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COMPARATIVE STUDY FOR COTTON AND MERINOWOOL
FABRICS COMFORT PROPERTIES

M. Motawe, A. Havelka, L. Hes and Z. KUs

Technical University of Liberec, Faculty of Textile Engineering, Department of Clothing
Technology, Studentska 2, 461 17 Liberec, Czech Republic
mhmotawe@gmail.com

Abstract: In this research, thermophysiological properties for knitted fabrics made from cotton and
merinowool were investigated. The results are presented graphically and discussed, and the
influence of the type of fibers on thermophysiological properties was observed for both fabrics.
Although cotton fabrics are widely and commonly used in tropical weather, but it was found that
merinowool fabrics showed enhanced thermophysiological properties.

Key words: Thermophysiological properties, Clothing comfort, Merinowool, Cotton, Knitted fabrics.

1 INTRODUCTION

Textile clothing materials whether of woven,
knitted or non-woven construction are
disperse systems consisting of textile fibers,
air and moisture. Air has a very low thermal
conductivity and offers a high resistance to
conductive heat transfer. Textile fibers are
much better conductors of heat than air, i.e.
the thermal conductivity of wool fibers is
about 10 times and of cotton fibers about 25
times higher that of air [1-3].

As the fibers occupy major fraction of the total
volume in a textile fabric, the differences in
fiber type are of significant importance for the
dry heat transfer, the thermal insulation and
moisture transfer [1-3].

There are specific physical textile properties
that may be measured in an effort to predict
the comfort performance of a fabric; basically
a textile material should be evaluated in
terms of the most general functional
properties:  thickness, weight, thermal
insulation, resistance to evaporation and air
penetration. There are also some properties
that could be an indicator for overall
thermophysiological properties of the fabrics,
for instance there are three clothing factors
that relate directly to thermal comfort. First is
the overall thickness of the materials with air
spaces between the skin and environment,
second is the extent to which air can
penetrate the clothing by wind or wearer
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motion, and the third is the requirement that
fabric does not restrict the evaporation of
perspiration [4-6].

2 EXPERIMENTAL

2.1 Measuring methods

In this work the different comfort properties,
i.e. thermal effusivity e (Ws'2/m?K), thermal
diffusivity (m?s), thermal conductivity k
(W/mK), thermal resistance R (msz'1),
water vapor resistance R.; (m?Pa/W) and
water vapor permeability index /,; for cotton
and merinowool garments have been
measured under nine different combinations
of tropical conditions.

This was to determine the comfort properties
of each type and to monitor the effect of
humidity and temperature which actually
exists in tropical countries on the comfort
properties of these fabrics.

Thermal effusivity e (Ws”/m3K), thermal
diffusivity (m?#s) and thermal conductivity k
(W/mK) were measured using Thermal
conductivity analyzer [7], while thermal
resistance Ry (m2Kw') and water vapor
resistance Re; (m?Pa/W) were measured
using Sweat Guarded Hot Plate (SGHP)
under isothermal conditions [8]. Water vapor
permeability index /,; was calculated using
relevant standards [9].
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2.2 Materials

In this work two different types of garments
made from cotton and merino wool, with plain
structure and very limited variation of weight
and thickness were used to investigate and
compare their thermophysiological properties,
within the simulated designed tropical
weathered conditions. Table 1 shows the
specification of materials being used within
this research.

Table 1 Materials specification

Sample Merino wool | Cotton
Yarn count, Tex 19.78 19.6
Loop length, cm 0.38 0.253
Course count per cm 22 23
Wale count per cm 12.2 11.5
Thickness, m 0.00097 0.00109
Weight, g/m? 146.22 152.9

Nine different test conditions were carried for
each of the samples, varying between 15°C
then 25°C then 35°C, combined with different
levels of humidity, from 40% then 60% and
then 80%.

These simulated nine conditions represent
the weather combinations during the year in
the tropical condition. The mean results for
ten experiments were calculated and data
was graphically presented.

3 RESULTS AND DISCUSSION

3.1 Thermal effusivity e (Ws”/m2K)
Effusivity combines thermal conductivity,
density and heat capacity into one value

1
e:(kpcp)E (1)

where k is the thermal conductivity, p is the
density and c, is the specific heat capacity.
The product of p and ¢, is known as the
volumetric heat capacity.

A material's thermal effusivity is a measure of
its ability to exchange thermal energy with its
surroundings [10].
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Figure 1 Tested material’s effusivity

Due to high temperature and high humidity
existing in the tropical condition, the effusivity
(Ws”/m2K); which assess the fabric’s
character in the aspect of it's “coolwarm”
feeling, is getting higher. It is observed that
fabrics with low value of thermal effusivity
(Ws”/m?K) gives us a “warm” feeling and
vice versa. It is obvious from Figure 1 that
cotton gives cooler feeling than merino wool
fabrics.

3.2 Thermal diffusivity a (m2/s)

Thermal diffusion is defined by the

relationship:

a= 2
pC (2)

where p is fabric density, c is the specific heat
of fabric, and k is the thermal conductivity.
Thermal diffusion is an ability related to the
heat flow through the fabric structure.
Substances with high thermal diffusivity
rapidly adjust their temperature to that of their
surroundings [11]. It is clear from Figure 2
that merino wool has higher effusivity than
cotton fabrics.
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Figure 2 Tested material’s diffusivity

3.3 Thermal conductivity k (W/mK)
k is defined as the thermal conductivity.
Fabrics having a large thermal conductivity
value are good conductors of heat; one with a
small thermal conductivity value is a poor
heat conductor, and it can be a good
insulator.
Hence, the hot condition is simulated; it is
then required to have fabrics that easily
release the heat from the body [12].

dT
Q=kKA X (3)
Equation (3) shows the total heat flow in
accordance with the thermal conductivity,
where Qis a measure of the heat flow, A is
the cross sectional area and dT7/dX is the
temperature/thickness gradient.
It is concluded from (Figure 3) that cotton
fabrics have high thermal conductivity
compared with merino wool ones.

