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Modeling of textile technolodies and materials

THERMOPHYSIOLOGICAL PROPERTIES OF INTEGRATED
TEXTILE LAYERS DESIGNED FOR AN EXTREMELY LOW
TEMPERATURE ENVIRONMENT

Murarova A.", Rusnéak A.', Murarova Z.2
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Radlinského 9, 81237 Bratislava, Slovak Republic, E-mail: anna.murarova@stuba.sk

2Comenius University, Medical Faculty, Spitalska 24, 81372 Bratislava, SK

The paper deals with the thermophysiological properties of integrated textile layers designed for
an extremely low temperatures environment. An integrated model textile layer consists of a lower
layer A, an inner layer B+i+B and upper layer C, according to the following scheme A+(B+i+B)+C.
We focused on the thermal resistance of the inner thermal-isolating layer i and the thermal-hu-
midity profile of the lower textile layer A. We designed an integrated textile layer with a suitable
thickness for the thermal-isolating layer i from a non-woven PET textile which would assure the
thermal isolation of a body during minimal physical effort and a minimal outside temperature. The
thermal-humidity profile of the lower textile layer was monitored using time shrinkage. We evaluated
the synergic effect of the textile layer B to the time shrinkage of the textile layer A.

Keywords: Integrated textile layers, thermophysical properties, thermal resistance, thermal-

-humidity profile

INTRODUCTION

When considering an evaluation of thermophysi-
cal comfort during the wearing of clothes designed
for different conditions (extremely low temperatures,
high physical effort, clothes for a clean environment,
etc.), it is important to evaluate the composition of the
specific textile layers as well as the composition of the
integrated textile layers. An integrated textile layer com-
posed of simple layers and its thermophysical proper-
ties are determined by the arrangement of the specific
textile layers. The correct composition of a textile layer
in integrated layers (lower, inner, upper) will assure
their transport properties. An incorrect composition
of a textile layer can cause physiological discomfort.
There is a great deal of progress currently being made
in the research on textile material designed for cloth-
ing. Due to the scientific approach used during evalu-
ation of the interaction between a textile material, the
physiological functions ¢f skin and the outside climate
conditions, a textile material can fulfill strict criteria for
thermophysiological comfort during different physical
activities [1-10].

The correct composition of specific textile layers is
very important during the design of integrated textile lay-
ers for special clothing especially in cases where specific
textile layers are mutually fixed without the option of
change. Every specific textile layer is individual and has
specific properties and a specific macromorphological
structure. It is therefore important to know the functional
properties of both the individual and integrated textile
layers and the synergism between mutual the contact
layers to their thermophysical properties [10—-14].
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EXPERIMENTAL

Experimental material

Table 1 illustrates the composition of specific textile
layers and their arrangement in an integrated textile
layer.

Integrated textile layers models are composed of
three layers: lower A, inner B+i+B, and upper C. The
integrated textile layer models and their composition
are stated in Table 3.

Experimental methods

We used a contact laboratory method on an Alam-
beta machine in order to measure thermal resistance
of the areas of the simple and integrated textile layers.
This method is based on the principle of heat transfer by
conduction during the contact between a heating board
and textile surface. The pressure from a heating board
to a textile's surface is 200 Pa. The thermal resistance
was measured over a difference in temperature of 40°C.
The samples were air-conditioned at a temperature of
23 °C and a relative air humidity of 51%.

The textiles designed for the lower layer A were
measured on the Alambeta machine together with
surfaces which were watered repeatedly until they were
dry at 5-minute time intervals in combination with the B
samples. We watered the surface of the Asample. The
time of the drying process was identical with the time
when the value of the thermal resistance of the area of
the textile reached the value of the thermal resistance
of the dry sample.

Vidkna a textil 12 (4) 150-155 (2005)
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Table 1 The composition of material in integrated textile layers

Modeling of textile technolodies and materials

No. Material composition of a textile Kind of textile i:e:t:i:’:ltzgf;g;n::::r
1 100% cotton | Knitting Lower layer— A
2 40% viscose fibre and 60% polypropylene fibre (40% Vs / 60% PP) Knitting Lower layer— A
3 20% cotton and 80% polypropylene fibre | (20% cotton / 80% PP |) Knitting Lower layer— A
4 20% cotton and 80% polypropylene fibre Il (20% cotton / 80% PP |I Knitting Lower layer— A
5 100% polypropylene fibre (PP) Knitting Lower layer — A
B 60% cotton and 40% polypropylene fibre (60% cotton / 40% PP) Knitting Lower layer— A
7 100% cotton i Knitting Lower layer— A
8 100% polyester microfibre (PET) Fabric Inner layer— B
9 Polyester microfibre and carbon fibre (PET-C) Fabric Outside layer— C
10 100% polyester fibre (PET) Non-woven textile Inner layer - i

Table 2 Basic properties of textile materials

Kind of textile Thickness Area wilght
[mm] [g.m™]
100% cotton | 0.79 169
40%Vs / 80% PP 0.71 167
20% cotton/80%PP | 1.80 207
20% cotton/80%PP I 1.80 233
100% PP 0.70 96
60% cotton/40%PP 1.02 181
100% cotton i 0.58 130
100% PET microfibre 0.16 100
PES - C microfibre 0.17 132
Fibre fineness
PES non-woven textile .55 [?ée;]

RESULTS AND DISCUSSION

The integrated textile layers consisted of a lower
layer, inner layer and upper layer according to the fol-
lowing scheme A+(B+i+B)+C. Layer A in the integrated
textile layer changed. For the A sample, we used knit-
ting of a different composition made from cotton, poly-
propylene and viscose fibres in a 100% and a blended
composition as well as different macromorphological
structure in order to evaluate their thermal-humidity
profile. The B layer has fabric made from PET microfi-
bres. The B layer in an integrated textile layer should
guarantee the increased transport of humidity from the
lower layer A but at the same time, limit the inner air
flow during motion in the thermo-isolating layer i from
the non-woven textile. The inner layer of the integrated
textile layer is composed of B+i+B. The inside thick-
ness of the inner layer of the isolating layer i changed
by superposition ( i*1, i*2, i3, i*4, i"5 ). The isolating
layer i is a non-woven textile made of PET fibres. The

Vidkna a textil 12 (4) 150-155 (2005)

Upper layer C is made of fabric from PET microfibres
with carbon-conducting fibres. Such a fabric is de-
signed for clothing for clean environments. All kinds of
textile materials can be applied to the upper layer of an
integrated textile layer according to their usage. From
the point of view of modeling integrated textile layers
into an extremely low temperature environment, it is
very important to consider the inner isolating layer and
transport of humidity in a direction from the lower layer
to the other layers in order to guarantee a dry under-
clothing micro-climate and thermal-humidity comfort
during physical effort.

Picture 1 illustrates the thermal resistance of all the
integrated textile layer models. It demonstrates that
the thickness of the isolating layer has the biggest
influence on an change in the thermal resistance of an
integrated textile layer. During the superposition of 4%
and 5%, you can observe the non-linearity of thermal
resistance from the number of i layers, which is related
to the deformability of an integrated textile layer during
pressure from s heating board as well as the techni-
cal possibilities of a measuring machine to measure
thermal resistance. The influence of A layer on the
thermal resistance of an integrated textile layer is less
important in comparison with the change in thickness
of thermo-isolating layer i.

Based on the measured thermal resistances of the
integrated textile layer models, we calculated the mini-
mal temperature of a climate during which the thermal
isolation of a human body would still be sufficient. We
used the following equation to calculate minimal tem-
perature of climate T,

H= [(Ts = Ta min) x al/r

where H = 44 W is the heat output of a human body
during minimal physical effort, T,= 85 °C the medium
temperature of the skin surface, T, ., [°C] the minimal
temperature of the climate, a = 1,68 m? for the skin
surface of an adult, r [ m?.°C.W™"] the area resistance
of the heat transfer through an integrated textile layer.
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Table 3 Integrated textile layers

Modeling of textile technolodies and materials

I=

w
(@]

Integrated layer

100 % cotton |
40%/60% Vs/PP
20%/80% cotton/PP |
20%/80% cotton/PP I
100% PP

60%/40% cotton / PP

Number of layer layelayerslaye
lalayers

100 % cotton Il
100% PET
PET+Carbon

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

+ |+ |+ [+ |+

A+B+5i+B+C

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

+ |+ [+ |+ [+

A+B+5i+B+C

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

+ | [ |+

A+B+5i+B+C

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

+ |+ |+ [+ |+

A+B+5i+B+C

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

+ |+ |+ |+ |+

A+B+5i+B+C

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

A+B+5i+B+C

+ |+ |+ |+ |+

A+B+1i+B+C

A+B+2i+B+C

A+B+3i+B+C

A+B+4i+B+C

A+B+5i+B+C

S R R E R E B E o B Bl B i R S S 2 S o S o o (S o S I S S o
E o A S S S T S S TR TS S S S S S A S O [ I S I AR S U S I R PR R T S A

+ |+ |+ |+ |+

Values H, T, in the above equation are taken from
literature [2].

Picture 2 illustrates the integrated textile layer mod-
els that will guarantee the thermal isolation of the hu-
man body during low temperatures in an outside cli-
mate and during minimal physical effort. According to
our research, integrated textile layers which have an
inner layer of an non-woven PET textile of a i*4 ai*5
thickness meet the criteria for usage in extremely low
temperatures.
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From the point of view of a physiological and inter-
active evaluation of a textile, skin and climate during
minimal physical effort and a low outside temperature,
no increased sweating occurs, therefore the lower
layer of an integrated textile layer which is in con-
tact with skin will not be burdened by the transport
of sweat. Indeed, during grater physical effort, heat
and sweat output is higher. A higher physical effort
induces more moisture through a textile layer. From
a thermophysiological point of view and comfort, the

Vidkna a textil 12 (4) 150-155 (2005)
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100bal

40/60  20/80 20/80 100PP B0/M0  100%

Vs/PP  ba/PPl ba/FPIl ba/PP ball
EA+BHIHB+C B A+B+21+B+C OA+B+3i+B+C
OA+B+i+B+C B A+B+5i+B+C

Fig. 1 Thermal resistance of integrated textile layers of various
compositions. A — lower layer-hosiery -7 kinds, B —inner la-
yer-fabric from PES micro-fibre-1type, i —isolating inner layer-
-non-woven PES texile-1 to 5 layers, C — upper barrier layer

most important requirement concerns the textile layer
which is in contact with skin. That is why we focused
on the lower layer and evaluated its thermo-humidity
profile. The thermo-humidity profile of the lower layer
A was monitored according to the kinetics of the dry-
ing of textiles moistened by the same amount of water.
The time during which the thermal resistance equaled
the dry sample is the drying time. Thermal resistance
dramatically changes with the humidity content in a

Modeling of textile technolodies and materials

5 15
= -20 1
£ 59
" .30
-35
-40 ¢
-45 J__ B L S L b B e ] M eivey o CLE OO0 L A A ik
100bal 40/60 20/80 20/80 100PP  60/40  100%
VS/PP  balPP| balPPIl ba/PP  ball

DO A+B+3i+B+C O A+B+4i+B+C B A+B+5i+B+C

Fig. 2 Minimal environment at temperature designed for various inte-
grated textile layers for a human body at a physical effort of
144 W. A—lower layer-hosiery -7 kinds, B — inner layer-fab-
ric from PES micro-fibre-1type, i — isolating inner layer-non-
-woven PES textile-1 to 5 layers, C — upper barrier layer.

textile. In a dry status, thermal resistance is low, and
it raises with a decrease in humidity. A textile reaches
its highest thermal resistance in a dry status. Picture
3 illustrates the thermal-humidity profile of 7 kinds of
textiles which were used in the lower layer of an inte-
grated textile layer. Table 2 shows the thickness and
weight of the area of these textiles. Each textile has a

<

—4—100% b |
—8— 460 % \Vabp
i 3080 % bapp |

o 080 % batpe I
—#— 100 % PP
—#—E0M0 % balPP
~&— 100 % ba ll

t [min]

Fig. 3 Thermal humidity profile during the drying of lower textile layers ofvarious compositions

Table 4 Monitoring time the drying time of textile layer A and
double-layer A+B

3 2 -1 : " .
Kirid af s r.10° [m*KW™] _Drymg Drymg time
tile A A+B time [min] [min]
in dry status A A+B
100% cotton | 141 40 35
40%Vs / 60%
PP 15.6 30 20
20% cotton/
80%PP | 32.0 60 40
20% cotton/
80%PP Il At 2l i
100% PP 17.5 30 15
60% cotton/
40%PP 225 50 45
100% cotton I 12.1 30 25

Vidkna a textil 12 (4) 150-155 (2005)

specific chemical composition, macromorphological
structure and related transport properties and thermal
resistance in its wet and dry statuses.

We discovered an interesting fact during the drying of
these samples in combination with a fabric made from
PET microfibres (sample B). When talking about the
double-layer A+B textile, the textile was moistened on
the A side, and we measured the drying time, table 4.

