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POLYPROPYLENE COMPOSITE FIBRES, SPINNING, STRUCTURE
AND PROPERTIES

Marcindin A., Hricova M., Legén J., Hoferikova A., Marcinc¢in K.

Department of Fibres and Textile Chemistry, Institute of Polymer Materials,
Faculty of Chemical and Food Technology, Slovak University of Technology in Bratisiava,
Radlinského 9, SK-812 37 Bratislava, Slovak Republic,
e-mail: anton.marcincin@stuba.sk

The paper deals with polymer composite fibres, spinning, structure and properties. In the intro-
duction part, a review of polymer composites based on nanofillers with a high aspect ratio, such as
layered silicates and carbon nanotubes, is given. In the second part, the experimental results con-
cerning the spinning of polypropylene/boehmite and polypropyiene/carbon nanotubes composite
fibres, their structure and selected mechanical properties are presented. The material composition
and processing conditions leading to the enhanced mechanical properties of composite fibres are

discussed in the paper as well.

1. Introduction

Inorganic fillers are very often used for improving the
desirable properties of polymers. Many of them such
as calcium carbonate. titanium dioxide, talc, glass
beads and short glass fibres have been used intensi-
vely to enhance the mechanical properties of polymers
[1, 2]. Fillers with a larger aspect ratio such as short
fibres were found to be more effective modifiers. A si-
milar effect was expected when an inorganic filler with
dimensions on a nanometer scale and a high aspect
ratio such as layered silicates (LS) and carbon nano-
tubes (CNT) was used for forming polymer composi-
tes. The aspect ratio of the layered silicates is about
200; for CNT this is substantially higher {(more than
1000), [3].

The incorporation of layered silicates in polymers
and forming a dispersion with separated nanoparticles
to prepare polymer nanocomposites is crucial in the
development of new polymer composite materials.
Mostly polyolefin nanocomposites with an exfoliated
structure require the treatment of a filler with organic
compounds and additionally use special compatibili-
sers [4].

One of the most commonly used organically layered
silicates is derived from montmorillonite (MMT). This
is formed by stacked layers with a layer thickness of
around 0.96 nm and a lateral dimension 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 hydrophilic nature of layered silicates which is
not favourable for dispersion in organic polymers can
be suppressed and altered to be more hydrophobic
by, e.g., ion exchange reactions with cationic surfac-
tants, including primary, secondary, tertiary and quar-
ternary alkylammonium cations [6]. Organically treated
layered silicates are organociays suitable for prepara-
tion of polymer nanocomposites with polar functional
groups such as polyester (PES) and polyamide (PA).
For polyolefin nanocomposites such as polypropylene
(PP) and polyethylene (PE), it is also necessary to use
a convenient compatibiliser such as maleic anhydride
modified polypropylene [7].

There are two important factors necessary to
achieve the exfoliation of layered silicates. The com-
patibiliser should be miscible with a PP matrix and
include suitable polar groups in the molecule. Regar-
ding the structure of the layered silicates in a polymer
matrix, the composites can be classified as intercala-
ted or exfoliated nanocomposites. The fully exfoliated
structure of silicates in polymers is rare. The comt:.-
nation of intercalated and exfoliated structures in poiy-
mer nanocomposites represents actual polymer nano-
composites [8].

The intercalation and exfoliation of clay platelets in
polymer melt depends on the thermal diffusion of poly-
mer chains (or a compatibiliser) in the interlayer space
and on shear stress during mixing. Uniform dispersion
with a high share of clay nanoparticles in the polymer
matrix enhances the Young's modulus and tensile
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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 30B);
Siud Chemie, Germany (Nanofil® 2, 5, 9, SE300,
SE3010); Elementis Specialties Company (Bentone®
107, 108, 109 and 2010); Nanocor Inc, USA (Nano-
mer® 1.30P, 3.31PS, 1.44P, 1.44PT, 1.28E); Laviose
Chimica Mineraria, ltaly (Dellite 72T); Co-op Chemi-
cals, Japan (Somasif® ME100).

The dispersion of CNT in polymers is relatively 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 characteristics and
lack of functional sites on the surface also complicate
the dispersion issue. The length of CNT, which can
range up to several millimeters, is the most undesi-
rable for practical application [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, ball milling grinding and high speed shearing
[10, 11]. Chemical treatment with sulphuric/hydro-
chloride acid and nitric 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 functionalised CNT, e.g., by carbo-
xylic or -NH_ groups [12]. Reactive functional groups
are given an opportunity to prepare CNT functionali-
sed with other polymer containing -OH groups such
as polyvinyl alcohol (PVA) via an esterification reac-
tion. The PVYA/CNT films and fibres were prepared in
this way [13, 14].

The preparation of aligned polymer/CNT bulk com-
posites remains a scientific chalienge for material
scientists. Enhanced mechanical and physical pro-
perties can be further achieved in polymer/CNT com-
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 liquid or gas form in to the CNT bundle
following in situ polymerisation. The PE/CNT, polyani-
line/CNT, PMMA/CNT composites were prepared in
this way [15].

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 particles in
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a polymer matrix were prepared by the optimisation of
the shear mixing of the blends [16].

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

Polymer nanocomposite fibres

Oriented polymer composites such as composite fib-
res represent a special group of polymer materials.
The mechanical properties of fibres depend on their
molecular and supermolecular structures and the ori-
entation of their crystalline and amorphous regions.
Some papers have shown enhanced mechanical pro-
perties of polymer composite fibres, such as tenacity,
Young's modulus, ductility, and stiffness; and further,
the improvement of electrical conductivity, un-flamma-
bility, dyeability and other properties. 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-
perties of composite fibres.

In the next part a short review of selected polymer
composite fibres is presented [17-30}: Polyethylene
terephthalate  (PET)/organoclay nanocomposite
monofilaments were prepared by in situ interlayer
polymerisation and spinning with various draw ratios
(DR=1-16) in the spinning line. The dodecyl tripheny!
phosphonium ion for an ion exchange reaction with
MMT to improve exfoliation because of the Jegra-
dation of the common quarternary ammonium com-
pounds at a processing temperature (280°C) was
used. A high degree of exfoliation of the organoclay
was obtained in this way. The mechanical properties
of the spun filaments correlated with the organoc-
lay concentration and draw ratio upon spinning. The
tensile strength and initial modulus as well as the
thermal stability of the composites increased with
the organoclay concentration and decreased with
the higher draw ratio. The supermolecular struc-
ture of the polymer matrix did not change clearly
dependingon the filler concentration [17]. Similar
results were obtained for polybuthylene terephtha-
late (PBT) and polytrimethylene terephthalate (PTT)
fibres [18].

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

Viakna a textil 14 (2) 3-10 (2007)



Vlaknotvorné polyméry

(PTMO) containing 0.2 wt% 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 [19].

The effect of the MMT on the supermolecular struc-
ture and the mechanical and thermal properties of the
polyamide 6 (PAB) composite fibres at a temperature
above the glass transition was studied [20]. The orga-
noclay platelets have a nucleating effect on the poly-
amide matrix and contribute to the reinforcement of
the nanocomposites building up a rigid percolation
network together with the crystalline lamellae. The
prepared fibres, exhibited improved stiffness and
tensile strength as a result of the enhanced drawa-
bility [21]. The organoclays strongly affect the mainly
crystalline structure of the PAB6 fibres depending on
the drawing and annealing temperatures as well as
the draw ratio.

The high level of exfoliation of the organoclay (Cloi-
site 30B) in the PA6 permitted use of electrospinning
technology for preparation of the composite nanofib-
res. Dispersion and exfoliation of the organoclay in
PA6 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
[22]. The organoclay modified polyamide fibres also
exhibited besides their improved mechanical proper-
ties a higher dyeing ability [23] and lower flammability
[24].

The PA6/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
fibres. A high degree of nanofiller 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 PA6/MWCNT fib-
res, compared to the PA6/carbon nanofibres, were
obtained [25].

MWCNT were used for reinforcing the ultra high
molecular weight polyethylene (UHMWRPE) fibres. The
composite fibres were prepared by gel-spun techno-
logy. By adding 5.0 wt% MWOCNT, ultra strong fibres
with a tensile strength of 4.2 GPa and strain at break
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of about 5%, were produced. The tensile modulus
and strength were about 15 - 20% higher in compari-
son with the unmodified fibres. The composite fibres
appear to show very good concordance with the pre-
dictions 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 properties, but a hi-
gher electrical conductivity [27].

Polypropylene composite fibres

Recently, several papers described the spinning of
polypropylene composite fibres containing orga-
noclay, carbon nanofibres and CNT. Commercial
organoclays, such as Somasif ME100 and Nanofil
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 ratio in the drawing process. Only a sligh-
tly higher tenacity and modulus of composite fibres
at the maximal draw ratio were obtained. Besides,
a decreased drawability of the composite fibres was
found [28-30].

In order to obtain the high exfoliation effect of
MMT in a PP matrix, organically treated silicates and
a compatibiliser, e.g., PP-g-MA in a higher amount
of up to 10%, must be used [4, 7, 28, 30]. Besi-
des, the drawing and orientation of the composites
are very significant regarding their mechanical pro-
perties. From this point of view research concerning
the deformation, orientation and tensile properties of
oriented polymer composites are very important [31,
32].

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 fib-
res exhibited a higher orientation of the structural
elements and a lower crystallinity, which resulted
in a higher tensile strength (770 MPa) and modulus
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{16.8 GPa) compared to 670 MPa and 16.4 GPa for
the neat PP fibres [33].

2. Experimental

In our contribution, 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, ®=28 mm, was used for prepara-
tion of the PP composites before spinning. The com-
posite fibres were prepared using a laboratory spin-
ning line with an extruder of ®=16. The multiflaments
were drawn for various drawing ratios. The mechani-
cal properties of the PP composite fibres depending
on the the spinning and drawing conditions were eva-
luated. The effect of the compatibilisers-dispersants
on the non-uniformity and mechanical properties 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, Slovnaft
Co., SK; PP Moplen 500R (PP M500R), flakes, MFR
25 g/600 s and PP Moplen HP561N (PP M561N),
MFR 11 g/600 s, all produced by Basell, Italy. The
commercial organoclay based on montmorillonite
(MMT) used in this work was Cloisite 15A (C15A),
which is produced by Southern Clay Product, USA,
and Boehmite Disperal type (B40), produced by Sasol
Co., Germany as well as Multi-Wall Carbon Nanotubes
- Nanocyl® 7000 (MWCNT), produced by Nanocy!
S.A.. Belgium. Surfactants based on polypropylene
glycol (S44P) and alkyl-polysiloxane (TEG) were used
as compatibilisers-dispersants.

The coefficients of the variation of the fibre diameter
CV, and basic mechanical properties, tensile strength
(CV,), elongation at break (CV,) and Young's modulus
(CV,,,) 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-
ding to 1ISO 2062:1993 as well as Young's modulus.
The thermal properties were evaluated using a DSC
analysis. A Rheovibron DD-lI-C, TOYO Baldwin Co.,
was used for measurement of the dynamic modulus at
a temperature range of 20 - 140°C.

Fibre-Forming Polymers

3. Results and discussion

Differences between the spinning of the PP/B40 and
PP/MWCNT 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 PP/MWOCNT dispersion with particie
agglomerates (bundles) and well spinning only up to
0.2-0.3 wt% of CNT. The non-uniformity of the fibre
diameter increased with the higher content of MWCNT
in the PP matrix (Table 1). To the contrary, the coeffi-
cients of the variation of the mechanical properties 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 fibres were found (Fig. 1).

Table 1 The fibre diameter d and coefficient of the variation
of diameter GV, of the PP561N/MWCNT composite
drawn fibres (drawn ratio A=3).

-

Fibre

L d [um] CV, [%]
composition
| PPstandard =~ | = 19.8 7.7
PP+0.02%CNT 1+ 193 147
_ PP+0.05%CNT | 198 11.3
PP+01%CNT 191 14.8
PP + 0.3% CNT | 21.2 10.1

Table 2 The tenacity (T), elongation at break (E) and Youn-
g's modulus (YM) and their coefficients of the vari-
ation CV for PP561N/CNT composite drawn fibres
(prepared using a concentrate containing 1.0 wt% of
CNT in PP 500R)

Fibre T lov, ‘cv ' Y™ |cv,
~_composition [[cN/tex] | [%] | [%] | [%] [N/tex] [% ]
PPstandard | 43.3 [3.4 34.6!22.0 5.4 | | 29
PP+002%CNT| 386 31,322 204 49 37
PP+0.05%CNT| 339 1241447 117 45 | 30
PP+0.1%CNT | 337 |4.8|44.6 128§ 45 | 59
| PP+0.3%CNT | 306 |2.9|553 56| 42 | 34

The standard spinning and drawing conditions at the
spinning of the PP composite fibres did not lead to
higher mechanical properties (Table 3). The tenacity
of the fibres slightly decreases with the higher concen-
tration of MWCNT in the PP matrix. The dependence
of Young s modulus exhibited a slightly maximum for
0.1 wt%.

Viakna a textil 14 (2) 3-10 (2007)
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r
1 20 - —&— PP 561N+PP 500R
; 0.1% CNT

a.
Fig. 1 Dependence of CV_ (a) and CV_ (b) on the drawing ratio for PF/CNT composite fibres

Table 3 The tenacity (T), elongatiori at break (E) and Youn-
g's modulus (YM) of PP TG/MWCNT nanocomposite
drawn fibres.