3.4 Thermal resistance R (m2Kw™)
Thermal resistance is connected with fabric
thickness by:

R, =% (4)
Where o is the fabric thickness, k is the
thermal conductivity [8, 13].

In such hot condition with higher temperature
and higher humidity, it is desirable for the
human being to wear something that eases
the release of the body temperature, in a way
to make the wearer feel cooler. Thermal
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resistance of materials under investigation is
shown in Figure 4.
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Figure 3 Tested material’'s conductivity
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Figure 4 Tested material’s thermal resistance

3.5 Water vapor resistance Ret (m2Pa/W)
Water vapor resistance Ry is the water-vapor
pressure difference between the two sides of
specimen, divided by the resultant
evaporative heat flux per unit area in the
direction of the gradient [8].
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A
Ret = APH_—AI—IG (5)
where AP is the difference of partial pressure
between the two sides of the specimen, A’ is
the area of the measuring unit (plate) in m?, H
is the heating power supplied to the
measuring unit (plate), and AH. is the
correction term.

With the increase of temperature and
humidity, the cotton absorbs the existence
humidity causing the fibers to swell, which in
turn minimizes the pores ratio with in the
fabric.

As water vapor normally transfers from
regions with high water vapor pressure to
others with low water vapor pressure, passing
through the pores in the fabric, the resistance
to vapor transfer becomes higher due to the
reduced pores areas, and at the same time
because of the higher humidity existence.
These two phenomenon lead to higher water
vapor resistance and less wearer comfort in
the investigated tropical condition.

The water vapor resistance behavior of cotton
and merino wool garments is shown in Figure
5.

3.6 Water vapor permeability index Iyt

Imt is the ratio of thermal resistance and the
water vapor resistance according to:

Rct

R

It =S (6)

et

where S equals 60 Pa/K, I, is dimensionless
and has values between 0 and 1 [9, 14].

A value of 0 implies that the tested fabric is
water vapor impermeable, that is, it has
infinite water vapor resistance, and a material
that has a value of 1 has both the water vapor
resistance and the thermal resistance of an
air layer with the same thickness.

The water vapor permeability index is a total
indicator  for  wearer comfort  from
thermophysiological point of view. Figure 6
shows that merino wool fabrics show
enhanced properties in the tropical condition.
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Figure 5 Tested material’s water vapor resistance
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permeability index

3.7 A comparative study in a selected
condition

A comparative study for the tested fabrics
was held in 25°C with 40% humidity, as a
neutral condition related to the other
conditions. Wearer trial have been done by a
healthy human being and thermal photos
were taken with thermal camera after forty
minutes of continuous cycling, each of the
trials was done in a single day to avoid over
heating of the body, to make sure that there
is no body over heating temperature involved
in the thermal photographing, and to maintain
the same body effort level as constant as
possible.

Thermal photos were used to evaluate the
fabrics thermoregulation properties.
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Figures 7 and 8 show that merino wool
maintains an enhanced thermoregulation
property in the simulated tropical condition,
even after doing an intensive physical effort
for a certain amount of time. It shows that
merino wool is more comfortable for the
wearer as it gives more cooler feeling

compared with cotton fabric.

Figure 8 Cotton thermal photo

4 CONCLUSION

This research aimed to  studying
thermophysiological properties for
conventional garments used in tropical
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weather countries, and comparing it to Merino
Wool garments as an unconventional
material.

It also aimed to evaluate the comfortability of
these materials under different conditions of
temperatures and humidity that actually exists
in countries with hot weather.

It was found that Merino wool achieved two of
the most significant thermophysiological
properties desired for materials used in such
a hot condition, which are; the lowest water
vapor resistance, and the highest water vapor
permeability index.

Cotton is good in absorbing sweat and
humidity, but it is not that good when it comes
to loosing that humidity. Humidity in the form
of sweat or moisture within the surroundings,
when absorbed by cotton fibers, it causes the
fibers to swell, leading to less air
permeability, which is a dominant factor in
releasing the water vapor from the skin to the
environment. Garments saturated with
humidity causes unpleasant feeling when
wearing, it sticks to the body, leading to less
comfort to the wearer.

Thermal photographing showed that merino
wool garment showed enhanced thermo-
regulating properties compared to cotton
garments.

It could be concluded that the dominant factor
in the thermal behavior of the Merino wool is
the special construction and the fineness of
the fibers, as well as the air gaps in the fiber
construction.