According to the stated time values for the drying
of textile double-layer A+B in table 4, we can see the
influence of the synergetic effect of textile layer B on
the drying time of textile layer A. Textile double-layer
A+B has a macromorphological structure composed
of fine fibres and microfibres with a different adhesion
humidity transport on fibre surfaces as well as a differ-
ent capillar transport between fine and microfine fibres.
The correct layer disposition resulted in transport of
moisture from layer A which contained fine fibres, to
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layer B, which contained microfibres. Due to the dif-
ferent unit weights, we observed “denier effect” and a
synergetic effect shortened drying time. The drying time
of the doublelayer textile A+B was monitored using the
same procedures as the A layer. The drying time was
identical to the time when a stable thermal resistance
was reached the corresponded to the thermal resis-
tance of double-layer A+B in a dry status. The drying
time of the double-layer A+B composed of 100% PP
knitting and 100% PET fabric made from microfibres
was shortened by 50%. This double-layer textile had
the shortest drying time in set of all the A+B textiles.
That is why from a thermophysiological point of view
and comfort, the textile made from 100% PP is the most
suitable among all the evaluated textiles in the lower
layer of an integrated textile layer.

CONCLUSION

— By evaluating the thermal resistance of integrated
textile layer models using the contact method during
heat transport by conduction and the 200 Pa pres-
sure of a heating board on an integrated textile layer,
we determined that textiles with a thermal-isolation
layer made from PET of a non-woven textile and a
thickness of i*4 and i*5 are suitable to guarantee
thermal-isolating protection of the human body dur-
ing extremely low temperatures and a physical effort
of 144 W,

— PES fabric from microfibres — layer B in integrated
textile layers has a synergetic effect of the drying
time of a double-layer A+B textile based on a dif-
ferent fineness of the fibre in layer A and layer B.
At the same time, the transport of humidity was di-
rected from textiie layer A with thicker fibres to textile
layer B with microfibres. This synergetic effect was
mostly demonstrated by the shortening of drying
time by 50% of a textile double-layer composed of
100% PP knitting and 100% PES fabric made from
microfibres.

154
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— From a thermal-humidity point of view, knitting made
from 100% PP fibres is the most suitable textile
among the textiles evaluated to be used in the lower
layer of an integrated textile layer.
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Termofyziologické viastnosti integrovanych textilnych
vrstiev uréenych do prostredia s extrémne nizkou teplotou

Translation of abstract:
Thermophysiological properties of integrated textile layers designed FOR AN
extremely low temperature environment

V prispevku sa pojednéva o termofyziologickych viastnostiach integrovanych textilnych vrstiev, ktoré st vhodné
do prostredia s extrémne nizkymi teplotami. Modelova integrované textilna vrstva je zloZena zo spodnej vrstvy A,
vnutornej vrstvy B+i+B a vrchnej vrstvy C, podla schémy A+(B+i+B)+C. ZvySend pozornost sa venuije tepelnému
odporu vnutornej tepelneizolacnej vrstvy i a teplovihkostnému profilu spodnej textiinej vrstve A. Navrhuje sa
integrovana textilna vrstva s vhodnou hribkou tepelneizolaénej vrstvy i z netkanej PET textilie, ktora zabezpedi
tepeln( izolaciu organizmu pri minimalnom fyzickom vykone a minimalinej teplote vonkajej klimy. Teplovihkostny
profil spodnej textilnej vrstvy sa monitoruje pomocou ¢asu vysychania. Zistil sa synergicky Géinok textilnej vrstvy
B na &as vysychania textilnej vrstvy A.

Vidkna a textil 12 (4) 150-155 (2005) 155
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EFFECT OF A CHANGE IN A FIBRE PATH FROM ONE END
OF THE TRANSPORT CHANNEL TO THE ROTOR WALL ON
ROTOR-SPUN YARN PROPERTIES

MIRESHGHI S. S., ESKANDARNEJAD S.é EHZADAN H.',
BAMENI MOGHADAM M.

Textile Dept., Science and Research Campus of Tehran Azad University
P.O.Box 14515/4933, Hesarak, Poonak, Tehran IRAN
E-mail: eskandarnejad@yahoo.com

"Textile Dept., Amirkabir University of Technology, Tehran, Iran
?Statistics Dept., Allameh Tabatabaei University, Tehran, Iran

The free and uncontrolled flight of fibres from one end of the fibre transport channel to the rotor
wall is an important factor affecting the quality of rotor spun yarn. It has been reported that reduc-
ing this distance will improve the yarn's quality significantly. In this research, the above distance
has been reduced further with three designs in comparison to commercial rotor boxes, and yarn
properties such as strength, evenness, imperfections, hairiness, and abrasion were measured.
The M1 code was given to the standard model, and M2 to M4 were given to the three proposed
designs respectively. The test results showed that tenacity, strain and energy at the peak did not
vary significantly, but were at a maximum for the M3 model. The hairiness of the yarn was at a
maximum of 4.3 for the M4 model, in comparison to a minimum of 1.2 for the M3 model and 1.7
for the M1 model. Although the machine twist for all the models was the same, the twist of the
yarn measured by the untwist-twist method was different. It was at a minimum of 369 t.p.m. for
the M3 model, and a maximum of 466 t.p.m. for the M4 model, in comparison to 418 t.p.m. for
the M1 model. Due to the different levels of yarn twist, the yarn’s abrasion resistance may vary. It
was at a maximum of 155 for the M3 model, and a minimum of 90 for the M1 model.

According to the test results, it was concluded that the M4 model would produce a yarn
with a maximum level of twist and hairiness. On the other hand, the M3 model would
produce a yarn with a minimum level of twist and hairiness and a maximum abrasion

Modeling of textile technolodies and materials

resistance of the yarn, which could be useful for the next processing stages.

Introduction

After ring spinning, rotor spinning is the most im-
portant yarn manufacturing process, with a continually
increasing share of production. A great number of re-
searchers have devoted immense time and efforts to
research in this area during the last three decades. As
a result, rotor spinning in some industrial countries is
over 35 % and approximately 22 % worldwide [1].

Lawrence and Chen have reported that a change in
the cross-section of the transport channel of the fibre
from a circular to a narrow rectangular one would re-
duce the degree of freedom of the fibre’s configuration
within the channel from 3 to 2, which would increase
the nearly straight fibres within the channel from 21%
to 70 %, in optimized conditions [2&3]. As a result, the
cross-section of the fibre transport channel in most ro-
tor spinning machines is almost a narrow rectangular
shape instead of a circular one. An increase in the air
suction of the rotor box will increase the air flow speed
sucked from the opening roller surface into the fibre
transport channel, which will improve the fibre transfer
from the opening roller into the channel. But this will in-
crease the air flow through the trash ejection slot to the
surface of the opening roller, which will bring back the

156

separated trash to the fibre’s flow path. Accommodation
of an air inlet in the housing of the opening roller after
the trash separation point (the knife edge) will allow for
the entry of extra air without interfering with the trash
separation. This phenomena was introduced by Sues-
sen Company (recently acquired by Rieter), under the

Fig. 1 SC1-M Rotor Spinning Unit of Rieter [4]

Vidkna a textil 12 (4) 156-161 (2005)
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name of By-pass in the rotor unit of the SC1-M model
[4]. A reduction in the entry of trash to the fibre’s flow
path will cause the rotor groove to remain cleaner for a

Fig. 2 SC2-M Rotor Spinning Unit of Rieter [5]

longer period of time and improve spinning stability and
the yarn’s quality. Figure 1 shows a rotor spinning unit
with By-pass and its effect on the yarn’s breakage rate,
trash extracted and the amount of long fibres separated
at the trash ejection slot.

Although an increase in air suction from the surface
of the opening roller has its advantages, a too high-air
flow speed at the end of the transport channel would
interfere with the fibre’s orientation during its transfer
from the transport channel onto the rotor wall or groove.
H. Stahlecker has overcome this problem in Speed-
pass (SC2-M model) by introducing an extra hole at the
end of the fibre transport channel, near the channel exit
[5]. As shown in figure 2, the extra air inside the channel
will be separated from the fibres before the end of the
channel and guided into the rotor box, outside of the
rotor. The application of By-pass and Speed-pass in the
SC2-M model of Rieter’s rotor spinning unit improves
yarn strength significantly.

The geometry of the transport channel is another
important factor. W. Meier has introduced a fibre trans-
port channel in USP 5,488,822, which has a curved

Py

Fig. 3 A Fibre Transport Channel with a Curved Path at the End of
the Channel [6]
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Fig. 5 A Fibre Transport Channel with a Continually Changing Cross-
Section [9]

path at the end of the channel [6]. See Figure 3. The
advantage of this channel is a reduction in the angle
of the fibre’s flow axis at the channel exit with respect
to the rotor wall, which increases the extent of the fibre
in the rotor groove [6].

The cross-sectional area of the fibre transport chan-
nel gradually decreases from the channel inlet to the
channel outlet and controls the fibre's configuration
within the channel. In industrial rotor spinning ma-
chines with circular or almost narrow rectangular cross
sectional transport channels, the channel axis is not
a straight line and is broken before entering the rotor
zone. This is for the better guidance of the fibres into
the rotor and accessing the rotor wall without an in-
crease in the angle of the fibre's flow axis with respect
to the rotor wall, which reduces the extent of the fibre in
the rotor groove. This is reported elsewhere by one of
the authors of this paper [7]. W. Billner has reported in
USP 5,581,991 that fibres would be condensed in one
side of the channel after the bending point of the chan-
nel axis and would be fed into the rotor wall in a layer
form [8]. The fibres are in touch with one side of the
channel at the exit. Figure 4 shows the cross sections
of the transport channel’s exit in this patent. In figures
4a and 4b, fibres are condensed on a flat surface and
fed to the rotor in a layer form, while in figure 4c, the
surface is a convex one and will better spread the fibres
on the rotor wall than in previous cases [8].

F. Stahlecker has introduced a fibre transport chan-
nel in USP 4,858,423, in which the channel’s cross
section changes continuously from a round portion via
an approximately oval portion toward a groove shape
[9]. Figures 5 and 6 show the channel and its cross sec-
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Fig. 6 Cross Section of Stahlecker's Channel in Chronological Order [9]

Fig. 7 Rieter's A&U Rotor Spinning Unit Model [10]

tions. Since the fibre transport channel at its end area
is formed only of a groove, it is possible without any dif-
ficulty to place the channel far in the edge area of the ro-
tor cover, so that its generating line, which is located on
the outside in a radial direction, extends approximately
tangentially with respect to the outer circumference of
the rotor cover. As a result, there would be more room
for the yarn withdrawal nozzle and a longer extent of the
fibre on the rotor wall during spinning.

The air flow between the end of the transport channel
and the rotor wall is turbulent, and there is no control
on the fibre’s orientation during its free flight within this
distance. H. Stalder has reported that reducing the dis-
tance of the fibre transport channel and the rotor wall in
Rieter's rotor spinning unit of the U model (side feed)
willimprove the yarn’s quality significantly with respect
to its predecessor unit, the Amodel [10]. The yarn mass
irregularity and nep count will decrease by 1 to 5 % and
6% respectively. The yarn's tenacity will increase 10 %,
and it will be more useful for finer fibres. Figure 7 shows
Rieter's A and U rotor spinning unit models. Figure 7
shows Rieter's A&U rotor spinning model [10].

It may be concluded from a review of the literature
that the transport channel is an important part of the
rotor spinning unit and is suitable for further research.
The aim of this research was to further reduce the free
flight distance of the fibres in side-feed units in order
to improve the yarn quality.

Materials and Methods

The material used was 38 mm, 1.7 dtex viscose fibre.
The experimental rig was a Rieter RUO4 rotor spinning
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unit with four individually controlled motors for a driving
sliver feed, beater, rotor and winding unit, and a suc-
tion pump. The feed sliver and yarn counts were 0.14
Ne and 43 Tex respectively. The feed rate, speed of
opening roller, rotor and yarn delivery was 0.619 m/min,
6,000 rpm, 50,000 rpm and 70 m/min respectively.

In order to reduce the free flight of the fibre inside
the rotor box, three transport channels were designed
and tested. The standard channel of Rieter was identi-
fied with the code M,, and the second channel (M,),
which is made of a conical part joined to a cylindrical
extension as a channel exit, was located inside the
original channel. When the rotor cover is closed, the M,
channel can slide further down to reduce its distance
from the rotor wall. It is obvious that before opening the
rotor cover, the channel must slide upward to prevent

Fig. 8 Schematic Diagram of the Standard Transport Chan-
nel (M)

~

Fig. 9 Schematic Diagram of the Sliding Transport Channel (M,)

the impact between the channel's exit and the rotor
wall. Figures 8 and 9 show a schematic diagram of the
M, and M, channels.

The 3rd channel (M;) was the same as the original
one, but with a telescopic extension at its end. Once

-

Fig. 10 Schematic Diagram of the Telescopic Transport Channel
(M3)

again, after closing the rotor cover, the telescopic part
was able to move towards the rotor wall and reduce the
distance. See Fig. 10.

In the last design, the channel remained unchanged,
but the part of the rotor cover which enters inside the
rotor, was made moveable along the fibre path. After
closing the rotor cover, the moveable part moves out-
ward and reduces the fibre path from the channel exit
to the rotor wall. See Fig. 11.

The yarns were tested for strength, evenness and
imperfections, hairiness, abrasion and twist. The yarn’s
strength was measured on a SDL yarn strength tester
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Fig. 11 Schematic Diagram of Final Model (M,)

with a constant rate of extension (CRE), a clamp speed
of 999 mm/min, and a gauge length of 500 mm. Thirty
samples were tested in each case. The yarn’s even-
ness and imperfections were tested on a Superba CRM
model yarn tester at a speed of 200 m/min, and four
samples were tested for each model. The hairiness of
the yarns was measured on a SDL hairiness tester for
hairs equal to and longer than 3mm.

