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The paper deals with polymer composite fibres, spinning, structure and properties. In the intro-

duction part, a review of polymer composites based on nanofil lers with a high aspect ratio, suclr as

layered sil icates and carbon nanotubes, is given. In the se'.cond pad, the experimental results con-

cerning the spinning of polypropylene/boehmite and polypropyiene/carbon nanotubes composite

fibres, their structure and selected mechanical propefties are preserrted. The material composition

and processing conditions leading to the enhanced mechanical properties of composite fibres are

discussed in the paper as wel l .

1.  In t roduct ion

Inorganic f i l lers are very often used for improving the
desirable propert ies of polymers. Many of them such
as calc ium carbonate,  t i tan ium diox ide,  ta lc ,  g lass
beads and shorl glass f ibres have been used intensi-
velyto enhance the mechanrcal propert ies of polymers

11, 21. Fi l lers wiih a larger aspect rat io such as shorl
f ibres were found to be more effect ive modifrers. A si-
milar effect was expected when an inorganic f i l ler with
dimensions on a nanometer  scale and a h igh aspect
ratio such as layered silicates (LS) and carbon nano-
tubes (CNT) was used for forming polynrer composi-
tes. The aspect ratio of the layered silicates is about
2OC', for CNT this is substantial ly higher (more than
1  000) ,  [3 ] .

The incorporation of layered si l icates in polymers
and forming a dispersion with separated nanopadicles
to prepare polymer nanocomposites is crurcial in the
development of new polyrner composite materials.
Mostly polyolefin nanocomposites with an exfoliated
structure require the treatment of a f i l ler with organic
compounds and addit ional ly use special compatibi l i -
sers [4 ] .

One of the most commonly used organical ly layered
si l icates is derived from montmori l lonite (MMT). This
is formed by stacked layers with a layer thickness of
around 0.96 nm and a la tera l  d imension of  100-200
nm. The layers form stacks with an interlayer between
them. An individual layer with an interlayer represents
the repeat unit of a multilayer material called d-spa-
cing or basal spacing (d001) and can be calculated
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from the 001 plane obtained from X-ray diffraction pat-
terns [5] .

The hydrophil ic nature of layered si l icates wfr ich is
not favourable for dispersion in organic polymers can
be suppressed and altered to be more hydroplrobic
by, e.9., ion exchange reactions with cationic surfac-
tants, including primary, secondary, tert iary and quar-
ternary alkylammoniurn cations [6].  Organical ly treated
layered si l icates are organoclays suitable for prepara-
t ion of polymer nanocomposites with polar functional
groups such as polyester (PES) and polyamide (PA)
For polyolef in nanocomposites such as polypropylene
(PP) and polyethylene (PE), i t  is also necessary to use
a convenient compatibi l iser such as maleic anhydride
modif ied polypropylene [7].

There are two important factors necessary to
achieve the exfoliation of layered silrcates. The com-
patibi l iser should be miscible with a PP matrix and
include suitable polar groups in the molecule. Regar-
ding the structure of the layered si l icates in a polymer
matrix, the composites can be classified as intercala-
ted or exfoliated nanocomposites. The fully exfoliated
structure of si l icates in polymers is rare. The comb,-
nation of intercalated and exfoliated structures in poiy-
mer nanocomposites represents actual polymer nano-
composites [B].

The intercalation and exfoliation of clay platelets in
polymer melt depends on the thermal dif fusion of poly-
mer chains (or a compatibi l iser) in the interlayer space
and on shear stress during mixing. Uniform dispersion
with a high share of clay nanopaft icles in the polymer
matrix enhances the Young's modulus and tensi le
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strength but significantly reduces the tensile ductility
and impact strength compared to a neat polymer.

At this time, there are several producers of orga-
noclays available commercially such as Souther Clay
Products, USA (Cloisite@ 10A, 15A, 20A and 308);
Sud  Chemie ,  Germany  (Nano f i l *  2 ,5 ,  9 ,  SE300 ,
SE3010); Elementis Specialt ies Company (Bentone6
1O7, 108,  109 and 2010) ;  Nanocor  lnc,  USA (Nano-
mero  1 .30P,  3 .31  PS,  1 .44P,  1 .44PT,  1 .28E) ;  Lav iose
Chimica Mineraria, l taly (Dell i te 72T); Co-op Chemi-
cals ,  Japan (Somasi f  '  ME100).

The dispersion of CNT in polymers is relat ively poor
compared with lower aspect ratio particles due to the
nanotubes having a strong tendency to agglomerate
as a result of their high surface areas and fibrous
nature. Their very stable chemical characterist ics and
lack of functional sites on the surface also complicate
the dispersion issue. The length of CNT, which can
range up to several mil l i rneters, is the most undesi-
rable for practical appl icat ion [9].  Both physical and
chemical approaches have been adapted to reduce
the length of CNT to certain extents that are suitable
for blending. These methods also activate the CNT
at the open-ends via the formation of functional gro-
ups. The physical dispersion route includes ultrasoni-
cation, bal l  mil l ing grinding and high speed shearing

[10, 11 ] Chemical treatment with sulphuric /hydro-
chloride acid and nitr ic acid in combination with laser
treatment enables the successful conversion of the
CNT from being nearly endless and highly tangled
into short and open-ended pipes. Besides, a similar
method provides functional ised CNT, e.9., by carbo-
xyl ic or -NH, groups [12].Reactive functional groups
are given an opporlunity to prepare CNT functional i-
sed with other polymer containing -OH groups such
as polyvinyl alcohol (PVA) via an esterification reac-
t ion. The P\A/CNT fr lms and f ibres were prepared in
this way [ ' '1 3, 1 4].

The preparation of aligned polymer/CNT bulk com-
posites remains a s;cientific challenge for material
scientists. Enlranc-od mechanical and physical pro-
perties can be further achieved in polymer/CNT corn-
posites provided that the CNT are well aligned within
the polymer matrix. One approach for preparing alig-
ned polymer/CNT composites utilises penetration of
a monomer in a l iquid or gas form in to the CNT bundle
fol lowing in situ polymerisation. The PEICNT, polyani-
line/CNT, PMMA/CNT composites were prepared in
th is  way t15l

The tendency of CNT to form agglomerates could
be minimised by the appropriate application of shear
forces. Nanocomposites based on PE, PP, PC and
PMMA with a uniform distribution of CNT oarticles in
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a polymer matrix were prepared by the optimisation of
the shear mixing of the blends t16I

Many producers of CNT all over the world offer
various kinds of un-functionalised and functionalised
products such as Nanocyl S.A. (Belgium), Nanoledge
Co. (France), Nanothinx Co. (Greece), SouthWest
NanoTechnologies Inc. (USA), Carbon Nanotechnolo-
gies Co. (USA), Carbon Nanotech Research lnstitute
Co. (Japan), lUlN Nanotech (Korea), and Shenzhen
Nanotech Port Co. (Chinese).

Polymer n anocomposite fibres
Oriented polymer composites such as composite fib-
res represent a special group of polymer materials.
The mechanical propert ies of f ibres depend on their
molecular and supermolecular structures and the ori-
entat ion of their crystal l ine and amorphous regions.
Some papers have shown enhanced mechanical pro-
pefties of polymer composite fibres, such as tenacity,
Young's modulus, ducti l i ty, and st i f fness; and fudher,
the improvement of electrical conductivity, un-flamma-
bility, dyeability and other propefties. Deformation and
orientation of the structural elements of polymer nano-
composites upon spinning and drawing have been
shown as crucial from the point of view of the final pro-
pertres of composite fibres.

In the next part a short review of selected polymer
composite f ibres is presented [17-30]: Polyethylene
terephthalate (PET)/organoclay nanocomposite
monofi laments were prepared by in situ interlayer
polymerisation and spinning with various draw rat ios
(DR= 1 -16)  in  the  sp inn ing  l i ne .  The  dodecy l  t r i pheny l
phosphoniunr  ion for  an ion exchange react ion wi th
MMT to improve exfol iat ion because of the Jegra-
dat ion of  the common quar ternary ammonium com-
pounds at a processing temperature (280'C) was
used. A high degree of exfol iat ion of the organoclay
was obtained in this way. The rnechanical propeft ies
of the spun f i laments correlated with the organoc-
lay concentrat ion and draw rat io  upon spinning.  The
tensi le  s t rength and in i t ia l  modulus as wel l  as the
thermal stabi l i ty of the composites increased with
the organoclay corrcentrat ion and decreased with
the h igher  draw rat io .  The supermolecular  s t ruc-
ture of the polymer matrix did not change clearly
dependingon the f i l ler  concentrat ion [171 Simi lar
results were obtained for polybuthylene terephtha-
late (PBT) and polytrimethylene terephthalate (PTf)
f i b res  t lB l

Other nanofillers such as SiO, and carbon nanotu-
bes (CNT) were used for the preparation of polyester
composites. The effect of the deformation of poly-
buthylene terephthalate/polytetra methylene oxide

Vldkna a text i l  14 (2J 3-  10 (2007)
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(PTMO) containing O.2 M% of the single walled CNT
(SWCNT) on the mechanical properties in the elastic
region was observed. The higher rigidity of the nano-
composites led to increases of Young's modulus and
the yield strength of the drawn samples t19l

The effect of the MMT on the supermolecular struc-
ture and the mechanical and thermal propert ies of the
polyamide 6 (PA6) composite fibres at a temperature
above the glass transition was studied [20]. The orga-
noclay platelets have a nucleating etfect on the poly-
amide matrix and contribute to the reinforcement of
the nanocomposites bui lding up a r igid percolat ion
network together with the crystalline lamellae. The
prepared fibres, exhibited improved stiffness and
tensile strength as a result of the enhanced drawa-
bility l21l The organoclays strongly affect the mainly
crystalline structure of the PA6 fibres depending on
the drawing and annealing temperatures as well  as
the draw ratio.

The high level of exfoliation of the organoclay (Cloi-
site 308) in the PAO permitted use of electrospinning
technology for preparation of the composite nanofib-
res. Dispersion and exfoliation of the organoclay in
PAG were achieved by melt-extrusion in a twin-screw
extruder prior to dissolving it in an aqueous formic
acid. The platelets of MMT were oriented along the fib-
re's direction. The structure and mechanical proper-
ties of PA6 composite nanofibres depend on the MMT
concentration and fibre diameter. Fibres with a smaller
diameter (80 nm) exhibited a two times higher Young's
modulus compared with conventional PA6 composite
fibres. The ultimate strength of the nanocomposite fib-
rous mats was decreased compared with the unmo-
dified materials due to their larger fibre size diameter
t22l The organoclay modified polyamide fibres also
exhibited besides their improved mechanical proper-
t ies a higher dyeing abi l i ty [23] and lower f lammabil i ty
t24l

The PAO/MWCNT and PA6/carbon nanofibres
composites were prepared using a twin-screw micro-
extruder, and the resulting blends were spun to pro-
duce a series of reinforced polymer nanocomposite
f ibres. A high degree of nanofi l ler dispersion in the PA6
matrix was achieved, and significant improvements in
stiffness were observed using the aligned CNT. A hi-
gher modulus and stiffness for the PAO/MWCNT fib-
res, compared to the PA6/carbon nanofibres, were
obtained 1251.

MWCNT were used for reinforcing the ultra high
molecular weight polyethylene (UHMWPE) f ibres. The
composite fibres were prepared by gel-spun techno-
logy. By adding 5 0 wt% MWCNT, ultra strong fibres
with a tensile strength of 4.2 GPa and strain at break
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of about 5ol0, were produced. The tensile modulus
and strength were about 15 - 2Oo/o higher in compari-
son with the unmodified fibres. The composite fibres
appear to show very good concordance with the pre-
dict ions of the mixtures rule [26].

The extrusion/drawing process was used for the
preparation of the polyacrylonitrile (PAN)/MWCNT
composite fibres. The higher deformability of the
nanocomposite filaments resulted in a two-fold higher
draw ratio, which supports the higher crystalline and
morphological orientation as well as an axially oriented
array of nanotubes compared with the unfilled sample.
The composite fibres exhibit other crystalline structu-
res and new, lower mechanical propefties, but a hi-
gher t lectrical conductivity 127l.

Polypropylene composite fibres
Recently, several papers described the spinning of
polypropylene composite f ibres containing orga-
noclay, carbon nanofibres and CNT. Commercial
organoclays, such as Somasif ME100 and Nanofi l
15, were examined. The PP/organoclay composites
with various contents of compatibilisers based on PP
grafted by maleic anhydride (PP-g-MA), were prepa-
red using a twin-screw extruder. The high exfoliation
level of the MMT layers was confirmed using a TEM
analysis. The basic tensile properties, tenacity and
Young's modulus were investigated depending on
the draw rat io in the drawing process. Only a sl igh-
t ly higher tenacity and modulus of composite f ibres
at the maximal draw ratio were obtained. Besides.
a decreased drawability of the composite fibres was
found [28-30] .

ln order to obtain the high exfoliation effect of
MMT in a PP matrix, organical ly treated si l icates and
a compat ib i l iser ,  e .9. ,  PP-g-MA in a h igher  amount
of  up to 10%, must  be used [4,  7 ,  28,  30] .  Besi -
des, the drawing and orientat ion of the composites
are very signif icant regarding their mechanical pro-
pert ies. From this point of view research concerning
the deformation, orientat ion and tensi le propert ies of
oriented polymer composites are very important [31,
321.

The high tenacity and high modulus PP/ca,,
bon nanofibre nanocomposite fibres were prepa-
red by Chatterje and Deopura. They used a special
drawing method based on several stages of drawing
with a three heaters temperature gradient. The final
drawing temperature was within 130 - 160'C and
a drawn speed of 1m/min. The nanocomposite f ib-
res exhibited a higher orientation of the structural
elements and a lower crystallinity, which resulted
in a higher tensi le strength (77O MPa) and modulus
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(16.8 GPa) compared to 670 MPa and 16.4 GPa for
the neat PP f ibres I33l

2. Experimental

In our contr ibution, the spinning of polypropylene/
organoclay and polypropylene/carbon nanotube
composite fibres and the effect of orientation on their
mechanical properties are presented. A laboratory
twin-screw extruder, <Il=28 mm, was used for prepara-
t ion of the PP composites before spinning. The coff i-
posite fibres were prepared using a laboratory spin-
ning l ine with an extruder of @= 16. The mult i f i laments
were drawn for various drawing ratios. The mechani-
cal propert ies of the PP composite f ibres depending
on the the spinning and drawing condit ions were eva-
luated. The effect of the compatibilisers-dispersants
on the non-uniformity and mechanical propefi ies of
the fibres, resulting from the processing of the PP
composites in spinning and drawing, was estimated.
The factors leading to the PP composite fibres with an
enhanced tenacity and Young's modulus are discus-
sed in the paper, as well.

The following polymers and materials were used
in our experimental research: Polypropylene (PP):
PP TG 920 (PP TG),  MFR 10,5 g/600s,  Slovnaf t
Co. ,  SK;  PP Moplen SOOR (PP M500R),  f lakes,  MFR
25 g /600  s  and  PP Mop len  HP561N (PP M561N) ,
MFR 11 9/600 s, al l  produced by Basell ,  l taly. The
commercial organoclay based on montmori l lonite
(MMT) used in this work was Cloisite 15A (C15A),
which is produced by Southern Clay Product, USA,
and Boehmite Disperaltype (840), produced by Sasol
Co., Germany as well  as Mult i-Wall  Carbon Nanotubes

Nanocyl'u 7000 (MWCNT), produced by Nanocyl
S.A., Belgium. Surfactants based on polypropylene
glycol (S44P) and alkyl-polysiloxane (TEG) were used
as compatibr lisers-dispersants.

The coefficients of the variation of the fibre diameter
CVo and basic mechanical properties, tensile strength
(CVr), elongation at break (CVE) and Young's modulus
(CV'M) were evaluated and used for estimation of the
structural and geometrical non-uniformity of the fibres.
An Instron (Type 3343) was used for measurements
of the tensile strength and elongation at break accor-
d ing to ISO 2062:1993 as wel l  as Young's  modulus.
The thermal propefties were evaluated using a DSC
analysis. A Rheovibron DD-l l-C, TOYO Baldwin Co.,
was used for measurement of the dynamic modulus at
a temperature range of 20 - 140'C.

Fibre-Form ing Polymers

3. Results and discussion

Differences between tlre spinning of the PPl840 and
PPlMWCNT composite fibres were found. Relatively
very well dispersed Boehmite in the PP matrix and well
spinning up to a concentration of about 5 wt% was in
contrast with the PPlMWCNT dispersion with particle
agglomerates (bundles) and well  spinning only up to
O.2-O.3 wt% of CNT. The non-uniformity of the f ibre
diameter increased with the higher content of MWCNT
in the PP matrix (Table 1) To the contrary, the coeffi-
cients of the variat ion of the mechanical properl ies do
not exhibit  any clear changes with the CNT concen-
tration (CV, and CV"*) nor were they unambiguously
decreased (Table 2). This discrepancy was explained
when the strong dependences of CV' and CV. on the
deformation of the f ibres were found (Fig. 1).

Table 1 The fibre diameter d and coefficient of the variation
of diameter CVo of the PP561N/MWCNT composite
drawn fibres (drawn ratio i,:3).

F i b r e  r  d f ' m l  I

!-o-rnpe!{!e!- - --l--:: -l - l-
cvo [%l

_11_ _
1 4 . 7

_f  s leqqq4___r __1eB _I
ry ._Lq?t eNT
-ll-j-q.q -Zlqllr -r---19 B

P P  +  0 . 1 %  C N T  ' 1 9 . 1

- --;t--
I  r . 9

14.8

PP +  0 .3% CNT ,  21 .2

Table 2 The tenacity (T), elongation at break (E) and Youn-
g s modulus (YM) and their coefficients of the vari-

at ion CV for PP561N/CNT composi te drawn f ibres
(prepared using a concentrate containing 1.0 M% of
CNT in  PP 500R)

The standard spinning and drawing condit ions at the
spinning of the PP composite f ibres did not lead to
higher mechanical propefties (Table 3). The tenacity
of the f ibres sl ightly decreases with the higher concen-
tration of MWCNT in the PP matrix. The dependence
of Young's modulus exhibited a sl ightly maximum for
0.1 wt%.
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a .
Fig.  1 Dependence of  CV, (a) and CVF (b) on the drawing rat io

Table 3 The tenacity (T), elongatiorr at break (E) and Youn-
g's modulus (YM) of  PP TG/MWCNT nanocomposi te

drawn f ibres.
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_ { -  p p  5 6 . 1  N + p p  5 0 0 R

\ h  0 1 %  c N T

b .
for PP /CNT comoosite f ibres

Besides,  the resul ts  in  the Table 4 and Fig.  2  showed
in the st rong ef fect  o f  the spinning condr t ions on the
basic  mechanical  proper l ies and supermolecular
structure (Table 5) of the composite f ibres. Analysis
of  these resul ts  leads to corrc lus ions that  h igher  rne-
chanical  proper t ies inc luding the posi t ive ef fect  o f
nanof i l lers  in  a PP matr ix  can be obta ined only  wi th
an opt imized composi t ion of  the compost tes and
sp inn ing  cond i t rons .  Based  on  these  conc lus ions ,
a new series of PP / and PP i MWCNT f ibres were
prepared.  Higher  mechanical  proper t ies of  the PP
composi te f ibres were achieved,  compared to the
PP standard f ibres,  in  th is  case (Tables 6,  7  and
F igs .  3  and  4 ) .
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Table 4 Effect  of  spinning condi t ions on the mechanical  propert ies of  PP f ibres
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Fig. 2 The dependence of tenacity (a) and elongation at the break (b) of composite fibres on the draw ratio ).