Merino Wool showed excellent properties at
regulating body temperature, especially when
worn against the skin; it draws moisture
(sweat) away from the skin, in a phenomenon
known as wicking. Merino Wool fabrics are
slightly moisture repellent, as keratin fibers
are hydrophobic at one end and hydrophilic at
the other, it allows the wearer to avoid the
feeling of wetness, combined with the body's
ability to create heat; the fabric dries much
faster than cotton creating a cycle of moisture
evaporation.
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INFLUENCE OF PLASTIC DEFORMATION WARP THREAD ON
BASIC PHYSICAL AND MECHANICAL DATA WARP-KNITTING
FABRICS

V. Chaban

Kiev National University of Technologies and Design
Nemirovich-Danchenko 2, 01011 Kiev, Ukraine
chaban.v@knutd.com.ua

Abstract: Considered influence of stretch basic thread on amount of theirs plastic deformation.
Here are results of the experimental researches in 3 forms of the thread: synthetic thread —
polyester thread (PETF) 16.8 Tex, polyamide thread (kapron) 15.6 Tex, artificial hydrocellulose

thread (viscose) 16.6 Tex.

Keywords: warp-knitting machine, knitting fabric, plastic deformation, rate of surface density.

1 INTRODUCTION

Formulation of the problem: Quality of warp-
knitting fabrics largely depends from feeder
and tension warp threads. Oscillation in
tension threads lead to appearance a number
defects and first of all to irregularity and
incorrectness of loop structure of knitting
fabric, to change its physical and mechanical
properties. [1-3]. Successful solution of the
problem for further improvement warp-
knitting machines is target to improve quality
of warp-knitting fabrics. In this should be
considered influence of physical and
mechanical properties warp threads on
quantity of theirs plastic deformation after
linkage in fabrics. Target of researches
became analytic research of influence plastic
deformation warp-threads link aged in knitting
fabric on basic physical and mechanical data
warp-knitting fabrics.

2 EXPERIMENTAL

2.1 Textile materials

It was chosen for experimental researches of
definition influence warp threads on physical
and mechanical properties of warp-knitting
fabric was used fabric from three kinds of
packages and three kinds of threads:
polyester thread (PETF) 16.8 Tex, polyamide
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thread (Kapron) 15.6 Tex, viscose thread
16.6 Tex.

2.2 Research methods

Object and methods of research: Object of
researches elected warp-knitting fabrics and
influence of plastic deformation warp thread
on basic physical and mechanical properties.
Definition of surface density was conduct by
standard method (merged sizes and weight
of spot sample). Definition of rate of thermal
conductivity was conduct by standard method
(merged temperature of layers warp-knitting
fabric on permanent power of heat flow). For
definition rate of air permeability was used
device VPTM-2, that merges quantity of air
that coming through unit of area in unit of
time. For definition rate of stability to abrasion
was used device DIT-M, that working on
planetary motion at sample.

3 RESULTS AND DISCUSSIONS

3.1 Surface density

Define influence of plastic deformation on
guantity surface density of fabrics.
Calculation will be conducted by the formula

[4]

pp=_ "

S.+S, @
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where PP — is surface density, m - mass of
selected sample, S, - area of sample without
plastic deformation, Sp- additional area,
which added because of plastic deformation.
Results of the calculations by the formula (1)
illustrated on Figure 1. It should be noted,
that for all types of threads calculation
conducted for the biggest tension, that
reached 30. For this value of tension was
considered quantity of plastic deformation,
that was got by thread after link aging in
jersey fabrics.

Analysis of the obtained data allowed making
further conclusions. The biggest decreasing
of surface density was observed in fabrics
with polyester threads to 5.6%. The lowest
decreasing of surface density was observed
in fabrics with polyamide thread to 1.5%. In
fabrics with viscose threads decreasing of
surface density was 3.2%. These results
explained by physical and mechanical

Textile Materials

properties of the given threads, in particular
relative strength and relative elongation.
These decreasing of surface density leads to
decreasing canvas resistance to abrasion, to
decreasing thermal properties, to increasing
air permeability. Certainly, in each specific
case should be considered purpose of
produced fabrics.

3.2 Thermal properties

Define influence of plastic deformation on
thermal properties on knitting fabrics.
Evaluate degree thermal conductivity will be
at a rate of thermal conductivity. [4].

A= _Q
S(tl _tz)
where Q - power of thermal flow, & thickness

of the material, S - area of the material and
t1, t> - surfaces temperature layer of material.

(2)

B Without plastic
deformation

BWith plastic
deformation

23 1
22 A
& e
EL
£ 20 | =
g =
¥ 19 1 =it
& ae = e
Z 18 1 =i = |
17 —"%ﬁ =
16 ==
PETF Kapron Viskose
Figure 1 Definition of surface density
Vldkna a textil (1) 2013 10
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Figure 2 Results of calculation rate of thermal conductivity

Analysis of the obtained data showing that
the biggest difference in its quantity will be in
polyester threads — 6.5*10* Wt/(m*grad). For
PA thread and viscose thread quantity of the
rate of thermal conductivity in case with
plastic deformation and without it will be close
values. Explanation of this is that polyester
threads got the biggest value of thickness —
16.8 Tex. It should be noted that in case
without plastic deformation structure of
knitting fabrics is denser with minor air
“pillows”.