The yarn speed was 30m/min, and 5 samples were
tested in each case. Therefore, 150 m of each yarn
was tested. The abrasion resistance of the yarns was
tested on an SDL yarn abrasion tester which rubbed
the yarn against a bare polished metal rod.

The twist of the yarns was measured on a Shirly
twist tester with the untwist-twist technique, and used
a gauge length of 50 Cm, an extension allowance of 6
mm and a tension of 15 g, as suggested by the manu-
facturer. Thirty samples were tested in each case. The
test results were analyzed by ANOVA for any difference
between the means and by Cunnett for comparison with
the original channel [11][.

A Duncan test was also carried out for the compari-
son of any two models [11].

Discussion of the Results

The results of the tenacity, extension and rupture
work of the yarns are given in Figs. 12 and 13. None
of these yarn properties changed dramatically, and the
analyses of the variance (ANOVA) also did not show
any significant diffarence.

The results of the evenness and imperfections are
given in Fig.14. It is quite clear from the results that there
is no difference between the mass CV% and the amount
of thin places of the yarn, but it is different for the thick
places and neps. The amount of thick places was at a
maximum in the M, model and & minimum in the M, mod-
el. The amount of neps was zero in the M, and M; model
(as measured) and cf a maximum in the M, model.

The resuits of the hairiness, abrasion res.stance and
yarn twist are given in Figs. 15, 16 and 17. The hairi-
ness of the M, model was at a maximum (4.32), and
M, model was at a minimum (1.20). The hairiness of
the original model (M4,) was 1.70.
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Fig. 12 Tenacity and Extension for Different Models

WORK OF RUPTURE

0.2

019 —O—WORth
RUPTURE

0.18 i

0.17 Sl .

M1 M2 M3 M4

Fig. 13 Work of Rupture for Different Models (N.m)
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Fig. 14 Yarn Mass CV% and Imperfections for Different Models
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Fig. 15 Yarn Hairiness for Different Models

The yarn’s abrasion resistance was at a maximum
for the M model (155.5), and at a minimum for the M
model (88.6). But due to a high CV% of these results,
their confidence coefficient will be lower than normal.

The twist of the yarns varied for different models;
it was at a maximum for the M, model (469), and a
minimum for the M, model (369). Twist of the original
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model (M) was 418 t.p.m.

It should be noted that there was a big differ-
ence between the twist of the yarns of the M3 and
M4 models, and care should be taken to avoid
misjudgments.

The wrapper fibres of the rotor spun yarns affect
the result of the twist measurements when using
the untwist - twist technique. Since there was a sig-
nificant difference between the twist of the M, and
Mj; models, it was decided to examine the surface
of the yarns for wrapper fibres. The surface of the
yarns was studied under a projection microscope
and SEM for the wrapper fibre arrangement. Figs.
18 to 25 show SEM photographs of the surface of
the yarns. The wrappers of the M; and M, models
were nearly the same, but the M; & M, were dif-
ferent. In the M; model the wrapper fibres were
so tight that the diameter of the yarn at this point
was visibly lower than the diameter of the other
parts of the yarn. This may restrict the movement
of the fibres during twist measurements using the
untwist-twist method and may resemble a lower
twist and increase the abrasion resistance of the
yarn. Also, tight wrapping may reduce the yarn’s
hairiness, which was the case with the results of
the above tests. In the M, model, the wrappers
were very loose. In some parts they were spread
along the yarn, and in other parts, a group of fi-
bres was wrapped loosely around the yarn which
produced a loose cork-screw structure. The loose
wrappers of the My, model may increase the value
of the twist measured and increase the hairiness
and nep of the yarn, which corresponds to the
results obtained.

TwisT

100
0 .
M1 M2 M3 M4
Fig. 17 Yarn Twist for Different Models
ABRASION '
200
150
100 ——a— ABRASION |

Fig. 16 Yarn Abrasion for Different Models
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Fig. 24&25 Wrapper Fibre of the Final Model (Loose - Extended &
Cork Screw)
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Efekt zmeny na drahe vlakna z jedného konca
transportného kanala k rotorovej stene na viastnosti
rotorovo zvlaknovanych priadzi

Translation of abstrakt:
Effect of a change in a fibre path from one end of the transport channel to the
rotor wall on rotor-spun yarn properties

Volny a nekontrolovany let vidkien z jedného konca transportného kanéla k rotorovej stene je doleZity faktor
ovplyvriujuci kvalitu rotorovo zviakriovanych priadzi. Bolo zistené, Ze skratenie tejto vzdialenosti podstatne zlepsi
kvalitu priadze. V tomto prispevku bola tato vzdialenost dalej znizena tromi spdsobmi v porovnani s komerénymi
rotorovymi zariadeniami a boli merané vlastnosti priadzi ako pevnost, rovnomernost, chipatost a oder. étandardm}r
model je oznadeny M1, M2 - M4 je oznacenie troch pouZitych modelov.

Vysledky testov ukézali, Ze pevnost a deformécia sa podstatne nemeni, ale maximalna bola pre model M3.
Maximaina chlipatost priadze pre model M4 bola 4,3 ~ v porovnani s minimom 1,2 pre model M3 a 1,7 pre
model M1. Hoci zékrut udeleny zariadenim bol pre v8etky modely rovnaky, zakrut priadzi, merany metédou za-
krucanie — odkrucanie, bol rozdielny. Minimalny zakrut — 369/m bol pre model M3, maximalny zakrut 466/m bol
pre M4 model v porovnani s 418/m pre Standard M1. Dosledkom réznej Urovne zakrutu priadzi sa méze menit
oderuvzdornost priadzi. Maximalna oderuvzdornost 155 bola pre model M3 a minimalna 90 pre standard M1.
Podla dosiahnutych vysledkov mozZno usldit, Ze model M4 by mohol davat priadzu s maximalnou troviiou zakru-
tov a chipatosti. Naopak model M3 by mohol davat priadzu s minimalnymi zékrutami a chlpatostou a maximalnou
oderuvzdornostou, ¢o by mohlo byt uZito¢né pre dalie stupne spracovania.

Efekt zmeny na drahe vlakna z jedného konca transportného kanala k rotorovej stene na vlastnosti rotorovo
zvlaknovanych priadzi.
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LIGHTFASTNESS OF REACTIVE DYES

Vassileva V., Jeleva J.

University of Chemical Technology and Metallurgy, Department of Technology of Textile Fibers,
1756 Sofia, 8 KI. Ohridski st., Bulgaria, *violet@uctm.edu

The light-fastness of nine reactive dyes was investigated under natural conditions. The decrease
in intensity of the color systems of the experimental samples, which resulted from the occurrence
of photodestruction processes, was determined using the Kubelka-Munk function. The kinetic study
revealed that blue dyestuff systems have the highest degree of lightfastness. They are followed
by red dyes, and yellow dyes are in third place with the exception of Bezaktiv Gelb V-GR. When
the concentration of the dyes is increased, their degree of fastness improves.

Introduction

Reactive dyes are bright and brilliant and cover the
whole color range. Due to the strong covalent bonds
between dyestuff molecules and fiber functional groups,
their colors are highly resistant to washing and friction.
Lightfastness is another important property limiting
the lifecycle of dyed textile materials. It is particularly
important for products such as summer clothing and
sportswear used under conditions of extensive sun-
shine. In this case it is preferred that fibers and dyestuff
possess a comparable fastness, but this is practically
hard to achieve.

The combined impact of sunshine and other outdoor
factors such as temperature, moisture content, and
chemical composition of the atmosphere induce photo-
destruction of fibers and photofading of dyestuffs. The
processes that occur are mostly photo-oxidative and
depend strongly not only on the above-mentioned fac-
tors, but also on the chemical compaosition of dyestuffs,
their concentration and the type of media in which they
are distributed [1-4]. This study is aimed at the effect
of chemical structure and the concentration of dyestuff
on their lightfastness.

Materials and methods

Nine reactive dyes representing three different reac-
tive groups, which were produced by Bezema Co, as
shown in Table 1, were used in the experimental study.
They were used for treating a 100% cotton fabric follow-
ing the technology of the dye-producing company.

The experimental samples were dyed with dyes
from the groups HE and S in two concentrations — 1%
(low) and 4% (high). Two concentrations were used
for studies with the V group dyes — 10 g/l (low) and 50
g/l (high).

The light irradiation occurred under natural condi-
tions by varying the impact time in a range from 30 to
150 hours.
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Table 1 Trade names of the dyes used:

No Name of Dyestuff
Bezaktiv Gelb HE-6G
Bezaktiv Rot HE- 7B

Bezaktiv Blau HE-GX 145
Bezaktiv Gelb S-8G

Bezaktiv Rot S- 3B

Bezaktiv Blau S- FR 150
Bezaktiv Gelb V — GR
Bezaktiv Rot V- BEN

Bezaktiv Blau V- R Spez

Reactive group

-

Monochlorotriazine

Vinyl-sulphone
and Monochlorotriazine

Vinyl-sulphone

Ll ||| |w]|MN

The variation in color intensity resulting from the
photodestruction that occurred was measured by the
Data Color system.

A thin layer chromatographic (TLC) analysis was
carried out using silica gel plates (Merck Kieselgel 60)
in accordance with [5,6]. Unsatisfactory results were
obtained when comparing the chromatographic sys-
tems investigated with the reference data.

Results and discussion

1. Photofading of dyestuff:

Dyestuffs are complex organic substances, and the
destruction of their chromophore system may occur
as a result of oxidative or reduction mechanisms. Due
to difficulties in the determination of the intermediate
and final destruction, product postulates are used by
many researchers.

The chromophore systems of the reactive dye com-
prise the following chemical structures: azo-, azo-me-
tallic complexes, anthraquinone and phtalocyianine.

It is well known that the most popular type of synthet-
ic dyestuffs have an azo structure which is not charac-
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terized by a high degree fastness. The production of a
dyestuff with improved light-fastness is feasible through
the use of selection and substitution. This refers to
reactive dyestuffs with fast colors under conditions
of exploitation on the basis of covalent bonding with
the fibers. Azo-dyes mainly cover the yellow-red color
range. One of the options for improving lightfastness
is the formation of metal complexes. Anthraguinone
and phtalocyanine structures have significantly higher
lightfastness indexes and are preferred for the blue-
green color range.

As already noted, the factors determining lightfast-
ness are complex and numerous. Chemical structure
and concentration of the dyestuff are the primary fac-
tors affecting fastness due to aggregation, self-extinc-
tion of the concentration, the filtration effect, etc.

An increase in the irradiation time results in a higher
degree of photodestruction followed by a decreased
color intensity as established by (K/S) values. The
color intensity of dyed textiles is determined by the
Kubelka-Munk function (K/S), which is proportional
to the concentration of dye in the fabric. As seen in
Figures 1b and 2b, the (K/S) values decrease when
the irradiation time grows. Figures 1a and 2a present
the remission curves of the experimental samples on
whose basis the selection of 4, for the (K/S) determi-
nation was done.

Similar curves were obtained for the other dyestuffs
studied.
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Figure 3a reveals that the kinetic curves have differ-
ent slopes, which indicate differences in the decompo-
sition rate of the various chromophoric systems for the
yellow, red and blue dyes. The mechanism of bonding
the reactive dyes with fiber-forming polymer functional
groups suggests that they are present in a monomo-
lecular state in the matrix. According to Giles [7-9], the
kinetic curves of the photofading are of a first order when
dyes are present in a monomolecular state or as small size
aggregates. One characteristic of the first order reactions
is the linearization of kinetic curves in a semilogarithmic
coordinate system (Figures 3b, 4b, 5b) The line slopes
correspond to the rate constants presented in Table 2. The
blue dyestuff has the highest degree of fastness, followed
by the red and the yellow (Blue >Red> Yellow). This refers
to both experimental concentrations.

The effect of the concentration factor on the lightfast-
ness established by other authors but still unexplained
is also observed. With a higher concentration, better
light fastness values are established for all dyestuffs.
The reactive dyes are covalently bonded to cellulose
hydroxyl groups that prevent the formation of casual
aggregates. It can be suggested that the concentration
effect consists in “concentration self-extinction” [10]
as the concentration gradient ensures the distance
enabling the energy transfer from the dye. The occur-
rence of an energy “discharge” of excited molecules
decreases the probability of their participation in further
photodestruction reactions.

i men
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Fig. 1 Remision curves (a) and K/S values (b) of Bezaktive Rot HE-7B dye at various
irradiation times: 1-30h,2-60h,3-90h, 4- 120 h,
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Fig. 2 Remision curves (a) and K/S values (b) of Bezaktive Blau S-3FR dye at various
irradiation times; 1—30h,2--60h,3-90h,4—-120h,
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Fig. 3 Kinetics of Bezaktive HE dyes photofading: a — 1% dye:
O —yellow, & - blue, O - red; b — 4% dye: ® — yellow,
A —blue, B —red;

The analysis conducted for the photofading of the
group mentioned above is also valid for the Bezaktiv
V dyes. As evidenced by Figure 4, the blue dyestuff
has the highest degree of lightfastness. In this dyestuff
group, the yellow has a better degree of fastness than
the red, which occupies last place.