Table 5 Thermal properties of PPS61N/CNT composite fibres depending on the drawing temperature

Composition of f ibres
drawing

T

[ 'c]

1"t  heat ing coo i ng
T.,,

[ 'c]
AH

tJlgl

T

[ 'c]
AH

tJlgI

PP standard

2 5 1 6 3 . 5 94.7 1 1 3 . 3 105.7
50 . 1 6 4 . 3 1 0 3 . 4 112.8 1 0 4 . 6
BO 1 6 5 . 3 1 0 4 . 3 112.9 1 0 3 . 9
1 0 0 1 6 5 . 1 1 0 8 . 1 112.6 1 0 6 . 3
120 1 6 5 . 1 112.4 112.6 r c7 .1
1 3 0 1 6 5 . 3 111.7 112.8 1 0 5 . 8

PP

0 . 1 %  C N T
o . 1 0 k  c 1 5 A

50 164.1 1 0 5 . 3 1211 1 1 0 . 1
80 1 6 3 . 3 1 0 3 . 5 121 I

I 1 0 9 . 4
1 0 0 1 6 5 . 3 112.1 1211

r 112.O
120 1 6 5 . 3 1 1 0 . 3 1211

I 1 0 8 . 9
1 3 0 1 6 6 . 8 114.4 121,| 1 1 02

PP

0 . 1 %  C N T
0 . 1 %  c 1 5 A

544P

50 I O J . J 9 8 . 9 1 2 0 . 9 1 O B . B
BO 1 6 3 . 8 1 0 6 . 4 1 2 0 . 9 1  0 9 . 7
1 0 0 1 6 7 . 3 1 0 6 . 0 121 I

I 1 0 8 . 8
120 1 6 5 . 8 112.9 120.B 1 1 0Y

1 3 0 1 6 6 . 8 112.O 120.6 1 0 7 . 3

Table 6 The effect of the composition of concentrates on the mechanical properties oI PPs61 N/Disperal composite drawn
fibres, draw ratio 1".*

Composi t ion
of concentrate

Content of
B4O in fibre [o/o]

T

IcN/tex]
CV,

[7"1

E

lo/"1

CV.

[7"]

YM

lN/texl

CVr*

t%I
PP standard 5 9 . 1 9 . 4 25.2 8 . 3 5 . 7 1 1 . 5

PP + B4O

o.o2 6 6 . 9 R e 20.1 4 . 1 7.4 5 . 3
0 . 1 6 5 . 9 3 . 7 1 9 . 9 5 . 5 6 . 9 7.2
0 . 3 61.4 3 . 2 1 9 . 1 4 . 2 7.O 5 . 6
0 . 5 5 9 . 9 6 . 4 2 6 . 9 16.4 6 . 5 9 . 3
1 . 0 5 6 . 9 4 . 6 23.4 14.O 6 . 0 4 . 9
3 . 0 4 3 . 8 5 . 0 30 .5 1 3 . 6 4 . 6 5 . 7
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Table 7 Tenaciiy CI), elongation (E), Young's modulus (YM), and their coefticients of variation for pp 561 N/MWCNT drawn
composite fibres

Composit ion of f ibres

lYol
T

lcN/tex]
CV,
lo/ol

E
I%I

CV,
[7oI

YM
lN/texl

PP standard 6 4 .  B 2 .9 22 .6 7 .6 7.2
PPlCNT 6 5  1 7 .6 22 .6 8 . 1 7.3
PPICNT + B4O 76.1 6 B 20.7 6 . 9 8 . 7
PPICNT +  C15A 7  2 . 8 5 . 3 2 1 . 6 5 . 5 7.9
PPICNT + C15A+ S44P 7 1 . 7 8 . 3 20.3 5 0 8 .2
P P I C N T + C 1 5 A + T E G 81.2 2 . 1 21 .7 6 .2 9 . 5
PPICNT + Cl5A + S44P+ TEG 77.O 2 .3 2 1 . 7 4 . 4 9 . 1
P P I C N T +  P P - M A + T E G 7 6 . 6 6 .2 22 .O 93 8 . 9

I
t o 1 P l  5 0 0 R . t l r : - j x

# !  P P  - s 0 0 R + 0 . 1 ' i r 8 4 0 , d r . ,  l x

P  P  5 0 0 R  +  0 . 1  o , i  l l . 1 ( ) .  d r - 2 x

idilffi4{$Si!

I
I
lx

O  1 2

z
|rJ
o
=
E
o b
E
O A

E
G
c z

o
0

1 2

'
g  1 0

F B
tu

t r 6
3 -

E A

tu

1 2 0  1 5 0

T ['C] ll 1 2 0  1 5 0

T [ 'C]
_.___l

1.\
l_., .

--t

1  5 0  2 0 0r rcl
b .

a .

Fig.  3 Dynamic modulus of  PP561 N (a) and PP/B4O (b) composi te f ibres depending on the temperature

r
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o
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Fig. 4 Dynamic modulus of PP/840 (a) and PPIMWCNT (b) composite fibres in dependence on temperature

a  P  l ,  5 0 ( ) R

,,s, I ni,B.10

"+i  
l ' l i ,  f i40 .  0 .6 ' io  S. l+P

{ h  I " "  U 4 0  i  I  ' ) d  S 4 : l P

1 0 , , ,  B . + 0  r  l . 6 , l i ,  S . 1 . 1 P

l " ;  U . l 0  -  0 . 6 ' 1 ,  T t : ( i

{iM I u'o 11.10 ' I oo TU(i

4 i  I  o ,o l l .+0 *  I  .6" i ,  TE( i

a P P s 6 t N
, l t$ '  PP standard

, ,s  0.  t  0 , ;  ( 'N T
( , . 1  9 ' ;  C  N T r - 0 . 1  0 , 0  U . + 0

X  0  l  q i ,  (  N T r  0 . 1 , ' r ,  (  1  5 , \
I  ( ) . 1 %  (  N  l . + 0 . l e i ,  C  l 5  A - S . 1 . l P

S  0 . 1  ' l ' i ,  ( ' N T , 0 . l ' l t ,  ( ' l 5 A + - f l : ( r
,  0 . 1 ' f o ( ' N  t r 0 . 1 9 , , (  l 5 A  r S . { 4 P ' T I : ( i
Y  0 . l  u r t l  (  \  l + 0 . 1  ? o  P  I ' - e - l v l A ,  f E G
n i u  0 . I ! l ' o  (  N 1 ' . 0 . 0 - s " ( ,  A t - ( l X , C , + S + + p
I  t J . l , i ' r o  t  N  I  ( l l D P  F .  )

a  0 . 1  5 ' l o  c N l  {  l l D l '  l ) + 0 . 1  o / o  ( -  I  5 A
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4.  Conclus ions

The unambiguously posit ive impact of Boehmite and
MWCNT nanofi l lers on the mechanical propert ies of
the PP composite f ibres was found. The PP composite
f ibres exhibited a higher degree of deformabil i ty in the
spinning and drawing processes as well  as a higher
uniformity presented by the coefficients of the variati-
on of tenacity CV, and elongation CV".
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Polypropyl6nov6 kompozitn6 vl6kna, zvl6kfr ovan ie,
Strukt0ra a vlastnosti

Translation of abstract:
Polypropylene composite fibres, spinning structure and properties

Tento cldnok je zamerani na Studium polypropylenor,nj,ch kompozitnich vlAkien, ich Struktory a vlastnosti. Uvod-
nd ias{ prispevku je venovana prehl'adu polymernych kompozitov na bie nanoplniv s vysokym pomerom roz-
merov, ako srl vrstevnate silikdty a uhlikove nanotrubrcky. Druhir experimentalna cast prece je zamerana na pri-
pravu a zvlaknovanie polypropyl6n/Boehmite a polypropyl6n/uhlikove nanotrubidky kompozitnfch vlekien, ako
aj na hodnotenie ich Struktury a Wbranych mechanicklch vlastnosti. V dlanku je diskutovani vplyv materialoveho
zlo2enia a podmienok pripravy na zlep6enie mechanickych vlastnosti kompozitnlch vldkien.
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APPLICATION OF THE LONGITUDINAL RESONANCE
VIBRATION METHOD FOR AN INVESTIGATION
OF A TEXTILE'S VISCO-ELASTIC PROPERTIES

Vlasenko V.. Kovtun S.. Arabuli A., Bereznenko S.

Kiev National Univercity of Technologies and Design, Nemircvich-Danchenko 2,
01011 Kiev, Ukraine

e-m ai I : v I a se n ko@ e km a. ki ev. u a

This paper focuses on an experimental investigation of the visco-elastic properties of textiles under
dynamic conditions by the longitudinal resonance vibrations method on a special installation. Ana-
lysis of the experimental results illustrates that the visco-elastic properties of textile composites
depend on the characteristics of the individual materials. We assume that with knowledge of the
visco-elastic properties of individual textile materials in various directions, we can control the ani-

sotropy of multilayer textile properties.

1. Introduction The aim of the investigation is the determination of
the possibility of applying the longitudinal resonance

As is welFknown, the struclure of textile materials must vibration method for research and control ot the visco-
be stable during exploitations. ln some cases with the -elastic properties of the isotropy of multilayer textiles.
use of textile material packages or composite mate-
rials (which consist of several individual textiles), it is 2. Experimental
desirable to obtain an isotropy of the mechanical pro-
perties of a system in all directions. The formation of 2.1 Textile mate als
certaln positive characteristics of multilayer composi- Two kinds of initial materials were investigated:
tes depends on the mechanical (visco-elastic) proper- 1. sample "S" - polypropylene (PP) loose knitted
ties of each component, their position in the system, fabric,
and the type of bonding materials [1]. 2. sample "Sh" - two-sided adhesive web "Sharnet"

Static and dynamic methods can be used for the (ethylene-vinyl-acetate (EVA)).
definition of the visco-elastic properties of textile mate- Also, two types of textile composites were obtained
rials. The preferred dynamic methods are as follows: and invesligated:
they belong among indestructible test methods and 1.first type - "S - Sh" bonded in a "warp - warp"
are less material and labor-intensive. They allow for direction;
the reusing ol samples of textiles for investigation of 2.second type - "S - Sh - S" bonded in different
their initial propedies and properties under influence directions (Table 1).
of exploitation factors. The textile composites were prepared on laboratory

The dynamic module of elasticity and the logarith- equipment without the use of water vapor. The optimal
mic decrement of attenuation characterize visco-elas- bonding conditions were chosen during preliminarv
tic properties. The dynamic module is the characteris- investigations: the bond line temperature - 130'C
ticof their deformative properties and measure of their the pressure applied - 0.05 MPa and the exposure
material stability upon external mechanical loadings; time under heat and pressure - 15 sec.
the logarithmic decrement is a measure of energy, Some characteristic of the initial textiles and textile
which dissipates as heat [2]. composites are provided in Table 1.
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Table 1 Structural performance of initial textile and textile composites

2.2 Research Methods
The visco-elastic characteristics of individual textiles
and textile composites under dynamic conditions were
investigated by the method of longitudinal resonance
vibrations. This method allows for the determination of
the visco-elastic properties of fibers, films and fabrics
(the installation was carried out and produced at the
Kiev National University of Technologies and Design
- authorV.V. Kostr icki j)  [3].

The following visco-elastic characteristics were
determined during the investigation.

dynamic module of elast iciV (Eu, MPa);
logarithmic decrement of attenuation (6);
dynamic r igidity (D, $N.m').
The installation has a PC- program that allows forthe

calculation and plotting polar diagrams of the dynamic
module of elasticity and decrement of attenuation for
text i les in various direct ions (Fig. 2).

This method, by using mathematical processing of
the experimental data, allows for the calculating and
piott ing of polar diaErams of the dynamic module of
eia.sticity and decrement of attenuation for textiles in
various direct ions.

Table 2 Technical installation data

3. Results and discussion

The visco-elastic propedies of textiles are measured
in three direct ions - on a warp, on a 45' angle and
on a weft (Fig. 2). The knitted fabric "S" is characte-
rtzed by the anisotropy of the visco-elastic propefties
(Fig" 2, a.)and has a warp of a clear-cut character.

1 2

Testing Methods

The "S - Sh" sample (Table 1 ) was received for
investigation of the "Sharnet" adhesive web's influ-
ence on the visco-elastic properties of the multilayer
textiles. In this sample the textile layers are located in
their longitudinal direction relative to each other (warp
- warp). The diagram (Fig. 2, b.) shows that the "S -

Sh" sample has similar character fields of the module
of the elast ici ty 's distr ibution as the "S" sample (Fig.
2, a.).Thus we can see the increase in the adhesive
web's module of elasticity and rigidity (Table 3), but
that does not change their warp's clear-cut character.
The dynamic module of elast ici ty of "S - Sh" sample
is 2-3 times greater in all directions in comparison with
this parameter for the "S" knitted fabric. Thus, the
"Sharnet" adhesive web has an effect on the value of
the visco-elastic properties of an initial textile, but the
character of their distribution in different directions of
measurement does not change.

The "S - Sh - S" sample (Table 1 ) was received
for investigation of the effect of the mutual position of
the initial textile on the visco-elastic properlies of the
multilayer textiles:
1. The f irst type of composite (Fig .  2, c.) -  the text i le

Fig. 1 Installatiorr for investigation of visco-elastic
properties

Ns Properties
Sample code

S Sh S - S h S - S h . S
1 Dpe of textiles knitted fabric adhesive web textile composites

2 Raw composition, % PP-100 EVA-1OO S - S h S - S h - S

3 Directions of bonding warp - warp

.1. warp - warp
2. warp -  45'  angle

3. warp - weft
4 Surface density, g/m' 9 5 20 1 1 5 210
5 Thickness, mm 0 . 6 0 0 .02 0 . 5 0 0 .80

--
L 1 {lqqryAlelgl_ ___ __ ___ i lop{sqrnal

f -a-lelg9-qglus-o-!-clqlylbiq{c!lll'geleryteg,-H.f g-Epqq
i  3" Error of measurement of vibratiorr period, % | O.ZSj 3" Error of measurement of vibratiorr period, % | 0.25- _ T . - '

| 4. Error of resonance moment registration, s , t O-t

I s, Dtq1qryg lg_t*gelSlgqp ,rlsryS, mm _ j___ lQIq9l  : -  
-  - __ -__  -  - -  

_

I O. fne maximal thickness of a sample, mrn i i
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layers are located along their longitudinal direction
relative to each other (("S - Sh - S" sample) (warp
- warp));

2.The second type of composite (Fig. 2, d.) - the
second textile layer is located under an angle 45'
relative to the first textile layer (("S - Sh - S" sam-
ple) (warp - 45" angle));

3. The third type of composite (Fig .  2, e.) - the second
textile layer is located under an angle 90' relative
to first textile layer (("S - Sh - S" sample) (warp
- weft)).
It is interesting to note that the value of the dyna-

mic module of elasticity of all the composite materials
increase 6-13 times in comparison with this parame-
ter for a "S" knitted fabric - the composite materials
became more rigid (an increase in dynamic rigidity of
12-20 t imes) (Table 3).

The diagrams (Fig. 2) show that the visco-elastic
properties of multilayer textiles depend on the indivi-
dual materials' characteristics as well as their mutual
posit ion; also they depend on a kind of adhesive web.
The results of the investigations show that the applica-
t ion of the longitudinal resonance vibrat ions method
allows for the estimation and control the anisotropy of
the visco-elastic properties of composite materials.

As the diagrams show, the first type of composite
(Fig.2, c.) is characterized by a warp of a clear-cut

Testing Methods

character. This is due to the mutual position of both
layers (warp - warp). The initial knitted fabric "S" has
the largest value of the module of elasticity in a warp
direct ion.

The analysis of the experimental data concerning
the second type of composite (Fig. 2, d.) shows that
this sample has a diagonally dominant character. This
maybe explained by the mutual position of the second
layer relative to the first layer (warp - 45" angle).

The analysis of the dynamic module of elasticity
distribution diagrams of the composite materials has
shown that the composite with an arrangement of lay-
ers "warp - weft" ("S - Sh - S" sample (Fig. 2, e.)) is
characterized by the highest degree of isotropy with
regard to the "dynamic module of elasticity" parameter
and "dynamic rigidity".

As was discussed above, the logarithmic decre-
ment is a measure of energy which dissipates as heat
and characterizes the looseness of the material struc-
ture. As one can see, all the composite materials have
a nearly equal value of the logarithmic decrement of
attenuation. Also, all the composites have similar cha-
racteristic fields of logarithmic decrement distribution
(Fig.2 , h, l ,  m). This experimental data indicates that
all the multilayer textiles have equal looseness, which
is the result of using the same initial textiles and obtai-
ning the same condit ions.

Dynamic module of elast ici ty, MPa
. rsD "s - sh"

warp - warp

"s - sh"
warp - warp

"s-sh-s"
warp - warp

"s-sh-s"
warp - warp

b .  c .

Logarithmic decrement of attenuation

bonded in dif ferent direct ions
warp - 45" angle warp - weft

bonded in dif ferent direct ions
warp - 45o angle warp - w(

-15"ang le

wef  t

a .

..sff

g .f .

Ftg. 2 Visco-elastic characteristics of the initial textile and composites
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Table 3 Visco-elastic characteristics of the init ial texti le and composites

Testing Methods

Sample code Direct ion of  measurement 1 Dynamic module of  elasticity, I Dynamic rigidity,

i  Eo ,  MPa D'l\It'

1  45"  ang le  i  1 .66  i  0 .90-  
t  , i+i wef

|  "s -sh-s
I (*urp - *eft)
I

4.  Conclus ions

The experimental data shows that the vrsco-elastic
propert ies of mult i layer text i les depend on the init ial
materials'  characterist ics and their mutual posit ion. The
results of the investigations also show that the applica-
t ion of the longitudinal resonance vibrat ions method
allows the estimation and control of the anisotropy of
the visco-elastic properties of composite materials.
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PouZitie metody pozdlZnej vibradnej rezonancie
pre vfskum textilnlich viskoelastickfch vlastnosti

Translation of abstract:
Application of longitudinal resonance vibration method for investigation

of textile visco-elastic properties

Prispevok sa zameriava na experimentalny Wskum viskoelastickich vlastnosti textilii za dynamickich pod-
mienok metodou pozdi2nej vibra6nej rezonancie na Specidlnom zariadeni. Anal)iza experiment6lnych udajov
ukazuje na fakt, 2e viskoelastick6 vlastnosti textilnlich kompozitov z6visia na charakteristikach 1ednotliwch mate-
ridlov. Predpokladdme, Ze poznanim viskoelastickich vlastnostijednotli\ 7ch textilnich materialov v roznych sme-
roch m62eme kontrolova{ anizotropiu vlastnosti viacvrstvovych textilii.

"s -sh-s"
(warp - warp)

"s -sh-s"
(warp -  angle 45' ' )
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IMPACT OF DIRECTIONS ON FRICTIONAL
PROPERTIES OF A KNITTED FABRIC

Kovar R.

Department of Textile Technolooies, Faculty of Textile Engineering, Technical University of Liberec,
Halkova 6, 461 17 Liberec, Czech Republic

e-m ai | : rad ko. kova r@t u L cz

The slip of a texti le fabric to a similar fabric probably depends on the direction due to the anisotropy

of the fabrrc's structure and surface geometry. The effect of the actual mutual fabrics' position is
imporlant as well as the surface profi le substantively changes in the course of a slip. The exact

theoretical calculation of the frictional resistance for knitted fabrics is diff icult, so an experimental
approach is preferred in the contribution. Periodrcal clranges in the frictional resistance that are
fnllnrn,orl hv a nftspge in the mutual fabricS' speed, are measured and proved to relate tO the peri-v v v j s v

odicity of the knitted fabric's structure, mainly at a great lateral pressure. A lower mutual pressure

rs. on tire contrary, attached to the greater impact of the fabric's hairirtess.