3.3 Air permeability

Define influence of plastic deformation on air
permeability. For this is easy to use rate of air
permeability. Rate of air permeability equals:

\%

B=— 3)
where B - rate of air permeability, V- quantity
of air that passes through material, S - area
of the material, T - air passing time
Calculation results of the rate of air
permeability are illustrated on Figure 3.
These results explained by in case with
plastic deformation structure of knitting
fabrics obtained more discharged and knitting

Vlakna a textil (1) 2013

fabrics easier passes over air. For polyester
knitting fabrics this rate equals respectively
1.47 and 1.38. It should be noted that quality
assessment knitting fabrics depends on its
functional purpose.
3.4 Stability of fabrics to
abrasion

Let's analyze process definition stability
knitting fabrics to abrasion counting the
presence plastic deformation. The main
indicator, that characterizes stability jersey
fabrics to abrasion, is rate of stability knitting
fabrics to abrasion Ky [5]. As calculation
formula adopted dependence [5]

knitting

Ky = 4)

3>

where n - number of abrasion cycles until
destruction of sample warp-knitting fabrics, m
- mass for 1 m? of warp-knitting fabrics [g].

Calculation results of the dependence rate of
stability knitting fabrics to abrasion to type of
raw illustrated on Figure 4.
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Figure 4 Value of rate of stability knitting fabrics to abrasion

Analysis of the obtained data showing that in
all three variants bigger stability to abrasion
shows knitting fabrics, in which threads have
got minimal plastic deformation. That
explained by bigger dense in structure, when
filling sample volume of knitting fabrics by
material will be maximal. The biggest value
rate of stability to abrasion observed in
knitting fabrics, that made with PA threads
and equals respectively 10.4 and 11.7 Tex.

Vldkna a textil (1) 2013 12

Interesting, the dependence rate of stability to
abrasion depends on quantity of plastic
deformation in warp threads. Let's consider
this example of warp-knitting fabrics made of
polyester threads 16.8 Tex. As a result
experiment was got further values that
illustrated in Table 1.
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Table 1 Value rate stability of stability to abrasion on different values of plastic deformation

quantity of plastic deformation &, [%] 3.0 3.5 4.0 4.5 5.0 55
rate of stability to abrasion K, 10.5 10 9.81 9.8 9.75 9.73
To obtain calculation dependence s REFERENCES

necessary to approximate data from Table 1.
For this there was developed special software
with algorithm that based on polynomial
approximation. Polynomial approximation
allows realizing automatic choice of degree of
polynomial that leads to definition rates in
regression equation and obtaining result with
given accuracy. In calculation result obtained
further regression equation of dependence
rate of stability to abrasion from quantity of
plastic deformation.

K, =1472-2,06s,, +0,212 5)

4 CONCLUSIONS

- Defined influence of quantity of plastic
deformation on surface density, on
thermal properties, on air permeability, on
stability to abrasion of warp-knitting
fabrics that allowed creating background
for analysis of knitting fabrics products.

- Developed special software for
approximation experimental data by
definition quantity of plastic deformation of
knitting fabrics on quantity rate of stability
to abrasion.
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POVRCHOVO-AKTIVNE LATKY NA BAZE ESTERIFIKOVANYCH
POLYSACHARIDOV

J. Kebiskova', I. Srokova' a V. Sasinkova?

"Trenégianska Univerzita Alexandra Dubcéeka, Fakulta priemyselnych technolégii,
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845 38 Bratislava, Slovenska republika
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Abstrakt: Esterifikaciou Skrobu a karboxymetylSkrobu s oleoylchloridom sa pripravili odpovedajuce
oleaty $krobu (O-S) a O-(karboxymetyl) skrobu (O-KMS) v prostredi pyridinu respektive DMSO/py,
klasickym alebo mikrovinnym ohrevom. Tieto sa nasledne charakterizovali FT-IR spektroskopiou,
ktora sa pouzila aj na stanovenie stupria substiticie (DS) pripravenych esterov. Oleaty skrobu sa
pripravili s vy$§im DS (0,8 -1,8), kym oleaty KMS boli len velmi mélo substituované. Pripravené
estery boli rozpustné, alebo Ciastocne rozpustné vo vode. Hodnotili sa ich vybrané povrchovo-
aktivne viastnosti (povrchové napétie, kriticka micelové koncentracia a emulgacna ucinnost).
Derivéaty nezniZovali povrchové napétie vody a ich emulgacna ucinnost je porovnatelna, alebo niZsia
ako $tandard. Vlynimkou je oledt KMS pripraveny klasickym ohrevom, ktory znizuje povrchové
napétie na ~ 41 mNm™ a ma tiez velmi dobru emulgacnu ucinnost. Pouzitie MW ohrevu pri priprave
derivétov $krobu a KMS je vyznamné z ekonomického i environmentalneho hladiska.

Kliucové slova: estery Skrobu a karboxymetylskrobu, povrchovo-aktivne viastnosti.

1 UvoD

Polysacharidy su prirodné polyméry ziskané
z obnovitelnych zdrojov surovin a mnohé
maju funkéné vlastnosti (alginaty,
hyalurénova kys., pektiny, chitin, heparin,...)
a nachadzaju  vyuzitie v potravinarskom,
farmaceutickom priemysle, ale aj vinych
oblastiach [1, 2]. Komercné polysacharidy,
ktoré nemaju uvedené funkéné vlastnosti ich
moézu ziskat zamernou funkcionalizaciou.
Cielom je ziskat polyméry s réznymi
Specifickymi vlastnostami (povrchovo-aktivne
latky, zahustovadla, aditiva, antioxidanty
apod.) so zachovanim ich biodegrado-
vatelnosti. Na pripravu funkcionalizovanych
biopolymérov z komercnych typov poly-
sacharidov, sa vyuziva celuléza a jej derivaty
(HEC, CMC...), 8krob a hemiceluldzy.
Funkcionalizované derivaty je mozné
pripravit fyzikalnymi, chemickymi alebo bio-
chemickymi modifikaciami. Pri modifikaciach
polysacharidov = dochadza k zmenam
fyzikalno-chemickych  vlastnosti  a €asto
ziskavaju az unikatne vlastnosti, o je velmi
dolezité pri ich dalSej aplikacii. Fyzikalno-

