnilo asi 1300 expertov z automobilov6ho prie-
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myslu. Popri hlavnej t6me,,Plastick6 latky v automobi-
loch", bol velkli zAujem o,,Textilie v automobiloch". Dis-
kutovalo sa o no47ch technologiach a trendoch u auto-
mobilovfch text i l i i ,  napr. o text i l idch z mikrovldkien,
stdlostiach vyfarbenia automobilovyich potahoviek na
svetle, vnftornom priestore automobilov, atd'.

Nehorl'av6 viskozov6 vldkna
INDUSTRIAL FABRICS BULLETIN, 12, 2002, d, 3,
s. 48-51

Vlisledkom najnov5ich vfvojov v oblasti nehorl'avych
materidlov s0 produkty zloZen6 zo zmesi aramido4ich
vldkien a nehorl'avej viskozy,,Lenzing FR". Odev vyho-
tovenf z tohto zmesovtiho materidlu sa vyznacuje
oproti odevu zo 100 % aramidu nfzkou hmotnostou, vy-
nikajfcim komfortom, ochranou pred vysokfmi teplo-
tami, vySSou absorpcnou schopnostou, dlhSou Zivot-
nostou,  pr i rodzenl im, ,chambery"  vzhl 'adom, lep5ou
stdlostou vyfarbenia na svetle, vynikajucou odolnostou
proti Zmolkovaniu, I'ahkou udrZbou, prirodzenyimi antis-
tatickyimi vlastnostami. Odev je mdkkf, hladkf a prijem-
ny na pokoZke.

Nov6 vysokovf kon n6 vl6kno
INDUSTRIAL FABRICS BULLETIN, 12,2002, C. 4,
s .3f37

Holandskd firma Magellan Systems lnternational, kto-
rd bola zaloZen| v roku 1997, vyvinula no4i typ che-
mick6ho vldkna z polym6ru na blze kyseliny 2,6-dihyd-
roxyteref ta lovej  a  2,3,5,6- tet ram[nopyr id inu.  Nov6
vldkno pod oznacenfm M5 md vy5Siu pevnost neZ pa-
raaramidov6 a uhlikove vldkna a vy55imodul neZ vldk-
no PBO. V sucasnosti prebiehaju vlivojov6 prAce; u2
teraz sa v5ak pocrta s komercnou vlTrobou tohto vl6k-
na.  Predpokladan6 pouZi t ie  v ldkna M5:  kompozi tn6
materidly, klinov6 remene, kdble a in6 technick6 pro-
dukty.

Hospod6rna vfroba f i l t racnfch tkanin
INDUSTRIAL FABRICS BULLETIN, 12,2002, 6,.  4,
s .38 -39

Filtracnd tkaniny, ktor6 sa vyrdbaj0 najmA z chemic-
kfch vlakien, ale aj z kovovfch drotikov alebo zliatin ko-
vov, nachadzalu 5irok6 uplatnenie v r6znych priemysel-
nlich oblastiach (napr, kuchynsk6 sitkd, technick6 filtre,
medic[nske f i l t re, priemyseln6 f i l t re, atd'.) .  Mimoriadne
ndrodnou oblastou je  papierenskf  pr iemysel ;  tu  sa
pouZivajf Specialne filtre z tkanin. Na ich vfrobu s0 pot-
rebn6 nielen Specifick6 know-how, ale aj vhodn6 upra-
ven6 tkacie stroje. Firma Sulzer Textil ponuka tkacie
stroje na vfrobu takfchto filtracnfch tkanin v poZado-
vanfch Sirkach.

Vyznamenanie pre ,,Nano-Sphere R" od Schollera
TEXTILVEREDLU NG , 37 , 2002, e . 112, s. 33

Svajciarska firma Sch6ller z Langenthalu prevzala
cenu ,,Design Preis Schweiz 2001" za vyvoj na bdtze
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nanotechnologii. Tato cena sa udeluje kaZd6 dva ro-
ky za mimoriadn6 dizajnerske rie5enia v kategoridch:
Industr ial Design, Texti le Design, Interaction Design,
Service Design. Listy urcitfch rastlln alebo krfdla hmy-
zu sti vldy cist6, pretoZe Spina sa neudr2[ na ich Struk-
turovanom povrchu. Tento logickf a ekologicky prijatel-
ny i  pr incfp apl iku je f i rma Schol ler  a j  na povrchy
textilnfch materidlov pomocou modernej nanotechno-
logie. Prv6 textilie s 0pravou ,,NanoSphere R" s0 u2 na
trhu od zaciatku 2001.