1 .  In t roduc t ion

Sometirnes fr ict ional resistance can be predicted with
a suff icient exactness of the results (for example, the
fr ict ion of steel to steel.  wherr the surface quali ty and
lubrication are known) Nevertheless, an often used
assumption that fr ict ion does not depend on the sl ip-
p ing area,  is  not  vat id  in  gene' ra l .  Fr ic t ion,  on the level
of elementary parl icles 12, 31, is based cn the mutual
forces between these part icles, and the number of
such forces,  of  course,  depends on the s l ipp ing area,
but not on the apparent "overal l" area, but on the area
of the real contact This area depends on the normal
tension between sl ipping bodies as well  as on many
other variable parameters such as the surJace rel ief of
the s l ipp ing bodies.  the speed of  the s l ip ,  d i rect ion,
humidity, etc. As the surface geometry of knit ted fab-
r ics is  very corxpl icated and d i rect ion dependent  (ani -
sotropic), the exact calcuiat ion of fr ict ional resistance
is  s t i l l  not  possib le

Another problem. wtr iclr  is related to the predicted
fr ict ior-r off ibres, is connected with the f ibrous surface
quali ty. l t  is known that quite another is the fr ict ion of
so l id  bodies (Coulornb f r ic t ion)and the f r ic t ion of  l iqu ids
(viscous fr ict ion - Newton's law). The usual text i le f ibre
sudace is somewhere between these ideal variat ions;
let us take into consideration wax on a cotton fibre's
upper layer, fat on wool, dif ferent lubricating agents,
etc. These are the main reasons why an experimental
approach, supported with some not exactly described
assumptions, was chosen for this contr ibution.

Vlakna  a  tex t i l  14  (2 )  15 -20  (2007)

2.  Assumpt ions

Stress will be put on the effect of directions on fricti-
onal resistance, because anisotropy is a very charac-
teristic property of knitted structures. The example of
a knit ted fabric to the same knitted fabric's sl ip wi l l  be
analysed. lt may be assumed that frictional resistance
could increase i f  the direct ion of the segments of the
yarns on the fabric surface would be approximately per-
pendicular to the direct ion of the rnutual fabrics' sl ip.
In this case, the direct ion of normal force between the
areas of contact periodical ly changes and the length
of the actual sl ip could be longer. A simple model is
shown in Fig. 1, where F" is the overal l  normal force, F,
is the tangential force (the overal l  force of the fr ict ional
reststance), v is the actual speed of the upper body's
movement, and l1 is the angle of the bodies' surJace
in contact.

Fig. 1 Simple model of the effect of surface relief on fricti-
onal resistance.

1 5
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Let L" be the length of the apparent mutual movement
and L, the length of the actual slip. lt will be

Lu cosp (1 )

As well, the force of the actual contact Fc is higher than
the overall normal force Fn and needs to be recounted:

Modeling of Textile Technologies and Materials

will be impoftant mainly at a low value of normal ten-
sion. The direction of the interactive forces between
fibres in contact could be similar to the direction of
the fabrics' slip; so an important part of these forces
could generate frictional resistance. lf two fabrics are
near each other but if the normal force is stil l zero,
some frictional resistance could be assumed due to
the material's adhesion. ln this case the coefficient of
friction pr will be unlimited (p --- co). Friction on this
level will probably be more chaotic with a lower depen-
dence on the direct ion.

b) Level of yarns or geometry of a fabric's surface
structure. This becomes more important with higher
lateral tension and is likely more systematic with some
impact of the direction and mutual position of the fabrics.
Two critical simplified situations are shown in Fig. 2.

b 1 ) lf approximately parallel parts of the surface yarns
are in contact. the normal direct ion could be incl ined
and could have some component on the direct ion of
sl ip v. In Figs. a, b, and c, the force F, is external (Fn,
normal force, F,, tangential frictional resistance in the
direction opposite to the fabric's slip) and the force F,
is an internal one (again Fn, is normal and F,, is a tan-
gential component of Fr). The deflect ion of the force
Fn, from Fn, by angle cr in the opposite direction to
the slip substantively increases the frictional force F..,
(Q is the fr ict ional angle, Fig. a). When the forcer F",
and Fn, are parallel (Fig. b), the frictional resistance
wil l  be defined only by the ordinary fr ict ion coeff icient
and frictional angle Q. lf the angle between forces Fn,
and Fn, is opposite, the fr ict ional resistance could be
reduced or even negative (Fig. c)

b2) When the cuts of the yarns are parallel to the
sl ip's direct ion (Fig. d, the sl ip is perpendicular to the
plane of the f igure), the sum of the internal normal for-
ces Fnz t F nzzis greater than the external normal force
Fn,, and in such a way, the frictional resistance grows
(the so-called "flute" friction).

L,

t r  - t r  1
t c - ' " c o s B

(2)

As the actual length of the path is longer and the actual
normal force is greater compared with the overall
apparent parameters, the frictional energy losses Wp
at angle B would be higher than the losses in the case
of flat surface W0 when 13 : O:

1
W. =W^- - a  - - r C O S r R  

( 3 )

Unfortunately the actual angle B is variable, and its
average value is not known.

What could be the effect of a knitted fabric's struc-
ture on frictional resistance? A higher friction coeffi-
cient could be predicted on the sl ip of the reverse side
of a plain weft knitted fabric over the reverse side of
a similar fabric if it moves in the direction of the wales;
movement in the direct ion of the courses should be
connected with a lower frictional resistance. Face-to-
-face sides could be accompanied with higher fr ict ion
when the sl ip occurs in the direct ion of the courses on
both fabrics.

From the point of view of the structure, the uneven-
ness of the surface of the fabrics can have different
resources at different levels:

a) The level of the fibres can be described by the
fabric's hairiness. lt could be assumed that this level

Fig. 2lmpact of surface geometry on frictional resistance.

1 6
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3. Experimental

A plain single-faced structure was chosen for the first
experiments. Three directions and combinations of
the face and reverse contact sides of the fabrics were
tested. The method is shown in Fig. 3. Upper fabric
1 is kept on the body 3 of mass m, (the normal force
equals gravity force Fn, change is enabled by using
different weights). The overall area of contact was
50 by 50 mm. Body 3 was pul led in the direct ion of
the speed of the sl ip v, by a dynamometer (INSTRON
4411) crosshead and by string 5; 4 is the dynamo-
meter sensor of capacity 5 N. The lower fabric 2 was
fixed on the plate in one of three posit ions to the sl ip's
direct ion - wales, diagonal and courses.

The friction of the pulley 6 on the miniature ball bea-
ring was negligible. The speed of the sl ip v. and speed
of the drive (crosshead) vo could be different if string
5's length is changeable (for example by its elasticity).
In order to receive a detailed course of the frictional
resistance, the data input frequency was set at 0.1
mm. This means that within 20 mm of the sl ip, appro-
ximately 400 points were registered. The usual slip
speed was 1 mm s-'. Two knitted fabrics were tested.

Fig.  3 Scheme of the exper iment.

Table 1 Average values of friction coefficient p [1. 5]

Modeling of Textile Technologies and Materials

3.1 Fabric A

Brief specification of fabric: Plain single-faced struc-
ture, density of wales: 250 m-l, density of courses 370
m-1, stitch length: l. = 14,2 mm. Yarn: cotton double
twisted, two ends in a guide, linear density T : 71 tex
x 2. The main results are in Table 1 :

In table F" the normal load per square 50 x 50 mm
was set by the weight at values of 50, '100, 2OO, 4OO
and 600 N, which corresponds with a normal tension
of  approx.  2OO,400,  800,  1600 and 2400 Pa res-
pectively.

The indexes 1234 in the f irst colon mean:

1 - Posit ion of upper fabric 1, Fig .  2 (F - face,
R - reverse), toward the opposite fabric.

2 - Position of lower fabric 2, Fig. 2 (F - face,
R - reverse), toward the opposite fabric.

3 - Direction of slip towards upper fabric 1 position
( W - w a l e s , C - c o u r s e s ) .

4 - Direction of slip towards lower fabric 2 position
(W - wales, D - diagonal, C - courses).

In Table 1 the average values of the particular exam-
ples are presented. Nevertheless, the variations in the
frictional resistance in the course of the experiment
are important as well, because they describe the une-
venness of the friction. The coefficients of variation
(CV) are shown in Table 2.

Several examples of the measured frictional resis-
tance are shown in Fig. 4. Fig. 4 shows the impact
of the density of the fabric courses on the periodicity
in the frictional resistance, when the lateral pressure
is high and the slip occurs in direction of the wales of
both fabrics.

F"  [mN] 50 1 0 0 200 400 600 F" [mN] 50 1 0 0 200 400 600
FFCW 1  . 9 3 2 1  . 5 1 3 1 . 2 0 8 0 . 9 9 2 0  879 FR\A^/V 1 . 9 5 8 1 . 5 2 2 1 .228 0 . 9 8 7 0 . 8 6 2
FFCD 1  . 8 9 6 1 493 1 .209 0 . 9 9 1 o .87  2 FRWD 1 .896 1 . 5 4 7 1 . 2 1 9 0 . 9 8 7 0.900
FFCC 1 .932 1 .523 1 .232 1 .006 0.890 FRWC 1 . 9 4 6 1 . 4 9 1 1 .223 1 . O 1 7 o.922
FF\/1^/V 2 j 2 8 1  . 6 9 6 1 .352 1 . 0 6 5 0 .928 RRCW 1 . 8 7 0 1 . 4 5 4 1 . 1 5 1 0 .946 0.836
FFWD 2.026 1  5 9 1 1 .252 1 . O O 2 0 . 8 6 1 RRCD 2.432 1 . 4 9 2 1  . 2 3 3 0 .97  8 0 .860
FFWC 2 .OO2 1 . 5 7 2 1 .252 0 .994 0 .864 RRCC 2140 1 . 6 0 9 1 .292 1 . 0 5 4 0 .928
FRCW 1  .935 1  ,605 1 . 2 7 7 1 .040 0 .945 RRWW 2.426 1 .837 1 . 4 7  5 1  . 1 5 6 1 .035
FRCD 1  .873 1 . 4 5 1 1  . 1 9 6 o.974 0 . 8 7 3 RRWD 2 . 1 9 0 1 . 6 8 8 1 . 3 5 9 1 . 0 7 5 o.974
FRCC 1 . 7  5 2 1 .402 1  . 1 5 1 o .927 0 .834 RRWC 2.482 1 . 8 5 2 1 . 4 2 3 1 . 1 2 7 0 . 9 8
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Fn [mN] 50 1 0 0 200 400 600 Fn [mN] 50 1 0 0 200 400 600
FFCW 4.2 3 .1 3 .7 1 . 7 1 . 5 FR\A^/V c . l 3 .9 2 .5 3 . 6 2 .6
FFCD 5 0 2 9 2 .2 2 . 1 22 FRWD 5.2 4 . 3 3 . 4 2 .2 3 1
FFCC 5 . 2 4 . 8 3 6 2 . 4 2 6 FRWC 3 . 9 3 . 2 2 . 6 2 . 5 3 6
FF\AA/V 3 . 8 2 . 6 2 . 7 2 . 4 1 6 RRCW 3 6 3 . 3 3 . 4 3 . 0 2 . O
FFWD 4 . 6 4 . O 3 . 1 2 . 4 2 .7 RRCD 5 0 4 . O 2 . 5 1 . 7 2 . 3
FFWC 4 . 6 2 .9 3 . 0 2 . 6 2 . 4 RRCC 3 . 6 3 . 8 2 . 1 2 . 1 2 . 2
FRCW 6 1 3 . 7 3 .2 2 . 1 ? o RR\AA/V 5 9 3 . 2 2 . O 2 . 4 2 . 9
FRCD 5 4 3 .1 30 2 .6 1 . 8 RRWD 4 . 6 3 . 4 3 .2 2 .3 2 .2
FRCC 4 . 6 3 B 32 2 .6 4 . 2 RRWC 6 . 9 3 5 2 .3 2 .9 2 . 3

Modelovan ie texti lnych technologii a materiAlov

Table 2 Coefficients of friction variation CV [%]

1 0  2 0 0  1 0

The charts in Fig. 5 shows the average values of the
coefficient of friction ;r and the coefficient of the varia-
tions CV. The results are calculated as average values
for the reverse-to-reverse (R-R) and face-to-face (F-F)
sides of the fabrics' sl ip. Fig. 6 shows an example of
more padicular results, showing the low impact of the
direct ion.

3.2 Fabric B [1, 5l

Brief specification of fabric:
Plain single-faced structure, density of wales

1 B
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Fig. 4 The course of the frictional force: a) reverse-to-reverse side of the fabric, upper fabric slip in the wales direction,
lower fabric in wales, diagonal and course directions, b) face-to-face side of the fabric, upper fabric slip in the cour-
se directions, Iower fabric in wales, diagonal and course directions

2 0 0

460 m-1, density of courses 540 m-.1, st i tch length
l .  :  7 , 2  m m .

Yarn: acryl ic double twisted, l inear density
T : 3 2  t e x x  2 .

The chart in Fig. 7 shows the average values of the
coefficient of friction p and the corresponding coef-
ficient of variations CV, calculated in a similar way as
in the previous chapter (R - reverse, F - face side of
the fabric).

wales courses

diasonal courses
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60t) t-.(X)

{, [m\1 fo
Fig. 5 lmpact of normal force on pt and on CV, average valu-

es of reverse{o-reverse and face-to-face sides.
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'  t  t l
i l  
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\
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{' [nr\l

Fig. 6 lmpact of normal force on p, reverse-to-reverse face

side of the fabrrc, upper fabric sl ip in courses, lower
fabric in different directions

4.  Discussion and conclus ions

The results only part ly prove the assumptions. The
impact of the direct ion and change of the mutual posi-
t ions through the course of the experiment was much
lower than was assumed. The coefficients of the varia-
t ion were lower at  a  h igher  normal  force (F igs.  5 ,7) ,
although the impact of the fabric's structure should be
more important. Probably, the effect of the fabric's hai-
r iness on the fr ict ion s unevenness is more impodant.

Neverlheless, some experiments strictly supported
the theoretical assumptions. For example, in the case
of a face-to-face slip, higher friction was observed for
the direct ion of the wales of both fabrics (assumption
b2, Chapler 2). Fig. 4 shows, especial ly at a higher
lateral tension, periodical changes corresponding with

Vldkna  a  tex t i l  14  12 \  15 -20  (2OO7\
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Fig. 7 lmpact of normal force on F and on CV, average

values of reversed-to-reverse, face-to- reverse and

face-to-face side experiments.

the density of the fabric courses. As assumed, this
position (reverse-to-reverse, direction of wales) is cri-
tical, because the segments of the yarns of the lower
and upper fabrics are paral lel,  and the speed of the
sl ip is in a perpendicular direct ion. Such examples are
worlhy of spectral arralysis. An example is introduced
in Fig. B; the main peak corresponds with the density
of the courses of the fabric.

0  l 0 20 30
I ) i sp la< , t :n rcn t  [mml

r t

r t t t t l
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1,''lam [l/nunl

Fig. 8 An example of FFT (Fast Fourier Transformation) [1, 5]
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ln comparison with the friction of woven fabrics [4],
in this case, the effect of the direction is much lower.
It would be possible to repeat similar experiments on
a model knitted fabric made of very even yarn (a mo-
nofilament). lt would be interested to measure the fric-
tion of two different fabrics as well. Another effect that
could be evaluated is the elasticity of string 5 (Fig. 3).
An atiempt which was already carried out by imple-
mentation of a spring between the string and dyna-
mometer sensor shows a great change in the fabric's
speed and in the frictional resistance characteristics.

Acknowfedgement: This work was supported by the
"Research Centre Textile"project 1M4674788501 of the
Czech Ministry of Education.
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Vliv sm6ru na tfeci vlastnosti pleteniny

Translation of abstract:
lmpact of Direct ion on Knitted Fabric Frict ion

Posouvani se ploin6 textilie po podobn6 plosn6 textilii pravd6podobnd zavisi, s ohledem na anizotropii struk-
tury a povrchove geometrie, na smdru smlikani. Drlile2if bude take vliv okam2it6 rzdjemn6 polohy obou textilii,
nebot se geometrie Jejich povrchu v pr b6hu smikdni m6ni. Exaktni teoreticky Wpodet tieciho odporu pletenin
je obti2nV, proto byla ddna piednost experimentalnimu piistupu. Periodicke zmdny tieciho odporu, kter6 jsou
doprovdzeny zm6nou vzajemne rychlosti, byly m6ieny a prokazaly vliv periodicity struktury, a to piedevsim pro
vdtSi normdlov6 napdti. Tieni pii mensim vzajemn6m piitlaku je naopak ovlivn6no chlupatosti textilre.
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THE DYNAMICS OF YARN TENSION IN WARP KNITTING

Gl igor i jev ic  V . ,  S tepanov ic  J . ,  M ladenov ic  1 . ,  C i rkov ic  N.

Faculty of Technology, University of Nis, Leskovac, Slovenia

In order to establish the dependence of warp yarn on a knitt ing machine's operating speed within

the compensation and knitt ing zones, as well as in certain characteristic phases of loop-forming
processes, we have studied the dynamics of warp yarn tension in warp knitt ing, on a RE-4 rashel

knitt ing machine, by means of sensors constructed par"ticularly for this type of research.

From a dynamic point of view, we obtained an oscil lation equation, which determines the con-

nection between the speed of the warp yarn's shift ing, the tension mechanism, and the operating

speed of the knitt ing machine, which is of great impoftanr:e for the stabil ity of warp knitted fabrics.

The values of cyclic periods and rnuffle oscil lation process periods are obtained from a differential

second-degree equation, which represents an innovation in this field of research.

1.  In t roduct ion

The manufacturing of highly productive warp knit t ing
machines working at high speeds is possible only in
conditiorrs of the accurate analysis of the entire tech-
nologica l  process,  the main e lement  of  which is  the
loopJorming process ln the loop-forming process,
the yarn twists round the needles, sinkers and other
direct ional operational parts, and at the same t ime, the
yarn shif ts By twist ing, the yarn resists the change in
its shape, and deformation, which in rnost cases cau-
ses the yarn to tear. appears.

It is therefore necessary to take into account the
imporlance of determining the yarn tension both in the
compensation and knit t ing zones, during the padicu-
lar characterist ic phases of the loop forming process,
which is very imporlant in designing a machine from
a dynamic point of view. Shifts in the knitting pafts
have to be minimal for their lesser inert ial  loads, by
which the machine increases.

The dynamics of yarn tension
A posit ive method of adding a warp is used on the
warp knit t ing rashel machine, the "Super Garant" RE-
4, from K. Mayer's firm, which operate at low speeds.

The machine was used for processing polyester
yarn with a longitudinal mass of 19. 53 tex in a Taft
weave. The appearance of the Taft braids' front and
rear  is  g iven in  F ig.  1 .

fr
F
$tr{

ht,
a b

Fig. 1 The photo of Taft braids front (a) and rear (b)

During a cycle of forming loops which is caused by the
comparative removal of needles, the yarn consurnption
changes. Unless the warp mechanism provides for
a change in an addit ional quanti ty in accordance with
its consumption during the knit t ing, the yarn tension
(of the warp) wil l  essential ly change during the loop-
-forming cycle.