Among all the dyestuffs studied Bezactiv blau V-
R has the highest degree of fastness and a corre-
spondingly lower rate of constancy. This result is not
surprising, as it has been established that it has an
anthraquinone structure — see Figure 6. The dyes may
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Fig. 4 Kinetics of Bezaktive V dyes photofading: a — 10 g dye/dm®:
O —yellow, A —blue, O —red; b— 10 g dye/dm®: @ —yellow,
A —Dblue, W —red;

150

be ordered in the following range of descending light-
fastness: Blue >Yellow>Red. . The concentration effect
was established for all three dyes as the higher concen-
tration ensures a better degree of lightfastness.

Bezaktiv S is a group of bifunctional dyestuffs in-
corporating mono-chlorotriazine and vinyl-sulphone
reactive groups in a single molecule — see Figure 5.
The decrease in lightfastness observed was in the
following order:

Blue >Red>Yellow

When the concentration of these dyestuffs is in-
creased, it results in a similar increase in light-fastness
of the color systems observed.
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Fig. 5 Kinetics of Bezaktive S dyes photofading: a — 1% dye: O —yel-

low, A — blue, OJ - red; b — 4% dye: ® — yellow, A — blue,
B - red;

2. Thin layer chromatographic (TCL) analysis:

TLC is a quick and highly sensitive analytical method
for the separation and identification of component mix-
tures, even in cases when they comprise homologous
compounds. The separation is based on the difference
in solubility of the corresponding molecules. For this
reason dyestuffs with an identical color (the same
chromophore system) but with different reactive groups
have different chromatographic behaviors.

The separation of a dyestuff takes place in the
original n-butyl alcohol chromotagraphic: dimethylfor-
mamide: water =3 :0,5: 1.4. As seen in Figure 6, the
system is very good as dyestuff systems separate into

Vidkna a textil 12 (4) 162-166 (2005)

Textile finishing

Table 2 Photo-destruction rate constants of the reactive dyes

studied.
Low concentra- | High Concentra-
No Dyes tion of dye tion of dye
kqs x 10° Kqs, x 10°
1 Yellow HE 17141 105
2 Red HE 8.3 4.2
3 Blue HE 54 3.7
4 Yellow S 9.0 11.25
5 Red S 6.7 4.25
6 Blue S 2.7
7 Yellow V 4.25 3.25
8 Red V r 6.75
9 Blue V 0.75 0.5

ks, and k., rate constants for the corresponding dyestuff
concentration.

- o 8¢
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Fig. 6 Thin layer chromatograms of ryes. The numbers correspond
to Table 1. No. 10 is Cl Reactive Blue 19

a maximum number of spots which are well shaped
and have different R; -values. No diffusional spots,
initial precipitation and entailing is observed in the TLC
system.

Although Bezaktiv Rot HE-7B and Bezaktiv Rot S-
3B are identical colors, they have a different number
of spots with different R;- values.

Bezaktiv Blau V-R and Cl Reactive Blau 19 have
similar chromatographic behavior —a similar spot num-
ber, and the same color and spectra, indicating that
they have the same structure.

The absorption curve shapes and A,,, values of C.I.
Reactive Blue 19 (used as a control) and Bezaktiv Blau
V-R suggest the existence of identical structures.

The results obtained from TLC analysis lead to the
assumption that an identity study is relevant to counter
products, while the identity of a chromophore system
may be proved by spectrophotometry.
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Conclusions

The light-fastness of nine reactive dyes represent-
ing various reactive groups was investigated. A kinetic
study of the photofading of dyes was carried out, and
the rate constants were determined. It was estab-
lished that blue dyestuffs have the highest degree of
lightfastness followed by red and yellow dyes. The
increased concentration of dyes results in increased
lightfastness.
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Svetlostabilita reaktivnych farbiv

Translation of abstract:
Lightfastness of Reactive Dyes

Svetlostabilita deviatich reaktivnych farbiv bola sle-
dovana v prirodzenych podmienkach. Pokles intenz-
ity farebnych systémov experimentalnych vzoriek,
vyplyvajlcich z vyskytu fotodestrukéného procesu bol
uréeny podia Kubelka-Munk funkcie. Kinetické stidium
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ukazalo, Ze modré farebné systémy maju vyssiu svetlo-
stabilitu stalost. Nasleduju ¢ervené farbiva a na tretom
mieste su ZIté farbiva s vynimkou farbiva Bezaktiv gelb
V — B6R. So zvysujucou sa koncentraciou farbiva sa
zvySuje stalost systému.
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WETTING OF ANISOTROPIC SURFACES

Wiener J., Dembicky J.

Textile Faculty, Technical University of Liberec, Halkova 6, 461 17 Liberec, Czech Republic
e-mail: jozef.dembicky@vslib.cz, jakub.wiener@vslib.cz

An important parameter in the wetting of textiles is the relative contact angle, which is any angle
whose value depends on other parameters of a tested surface than on its chemical composition
only. The basis reason for this relativity is the geometry of the surface and its non-homogeneity.

THEORETICAL

The result of a contact angle between liquid, air and
a solid state surface with the structure of a solid state
surface is given by the contact of the liquid with a jag-
ged surface. Several surfaces (usually the less jagged
ones) behave according to the Wenzel model (1), while
more jagged surfaces with more porosity behave like
the Cassie-Baxter model (2).

The groundwork of the Wenzel model of a rough
surface wetting is the concept of a surface that is wet-
ted with liquid, and the contact angle is given by the
local angle incline in contact with the liquid. Wenzel
presented a model describing the apparent contact
angle on a rough surface, as follows:

d=S,/S, (1)

where dis a factor of roughness defined as a micro-
scopic ratio (real) S, and a macroscopic (geometric) S,
surface area, o a is a real contact angle on flat material
according to Young's eguation. } is an apparent (mac-
roscopic) contact angle. The surface roughness factor
on real surfaces is common over 1; then the fundamen-
tal properties of the surface are demonstrated. With the
increase in roughness a hydrophobic surface becomes
significantly more hydrophobic, and a hydrophilic sur-
face becomes significantly more hydrophilic.

Cassie and Baxter based their model on a concept
of a substrate that is not wetted enough, but an air
layer can occur between the liquid and the parts of the

cosa =dcosf

solid substrate. The contact angle takes place at the
interaction with the air and equals 180",

cosa =fcosp +f, (2)

The ratio of a liquid contact with a solid substrate is
marked f;. The ratio of a contact with the air is marked
as f,. The Cassie-Baxter model is suitable for all sur-
faces, but its main advantage is the possibility of theo-
retically analyzing hydrophobic surface with high sur-
faces roughness. Thanks to this equation it is possible
to clarify the extreme contact angle on jagged surfaces
— for example, the surface of a lotus (figure 2).

The higher profile character of a surface leads to
a significant demonstration of a given property. If a
flat surface is wettable, it will be more wettable after
roughening. If a flat surface is hydrophobic, it will be
more hydrophobic after roughening. This corresponds
with the following picture, where the dependence of
the contact angle (o) on the surface roughness (d) for
different contact angles defined on smooth materials
(o) is shown. The calculation was done according to
Wenzel's equation.

The flat lines connect points with the same actual
contact angle. The roughness is shown on the hori-
zontal axis (d, ratio of the actual and apparent surface
area), the apparent contact angle is defined on the
vertical axis; the data were calculated with the help of
an equation (2).

Concerning porous, non-homogenous structures,
e.g., textiles, the situation is more complicated than with

Cassie-Baxter

Picture 1. Behavior of a‘dmb of Iiduid ona iagigéd surface — the schematically defined difference between the Wenzel
and the Cassie-Baxter wetting models.
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Fig. 2 Impact of surface roughness on the contact angle — a surface of herbs/water; the length of the scale in the picture is 20pm A—
beech leaf (Fagus sylvatica, contact angle 72°), B — lotus (Nelumbo lucifera, contact angle 161°)

- Contact angle as a function of surface roughness

et

140

Wi !

100 +

1 1 14 1.6 1.8 2

Fig. 3 The change in the contact angle's appearance depending on
the surface roughness

homogenous substrates. On ordinary flat materials (for
example, glass, a plastic mass, etc.) the contact angle
is given through the balance of the surface tensions.
The contact angle on an ideal flat surface is marked
as actual. If the surface of the tested material is rough,
then the contact angle is established as apparent — it
is not consistent with the chemical composition, and it
depends on the ratio of roughness of the surface.
The contact angle ckserved in macroscopic ex-
periments can be significzntly different from the value
achieved by a calculaticn of the physical-chemical
considerations. The groui:dwork of the “contention”
between a macroscopic (apparent) and an actual contact

angle is the geometry of the wetted surface. In the case of
homogenous states (for example, a polypropylene sheet),
the roughness describes the surface properties.

Concerning porous non-homogenous structures (for
example, textiles), the situation is more complicated
than with homogenous substrates (see above). Upon
the contact of a liquid with a textile material, it is pos-
sible to follow the contact angle which is always to be
considered as apparent.

In a comparison of the surface structures of herbs,
which show extreme hydrophobity with textiles, surpris-
ing connections can be found.

Herbs with a high degree of hydrophobity have a
jagged surface, where more levels of profel can be
identified— the surface is jagged in every magnification.
Here are almost macroscopic forms not only, in the
decimals of micrometers, but also microstructures in
tenths of micrometers. If the herb needs to drain water
away, it creates an anisotropic structure on its surface.
In this way the herbs achieve boundary contact angles
with water of about 160°.

If we look at these textiles from a further distance,
we can see the mutual characteristics of the textiles
and extremely hydrophobic herbs. Several levels of
articulation can also be found in such textiles as yarn,
fibers, and fiber roughness in dimensions of units to
hundreds of micrometers (figure 5).

On this ground the hydrophobic finishing of textiles is
based, where contact angles of 140° can be achieved.
Despite the higher porosity of textiles, the contact
angles frequently achieved on textiles are not as high

E

Fig. 4 Form of a sessile drop on a surface of the same composition, but of a different structure: left — the surface is flat (contact angle 90°),
right — the surface is jagged (a surface created with 20 pm — diameter parallel fibers — the apparent contact angle is 130°)
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Fig. 5 Comparison of the structure of naturally high hydrophobic surfaces with the structure of a fabric. A — surface of the herb Colocasia
esculenta, a picture from an electron microscope, the scale has a length of 20 pm, the contact angle is 160° (water), B — surface of
the herb Mutisia decurrens, a picture from an electron microscope, the scale has a length of 20 pm, the contact angle is 160° (water),
C ~ cut through a common fabric made from cotton fibers, D — chart of the structure of a fabric created from yarns

as on certain herbs. The main reason is the difference
in the dimension of the surface forms (they are on
textile greater than on herbs) and therewith a related
surface irregularity.

The impact of roughness on a contact angle can be
described through Wenzel's equation, which is valid

£, z
25,77
LI T
4
Fiber yarn fabric
hydrophilic 60° 20° 0°
hydrophobic 90° 120° 140°

Fig. 6 Chart of changes of a textile structure and appropriate contact
angles with water for different forms of fiber structures — for
fiber, yarn and fabric

for the unoriented roughness of a surface. The sur-
face of textiles is anisotropic from the point of view of
the contact angles. The simplest surface with similar
properties can be a surface with parallel channels on
the surface (figure 7).

For anisotropic surfaces (for example figure 7),
roughness is to be defined in two directions.

In the direction of the tension activity between a
liquid and a solid state (direction of arrow) the surface
on the left in figure 7 is not rough — it is perfectly flat.
That is why the contact angle in this direction is equal
to the contact angle on a flat surface. Young’'s equation
is valid for the contact angle.

Vidkna a textil 12 (4) 167-173 (2005)

In the figure on the right the surface in the direction
of the tension activity between a liquid and a solid state
(direction of arrow) is jagged; therefore, the Wenzel's
equation is valid for the contact angle. According to
Wenzel's equation, the contact angle in this direction
is more extreme than on flat surfaces. If the flat sur-
face is, for example, hydrophobic, then it is extremely
hydrophobic in this direction.

On this ground it is necessary to generalize a coef-
ficient of roughness according to the following scheme
— equation (3). Roughness cannot only be defined as
the ratio of an actual and macroscopic area, but it can
also be defined as a ratio of the interface lengths — the
actual and the macroscopic.

d=8,/8—>d=L,7L 3)

d — coefficient of the surface roughness, ratio of the
actual surface area and the apparent (macroscopic)
surface area S; — area of the actual interface, S, —area
of the macroscopic interface, L; — actual length of the
interface in the direction of the surface tension activity,
L, — macroscopic length of the interface in the direction
of the surface tension activity

.1

Fig. 7 Schematic illustration of the impact of channels on wetting.
On the left wetting in the direction of the channels is demon-
strated; on the right it is across the channels.
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A surface created with parallel fibers is closer to
textiles than a surface created with channels. The
monitoring of the distance and the orientation of fibers
on the surface impact was conducted on a surface cre-
ated with parallel fibers.

This structure is easier to define and analyze math-
ematically than ordinary fabrics, but the same rules
must always be applied — the structure is precisely or-
ganized and created by the textile fibers. The resulting
model’s structure has a noticeable anisotropy, which
is clear from picture 8.