Vl6kenn6 zmesi s elastanom: Odporudania pre pre-
d0pravu a farbenie
TEXTILVEREDLUNG, 37 , 2002, c. 314, s. 1 2-1 6

Fyzikdlne vlastnosti elastanovyich vldkien a textfli i ob-
sahujricich elastan ovplyvnujf vo velkej miere vSetky
vfrobn6 operdcie pocnuc predripravou a kon6iac ko-
nednou Ipravou. V prispevku su poplsan6 najdOleZitej-
Sie vplyvov6 veliciny a uveden6 pokyny pre vfber pro-
duktov a upravdrenskyich postupov.

Nov6 polyesterov6 priadza do dekoradnfch, calun-
nickfch a automobilovfch text i l i i
TEXTILVEREDLUNG,3T, 2002, e. 314, s. 39

Na vyistave Expofil bola po prvy raz predstavend no-
vd polyesterovd priadza,,Dacron hexsa" (so Sestkand-
lovfm prierezom), ktoru vyvinula firma DuPont Sabanci
Polyester (VB) Z priadze sa vyrdbaju dekoracn6, da-
l0nnick6 a automobilov6 vel0ry. Laboratorne sku5ky
ukdzali ,  Ze novd priadza md tr ikrdt lep5iu pevnost
v ohybe neZ priadza s kruhovlim prierezom. Materidl sa
vyznacuje mdkkostou,  pruZnostou,  sp l fvavostou,
dlhSou Zivotnostou, odolnostou proti oderu, stdlostou
vyfarbenia na svetle a v prani.

Sportov6 oblecenie splnuj0ce vysok6 poZiadavky
s vaic5ou bezpecnostbu
TEXTILVEREDLUNG, 37 , 2002, e . q4, s. 39-40

UZ niekolko rokov vyvijaj0 Svajciarska firma Christian
Eschler a japonskd firma Descente oblecenie pre Svaj-
diarskych reprezentadnfch Sportovcov, ktori sa venu-
j0 alpsklim disciplinam. V;iroba materidlu a vlivoj apli-
kacnej metody je v rukdch firmy Eschler, tlad, strihanie
a konfekcionovanie prevzala firma Descente. Bol vyvi-
nutf novli Specidlny lamindt a novd metoda lisovania
so Specificky definovanymi vypuklinami esovit6ho tva-
ru. Tento efekt nazyva firma Eschler Spirdlovityi efekt
,,Votex". Funkcnost sl'ubuje viac stability znilenou vib-
rdciou, a tfm dba o vdc5iu bezpecnost v aplskom pre-
tekdrskom Sporte.

Ochrana  p red  UV i i a ren im:  Ak f  vp lyv  ma ju  in6
upravy?
TEXTILVEREDLUNG, 37 , 2002, c. 5/6, s. 5-9

Uprava proti ucinkom UV Ziarenia sa neaplikuje sa-
mostatne,  a le vdcSinou _s in fmi  Ipravami,  napr .
zmdkcovacou, nekrdivou. Ci a do akej miery dochAd-
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zakvzdjomnfm interakcidm, je predmetom tohto pris-
pevku. Z vfsledkov skti5ok vyplyiva, 2e uprava proti
ucinkom UV Ziarenia je v pripade pouZitia UV adsorb6-
rov vo vSeobecnosti dobre znd5anliva s inyimi fpravd-
rensklimi efektmi.

distenie text i lnfch odpadovfch vdd pomocou ul-
traf i l t16cie
TEXTILVEREDLU NG , 37 , 2002, c. 5/6, s. 1 0-1 4

Pri cistenf odpadovlich vod z textiln6ho priemyslu naj-
vdc5i probl6m sposobuje ich odfarbovanie. V tejto ob-
lasti existuje vel'a moZnostlpre aplikacie baromembr6-
novl ich technologi [ ,  napr .  reverznA osmoza,
nanofiltracn6 a ultrafitracn6 procesy. V clanku su uve-
den6 vfsledky cistenia odpadovych vod obsahujucich
reaktivne chlortriaz[nov6 farbivo pomocou ultrafiltrdcie.