Let us examine the technological chart of the
object (Fig. 2.) with a passive warp addit ion without
the drawing mechanism in the warp yarn 1, which they
have in warp beam (shaft) 2, tension T,, outlet it to
point A at speed tr and let off fufther to point B of the
knit i ing zone, wherein they interlace at speed ur.

The warp beam reverses at the angle speed o.
From the given chart it is necessary to define the yarn
tension T, in zone AB : L, depending on the variabl,;,,
tension T,, the outlet yarn's speed from zone ur:f( t) ,
break moment M. and other causes.

{f
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$
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2.  Exper imenta l

In the theoretical pad we examined the main parame-
ters influential both to the knitting process and the warp
knitted fabrics' stability of structure. Extremely relevant
is the given relat ionship which appears between both
the yarn volumes before and after the deformation,
and their cross-sections during deformation by elon-
gation in the compensation and knit t ing zones.

We saw above that there is a theoretical depen-
dence between the particular parameters, but it is not
known whether these subordinations are experimen-
tal ly proven on the machine i tself  during the technolo-
gical process of production.

In order to solve this problem it was necessary to:
construct a FS-U two - component sensor; LDSM
with the possibi l i ty of defining the force in the knit-
t ing zone and the knit t ing process i tself ,
construct a FS-LJ two-component sensor; LDSM
for defining the warp yarns' drawing force at the
compensation zone,
construct a FS-U two-component sensor; LDSM
for determining the withdrawing force in the knit ted
fabrics at the immediate knit ted fabrics'withdrawing
part from the needles to the drawing roller and from
the guide ro l l  to  the c loth ro l l  [1 ] , l2 l

Fig. 3 represents the measuring equipment - sensors
with the attached equipment.

Fig. 3 Represents the measuring equipment - sensors with
the attached equipment

Fig. 4 gives the model of a Rachel machine with mea-
suring spots and sensors for measuring the force of
the warp yarn tension 2 in the compensation zones l,
l l ,  and l l l ,  the knit t ing zone direct ly on needles 6 and
the braid zones lV and V.

{

\
tu*\

i

Fig. 2 Technological chart of the object with the passive
addition of warp yarn without elongation

To solve the problem, we have to assume that:
- The warp yarn's friction against the drawing mecha-

nism and other direct ional devices is negl igibly
sma l l ,

-  the "damping" of the elongation mechanism in the
dynamic system is proporlional to the speed,

- the yarn tension lras values which correspond to the
areas of their elast ici ty speeds,

-  the e longat ion mechanism is  balanced,  i .e ,  the
moment of the force of gravity equals zero,

- the diameter of the elongation mechanism is small .
In order to determine the dif ferential equation of

the warp yarn's tension in the machine's compensa-
t ion zone, we wil l  use the shif ted yarn's equl ibrium
volume, considering that for a certain duration of t ime
dt between the yarn volume V,, which inlets the zone
AB from the warp beam, and yarn volume Vr, which
outlets that zone, as a result of the loop-forming. There
is a change in yarn volume dV, which is caused by
the shifting of their cross-sections in the deformation
process which, on the other hand, is caused by their
elongation during the t ime dt to Tdr. Then, dV=LdT,.
In the given example, AB=L:const, L-the length of the
warp yarns between the two fixed points, the length of
which does not change.
Volume V of a certain yarn piece, at force action T is:

where is:
Vo - the volume of the warp yarns to deformation,
So - cross-section of the warp yarns before deforma-
t ion,
E - module of the longitudinal yarns' elasticity,
v - Poisson's coefficient.

The ratio between the volumes of one and the same
part of the shifted warp yarns at the change in tension
from T, to T, can be expressed by the following equ-
ation:q'v' ' 

v:__ l, (t - zv )+ gs,, 
e)

vt 
- 

I0 -2v )+ ESn
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The conditional equilibrium volume of the warp yarn
at the compensation zone AB, in the insignificantly small
time period dt, can be expressed by the equation:

r, (l - 2v )+ E.s,, ,J ,u , .  -  )  :  " ' "  d t _S .u ,d l=LdS .  ( 3 )
I (t - 2v )+ ES,,

where is: s, - s - t] t, s, = s,, -! ,.'  
E  

l  -  , ,  
E

-Cross-sections of the warp yarns' surfaces during the
elongat ions T,  and T, .

a )

Fig. 4 The model of a Rachel machine with measuring spots
and sensors for rreasuring the force

Legend:
1-Bobbin; 2-Warp: l-Compensation zone; 3-Orienta-
t ion rod; l l -Compensation zone; 4-Tension mechanism;
l l l -Compensation zone; 5-Warp depositor; 6-4 needle
with the sensor bui l t  in; lV-Braid; 7-Entrain runner; B,
9-Or ientat ion runners:  V-Compensat ion zone; ' l  O-Go-
ods runner.
By exchanging the values S,, S,, t / .S.

Modeling of Textile Technologies and Materials

where is:
ol - angle speed, 0 - angle rotation of warp shaft,
r - radius yarn's at warp shaft, B - warp yarn's stiffness,

The examined system has an equation of direction:

I+.?+t M^=r, r (5)
dr  2d t

lf we differentiate equation (4) per time and derive
d'Q / dt2 to make a change in (5) where

#=+( r't'-Mk-Z#,) (6)

)tr
- -1  d r .

L

we will get the complex -structured linear differential
second-degree equation

2v Ltfs * ( - zu) ,J!-1 + 2v Lt(r - zu ){r{' */ " d t - d r d t

+ rt (B - 2vr, ) (1 - 2u)r++ 2vu ,tln +\ / d t

+ (r - zv)r,]r) - I (t- 2v)u. (a - N r.) {l\ - 2v lln +
dt

+(- zv)r, lr#- r@- 2v)+[s*(- (T)
, . l t  '  )

- 2v) r,l g + r(a - 2vr,)ls + ( - :u )4 l,!! +' 'r 
dr clt

+,'(n - 2vr,)lB+ ( - 2v)r.l lr,, - M k -+4| - u
L 2  r l r l

The equation obtained enables us to define tension
f 2 of the warp yarns regarding their mechanical pro-
pert ies (parameters B:ESo, v) of the init ial  tension T,,
parameters I and r and speed rrr(t) .  With a change in
speed u, the init ial  tension T,, inert ial  moment I  and
radius r could be considered as eternal obstructing
factors, and the change in the break moment could
be considered as a control impact.

ln order to test the object equation experimentally,
we can use the fol lowrng expression

L A t  t l t T .  _ ,  A u : l  L I T )  , (  A t  , l v .  ,  , ' )  -
s"r  , t i  

* lF/ ,  * l * .  
dr  

+t ) r '=

,V ,  I  c tv .  r t  (  d t  t  r t r \  (B)
- 1  + - ;  - + - l  - - -  |

t '  t ' '  dr r \dt r cl t  )

In v":const. and with the slow change l= const,
r :  const i f  we ignore the last (r ight) equation of equa-
t ion (B) ,  we wi l l  get :

o4-!.:*R+*r._t,^
Jt' dt r

tl (D
and Dt = t 'Q : I ' ----:-  with equation (3).

tlt

) rn

, ' (B -  2vr,  ) [s * ( l  -  ]v)r . ] ry -u, (B -  lvr  )
dt

[a+1r -2vr, )]- -2vL[r+(r _ 2v)f ]+
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lf we connect the warp yarns' tension forces T, to
the break moment Mu, the break function can be writ-
ten as

- - l

Modeling of Textile Technologies and Materials

when the needles take the lowest position [2].
The minimums of the yarn tension correspond to the

cross-sections of the eye hook needles between the
latch needles during the back and forlh movements
(phases 4 and 7), and during the l i f t ing of the needle
in the openir ig of the needle latches (phase 9). The
phase of arr additional half-loop onto the other part of
the needle latches also causes a change in tension
(phases 10 and 10a)  [3 ,  4 ,  5 ] .

Diagram of yarn tension in stages, in compensation
zone l ,  a t  a  kn i t t ing speed of  580 min- ' .

This method of changing the warp yarn's tension made
us test the yarn tension, considering the extent of both
the maximum and medium tension.

Table 1 shows the yarn tension forces regarding the
phases of loop-forming in the knitting zone, with a slow
mot ion operat ion of  B.5min- ' ,  and in  the compensat ion
z -one  o f  B .Smin - '  and  S8Omin  '  (F ig  6 )  t7 ,  B ,  91 .

Kto)=H,=
Qp' + Rp +l  (e)

From equation (9) we can see that the transfer coeffi-
cient of the break function equals r -1, i .e. the standard
machine operation regime Trr = Mn

2.1 Warp yarn tension forces in phases of the
Ioop- forming cycle
Diagrams of yarn tension force with more cycles were
obtained through the use of sensors and addit ional
equipment. At the slow motion operating speed of
a machine of 8,5 min-l ,  the cycle period was 7.05s
(Picture 5) [6, 10]. The maximum tension is in phases
5, B and 0. Phases 5 and B, which have a maximum
tension, correspond to the layer's movement at the final
front and back position of the needle board. The yarn
tension is maximal at the end of the cool ing (phase),

r I
t

I
I

i l

Fig. 5 Dia-qram of yarn tension in a knitt ing zone, at a knitt ing speed of B. 5 min 1

T-f ,{-r6 t'l'il

Fig. 6 Diagram of yarn tension in stages, in compensation zone l, at a knitting
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Table 1 Yarn tension forces

zone

5 B O  m i n '

T (.N) 
---

1 3  2 3  1 6  5 1

Fig.7 shows a diagram of yarn oscillation in the loop-for-
ming cycle depending on the yarn tensioning force ['12].

J{r{r) 60(n 8000 l00u)

Oscillatrng li'equency ( s I )

Fig.7 Diagram of yarn oscillation in the loop-fornring cycle
depending on the yarn tensioning force.

Fig. B shows the dependence of the loop length on
the working speed of the machine [21. We can see
that the yarn length in the loom decreases on account
of the increased tensioning.

2.2 Conditional periods of a cycle

The modulus of the longitudinal elasticity of polyester
yarn, longitudinal weight of 19.53 tex or more cor-
rectly. The modules of elastic stiffness are, in the initial
stage, determined by the following expression.

Modeling of Texti le Technologies and Materials

' \\

5.4

5 t

^  < .
R
I

- -  5 .1
,.E
bo
-  5 0
C J  

' ' '

:
5 +.e
a

J
-1.8
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E,=lfrxr* l's
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550

Working speed of the machirrc (mitt-I\

Fig. 8 Diagram of loop length depending on the working
speed of the machine

where is. S-surface of the yarn's cross-section cm2,
P1-yarn load cN of 1 o/c deformation.

The init ial  yarn length before elongation was 50cm.
In a yarn elongation of 1 %, with a force of 2 cN, the
yarn length was 50.5 cm according to the tension dia-
gram.
Since the yarn weight of ini t ial  length is 0,0092 g,
then the longitudinal yarn weight during the elongation
wi l l  be:

0.0092 .10 '
T t - =  18 .217  tex

0.505
and the surface of the varn's cross-section

I 8 .2 t lc _
J - = 0,0 l320mrn2

1000.  l ,3g
which is: 1.38 - is the specif ic weight of the polyester
yarn per mg mrn 3.

From the ratio of the force and the surface of the
yarn's cross-section, the modulus of elastic stiffness
wi l l  be:

tr
L l -

0.01320  .  10 - '
-  15151 .5  c lVcm 2

According to the dimensions of the warp bobbin and
the material's specific weight (out of which the bobbin is
made). The inertia moment of the bobbin sten will be:

lx l  =  1 /  12x2.141 6x39 .5 (102-7.7Sr) [39.52+3xS.0625]
=  139281  2 .5  g r  c f f i 2 ,

And walss of bobbin.

l x r :  1  /  12x2 .141  6x3  .14  (7  02 .25-60 .06)  x2
[ (4+3x351 .5625) ]  =76198 .65  g r  cm2,( 10 )
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the inertia moment of the yarn warped on the section
blocks whose winding warp diameter is 15.1 cm, weight
9.632k9 and 1.38gcm-3 yarn's specific weight, will be.

l r=1 /  12x1.38x3.14x39.5 (1 5.12-1 02)  t (39 52+3x5.12) l
:2991276 .69r  cm2

Ful l  moment  lu=0.514606 kg m'  t l i  52457,2 gr  cm s2.
Poisson's coeff icient is 0.5.
According to equation (9), we have

NT 2 .0 .5  .9 .743

l00g 100.16176.98

Through this, we have fulf i l led the condit ion that

2vT - ( (S .
I  006

Determined on the basis of the average force of A loop-
-forming cycle, table 1,

52.5 .  547 5.2.  2  .  0 .5 .  1  0r =  l . 2 9 3 s r
t 00 .  I  6776 .98 .  15 .  l r  .  0 .01269

0.0123:  0 . 0108s

Since in this example 0< : < 1, the osci l lat ion is dam-
ping. The tandard logarithm of the relat ion among the
sequenced maximums of the solut ion or " logarithmic

decrement"
Zxh/  at  :0 .0339637.

According to the diagram of the yarn tension in the
knitt ing zone, at the machine's operating speed of
B,Smin-' ,  a single cycle period amounts to 7.05s,
while in the calculat ion part,  a condit ional cycle's peri-
ods without a break moment amounts 7.14s, which is
approximate to the experimental value.

With the average yarn's tension force in a loop-for-
ming cycle of 13cN, the condit ional periods of the cycle
is  6.21 5s,  and i ts  c i rcu lar  f requency is  1 .0 .1 04s.

2 6

LI  2v( ) : -  _
I  008,r ' '  S

u . 1 2 r . '  0 . 5 . 5 4 7 5 . 2 . 2 . 0 . 5 . 1 0 -  ,R -  -  - -
l 0 0 E , r ' S  1 0 0 . 1 6 7 7 6 . 9 8 .  l 5 . l -  . 0 . 0 1 2 6 9

According to equation (9),

d'7. dr- I
Q_: :+R_+r .  =_ tu [^

dt' dt r

By changing the values with Q and R, ignoring M" and
with T2:x, we wil l  get

x  = k  exp ( -4.756 x ' lO-3 t )  cos (0.8794 t  + o)

Coefficient of damping

Modeling of Textile Technologies and Materials

At machine operating speed of 58Omin-1, the ave-
rage yarn tension force in the cycle was 16.BcN, the
condit ional periods of a cycle were 0.0841s, and in
the experimental paft,  i t  was 0.103s.

3.  Conclus ions

1. The consumption of the warp yarn during the knit-
ting process, as well as the loop-forming cycle, is
a variable value, which is caused both by the com-
parative shifting laying of the warp and eye hook
needles, and the variable warp yarn tension in par-
t icular phases of the loop-forming process. This
comparatively affects the yarn length of the loop, its
stability and the homogeneity of the loop's knitted
fabric structure.

2. According to the calculated forces in the compen-
sation zone, as well  as in the part icular phases of
the loop-forming cycle, we have calculated the
current modulus of the elastic stiffness as one of
the parameters important for defining the conditio-
nal periods of the damping osci l lat ion process. At
a lower machine operating speed, when the warp
yarn loads are the lowest, the condit ional periods
of a cycle match the experimental one. At higher
operation speeds, when the warp yarn loads are
greater, there is a small difference between these
periods, which varies according to the yarn load.
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Dynamika napdtia priadze pri osnovnom pleteni

Translation of abstract:
The dynamics of yarn tension in warp knitting

Pre stanovenie zdvislosti osnovnej priadze na operadnej nj,chlosti pletacieho stroja vnutri kompenzacnej a ple-
tacej zony a tieZ v urcitych charakteristickich uzloch tvorby sludky sa sledovala dynamika napatia osnovnej
priadze pri osnovnom pleteni na Raschelovom pletacom zariadeni RE-4 pomocou senzorov skonStruovanych
zvld5f pre tento Wskum.

Z dynamickeho hladiska sa ziskala oscilaind rovnicu, ktora urcuje vztah medzi nj'chlostbu posunu osnovnei
priadze, mechanizmom napatia a pou2itou rychlostbu pletacieho zariadenia, ktore mA vel'ki vyznam pre stabilitu
osnovne pletenich tkanin. Hodnoty cyklickych period a period oscildcii akustick6ho tlmida ziskan6 z diferenci-
alnej rovnice druh6ho radu predstavuju inovdciu v tejto oblasti vyskumu.
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1.  In t roduct ion

The development of the methods of analysis to
the level of the microstructure of the material,  the
knowledge of the material engineering and the eco-
nomical ly acceptable procedures for the produc-
t ion of formerly only expensive laboratory synthetic
materials, enable their constantly wider use in the
spectrum of various technical and clothing applica-
t ions. They are mostly arranged in the categories of
technical text i les, and they are put into effect in many
brancl ies of human activi t ies, such as the bui lding
industry, industry, transport,  medicine, sports, health
protection and many others.

It is obvious that such materials particularly find use
in such products in which their use improves exist ing
qualities and characteristics or adds to them such new
uti l i tar ian quali t ies, which increase the value of the pro-
duct for the user. The special group from this point of
view forms the field of protective and working clothing.
And thus also considering the evident profitability of
the above-mentioned process, it is obvious that per-
manent cognit ion and gaining knowledge about new
clothing materials is very important.

However, not only the material preserves the final
correct result and also with it the contentment of the
customer. The qualiV of the whole depends on the
correct combination of the materials - position, amo-
unt and, natural ly, on their modif icat ion and mainly
cooperation, which could not have existed without the
most suitable connection of the material.

How do the producers of today master this task?
The basic need is - "to know how". Only like this is

28
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i t  possible to define the need of the production i tself .
The production which needs to get exact and under-
standable instructions to correctly accomplish the
task and allow tolerances, and it has to be adept and
by means put these instructions into effect. The task
set l ike this is suff icient for those f irms which only carry
out the orders of the ordering party, or for a perma-
nently made assoftment with a minimum of changes,
or for complicated special ized production, where i ts
own competence is an indisputable asset, creating
sufficierrt profit and a position in the competition.
However, for f i rms whose ambit ion is independent
and high-quality operation to the need " to know how",
to which i t  is answered "l ike this", the need "to know
why" has to precede it; this means to have knowledge
which enables the creation of the above-mentioned
instructions and set allowed tolerances.

How do our Slovak f irms f ind their way in this mate-
rial, expert and personal context? Associate professor
Otakar Kunz, from the Technical University of Liberec,
a reputable pedagogue of the Department of Techno-
logy and Management of the Ready to wear Produc-
tion in Prostejov says: ,,Producers of technical clothing
in our country depend on themselves, how to profes-
sionally master problems of manufacturing with ready-
-made-clothes of often new, entirely unknown mate-
r ia l s "  [1 ] .

Let us take an example from the practice: professi-
onal clothes of woodcutters working with chain saws.
Their protective clothing cannot provide '100% protec-
t ion against being cut by chain handsaws (Fig.1). In
spite of that it is possible to make protective clothing
which provides a certain protective factor. The protec-

STRENGTHENING OF THE SEWN SEAM
OF PROTECTIVE CLOTHING

Urban-Kochar ian G. B.