Composition of in(f:ii::esg ; E ‘ YM
concentrate . [cN/tex] | [%] . [N/tex]
[%] wl* | i
PP standard - | 516 266 47
op 005 | 487 1316] 49
0.3 MWCNT 01 | 502 [294, 51
0.3 | 432 408, 44
PP 005 | 439 335, 46
0.3%MWCNT 01 | 503 |293 60
0.3% TEG 03 | 420 361, 4.4
PP 005 | 446 | 370 46
| O.3%MWCNT 01 | 474|307 49 |
| 0.3%S44P 0.3 465 | 316 47

—&— PP 56 1N+PP 500R

- 0.1% CNT

* |

|
| |

|
|
i e f
| I
f O T T T T T T 1 ‘r
1 2 3 4 5 6 7,8 |
e A

b.

Besides, the results in the Table 4 and Fig. 2 showed
in the strong effect of the spinning conditions on the
basic mechanical properties and supermolecular
structure (Table 5) of the composite fibres. Analysis
of these results leads to conclusions that higher me-
chanical properties including the positive effect of
nancfillers in a PP matrix can be obtained only with
an optimized composition of the composites and
spinning conditions. Based on these conclusions,
a new series of PP/ and PP/MWCNT fibres were
prepared. Higher mechanical properties of the PP
composite fibres were achieved, compared to the
PP standard fibres, in this case (Tables 6, 7 and
Figs. 3 and 4).

Table 4 Effect of spinning conditions on the mechanical properties of PP fibres

T . R i I T T
| No M:.;ﬁ:.'ﬂfg[i.f:;r;]/i [Ja;] o i [tz;(] J T E | WM
1 T ) | A | [cN/tex] = [%] | [N/tex]
‘ [m/min] . spunf. tdrawn f. | : ; ]
1 20/200 978 | 35| 327 . 291 401, 34 |
2 20/250 805 32 301 | 269 386 27
3 20/300 546 , 30 | 220 | 305 242| 30
4 20/400 437 | 32 | 156 | 451  200| 45
s 20/500 349 | 32| 115 611 198 6.0
| 6 30/200 | 1263 . 4.0 | 364 300 636 35 |
L7 30/250 | 1201 | 40| 359 318 257 40
8 30/300 . 897 | 40| 258 421 204 43
9 30/400 682 | 38 | 198 | 424 196 44
10 | 30/500 492 | 35, 161 | 499 185! 51
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*PP TG 1200 7 *PP TG
80 - ©0,1% C15A O . A ©0,1% C15A
APP561N o 1000 A APPfNN
£0,1% B40 ° ° fg,;/a B40
— 60 o PP | ]
E ©0,1% CNT S A = 800 % ©0.1% CNT
2z = .
O L w )
- 40 ¢ * 600
¢
400 1 A
201 o @ )
! ' 200 A .
N . ‘
0 T T T T T T T 1 0 ; : . - * 9 , ,__Q] ,
1 2 3 4 5 6 7 8 N 9 0 1 2 3 4 5 6 7 8 . 9
a b.

Fig. 2 The dependence of tenacity (a) and elongation at the break (b) of composite fibres on the draw ratio A

Table 5 Thermal properties of PP561N/CNT composite fibres depending on the drawing temperature

drawing 1t heating cooling
Composition of fibres T T, AH T, AH

[°C] [°C] [J/9] [°C] [J/g]

25 163.5 94.7 113.3 105.7

50 164.3 103.4 112.8 104.6

PP standard 80 165.3 104.3 112.9 103.9

100 1651 1081 112.6 106.3

120 165.1 112.4 112.6 1071

130 165.3 111.7 112.8 105.8

50 164 1 105.3 121.1 1101

PP 80 163.3 103.5 1211 109.4

0.1% CNT 100 165.3 1121 1211 112.0

0.1% C15A 120 165.3 110.3 1211 108.9

130 166.8 114.4 1211 110.2

50 163.3 98.9 120.9 108.8

O.1°ZF(>3NT 80 163.8 106.4 120.9 109.7

0.1% C15A 100 167.3 106.0 1211 108.8
120 165.8 112.9 1208 | 110.9 |

S44pP 130 166.8 112.0 120.6 107.3

Table 6 The effect of the composition of concentrates on the mechanical properties of PP561N/Disperal composite drawn
fibres, draw ratio kmax

Composition Content of T Cv, E Cv, YM Ccv,,
of concentrate | B40 in fibre [%] | [cN/tex] [%] [%] | [%] | [N/tex] | [%]
PP standard - 59.1 9.4 25.2 | 8.3 57 11.5
0.02 66.9 53 | 201 | 41 7.0 5.3

01 65.9 3,7 199 | 55 6.9 7.2

PP + B40 0.3 61.4 3.2 191 | 4.2 7.0 56
0.5 59.9 6.4 | 269 16.4 6.5 9.3

1.0 56.9 46 | 23.4 | 14.0 6.0 4.9

3.0 43.8 50 | 30.5 | 13.6 4.6 57

8 Viakna a textil 14 (2) 3-10 (2007)
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Table 7 Tenacity (T), elongation (E), Young's modulus (YM), and their coefficients of variation for PP 561 N/MWCNT drawn
composite fibres

Composition of fibres T Cv, E Cv, YM
[%] [cN/tex] [%] [%] [%] [N/tex]
PP standard 64.8 29 | 226 7.6 7.2
PP/CNT 651 7.6 22.6 8.1 7.3
PP/CNT + B40 76.1 6.8 | 20.7 6.9 8.7
PP/CNT + C15A 72.8 53 21.6 55 7.9
PP/CNT + C15A+ S44P 71.7 8.3 | 20.3 5.0 | 8.2
PP/CNT + C15A + TEG 81.2 2.1 21.7 6.2 | 9.5
PP/CNT + C15A + S44P+ TEG 77.0 2.3 21.7 4.4 9.1
PP/CNT + PP-MA + TEG | 76.6 6.2 | 22.0 9.3 | 8.9
14 - & PP 361N undrawn ]7 16 7 @ PP SOOR.dr=3x
';? ® PP S6IN.dr=lx ] ® PP SOOR+0.17B40, dr=1x
g T ~0 & PP SOIN.dr=2x h PP SOOR +0.1% B40, dr=2x W
E_ 10 4 ... PN, : 129 @ ppsoor+0 /uB40,dr—ax#
0 £ ottt
=1 8 A <
F < 81
T w
o 61 | = |”‘ &
£ g e
L 4 \ S 4
E | W
g 2 | “ 2 1
&
0 { 0 T T T T —
0 0 30 60 90 120 150
T[°C]
a b.

Fig. 3 Dynamic modulus of PP561N (a) and PP/B40 (b) composite fibres depending on the temperature

_ PP S00R PP SGIN
14 ; 19WB40 16 7 ; PP standard
" — A 01%CNT
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Fig. 4 Dynamic modulus of PP/B40 (a) and PP/MWCNT (b) composite fibres in dependence on temperature
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4. Conclusions

The unambiguously positive impact of Boehmite and
MWOCNT nanofillers on the mechanical properties of
the PP composite fibres was found. The PP composite
fibres exhibited a higher degree of deformability 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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Polypropylénové kompozitné vlakna, zvlaknovanie,
Struktura a vlastnosti

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

Tento &lanok je zamerany na studium polypropylénovych kompozitnych viakien, ich truktary a vlastnosti. Uvod-
na cast prispevku je venovana prehladu polymérnych kompozitov na baze nanoplniv s vysokym pomerom roz-
merov, ako su vrstevnaté silikaty a uhlikove nanotrubicky. Druha experimentalna cast prace je zamerana na pri-
pravu a zvlaknovanie polypropylén/Boehmite a polypropylén/uhlikové nanotrubicky kompozitnych vlakien, ako
aj na hodnotenie ich Struktury a vybranych mechanickych viastnosti. V ¢lanku je diskutovany vplyv materialového
zlozenia a podmienok pripravy na zlepsenie mechanickych viastnosti kompozitnych viakien.
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APPLICATION OF THE LONGITUDINAL RESONANCE
VIBRATION METHOD FOR AN INVESTIGATION
OF A TEXTILE’S VISCO-ELASTIC PROPERTIES

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

Kiev National University of Technologies and Design, Nemirovich-Danchenko 2,
01011 Kiev, Ukraine
e-mail: vlasenko@ekma.kiev.ua

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-eiastic 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

As is well-known, the structure of textile materials must
be stable during exploitations. In some cases with the
use of textile material packages or composite mate-
rials (which consist of several individual textiles), it is
desirable to obtain an isotropy of the mechanical pro-
perties of a system in all directions. The formation of
certain positive characteristics of multilayer composi-
tes depends on the mechanical (visco-elastic) proper-
ties of each component, their position in the system,
and the type of bonding materials [1].

Static ‘and dynamic methods can be used for the
definition of the visco-elastic properties of textile mate-
rials. The preferred dynamic methods are as follows:
they belong among indestructible test methods and
are less material and labor-intensive. They allow for
the reusing of samples of textiles for investigation of
their initial properties and properties under influence
of exploitation factors.

The dynamic module of elasticity and the logarith-
mic decrement of attenuation characterize visco-elas-
tic properties. The dynamic module is the characteris-
tic of their deformative properties and measure of their
material stability upon external mechanical loadings;
the logarithmic decrement is a measure of energy,
which dissipates as heat [2].

Viakna a textit 14 (2) 11-14 (2007)

The aim of the investigation is the determination of
the possibility of applying the longitudinal resonance
vibration method for research and control of the visco-
-elastic properties of the isotropy of multilayer textiles.

2. Experimental

2.1 Textile materials

Two kinds of initial materials were investigated:

1.sample "S” - polypropylene (PP) loose knitted
fabric,

2.sample "Sh” - two-sided adhesive web "Sharnet”

(ethylene-vinyl-acetate (EVA)).

Also, two types of textile composites were obtained

and investigated:

1. first type - “S - Sh” bonded in a “warp - warp”
direction;
2.second type - “S - Sh - S” bonded in different

directions (Table 1).

The textile composites were prepared on laboratory
equipment without the use of water vapor. The optimal
bonding conditions were chosen during preliminary
investigations: the bond line temperature - 130°C
the pressure applied - 0.05 MPa and the exposure
time under heat and pressure - 15 sec.

Some characteristic of the initial textiles and textile
composites are provided in Table 1.
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Table 1 Structural performance of initial textile and textile composites

o . Sample code

Ne | Properties s Sh S-Sh S-sh-s

1 Type of textiles knitted fabric adhesive web textile composites

2 Raw composition, % PP-100 EVA-100 S - Sh S-Sh-S
1. warp - warp

3 Directions of bonding - - warp - warp 2. warp - 45° angle
3. warp - weft

4 Surface density, g/m? 95 20 115 210

5 Thickness, mm 0.60 0.02 0.50 0.80

2.2 Research Methods The “S - Sh” sample (Table 1) was received for

The visco-elastic characteristics of individual textiles
and textile compaosites 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
- author V.V. Kostrickij) [3].

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

- dynamic module of elasticity (£, MPa);
- logarithmic decrement of attenuation (),
- dynamic rigidity (D, uN.m?).

The installation has a PC- program that allows for the
calculation and plotting polar diagrams of the dynamic
module of elasticity and decrement of attenuation for
textiles in various directions {Fig. 2).

This method, by using mathematical processing of
the experimental data, allows for the caiculating and
plotting of polar diagrams of the dynamic module of
eiasticity and decrement of attenuation for textiles in
various directions.

Table 2 Technical installation data

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 elasticity’s distribution 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 elasticity 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 properties of the
multilayer textiles:

1. The first type of composite (Fig. 2, c.) - the textile

| 1. Kind of vibration | longitudinal
2. Range of sinusoidal vibration of frequencies, Hz 0.1-2000
3. Error of measurement of vibration period, % 0.25
4. Error of resonance moment registration, s L 10°
5. Distance between clamp claws, mm ~10-200
6. The maximal thickness of a sample, mm 3

3. Resuits and discussion

The visco-elastic properties of textiles are measured
in three directions - on a warp, on a 45° angle and
on a weft (Fig. 2). The knitted fabric “S” is characte-
rized by the anisotropy of the visco-elastic properties
(Fig. 2, a.) and has a warp of a clear-cut character.

12

Fig. 1 Installation for investigation of visco-elastic
properties
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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 - §” 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 times) (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
position; also they depend on a kind of adhesive web.
The results of the investigations show that the applica-
tion of the longitudinal resonance vibrations 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
direction.

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 - §” 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, I, 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 conditions.

Dynamic module of elasticity, MPa

‘LS —_ Sh”
warp - warp
e -

W 45"angle

“S -

warp - warp

28

Sh -8~ bonded in different directions

warp - 45° angle warp - weft

e

a. b. C. €
Logarithmic decrement of attenuation
“8“ “S - Sh” “S-Sh-8” bonded in different directions
warp — warp warp - warp warp - 45° angle warp - weft

f. g.

L 1an

1,

Fig. 2 Visco-elastic characteristics of the initial textile and composites
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Table 3 Visco-elastic characteristics of the initial textile and composites

Sample code Direction of measurement ! Dynamic module of elasticity, ? Dynamic rigidity,
i Es, MPa D, uN.m?
warp 255 . 1.38
“8” ~ 45° angle ~ 1.66 0.90 ]
weft 1.24 0.67
- wap - 9.08 o B 2.84 o
“S - Sh” 45° angle 3.38 1o
weft ) 3.00 0.94
s_sn_s | warp - 1.56_ o 1864
(warp - warp) 45° angle ~13.86 L 17.74 ]
P P weft 8.55 ! 10.94
15.70 : .
“S _-Sh-S" - ,Aﬁi,,,,)g’é‘f_p_w.,m,,,,,,, 7 . 2010 _
o L 45° angle B 15.70 20.10
(warp - angle 45°%) -t - e T | - =
| weft 9.47 ! 12.12
I |
“S_Sh-S m\{y‘arp 14.86 B 19.02
457 angle 13.86 17.74
(warp - weft -
weft 14.86 19.02

4. Conclusions

The experimental data shows that the visco-elastic
properties of multilayer textiles depend on the initial
materials’ characteristics and their mutua! position. The
results of the investigations also show that the applica-

(1]
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Pouzitie metédy pozdiznej vibraénej rezonancie
pre vyskum textilnych viskoelastickych vlastnosti

Translation of abstract:
Application of longitudinal resonance vibration method for investigation
of textile visco-elastic properties

Prispevek sa zameriava na experimentalny vyskum viskoelastickych viastnosti textilii za dynamickych pod-
mienok metddou pozdiznej vibraénej rezonancie na $pecialnom zariadeni. Analyza experimentalnych Gdajov
ukazuje na fakt, ze viskoelastické vlastnosti textilnych kompozitov zavisia na charakteristikach jednotlivych mate-
rialov. Predpokladame, Ze poznanim viskoelastickych vlastnosti jednotlivych textiinych materialov v réznych sme-
roch mdzeme kontrolovat anizotropiu viastnosti viacvrstvovych textilii.
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IMPACT OF DIRECTIONS ON FRICTIONAL
PROPERTIES OF A KNITTED FABRIC

Kovar R.