Vlakna a textil (1) 2013

chemické vlastnosti modifikovanych poly-
sacharidov zavisia hlavne od stupna
substitucie (DS) [1]. Polysacharidy obsahuju
volné hydroxylové skupiny, ktoré su schopné
reagovat’ s rébznymi reaktantami. Pri tychto
reakciach vznikaju ich derivaty, najCastejSie
étery aestery [3]. Skrob patri k
najvyznamnejSim polysacharidom. Nachadza
uplatnenie v mnohych odvetviach priemyslu
(v potravinarstve, textiinom, papierenskom
a farmaceutickom priemysle). V technickych
odboroch sa Skrob pouziva az po Ciastoénej
chemickej uprave — hydrolyze, esterifikacii,
a podobne. Tym sa zlepSia jeho vlastnosti
ako aj odolnost voci tepelnym vplyvom,
napuciavaniu a hlavne rozpustnost vo vode,
ale aj dalSie [4]. KarboxymetylSkrob je velmi

dolezitym  modifikovanym  Skrobom s
jedine€nymi vlastnostami [5]. Je mozné z
neho pripravit étery alebo estery s
vlastnostami povrchovo-aktivhych latok, s

vyuzitim ako polymérne surfaktanty so
znizenou retrogradaciou v roztoku [6,7].
Ciefom predkladanej prace je priprava
a charakterizacia vodorozpustnych esterov -
oleatov 8krobu a karboxymetylSkrobu, ako aj
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hodnotenie ich povrchovo-aktivnych 2.3 Syntéza oleatov O-S a O-KMS
vlastnosti  (povrchové napatie, kritickd Esterifikacia Skrobu a KMS sa uskuto¢nila
micelova koncentracia a  emulgacna reakciou s oleoylchloridom pri konStantnom

ucinnost).
2 EXPERIMENTALNA CAST

2.1 Materialy a chemikalie .
Na pripravu esterov- oleatov Skrobu (O-S) a

hmotnostnom pomere 1:3, klasickym i
mikrovinnym ohrevom. Esterifikacia Skrobu
sa realizovala v pyridine, KMS v pyridine,
alebo vzmesi DMSO/py. Podmienky
esterifikacie Skrobu a KMS s oleoylchloridom
(1:3), ich vytazky, rozpustnost vo vode ako

karboxymetylSkrobu (O-KMS) sa pouzil aj stupen substitticie (DS) st uvedené v Tab.
zemiakovy Skrob s 22%-nym obsahom 1. Priprava oleatov Skrobu je podrobne
amylézy, 78%-nym obsahom amylopektinu a uvedena v lit. [8] a oleatov KMS v praci [9].
12%-nym obsahom vlhkosti (Spolana-

Neratovice, Ceska republika) a O- 2.4 Metodiky stanovenia povrchovo-

(karboxymetylSkrob) s DS = 0,3 (Friedrich-
Schiller-Univerzitat, Jena, Nemecko). Ako
modifikator sa pouzil chlorid kyseliny olejovej
(85%) a ako katalyzator 4-dimetyl-
aminopyridin, ch. & (DMAP) (Sigma-Aldrich
Chemie, Steinheim, Nemecko). Pyridin,
dimetylsulfoxid (DMSO) (Mikrochem —
Bratislava, Slovenska republika).

Pri hodnoteni  emulgaénych  uc€innosti
pripravenych oleatov $krobu a KMS sa pouzil
ako Standard komer¢ne pouzivany emulgator
Tween 20 (Sigma-Aldrich Chemie, Steinheim,
Nemecko).

2.2 Pouzité metody

FT-IR spektra sa namerali na
Spektrofotometri NICOLET 6700 s ATR
nadstavcom (Smart Orbit s diamantovym
kry$talom)  vrozsahu  4000-800 cm
s rozlisenim 4 cm™ a podtom skenov 128. Na
stanovenie povrchového napatia vodnych
roztokov sa pouZzil Tenziometer Le Compte
du Nouy. Emulzie sa pripravili na
laboratornom minimixéri HEIDOLPH DIAX
900, Heidolph Instruments GMBH & CO KG
pri 30 500 ot/min.

aktivnych vlastnosti

Povrchové napétie vodnych roztokov O-S
a0-KMS sa nameralo v koncentraénom
rozmedzi 0,019-2,5 g.I'1 pri teplote 25°C
krazkovou metddou na pristroji Tensiometer
Le Compte du Nuoy [10]. Zo =zavislosti
y=f(logc) sa stanovila kritickd micelova
koncentracia  (cmc), ktora je dana
prieseCnikom dvoch extrapolovanych kriviek
uvedenej zavislosti.

Emulgaéna ucinnost pripravenych esterov sa
hodnotila sledovanim stability emulzii typu
yolej/voda“ (O/V) mikrometédou, uvedenou
v literatare [11]. Emulzie sa pripravili z 0,5%-
ného vodného roztoku derivatu a oleja
nasledovne: 1 ml parafinového oleja,
zafarbeného c&ervenym farbivom Sudan IV
(0,01%) a 9 ml vody obsahujucej 0,05 g
esteru Skrobu alebo KMS sa mie$a na
laboratornom minimixéri Heildolph Diax 900
pri 30 500 ot/min 1 mindtu. Stabilita emulzie
sa hodnotila na zaklade vySky (mm)
oddeleného oleja hy, hy a hs a vySky hg (mm)
krémovej vrstvy vytvorenej na povrchu
emulzie v ¢asovych intervaloch po 5 min, 1
hod a 24 hod.