University A.D. in Trenet'n, Faculty of lndustrial Technology Puchov, Slovak Bepublic

e-m ai I : g aj an e. u rban @ n aex. sk

The process of the production of protective clothes fora desiderative plrrpose requires a knowledge

of sewing parameters and the correct choice for t lre cornbination of the loined materials. The basic

mechanical-physical quality of the joints is solidity. The main sources of the effect on the solidity of

the seam in the static are researched. The material used (joining, joined), parameters of the joint,

the parameter of the seam and the direction of the strain - are analyzed. The work is engaged in

the determinat ion of  the longi tudinal  weight,  the number of  spins,  the sol id i ty arrd tensibi l i ty  of  the

threads at a rip, the finding of the maximum power at the rip of a seam and protective insets and an

analysis of the structure of the protective insets of protective clothes for forest workers with saws.
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tion can be achieved by various functional principles

l2 l :
.  sl ipping of the chain: during the touch with the exte-

r ior side of the working means - the chain cuts the
material;

.  blocking: f ibres, are pul led into the chain wheel of
the drive by the chain, and they block the chains
motion;

. braking of the chain: f ibers put up high resistance
while cutt ing, and they absorb the rotat ional energy
and thereby decrease the chain's speed.

Textile Materials

r ials and, of course, qual i t ies of the seam. After al l ,
making ready-made clothes into the shape of the final
product means to process planar textiles with the help
of seams into tr idimensional products. ln the process
seams have to resist special and often demanding
condit ions of the application. When the functional i ty
of the products fails in some cases, health and the
human l i fe can be endangered. That is why emphasis
is put on the quality of the processing and with it, rela-
ted requirements for the solidity of the seam, as well
as on its basic functional quality.

..*-;
,i '.

f i .

,fuit

+ '=
I 
t*-

Fig. 1 Protective clothing for users of chain handsaws

The condit ion for the possibi l i ty of making such cus-
tom-made technical ready-made clothes according to
the customer's supplied procedure from the supplied
material in the desiderative quality is the ownership of
the quality certificate lSO. One of the most famous
cooperative societies in Slovakia - c. s. VZOR Zvolen
can be praised for such quali ty condit ions.

What contr ibution should the knowledge of the
supplied sewed and sewing material and quali t ies of
seams of the product for the manufacturing firm have?
And what can the educaticlnal process contribute? lf
we return to the previous consideration, we can posi-
tively state that such knowledge in the relation to new
materials can supplement the produced assortment of
actual products by new quali t ies during their use, or
also enlarge the assortment itself. Such knowledge
will provide valuable professional information for the
tuition at school and its retrieval itself by the process
of the analysis as well as practical habits in the trai-
ning of new specialists. That is why this work has been
assigned and accomplished. There have been basic
tasks and defined methods of the analysis of rnate-

Vldkna a textil 14 (2) 28-32 (2OO7)

2. Experimental

In order to carry out the examination there eight thre-
ads used by producers Reutex, Amann Group and
Alterfil were set aside: two kinds of basic material
with the rate of PES/cotton - 50/50 and 65/35; two
kinds of protective insets (9 and 6- layers); two diffe-
rent l ining materials. From the init ial  basic, layer and
l ining materials samples for the analysis of seams in '10

combinations with the use of two Amann threads and
one inset rnaterial were made.

For verifying the qualities of the entering materials
into the analysis, verifying of the qualities of the thre-
ads (according to STN EN ISO): f inding of the length
weiEht by tape method [3]; finding of the thread bend

[4]; probing of the solidity and tensibility of constituent
threads at break [5] and seams - probing of the maxi-
mum power at break of the seam by the Strip method
[6] were accomplished.

Seams in clothes drag out, abrade and bend. ln
accordance with these facts the solidity of the seams
characterized by indicators such as the maximum

)

29



Textilne materiAly

strain by the overspreading of the seam in cross
direction, the elongation of the seam at break in the
longitudinal direction, resistance of the seam at mul-
tiple overspread, along and cross towards the backs-
t i tch [6].

/ ' '

\
F''

Fig. 2 Schematic representation of the seam strain

In the schematic representation in Fig. 2 there are:
F - is the external power affecting in a common

direction:
F. (F,') - external powers affecting the longitudinal

direction to the sewed seam;
F z (F 2'\ 

- external powers affecting the cross direc-
tion to the sewed seam.

Maximum strain at the overspread of the seam
in the cross direction - is determined on the ripping
device. The sol idity of the seams depends on the sol i-
dity of the threads, the thickness of the threads, the
density and kinds of st i tches. The simplest fonnula for
the determination of the strain of the tear of a bounded
direct backstitch.

P  =  5 . m . Q . I
where: P - strain needed for the tear, m - nurnber

of st i tches in 1Omm of the backsti tch, Q - sol idi ty of
the thread, 11 - correction factor (O.B+ 1 .2).

The probing of the maximum power of the seam
were carried out on the Zf -2OO ripping device accor-
ding to the relevant norm [6] A test sample of the pla-
nar textile with the set size with the stitch in the middle
is stretched perpendicularly to the seam by a constant
speed t i l l  the break of the seam. The maximum power
needed for the break of the seam is reduced.

Through this test solidity and tensibility were probed
by break of the seam in the direction of the loom and
the direction of the weft. The solidity and tensibility by
the break of the seam of the materials with 9-layer and
6-layer protective insets was probed.

The sample of the minimum size of 350 x 700 mm
wil l  be cut from the planar text i le. The sample wil l  be
folded in half ;  thus as the fold was col l inear with the
longer side of the pattern, the seam wil l  be sewed in

30

Ir
\

Textile Materials

this direction. The set of a minimum of five test sam-
ples 100mm wide will be cut from the prepared sam-
ple, which wil l  be modif ied into the f inal form (Fig. 3).

Tests for the probing of the structure of the selected
protective insets and linings used in the production of

1 1 1 1 1 1

Fig. 3 A sample with a seam and the representation of the
divrsion to the test sample (1-cut, 2-seam, 3-length
before sewing) and the test sample prepared for the
test

the protective clothing for users of chain handsaws
were carried out at the Faculty of Industrial Technolo-
gies in Puchov and in the Research Institute of Chemi-
cal Fibres in Svit. Two protective insets were analyzed.
These protective insets are put between the lining
materials. The lining material was also analyzed. The
macroscopic evaluation was carried out to consider
the structure of the protective inset and l ining, and the
fol lowing quali t ies were determined: form, color, shine
and fumble.

While carrying out a combustion test, the method of
burning, smell  and the rest after burning were determi-
ned. The analysis continued by the microscopic test,
and it was determined that both protective insets pro-
bably have the same looms.

The identification of the materials were carried out
according to the methodology described in the com-
pany norm [8] PDN 129-97-O1. The identi f icat ion of
materials with the use of FT-IR spectroscopy, gas
chromatography, microscopy and differential calo-
rimetry, was carried out in the Research Institute of
Chemical Fibres in Svit .  The determinatron of the che-
mical structure of the unknown organic, inorganic and
polymeric materials is based on the measurement of
the infra-red spectra by transmission or reflective tech-
niques, and the comparisons so obtained spectra with
a catalogue of the spectra of known substances. The
probable structure of the protective insets and lining
was determined by the combination FT-iR spectros-
copy with microscopic pictures of the analyzed mate-
rials. lt was possible to identify only the fibre PE by the
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dif ferential thermical analysis, where the endothermic
effect at 161oC was visible, which corresponds with
the temperature of the l iquefaction of high molecu-
lar polyethylene (cca 17O"C) t28l The second con-
siderable effect from 350 to 450"C corresponds to
the thermal destruction of the f ibre. With other f ibres
the DTA method proved to be insufficient as a con-
sequence of the inconsiderable effects in the area of
100'C -  300 'C,  where i t  is  not  possib le to  ident i fy
the characterrst ic temperatures of the l iquefaction of
the polymers.

3.  Resul t  and d iscussion

By a comparison of the threads used for sewing the
seams of both materials with a different structure it was
discovered tlrat tlre seams sewed by Amann 75 thre-
ads for the 50',  PES/50% cotton materials achieve
the highest values of sol idi ty and tensibi l i ty ( the seam
is led in  the d i rect ion of  the loom).

The highest values of the maximum sol idity and ten-
sibi l i ty by the r ip of the seam were achieved by seams
sewed by Amann 75 threads to the 65%PES /31c/ocot-
ton materials (seam - in the direct ion of the loom).

After the comparison of the values of the maximum
solidity and tensibi l i ty by the r ip of the seam with the
protective insets. the highest values were achieved by
Amann 75 threads, which were used for sewing the
seam by 50%PES1SO',.cotton material and a 6-layer
protective inset. The Amann 75 thread has a high-so-
l id polyester core, which gives the thread high sol idity
in the strain and needed extension. The thermal endu
rance is reached by spinning the core with high-qualiV
cotton.

On the basis of the results of experimental measu-
rements, the highest sol idity and tensibi l i ty at the r ip

Textile Materials

of a seam in the direction of the loom was achieved
by the material with the 50%PES / SOo/ocotton struc-
ture (the samples were sewed using the Amann 75
thread). The highest sol idity and tensibi l i ty at the r ip of
the seam in the direction of the welf was achieved by
the material with the 65%PES/35% cotton structure
(Amann 75 thread). The highest sol idity and tensibi-
lity at the rip of the seam with the protective inset was
achieved by the material with the 50%PES / 5Oo/o cot-
ton structure with a 6-layer protective inset (Amann 75
thread). By carrying out an anaiysis of the protective
insets Advance and 6-layer and l ining material their
probable structure was determined :
- Advance protective inset in the direction of the loom

in polypropylene and polyester, and in the direct ion
of the weft, polypropylene and polyester;

- protective 6-layer inset in the direction of the loom,
polypropylene and polyester and in the direct ion
of the weft polypropylene and high-molecular poly-
ethylene;

- l ining material mix yarn in the direct ion of the loom
and weft with the cotton/PES structure .

The highest degree of sol idi ty and tensibi l i ty by a com-
parison of the protective insets was achieved by 6-layer
protective inset with the structure of the loom PP, PES
and the weft PP, high-molecular PE.

4.  Conclus ions

The data acquired by the analysis of the provided sam-
ples have two different values - verification and new
information. The f irst one deals with the quali t ies of the
declared material and belongs to the area of the input
control, and the second one offers valuable informa-
tion about the possibilities for its use. With reference
to the second one, it is possible "to assign the material

Table 1 Strain needed for the rio of the direct bounded stitch

Mater ia l Thread used m r\ P
Direct ion/number

of the layers of protective.

fibres

5070 PES. 50' .  cot ton
Amann B0 3 16.7 2 5 0 . 5

loom
Amann 75 3 . 5 1 7 . 3 302.75

359/.PES 65".  cot ton
Amann B0 J 1 6 . 7 2 5 0 . 5

Amann 75 3 . 5 1 7 . 3 302.7 5

50% PES. 50',". cotton
Amann B0 1 6 . 7 2 5 0 . 5

weft
Amann 75 3 . 5 1 7 . 3 302.7 5

3sol'PES, 659'r cotton
Amann B0 3 16.7 2 5 0 . 5
Amann 75 3 . 5 1 7 . 3 302.7 5

50% PES, 50% cotton Amann 75 3 , 5 1 7 . 3 302.75 6-layers

35%PES. 65% cotton Amann B0 3 . 5 16.7 2 9 2 . 2 5 9-layers
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to the right place", while the preparation of the product
means farming out the combination providing a higher
quality at fixed expenses.

And what has the pedagogical process acquired?
First of all, it has come to the result according to
a controlled order and thereby it provided the prac-
tical habit acquired by the performance itself for the
concrete purpose within the bounds of the expert spe-
cialization. For the expert side it provided basic infor-
mation about the new material - protective insets with
the open question of the material structure of one of
the components, which creates an expert chal lenge
in the f ield of material engineering. From the point of
view of technical study, measured data is valuable as
a component of a wider search, which should be sup-
plemented from the point of view of the amount for
statistics. From the point of view of measured combi-
nations for verifying the correct choice of the materials
for coming up to the expected utilitarian qualities of the
product. However, definite data creates only a pad of
the expected wider parametrical-material basis in the
given issue. lts pedagogical and expert value will grow
with its range, and the importance will be potential
after the insertion of discovered preferential material-
-technological combinations to the educational pro-
cess within the bounds of preparation of new experts
for the field of material engineering and teaching tech-
nologies.

Work with new materials and practical ex.amples
of their use, the effoft of mutual usefulness between
a firm and school by achieving their orrun aims and
tasks and a certain amount of expert work usable by
solving practical questions of the systematization in the
new field of the technical clothing are that the profit of
similar activities like carrying out of diploma projects.

Textile Materials

Accordingly, the accomplishment of the correctly
chosen contr ibuting assignment coming out of the
practice with sufficient expert consulting leadership is
just an example of what could be solved not only the
immediate lack of information about new materials in
the field but also prepare people so well versed for the
field so that they could help to change the passive task
of the local firms to the active one.
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Pevnosf 5it6ho spoiu v ochrannfch odevoch

Translation of abstract:
Strength of the sewn seam of the protective clothing

Proces \ iroby ochrannich odevov vyzadu.ie znalosf parametrov Sitia a sprdvny uj,ber kombinacie spdjanlch
materidlov. Zekladn| mechanicko-fyzikalna kvalita tejto dvojice je pevnost. Hladajt sa hlavn6 faktory vplwu na
pevnost Svu v statickom stave. Pou2it6 materially, parameter Sitia a sp6sob napatia sa zohlhdf,uju v anallize.
Pr6ca sa \i,ka stanovenia diZkovej hmotnosti, podtu zakrutov, pevnosti a roztainosti priadze pri roztrhnuti; stano-
venie maximdlnej sily pri roztrhnuti Svu a ochrannfch vlo2iek a analyza Strukttry ochrannich vlo2iek ochrannych
odevov pre lesnich pracovnikov pracuj0cich s pilou.
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Polymerne kom pozity predstavuj u oblast polymernych
materialov, ktore naSli u2 Siroke uplatnenie v priemy-
selnych oblastiach. lch novou tr iedou su nanokompo-
zity, co su polymery plnene nanocasticami. Nanokom-
pozity preukazali lepSie vlastnosti ako ciste polymery,
napr. lep5ie mechanicke vlastnosti ,  zni2enu priepust-
nost plynov a horlavost [1 ] .

Dole2itou oblastou spracovania vlaknofuornych
polymerov je uprava ich vlastnosti - modifikacia, ktora
mo2e byt fyzikalna alebo chemicka. Na modif ikaciu
polymerov sa najiastejSie pou2fva montmorilonit - vrs-
tevnaty silikat, ktory pozostava zo silikatovych S,Oo tet-
raedrov naviazanych na oktaedre hydroxidu hliniteho
alebo horecnateho v roznych pomeroch t2l.

Struktura kompozitu zavisi od charakteru zlo2iek
(vrstevnaty silikat, organicky kation a polymerna mat-
rica) a metody pripravy. Dispeaia ilovych iastic v po-
lymernej matrici ma za nasledok tvorbu troch typov
kompozitov:
a) fazovo separovany mikrokompozit,
b) interkalovana Struktura (vkladand, vsuvana) nano-

kompozitu a
c) exfoliovana Struktura (oddelena, odlamovana, odlu-

povana) nanokompozitu [3, 4].

-
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Na pripravu nanokompozitov sa pouZfvaju metody:
,, in situ" polymerizacia [5],
polymerizAcia v emulzi i  [6j ,
interkalacia v tavenine [7, B],

- sol - 96l proces [9].
Struktura a vlastnosti nanokompozitov PA 6/MMT

boli charakterizovane termogravimetrickou analyzou,
diferencialnou snlmacou kalorimetr iou, termome-
chanickou analyzou a testom pru2nosti. Z qysledkov
vychldza, 2e stanovene vlastnosti tychto nanokompo-
zitov su urcene ich vnutornou strukturou. Nanokom-
pozity ukazali zosilnenie ich dynamickych modulov,
prekonanie efektu termickej expanzie, ale aj zvy5enu
ohybnost s rastom obsahu MMT t10l

Vzajomne interakcie plnivo-matrica ako aj mno2stvo
plniva maju vplw na ohybnost a furdost nanokompozi-
t o v  [ 1 1 ] .

Rontgenova difrakcia (XRD), mikroskopia atomo-

Wch sf l  (AFM), diferenciAlna skanovacia kalorimetr ia
(DSC) a tahove skuSky sa pou2ili na charakterizaciu
mikroStruktury, morfologie, termickych a mechanic-
kych vlastnosti nanokompozitov PA 6/il. Vysledky XRD
a AFM ukazali, 2e organicky modifikovane vrstevnate
silikaty su interkalovane v PA 6 matrici. Krystalizacia

. :  ,  t ,,)-,
. r  ' .  , . .  

:
t ' ' ,  ' - - - : , '  ' '

Polymer

MODIFIKACIA PA 6 A PA 6 VLAKIEN FUNKENYMI
KO(POLYMERMT) A VRSTEVNATYMT STLTKATMI

Vassova, l. , Kri5tofic, M. , Ryba, J.

Slovenska Technicka Univerzita v Bratislave, Fakulta chemickei a potravinarskejtechnologie,
l,Jstav polymernych materialov, Oddetenie vlakien a textilu, Radlinskeho 9, 812 37 Bratislava,
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Obr. 1 Schema roznych typov kompozitov Wplwajuce z interakcii vrstevnat6ho silikatu a polymdru: a) f6zovo separovany
mikrokompozit, b) interkalovani (medzivrstuow) nanokompozit, c) exfoliovani nanokompozit

Vldkna a text i l  14 (2)  33-36 (2007) 33



LiterArna resers

a termicke chovanie su ovplyvnene adiciou vrstevna-
teho silikatu do polymernej zmesi. Silikatom vytvorene
kryStdly sa transformuju z cx-modifikacie na y-krysta-
l icku modif ikdciu [ ] .

Kry5talicke vlastnosti nanokompozitov PA 6 s or-
ganofilnym vrstevnatym silikdtom boli preskumane
DSC aj XRD. ilove do5ticky v kompozite fungcvali ako
nukleacne cinidlo a ovplyvni l i  krystal icku Strukturu PA
6 a rychlost kry5talizacie. Stupen kryStalinity v na-
nokompozite stupa so zvySujucou sa rychlosfou chla-
denia a nanoplnivo uprednostriuje tvorbu y-krystalickej
modi f ikAcie [12,  131

Krystalizdcia a morfologia PA 6 nanokompozitov
pripravenych extrudovanim zmesnej taveniny zavr-
sia od typu a obsahu MMT a molovej hmotnosti PA
6 matrice. Nukleacna schopnost si l ikdtovych vrst iev
je v Wchto PA 6 nanokompozrtoch mala. V mnohych
zo Studovanych nanokompozitov PA 6/montmorilonit
funguju dispergovane silikatove vrstvy ako necistoty
a skor zni2ulu ako zvysuju kinetiku krystaiizacie PA 6
najma pri  vysokom obsahu MMT. Pri danom obsahur
MMT spomalenie rastu kryStalitov rastie so zvy5ujucim
sa stupnom exfoliacie (a zavisl od typu MMT) i so zvy-
Sujucou sa molovou hmotnostou PA 6 [14]

Vlakna PA 6/il boli pripravene zvlAknovanim z ta-
veniny. Vysledky DSC merani ukazali, 2e pritomnost
flu ovplyvnuje kryStalizaciu PA 6 v y-forrne, sposcbuje
zvysenie teploty krystalizacie a pokles teplcty tavenia.
MnoZsfuo amorfnych regionov je v plnenych vlaknach
vySSf . Plnene PA 6 vlakno sa farbi rychlejsie ako nepl-
nene vlakno. hlavne disperznymi farbivarrr i  [15].