Department of Textile Technologies, Faculty of Textile Engineering, Technical University of Liberec,
Halkova 6, 461 17 Liberec, Czech Republic
e-mail: radko.kovar@tul.cz

The slip of a textile fabric to a similar fabric probably depends on the direction due to the anisotropy
of the fabric's structure and surface geometry. The effect of the actual mutual fabrics’ position is
important as well as the surface profile substantively changes in the course of a slip. The exact
theoretical calculation of the frictional resistance for knitted fabrics is difficult, so an experimental
approach is preferred in the contribution. Periodical changes in the frictional resistance that are
followed by a change in the mutual fabrics’ speed, are measured and proved to relate to the peri-
odicity of the knitted fabric’s structure, mainly at a great lateral pressure. A lower mutual pressure
is. on the contrary, attached to the greater impact of the fabric’s hairiness.

1. Introduction

Sometimes frictional resistance can be predicted with
a sufficient exactness of the results (for example, the
friction of steel to steel. when the surface quality and
lubrication are known). Nevertheless, an often used
assumption that friction does not depend on the slip-
ping area, is not vaiid in general. Friction, on the level
of elementary particles [2, 3], is based on the mutual
forces between these particles, and the number of
such forces, of course. depends on the slipping area,
but not on the apparent “overall” area, but on the area
of the real contact. This area depends on the normal
tension between slipping bodies as well as on many
other variable parameters such as the surface relief of
the slipping bodies. the speed of the slip, direction,
humidity, etc. As the surface geometry of knitted fab-
rics is very complicated and direction dependent (ani-
sotropic), the exact calculation of frictional resistance
is still not possible.

Another problem. which is related to the predicted
friction offibres, is connected with the fibrous surface
guality. It is known that quite another is the friction of
solid bodies (Coulomb friction)and the friction of liquids
(viscous friction - Newton's law). The usual textile fibre
surface is somewhere between these ideal variations;
let us take into consideration wax on a cotton fibre’'s
upper layer, fat on wool, different lubricating agents,
etc. These are the main reasons why an experimental
approach, supported with some not exactly described
assumptions, was chosen for this contribution.

Vlakna a textil 14 (2) 15-20 (2007)

2. Assumptions

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 knitted fabric to the same knitted fabric’s slip will be
analysed. It may be assumed that frictional resistance
could increase if the direction of the segments of the
yarns on the fabric surface would be approximately per-
pendicular to the direction of the mutual fabrics’ slip.
In this case, the direction of normal force between the
areas of contact periodically changes, and the length
of the actual slip could be longer. A simple model is
shown in Fig. 1, where F_is the overall normal force, F,
is the tangential force (the overall force of the frictional
resistance), v is the actual speed of the upper body's
movement, and [} is the angle of the bodies’ surface
in contact.

Fig. 1 Simple model of the effect of surface relief on fricti-
onal resistance.
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Let L be the length of the apparent mutual movement
and L the length of the actual slip. It will be

L1

L, cosP ' (1)

a

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

1
" cosB (2)

o}

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 Wj
at angle  would be higher than the losses in the case
of flat surface WO when 3 = O:

1
Wé = Wo 2
cos“ B (3)

Unfortunately the actual angle {3 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 slip 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 direction of the courses should be
connected with a lower frictional resistance. Face-to-
-face sides could be accompanied with higher friction
when the slip occurs in the direction 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. It could be assumed that this level

S 251 F,y b By
E,»
— - 7 A2
‘FZ I 2
— 4 a> v
& —>
A >
< E,
- |
e i
R \
-
y Fnl‘ ! a

Fig. 2 Impact of surface geometry on frictional resistance.
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will be important 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. If two fabrics are
near each other but if the normal force is still zero,
some frictional resistance could be assumed due to
the material’'s adhesion. In this case the coefficient of
friction w will be unlimited (@ — o). Friction on this
level will probably be more chaotic with a lower depen-
dence on the direction.

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.

b1)Ifapproximately parallel parts of the surface yarns
are in contact, the normal direction could be inclined
and could have some component on the direction of
slip v. In Figs. a, b, and ¢, the force F_ is external (F |
normal force, F  tangential frictional resistance in the
direction opposite to the fabric’s slip) and the force F,
is an internal one (again F_, is normal and F, is a tan-
gential component of F,). The deflection of the force
F, from F by angle o in the opposite direction to
the slip substantively increases the frictional force F_,
(¢ is the frictional angle, Fig. a). When the forces F |
and F . are parallel (Fig. b), the frictional resistance
will be defined only by the ordinary friction coefficient
and frictional angle ¢. If the angle between forces F |
and F__is opposite, the frictional resistance could be
reduced or even negative (Fig. c)

b2) When the cuts of the yarns are parallel to the
slip’s direction (Fig. d, the slip is perpendicular to the
plane of the figure), the sum of the internal normal for-
cesF . +F_ isgreaterthan the external normal force
F ., and in such a way, the frictional resistance grows
(the so-called “flute” friction).

tl

Y
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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 Fg, change is enabled by using
different weights). The overall area of contact was
50 by 50 mm. Body 3 was pulled in the direction of
the speed of the slip 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 positions to the slip’s
direction - wales, diagonal and courses.

The friction of the pulley 6 on the miniature ball bea-
ring was negligible. The speed of the slip v_and speed
of the drive (crosshead) v, 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 slip, appro-
ximately 400 points were registered. The usual slip
speed was 1 mm s™'. Two knitted fabrics were tested.

Fig. 3 Scheme of the experiment.

Table 1 Average values of friction coefficient u [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™", density of courses 370
m™, stitch length: |S = 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, 200, 400
and 600 N, which corresponds with a normal tension
of approx. 200, 400, 800, 1600 and 2400 Pa res-
pectively.

The indexes 1234 in the first colon mean:

Position 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 - wales, C - courses).

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.

Fn [mN] 50 100 200 400 600 | F,[mN] 50 100 200 400 600

FFCW 11932 1.513 | 1.208 | 0.992 | 0.879 | FRWW | 1.958 | 1.522 | 1.228 | 0.987 | 0.862
FFCD |1.896 | 1.493 | 1.209 | 0991 | 0.872 | FRWD | 1.896 | 1.547 | 1.219 | 0.987 | 0.900
FFCC [1.932 | 1.523 |1.232 | 1.006 | 0.890 | FRWC | 1.946 | 1.491 | 1.223 | 1.017 | 0.922
FFWW | 2.128 | 1.696 | 1.352 | 1.065 | 0.928 | RRCW | 1.870 | 1.454 | 1.151 | 0.946 | 0.836
FFWD |2.026 | 1.591 |1.252 | 1.002 | 0.861 | RRCD |2.032 |1.492 | 1.233 1 0.978 | 0.860
FFWC [2.002 | 1.572 | 1.252 | 0.994 | 0.864 | RRCC | 2.140 | 1.609 | 1.292 | 1.054 | 0.928
FRCW [1.935 | 1.605 | 1.277 | 1.040 | 0.945 | RRWW | 2.426 | 1.837 | 1.475 | 1156 | 1.035
FRCD |1.873 | 1.451 | 1196 | 0.974 | 0.873 | RRWD | 2190 | 1.688 | 1.359 | 1.075 | 0.974
FRCC |1.752 | 1.402 | 1151 | 0.927 | 0.834 | RRWC | 2.482 | 1.852 | 1.423 | 1.127 | 0.98
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Table 2 Coefficients of friction variation CV [%]

Modeling of Textile Technologies and Materials

Fn [mN] 50 100 200 400 600 Fn [mN] 50 100 200 400 600
FFCW 4.2 3.1 3.7 1.7 1.5 FRWW 51 3.9 2.5 3.6 2.6
FFCD 5.0 2.9 2.2 21 2.2 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
FFWwW 3.8 2.6 2.7 2.4 1.6 RRCW 3.6 3.3 3.4 3.0 2.0
FFWD 4.6 4.0 3.1 2.4 2.7 RRCD 50 4.0 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 3.9 RRWwW 5.9 3.2 2.0 2.4 2.9
FRCD 54 3.1 3.0 2.6 1.8 RRWD 4.6 3.4 3.2 2.3 2.2
FRCC 4.6 3.8 3.2 2.6 4.2 RRWC 6.9 | 3.5 “ 2.3 2.9 2.3
z "¥Twales ‘ diagonal courses IFII\III
o m
B ().G-WWVMW N N e P
=)
= M/WW U NN N ey A NI VNt iy 2000
l).Z‘WW e e i MMNW]OO
W‘\-«/"“«/"/\/\W P e ] L A sl 55 ()
0.0 : T r
0 10 20 0 10 200 10 20
Displacement [mm] a
z %83 gales diagonal | courses Fy
) | [mN]
E 06 e N o S i AR R e g [ N VL U Ny 600
5 OI-N‘\-WW' e T N B v N S ) )
B N e e 200
o 0.2 : -

0.0 T

100
a0

200

10

10 20

Displacement [inm]

200

b

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, lower fabric in wales, diagonal and course directions

The charts in Fig. 5 shows the average values of the
coefficient of friction u 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’ slip. Fig. 6 shows an example of
more particular results, showing the low impact of the
direction.

3.2 Fabric B[1, 5]

Brief specification of fabric:

Plain single-faced structure, density of wales

18

460 m”, density of courses 540m-1, stitch length
I,=7,2mm.

Yarn: acrylic double twisted,
T=32texx 2.

linear density

The chart in Fig. 7 shows the average values of the
coefficient of friction u 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).
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Fig. 5 Impact of normal force on w and on CV, average valu-
es of reverse-to-reverse and face-to-face sides.
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Fig. 6 Impact of normal force on u, reverse-to-reverse face
side of the fabric, upper fabric slip in courses, lower
fabric in different directions

4. Discussion and conclusions

The results only partly prove the assumptions. The
impact of the direction and change of the mutual posi-
tions through the course of the experiment was much
lower than was assumed. The coefficients of the varia-
tion were lower at a higher normal force (Figs. 5, 7),
although the impact of the fabric’s structure should be
more important. Probably, the effect of the fabric’s hai-
riness on the friction's unevenness is more important.

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

Vlakna a textil 14 (2) 15-20 (2007)
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Fig. 7 Impact of normal force on w 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 parallel, and the speed of the
slip is in a perpendicular direction. Such examples are
worthy of spectral analysis. An example is introduced
in Fig. 8; the main peak corresponds with the density
of the courses of the fabric.

Z 0.8
v
206
z v /A ‘
g AWV \/\/N\/N\/fw\,f\\ﬂmw\
0.24
0.0
0 10 20 30
Displacement [mm]
14

X [n]

0 02040608 1 1.2141.6 1.3 2
Ilam [1/mm]

Fig. 8 An example of FFT (Fast Fourier Transformation) [1, 5]
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Vliv sméru na treci vlastnosti pleteniny

Translation of abstract:
Impact of Direction on Knitted Fabric Friction

Posouvani se plosneé textilie po podobné plosné textilii pravdépodobné zavisi, s ohledem na anizotropii struk-
tury a povrchové geometrie, na smeéru smykani. Dllezity bude také vliv okamzité vzajemné polohy obou textilii,
nebot se geometrie jejich povrchu v pribehu smykani méni. Exaktni teoreticky vypocet treciho odporu pletenin
je obtizny, proto byla dana prednost experimentalnimu pristupu. Periodické zmény treciho odporu, ktere jsou
doprovazeny zménou vzajemneé rychiosti, byly méreny a prokazaly viiv periodicity struktury, a to predevsim pro
vetsi normalové napéti. Treni pfi mensim vzajemném pritlaku je naopak ovlivnéno chlupatosti textilie.
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THE DYNAMICS OF YARN TENSION IN WARP KNITTING

Gligorijevic V., Stepanovi¢ J., Mladenovic |., Cirkovié N.

Faculty of Technology, University of Nis, Leskovac, Slovenia

In order to establish the dependence of warp yarn on a knitting machine’s operating speed within
the compensation and knitting zones, as well as in certain characteristic phases of loop-forming
processes, we have studied the dynamics of warp yarn tension in warp knitting, on a RE-4 rashel
knitting machine, by means of sensors constructed particularly for this type of research.

From a dynamic point of view, we obtained an oscillation equation, which determines the con-
nection between the speed of the warp yarn’s shifting, the tension mechanism, and the operating
speed of the knitting machine, which is of great importance for the stability of warp knitted fabrics.
The values of cyclic periods and muffle oscillation process periods are obtained from a differential
second-degree equation, which represents an innovation in this field of research.

1. Introduction

The manufacturing of highly productive warp knitting
machines working at high speeds is possible only in
conditions of the accurate analysis of the entire tech-
nological process, the main element of which is the
loop-forming process. In the loop-forming process,
the yarn twists round the needles, sinkers and other
directional operational parts, and at the same time, the
yarn shifts. By twisting, the yarn resists the change in
its shape, and deformation, which in most cases cau-
ses the yarn to tear. appears.