EXPERIMENTAL

The surface in this experiment was created by twist-
ing a layer of fibers parallel to a dense contact with a
solid base; therefore, the fibers did not cross and were
mutually parallel.

Special equipment which allowed for the changing
of the ratio of inclination and the number of fiber layers
was used. For the sake of convenience, monofil fibers
higher in diameter or multifilaments in the case of very
fine fibers were used. The diameter of the fibers used
varied from 10 to 500 um. The surface of the structure
created was hydrophobized by a thin hydrophobic layer
on the basis of the perfluorcarbon.

On the surface tested a 20 pl (20 mm?) drop was ap-
plied with a micropipette. The drop was scanned in two
directions — see the following scheme. Consequently,
a drop was added to the already sessile drop, and this
new drop was scanned in two directions again. In this
way the volume of the drop was increased till it was
100 pl.

The scanning directions are schematically shown
(marked as A and B) with appropriate profiles of the
drops in the given directions.

When fibers are dense in contact, the apparent con-
tact angle in the direction of scanning A is about 150°; in
this case the actual contact angle is 90°, and the sessile
drop is at least of the same high order in dimension as
the fiber diameter. With the increasing distance of the
neighboring fibers, the maximal value of the apparent
contact angle increases — theoretically to 180°. If the
fibers are greatly distanced, the liquid will not remain
on them — it will run down the fibers.

Fig. 8 Schematic picture of an anisotropic surface created by parallel
fibers in dense contact
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Fig. 9 An anisotropic surface created by parallel fibres with a diame-
ter of about 500 pm — scanning in the direction A, a picture
and the groundwork of the physical analysis of the apparent
contakt angle

In this case when the fibers are dense in contact the
apparent contact angle in the direction B equals 90°; in
this case the actual contact angle is 80°. With the in-
creasing distance of the neighboring fibers, the value of
the apparent contact angle increases too — theoretically
up to 180°. If the fibers are very far apart, then the liquid
will not remain on them — it will run down the fibers.

If a system of fibers in dense contact was created,
and a drop was placed on this surface at the actual
contact angle of 90°, then an apparent contact angle of
up to 150" should be observed according to the ideas
discussed in the A direction and 90° in the direction of
B. This surface was created and an experimental con-
tact angle of up to 140° in the A direction was found; in
the B direction, the angle was approximately 110°. These
values were measured on fibers of 10 to 500 um in
diameter. The differences between the experiment and
the theory are probably caused by breaching the dense
contact of the neighboring fibers — the fibers were very
difficult to handle - see picture 10 500 um diameter.

Fig 10 An anisotropic surface created by parallel fibers about 500
um in diameter — a picture in the direction B, a photo (500 um
diameter fiber) and the groundwork for the apparent contact
angle's physical analysis.
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CONCLUSION

The contact angles between a liquid and a textile
are only apparent — their value is not only given by
Young's equation (the equilibrium of the surface ten-
sions), but also by the textile’s structure. Great attention
was paid to the surface articulation of a fiber structure
and its impact on the textile-liquid-air contact angle.
A description of a actual textile surface’s geometry is
not available due to the extremely complicated textile
structure and its irregularity. The problem of an actual
textile was solved on a simplified, but physically very
similar, structural model created by fibers oriented on
a parallel — see figure 10. This surface is close to an
actual textile in many aspects — the porosity of an actual
textile is conserved; the fibers are part of an organized
structure, and the structure created is significantly
anisotropic. This defined surface can be produced and
tested relatively easily. It was shown that in an experi-
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mental method, the contact angles are dependent on
the orientation in accordance with the proposed theory,
and their value is in accordance with the theoretical
model designed.

A theoretically more interesting conclusion to these
experiments and analyses are findings that in the case
of more distant fibers, more extreme contact angles can
be achieved. The main determination consists in the
fact that through a mechanical change in the distance
of fibers on a surface, the hydrophobity of a textile can
be changed within relatively wide limits.

REFERENCES

[1] Cassie A. B. D., and Baxter, S. Wettability of porous surfaces,
Trans. Faraday Soc. 1944, 3, 16.
[2] Wenzel, R.N.: Ind. Eng. Chem., 1936, 2, 988

Recieved.

SMACENIi VLAKENNYCH POVRCHU

Translation of Article:
Wetting of anisotropic surfaces

Pfi sledovani smacivosti textilnich materiall je tfeba se zminit o zdanlivém kontaktnim Ghlu.
Zdanlivym je kaZzdy kontaktni thel, jehoZ velikost souvisi s jinymi parametry testovaného povrchu
neZ jen s jeho chemickym sloZenim. Zakladnim divodem zdanlivosti je komplikovana geometrie

povrchu a nehomogenita povrchu.

TEORETICKA CAST

Pfi kontaktu kapaliny s ¢lenitym povrchem je vysled-
ny kontaktni uhel mezi kapalinou, vzduchem a pevnym
povrchem dan strukturou povrchu pevné latky. Nékteré
povrchy (obecn& s mensi ¢lenitosti povrchu) se chovaji
podle Wenzelova modelu (1), ¢lenitéjsi povrchy s vétsi
porozitou podle Cassie-Barterova modelu (2).

Zéakladem Wenzelova modelu sméadcivosti drsného
povrchu je pfedstava, Ze povrch je smoc¢en kapalinou
a kontaktni Uhel je dan lokalnim naklonénim povrchu
v kontaktu s kapalinou. Wenzel navrhl model popisujici

zdanlivy kontaktni Ghel na drsném povrchu jako:
d=8,/8, (1)

kde dje faktor drsnosti definovany jako pomér mikros-
kopické (skutecné) S, a makroskopické (geometrické)
S, plochy povrchu. o je reélny (skute€ny) kontaktni thel
na hladkem materialu ustaveny v souladu s Yungovou
rovnici, B je zdanlivy (makroskopicky) kontaktni Ghel.
Faktor drsnosti povrchu je u realnych povrchi obvykle

cosa =dcos

Vizkna a textil 12 (4) 167-173 (2005)

veétsi neZ jedna, pak dochazi k zvyraznéni zakladni
vlastnosti povrchu. Vlivem narustu drsnosti se z hydro-
fobniho povrchu stava povrch vyrazné hydrofobnéjsi a
z hydrofilniho vyrazné hydrofilngjsi.

Cassie a Baxter zaloZili svij model na pfedstavé
substratu, ktery neni obecné kapalinou zcela smocen,
ale mezi kapalinou a ¢astmi pevného substratu se
mulzZe nachazet vzduchova vrstva. Kontaktni thel je
v mistech styku se vzduchem roven 180°.

cosa =fcosf +1, (2)

Podil kontaktu kapaliny s pevnym substratem je
oznacen jako f;. Podil kentaktu kapaliny se vzduchem
je oznacen jako f,. Cassie-Baxteriv model je vhodny
k popisu v3ech povrchd, ale jeho hlavni vyhodou je
moznost teoretické analyzy hydrofobnich povrchd
s vysokou drsnosti povrchu. Pomoci tohoto vztahu Ize
vysvétlit extrémni kontaktni Uhly na ¢lenitych povrsich
—napf. povrch lotosu.

Vy8si Elenitost povrchu vede k vyrazngjSimu projevu
dané vlastnosti: Pokud je hladky povrch smacivy, bude
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po zdrsnéni jesté smadivéjsi. Pokud je hladky povrch
nesmacivy, bude po zdrsnéni je3té nesmacivéjsi. To je
v souladu s nasledujicim obrazkem, kde je vynesena
zavislost zdanlivého kontaktniho Uhlu (cp) na drsnosti
povrchu (d) pro rizné kontaktni Ghly stanovené na
hladkych materidlech (o). Vypocet byl proveden podle
Wenzelovovy rovnice.

U poréznich nehomogennich struktur, jejichz pfikla~
dem jsou textilie, je situace komplikovanéjsi nez u
homogennich substratt. Na béznych plochych ma-
teriadlech (napf. sklo, plasticka hmota apod.) je kontaktni
Uhel dan rovnovahou mezi-povrchovych napéti.

Kontakini Uhel na ideélné hladkém povrchu oznacéime
jako realny. Pokud je povrch testovaného materialu
drsny, pak je stanoveny kontaktni thel zdanlivy - neni
v souladu s chemickym sloZenim povrchu a je zavisly
na mife drsnosti povrchu.

Kontaktni Uhel zjistény z makroskopickych experi-
mentd se maZe vyrazné liSit od hodnoty stanovené
vypoétem z fyzikalné chemickych tvah. Zakladem
Jfozporu® mezi makroskopickym (zdanlivym) a reélnym
kontaktnim thlem je geometrie sméaceného povrchu.
V pfipadé homogennich latek (napf¥. deska z polypro-
pylénu) popisuje vlastnosti povrchu jeho drsnost.

U poréznich nehomogennich struktur, jejichZ pfikla-
dem jsou textilie, je situace komplikovangjsi nez u ho-
mogennich substratu (viz vyse). PFi kontaktu kapaliny
s textilnim materialem lze sledovat kontaktni thel, ktery
je véak vZdy nutné povaZovat za zdanlivy.

Pfi porovnavani struktury povrchd rostlin, které
vykazuji extrémni hydrofobitu s textiliemi, Ize najit
prekvapivé souvislosti.

Rostliny s vysokym stupném hydrofobity maji ¢le-
nity povrch, ve kterém lIze identifikovat vice urovni
¢lenitosti — povrch je Elenity v kazdém zvétseni. Jsou
zde témér makroskopické Utvary o velikostech v de-
sitkach mikrometru ale i mirkostruktury o rozmérech
v desetinach mikrometru. Pokud rostlina potiebuje
odvadét vodu, ze svého povrchu vytvofii anizotropni
strukturu. Timto zplsobem rostliny dosahnou meznich
kontaktnich Ghl s vodou okolo 160°.

Pokud se podivame na textilie s dostateénym odstu-
pem, uvédomime si spolecneé rysy textilii a extrémné hydro-
fobnich rostlin. | u textilii 1ze nalézt nékolik Grovni Elenitosti
(pfize, vldkna, nerovnosti na viaknech) v rozmérech od
jednotek aZ po stovky mikrometrt. Viz obr. 5.

Na tomto zakladé je zalozan odperlujici efekt (hydro-
fobni Uprava) textilii, kde muZeme dosahnout kontakt-
nich UhIG na trovni 140°. | pies vy$si porozitu textilii nej-
sou tedy béZné dosahované kontaktni Ghly na textiliich
stejné vysoké, jako na nékterych rostlinach. Zakladnim
z davodu je jiz zminény rozdil v rozméru povrchovych
utvart (na textilii jsou fadové vétsi nez na rostlinach) a
s tim souvisejici nestejnomérnost povrchu.

Vliv drsnosti povrchu na kontaktni Uhel Ize obecné
popsat Wenzelovou rovnici, které plati pro neorientova-
nou drsnost povrchu. U textilii je povrch anizotropni
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z hlediska kontaktnich uhld. Nejjednodussim povrchem
s podobnymi viastnostmi je povrch s rovnob&znymi
ryhami v povrchu.

Pro anizotropni povrchy je tfeba definovat drsnost
ve dvou smérech.

Ve sméru pusobeni napéti mezi kapalinou a pevnou
latkou (smér Sipek) neni na obr. 7 vievo povrch drsny
- je dokonale hladky. Proto v tomto sméru je kontaktni
tihel roven kontaktnimu thlu na hladkém povrchu. Pro
kontaktni thel plati Youngova rovnice.

Na obrazku vpravo je ve sméru plsobeni napéti
mezi kapalinou a pevnou latkou (smér Sipek) povrch
Clenity. Pro kontaktni Uhel plati Wenzelova rovnice.
Dle Wenzelovy rovnice je v tomto sméru kontaktni
thel extrémnéjsi nez u hladkého povrchu. Pokud je
napfiklad hladky povrch nesmacivy, pak je v tomto
sméru tento povrch extrémné nesmacivy.

Na tomto zakladé je tfeba zobecnit koeficient drsnos-
ti podle nasledujiciho schématu — rovnice (3). Drsnost
nemusi byt definovana pouze jako pomér plochy realné
a makroskopické, ale muze byt definovan i jako pomér
délek mezifazi — rediného a makroskopického.

d=S,/8, »d=L/L, 3)

d — koeficient drsnosti povrchu, pomér redlného povr-
chu plochy povrchu viuéi zdanlivé (makroskopické)
plode povrchu, S; — plocha mezifazi redlného, S, —
plocha mezifazi makroskopického, L, — realna délka
mezifazi ve sméru pusobeni povrchového napéti, L,
— makroskopicka délka mezifazi ve sméru pusobeni
povrchového napéti.

Povrch tvofeny paralelnimi vidkny je bliZze textilii nezli
povrch tvofeny drazkami. Sledovani vlivu vzdélenosti a
orientace vlédken v povrchu bylo provedeno na povrchu
tvofeném paralelné usporadanymi vlakny. Tato struktu-
ra je matematicky Iépe definovatelna a analyzovatelna
nez bézna tkanina, ale stéle zde plati stejné zakonitosti
— struktura je definované uspofadana a je tvofena tex-
tilnimi vlakny.Vznikléa modelova struktura ma vyraznou
anizotropii, ktera je zfejma z obr. 8.