Zmesnym tavenirn kopolyamidu s ciastocne aroma-
tickou Strukturou a vrstevnateho silikatu boli pripra-
vene nanokompozity, ktore maju ni2siu teplotu tavenia
a zlepSene mechanicke a barierove vlastnosti v porov-
nani s homopolymerom. Nanokompozity kopolyamidu
s roznym obsahom organoflu boli vyrobene dvojzavt-
tovkovym extruderorr pri roznych rychlostiach vytlaca-
nia taveniny, s cielbm poukazaf na vplyv roznych pod-
mienok spracovania na vlastnosti  nanokompozitov.
Silikatova nano-drsperzia podstatne ovplSvnuje kryS-
tal icku morfologiu kopolyamidovej matrrce, stabi l i tu

1-kryStali ckej fazy a dynamicko-mechanicke vlastnosti
zmesi  I1  6 l

Na skumanie reologickeho spravania sa nanokom-
pozitov bol i  pouZite nanokompozity homopolyamidu
a kopolyamidu s troma roznymi obsahmi silikatu a roz-
dielne rychlosti zavitovky. Statisticky kopolymer PA 6
ma ciastoine aromaticku Strukturur a ako fl bol pouZity
komercny organicky modifikovany MMT Na hodnote-
nie spravania sa toku nanokompozitov a rch Struktury
boli vykonane reologicke experimenty kde sa menili
druh matrice, obsah i lu a rychlost extruzie. Merania
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ukazali, 2e ucinok 1e vyraznejSi v pripade nanokompo-
zitov nabaze kopolyamidovej matrice, ktory mo2e mat
vyssiu afinitu k silikatu ako homopolymer PA 6 1171.

Obsah silikatu a mno2stvo absorbovanej vlhkosti
vplyva na mechanicke vlastnosti PA 6 nanokompozi-
tov. Nanokompozity s roznou koncentraciou silikatu
absorbovali podobne mnoZstva vody. Modul tychto
kompozitov sa zvySuje s rastom obsahu silikdtu a klesa
so zvySujucim sa mno2stvom absorbovanej vlhkosti.
Ta2nosf nanokompozitov klesa so zr4ySenym obsahom
sil ikAtu a rast ie s rastucim obsahom vlhkosti  [18].

VplW modifikovaneho ilu v PA 6 matrici na vel'kos{
vol'neho objemu, termicke a viskoelasticke vlastnosti
nanokompozitov bol Studovany diferencialnou snima-
cou kalorimetr iou a dynamicko-mechanickou ana-
lyzou. Pri  nizkej koncentracri  f loveho podielu v PA 6
krystal i toch sa teplota tavenia (povodne 212' '  C ) zW-
Sila, zatial' co teplota tavenia rr- kryStalitov (povodne
blizka 222'C) sa zni2i la. Viskoelasticke chcvanie
nanokompozitov PA 6/il v porovnani s neplnenym PA
6 sa prejavuje v zmenenej pohyblivosti segmentov
v nekryStal ickych oblastiach [1 9].

Degradaciu nanokompozitov PA 6 / tl mo2eme vy1ad-
ri f  ako funkciu obsahu i lu. Nanokompozity sa moZu
I'ahko ziskat jednoduchym mieSanfm taveniny orga-
nicky modif ikovaneho i lu a polyamidu 6. Hlavnymi
degradacnymi reakciami PA 6 su aminolyza a/alebo
acidolyza, uskutoinene cez vnutroretazovu reakciu,
prodLrkujucu t:-kaprolaktam, ktory je monornerom PA
6. Ak ie obsah flu zvySeny, relativne mno2stvo e-kapro-
iaktamu v produkte klesa a viskozita zvy5ku rozpuste-
nej ldtky sa zvySuje. Vnutroretazove reakcie prebiehaju
v prftomnosti  i lu, pretoZe terrnicka degradacia nastane
v pr iestoroch galer i i  i lu  [20] .

Metody nevariantnych kinetickych paranretrov
umoZnuju modelovanie termickej degradacie, ktora
nastava v prftomnosti kyslika Na zabranenie pyrolyzy
a termooxidacnej degradacie nanokompozitov sa pou-
2fuaju uiinne samoochranne filmy l21l

Viaczlolkove polymerne materialy su casto pripra-
vene tavenim 2 alebo viac mieSatel 'nych alebo nemie-
satel 'nych polymerov. Tento jednoduchy sposob nie je
najvhodnejsi na ziskanie dobrej disperzie polymernych
zmesl, hlavne pri  kombinaci i  polarnych a nepolarnych
polymerov. V dosledku roznych polari t  zlo2iek vznikne
heterogenny system s dvoma fazami, jeden polymer
je rozdispergovany v druhom, pri iom tvar a rozmer ich
iastic zavisi od niekol'kych faktorov, ako je viskozita
taveniny zlo2iek, medzifazove napatie a adhezia, pod-
mienky spracovania a ine. Koneine vlastnosti tychtc
zmesl su si lno ovplyvnene objemovym zlomkom obi-
dvoch zlo2iek, rozmerom a fuarom ich castic a medzi-
fazovym napatim i adheziou medzi dvoma fazami [22]
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Cielbm zmesi PA 6 a PP bolo zlep5enie mechanic-
kych a barierovych vlastnosti i natieratel'nosti, pricom
PA 6 prispeje k zlepseniu mechanickych a termic-
kych vlastnosti a PP zabezpecl dobru spracovatel'nost
a necit l ivost na vlhkost. Zmie5anie PA 6 a PP je vel 'mi
narocne. Polymery su nemieSatel'ne a vyfvoria hetero-
genny system, ktory ma slabe mechanicke vlastnosti .
Na zni2enie medzifazoveho napatia a na zlep5enie
adhezie medzi dvoma zlct2xami sa pouZivaju kompati-
bilizacne prisady. Pre znresi PA 6 a PP sa naicastej5ie
pouZlvajLr polypropylen ockovanym maleinovou alebo
akrylcvrirr Kyselinou. Vlastnosti zrnesi PA 6/PP zavisia
od icl .r  pomerlr,  objemoveho zlomku , zlo2enia a funkc-
nosti kompatibilizatora, molovej hmotnosti PA a PP
a kryStal ickej struktury systemu [23].

Pevnost a tvrciosf PA 6/ PP nanokompozitov boli
r4yznamne zlepSene pou2itim kompatibilizatora PP
oikovaneho maleinanhydridom (MAH-g-PP), ktory
zlepsuje zna5anlivost PA 6, PP a organoilu lZa).

PP a PA 6 zl iat inove nanokompozity bol i  pr ipravene
interkaiaciou v tavenine znrieSanim PP a PA 6 pri  polr-
zi t i  organofi lnelro MMT. Pri interkalaci i  bol pou2ity
ko m pati b tlizator MAH-g-PP. Stru ktu ry nanokorn pozitov
boli  charakterizovane snimacou elektronovou mikro-
skopiou, X-lucovou difrakciou a transmisnou elektro-
novou mikroskopiou. Bolo zistene, 2e zlo2enie zmesi
ma vplyv na dispergaciu organofi lneho MMT a vybudo-
vanu kryStalicku Strukturu a vySSia rychlost kryStaliza-
cie ma za nasledok zvySenie y-kry5talickej tdzy [251.

Mechanicke vlastnosti  nanokompozitnych materia-
lov vel 'mi zavisia od sposobu ich prfpravy a od sposobu
upravy a obsahu plniva. Uprava plniva a lepSia komp;r
tibilita ma pozitivny vplyv na cely system. V pripade PA
6 nanokompozitov hodnoty modulov a napatia v fahu
su v porovnanl s rremodifikovanym PA 6 vy5sie t26]

,, ln si tu" postupom pripravene PA 6 vlakna s obsa-
hom rozne upraveneho plniva 127 , 2Bl vykazuju zvy-
Senie napatia v tahu. io je casto sposobene pri tom-
nosfou polarnych skLrpin a ionovych interakcii medzi
polymernou matricou a silikdtovymi vrsfuami.

Nanokompozity s exfoliovanou Strukturou vykazuju
prudke ziSenie Youngovho modulu aJ pri  nfzkom
obsahu plniva Pevnosf rnaterialu sa zvySuje polymeri-
zaciou v pritpmnosti organicky modifikovaneho MMT,
MMT napuianeho s protonizovanym e-kaprolakta-
mom (E-KL) alebo s prfrodnym MMT v pri tomnosti  E-KL
a kysleho katalyzatora. Schoprrost dispergovanych
castic zvySovat Youngov modul nanokompozitov PA 6
moZe zavisiet od priemernej OiZt<y vrstiev dispergova-
nych castic. Exfoliovana Struktura a Youngov modul sa
s obsahom i lu zvySuje, ale ori  urcitom obsahu f lu (10 %
hm.) Struktura nanokompozitu je len ciastocne exfol i-
ovana a Youngov modul klesa. Exfoliovane vrstvy su
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hlavnym faktorom ovplyvnujucim pevnost kompozitu
a interkalovane iastice maju na pevnost len nepatrny
vplw I29l

Burmistra [30] skumal vplW vrstevnateho silikatu
modifikovaneho polymernymi kvarternymi amoniovymi
ionmi (organofi lny Bentonit) na mechanicke vlastnosti
nanokompozitov l inearnych polymerov a Bentonitu.
Pevnosf cisteho PA 6 je 31 MPa, ale s obsahom 1 %
lrm. bentonitu sa zvySila na 46 MPa. Adiciou 2o/ahm.
bentonitu do polyamidu stupa pevnost nanokompozitu
a2 o 53 o/o.

Stu2enie nanokornpozitov PA O/organicky modi-
f ikovany MMT bolo real izovane ich mie5anim s 3
40 o/a hm. maleinizovaneho styren-etylen/butadierr-
-styren kopolymerom (mSEBS). Nanostruktura PA 6
rnatrice, ani poOstata dvoch polymernych faz pri adl-
ci i  organofi lneho MMT sa nemenila pri  jej  mieSani
s mSEBS. Monfologia iast ic kaucuku v nanokompo-
zite bola homogenna s vac5im poctonr castic. Zfskany
nanokompozit mal menSiu ta2nost pri  defornraci i ,  ale
bolo mo2ne pripravit  aj superpevne nanokompozity
s  30  % hm.  obsahom mSEBS [31 ]

Nanokompozity PA 6/il spevnene uhlfkouym alebo
sklene.nym vlaknom rnaju v dosledku si lnych interakc-
nych si l  medzi PA 6 matricou a i lom zlep5ene mecha-
nicke vlastnosti (faZnost, pevnosf v ohybe, moduly,
atd'.)  a termicke vlastnosti ,  [32].
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Lucia Bartosov6
Vedlci DP: Doc. Ing. lva Srokovd,CSc.
Konzultant DP: BNDr. Viera Mazikovd
Recen:t  nt :  Ing. Tibor Toth, -VUZ,N.Z.

FARBENTE pRinooNVcH vnreRtALov pninooruVvr FARBTvAMI A tcH FIXAcIA.
Prdca nadvazuje na vysledky diplomovej prace z roku 2006. Riesilo sa farbenie prirodnich materidlov prirod-

nj'mi farbivami z rastlin Carthamus tinctorius L. a ich fixacia. Overil sa obsah farbiv v Styroch r6znych uzorkdch
po rodnom skladovani suSenich okvetnich listkov Carthamus Tinctoriius L. (CT). Uvedenimi prkodnimi farbi-
vami z rastlin CT Je moZn6 ziskat Zlt6 a derven6 vyfarbenia, v zdvislosti od pH farbiaceho k0pelia. U vyfarbenfch
\zoriek bavlny, l'anu a prirodn6ho hodvdbu sa testovala a hodnotila st6lofarebnost na svetle, v domacom a ko-
merinom prani a vo vode. Najlep5ie stdlofarebnosti sa ziskali na prirodnom hodvebe.

DYEING NATURAL MATERIALS WITH NATURAL DYES AND THEIR FIXATION
The work follows the results of a thesis from 2006. The main point was the dyeing of natural materials with

natural dyes from Cadhamus iinctorius L. (CT) plants and iheir fixation. The content of the dyes was verified on
four different samples of the dried petals of CT, which were stored for one year. Through use of the natural dyes,
it is possible to get yellow and red coloration depending on the pH of the dyeing bath. The colour stability ol the
coloured samples of cotton, linen and natural silk was tested under exposure to sun, colour stability in domestic
and commercial washing, and also water. The best colour stability was obtained on the natural silk.

Anna Brez6niov6
Ved[tci DP: Ing. Ludmila Balogova
Konzultant DP: Ing. Gajane Urban-Kodarjan, CSc.
Recenzent: Ing. Jozef SestZrk, CSc.

SLEDovANtE vpLwu I/4ATER|ALoVEHo zLoZENtA A KONSTRUKC|E NETKANVCH TEXfiLti NA tcH ELEK-
TROVODIVE VLASTNOSTI.

Diplomovd prAca sa zaobere analizou a sledovanim vplyvu materidlov6ho zlo2enia a kon5trukcre nelkanych
textilii na ich elektrovodive vlastnosti. V praci je uvedeni postup pripravy netkanych textilii, vysledky hodnotenia
a metodiky hodnotenia elektrovodiuj'ch vlastnosti a zakladnich tyzikalno-mechanickich vlastnosti spolu s popi
som pouzitych metodik.

STUDY OF THE EFFECT OF THE MATERIAL COMPOSITION AND CONSTRUCTION OF NON-WOVEN TEXTI-
LES ON THEIR ELECTRO-CONDUCTIVE PROPERIIES.

The thesis deals with the analysis and observation of the etfect of the material composition and construction
of non-woven textilies on their electro-conductive orooerties.

ln the experimental part the progressive arrangements of non-woven textiles is mentioned, along with the
result ratings and methodology ratings of the electro-conductive properties and basic physical-mechanical pro-
perlies along with a description of methodology used.
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Daniela e iernikovd
Ved0ci DP: Ing. Gajane Urban-Koiarjan, CSc.
Konzultant DP: Ing. Katarina Fabova
Recenzent: Doc. Ing. Anna Mur6rov6, PhD.

VPLW PODMIENOK NA V/SLEDKY MERANIA FYZIOLOGTCKYCH PARAMETROV NA PR|STROJI PERME-
TEST.

Diplomovd praca sa zaoberd vplyvom klimatickych podmienok na fyziologick6 parametre. Merala sa tepelne
odolnost, odolnos{ vo6i vodnym pardm a paropriepustnost na pristroji Permetest. Okrem toho sa sledoval vplyv
teploty a relativnej vlhkosti yzduchu na uvedene hodnoty. Zistilo sa, Ze zvolene klimatick6 podmienky nemaju
qiznamny vplw na Wsledky merania fyziologickich parametrov, pretoie z grafickych zdvislosti nie je viditel'na
2iadna line6rna zdvislost. Za tohto predpokladu boli namerane hodnoty vyhodnotene Statisticky, kde variabilita
merani sa zda ako ndsledok konStrukcie textilii: rovnomernost a kvalita nenosu. rovnomernosf membranv alebo
rovnomernost vldrkennej vyplne.

CONDUCTION EFFECT ON THE RESULTS OF MEASUREMENTS OF PHYSIOLOGICAL PARAMETERS ON
PERMETEST EQUIPT/ENT.

The thesis is about the effect of climatic conditions on the results of measurements ol physiological para-
meters. Thermal endurance, water vapour resistance and water vapour permeability were measured on the
Permetest. lt was found that the given climatic conditions do not have a prominent effect on the results of mea-
surements of physiological parameters, because linear dependence is not vislble from graphic dependences.
For this assumption the results of measuring were processed statistically, where the variability measurements
seem to affect the textile's construction: its uniformity and quality deposit uniformity of microfibrils filling.

Eva Feduov6
Veduci DP: Ing. Gajane Urban-Kodarjan, CSc.
Konzultant DP: Doc. Ing. Peter Liptiik, CSc., Ing. Martina BeneSove
Recenzent: Doc. Ing. Oto Barborik, CSc.

STUDIUM A ANALVZY PEVNOSTI SlA PRI SITi AUTOPOtAHOV A ZABEZPEEENIE SPOTAHLIVOSTI STEHO-
TVORNYCH ORGANOV

DiplomovA prdca sa zaobera analizou a stanovenim pevnosti Sva a strojnych zariadeni pri Siti airbagouj,ch
a autopot'ahovych svov. Pripravene vzorky sri charakteristicke r6znymi sposobnri Stepovania (Svy bez Stepova-
nia, svy raz Stepovane a Svy dvakrAt 6tepovan6); roznymi farbami materialu (Latte Mancchiato, Black, Classig
Grey) a r6znymi hmbkami materidlu (1 mm, 3 mm, 4,5 mm). Vzorky boli sku5and podlh prisluinych noriem.

Vzorky Svov a niti pou2ivanr! pri Siti autopotahov vykazovali vysoKe pevnosti ok!-em spodnich airbagovych sija-
cich niti, ktor6 musia mat ni2siu pevnost, aby sa pri naraze svy pretrhli a vzduchovy vak nafukol. Porovnavali sa
nite montdzne a nite na Stepovanre. Slepovacie nite malu vbisie pevnosti ako montazne nite.

STUDY AND ANALYSIS OF THE FORTRESS STITCH WHEN SEWING CAR COVERS AND ASSURING THE
SAFETY OF STITCH.FORMING ORGANS

Thethesisdealswith the analysisand evaluation ofseam strength and machineryatsewing ofairbag and caruphol-
stery seams.Samples prepared are characterized by ditlerend ingraft way (stich without ingraft, once ingraft and
twice ingraft), different colourof material(Latte Mancchiato, Black, Classig Grey)and differentthickness of material
(1 mm, 3 mm, 4.5 mm). Samples were tested by corresponding rrormalized standards. Samples ol searns and
threads used for sewing of car upholstery exhibit high tensile strength besides botton airbag sewing threads,
which have to have lower tensile strength becouse they have to split to assure the airbag inflation. Sewing and
ingraft threads were composed. Ingraft threads have higher strength than sewing ones.

3B Vlakna a text i l  14 (2\  37 -47 (2OO7\



Z vedecko-vyskumnych a vyvojovych pracovisk New from Departments

Katarina Hafincovd
Ved1ci DP: Doc. Ing. lva Srokovd, CSc.
Konzuttant DP: Ing. Al2beta Ciiova
Recenzent: RNDr. Anna Malovikove. PhD.

pRipRRvn OKTENYLSUKC|NAToV KARBoxyMETyL SKRoBU UcrNKoM tvilKRovLNNEHo ztARENtA
A STUD|UM tcH vLASTNosri

Diplomova praca sa zaoberA pripravou oktenylsukcinatov CMS esterifikaciou oktenylsukcin anhydridom
v prostredi dimetylsulfoxid/kyselina p{oluensulfonova (DMSO/pTSA) alebo bez pTSA zmenou reakcnych pod-
mienok (iasu. molov-;ho pomeru) udinkom mikrovlnneho Ziarenia, alebo posobenim ultrazvuku. Pripravene derF
vety sa charakterizovali FT-IR spektroskopiou. Hodnotili sa povrchovo-aktivne a funkdnd.' vlastnosti (povrchove
napatie, kriticka micelArna koncentrecia, emulgadnd ti6innost, pracia a antiredepozidnd ucinnost). Pripraven6
derivdty boli rozpustne vo vode, vykazovali dob16 emulgainr! riiinnosti porovnatel'n6 so Standardnym emulgdto-
rom Tween 20 a mali velmi dobr0 oraciu a antiredeooziinu uiinnos{.

PREPARATION OF CARBOXYMETHYL STARCH OCTENYLSUCCINATES BY MICROWAVE IRRADIATION AND
STUDY OF THEIR PROPERTIES

The thesis deals with the preparation of carboxymethyl starch octenylsuccinates by esterification with octenyl-
succinic anhydride in a dimethylsulfoxide/p-toluenesulfonic acid (DMSO/pTSA) system under various reactive
conditions (time. molar ratio) by microwave irradiation or ultrasound. The derivatives were characterised by
means of FT-lR spectroscopy. The surface-aclive and functional properties (surface tension, critical micelle
concentration emulsifying efficiency, washing power and antiredepositive efficiency) were estimated. The pre-
pared derivates lvere water-soluble, showed good emulsitying efiiciency, comparable with commercial standard
Tween 20, and had excellent washing power and antiredepositive efficiency.