It is therefore necessary to take into account the
importance of determining the yarn tension both in the
compensation and knitting zones, during the particu-
lar characteristic phases of the loop forming process,
which is very important in designing a machine from
a dynamic point of view. Shifts in the knitting parts
have to be minimal for their lesser inertial loads, by
which the machine increases.

The dynamics of yarn tension
A positive method of adding a warp is used on the
warp knitting 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 given in Fig. 1.

Vlakna a textil 14 (2) 21-27 (2007)

N ) ;‘2 [\

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 consumption
changes. Unless the warp mechanism provides for
a change in an additional quantity in accordance with
its consumption during the knitting, the yarn tension
(of the warp) will essentially change during the loop-
-forming cycle.

Let us examine the technological chart of the
object (Fig. 2.) with a passive warp addition 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 v and let off further to point B of the
knitting zone, wherein they interlace at speed v,,.

The warp beam reverses at the angle speed w.
From the given chart it is necessary to define the yarr
tension T, in zone AB = L, depending on the variab::
tension T, the outlet yarn's speed from zone v =ft),
break moment M, and other causes.
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"B

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 directional devices is negligibly
small,

- the “"damping’ of the elongation mechanism in the
dynamic system is proportional to the speed,

- the yarn tension has values which correspond to the
areas of their elasticity speeds,

- the elongation mechanism is balanced, i.e, the
moment of the force of gravity equais zero,

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

the warp yarn's tension in the machine’s compensa-

tion zone, we will use the shifted yarn's equlibrium
volume, considering that for a certain duration of time
dt between the yarn volume V , which inlets the zone

AB from the warp beam, and yarn volume V,, 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 time dt to Td,. Then, dV=LdT.,.

In the given example, AB=L=const, L-the tength 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:

T
Vo=V, ——(1-2v)+l (1)
1§ U{ﬁﬂs ( ) }

0
where is:

Vo - the volume of the warp yarns to deformation,
So - cross-section of the warp yarns before deforma-
tion,
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: VZ B T: (] -2V )+ ES() (2)
v, T(-2v)+ES,
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2. Experimental

In the theoretical part 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 relationship 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 knitting zones.

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

In order to solve this problem it was necessary to:
- construct a FS-LJ two - component sensor; LDSM

with the possibility of defining the force in the knit-

ting zone and the knitting process itself,

- construct a FS-LJ two-component sensor; LDSM
for defining the warp yarns’ drawing force at the
compensation zone,

- construct a FS-LJ two-component sensor; LDSM
for determining the withdrawing force in the knitted
fabrics at the immediate knitted fabrics’ withdrawing
part from the needles to the drawing roller and from
the guide roll to the cloth roll [1], [2].

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 |,
II, and Ill, the knitting zone directly on needles 6 and
the braid zones IV and V.
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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:

T, 1-2 ES
Sv, - ( V)+ Cdt—Sw,dt =LdS, (3)
T, (1-2v)+ ES,
2v v

where is: 1 =95, *?Tl S, =3, —ETz .

-Cross-sections of the warp yarns’ surfaces during the
elongations T, and T .

a)

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

Legend:

1-Bobbin; 2-Warp: I-Compensation zone; 3-Orienta-
tionrod; lI-Compensation zone; 4-Tension mechanism,;
{lI-Compensation zone; 5-Warp depositor; 6-A needle
with the sensor built in; IV-Braid; 7-Entrain runner; 8,
9-Orientation runners: V-Compensation zone; 10-Go-
ods runner. v
By exchanging the values S, S, dS, = —»Edez

with equation (3).

r(B-2vT)[B+(1-2v)T, ]‘;‘tp ~v, (B-2vT,)

[B+(-2vT)]=2ve [B+ (- )
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where is:
w - angle speed, ¢ - angle rotation of warp shatt,
r - radius yarn's at warp shaft, B - warp yamn's stiffness.

The examined system has an equation of direction:
do o d]

+
a2 dt

If we differentiate equation (4) per time and derive
d?¢ / dt? to make a change in (5) where

d’ 1 o dl
e L (6)
dt / 2 dt

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

+M,=T,r (5)

dT, dT,
+

2VLI[B+(1 - ZV)T]—d—T——+2VL1(1 2)
1
dr,
+rl(B—2le)(1—2v)c)7+2vn2[[B+
t
+(1—2v)T]7, — 1(1 - 2v)v, (B- T, )%T’L~2v1[B+

+(1-2v )Tz]w%— 1(B—2v)ﬂr—l[3+ i- @

dv,

NNB+(1-2v)7, ]coE+

- M, —Qﬂ}_o
2 dt

The equation obtained enables us to define tension
T2 of the warp yarns regarding their mechanical pro-
perties (parameters B=ES , v) of the initial tension T ,
parameters | and r and speed v (1). With a change in
speed v, the initial tension T,, inertial moment | and
radius r could be considered as eternal obstructing
factors, and the change in the break moment could
be considered as a control impact.

In order to test the object equation experimentally,
we can use the following expression

+;'(B—2VT1)[B+(1—2V)TZ]{

LAl d°T. Av.l dT, Al dv,

5t 4|+, =
Spmodtt S dt Sy dt )
My 1 dv, ofd Idr ®)
I rl dt dt rdt

In v,=const. and with the slow change I= const,
r = const if we ignore the last (right) equation of equa-
tion (8), we will get:
d’T, dr, |
Q—+R—+T,=—M,
dt” dt T oor
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If we connect the warp yarns'’ tension forces T, to
the break moment M,, the break function can be writ-
ten as

_ TZ(/J) _ r

M, Op’+Rp+l
From equation (9) we can see that the transfer coeffi-

cient of the break function equals r ', i.e. the standard
machine operation regime T,r = M,

(9)

(p)

2.1 Warp yarn tension forces in phases of the
loop- forming cycle

Diagrams of yarn tension force with more cycles were
obtained through the use of sensors and additional
equipment. At the slow motion operating speed of
a machine of 8,5 min”', the cycle period was 7.05s
(Picture 5) [6, 10]. The maximum tension is in phases
5, 8 and 0. Phases 5 and 8, 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 cooling (phase),

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 forth movements
(phases 4 and 7), and during the lifting of the needle
in the opening of the needle latches (phase 9). The
phase of an 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 |, at a knitting 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
motion operation of 8. 5min-', and in the compensation
zone of 8. 5min~' and 580min~" (Fig. 6) [7, 8, 9].
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Fig. 5 Diagram of yarn tension in a knitting zone, at a knitting speed of 8. 5 min™ |
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Fig. 6 Diagram of yarn tension in stages, in compensation zone |, at a knitting speed of 580 min™'
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Table 1 Yarn tension forces

Knitting l Compensation | Compensation
Phases zone [ zone zone
85min’ | 8,5min’ 580 min’'
| T{N) - T(cN) T (cN)
0 14.7271 17.49 21.27
1 13.77’.7273%_7;7777 ~16.51 20.29
2 oner _14.55 L 18.33
777777 3 1 539 - 8.67 12.45
4 L 147 475 853 |
hk__5_ ) 777;7"72_07.70977 . 23.37 2715
|6 i 588 9.16 12.94
7 } 0.735 - 4.01 778 .
8 1 117 19.45 ] 23.23 |
9 | 048 o 3.77 7.55
10 1225 1553 119.31
,,_LQaAﬁT,,,j 127 14565 1 18.33
1o o142y 1749 21.27
9.743 13.022 16.8

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

Fig. 8 shows the dependence of the loop length on
the working speed of the machine [2]. 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.

E,:% [chm‘z] (10)
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Fig. 8 Diagram of loop length depending on the working
speed of the machine

where is: S-surface of the yarn's cross-section cm?,
P1-yarn load ¢cN of 1 % deformation.

The initial 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 initial length is 0,0092 g,
then the longitudinal yarn weight during the elongation

will be: 3
7r = 00092107 0o 1 rex
0.505
and the surface of the yarn’s cross-section
o)
S= 18217 _ 0,01320mm”
1000-1,38

which is: 1.38 - is the specific weight of the polyester
yarn per mg mm=.

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

E =—————=15151.5¢Nem *.
0.01320-107

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:

Ix. =1/ 12x2.1416x39.5 (10%-7.75%)[39.52+3x5.0625]
=1392812.5 gr cm?,

And walss of bobbin:

Ix,=1/12x2.1416x3.14 (702.25-60.06) x2
[(4+3x351.5625)] =76198.65 gr cm?,
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the inertia moment of the yarn warped on the section
blocks whose winding warp diameter is 15.1 cm, weight
9.632kg and 1.38gcm yarn'’s specific weight, will be:

p=‘| /12x1.38x3.14x39.5 (15.12-10?) [(39.5%+3x5.1%)]
=2991276.6gr cm?

Full moment | =0.514606 kg m ili 52457 ,2 gr cm s”.
Poisson’s coefficient is 0.5.

According to equation (9), we have
T 2-0.5-9.743

100E  100-76776.98
Through this, we have fulfilled the condition that
2vT
=<<
100FE
Determined on the basis of the average force of A loop-
-forming cycle, table 1.
LI2v. 525.54752.2.0.5-107
100E,7°S  100-76776.98-15.1° -0.01269

1.269-10 °cm’

1.293s°

0=

v,/2v

0.5-5475.2-2-0.5-10"
- = - — =0.0123s
100E,7°S  100-76776.98-15.17-0.01269

According to equation (9),

d’T, dT, 1

OQ—+R—+T, =~

dt” dt T

By changing the values with Q and R, ignoring M, and
with T2=x, we will get

M,

x=kexp (-4.756 x103t) cos (0.8794 t + &) .

Coefficient of damping

01
g 00123 6 0108

A/1.293-1
Since in this example 0< £ < 1, the oscillation is dam-
ping. The tandard logarithm of the relation among the
sequenced maximums of the solution or “logarithmic
decrement”

2xh/mw =0.0339637.

According to the diagram of the yarn tension in the
knitting zone, at the machine's operating speed of
8,5min”", a single cycle period amounts to 7.05s,
while in the calculation part, a conditional 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 conditional periods ofthe cycle
is 6.215s, and its circular frequency is 1.0104s.
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At machine operating speed of 580min™, the ave-
rage yarn tension force in the cycle was 16.8cN, the
conditional periods of a cycle were 0.0841s, and in
the experimental part, it was 0.103s.

3. Conclusions

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-
ticular 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 particular 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 oscillation process. At
a lower machine operating speed, when the warp
yarn loads are the lowest, the conditional 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 napatia priadze pri osnovhom pleteni

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

Pre stanovenie zavislosti osnovnej priadze na operacnej rychiosti pletacieho stroja vnutri kompenzacnej a ple-
tacej zony a tiez v uréitych charakteristickych uzloch tvorby slu¢ky sa sledovala dynamika napéatia osnovnej
priadze pri osnovnhom pleteni na Raschelovom pietacom zariadeni RE-4 pomocou senzorov skonstruovanych
zvlast pre tento vyskum.

Z dynamického hladiska sa ziskala oscilacna rovnicu, ktora uréuje vztah medzi rychlostou posunu osnovne;j
priadze, mechanizmom napétia a pouzitou rychlostou pletacieho zariadenia, ktora ma velky vyznam pre stabilitu
osnovne pletenych tkanin. Hodnoty cyklickych period a period oscilacii akustického timica ziskané z diferenci-
alnej rovnice druhého radu predstavuju inovaciu v tejto oblasti vyskumu.
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STRENGTHENING OF THE SEWN SEAM
OF PROTECTIVE CLOTHING

Urban-Kocharian G. B.

University A.D. in Trencéin, Faculty of Industrial Technology Puchov, Slovak Republic
e-mail: gajane.urban@naex.sk

The process of the production of protective clothes for a desiderative purpose requires a knowledge
of sewing parameters and the correct choice for the combination of the joined 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 determination of the longitudinal weight, the number of spins, the solidity and tensibility 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.

1. Introduction

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-
nomically acceptable procedures for the produc-
tion of formerly only expensive laboratory synthetic
materials, enable their constantly wider use in the
spectrum of various technical and clothing applica-
tions. They are mostly arranged in the categories of
technical textiles, and they are put into effect in many
branches of human activities, such as the building
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 existing
qualities and characteristics or adds to them such new
utilitarian qualities, 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 cognition 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 quality of the whole depends on the
correct combination of the materials - position, amo-
unt and, naturally, on their modification 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
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it possible to define the need of the production itself.
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 like this is sufficient for those firms which only carry
out the orders of the ordering party, or for a perma-
nently made assortment with a minimum of changes,
or for complicated specialized production, where its
own competence is an indisputable asset, creating
sufficient profit and a position in the competition.
However, for firms whose ambition is independent
and high-quality operation to the need * to know how",
to which it is answered “like 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 firms find 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 Prostéjov 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-
rials” [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-
tion 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-
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tion can be achieved by various functional principles

[2]:

¢ slipping of the chain: during the touch with the exte-
rior side of the working means - the chain cuts the
material;

* blocking: fibres, are pulled into the chain wheel of
the drive by the chain, and they block the chains
motion;

* braking of the chain: fibers put up high resistance
while cutting, and they absorb the rotational energy
and thereby decrease the chain’s speed.

R

200

Fig. 1 Protective clothing for users of chain handsaws

The condition for the possibility 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 1ISO. One of the most famous
cooperative societies in Slovakia - ¢. s. VZOR Zvolen
can be praised for such quality conditions.