Tab. 1 Podmienky a vysledky esterifikacie $krobu a KMS s oleoylchloridom

Derivat Teplota Ca_s [ Spdésob Vytazky Rozpustnost’ vo Stupen substitucie
[°C] min] ohrevu gilg vode (DS)
0-S 1 105 180 KL 1,3 CR 1, 83
0-S2 105 2,5 MW 1,2 R 0,78
O-KMS 1 50 150 KL 1,3 R 0,03
O-KMS 2 105 2,5 MW 1,3 CR -

KL - klasicky ohrev; MW - mikrovinny ohrev; R — rozpustny vo vode; CR — rozpustny vo vode pri 50°C; DS -

stanoveny z FT-IR spektier
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3 VYSLEDKY A DISKUSIA

3.1 Charakterizacia oleatov Skrobu
a KMS

FT-IR spektra pripravenych oleatov Skrobu O-

S 1 a O-S 2 a vychodiskového $krobu su

uvedené na Obr. 1. V spektrach oleatov

Skrobu (Obr. 1) sa nachadzaju
charakteristické pasy pri 1738 cm™, ktoré
odpovedaju  vino¢tom v(C=0) esterovej

skupiny a tiez vidno narast pasov pri 2922 a
2852 cm™, ktoré odpovedaju vinoétom v(C-H)
metylénovych skupin od substituenta (zvysku
kys. olejovej), ako aj pokles pasu pri 3284
cm”  prislichajici  vinoétom  v(O-H)
hydroxylovych skupin. Z plochy pasov
pripravenych oleatov Skrobu odpovedajucich
vinoétom v(O-H) skupin ~ 3200 cm™ sa
vypocital DS postupom uvedenym v literature
[12].

PretoZe vo FT-IR spektrach (nie su uvedené)
oleatov karboxymetylgkrobu (O-KMS 1 a O-
KMS 2) sa esterovy pas v(C=0) pri 1736 cm™
prekryva s pasom karboxymetylovej skupiny
vychodiskového KMS, sa v tejto praci uvadza
len diferenéné spektrum (Obr. 2) O-KMS 2
pripraveného MW ohrevom a vychodiskového
KMS v oblasti vinoétov 2800-3000 cm™, kde
vidno narast pasu odpovedajuceho
metylénovym skupindm v(C-H) pri 2924 a
2850 cm™. Porovnanim diferenénych spektier

Absorbance

Skrob

Textile Chemistry

oboch oleatov KMS (diferenéné spektrum O-
KMS 1 nie je uvedené) je va&si narast pléch
u derivatu O-KMS 2 pripraveného pouzitim
MW ohrevu aje teda relativne viac
esterifikovany.

3.2 Hodnotenie

vlastnosti
Z povrchovo-aktivhych vlastnosti pripra-
venych esterov sa stanovilo povrchové
napatie, kriticka micelova koncentracia (cmc)
a emulgaéna uginnost. Oleaty $krobu aj KMS
vykazuju typicku zavislost povrchového
napétia (Ymin) 0d log ¢ okrem oleatu O-KMS 1
pripraveného  klasickym ohrevom, ktory
nevykazuje zlom na uvedenej krivke
zavislosti anetvori micely v uvedenom
koncentraCnom rozmedzi (nevykazuje cmc).
Mozno kons$tatovat, Z2e v uvedenom
koncentratnom rozmedzi nebolo mozné
stanovit cmc. V Tab. 2 su uvedené namerané
hodnoty = povrchového napatia, kritickej

povrchovo-aktivhych

micelovej koncentracie (cmc), ako aj vysledky
stanovenia emulgacnych ucinnosti emulzii
typu O/V. Ako vidno zuvedenej tabulky,
pripravené estery znizuju povrchové napatie
vody len mierne, ale najviac znizuje derivat
O-KMS 1 pripraveny klasickym ohrevom na
hodnotu 41,1 m.Nm™.

3000 2000

1500 1000

Wavenumbers (cm-1)

Obr. 1 FT-IR spektra oleatov $krobu O-S 1 a O-S 2 a vychodiskového $krobu
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O-KMS 2

Absorbance

2920

diferenéné
spektrum

2852

2960 2940 2920

2900 2880 2860 2840

Wavenumbers (cm™)

Obr.2 Diferenéné FT-IR spektrum O-KMS 2 pripraveného MW ohrevom a vychodiskového KMS