Anna Kyselov6
Vedtci DP: Ing. Galane Urban-Kodarjan, CSc.
Konzultant DP: l'9 \4ar,a Vitkove
Recenzent: Doc. Ing. Oto Barborak, CSc.

STUDtUM A ANALVzA N/EcHANIcKlcH vLASTNosri Str/cH spoJov v TECHNtcKEJ KoNFEKCI.
Diplomova praca sa zaobe16 analyzou a stanovenim mechanickich charakteristik Sijacich niti, Svov a ochran-

nich vloZiek pouZrvanich pri Siti ochrannich odevov pre pou2ivatelbv rudnich retazovych pil. Ulohou diplomovej
prace bolo stanovenie di2kovej hmotnosti, poitu z6krutov, pevnosti a tainosti Sijacich niti pri pretrhnuti. K dis-
pozicii bolo Sesf polyesterovych niti, jedna meta-aramidova ni{ a jedna zmes bavlna/polyester. TieZ sa stanG.
vila maximdlna sila prl pretrhnuti Sva a ochrannich vlo2iek a analyza zloienia ochrannich vlo2iek. Na zAklade
dosiahnu\ich vysledkov je moZne odporucit na zhotovenie nosnych 6vov v'j'robkov nite Reutex 80, Alterfil 80
a Amann 80. 75 a 70 a 6-vrstvov0 ochrannu vlo2ku.

STUDIES AND ANALYSIS OF THE IVIECHANICAL PROPERTIES OF A SEWING SEAM IN A TECHNICAL COM-
POSITION

The aim of the thesis is to analyse and state the mechanical characteristics of sewing threads, seams and pro-
tective support in the case of sewing protective wears when using hand chain saws. The task of the thesis was
determining the fineness, number of windings per meter, and strength and tensile strength of sewing threads
during breakage. Six polyester threads, one meta-aramide thread and one cotton/polyester compound were
available. The next task was to determine the maximal force in the case of the rupture of seams and protective
support and then analyse their composition. The results achieved recommended Reutex BO, Altertil 80 and
Amann 80, 75 and 70 and Glayers threads as protective support for making the main seams of products.
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Kristina Kubisov6
ved1ci DP: Ing. Sdrka Ninisove, PhD.
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ADITIVOVANIE NANoSoLoV PRE PoVRcHoVU UPRAVU TUHYCH POVRCHOV
Tdrto diplomovA prdca sa zaoberd povrstvenim netkanich textilii, pouZivanych ako filtra6ni material, sol - 96l

postupom. Uprava spodivala v nenose dvoch vrstiev. Pr\,'!i,m nSnosom sa naniesla vrstva oxidu kremicit6ho (pra$
kovanim tuhim SiO2 alebo nanesenim dispezie SiO, aplikovanej ponorom) a druhf n6nos bol funkcne cie-
lenf s uj'slednlm hydrof6bnym (sol K3 alebo pripravok SOGETEC o47) alebo hydrofilnlm (pripravok Magnasoft
Prime) efektom. Experimenty uktlzali,2e povrstvenie SiO, z disperzie je rovnomernejsie, funkdn6 prevrstvenie
vykazovalo hydrofobny, resp. hydrofilni charakter.

ADDITIVATION OF NANOSOLS FOR SURFACE TREATMENT OF SOLID SURFACES
This thesis deals with coating nonwoven textiles used as filter material by the sol - gel process. The treatment

consisted of two layers. As the first layer, silica dioxide was applied, either by powdering solid SiO2 or dipping
in a SiO2 dispersion. The second layer was functionally aimed at achieving a hydrophobic (sol K3 or SOGETEC
047 preparation) or hydrophilic (preparation Magnasoft Prime) effect. The experiments showed that coating with
SiO2 from a dispersion is more even; the second layer showed a hydrophobic or hydrophilic character.

Katarina LukSiov5
Vedlci DP: Prof . Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jana Vnendakove
Recenzent: Ing. Jdn Starigazda, CSc.

STRUKTURA A VLASTNoSTI VLAKIEN Z RVCHLoRASTUcIcH gnMeusowcH SURoViN
Diplomovd pr6ca je zamerana na hodnotenie Struktriry a vlastnosti bambusovych vlakien, vlaknitych materia-

lov a \4irobkov zo zmesi bambusovych a bavlnenych vl6kien.
Z fyziologickich vlastnosti sa u vldkien zis{oval obsah vlhkosti. Hodnotila sa makromorfologicka Struktura

(prieiny rez a pozdizny pohl?rd). Pri hodnoteni fyzikalno-mechanickych vlastnosti viakni\i,ch materidlov sa u pria-
dzi hodnotila pevnost, taZnost, Youngov modul a koeficient trenia. Fyziologick6 a fyzikdlne vlastnosti tkanin
a pletenin boli priazniv6. Porovnali sa tiez vlastnosti bambusoWch, bavlnenych a viskozovych vldkien.

STRUCTURE AND PROPERTIES OF FIBRES FROM RAPID - GROWING BAMBOO MATERIALS
The purpose of this work is an evaluation of the structure and properties of bamboo fibres, fibre materials and

products, which are made from a mixture of bamboo and cotton fibres.
The macromorphological structure was evaluated from cross cut and lengthwise views. The physico- mecha-

nical properties were determined by measuring the tensile strength, elongation, Young's modulus and frictional
coefficient. The physiological and physical properties of the fabrics and knitwear were favourable. One of the
aims of the work was a comparison of the established properties of bamboo and cotton fibres.
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Emilia Pavlikova
Vedici DP: Prof . lng. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jarmila Balogove
Recenzent: Ing. lveta Mlyn6rovi

PR|PRAVA, STRUTTUNN N VLASTNOSTI PONOZIEK NA BAZE I',IOOITITOVNruVCH PP VLAKIEN S ROZNOU
GEOMETRIOU

Diplomova preca je zamerand na pripravu a hodnotenie vlastnosti pleienin a pono2iek s rozdielnym materi-
dlovym zloZenim a s r6znou jednotkovou jemnostou pou2it'ich vldkien. Kombinovali sa polypropylenov6 vlakna
s bavlnenimi a bambusolSTmi vldknami. Hodnotila sa makromorfologickd Strukt0ra, fpik6lno - mechanick6,
fyziologick6 a [2itkov6 vlastnosti. Bambusov6 vldkna maj0 niektor6 vlasinosti rozdielne v porovnani s bavlne-
nfmi a viskozovymi vldknami. Bambus obsahuje antimikrobielne a bakteriostatick6 latky. U6inky fchto latok sa
zachovaju aj pocas viacerych procesov spracovania. Zo ziskanych vysledkov vyplliva , 2e pouzitim bambusovych
vldkien v kombindcii s PP vldknami sa daju z\ i6it u2itkov6 vlastnosti textilnlch materidlov v porovnani s kombine-
ciou balPP

PREPARATION, STRUCTURE AND PROPERTIES OF SOCKS ON A MODIFIED POLYPROPYLENE FIBRE
BASE WITH VARIOUS GEOMETRIES

The thesis specialized in the preparation and evaluation of the properties of knitted fabric and socks with
various material compositions and with various fineness of the fibers used. We used a combination of poly-
propylene fibers with cotton and bamboo frbers. The macromorphological structure, physical - mechanical,
physiological properties and utilitarian properties were evaluated. Bamboo frbers have some different properties
when compared to the properties of cotton or viscose fibers. Bamboo includes an antimicrobial and bacterio-
static substance. The effect of these substances during many processing was preserved. The results obtained
show that the application of bamboo fibers with PP fibers can increase the end-use properties of textile materials
comDared to cotton with PP.

Lenka Bosidov6
Ved0ci DP: Ing. Petra Skalkove, PhD.
Konzultant DP: Ing. Zuzana Jakubikovd
Flecenzent: Ing. Jana Jurdiova, PhD.

PRiPMVA ZMESI LDPE S BIoPoLYMERMI ZA PRiToMNoSTI KoMPATIBILIZAToRA A STUDIUM IcH VLAST.
NOSTI

Diplomova preca sa zaoberd pripravou zmesi n2kohustotn6ho polyetyl6nu a karboxymetyl5krobu s DS = 0,3
v Styroch rozdielnych mno:stuach (5, 10, 15 a 20 hm.o/ol za a bez pritomnosti kompatibilizatora (kopolymer ety-
l6nu a kyseliny akrylovej (EAA)v rozdielnych mno2stvach. Pripraven6 zmesi sa charakterizovali FTIR spektrosko-
piou a termogra,/imetrickou analyzou (TGA). Studovali sa iiei ich mechanick6 vlastnosti, ako su pevnost v tahu,
t'a2nost, Youngov modul a pevnost na medzi klzu. NajlepSie mechanick6 vlastnosti vykazovali zmesi obsahujuce
5 a 10 hm.% CMS a 50 hm.% EAA. Zmesi sa vyznadovali dobnimi termicklmr vlastnostami.

PREPARATION OF LDPE/BIOPOLYMER BLENDS CONTAINING A COMPATIBILIZER AND STUDY OF THEIR
PROPERTIES

The thesis deals with preparation of blends of lowdensity polyethylene and carborymethylstarch with DS =
0.3 in tour different amounts (5, 10, 15 and 20 wt.%) with and without a compatibilizer. Poly(ethylene-co-acrylic)
acid (EAA) copolymer was used as a compatibilizer in three different amounts. The prepared blends were cha-
racterized by FTIR spectroscopic methods and thermogravimetnc analysis (TGA). The mechanical properties
such as tensile strength, elongation and Young' s Modulus were studied. The blends containing 5 and 1O vvt.%
CMS and 50 wt.% EAA indicated the best mechanical properties. They also had good thermal properties.
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Alena Sedliakov6
Vedici DP: Ing. Gajane Urban-Kodarjan, CSc.
Konzultant DP: Ing. Jan Vojiinak
Recenzent: Ing. Marian Guga

oplMALtzActA NApATIA osNovNVcH rurri trncicr srRoJov ptcANoL GAMA pRE JEDNoTLTvE
DEZENY

Cielbm diplomovej prdce bolo optimalizovat napdtie osnovnych niti na tkacich stroloch Picanol Gama pre
jednotlive dezeny.

Sledoval sa vplyv zni2ujiceho nastaveneho napdtia na tkacom stroji na rozdielne napatie osnovy v krajoch
osnovy od stredu, kvalitu tkania, kvalitu tkaniny a na pevnost a I'a2nosl surovej a upravenej tkaniny.

So zniiovanim nastaven6ho napatia na tkacom stroji sa zniZoval rozdiel napatia osnovy v krajoch od stredu,
nemenila sa pevnosf hotovej tkaniny a predpoklad \rzrastu tainosti hotovej tkaniny sa nepotvrdil.

OPTIMAUZATION OF TENSION WARP THREADS AND PICANOL GAIVA SWIVEL MACHINE FOR A SINGLE
DESIGN

The influence of decreased given tension of swivel macine on the tension from centre to the border of the
warp as well as on the quality of weaving, quality of fabric and tensile strength elongation of raw and processed
fabric. Decreased tension of swivel machine caused a lower difference of waro tension al the border and did not
influence the tensile strength of prepared fabric. The assumption of increased elongation was not conlirmed.

Zuzana SvecovS
Ved'ci DP: Pro{. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Michal Siarnik
Recenzent: Doc. Ing. Anna MurdrovA, PhD.

PRiPRAVA, STRuTTunn A VLASTNOSTI BYTOVYCH VLAKNITYCH MATERIALOV Z MIKROPOLYESTERO-
VYCH VLAKIEN

Diplomova prdca je zamerand na pripravu vliiknitych materialov (r[n) s rOznym zlolenim polyesterovych vla-
kien a ich zmesi. Runa boli pripravene ztroch typov polyesterovych vlakien s roznou di2kovou hmotnostou a roz-
nym zlozenim.

Pripravene runa boli hodnoten6 z hlhdiska ich fyzikirlno mechanickych vlastnosti (diZkovd hmotnosf, pevnost
(priemernd a pomernd), taznost (priemernd), Youngov modul a prijem vlhkosti), makromorfologickel Strukttry
(poiet vlakien), deformainych vlastnosti a [2itkoujrch vlastnosti.

V zavere sa posudzovali vztahy podmienok pripraw, materi6lov6ho zlozenia, struktury a vlastnosti run.

STRUCTURE AND PROPERTIES OF FIBROUS MATERIALS MADE FROM MICROPOLYESTER FIBRES
The thesis is focused on the preparation of fibrous materials (fleeces) with various compositions of fibrous

polyesters and their combinations.
The fleeces were prepared from three types of polyesters fibres with various fineness and compositions.
The prepared fleeces were evaluated from the aspect of their physico - mechanical properties (fineness, ten-

sile strength (average and relative), elongation, Young's modulus and humidity), macromorphological structure
(number of fibers), deformation properties and end-use properties.

Correlation of the preparation conditions, material compositions, textures and properties of the fleeces were
considered.
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Stanislava Divincova
Veduci DP: Prof . Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jozef Rosa, Ing. Jdn Starigazda, CSc.
Becenzent: Ing. Gabriela Zavodskd

vplw poDtvrENoK KoNTTNUALNEJ A DTSKoNT|NUALNEJ pRipRAVy pET VLAKTEN NA rcH STRUKTURU
A VLASTNOSTI

Tato diplomova preca je zamerana na hodnotenie Strukt0ry a vlastnosti polyetylentereftalatovych (PET) vyso-
kopevnich technickyi,ch (seglovych) vlakien pripravenfch kontinudlnym a diskontinuhlnym Wrobnym procesom.

PETUakna sa pripravili na prevadzkovom zariadeniv spolocnosti Slovkord a.s. Granulovany polymer pou2ity na pri-
pravu vlakien s limitnym viskozrtnym aislom (Lvc) 99 - 1lOml/g. bol spracovany dopolykondenzaciou vtuhej f6ze.

Hodnotenie Struktury vldkien bolo orientovane na parametre nadmolekulovej a morfologickej struktury. Hod-
notenia uZitkovych vlastnosti PET vlekien bolo zamerane na zAkladne $zikAlno-mechanicke parametre.

EFFECT OF CONTINUOUS AND DISCONTINUOUS CONDITIONS ON THE PREPARATION OF PET FIBRES
AND THEIR STRUCTURE AND PROPERTIES

The thesis focuses on an evaluation ot the structure and properties of polyethylenetherephthalate (PET) high
tenacity technical segle fibres prepared using continuous and discontinuous production processes.

The preparation of the PET fibers was carried out on technical equipment at the Slovkord a.s. company.
Granulated polymer, which was used for preparation of the fibres with an intrinsic viscosity value (i.V.) of 0.99-
1 .10 dm/g was processed using complete condensation in a solid phase.

The evaluation of the fibre structure was oriented towards the parametres of the supra-molecular and morpho-
logical structures. The evaluation of the properties of the polytheneterephtalate (PET) fibres focused on the main
physical and mechanical properties.

The thesis includes the conditions and correlations of the preparation, structure and properties of polythene-
terephtalate (PET) fibres. The measured values and correlations are presented in tables and graphic charts.

Michaela 6urajkov6
Vedtci DP: Ing. Gajane Urban-Kocarjan, CSc.
Konzultant DP: Ing. Stanislav Budos
Recenzent: Ing. Libuia Kovadikovd

STUDTUM \ /uzrlA NAsrRoJov A tvEToD pRE zLEpSovANtE KVALtry vo FTRME
Diplomova praca je zamerana na proces riadenia kvality analyzovanej firmy Makyta a.s. Puchov. Obsahuje

prehlhd poznatkov z oblasti kvality a jej riadenia, systemu mana2erstva kvality, noriem ISO radu 9000, pro-
cesn6ho pristupu, ludskeho taktora, metod a nastrojov pou2ivanVch na zabezpedenie kvality. Prakticka cast
obsahuje analyzu riadenia a kontroly kvality, Wrobneho procesu rozdelen6ho na jednotlive Wrobn6 etapy (pred-
uj,robnu, vyrobnu a povyrobnu) s pohlhdu riadenia a kontroly kvality a pou2ivanlch nastrojov a metod zabezpe-
covania kvality. Navrhnute opatrenia na zlepsenie nedostatkov - vypracovanie pracovnych postupov, zavedenie
monitorovania lyrobnych zariadeni a zabezpedenia dostatoineho vzdeldvania vyrobnych pracovnikov, majstrov
a pracovnikov technickej kontroly a Wuzivanie nAstrojov a metod zabezpedovania kvality.

ANALYSIS OF THE IMPLEMENTS AND METHODS FOR IMPBOVING QUALITY IN A COMPANY
The thesis is oriented towards the quality management process of the analyzed company, Makyta a.s. P0chov.

It includes a summary of the results about the quality management system, the ISO system file 9000, the pro-
cess approach, the human factors, implements and methods used for the quality assurance. A practical section
includes an analysis o{ the management and quality control, the operating processes divided into individual
production stages (before, during and after production) from the view point of management and control quality
and the implements and methods for quality assurance used, The suggested arrangements fo:. improvement
contains documented operating procedures, an application for the monitoring of the production equipment and
the provision of continuing education. Education is necessary for all the operators and using implements and
methods for providing quality.
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Zuzana Escherov6
Ved0ci DP: Ing. Gajane Uban-Kodarjan,CSc.
Konzultant DP: Ing. Margita Sirotne, doc- Ing. P Liptak, CSc.
Recenzent: Doc. Ing. Oto Barborek, CSc.

STUDIUM A ANAL.iZA MECHANIcKiCH VI-ASTNOSTi SUACiCH NITI V SPOJOVACOM PRocESE
Diplomovd prdca sa zaoberd vplyvom predpdtia Sijacich niti v procese Sitia, siteho materi6lu a otedok strola

na Sijaciu schopnost nite, zmenu jej mechanicko-fyzikdlnych vlastnosti v podmienkach uj,roby. Vll,sledkom bolo
zistenie, 2e pre tuorbu kvalitn6ho stehu je potrebn6 diferencovat nastavenie predpatia vrchnej a spodnej Sija-
cej nite. Sledoval sa optimdlny pracovni re2im Sijacieho stroja DURKOPP ADLER 272. Boli poturdene zmeny
fyzikdlno - mechanickVch vlastnosti Sijacich niti po Siti v zavislosti od vybranych parametrov Sijacieho stroja
a pou2it6ho odevn6ho materialu.

STUDY AND ANALYSIS OF THE MECHANICAL PROPERTIES OF SEWING THREADS IN THE JOINING PRO-
CESS.

The thesis deals with the effect of prestressing sewing threads in the sewing process, the material being sewn
and the revolution of the sewing machine on the sewing properties of the thread - the change in its mechanico-
-physical properties in industrial production conditions. As a result it was determined that for the production of
a quality stitch, it is necessary to differentiate the adjusting of the prestressing of the upper and lower sewing
thread. The optimal working regime of the DURKOPP ADLER 272sewing machine was monitored. The chan-
ges in the physical-mechanical properties of the sewing threads after sewing, which depend upon the chosen
parameters of the sewing machine and textile material used, were proved.