What contribution should the knowledge of the
supplied sewed and sewing material and qualities of
seams of the product for the manufacturing firm have?
And what can the educational process contribute? If
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 qualities 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 mate-
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rials and, of course, qualities of the seam. After all,
making ready-made clothes into the shape of the final
product means to process planar textiles with the help
of seams into tridimensional products. In the process
seams have to resist special and often demanding
conditions of the application. When the functionality
of the products fails in some cases, health and the
human life can be endangered. That is why emphasis
is put on the guality of the processing and with it, rela-
ted requirements for the solidity of the seam, as well
as on its basic functional quality.

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 lining materials. From the initial basic, layer and
lining materials samples for the analysis of seamsin 10
combinations with the use of two Amann threads and
one inset material 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}: finding of the length
weight 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. In
accordance with these facts the solidity of the seams
characterized by indicators such as the maximum
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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-
titch [B6].

¥ Fi

\ _ /_‘,
/1]~
/ .

N

l(xl
Fy

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,(F,) - 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 solidity of the seams depends on the soli-
dity of the threads, the thickness of the threads, the
density and kinds of stitches. The simplest formula for
the determination of the strain of the tear of a bounded
direct backstitch:

P=5m.Qun

where: P - strain needed for the tear, m - number
of stitches in 10mm of the backstitch, Q - solidity of
the thread, n - correction factor (0.8+1.2).

The probing of the maximum power of the seam
were carried out on the ZT-200 ripping device accor-
ding to the relevant norm [6]. A test sampie 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 till 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
will be cut from the planar textile. The sample will be
folded in half; thus as the fold was collinear with the
longer side of the pattern, the seam will be sewed in
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this direction. The set of a minimum of five test sam-
ples 100mm wide will be cut from the prepared sam-
ple, which will be maodified into the final form (Fig. 3).
Tests for the probing of the structure of the selected
protective insets and linings used in the production of

LA A B B
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e

350

3 ==

210

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

270 !

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 lining, and the
following qualities 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 129-97-01. The identification 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 determination 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-
nigues, and the comparisons so obtfained 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. It was possible to identify only the fibre PE by the
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differential thermical analysis, where the endothermic
effect at 161°C was visible, which corresponds with
the temperature of the liquefaction of high molecu-
lar polyethylene (cca 170°C) [28]. The second con-
siderable effect from 350 to 450°C corresponds to
the thermal destruction of the fibre. With other fibres
the DTA method proved to be insufficient as a con-
sequence of the inconsiderable effects in the area of
100°C - 300°C, where it is not possible to identify
the characteristic temperatures of the liquefaction of
the polymers.

3. Result and discussion

By a comparison of the threads used for sewing the
seams of both materials with a different structure it was
discovered that the seams sewed by Amann 75 thre-
ads for the 50~ PES/50% cotton materials achieve
the highest values of solidity and tensibility ( the seam
is led in the direction of the loom).

The highest values of the maximum solidity and ten-
sibility by the rip of the seam were achieved by seams
sewed by Amann 75 threads to the 65%PES/35%cot-
ton materials (seam - in the direction of the loom).

After the comparison of the values of the maximum
solidity and tensibility by the rip 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%PES/50«cotton material and a 6-layer
protective inset. The Amann 75 thread has a high-so-
lid polyester core. which gives the thread high solidity
in the strain and needed extension. The thermal endu-
rance is reached by spinning the core with high-quality
cotton.

On the basis of the results of experimental measu-
rements, the highest solidity and tensibility at the rip

Textile Materials

of a seam in the direction of the loom was achieved

by the material with the 50%PES/50%cotton struc-

ture (the samples were sewed using the Amann 75

thread). The highest solidity and tensibility at the rip 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 solidity and tensibi-

lity at the rip of the seam with the protective inset was

achieved by the material with the 50%PES/50% 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 lining material their
probable structure was determined:

- Advance protective inset in the direction of the loom
in polypropylene and polyester, and in the direction
of the weft, polypropyiene and polyester;

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

- lining material mix yarn in the direction of the loom
and weft with the cotton/PES structure .

The highest degree of solidity and tensibility 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. Conclusions

The data acquired by the analysis of the provided sam-
ples have two different values - verification and new
information. The first one deals with the qualities 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 rip of the direct bounded stitch

Direction/number
Material Thread used m Q P of the layers of protective.
fibres
50% PES. 50 - cotton Amann 80 3 16.7 250.5
- Amann 75 3.5 17.3 302.75 loom
35%PES. 65 cotion | ~mann80 | 3 | 16.7 | 2505
Amann 75 35 17.3 302.75
507 PES. 50% cotion |—mamn 80 L 3 | 16.7 | 25095
Amann 75 3.5 17.3 302.75 weft
359%PES. 65° cotton Amann 80 3 16.7 250.5
Amann 75 3.5 17.3 302.75
50% PES, 50% cotton Amann 75 3,5 17.3 302.75 6-layers
35%PES, 65% cotton Amann 80 3.5 16.7 292.25 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 challenge
in the field 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 part 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 examples
of their use, the effort of mutual usefulness between
a firm and school by achieving their own 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 contributing 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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Pevnost Sitého spoju v ochrannych odevoch

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

Proces vyroby ochrannych odevov vyzaduje znalost parametrov Sitia a spravny vyber kombinacie spajanych
materialov. Zakladna mechanicko-fyzikalna kvalita tejto dvojice je pevnost. Hladaju sa hlavné faktory vplyvu na
pevnost svu v statickom stave. Pouzité materially, parameter sitia a spdsob napatia sa zohladnuju v analyze.
Praca sa tyka stanovenia dizkovej hmotnosti, poétu zakrutov, pevnosti a roztaznosti priadze pri roztrhnuti; stano-
venie maximalnej sily pri roztrhnuti Svu a ochrannych vloziek a analyza struktury ochrannych vloZiek ochrannych
odevov pre lesnych pracovnikov pracujucich s pilou.
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MODIFIKACIA PA 6 A PA 6 VLAKIEN FUNKCNYMI
KO(POLYMERMI) A VRSTEVNATYMI SILIKATMI

Vassova, |., Kristofic, M., Ryba, J.

Slovenska Technicka Univerzita v Bratislave, Fakulta chemickej a potravinarskej technologie,
Ustav polymérnych materiglov, Oddelenie vidkien a textilu, Radlinského 9, 812 37 Bratislava,
Slovenska Republika
e-mail: iveta.vassova@stuba.sk

Polymérne kompozity predstavuju oblast polymérnych
materialov, ktoré nasli uz siroke uplatnenie v priemy-
selnych oblastiach. Ich novou triedou s nanokompo-
zity, ¢o su polymeéry pinené nanocasticami. Nanockom-
pozity preukazali lepsie vlastnosti ako cisté polyméry,
napr. lepsie mechanickeé vlastnosti, znizenu priepust-
nost plynov a horlavost [1].

Délezitou oblastou spracovania viaknotvornych
polymeérov je uprava ich vlastnosti - modifikacia, ktora
mobze byt fyzikalna alebo chemicka. Na modifikaciu
polymeérov sa najcastejsie pouziva montmorilonit - vrs-
tevnaty silikat, ktory pozostava zo silikatovych SO, tet-
raédrov naviazanych na oktaédre hydroxidu hlinitého
alebo horecnatého v réznych pomeroch [2].

Struktara kompozitu zavisi od charakteru zloziek
(vrstevnaty silikat, organicky kation a polymérna mat-
rica) a metody pripravy. Disperzia ilovych ¢astic v po-
lymérnej matrici ma za nasledok tvorbu troch typov
kompozitov:

a) fazovo separovany mikrokompozit,
b) interkalovana struktura (vkladana, vsuvana) nano-

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

povana) nanokompozitu [3, 4].

Layered silicate

s

1

Na pripravu nanokompozitov sa pouzivaju metody:
- ,in situ” polymerizacia [5],

- polymerizacia v emulzii [6],

- interkalacia v tavenine [7, 8],

- sol - gél proces [9].

Struktura a vlastnosti nanokompozitov PA 6/MMT
boli charakterizované termogravimetrickou analyzou,
diferencialnou snimacou kalorimetriou, termome-
chanickou analyzou a testom pruznosti. Z vysledkov
vychadza, Ze stanovene viastnosti tychto nanokompo-
zitov su urc¢ené ich vnutornou struktdrou. Nanokom-
pozity ukazali zosilnenie ich dynamickych modulov,
prekonanie efektu termickej expanzie, ale aj zvysenu
ohybnost s rastom obsahu MMT [10].

Vzajomne interakcie plnivo-matrica ako aj mnozstvo
plniva maju vplyv na ohybnost a tvrdost nanokompozi-
tov [11].

Rontgenova difrakcia (XRD), mikroskopia atomo-
vych sil (AFM), diferencialna skanovacia kalorimetria
(DSC) a tahove skusky sa pouzili na charakterizaciu
mikrostruktury, morfologie, termickych a mechanic-
kych vlastnosti nanokompozitov PA 6/il. Vysledky XRD
a AFM ukazali, ze organicky modifikované vrstevnate
silikaty su interkalované v PA 6 matrici. Krystalizacia

..‘ T E———— ih'—y T " “» ” > N . - t l - 4_‘\_
| — "[% ES r ——///_ . R
, AL Ty . Lo i 'YT_J 5 \' | (.f»-ﬂ_'-_ : S
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(microcomposite} (nanccomposite ) (nanoccomposite )

Obr. 1 Schéma réznych typov kompozitov vyplyvajuce z interakcii vrstevnatého silikatu a polyméru: a) fazovo separovany
mikrokompozit, b) interkalovany (medzivrstvovy) nanokompozit, c) exfoliovany nanokompozit
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a termické chovanie st ovplyvnené adiciou vrstevna-
tého silikatu do polymérnef zmesi. Silikatom vytvorene
krystaly sa transformuju z a-modifikacie na y-krysta-
licku modifikaciu [4].

Krystalické viastnosti nanokompozitov PA 6 s or-
ganofiinym vrstevnatym silikatom boli preskimane
DSC aj XRD. ilové dosticky v kompozite fungovali ako
nukleacne cinidlo a ovplyvnili krystalicku strukturu PA
6 a rychlost krystalizacie. Stupen krystalinity v na-
nokompozite stupa so zvysujucou sa rychlostou chia-
denia a nanoplnivo uprednostnuje tvorbu y-krystalickej
modifikacie [12, 13].

Krystalizacia a morfologia PA 6 nanokompozitov
pripravenych extrudovanim zmesnej taveniny zavi-
sia od typu a obsahu MMT a molovej hmotnosti PA
6 matrice. Nukleacna schopnost silikatovych vrstiev
je v tychto PA 6 nanokompozitoch mala. V mnohych
zo studovanych nanokompozitov PA 6/montmorilonit
funguju dispergovane silikatové vrstvy ako necistoty
a skor znizuju ako zvysuju kinetiku krystalizacie PA 6
najma pri vysokom obsahu MMT. Pri danom obsahu
MMT spomalenie rastu krystalitov rastie so zvySujucim
sa stupnom exfoliacie (a zavisi od typu MMT) i so zvy-
Sujucou sa molovou hmotnostou PA 6 [14].

Viakna PA 6/il boli pripravené zvlaknovanim z ta-
veniny. Vysledky DSC merani ukazali, ze pritomnost
ilu ovplyvnuje krystalizaciu PA 6 v y-forme, sposobuje
zvysenie teploty krystalizacie a pokles teploty tavenia.
Mnozstvo amorfnych regionov je v plnenych vlaknach
vysSSi. Plnené PA 6 viakno sa farbi rychlejsie ako nepl-
nene vliakno, hlavne disperznymi farbivami [15].

Zmesnym tavenim kopolyamidu s ciastocne aroma-
tickou strukturou a vrstevnateho silikatu boli pripra-
vené nanokompozity, ktore maju nizsiu teplotu tavenia
a zlepsené mechanicke a bariérové viastnosti v porov-
nani s homopolymérom. Nanokompozity kopolyamidu
s réznym obsahom organoilu boli vyrobené dvojzavi-
tovkovym extruderom pri réznych rychlostiach vytlaca-
nia taveniny, s cielom poukazat na vplyv réznych pod-
mienok spracovania na viastnosti nanokompozitov.
Silikatova nano-disperzia podstatne ovplyvhuje krys-
talicki morfologiu kopolyamidovej matrice, stabilitu
v-krystalickej fazy a dynamicko-mechanicke viastnosti
zmesi [16].

Na skumanie reologickeho spravania sa nanokom-
pozitov boli pouzité nanokompozity homopolyamidu
a kopolyamidu s troma rdznymi obsahmi silikatu a roz-
dielne rychlosti zavitovky. Statisticky kopolymér PA 6
ma ciastocne aromaticku strukturu a ako il bol pouzity
komercny organicky modifikovany MMT. Na hodnote-
nie spravania sa toku nanokompozitov a ich Struktury
boli vykonane reologickeé experimenty kde sa menili
druh matrice, obsah ilu a rychlost extruzie. Merania
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ukazali, ze UCinok je vyraznejsi v pripade nanokompo-
zitov na baze kopolyamidovej matrice, ktory méze mat
vyssiu afinitu k silikatu ako homopolymér PA 6 [17].

Obsah silikatu a mnozstvo absorbovanej vihkosti
vplyva na mechanické vlastnosti PA 6 nanokompozi-
tov. Nanokompozity s roznou koncentraciou sitikatu
absorbovali podobne mnozstva vody. Modul tychto
kompozitov sa zvysuje s rastom obsahu silikatu a kiesa
SO zvysujucim sa mnozstvom absorbovanej vihkosti.
Taznost nanokompozitov klesa so zvydenym obsahom
silikatu a rastie s rastucim obsahom vihkosti {18].