Tab. 2 Hodnoty ymin, cmc a emulgacénej ucinnosti emulzii typu O/V

. Ymin cmc Olej / krém vrstva (mm/mm)
Derivat (m.Nm 1) (kg.m"")
hy / hg h, / hg h; / hg
0-S1 57,8 0,62 0/10 0/7° 1/9°
0-S 2 55,7 0,62 0/11 0/10 0/9
Skrob 0/17 0/17 0/16
O-KMS 1 41,1 Nema 0/0 0/73 0/51
0-KMS 2 56,5 1,25 0/18 0/13 0/12
KMS, 65,0 2,29 0/4 1/9 3/5
Tween 20 0/0 0/0 0/11
a - literatara [13]
b — Ciasto¢nd koalescencia oleja v krémovej vrstve
ho — vySka krémovej vrstvy (mm)
h, — vySka oddeleného oleja od krémovej vrstvy po 5 minutach (mm)
h, — vySka oddeleného oleja od krémovej vrstvy po 1 hodine (mm)
h; — vySka oddeleného oleja od krémovej vrstvy po 24 hodinach (mm)
cmc — kriticka micelova koncentracia
Emulgacna ucinnost pripravenych oleatov dosledku nedostato¢ného obsahu
Skrobu a KMS sa porovnala s vychodiskovym hydrofébnych  skupin  zodpovednych za

gkrobom, KMS a Tweenom 20. Ako vyplyva
z hodn6t emulgacnych ucinnosti (Tab. 2),
Skrob tvori krémovu vrstvu uz po 5 minutach
a tato sa takmer nezmenila v priebehu celého
hodnotenia. Oleat $krobu O-S 1 pripraveny
klasickym ohrevom, vSak stabilni emulziu
netvori a po 24 hodinach sa oddelila olejova
vrstva (s vySkou cca 1 mm), ktora nebola

tvorbu kontaktu medzi olejom a vodnou
fazou. Oleat Skrobu O-S 2 pripraveny
uc¢inkom MW ohrevu vSak poskytol lepSie
vysledky, pretoze k oddeleniu olejovej vrstvy
nedoslo v priebehu 24 hodin, hoci krémova
vrstva vznikla uz po 5 minutach od pripravy
emulzie.

Pri hodnoteni emulgaénych ucinnosti oleatov

suvisla. Suvisi to pravdepodobne so slabou KMS sa  prejavii  hydrofébny  vplyv
schopnostou derivatu znizovat medzifazové substituentov z kyseliny olejovej i napriek
napatie a vytvarat ochrannu absorpénu velmi malému  stupnu esterifikacie.
vrstvu, ktora brani koalescencii oleja v Vychodiskovy KMS netvori stabilné emulzie,
Vlakna a textil (1) 2013 17
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k oddeleniu oleja doslo uz po 1 hod. Derivat
O-KMS 2 pripraveny mikrovinnym ohrevom
v porovnani s vychodiskovym KMS vykazuje
zlepSené vlastnosti pri tvorbe emulzie, ale nie
su porovnatefné s komerénym emulgatorom
Tweenom 20. Krémova vrstva vznikla uz po 5
minutach hodnotenia a mierne sa
zmens$ovala, ale olejova vrstva sa neoddelila.
Klasickym ohrevom pripraveny ester O-KMS
1 vykazoval relativne dobru stabilitu emulzii v
porovnani s vychodiskovym KMS aj s O-
KMS 2 abol najlepd§im emulgatorom
z pripravenych  esterov. Tvoril stabilnu
emulziu v priebehnu 24 hod. Mozno
konstatovat, Ze zdvoch esterov KMS
priblizne rovnakého stupfia substitucie
(podobne ako pri hodnoteni povrchového
napatia) najlepSiu a stabilni emulziu tvoril
prave ester O-KMS 1 pripraveny klasickym
ohrevom.

Porovnanim hodnotenych povrchovo-
aktivnych vlastnosti dvoch oleatov dvoch
polysacharidov  (3krob a KMS), lepsie
vlastnosti sa dosiahli prave u aniénového
polysacharidu KMS. Tato skutonost méze
suvisiet' s lepSou rozpustnostou vo vode po
hydrofobizacii, ako aj  vyrovnanejSou
hydrofilno-hydrofébnou rovnovahou
v makromolekule KMS.

4 ZAVER

Z dosiahnutych vysledkov mozno formulovat
nasledujuce zavery:

Esterifikacie  8krobu (neidénového poly-
sacharidu) a KMS (aniénového poly-
sacharidu) chloridom Kkyseliny olejovej pri
konStanthom hmotnostnom pomere 1:3,
uskuto€nené v homogénnom prostredi,
klasickym ako aj MW ohrevom pri teplote 50-
105°C a reakénom Case 2,5-180 min viedli k
priprave  vodorozpustnych  oleatov  za
laboratornej teploty, resp. rozpustnych pri
50°C.

FT-IR spektroskopia potvrdila substituciu
Skrobu a KMS zvyskom kyseliny olejovej a
pripravu oleatov $krobu i KMS pritomnostou
vinoCtov esterovej skupiny v(C=0) pri 1736
cm”, pritomnost C=C vazby pri vinolte ~
1630 cm™” a narast pasu prisltichajiceho
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vino¢tom v(C-H) skupin zo substituenta pri
2922 a 2852 cm’”’ pre oleaty Skrobu. Priprava
esterov KMS sa potvrdila diferenénymi
spektrami v oblasti metylénovych skupin v(C-
H) pri 2924 a 2850 cm™, z ktorych vyplyva
maly rozsah esterifikacie, ale vysSi u derivatu
O-KMS 2 pripraveného MW ohrevom.
Pripravené estery len mierne
povrchové napatie vody:
- ?ajviac znizuje oleat O-KMS 1 (41,1 mNm"
);
- hodnoty kritickych micelovych
koncentracii st od 0,62-1,25 kg.m™;
- micely netvori  derivat iZSi
povrchovym  napatim  O-KMS 1
v Studovanom koncentratnom rozmedzi.
Hydrofobizaciou KMS sa dosiahla relativne
dobra emulgaéna uginnost derivatu O-KMS
1, ktora je wvyrazne lepSia v porovnani
s vychodiskovym KMS, napriek malému
rozsahu esterifikacie.
Estery Skrobu sa nevyznaluju vyraznejSou
emulgacnou ucinnostou.
Hodnotené  povrchovo-aktivne  vlastnosti
dvoch polysacharidov -oleatov Skrobu a KMS
potvrdili predpoklad, ze lepSie vlastnosti sa
dosiahli prave u anidnového polysacharidu
KMS, pre hydrofilno-hydrofébnu rovnovahu.
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SURFACE-ACTIVE AGENTS BASED ON ESTERIFIED POLYSACCHARIDES