Nanofi l tracn6 zariadenie f irmy CBW Chemie
TEXTILVEREDLU NG , 37 , 2002, c. 5i6, s. 37

V nemeckej f i rme CBW Chemie bolo nain5talovan6
modern6 nanofiltracn6 zariadenie nemeckej firmy En-
viro-Chemie. Vfrobca organickfch polotovarov, aditiv-
nych ldtok a farbfv mOZe na tomto zariadenf vyrobit roc-
ne a21000 t teku\ich farbfv. Pomocou membrdnov6ho
filtracn6ho zariadenia sa dosiahnu vy55ie vftaZky (+ a
%) a zntZi zalaZenie odpado4ich vod sol'ami o jednu
tret inu.

Nov6 povrstvovacie technologie pre pr6covne
a ochrann6 odevy
TEXTILVEREDLU NG , 37 , 2002, e . 7 rc, s. 1 4-1 6

Povrstven6 alebo infm sposobom upraven6 pracov-
n6 a ochrann6 odevy chrdnia jeho nositel 'a pred me-
chan icklim i, chemicklmi, tepel nymi, elektricklim i, mag-
neticklimi, toxickymi a ultrafialovfmi vplyvmi a pouZitim
technologiIa surovin dostupnfch na trhu mOZu reago-
vat na teplotu, zmenu pH, vlhkost, UV a magnetick6
Ziarenie, svetlo a elektricitu. Optim6lne produkty na vyi-
robu ochrannlich a pracovnfch odevov vyZadujti kom-
pletne s ledovat  pouZi t6 v ldkenn6 mater id ly ,  v l i robu
plo5nfch [tvarov a povrstvovanie.

Hyd rofobizAcia plazm ou
TEXTILVEREDLU NG , 37 , 2002, c. 9i 1 0, s. 5-1 1

Na zdklade svojich dobnich mechanicklTch vlastnostf,
nrzkej hmotnosti  a jednoduchej spracovatel 'nosti  na-
chddzaju polym6rne materidly uplatnenie v mnohfch
oblast iach.  Na dosiahnut ie  opt imdlnej  funkcnost i  je
v5ak mnohokrdt potrebn6 modifikovat povrchove vlast-
nosti, ako napr. zmdcatelhost, hydrofobnost alebo che-
mickri  funkcnost a prispOsobit ich ucelu pouZit ia tak,
aby nedo5lo k negatlvnemu ovplyvneniu objemnosti .

Polyamidov6 vl6kno s ochrannfm faktorom 60
TEXTILVEREDLU NG, 37 , 2002, c. 9/1 0, s. 37-38

Nemeckd firma BASF vyvinula polyamid, ktoni chrdni
pred 0cinkami UV Ziarenia. Aditfvna ldtka - oxid t i tani-
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dihi sa pomocou Specialnej technologie rozptyili (velkost
castfc 500 nanometrov) v polyamide tak, aby sa dosia-
hol vysoky ochrann;i faktor, a aby sa dali e5te vypriast
z polyamidu jemn6 priadze. Produkt pod ndzvom ,,Ul-
tramid BS516N" pon0ka f irma v granulovanej forme.

Hydrofobna uprava - oleofobna uprava: Nov6 vf-
voje
TEXTILVEREDLUNG, 37,2002, c. 1 1 112, s. 1+-19

Cielbm Specidlnych chemicklch {prav je obalit jed-
notliv6 textiln6 vldkna hydrofobnym alebo oleofobnym

prostr iedkom na bdze polym6rov zo si l ikonov alebo
fluorovanfch uhlbvodikov tak, aby textilie boli aj nad'alej
prieduSn6. Hydrofobne alebo oleof6bne upravy su vel-
mi doleZit6 aj pre oblast netkanfch textiliia technickyich
textf l i f .  Nemeckd f irma Bayer Chemicals uvddza na
europsky trh novyi, slabo kationovf produkt na bdze
fluorkarbonovej Zivice ,,Baygard UFC', ktorf sa pouZi-
va na hydrofobnu a oleofobnu fpravu Sporlov6ho ob-
ledenia, oblecenia do daZd'a z chemickfch alebo pri-
rodnlich vldkien.
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