Vplyv modifikovaneho ilu v PA 6 matrici na velkost
volného objemu, termické a viskoelasticke viastnosti
nanokompozitov bol studovany diferencialnou snima-
cou kalorimetriou a dynamicko-mechanickou ana-
lyzou. Pri nizkej koncentracii iloveho podielu v PA 6
krystalitoch sa teplota tavenia (pévodne 212° C ) zvy-
sila, zatial co teplota tavenia - krystalitov (pdvodne
blizka 222°C) sa znizila. Viskoelastické chovanie
nanokompozitov PA 6/il v porovnani s neplnenym PA
6 sa prejavuje v zmenenej pohyblivosti segmentov
v nekrystalickych oblastiach [19].

Degradaciu nanokompozitov PA 6/il mbézeme vyjad-
rit ako funkciu obsahu ilu. Nanokompozity sa mozu
lahko ziskat jednoduchym miesanim taveniny orga-
nicky modifikovaneho ilu a polyamidu 6. Hlavnymi
degradacénymi reakciami PA 6 su aminolyza a/alebo
acidolyza, uskutocnené cez vnutroretazovu reakciu,
produkujicu g-kaprolaktam, ktory je monomérom PA
6. Ak je obsah ilu zvyseny, relativne mnozstvo e-kapro-
laktamu v produkte klesa a viskozita zvysku rozpuste-
nej latky sa zvysuje. Vnutroretazove reakcie prebiehaju
v pritomnosti ilu, pretoze termicka degradacia nastane
v priestoroch galerii ilu [20].

Metody nevariantnych  kinetickych  parametrov
umoznuju modelovanie termickej degradacie, ktora
nastava v pritomnosti kyslika. Na zabranenie pyrolyzy
a termooxidaénej degradacie nanokompozitov sa pou-
zivaju ucinne samoochranné filmy [21].

Viaczlozkové polymerne materialy su casto pripra-
veneé tavenim 2 alebo viac miesatelnych alebo nemie-
satelnych polymerov. Tento jednoduchy spoésob nie je
najvhodnejsi na ziskanie dobrej disperzie polymérych
zmesi, hlavne pri kombinacii polarnych a nepolarnych
polymerov. V dosledku roznych polarit zloziek vznikne
heterogénny systém s dvoma fazami, jeden polymer
je rozdispergovany v druhom, pricom tvar a rozmer ich
Castic zavisi od niekolkych faktorov, ako je viskozita
taveniny zloziek, medzifazové napétie a adhézia, pod-
mienky spracovania a ine. Konecné vlastnosti tychto
zmesi su silno ovplyvnene objemovym zlomkom obi-
dvoch zloziek, rozmerom a tvarom ich castic a medzi-
fazovym napatim i adhéziou medzi dvoma fazami [22].
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Cielom zmesi PA 6 a PP bolo zlepsenie mechanic-
kych a bariérovych vlastnosti i natieratelnosti, pricom
PA 6 prispeje k zlepseniu mechanickych a termic-
kych viastnosti a PP zabezpeci dobru spracovatelnost
a necitlivost na vlhkost. Zmiesanie PA 6 a PP je velmi
narocné. Polyméry st nemiesatelné a vytvoria hetero-
génny system, ktory ma slabé mechanicke vlastnosti.
Na znizenie medzifazoveho napatia a na zlepsenie
adhézie medzi dvoma zlozkami sa pouzivaju kompati-
bilizacné prisady. Pre zmesi PA 6 a PP sa najcastejsie
pouzivaju polypropylén ockovanym maleinovou alebo
akrylovo kyselinou. Vlastnosti zmesi PA 6/PP zavisia
od ich pomeru, objemového ziomku, zlozenia a funké-
nosti kompatibilizatora, molovej hmotnosti PA a PP
a krystalickej struktury systemu [23].

Pevnost a tvrdost PA 6/ PP nanokompozitov boli
vyznamne zlepsene pouzitim kompatibilizatora PP
ockovaného maleinanhydridom (MAH-g-PP), ktory
zlepsuje znasanlivost PA 6, PP a organoilu [24].

PP a PA 6 zliatinové nanokompozity boli pripravené
interkalaciou v tavenine zmiesSanim PP a PA 6 pri pou-
ziti organofiiného MMT. Pri interkalacii bol pouzity
kompatibilizator MAH-g-PP. Struktury nanokompozitov
boli charakterizovane snimacou elektronovou mikro-
skopiou, X-luc¢ovou difrakciou a transmisnou elektro-
novou mikroskopiou. Bolo zistene, ze zlozenie zmesi
ma vplyv na dispergaciu organofilného MMT a vybudo-
vanu krystalicku strukturu a vyssia rychlost krystaliza-
cie ma za nasledok zvysenie y-krystalickej fazy [25].

Mechanicke viastnosti nanokompozitnych materia-
lov velmi zavisia od sposobu ich pripravy a od spdsobu
Upravy a obsahu plniva. Uprava piniva a lepsia kompa-
tibilita ma pozitivny vplyv na cely systém. V pripade PA
6 nanokompozitov hodnoty modulov a napatia v tahu
su v porovnani s nemodifikovanym PA 6 vyssie [26].

»In situ” postupom pripravené PA 6 viakna s obsa-
hom rozne upraveného plniva [27, 28] vykazuju zvy-
Senie napatia v tahu, ¢o je ¢asto spdsobené pritom-
nostou polarnych skupin a ionovych interakcii medzi
polymérnou matricou a silikatovymi vrstvami.

Nanokompozity s exfoliovanou strukturou vykazuju
prudké zvysenie Youngovho modulu aj pri nizkom
obsahu plniva. Pevnost materialu sa zvysuje polymeri-
zaciou v pritpmnosti organicky modifikovaneého MMT,
MMT pnapucaneho s protonizovanym e-kaprolakta-
mom (e-KL) alebo s prirodnym MMT v pritomnosti e-KL
a kyslého katalyzatora. Schopnost dispergovanych
¢astic zvysovat Youngov modul nanokompozitov PA 6
moze zavisiet od priemernej dizky vrstiev dispergova-
nych Castic. Exfoliovana struktura a Youngov modul sa
s obsahom ilu zvySuje, ale pri uréitom obsahu ilu (10 %
hm.) struktura nanokompozitu je len ¢iastocne exfoli-
ovana a Youngov modul klesa. Exfoliované vrstvy su
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hlavnym faktorom ovplyvnujucim pevnost kompozitu
a interkalované castice maju na pevnost len nepatrny
vplyv [29].

Burmistra [30] skumal vplyv vrstevnatého silikatu
modifikovaného polymérnymi kvartérnymi amoniovymi
ionmi (organofiiny Bentonit) na mechanicke vlastnosti
nanckompozitov linearnych polymérov a Bentonitu.
Pevnost cistého PA 6 je 31 MPa, ale s obsahom 1 %
hm. bentonitu sa zvysSila na 46 MPa. Adiciou 2 % hm.
bentonitu do polyamidu stupa pevnost nanokompozitu
az 0 53 %.

Stuzenie nanokompozitov PA 6/organicky modi-
fikovany MMT bolo realizovane ich miesanim s 3 -
40 % hm. maleinizovaneho styren-etyién/butadién-
-styren kopolymerom (mSEBS). Nanostruktura PA 6
matrice, ani podstata dvoch polymérnych faz pri adi-
cii organofiiného MMT sa nemenila pri jej miesani
s mSEBS. Morfologia cCastic kaucuku v nanokompo-
zite bola homogénna s vacsim poctom castic. Ziskany
nanokompozit mal mensiu taznost pri deformacii, ale
bolo mozné pripravit aj superpevné nanokompozity
s 30 % hm. obsahom mSEBS [31].

Nanokompozity PA 6/il spevnene uhlikovym alebo
sklenenym vlaknom maju v désledku silnych interaké-
nych sil medzi PA 6 matricou a ilom zlepsené mecha-
nicke vlastnosti (taznost, pevnost v ohybe, moduly,
atd’) a termické vlastnosti, [32].
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it is possible to get yellow and red coloration depending on the pH of the dyeing bath. The colour stability of 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 Brezaniova

Veduci DP: Ing. Ludmila Balogova

Konzuitant DP: Ing. Gajane Urban-Kocarjan, CSc.
Recenzent: Ing. Jozef Sestak, CSc.

SLEDOVANIE VPLYVU MATERIALOVEHO ZLOZENIA A KONSTRUKCIE NETKANYCH TEXTILIi NA ICH ELEK-
TROVODIVE VLASTNOST!.

Diplomova praca sa zaobera analyzou a sledovanim vplyvu materiglového zlozenia a konstrukcie netkanych
textilii na ich elektrovodive vlastnosti. V praci je uvedeny postup pripravy netkanych textilii, vysledky hodnotenia
a metodiky hodnotenia elektrovodivych viastnosti a zakladnych fyzikalno-mechanickych viastnosti spolu s popi-
som pouzitych metodik.

STUDY OF THE EFFECT OF THE MATERIAL COMPOSITION AND CONSTRUCTION OF NON-WOVEN TEXT!-
LES ON THEIR ELECTRO-CONDUCTIVE PROPERTIES.

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

In the experimental part the progressive arrangements of non-woven textiles is menticned, along with the
result ratings and methodology ratings of the eleciro-conductive properties and basic physical-mechanical pro-
perties along with a description of methodology used.
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VPLYV PODMIENOK NA VYSLEDKY MERANIA FYZIOLOGICKYCH PARAMETROV NA PRISTROJi PERME-
TEST.

Diplomova praca sa zaobera vplyvom klimatickych podmienok na fyziologické parametre. Merala sa tepelna
odolnost, odolnost voc¢i vodnym param a paropriepustnost na pristroji Permetest. Okrem toho sa sledoval vplyv
teploty a relativnej vihkosti vzduchu na uvedeneé hodnoty. Zistilo sa, ze zvoiené klimatické podmienky nemaju
vyznamny vplyv na vysledky merania fyziologickych parametrov, pretoze z grafickych zavislosti nie je viditelna
ziadna linearna zavislost. Za tohto predpokladu boli namerané hodnoty vwhodnotené statisticky, kde variabilita
merani sa zda ako nasledok konstrukcie textilii: rovhomernost a kvalita nanosu, rovhomernost membrany alebo
rovnomernost viakennej vypine.

CONDUCTION EFFECT ON THE RESULTS OF MEASUREMENTS OF PHYSIOLOGICAL PARAMETERS ON
PERMETEST EQUIPMENT.

The thesis is about the effect of climatic conditions on the results of measurements of physiological para-
meters. Thermal endurance, water vapour resistance and water vapour permeability were measured on the
Permetest. It was found that the given climatic conditions do not have a prominent effect on the results of mea-
surements of physiclogical parameters, because linear dependence is not visible 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 FecCuova

Veduci DP: Ing. Gajane Urban-Kocarjan, CSc.

Konzultant DP: Doc. Ing. Peter Liptak, CSc., Ing. Martina Benesova
Recenzent: Doc. Ing. Oto Barborak, CSc.

STUDIUM A ANALYZY PEVNOSTI SVA PRI SITI AUTOPOTAHOV A ZABEZPECENIE SPOLAHLIVOSTI STEHO-
TVORNYCH ORGANOV

Diplomova praca sa zaobera analyzou a stanovenim pevnosti Sva a strojnych zariadeni pri Siti airbagovych
a autopotahovych svov. Pripravené vzorky su charakteristické réznymi sposobmi stepovania (Svy bez Stepova-
nia, svy raz stepovane a svy dvakrat stepované); roznymi farbami materialu (Latte Mancchiato, Black, Classig
Grey) a réznymi hribkami materialu (1 mm, 3 mm, 4,5 mm). Vzorky boli skusane podla prislusnych noriem.

Vzorky $vov a niti pouzivané pri siti autopotahov vykazovali vysuké pevnosti okrem spodnych airbagovych sija-
cich niti, ktoré musia mat nizsiu pevnost, aby sa pri naraze svy pretrhli a vzduchovy vak nafukol. Porovnavali sa
nite montazne a nite na $tepovanie. Stepovacie nite maju vacsie pevnosti ako montazne nite.

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

Thethesisdealswiththe analysisand evaluation of seam strengthand machinery at sewing ofairbagandcaruphol-
stery seams.Samples prepared are characterized by differend ingraft way (stich without ingraft, once ingraft and
twice ingraft), different colour of material (Latte Mancchiato, Black, Classig Grey) and different thickness of material
(1 mm, 3 mm, 4.5 mm). Samples were tested by corresponding normalized standards. Samples of seams 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.
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PRIPRAVA OKTENYLSUKCINATOV KARBOXYMETYL SKROBU UCINKOM MIKROVLNNEHO ZIARENIA
A STUDIUM ICH VLASTNOSTI

Diplomova praca sa zaobera pripravou oktenylsukcinatov CMS esterifikaciou oktenylsukcin anhydridom
v prostredi dimetylsulfoxid/kyselina p-toluénsulfonova (DMSO/pTSA) alebo bez pTSA zmenou reakénych pod-
mienok (Casu. moloveho pomeru) Ucinkom mikrovinného ziarenia, alebo pdsobenim ultrazvuku. Pripravené deri-
vaty sa charakterizovali FT-IR spektroskopiou. Hodnotili sa povrchovo-aktivne a funkéné viastnosti (povrchové
napdtie, kriticka micelarna koncentracia, emulgacna ucinnost, pracia a antiredepozi¢na ucinnost). Pripravené
derivaty boli rozpustne vo vode, vykazovali dobré emulgaéne ucinnosti porovnatelné so standardnym emulgato-
rom Tween 20 a mali velmi dobr( praciu a antiredepozicnu ucinnost.

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

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

Anna Kyseiova

Veduci DP: Ing. Gajane Urban-Kocarjan, CSc.
Konzultant DP: Ing. Maria Vitkova
Recenzent: Doc. Ing. Oto Barborak, CSc.

STUDIUM A ANALYZA MECHANICKYCH VLASTNOSTI SITYCH SPOJOV V TECHNICKEJ KONFEKCII.