EXPERIMENTALNI CAST

Experimentalné byl povrch realizovan navinutim
vrstvy vliaken paralelné v t&sném kontaktu na pevnou
podlozku tak, aby se viakna nekfiZila a byla vzajemné
rovnobézna. K navijeni vrstvy bylo pouZito specialni
zafizeni, které umoznilo ménit stoupani navinu a pocet
vrstev vidken. Vidkna byla z divodu prakticnosti pouzita
v podobé monofilu o vy$§im priaméru, resp. multifilu
v pfipadé velmi jemnych vidken. Primér pouZitych
vlaken byl v rozmezi od 10 do 500 um. Povrch vzniklé
struktury byl hydrofobizovan tenkou hydrafobni vrstvou
na bazi perflouralkanu.

Na testovany povrch byla nanesena kapka o objemu
20 pl (20 mm®) pomoci mikropipety. Kapka byla snima-
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na ze dvou smérl — viz nasledujici schéma. Nasledné
byla k jiZ sedici kapce pfidana kapka a opét byla kapka
sejmuta z obou smérl. Takto byl objem pfisedlé kapky
zvySovan dokud nebylo dosazeno objemu 100 pl.

Pro pfipad tésného kontaktu viaken je zdanlivy kon-
taktni thel ve sméru pozorovani A az 150° pro pfipad,
Ze realny kontaktni Uhel je 90° a pfisedla kapka je
alespon fadové vétdiho rozméru neZ primér vldkna.
S rostouci vzdalenosti sousednich viaken roste i max-
imalni hodnota zdanlivého kontakiniho Uhlu — teoreticky
aZ k 180°. Pokud ov8em vlakna budou pfili§ vzdalena,
pak se na nich kapalina neudrzi — stece z vldken.

Pro pfipad tésného kontaktu vlaken je zdanlivy kon-
taktni uhel ve sméru pozorovani B roven 90° pro pfipad,
Ze realny kontaktni uhel je 90°. S rostouci vzdalenosti
sousednich viaken roste i hodnota zdanlivého kontakt-
niho Uhlu — teoreticky az k 180°. Pokud oviem vlakna
budou pfili§ vzdéalena, pak se na nich kapalina neudrZi
— stece z vlaken.

Pokud by tedy byla vytvofena soustava viaken v tés-
nem dotyku a nanesla by se na tento povrch kapka
kapaliny s realnym kontaktnim thlem 90°, pak by mél
byt podle vySe uvedenych Uvah pozorovan ve sméru A
zdanlivy kontaktni Uhel aZ 150° a ve sméru B 90°. Tento
povrch byl realizovan a experimentalné byl ve smeéru A
nalezen kontaktni uhel az 140° a ve sméru B asi 110°.
Tyto hodnoty byly naméfeny na viaknech priméru od
10 do 500 pm. Odchylky experimentu od teorie jsou
pravdépodobné dany nedodrZenim tésného kontaktu
sousednich vlaken — problémy pfinasela zejména ma-
nipulace s vidkny o priméru 500 um .

Vidkna a textil 12 (4) 167173 (2005)

Testing methods

ZAVER

Kontaktni uhly mezi kapalinou a textilii jsou
pouze zdanlivé — jejich velikost neni dana Youngo-
vou rovnici (rovnovahou mezipovrchovych sil), ale
nezanedbatelné i strukturou povrchu textilie. V praci
byla velka pozornost vénovana ¢&lenitosti povrchu
vliakenného Utvaru a jejimu vlivu na kontaktni tihel tex-
tilie-kapalina-vzduch. Popis geometrie povrchu reélné
textilie neni k dispozici s ohledem na extrémné kom-
plikovanou strukturu textilie a jeji nestejnomérnost.
Problém realné textilie byl FeSen na zjednoduseném,
ale fyzikalné velmi blizkém modelu struktury tvofené
t&sné uspofadanymi paralelnimi vlakny — viz obr. 10.
Tento povrch je blizky textilii v mnoha ohledech: zach-
ovava si porozitu redlné textilie, viakna jsou soucasti
uspofadané struktury a vznikla struktura je vyrazné
anizotropni. Takto definovany povrch je mozné i
relativné snadno realizovat a experimentainé ovéfit
jeho chovani. Experimentainé bylo zjisténo, Ze kon-
taktni Uhly jsou v souladu s navrzenou teorii smérové
zavislé a jejich velikost je v souladu s navrZzenym
teoretickym modelem.

Teoreticky zajimavym dlsledkem téchto pokust
a analyz je zjisténi, Ze pokud jsou vlakna vzajemné
vzdalenéjsi, pak lze dosahnout extrémnéjsich kon-
taktnich ahld. Praktickym disledkem je zjisténi, Ze
mechanickou zménou vzdélenosti viaken v povrchu Ize
v relativné Sirokych mezich ménit hydrofobitu textilie.
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AMORPHINITY (CRYSTALLINITY) OF SOME FIBER TYPES

Sodomka L., Kovagic V.

Technical University in Liberec, Czech Republic, Lubomir.sodomka@volny.cz

The paper proposes a simple roentgen diffractographic method for crystallinity and amorphinity,
and their values are quantified. The degree of crystallinity and amorphinity is introduced, and an
evaluation of nomex, kevlar, greystone and glass is performed.

1. Theoretical

All of the physical properties of material are depen-
dent on their structure on a nanoscopic scale, which
means the dimension of their atoms and molecules and
their distribution [1, 2, 3]. From the knowledge of their
structure, it is possible to estimate, deduce or forecast
some properties. Any prediction concerning fibers is
mostly oriented to wards their mechanical properties
and the mechanical properties of textile fabrics can be
predicted from these properties.

In addition, there are also the electronic properties
of requested fibers, which are prepared through nano-
technology. It is advantageous, therefore, to also use
nanofibers, which also have these properties.

The main methods for determining a quantitative
or semiquantitative nanostructure is the application of
a roentgen diffractometric structural analysis [4]. The
structural determination of simple matter is relatively
elementary. In a textile structure the fundamental struc-
tural component is mostly the polymer fibers, which are
of a complicated structure, and it is frequently neces-
sary to limit the degree of exactness in order to obtain
some simplifyied results. In this contribution a simple
diffractometric method for obtaining some structural
information and an evaluation are proposed.

A great advantage of fibers is that they generally
have a greater mechanical moduli and strength than
arises in bulk materials. They have a more perfect
structure than bulk materials do. High strength (HS)
and high moduli (HM) fibers are governed through their
molecular fiber structure, and their binding forces are
the so-called nanostructures. The nanostructure is de-
termined in bulk using roentgen diffraction, or in special
cases through neutron diffraction, andthe structure of
the surface and/or thin films are determined through
electron diffraction [1—4].

Fiber nanostructures are more complicated then
simple anorganic matter. Therefore, roentgen diffracto-
grams are also more complex, and their interpretation
is more complicated. Polymer fibers are partly crystal-
lic and partly amorphous; therefore, an evaluation of
diffractograms is not easy. For a rapid on-line fiber A
(C) evaluation, a simple method is necessary. A simple
method is proposed for the graphitization of carbon
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fibers and carried out [5, 6]. For determining a C, Afiber
the foregoing graphitization method was improved and
generalized. For the CA estimation a new degree of
quantity, amorphinity (A) and crystallinity (C) Dyand D¢
analogous to the degree of graphitization treated in [5],
[6], was proposed. The definition of D¢ is as follows

D¢ = I(hkl)pax/ W(hkl), (1)

where the symbols I(hkl),., and W(hkl),, have the
following meaning: I(hkl),., is the peak intensity of
the (hkl) reflection, and W(hkl),, is the halfbreadth t.i.
the diffraction lines breadth in the half altitude of the
[(hkl)max- The D¢ determination is reduced to a determi-
nation of I(hkl).,and W(hkl),,, which can be measured
on the diffraction line with the reflection (Miller) index
(hkl).

An elemental theory for determining the degrees
of amorphinity and crystallinity D, and D¢ can now be
used for determining the fiber types of two polymers
and one greystone and glass ones.

The degree of amorfnity D, is defined as

Da(hkl) = W(hkI),5 / 1(hkl)max = 1/Dg (2)
or can be calculated indirectly using the relation
Da=1-Dc. (3)

2. Experimental

The diffractometric measurements were performed
using a Siemens automatic diffractometer. The pre-
pared probes were treated through the monochromatic
roentgen radiation CuK, using the wave length A =
0.154 nm. The whole diffraction spectra for the poly-
mer Nomex, Kevlar , greystone and glass fibers are
presented in Figs.1, 2, 3 and 4.

The straightline in Figs. 1, 2, 3, 4 separates the
difraction lines from the background.

3. Evaluation of the measurements
From the diffractograms in Figs.1, 2, 3, 4, the quan-

tities 1(hkl)a and W(hkl),,, were determined a the de-
grees of the fiber amorphinity and crystallinity for the
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Fig.3 Diffractogram of greystone fibers

Nomex, Kevlar, greystone, and glass fibers Day, Dax,
Dass Dag ( @andfor Dy, Dek, Des, Deg ) were calculated.
The results are summarized in table 1.

From the degree of relative amorphinity (crystallinity)
Dy (Dg), the crystal ratio in the fibers can be estimated;
for the Nomex fibers it is 99 (1.1) percent, for the Kevlar
94.5, (5.5) percent, the amorphous (crystal) ratio in
the greystone and glass is approximately 100 percent,

Table 1 Degrees of amorphinity and crystallinity of Nomex, Kevlar,
greystone and glass fibers

Quantity L Ll

Nomex | Kevlar | Greystone Glass
H(NKI) ey (rEl.U.) 41 48 8 12
W(hkl),, (rel.u.) 5 5 30 25
D, (%) = 92 80.5 99.15 99.5
Dg =8.0 9.5 0.25 0.48
o 71 70 44 36
Strength in GPa ~ 28 28 2.48 E1.75
Tensil mod. in GPa | ~100 125 81 70
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which in the second case can be ignored. Both of the
latter fibers are in a glassy state.

The strength of the glassy fibers is caused accord-
ing to the Zacheriansen-Stevels glass theory through
their mesh structure or after Porai — Kosic through the
clusters of nanopatrticles (see [1], [2] chap.17).

All of the fibers studied have a relatively high strength
and tensile modulus as is shown in Table1.

From Table 1, it can be seen that the mechanically
studied fiber properties are comparable with one an-
other, whereas the degrees of crystallinity are very dif-
ferent. The explanation for these facts consists in the
fact that the crystal binding forces are of the same order
as the forces in the glass (amorphous) network are.

The degree of amorphinity (crystallinity) is inter-
preted to mean that the structures differ only in their
structural order.

4. Degree of the amorphinity (crystallinity) and
its relation to entropy
From the foregoing text it is possible to assume that
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the degree of crystallisation (D) is a measure for the
order in the fiber structure and not for the binding forces
and that D,is a measure for the disorder in the fibers.
This means that D, (D) also has to cohere with the
entropy S of the fibers. When the Boltzmann statistical
relation between the entropy S and thermodynamic
probability P is used, S = kg InP (see [3] chap.6) and
the elemental relation between P and D, is formulated
as P = KD¢, where K is the proportionality factor, and
kg is the Botzmann constant; then for the entropy S,
the following relation using the formulas (1) and (2)
implies

S = Kg In KD4 = kg In KW(hKI) 15 /(I(K1)ay) =
= kg In K+ Kg In W(hKI); ;= Kg In I(hkD) ey (2)

From the formula it can be seen that the entropy
of the fiber structure can be determined through the
roentgen diffraction line profiles, which means through
the quantity W(hkl),, and I(hkl),..,, which can be rela-

Testing Methods

tively easily reached using the difractometric measure-
ments.
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Amorfinita (krystalinita) niektorych typov viakien

Translation of abstract:
Amorphinity (crystallinity) of some fiber types

V tomto prispevku je navrhnuté jednoducha rontgenova difrakéna metéda pre kvantifikovanie krystalinity a
amorfinity. Je uvedeny stupen kry3talinity a amorfinity hodnoteny u vybranych typov vldkien ako st nomex,

kevlar, greystone a sklo.
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USE OF STATISTICAL APPROACH FOR IMAGE ANALYSIS
OF VISUALIZED TRANSPARENT POLYMERIC FOILS

Syrova L.*, Ravas R.*, Jambrich M.**, Grman J.*

*Faculty of Electrical Engineering and Information Technology, Bratislava

**Faculty of Industrial Technologies TnU A. Dubcek, Puchov

The contribution treats the topic of processing the experimentally gained information on the pro-
perties of optically transparent polymeric foils. Schlieren optical system was used to examine and
visualize refractive index distribution. Statistical approach enables useful classification of different
types of polyolefine foils into classes. Experimental results and their statistical interpretation are
presented as well. The successfulness of classification was verified. Signature oriented classifier

on the base of neural network has been used.

INTRODUCTION

Optical visualization methods use changes in the
absorption of photons during their transmission through
mechanically loaded regions of transparent polymeric
foils. The main advantage of these methods is that
they provide information that can be used for further
processing after photographic or digital recording.
Of the many methods for visualizing refractive-index
nonhomogeneities in transparent media, the schlieren
method is one of the oldest and simplest. As an instru-
ment, a schlieren apparatus is sensitive to transverse
refractive index gradients in the test object. These
gradients cause incoming light rays to undergo angu-
lar deviations, which are in turn encoded by means of
selective interaction with a spatial filter, named a knife
edge cutting off part of the transmitted light, e.g. an
appropriate spatial filtering blocks the undeviated light
while allowing the transmission of some refracted light.
The camera objective focuses the test object onto the
recording plane, where one receives a reduced inten-
sity of light, depending on the amount of light cut off by
the knife edge [1], [2].