Ingrid Kakodyov6
Vedici DP: Ing. Anna Lov6szovd
Konzultant DP: Doc. Ing. lva Srokova, CSc.
Recenzent: Ing. RenAta Polldkovd

UpRavn og HoDNorY BA TKANiN
V diplomovej prdci sa riesila uprava pH hodn6t ba tkanin r6znymi neutralizadnymi prostriedkami pre potreby

a.s. Levitex. Na upravu pH hodn6t ba tkanin sa pouzili Styri r6zne neutralizadn6 prostriedky.
Najlep6ie \ i'sledky sa ziskali pou2itim neutralizain6ho prostriedku NEUTRACID NVM 200 s kombindciou TPP,

ktonj'spiia po2iadavku OEKO - TEX STANDARD 100.
Najhorsie ujsledky vo v6etkfch stupiroch merania sa dosiahli pri pou2iti kys. octovej kombindciou s TPP

Jej pou2itim sa objavujrl po vysuseni upravenich tkanin, alkalicke zvysky u vyfarbenfch a vybielenich \rzoriek.
Riesenie 0prav pH hodn6t ba tkanin ma humanno-ekologicktT qznam pre Levitex, a.s.

MODIFICATION AND PH LEVEL OF COTTON TEXTILES
The modification of the pH level of cotton textiles by using different agents for the needs of the JOINT STOCK

COMPANY LEVITEX is the main tooic of the thesis.
Four different neutralization agents for the modification of the pH level of the cotton textiles were used.
The best results were obtained by using the NEUTRACID NVM 200 neutralization agent with a combination of

the TPP{extile advisory agent, which discharged the imposition of OEKGTEX STANDARD 100.
On the contrary, the worst results were achieved by using an acetic acid with a combination of TPP in every

level of the measurement because the alkaline remnant on the coloured and bleached pieces appeared after
the dehydration of the modified texiiles.

The resolution of the modification of the pH levels of the cotton textiles has humane-ecological importance
for LEVITEX comoanv
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Zdena Kasarove
Vedrtci DP: Ing. Gajane Urban - Ko6arjan, CSc.
Konzultant DP: Ing. Maria Vitkove
Recenzent: Ing. Ubusa Kovaaikovd

RnctorunLlzRcte rECHNoloctcKr.L pnipRRw WRoBy v TECHNTCKEJ KoNFEKctl
Diplomov6 pr5ca je zamerane na technologicku pripravu Wroby technickej konfekcie v podmienkach rnirob-

n6ho druZstva VZOR, Zvolen. Nach6dza sa v nej prehl?ad poznatkov z oblasti technickej pripravy vyroby a je
charakterizovand technologickd dokumentacia. Z6roveir opisuje uplatnenie automatizacie a vypodtovej techniky
pri racionalizdcii prdce v technickej priprave vyroby. Obsahuje tie2 charakteristiku ochrannych odevov pre pou-
Zivatelbv ruinich retazovych pil, ktonich technologick6 dokumentacia sa v prdci analyzuje. Navrhnut6 opatrenia
v techn< :ogickej dokumentacii s0: zmena Strukt0ry technick6ho opisu, doplnenie databanky informa6neho sys-
t6mu firmy obrdzkovou dokumentdciou a pou2ivanie odbornej terminologie.

RATIONALIZATION OF THE TECHNOLOGICAL PREPARATION OF PRODUCTION IN A TECHNICAL
CONFECTION

The thesis is focused on the technical preparation of the productron of a technical confection in the conditF
ons of the VZOR cooperative in Zvolen. The thesis includes a summary of the knowledge from the area of the
technical preparation of the production and is characterized by technical documentation. Simultaneously, it
describes the use of automation and information technology by the rationalization of the work in the preparation
of the production. Also includes the characteristic o{ the protective clothing used by the portable chain saw
workers; that technological documentation is analyzed in the work. Proposed measures include: a technical
description of the bill of exchange structure, updating the companys information system database's pictorial
documentation and the application of specialized terminology.

Katarina Morvaiov6
Ved0ci DP: Ing. Gajane Urban - Kodarjan, CSc.
Konzultant DP: Ing. Viktor Tatar
Recenzent: Ing. Eva Jani5ovd

RACIONAUZACIA KONSTRUKENEJ PRiPRAVY WRJBY NA PRiKLADE DAMSKEJ ODEVNEJ KONFEKCIE
Diplomov6 prdca sa zaobera racionalizeciou konstrukcnej pripravy \4iroby demskej konfekcie pomocou

poditadom podporovanich pracovisk. Analyzou konstrukinich metodik (novy vel'kostni syst6m (NVS), jed-
notna metodika konstruovania odevov (JMKO), Mrjller&Shon (M&S), Parafiano{/icz) sa zistilo, 2e pre realizdciu
strihor{ch strcasti ddmskeho saka je vhodnd metodika NVS a pre ddmske nohavice metodika M&S. Zhotovili
sa s{rdasti konstrukdnej dokumentacie, t.j. technickd| nirkresy, zdkladn6 strihov6 konstrukcie a vymodelovane
strihy, progresivnou technikou - systemom CAD. Snimkovali sa modelarske operacie vykonavan6 manu6lne
a syst6mom CAD. Analli"zou uvedenfch operecii sa zistila miera zniZenia spotreby dasu. Ndsledne ekonomicke
hodnotenie potvrdilo, Ze investicia, umoziuj0ca modelovanie systemom CAD z hlhdiska doby n6vratnosti je
akceptovatelna.

RATIONALIZATION OF THE CONSTRUCTIONAL PREPARATION OF PRODUCTION USING THE EXAMPLE OF
LADIES'CLOTHING

This thesis investigated the rationalization of the contructional preparation of the production of ladies' clothing
with the help of workplaces with computer suppport. tsy using an analytic methodology of the types - New
Size System (NSS), Uniform Construction Methodology of Clothing (UCMC), Mtiller&Shon (M&S), and Parafia-
nowicz, it was determined that for realizing the cut part ol a ladies' blazer, the proper methodology is NSS and
for ladies' trousers, ihe methodology is M&S. The documentation of the cut parts construction (the technical
drawings, the basic cuts and the final shaping cuts) were tinished off with a CAD system. Shaping operations
using a manual cut and operations using the CAD system were time measured. A measure meant for reduoing
the time needed was determined by an analysis of the above-mentioned operations. The linal evaluation confir-
med that an investment the CAD systems for shaping is acceptable from the standpoint of the return of capital.
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Petronela Pag66ov6
Ved'ci DP: Doc. Ing. lva Srokova, CSc.
Konzultant DP: Ing. Zuzana Jakubikove
Recenzent: Ing. Zdenka Hrom6dkovd, PhD.

AMIDActA cMS s RozNyMtALKYLAMiNMT A srUDruM vLASTNosri pRtpRAVENVcH BropoLyMERov
Diplomovd prdca sa zaobera Studiom povrchovo-aktivnych a funkdnych vlastnosti derivatov pripravenych amF

ddciou O-(karboxymetyl)Skrobu .
Derivdty sa pripravili amideciou v prostredi metanolu a DMSO, za pritomnosti dimetylaminopyridinu ako kata-

lyzatora zmenou reakdnych podmienok (teploty, dasu, hmolnostn6ho a molov6ho pomeru ) pri klasickom spG
sobe ohrevu, kde ako modilikdtor bol pouiity dodecylamin,hexylamin a decylamin Pripravene derivAty sa cha-
rakterizovali FT-lR spektrami a u vodorozpustnych sa stanovila emulgacnd Icinnost, povrchove napatie, kriticka
micelerna koncentracia, pracia a antiredepozicne ucinnost.

AMIDATION OF O{CARBOXYMETHYL)STARCH WITH VARIOUSLYALKYLAMINES AND ANALYSIS OFTHE
PROPERTIES OF PREPARED BIOPOLYIVIEFS

The thesis deals with an analysis of the surface-active and functional properiies of derivates prepared by
the amidation of O-(carboxymethyl) starch. The derivates were prepared by amidation in a solvent system of
methanol and DMSO, with DMAP as a catalyst. The reactions were carried out undervarious reaction conditions
(mass or mole ratio, time, temperature) with conventional heating. As modifiers dodecylamine, hexylamine and
decylamine were applied-

The prepared derivates were characterized by FT-IR spectroscopy and the surface-active properties such
as emulsitying efficiency, washing power, antiredeposition efficiency and the surface tension of water-soluble
derivates were determined.

Adriana Pontesova
Vedlci DP: Prof . lng. Martin Jambrich, DrSc.
Konzultant DP: Ing. MikulAS Ki55
Becenzent: Ing. Danica Cervinkova

PRiPRAVA A VLASTNOSTI KOMPOZITOV NA BAZE POLYPROPYLENU A EADICOWcU vuT ru
Diplomova praca je zamerana na pripravu kompozitov na baze cadicovych a polypropylenovych vl6kien. Pri-

pravili sa vzorky kompozitov na bdze iadi6or4ich vldkien a polypropyl6nu s pridavkom Epolenu G 3003, Lko-
montu AR 504 a retardera horcnia Rtlam/ 12/ 1 .

U pripravenych vzoriek kompozitov sa hodnotili mechanicke vlastnosti a parametre horl'avosti. Vl6knove kom-
pozity s[ orientovan6 na aplikeciu do konStrukcnich materilrlov.

PREPARATION AND PROPERTIES OF COI\4POSITES ON THE BASIS OF BASALTIC AND POLYPROPYLENE
FIBRES

The thesis deals with the preparation of composites on the basis of basaltic and polypropylene fibres. Com-
posites on the basis of basaltic and polypropylene fibres with Epolene G 3003, Lkomont AR 504 and fire retar-
dant Rtlam/12/1 were prepared and tested.

fhe prepared composite samples were evaluated in terms of their tensile properties and parameters of flam-
mability. The fibres composites are directed for application as constructing materials.
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Ruiena Trubadov5
Vedtci DP: Prof . Ing. Martin Jambrich, DrSc.
Konzultant DP: lng. Jan Sali5, Ing. Jan Starigazda, CSc.
Recenzent: lng. Ondrej Jacanin

VPLWTEPLOTY PROSTREDIA ruN TYZIXALNO - MECHANICKE VLASTNOSTI VLRXIEI'I NA BAZE POLYETY-
LENNAFTALATU

Diplomova praca je zameranA na hodnotenie Struktury a vlastnosti vldkien pripravenych z polyetyl6nnaftaldto-
v6ho polym6ru.

Priprava polyetylennaftal6tovych vlakien (PEN) sa uskutodnila diskontinu6lnym sp6sobom na prevddzkovom
zariadeni v Slovkorde a.s. Senica.

Hodnotenie Strukt[ry pripravenich polyetyl6nnaftalato\.ich (PEN)vlekien bolo orientovane na parametre nad-
molekulovej a morfologickej Struktory. Hodnotenie vlastnosti polyetylennaftalatoWch (PEN) vlakien bolo zame-
ran6 na fyzikalno mechanicke parametre, pevnost, fa2nost, moduly pruinosti pri rozdielnych teplotdch prostre.
dia a zre2avost pri 180 'C.

V diplomovet praci s[ uvedene korel6cie medzi Strukt0rou a vlastnostami polyetyl6nnaftalatovych vldkien.

EFFECT OF AN AN/BIENT TEMPERATURE ON THE PHYSICAL AND MECHANICAL PROPERTIES OF POLY-
ETHYLENENAPHTHALATE FIBERS

The thesis was focused on an evaluation of the structure and properties of fibres made from polyethylene.
napthalate polymer.

The polyethylenenaphthalate {ibres were prepared by the discontinous method at the facilities of Slovkord rn
Senica. the Slovak Reoublic.

The evaluation of the polyethylenenaphthalate fibre structures was focused on the parameters of the supra-
-molecular and morphological structure.

The evaluation of the properties of the polyethylenenaphthalate fibers were focused on the physical and
mechanical propenies (tensile strength, elongation, Young's modulus at various lemperatures and contractibility
at .180 "C.

The thesis includes correlations between the structure and properties ofthe polyethylenenaphthalate fibres.

Peter Habdnik
Vedici DP: Ing. Gajane Urban - Kodarjan, CSc.
Konzultant DP: Ing. Libu5a Kovdiikovd
Recenzent: Ing. Eva Jani6ov6

VPLWTEPELNO-FIXAENVCH PROCESOV NAVZHI]AD A UZIKOVE PARAMETRE ODEVNEHO WROBKU
Diplomovd praca sa zaoberd zlo2enim materialov, rozmeroyymi zmenami materi6lov, stanovenim pevnosti

spoja ploi;nfch textilii a hodnotenim vzhl?rdu skriSobnjtch materidlov. Vlsledkom bolo zistenie zloienia skusoS
n6ho odevn6ho materialu (vl, vl/PES, vl/PES/elastan). Boli poturden6 zmeny rozmerov odevneho materidlu po
2ehleni a fixdcii. Stanovila sa pevnosl spoja ploinlch textilii a parametre tepelno - fixadnyich procesov podla
vybranlch druhov a zlozenia odevnych materidlov. Navrhol sa program nastavenia parametrov tepelno - fixac-
nych procesov podla vybranich druhov a zlo:enia materiAlov.

EFFECT OF THERMO . FIXATION PROCESSES ON THE STYLE AND UTILITY PARAMETERS OF CLOTHING
PRODUCTS

The thesis was focused on the constitution of textile materials, changes in textile dimensions, the stability of
a textile printed circuit and the style of the textile materials. The results of the constitution of the te)diles were
presented (wool, wool/polyester, wool/polyester/elastane). Changes after ironing and fixations of the clothing
textile were aoDroved.

A programme for adjusting the parameters of the termal fixation processes was proposed, according to the
selected types and compositions of the materials.
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Yyznamn6 Zivotn6 jubileum profesora Jambricha

V novembri 2OOT sa doZil v dobrom zdravi svojich 80 rokov vyznamny vedecko-yyskumny
a pedagogicky pracovnik pdn Prof. Ing. Martin Jambrich, DrSc.

Profesor Jambrich sa narodil dna 18. novembra
1927 v TelgArte v rodine lesneho robotnfka. Cely jeho

doteraj5i plodny Zivot bol uzko spaty s chemiou. V r.
1947 absolvoval Odbornu chemicku Skolu vo Svite
a uL pocas r4ysokoskolskeho Studia na Chemicko-
-technologickej fakulte SVST v Bratislave v rokoch
1949 az 1953 zacal pracovat vo funkcii asistenta
a odborneho asistenta. V obdobi rokov 1956 az 1974
pracovalvo Vyskumnom ustave chemickych vlakien vo
Svite, z toho vo funkcii jeho riaditel'a 14 rokov. V tomto
obdobf ziskal titul kandiddta technickych vied a habili-
toval na docenta.

V obdobi 1974 aZ 1981 profesor Jambrich pracoval
na Generalnom riaditelsfue Slovchemia vo funkcii ria-
ditelh pre technicko-ekonomicky roruoj. V tomto case
obhajil dizertacnu pracu a zfskal titul doktor technic-
kych vied.

Po cele obdobie svojej tvorivej vyskumnej i riadia-
cej prdce v rokoch 1956 a2 1981 v oblasti  chemic-
kych vldkien, intenzivne spolupracoval s CHTF SVST,
kde externe predndSal predmet ,,Metody hodnotenia
Struktury vlakien", bol veducim i konzultantom vel'keho
poctu diplomovych prac i clenom komisie pre Stdrtne
zaverecne sku5ky. Jeho pedagogickA cinnost bola
v roku 1981 ocenenA menovan[m za qysoko5kolskeho
profesora. V tomto roku sucasne zacal opdf pracovaf
na CHTF SVST. kde zastaval rozne funkcie.

Na CHTF STU posobil  do roku 1996. Od Skol-
skeho roku 1999/2000 posobi dodnes na FPT TnU
A.D. v Puchove. Pomdhal budovat zameranie textilnd
a odevna technologia v rdmci akreditovaneho odboru
Materialovdr technologia. Tu vychoval 2 interne dokto-
randky, s titulom PhD., d'al5i pod jeho vedenim pracuju
na experimentalnych prdcach. Okrem toho viedol 30
diplomoqych prac, ktore realizovali Studenti Katedry
textilu a odevnictua pod jeho vedenfm v praxi (VUCHV,
a.s. Svit, Quiltex, s r.o. Liptovsky MikuldrS, Chemosvit
- Fibrochem, a.s. Svit ,  Slovkord, a.s. Senica a v dal-
Sfch firmAch).

Profesor Jambrich je vlznamny pracovnik v oblasti
qyskumu a Wvoja technologickych procesov pripravy
chemickych vldkien a v oblasti sledovania ich Struk-
tury, metod ich hodnotenia a sledovania ich uzajom-
nych suvislosti.

Medzi najvyznamnej5ie vyriesene technologicke
postupy patria prace v oblasti qysoko-pevnych vis-
kozoyych kordoyych vlakien realizovane v tuzemsku

4B

i v zahranici a pr6ce v oblasti celeho sortimentu vla-
kien v ramci Polypropylenoveho programu.

Vyznamnu cast svojej prdrce profesor Jambrich
venoval Studiu nadmolekulovej Struktury PA, PP a PET
vldkien. Tieto prAce poloZili teoreticky zAklad pre
postupy prfprayy tychto vldkien v oblasti ich aplikova-
neho qyskumu i yyvoja. Na ich zaklade bolo mo2ne
definovaf vychodiskove parametre pre vWoj techno-
logie agregovanych postupov, vysokorychlostneho
zvlaknovania a prlprayy Specidlnych vlakien.

S uvedenou aktivitou je spojena rozsiahla publikacndr
cinnost profesora Jambricha doma i v zahranicf a napln
jeho odbornej a pedagogickej prace na yysokej Skole.

Profesor Jambrich je autorom qyse 240 odbornych
prac, publikovanych v domdtcich i zahranicnych peri-
odik6ch. Stal pri zrode odbornych iasopisov Che-
micke vldkna a Vlakna a textil. Vyznamne sa podiel'al na
organizovani vldrknarenskych kongresov FIBRICHEM
i Tatranskych konferencii o chemickych vldknach.
V poslednom desatroci ho pozname z organizovania
priprav Zlazdov chemikov v Tatrach vo funkcii clena
pripravneho yyboru. Aj tu predniesol vel'ky pocet zo
svojich vy5e 120 odbornych prednd5ok. Je autorom
viac ako 60 patentov a autorskych osvedceni, autorom
ci spoluautorom Wse 70 vyskumnych prac. Spomedzi
jeho 4 monografii treba q2dvihnut najmd Polypropy-
lenz roku 1965 a Fyziku vlakien z roku 1987, ktorej je
r4yznamnym spoluautorom. Podstatnou mierou prispel
ku napisaniu, zostaveniu a qydaniu 4Znamnej publikdr-
cie: Historia rozvoja vyroby chemickych vldkien na Slo-
vensku a v Cechach, qydanej formou mimoriadneho
cisla casopisu Vlakna a textil v roku 1996.

Neskor v r. '1999 spolupracoval na publik6ci i  :  His-
toria rozvoja spracovania kaucukov, gumdrskej yyroby
a gumarskych prisad na Slovensku.

Pedagogickd prdca profesora Jambricha spocivala
aj vo yychove 20 vedeckych a vy5e B0 diplomova-
nych pracovnikov. Vysoku odbornost i kvalifikovanost
menovaneho ocenili prijatim za svojho clena viacere
vedecke rady pre udelbvanie vedeckych, alebo peda-
gogickych hodnosti rovnako, ako redakcne rady
qyznamnych domdcich ci zahranicnych casopisov. Je
clenom Vedeckej rady TITK v Rudolstadte, SRN.

Fakulta priemyselnych technologi i  TnU A.D. v Pu-
chove a jej pracovnlci praju svojmu jubilantovi pevne
zdravie a dalSie moZnosti pre qyuZitie bohatych odbor-
nych poznatkov a cennych skusenosti.
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