Diplomova praca sa zaobera analyzou a stanovenim mechanickych charakteristik Sijacich niti, $vov a ochran-
nych vloZziek pouzivanych pri $iti ochrannych odevov pre pouzivatelov ruénych retazovych pil. Ulohou diplomove;
prace bolo stanovenie dizkovej hmotnosti, poctu zakrutov, pevnosti a taznosti Sijacich niti pri pretrhnuti. K dis-
pozicii bolo Sest polyesterovych niti, jedna meta-aramidova nit a jedna zmes bavina/polyester. Tiez sa stano-
vila maximalna sila pri pretrhnuti Sva a ochrannych vioziek a analyza zloZzenia ochrannych vioziek. Na zaklade
dosiahnutych vysledkov je mozné odporucit na zhotovenie nosnych Svov vyrobkov nite Reutex 80, Alterfil 80
a Amann 80. 75 a 70 a 6-vrstvovi ochrannu vliozku.

STUDIES AND ANALYSIS OF THE MECHANICAL 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 80, Alterfil 80 and
Amann 80, 75 and 70 and 6-layers threads as protective support for making the main seams of products.
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ADITIVOVANIE NANOSOLOV PRE POVRCHOVU UPRAVU TUHYCH POVRCHOV

Tato diplomova praca sa zaobera povrstvenim netkanych textilii, pouzivanych ako filtracny material, sol - gél
postupom. Uprava spocivala v nanose dvoch vrstiev. Prvym nanosom sa naniesla vrstva oxidu kremicitého (pras-
kovanim tuhym SiO2 alebo nanesenim disperzie SiO, aplikovanej ponorom) a druhy nanos bol funkéne cie-
leny s vyslednym hydrofobnym (sol K3 alebo pripravok SOGETEC 047) alebo hydrofilnym (pripravok Magnasoft
Prime) efektom. Experimenty ukazali, ze povrstvenie SiO, z disperzie je rovnomerneijsie, funkcné prevrstvenie
vykazovalo hydrofobny, resp. hydrofilny 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 Lukacova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jana Vnencakova
Recenzent: Ing. Jan Starigazda, CSc.

STRUKTURA A VLASTNOSTI VLAKIEN Z RYCHLORASTUCICH BAMBUSOVYCH SUROVIN

Diplomova praca je zamerana na hodnotenie struktury a vlastnosti bambusovych viakien, viaknitych materia-
iov a vyrobkov zo zmesi bambusovych a bavinenych viakien.

Z fyziologickych vilastnosti sa u viakien zistoval obsah vihkosti. Hodnotila sa makromorfoiogicka struktura
(prieény rez a pozdizny pohlad). Pri hodnoteni fyzikalno-mechanickych vlastnosti viaknitych materialov sa u pria-
dzi hodnotila pevnost, taznost, Youngov modul a koeficient trenia. Fyziologické a fyzikalne vlastnosti tkanin
a pletenin boli priaznivé. Porovnali sa tiez vlastnosti bambusovych, bavinenych a viskozovych viakien.

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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PRIPRAVA, STRUKTURA A VLASTNOSTI PONOZIEK NA BAZE MODIFIKOVANYCH PP VLAKIEN S ROZNOU
GEOMETRIOU

Diplomova praca je zamerana na pripravu a hodnotenie vlastnosti pletenin a ponoziek s rozdielnym materi-
alovym zlozenim a s réznou jednotkovou jemnostou pouzitych viakien. Kombinovali sa polypropylénové viakna
s bavinenymi a bambusovymi viaknami. Hodnotila sa makromorfologicka struktura, fyzikalno - mechanicke,
fyziologickeé a uzitkové viastnosti. Bambusové viakna maju niektoré viastnosti rozdielne v porovnani s bavine-
nymi a viskdzovymi viaknami. Bambus obsahuje antimikrobialne a bakteriostaticke latky. Uginky tychto latok sa
Zzachovaju aj pocas viacerych procesov spracovania. Zo ziskanych vysledkov vypiyva , ze pouzitim bambusovych
vlakien v kombinacii s PP vlaknami sa daju zvysit Uzitkové vlastnosti textilnych materialov v porovnani s kombina-
ciou ba/PP.

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

The thesis specialized in the preparation and evaiuation 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 fibers. The macromorphological structure, physical - mechanical,
physiological properties and utilitarian properties were evaluated. Bamboo fibers 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
compared to cotton with PP.

Lenka Rosicova

Veduci DP: Ing. Petra Skalkova, PhD.
Konzultant DP: Ing. Zuzana Jakubikova
Recenzent: Ing. Jana Jurciova, PhD.

PRIPRAVA ZMESI LDPE S BIOPOLYMERMI ZA PRITOMNOSTI KOMPATIBILIZATORA A STUDIUM ICH VLAST-
NOSTI

Diplomova praca sa zaobera pripravou zmesi nizkohustotného polyetylenu a karboxymetyiskrobu s DS = 0,3
v Styroch rozdieinych mnozstvach (5, 10, 15 a 20 hm.%) za a bez pritomnosti kompatibilizatora (kopolymér ety-
lenu a kyseliny akrylovej (EAA) v rozdielnych mnozstvach. Pripravené zmesi sa charakterizovali FTIR spektrosko-
piou a termogravimetrickou analyzou (TGA). Studovali sa tieZ ich mechanické vlastnosti, ako su pevnost v tahu,
taznost, Youngov modu! a pevnost na medzi klzu. Najlepsie mechanicke viastnosti vykazovali zimesi obsahujlce
5a 10 hm.% CMS a 50 hm.% EAA. Zmesi sa vyznacovali dobrymi termickymi viastnostami.

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

The thesis deals with preparation of blends of low-density polyethylene and carboxymethylstarch with DS =
0.3 in four 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 thermogravimetric analysis (TGA). The mechanical properties
such as tensile strength, elongation and Young' s Modulus were studied. The blends containing 5 and 10 wt.%
CMS and 50 wt.% EAA indicated the best mechanical properties. They also had good thermal properties.
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OPTIMALIZACIA NAPATIA OSNOVNYCH NITi TKACICH STROJOV PICANOL GAMA PRE JEDNOTLIVE
DEZENY

Cielom diplomovej prace bolo optimalizovat napatie osnovnych niti na tkacich strojoch Picanol Gama pre
jednotlive dezeny.

Sledoval sa vplyv znizujuceho nastaveného napatia na tkacom stroji na rozdielne napatie osnovy v krajoch
osnovy od stredu, kvalitu tkania, kvalitu tkaniny a na pevnost a taznost surovej a upravenej tkaniny.

So znizovanim nastaveného napatia na tkacom stroji sa znizoval rozdiel napatia osnovy v krajoch od stredu,
nemenila sa pevnost hotovej tkaniny a predpoklad vzrastu taznosti hotovej tkaniny sa nepotvrdil.

OPTIMALIZATION OF TENSION WARP THREADS AND PICANOL GAMA 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 warp tension at the border and did not
influence the tensile strength of prepared fabric. The assumption of increased elongation was not confirmed.

Zuzana Svecova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Michal Siarnik
Recenzent: Doc. Ing. Anna Murarova, PhD.

PRIPRAVA, STRUKTURA A VLASTNOST!I BYTOVYCH VLAKNITYCH MATERIALOV Z MIKROPOLYESTERO-
VYCH VLAKIEN

Diplomova praca je zamerana na pripravu viaknitych materialov (run) s réznym zlozenim polyesterovych via-
kien a ich zmesi. Runa boli pripravené z troch typov poiyesterovych viakien s réznou dizkovou hmotnostou a rdz-
nym ziozenim.

Pripraveneé runa boli hodnotené z hladiska ich fyzikalno mechanickych vlastnosti (dizkova hmotnost, pevnost
(priemerna a pomerna), taznost (priemerna), Youngov modul a prijem vihkosti), makromorfologickej struktury
(pocet viakien), deformacnych vlastnosti a tizitkovych vlastnosti.

V zavere sa posudzovali vztahy podmienok pripravy, materialoveho zlozenia, struktury a viastnosti 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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VPLYV PODMIENOK KONTINUALNEJ A DISKONTINUALNEJ PRIPRAVY PET VLAKIEN NA ICH STRUKTURU
A VLASTNOSTI
Tato diplomova praca je zamerana na hodnotenie struktiry a vlastnosti polyetyléntereftalatovych (PET) vyso-
kopevnych technickych (seglovych) viakien pripravenych kontinualnym a diskontinualnym vyrobnym procesom.
PET viakna sa pripravili na prevadzkovom zariadeni v spolo¢nosti Slovkord a.s. Granulovany polymér pouzity na pri-
pravu viakien s limitnym viskozitnym cislom (Lv¢) 99 - 110ml/g. bol spracovany dopolykondenzaciou v tuhej faze.
Hodnotenie struktury vlakien bolo orientované na parametre nadmolekulovej a morfologickej struktiry. Hod-
notenia uzitkovych vlastnosti PET viakien bolo zamerané na zakladné fyzikalno-mechanické parametre.

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

The thesis focuses on an evaluation of 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-
1.10dm/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 Durajkova

Veduci DP: Ing. Gajane Urban-Kocarjan, CSc.
Konzultant DP: Ing. Stanislav Budos
Recenzent: Ing. Libusa Kovacikova

STUDIUM VYUZITIA NASTROJOV A METOD PRE ZLEPSOVANIE KVALITY VO FIRME

Diplomova praca je zamerana na proces riadenia kvality analyzovanej firmy Makyta a.s. Puchov. Obsahuje
prehlad poznatkov z oblasti kvality a jej riadenia, systému manazerstva kvality, noriem I1SO radu 9000, pro-
cesného pristupu. ludského faktora, metdd a nastrojov pouzivanych na zabezpecenie kvality. Prakticka cast
obsahuje analyzu riadenia a kontroly kvality, vyrobného procesu rozdeleného na jednotlivé vyrobné etapy (pred-
vyrobnu, vyrobnu a povyrobnu) s pohladu riadenia a kontroly kvality a pouzivanych nastrojov a metdd zabezpe-
Covania kvality. Navrhnute opatrenia na zlepsenie nedostatkov - vypracovanie pracovnych postupov, zavedenie
monitorovania vyrobnych zariadeni a zabezpecenia dostato¢neho vzdelavania vyrobnych pracovnikov, majstrov
a pracovnikov technickej kontroly a vyuzivanie nastrojov a metdd zabezpecovania kvality.

ANALYSIS OF THE IMPLEMENTS AND METHODS FOR IMPROVING QUALITY IN A COMPANY

The thesis is oriented towards the quality management process of the analyzed company, Makyta a.s. Puchov.
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 of 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 for 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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STUDIUM A ANALYZA MECHANICKYCH VLASTNOSTI SIJACICH NITi V SPOJOVACOM PROCESE

Diplomova praca sa zaobera vplyvom predpétia Sijacich niti v procese §itia, Sitého materialu a otacok stroja
na Sijaciu schopnost nite, zmenu jej mechanicko-fyzikalnych viastnosti v podmienkach vyroby. Vysledkom bolo
zZistenie, Ze pre tvorbu kvalitného stehu je potrebné diferencovat nastavenie predpétia vrchnej a spodne;j Sija-
cej nite. Sledoval sa optimalny pracovny rezim $ijacieho stroja DURKOPP ADLER 272. Boli potvrdené zmeny
fyzikalno - mechanickych vlastnosti Sijacich niti po Siti v zavislosti od vybranych parametrov Sijacieho stroja
a pouzitého odevného 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 27 2sewing 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 Kakodyova

Veduci DP: Ing. Anna Lovaszova
Konzultant DP: Doc. Ing. lva Srokova, CSc.
Recenzent: Ing. Renata Pollakova

UPRAVA pH HODNOTY BA TKANIN

V diplomovej praci sa riesila Uprava pH hodnét ba tkanin réznymi neutralizacnymi prostriedkami pre potreby
a.s. Levitex. Na upravu pH hodnét ba tkanin sa pouzili Styri rézne neutralizacné prostriedky.

Najlepsie vysledky sa ziskali pouzitim neutralizacného prostriedku NEUTRACID NVM 200 s kombinaciou TPP,
ktory spina poziadavku OEKO - TEX STANDARD 100.

Najhorsie vysledky vo vsetkych stupnoch merania sa dosiahli pri pouziti kys. octovej kombinaciou s TPP.
Jej pouzitim sa objavuju po vysuseni upravenych tkanin, alkalické zvysky u vyfarbenych a vybielenych vzoriek.

RieSenie uprav pH hodnét ba tkanin ma humanno-ekologicky vyznam 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 topic 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-textile advisory agent, which discharged the imposition of OEKO-TEX 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 company.
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Z vedecko-vyskumnych a vyvojovych pracovisk New from Departments

Zdena Kasarova

Veduci DP: Ing. Gajane Urban - Kocarjan, CSc.
Konzultant DP; Ing. Maria Vitkova

Recenzent: Ing. Libusa Kovacikova

RACIONALIZACIA TECHNOLOGICKEJ PRIPRAVY VYROBY V TECHNICKEJ KONFEKCII

Diplomova praca je zamerana na technologicku pripravu vyroby technickej konfekcie v podmienkach vyrob-
neho druzstva VZOR, Zvolen. Nachadza sa v nej prehlad poznatkov z oblasti technickej pripravy vyroby a je
charakterizovana technologicka dokumentacia. Zaroven opisuje uplatnenie automatizacie a vypoctovej techniky
pri racionalizacii prace v technickej priprave vyroby. Obsahuje tiez charakteristiku ochrannych odevov pre pou-
zivatelov ru€nych retazovych pil, ktorych technologicka dokumentacia sa v praci analyzuje. Navrhnute opatrenia
v techncogickej dokumentacii su: zmena struktury technickeho opisu, doplnenie databanky informacného sys-
tému firmy obrazkovou dokumentaciou a pouzivanie odbornej terminologie.