IMAGE PROPERTIES

For image processing it is necessary to correct influ-
ence of light source inhomogeneity , influence of the
optical string and of the sensing device for evaluation of
images gained by the optical visualization of polymeric
foils [3], [4]. One of the possibilities is to use reference
image picked up without presence of tested object
[5]. The reference image can be taken as an image of
errors of the whole optical system on the assumption
that we have used a virtual light source [6]. Correction
of brightness errors is necessary for the further image
processing by the statistical methods.

In an ideal image of visualized foils the changes
of brightness reflect changes of the refractive index
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of test material, changes of thickness of material and
presence of impurities and defects. The refractive index
depends on the density of material through which light
beams traverse [7].

Properties of images can be described by the his-
tograms of relative occurrences of grey levels. The
attributes of histograms can be numerical character-
ized using moments of distribution as the mean value
of grey level

m=ix1p(x,-) (1)

and centred moments of the distribution of the k-th
order

%) =i<x,. —m)p(x,) @)

where x; is the value of i-th grey level, p(x) is the rela-
tive occurrence of this grey level, which can be taken
as the probability of occurrence of grey level and L is
the number of grey levels in the image. The regularity
in structure of the foil can be described by the two-di-
mensional autocorrelation function. In order to quantify
properties of foils images it is possible to use the grey
level co-occurrence matrix [8],[9].

We can characterize it as a matrix with the elements
giving the occurrence of pairs of grey level in the de-
fined direction and distance. Such a matrix can reflect
the character of image structure unlike the character-
istics (1) and (2). Indices of the matrix elements corre-
spond to the grey level of the pair. The matrix is square
and symmetric to the main diagonal. The number of
grey level of the pre-processed image determinates
dimensions of the matrix. Owing to the discrete char-
acter of image the direction angles of pairs of pixels is
quantized by the step 45°. Matrix for the distance d =
1 and the angle o = 0° can be expressed by

P(i, ,d,0) = # g(k.),(m,n)Jlk = m,|l | =
= d,I(k,]) = i,)(m,n) = [}

(3)
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where (m,n) and (k,l) are coordinates of pixels sepa-
rated by distance d in the horizontal direction, i, j are
grey levels of such pixels, where symbol # denotes
the number of elements in the set. In order to calculate
characteristics from such a matrix it is more suitable
to use relative occurrences (frequencies) according
to (4)
P(i,j,d,a)
i (4)
P(i,j,d,a)

i=0 j=0

pli,j,d.o) =

In [8], [9] are some features computed from the co-
occurrence matrix (4). From the suitable features we
can present contrast

L-1 L=1L-1
= nz{ PUO'G} (5)
=l f=0) =0 |i=fl=n
correlation
L-1L-1
2_(iNp(.j.d,a)=m, 4 ,m,
b = — (6)
Ut.d.ady.d',tz
standard deviation
f:'l.d.o: = Jx.d.u (7)

where the mean values m, 4., M, 4, and the standard
deviations g, 4, 0,4, Can be computed from (8)

L-1 L~
mx.da zz i J" d a)
ik (8)
O-f.d.a =O_f,d.a = ( xd:x)2zp(" .l'l da)
=0
uniformity of energy
L-1 L-1
fida pz(f:fl-dsa) (9)
i=0 j=0
and entropy
L-1L-% i g .
fga = p*(i.j.d,a)log,p(i,j.da) (10)

"
o

i=0 j

CLASSIFICATION

Under the classification we understand procedure of
decision on the assigning a foil sample to the defined
class of foils or to the type of foils based on the pro-
cessing of image of visualized foil structure. The tool
enabling to assign a foil into classes is called the clas-
sifier. One of possibilities is to use signature oriented
classifiers. Numerical features that are elements of
the feature vector are defined to the specific images.
The end point of feature vector is called pattern of foil.
It is necessary to find such signatures that enable to
cluster patterns of foils belonging to the same class
and simultaneously enable to separate subspaces
of patterns of foils belonging to the different classes.
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Then it is enough to create discrimination functions
enabling to divide the signature space into the disjunc-
tive subspaces. Each subspace will contain patterns
of only one class of foils in ideal case. Such rules can
be derived only in simple cases. In more complicated
cases classifiers based on the principle of training such
neural networks must be used.

NEURAL NETWORK CLASSIFIER

At present a very perspective solution of classifica-
tion problem is neural network (NN) application. Net-
work topology depends on the choice of input data rep-
resentation. The dimension of signature vector is equal
to the size of network input layer. The size of output
network layer depends on the number of tested classes
[12]. We chose the signature vector, which components
selected characteristics calculated from histogram of
relative occurrences of grey levels or from grey level
co-occurrence matrix were. Neural networks have the
ability of generalization and universal approximation as
a result of the general approximation theorem.

For classification are usually feed-forward super-
vised NN used. The most popular is the multilayer
perceptron (MP). MP containing one hidden layer is
adequate to approximation of any arbitrary continu-
ous function. The input space of signature vectors of
images must be separable into disjunctive subspaces
(clusters). Every cluster then contains signatures of
the same class.

EXPERIMENTAL RESULTS

The foils images were taken on the schlieren appa-
ratus constructed according to Dr. Bolf [5] by 5 mega-
pixels CCD camera. Gained images were corrected by
reference images. The corrected images were used for
statistical characteristics calculation (1), (2).

In fig. 1.a, 1.b and 1.c are displayed the sharpened
corrected images of two different samples of BOPP foil
AG36 and a sample of BOPP foil AC700. From images
it is seen that different foils have different characteristic
features that are well observed, images of different
foils can be distinguished and on the contrary images
of different samples show some similarities. Figures
show some regularity of stochastic character. In figures
1.a, 1.b and 1.c. are also histograms of relative occur-
rences of grey levels. Histogram can be characterized
by the position and by the shape. Histograms of images
belonging to the different samples of the same kind of
foil are similar and on the contrary histograms of the
different kind of foil may be characterized by some
dissimilarity.

In order to experimentally verify the possibility of
classification of foils characteristics from the co-occur-
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Fig.1 a) Modified image of foil AG36 with histogram, b) Modified
image of an another sample of foil AG36 with histogram, c)
Modified image of AC700 foil with histogram

rence matrix were calculated as well. There is 3D-rep-
resentation of a section of the grey level co-occurrence

P(i.j.1,0)

0.04+

0.024-
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matrix for two different foil samples in fig. 2.

To verify the possibilities of classification of foil imag-
es ten polyolefine foil samples from which two samples
of the foil are the same, have been gained in the same
condition [10]. We chose the signature vector, which
components were the mean value and the centred mo-
ments of distributions of the 2™ to the 4" order .

In addition to the whole images characteristics, we
have also assigned their four disjunctive parts. Fig.
3.a shows projection of signature vectors of individual
classes (classes are individual types of foil) into the
plane which coordinates are the mean value and the
variance. Using a suitable choice of signatures there
is a tendency to the grouping of patterns of individual
classified classes . In fig. 3.b a detail from fig.3.a is il-
lustrated. Selected signature vector for given groups of
foils enables to create separable clusters in the space
of features that fig. 3 demonstrates.

Fig. 4 exemplifies tendency to the grouping and to
the separation of patterns of the same classes as used
in previous case. The features were computed from the
co-occurrence matrix. For the successful classification
it was necessary to use signature vector containing
three elements, e.g. contrast, standard deviation and
correlation [11].

For experimental purposes the software system
that integrates the software modules necessary to
verification of arranged methods was developed. The
system consists of block of image processing (fig. 5),
database system, module for neural network training,
block of neural network parameters saving, block of
classification of foils images. The parameters of neural
network were gained by network training. The software
system is universal. It is possible to insert continuously
foils samples that are together with the calculated sta-
tistical characteristics saved in the database into the
system.

Images of seven different types of foils were used
in experiments with the neural network classifier. From

plij1.0)

0.04-

0.024-

b)
Fig. 2 3D-representation of the grey level co-occurrence matrix of foil images ford = 1 and « = 0° a) AG386, b) AC700
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each foil 16 samples were taken and stored into the
database. From the database of foils samples it is pos-
sible to create different sets determined to the neural
network training and the sets determined to the classi-
fier test. The system enables to select the structure of
neural network and the choice of characteristics that
are elements of signature vector.

Good results were already achieved in the case
of neural network training with six casually selected
samples from each class. Successfulness of classifi-
cation was 107 accurate classified images of 112 im-
ages. Nonsussessfulness of classification was mostly
influenced by the presence of brightness fluctuation of
deformations caused by defects in the foils structure.
In fig. 6 the record of global error of classifier during
the training in the case when foils images with defects
were excluded from training and classification is pre-
sented.

CONCLUSION
Contribution shows the possibilities of classification
of visualized optically transparent polymeric foil. Statis-

tical methods of image processing and neural network
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ba po simulacii: & _
lasif. chyba po simuldcii: 08

Fig. 6 Dependence of error of artificial neural network on the number
of training epochs

are suitable methods enabling classification of foils.
Successfulness of classification significantly depends
on the quality of pictures gained on the suitable setting
of schlieren apparatus and of course depends on the
digital image processing. In [13] there is an interesting
application of comparison pieces of polymeric foil in
forensic science even if in this case only visual com-
parison of various pieces of the same polymeric foil
without the quantitative assessment of images was
used. Results published in [14] and [15] show that it is
possible to apply the schlieren visualization method to
the assessment of the quality of polymeric foil because
it permits to locate on a pre-processed picture the
places with elastic strains that are marked by variations
in the level brightness (grade of level). The completion
of the method with suitable statistical characteristics
calculated from the pre-processed image has found the
application in the field of defectoscopy, identification
and classification of polymeric foils as well.

Acknowledgement: The present work is sponsored by the re-
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Pouzitie statistického pristupu na analyzu obrazov
vizualizovanych transparentnych polymérnych folii

Translation of article:
Use of Statistical Approach for Image Analysis of Visualized Transparent Poly-
meric Foils

Clanok je venovany problematike spracovania experimentélne ziskanych informacii o vlastnosti-
ach opticky priehladnych polymeérnych folii. Slirov opticky systém bol pouZity na vizualizaciu zmien
indexu lomu. Statisticky pristup umoZiuje klasifikaciu réznych typov polyolefinovych fdlii do tried.
Experimentalne vysledky a Statisticka interpretacia si prezentované. Uspesnost klasifikacie bola
overena priznakovo orientovanym klasifikatorom na baze neuronovych sieti.

uvoD

Optické vizualizadné metédy vyuzivaji zmeny
absorbcie foténov poéas prechodu cez mechanicky
namahané oblasti priehfadnych polymémych folii. Hlav-
nou vyhodou tychto metéd je, Ze poskytuju informacie,
ktoré su pouZitelné pre dalie spracovanie prostrednic-
tvom fotografického alebo digitalneho zaznamu. Slirova
metdda patri k najstarsim a jednoduchym metédam
vizualizacie nehomogenity indexu lomu priehladnych
médii. Slirov pristroj zobrazuje priebeh gradientu in-
dexu lomu testovaného objektu. Zmeny gradientu
spOsobuiju, Ze dopadajlci svetleny IU¢ sa vychyluje
zo svojej pévodnej dréhy. Rovinné ostrie umiestnené
Vv rovine obrazu zdroja zatieni obraz zdroja tak, ze na
tienidlo dopada len &ast svetla zo zdroja. V rovine os-
tria sa zmenia svetelné pomery a svetlo, ktoré by bolo
pbvodne zachytené, méze prechadzat mimo ostria,
pripadne svetlo, ktoré pévodne prechadzalo mimo
ostria, mdze byt na fiom zachytené. Objektiv kamery
zaostruje testovany abjekt do zobrazovacej roviny, kde
sa ziska obraz zmien intenzity svetla, ktoré zavisia od
mnoZstva svetla zachyteného na ostri noza [1, 2].

VLASTNOSTI OBRAZU

Pre vyhodnocovanie obrazov ziskanych opticky-
mi vizualizaénymi metadami polymérnych folii pros-
triedkami Cislicového s; -acovania obrazu je ddlezité
korigovat vplyv nehonicgenity zdroja svetla, vplyv
optickej cesty a citlivosti snimacieho zariadenia [3, 4].
Jednou z moZnosti ich korekcie je pouZitie etaldnového
obrazu ziskaného snimanim obrazu bez testovaného
objektu [5]. Etalénovy obraz poskytuje obraz chyb celej
optickej cesty zdanlivo osvetlenej idealnym zdrojom
svetla [6]. Jasova korekcia je nevyhnutna pri popise
obrazu Statistickymi metddami.