RATIONALIZATION OF THE TECHNOLOGICAL PREPARATION OF PRODUCTION IN A TECHNICAL
CONFECTION

The thesis is focused on the technical preparation of the production of a technical confection in the conditi-
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 of 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 company’s information system database’s pictorial
documentation and the application of specialized terminology.

Katarina Morvaiova

Veduci DP: ing. Gajane Urban - Kocarjan, CSc.
Konzultaint DP: Ing. Viktor Tatar

Recenzent: Ing. Eva Janisova

RACIONALIZACIA KONSTRUKCNEJ PRIPRAVY VYROBY NA PRIKLADE DAMSKEJ ODEVNEJ KONFEKCIE

Diplcmova praca sa zaobera racionalizaciou konstrukcriej pripravy vyroby damskej konfekcie pomocou
pocitacom podporovanych pracovisk. Analyzou konstrukénych metodik (novy velkostny systém (NVS), jed-
notna metodika konstruovania odevov (JMKO), Miller&Shon (M&S), Parafianowicz) sa zistilo, Ze pre realizaciu
strihovych sucasti damskeho saka je vhodna metodika NVS a pre damske nohavice metodika M&S. Zhotovili
sa sUcasti konstrukénej dokumentacie, t.j. technicke nakresy, zakladné strinové konstrukcie a vymodelované
strihy, progresivnou technikou - systémom CAD. Shimkovali sa modelarske operacie vykonavané manuaine
a systémom CAD. Analyzou uvedenych operacii sa zistila miera znizenia spotreby ¢asu. Nasledne ekonomickeé
hodnotenie potvrdilo, Ze investicia, umoznujica modelovanie systémom CAD z hladiska doby navratnosti 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 supppcrt. By using an analytic methodology of the types - New
Size System (NSS), Uniform Construction Methodology of Clothing (UCMC), Mdller&Shon (M&S), and Parafia-
nowicz, it was determined that for realizing the cut part of a ladies’ blazer, the proper methodology is NSS and
for ladies’ trousers, the methodology is M&S. The documentation of the cut parts construction (the technical
drawings, the basic cuts and the final shaping cuts) were finished off with a CAD system. Shaping operations
using a manual cut and operations using the CAD system were time measured. A measure meant for reducing
the time needed was determined by an analysis of the above-mentioned operations. The final 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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Z vedecko-vyskumnych a vyvojovych pracovisk New from Departments

Petronela Pagacova

Veduci DP: Doc. Ing. Ilva Srokova, CSc.
Konzultant DP: ing. Zuzana Jakubikova
Recenzent: Ing. Zdenka Hromadkova, PhD.

AMIDACIA CMS S ROZNYMI ALKYLAMINMI A STUDIUM VLASTNOSTI PRIPRAVENYCH BIOPOLYMEROV

Diplomova praca sa zaobera stadiom povrchovo-aktivnych a funkénych viastnosti derivatov pripravenych ami-
daciou O-(karboxymetyl)Skrobu .

Derivaty sa pripravili amidaciou v prostredi metanolu a DMSOQO, za pritomnosti dimetylaminopyridinu ako kata-
lyzatora zmenou reakénych podmienok (tepioty, ¢asu, hmotnostného a mélového pomeru ) pri klasickom spo-
sobe ohrevu, kde ako modifikator bol pouzity dodecylamin,hexylamin a decylamin Pripravené derivaty sa cha-
rakterizovali FT-IR spektrami a u vodorozpustnych sa stanovila emulgacna Gcinnost, povrchove napatie, kriticka
micelarna koncentracia, pracia a antiredepozi¢na ucinnost.

AMIDATION OF O{(CARBOXYMETHYL) STARCH WITH VARIOUSLY ALKYLAMINES AND ANALYSIS OF THE
PROPERTIES OF PREPARED BIOPOLYMERS

The thesis deals with an analysis of the surface-active and functional properties of derivates prepared by
the amidation of O-(carboxymethyi) starch. The derivates were prepared by amidation in a solvent system of
methanol and DMSQO, with DMAP as a catalyst. The reactions were carried out under various 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 emulsifying efficiency, washing power, antiredeposition efficiency and the surface tension of water-soluble
derivates were determined.

Adriana PonteSova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Mikulas Kiss
Recenzent: Ing. Danica Cervinkova

PRIPRAVA A VLASTNOSTI KOMPOZITOV NA BAZE POLYPROPYLENU A CADICOVYCH VLAKIEN

Diplomova praca je zamerana na pripravu kompozitov na baze cadiCovych a polypropylénovych viakien. Pri-
pravili sa vzorky kompozitov na baze ¢adicovych vidkien a polypropylénu s pridavkom Epolenu G 3003, Lko-
montu AR 504 a retardéra horenia Rflam/12/1.

U pripravenych vzoriek kompozitov sa hodnotili mechanické vlastnosti a parametre horfavosti. Vliaknové kom-
pozity su orientovane na aplikaciu do konstrukénych materialov.

PREPARATION AND PROPERTIES OF COMPOSITES 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 Rflam/12/1 were prepared and tested.

The 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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Ruzena Trubacova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jan Salis, Ing. Jan Starigazda, CSc.
Recenzent: Ing. Ondrej Jacanin

VPLYV TEPLOTY PROSTREDIA NA FYZIKALNO - MECHANICKE VLASTNOSTI VLAKIEN NA BAZE POLYETY-
LENNAFTALATU

Diplomova praca je zamerana na hodnotenie struktury a viastnosti viakien pripravenych z polyetylénnaftalato-
veho polyméru.

Priprava polyetylennaftalatovych vlakien (PEN) sa uskutocCnila diskontinualnym spodsobom na prevadzkovom
zariadeni v Slovkorde a.s. Senica.

Hodnotenie struktury pripravenych polyetylennaftalatovych (PEN) vlakien bolo orientované na parametre nad-
molekulovej a morfologickej Struktury. Hodnotenie viastnosti polyetylénnaftalatovych (PEN) viakien bolo zame-
rané na fyzikalno mechanické parametre, pevnost, taznost, moduly pruznosti pri rozdielnych teplotach prostre-
dia a zrazavost pri 180 °C.

V diplomovej praci su uvedené korelacie medzi strukturou a viastnostami polyetylénnaftalatovych viakien.

EFFECT OF AN AMBIENT 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 fibres were prepared by the discontinous method at the facilities of Slovkord in
Senica, the Slovak Repubilic.

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 properties (tensile strength, elongation, Young's modulus at various temperatures and contractibility
at 180 °C.

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

Peter Habanik

Veduci DP: Ing. Gajane Urban - Kocarjan, CSc.
Konzultant DP: ing. Libusa Kovacikova
Recenzent: Ing. Eva JaniSova

VPLYV TEPELNO-FIXACNYCH PROCESOV NA VZHLAD A UZITKOVE PARAMETRE ODEVNEHO VYROBKU

Diplomova praca sa zaobera zlozenim materialov, rozmerovymi zmenami materialov, stanovenim pevnosti
spoja plosnych textilii a hodnotenim vzhladu skusobnych materialov. Vysledkom bolo zistenie zlozenia skusob-
neého odevného materialu (vl, vI/PES, vI/PES/elastan). Boli potvrdené zmeny rozmerov odevného materialu po
zehleni a fixacii. Stanovila sa pevnost spoja plosnych textili a parametre tepelno - fixacnych procesov podia
vybranych druhov a zlozenia odevnych materialov. Navrhol sa program nastavenia parametrov tepelno - fixac-
nych procesov podla vybranych druhov a zlozenia 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 textiles were
presented (wool, wool/polyester, wool/polyester/elastane). Changes after ironing and fixations of the clothing
textile were approved.

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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Vyznamné zivotné jubileum profesora Jambricha

V novembri 2007 sa dozil v dobrom zdravi svojich 80 rokov vyznamny vedecko-vyskumny
a pedagogicky pracovnik pan Prof. Ing. Martin Jambrich, DrSc.

Profesor Jambrich sa narodil dha 18. novembra
1927 v Telgarte v rodine lesného robotnika. Cely jeho
doterajsi plodny zivot bol Gzko spéaty s chémiou. V r.
1947 absolvoval Odbornu chemickl $kolu vo Svite
a uz pocas vysokoskolského studia na Chemicko-
technologickej fakulte SVST v Bratislave v rokoch
1949 az 19583 zacal pracovat vo funkcii asistenta
a odborného asistenta. V obdobi rokov 1956 az 1974
pracoval vo Vyskumnom ustave chemickych viakien vo
Svite, z toho vo funkcii jeho riaditela 14 rokov. V tomto
obdobi ziskal titul kandidata technickych vied a habili-
toval na docenta.

V obdobi 1974 az 1981 profesor Jambrich pracoval
na Generalnom riaditelstve Slovchémia vo funkcii ria-
ditela pre technicko-ekonomicky rozvoj. V tomto Case
obhajil dizertacnu pracu a ziskal titul doktor technic-
kych vied.

Po celé obdobie svojej tvorivej vyskumnej i riadia-
cej prace v rokoch 1956 az 1981 v oblasti chemic-
kych viakien, intenzivne spolupracoval s CHTF SVST,
kde externe prednasal predmet ,Metddy hodnotenia
Struktury viakien®, bol veducim i konzultantom velkého
poctu diplomovych prac i clenom komisie pre statne
zaverecneé skusky. Jeho pedagogicka c¢innost bola
v roku 1981 ocenena menovanim za vysokoskolského
profesora. V tomto roku sucasne zacal opéat pracovat
na CHTF SVST, kde zastaval rozne funkcie.

Na CHTF STU pésobil do roku 1996. Od skol-
ského roku 1999/2000 pdsobi dodnes na FPT TnU
A.D. v Puchove. Pomahal budovat zameranie textilna
a odevna technologia v ramci akreditovaného odboru
Materialova technologia. Tu vychoval 2 interné dokto-
randky, s titulom PhD., dalsi pod jeho vedenim pracuiju
na experimentalnych pracach. Okrem toho viedol 30
diplomovych prac, ktoré realizovali studenti Katedry
textilu a odevnictva pod jeho vedenim v praxi (VUCHYV,
a.s. Svit, Quiltex, s r.o. Liptovsky Mikulas, Chemosvit
- Fibrochem, a.s. Svit, Slovkord, a.s. Senica a v dal-
Sich firmach).

Profesor Jambrich je vyznamny pracovnik v oblasti
vyskumu a vyvoja technologickych procesov pripravy
chemickych vliakien a v oblasti sledovania ich Struk-
tary, metod ich hodnotenia a sledovania ich vzajom-
nych suvislosti.

Medzi najvyznamnejsie vyrieSené technologicke
postupy patria prace v oblasti vysoko-pevnych vis-
kozovych kordovych vlakien realizované v tuzemsku
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i v zahraniCi a prace v oblasti celého sortimentu via~
kien v ramci Polypropylénoveho programu.

Vyznamnu cast svojej prace profesor Jambrich
venoval studiu nadmolekulovej struktiry PA, PP a PET
vlakien. Tieto prace polozili teoreticky zaklad pre
postupy pripravy tychto vliakien v oblasti ich aplikova-
ného vyskumu i vyvoja. Na ich zaklade bolo mozné
definovat vychodiskove parametre pre vyvoj techno-
l6gie agregovanych postupov, vysokorychlostného
zviaknovania a pripravy specialnych viakien.

S uvedenou aktivitou je spojena rozsiahla publikacna
¢innost profesora Jambricha doma i v zahraniéi a napln
jeho odbornej a pedagogickej prace na vysokej skole.

Profesor Jambrich je autorom vyse 240 odbornych
prac, publikovanych v domacich i zahraniénych peri-
odikach. Stal pri zrode odbornych casopisov Che-
micke vlakna a Vlakna a textil. Vyznamne sa podielal na
organizovani viaknarenskych kongresov FIBRICHEM
i Tatranskych konferencii o chemickych viaknach.
V poslednom desatroci ho pozname z organizovania
priprav Zjazdov chemikov v Tatrach vo funkcii ¢iena
pripravného vyboru. Aj tu predniesol velky pocet zo
svojich vyse 120 odbornych prednasok. Je autorom
viac ako 60 patentov a autorskych osvedcéeni, autorom
¢i spoluautorom vyse 70 vyskumnych prac. Spomedzi
jeho 4 monografii treba vyzdvihnut najma Polypropy-
lén z roku 1965 a Fyziku vlakien z roku 1987, ktorej je
vyznamnym spoluautorom. Podstatnou mierou prispel
ku napisaniu, zostaveniu a vydaniu vyznamnej publika-
cie: Historia rozvoja vyroby chemickych viakien na Slo-
vensku a v Cechéch, vydanej formou mimoriadneho
Cisla ¢asopisu Vlakna a textil v roku 1996.

Neskoér v r.1999 spolupracoval na publikacii : His-
toria rozvoja spracovania kauCukov, gumarskej vyroby
a gumarskych prisad na Slovensku.

Pedagogicka praca profesora Jambricha spocivala
aj vo vychove 20 vedeckych a vyse 80 diplomova-
nych pracovnikov. Vysoku odbornost i kvalifikovanost
menovaného ocenili prijatim za svojho c¢lena viaceré
vedecké rady pre udelovanie vedeckych, alebo peda-
gogickych hodnosti rovnako, ako redakéne rady
vyznamnych domacich ¢&i zahrani¢nych ¢asopisov. Je
¢lenom Vedeckej rady TITK v Rudolstadte, SRN.

Fakulta priemyselnych technologii TnU A.D. v Pu-
chove a jej pracovnici praju svojmu jubilantovi pevné
zdravie a dalsie moznosti pre vyuzitie bohatych odbor-
nych poznatkov a cennych skusenosti.
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