V idealnom obraze vizualizovanej félie zmeny jaso-
vych Urovni odraZajl zmeny indexu lomu testovaného
materialu, zmeny hribky materialu a pritomnost de-
fektov a poskodenia materialu. Index lomu zavisi od
hustoty materialu, ktorym prechadza svetelny IU¢ [7].
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Vlastnosti obrazov sa daju popisat pomocou histo-
gramov relativnych pocéetnosti vyskytu jasovych trovni.
Vlastnosti histogramov sa daju numericky popisat
pomocou momentovych charakteristik ako su stredna
hodnota jasovej Urovne

L
m=73 xp(x;) (1)
i=1
a centralne momenty k-tého radu
L
Juk(x):Z(XJ _m)kpixa) (2)

f=1

kde x; je hodnota i-tej jasovej Urovne, p(x;) je relativ-
na pocetnost tejto jasovej Urovne, ktorda méze byt
povaZovana za pravdepodobnost vyskytu jasovej
urovne a L je pocet jasovych Grovni obsiahnutych v
obraze. Pravidelnost Struktlry obrazu sa da popisat
dvojrozmernou autokorelaénou funkciou. Vlastnosti ob-
razov folii je mozné kvantifikovat maticou Sedoténovych
spoluvyskytov [8, 9].

Tuto maticu tvoria prvky, ktoré udavaju pocetnost
vyskytu dvojice jasovych Urovni s definovanou
vzdialenosfou a smerom v obraze. Matica mbZe
charakterizovat Struktiru obrazu na rozdiel od chara-
kteristik (1) a (2). Indexy prvkov matice koresponduju
s hodnotami jasovych Urovni dvojice pixelov v ob-
raze. Matica je Stvorcova a symetricka podla hlavnej
diagonaly. Pocet jasovych urovni spracovavaného
obrazu uruje rozmery matice. Vzhladom na diskrétny
charakter obrazu, uhol smeru spojnice dvojice pixelov je
kvantovany s krokom 45°. Matica pre vzdialenostd = 1
a uhol o = 0° sa da definovat nasledovnym vztahom

P(i,j,d,0) = # (k.J),(m,n) ]}k = m|l—n| = -

=d,lI(k,l)=i,/(m,n)= |}

kde (m,n) a (k,!) su stradnice pixelov vzdialenych o d
pixelov v horizontalnom smere, i, | su jasové Grovne
tychto pixelov a symbol # znamena pocet prvkov
mnoZziny, ktora vyhovuje danej podmienke. Pre vypotet
charakteristik je vhodné pouZit relativne pocetnosti
spoluvyskytov ako je to vyjadrené vztahom (4)

P(!'J,G’,a)=—-*—L_1Fi(l”"d'a) (4)

D> Plij.da)

=4

S
[+ —
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V [8], [9] st uvedené viaceré charakteristiky potitané
z matice Sedoténovych spoluvyskytov (4). Medzi vhod-
né charakieristiky patria kontrast

L1 L=1
ro‘a = Zn {zzp i j!d!a)} (5)
i ==

korelacia s Ll
Z 'U)p I!jrdia)_mx,d,amy.d.u
haa = (6)
0—2, .O'c)— A a
smerodajna odchylka e
'I;,B‘,n - O-Jr.d.r: (7)

kde stredné hodnoty m, 4., M, 4, @ Smerodajné odchylky
Oy g Oyaq S@ pocitaji pomocou vztahu (8)
L-1L-1

> p(i.j.dc)

=0 j=0

m =Myaa =

Z(J M) Zp(: j.d.a)

2
Crx.d.{x xr.fu

rovnomernost energie
L-1L=

pei,jd.e) (9)

i=0 j=0

4d0

a entropia
L-1L-1

Zp*‘(f.;‘,d,a).ioggp(frf,d,a) (10)

Sf.'a =

=0

KLASIFIKACIA

Pod klasifkaciou folii rozumieme proces rozhodo-
vania o zaradeni vzorky félie k uréitej skupine folii,
pripadne typu félie na zaklade spracovania obrazu vi-
zualizovanej Struktury félie. Na rozhodovanie zaradenia
félie do vopred definovanych tried sa pouZivaju kla-
sifikatory. Jednou z moZnosti je pouZitie priznakovo ori-
entovanych klasifikatorov. K danym obrazom sa definu-
ju ¢iselné charakteristiky — priznaky, ktoré su zlozkami
priznakového vektora. Polohu koncového bodu ve-
ktora priznakov nazyvame obrazom folie. Cielom je
najst také priznaky, ktoré vedu k zhlukovaniu obra-
zov félii prislichajucich tej istej triede a zaroveri vedu
k separacii oblasti s obrazmi folii prislichajucimi do
rdznych tried. Potom staci zvolit vhodné diskriminacné
funkcie, ktorymi sa dé priestor priznakov rozdelit na
disjunktné podpriestory. Kazdy podpriestor v idealnom
pripade bude obsahovat obrazy len jednej triedy folii.
Diskriminaéné funkcie sa daju v jednoduchych pripa-
doch odvodit, v zlozitejSich pripadoch sa pouZivaju
klasifikatory zaloZené na uceni, ako su napr. neurénove
siete.

KLASIFIKATORY NA BAZE NEURONOVYCH
SIETI
V sucasnosti sa ukazuje ako velmi perspektivne
rieSenie problemu klasifikacie pouZitie neurdnovych

sieti. Topolagia neurdnovych sieti zavisi od vyberu
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mnoziny vstupnych dat. Rozmer priznakového vektora
je totozny s poétom neurénov vstupnej vrstvy. Pocet
neurénov vystupnej vrstvy neurénovej siete zavisi
od poctu tried [12]. Vybrali sme priznakovy vektor,
ktorého zloZky tvorili vybrané charakteristiky pocitané
z histogramu relativnych po&etnosti jasovych Urovni a
z matice Sedoténovych spoluvyskytov. Neurénové siste
maju schopnost generalizovat a majt schopnost najst
rie§enie obecnej aproximaénej ulohy ako désledok
v8eobecnej aproximacénej teorémy.

Pre klasifikaciu bola pouZita dopredna neurénova
siet s u€enim. Medzi asto pouZivané patrf viacvrstvovy
perceptron. Obsahuje jednu skrytu vrstvu, ktora staci
na aproximaciu [ubovolnej spojitej funkcie. MnozZina
vstupnych priznakovych vektorov ma byt separovatelna
do disjunktnych podpriestorov (zhlukov). Kazdy zhluk
potom obsahuje priznaky tej istej triedy.

EXPERIMENTANE VYSLEDKY

Obrazy folii boli ziskané Slirovym pristrojom
konstruovanym Dr. Bolfom [5] a zosnimané 5 mega-
pixelovou CCD kamerou. Nasnimané obrazy boli ko-
rigované pomocou referenénych obrazov. Korigované
obrazy boli pouzité pre vypocet Statistickych charak-
teristik (1), (2).

Obr.1 a) Modifikovany obraz félie AG36 s histo-
gramom, b) Modifikovany obraz inej vzorky félie AG36
s histogramom, c) Modifikovany obraz félie AC700
s histogramom

Na obrazkoch 1.a, 1.b a 1.c su zobrazené ostrené
korigované obrazy dvoch réznych vzoriek BOPP félie
AG36 a vzorka BOPP folie AC700. Na obrazkoch je
vidiet, Ze rézne félie maju rézne pozorovatelné cha-
rakteristické Crty, obrazy réznych félii sa daji rozlisit
a naopak obrazy réznych vzoriek tej istej folie vyka-
zuju urcité podobnosti. Na obrazkoch je vidiet uréitd
pravidelnost stochastického charakteru. Na obrazkoch
1.a, 1.b a 1.c s znazornené aj histogramy relativnych
po&etnosti vyskytu jasovych Urovni. Histogramy mézu
byt popisané polohou a tvarom. Histogramy obrazov
prislichajuce réznym vzorkam tej istej folie sa podo-
baju a naopak histogramy réznych druhov folii mézu
vykazovat uréite odlinosti.

Za Uéelom experimentalneho overenia moZnosti
klasifikacie folii boli poéitané aj charakteristiky z matice
Sedotonovych spoluvyskytov. 3D reprezentacie vwrezov
matice Sedotonovych spoluvyskytov pre dve rdzne folie
sU uvedené na obrézku 2 .

Obr. 2 3D-reprezentécia matice Sedoténovych spo-
luvyskytov obrazov folii pre d = 1 a o = 0° a) AG36,
b) AC700

Aby sme verifikovali moZnosii klasifikacie polyole-
finovych folif, pouZili sme desat vzoriek, z ktorych dve
vzorky prislichali tomu istéemu typu folie, pri€om ob-
razy vzoriek boli ziskané za tych istych podmienok
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[10]. Vytvorili sme priznakovy vektor, ktorého zloZzky
boli stredna hodnota a centralne momenty druhého a
Stvrtého radu.

Obr. 3 a) Priemet priznakovych vektorov obrazov
testovanych folii do roviny stredna hodnota x smero-
dajna odchylka, b) priemet priznakovych vektorov
obrazov testovanych folii do roviny stredna hodnota x
smerodajna odchylka (detail z obrazku 3.a)

Okrem charakteristik po&itanych pre cely obraz sme
pouZili aj charakteristiky Styroch disjunktnych €asti
toho istého obrazu. Na obr. 3.a je znazorneny priemet
priznakovych vektorov jednotlivych tried (pod triedami
rozumieme jednotlivé typy félii) do roviny, ktorej sirad-
nice tvoria stredna hodnota a smerodajna odchylka.
Vhodnost volby priznakov poukazuje na tendenciu
zhlukovania obrazov jednotlivych tried. Na obrazku
3.b je zobrazeny detail z obrazku 3.a. Z obrazku 3 je
vidiet, Ze zvoleny priznakovy vektor pre danu skupinu
folii umozriuje vytvorit separované zhluky v priestore
priznakov.

Obr. 4. Priemet priznakovych vektorov testovanych
folii do roviny a) (f 1,00 X f3190) (kontrastpred =1 a
o. = 90°, smerodajna odchylka pre d = 1 a o = 90°), b)
( f1,1,45 X 5145 ) (Kontrast pre d = 1 a o = 45°, entropia
pred=1a =45

Obrazok 4 poukazuje na tendenciu zhlukovania
a separacie obrazov tych istych tried ako v pred-
chadzajicom pripade. Priznaky boli pocitané z matice
gedotonovych spoluvyskytov. Pre tispesnost kiasifika-
cie je potrebné pouzit v tomto pripade priznakovy vektor
s tromi zlozkami, napr. kontrast, smerodajna odchylka
a korelacia [11].

Obr. 5 Strukttra programoveého systému na spraco-
vanie a klasifikaciu obrazov folii

Na realizaciu experimentov bol vyvinuty programovy
systém integrujuci programové moduly na verifikaciu
pouzitych metéd. Systém pozostava z blokov (obr.
5) ako je blok spracovania obrazu, databazovy mod-
ul, modul na trénovanie neurénovej siete, blok na
ukladanie parametrov neurénovej siete a blok kla-
sifikécie obrazov f6li{. Parametre neurénovej siete sa
ziskavaju trénovanim siete. Programovy system je
otvoreny. UmoZiiuje pricbeZne vkladat obrazy vzoriek
folii spolu s pocitanymi - tatistickymi charakteristikami
do databazy.

Obrazy siedmich réznych typov félii boli pouZité
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v experimentoch s klasifikatorom na baze neurénovej
siete. Z databazy obrazov vzoriek félii je mozné vytvarat
rézne mnoziny urené na trénovanie neurénovej siete
a mnoZziny urené na testovanie klasifikatora. Systém
umoziuje vyberat Strukturu neurénovej siete a vyberat
charakteristiky, ktoré tvoria zloZky priznakového vek-
tora.

Obr. 6 Graficky zaznam procesu trénovania umelej
neurénovej siete

Dobré vysledky sa dosiahli uz po natrénovani
neurénovej siete pouZitim Siestich vzoriek z kazdej
triedy. Dosiahnuté Uspesnost klasifikacie bola 107
spravne klasifikovanych vzoriek zo 112 obrazov.
Neuspesnost klasifikacie bola spésobena hlavne
pritomnostou jasovych zmien a deformécii v désledku
pritomnosti defektov v Strukture félie. Na obrazku 6 je
znazorneny priebeh globalnej chyby klasifikécie pocas
tréningu pre pripad, ked obrazy fdlii obsahujuce defekty
boli vyradené z trénovania a klasifikacie.

ZAVER

Prispevok poukazuje na moznost klasifikacie vi-
zualizovanych opticky priehladnych polymérnych folii.
Statistické metédy pouzivané pri &islicovom spraco-
vani obrazu su vhodnymi metédami umoznujacimi
klasifikovat obrazy folii. Uspesnost klasifikacie vyzn-
amne zavisi od kvality ziskanych obrazov, od vhod-
ného nastavenia Slirovho pristroja a samozrejme od
Cislicového spracovania obrazu. V [13] je publikovana
zaujimava aplikacia porovnavania €asti polymérnych
folii v kriminalistike, v tomto pripade sa pouZilo len
vizuélne porovnavanie roznych Easti tej istej félie bez
kvantitativneho vyhodnotenia ich obrazov. Vysledky
publikované v [14] a [15] poukazujui na moznost pouZitia
§lirovej vizualiza¢nej metédy na vyhodnotenie kvality
polymeérnych félii, pretoZe umoZiuju detekovat na pred-
spracovanych obrazoch miesta s deformaciami, ktoré
sa vyznaduju vyraznymi zmenami jasovych urovni.
Doplnenie metédy vhodnymi Statistickymi charakteris-
tikami pocitanymi z predspracovanych obrazov mézu
najst uplatnenie v oblasti defektoskopie, identifikéacie a
klasifikacie polymérnych félii.
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