Translation of the article
Povrchovo-aktivne latky na baze esterifikovanych polysacharidov

Esterification was used for preparation of oleates of starch (O-S) and oleates of O-
(carboxymethyl) starch (O-CMS) using native starch and carboxymethyl starch with oleoyl
chloride in environment of pyridine, respective DMSO/pyridine and conventional or microwave
heating was used. These oleates were subsequently characterized by FT-IR spectroscopy
which was also used for determination of the degree of substitution (DS) of prepared esters.
Oleates of starch were prepared with higher DS (from 0.8 to 1.8) while oleates of CMS were
substituted in a negligible way. Prepared esters were soluble or partially soluble in water. The
surface-active properties were evaluated, namely surface tension, critical micellar
concentration and emulsifying efficiency. Derivatives did not decrease the surface tension of
water and their emulsifying effect has been comparable or lower than the standard. The
exception is oleate of CMS prepared by classical heating because this oleate decreases the
surface tension to ~ 41 mNm™ and it also has a very good emulsifying effect. Utilization of MW
heating during the preparation of derivatives starch and CMS is significant in both economic
and environmental terms.
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POWER IS THE PROBLEM — PIEZOELECTRIC ELEMENTS USAGE
AS AN ENERGY SOURCE FOR SMART CLOTHING

L. Nagy and A. Havelka

Technical University of Liberec, Faculty of Textile Engineering, Department of Clothing
technology, Studentska 2, 461 17 Liberec, Czech Republic
ladislav.nagy@tul.cz

Abstract: The objective of this research was to verify the possibility of using alternative power
sources for active elements of smart clothing (MEMS, sensors, LEDs, small medical facilities, etc.),
or as a supporting source of energy for charging the main power source. The research aims to test
the usage of flexible piezo elements attached to the garment as a generator of power. The
mechanical energy of the bending and vibrating composite was transferred into electrical energy
which is stored in user electronic circuit for later use. Due to the use of flexible piezoelectric
composites, it was necessary to find and secure the optimum conditions for their usage to avoid
any excessive load damage and also to be used up to their potential. It was also necessary to
secure their position, so that these composites don't restrict user's movement.

Key words: PZT elements, power source, Smart clothing.

1 INTRODUCTION

With gradually increasing the integration of
the electronic components i.e. (displays,
MEMS, LED, sensors, etc.) to the so-called
Smart clothes, constantly increasing
demands on their power. This power is
currently provided mainly from batteries, but
they are in a small size and especially the
one with the lowest weight, which minimizes
the satisfactory in its life time in an
environment without the possibility of
exchange it also require the availability of
recharging stations. This article discusses the
power of clothing using Smart Piezoelectric
composites as a supplementary source of
power for extended operating time.

2 POWER IS THE PROBLEM

Over the last twenty years, material science
has been constantly seeking new, useful,
highly integrated and efficient composite
materials. Now new kinds of PZT elements
are under development. Some PZT
composites have already found commercial
applications such as voltage sensors, active
and passive vibration control, monitoring vital
signs etc. furthermore the first prototypes in
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wearable electronics are being created as
subjects for further research. These new
materials are created by integrating parallel
rows of thin piezoelectric fibres with
integrated electrodes into a polymer matrix.
Currently, there are several alternative power
options for Smart clothes. Each of these
alternatives is in various stages of
development and each has both its
advantages and limitations based on their
current stage of development. The most
advanced alternative power source to the
traditional source in a variety of rechargeable
batteries is solar batteries which are
integrated on the surface of the garment as a
new and promising alternative power source
comes the new option PZT elements, which
is directly dependent only on the movement
of the wearer and it can be recharged by
power generated by pressing or by bending
movements of the user.

3 PIEZOELECTRIC
THEIR USE

ELEMENTS AND

The ideal solution for generating power for
Smart clothing is using piezoelectric fibers
which are incorporated directly into the textile
material forming part of the Smart clothing.
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This smart fabric would allow the wearer to
generate sufficient power by his physical
activity. Such a solution, despite the
undeniable advantages, is currently out of
real alternatives to the current state of
knowledge.

The original intention is to use piezoelectric
elements from the Advanced Cerametrics Inc.
Company. They developed an inexpensive
technology for the production of flexible
piezoelectric ceramic fiber in a process called
"Viscose Suspension Spinning Process"
(VSSP). Piezoelectric fibers are mechanically
anchored in the polymer matrix (Figure 1).

N

Figure 1 PZT composite
Cerametrics, Inc. [1]

from Advanced

Unfortunately, the Advanced Cerametrics,
Inc. company was not willing to supply the
piezoelectric composite elements separately
which could not be used in our research.
Therefore, the best approach required for our
research was to use the piezoelectric
actuators of monolithic piezoelectric elements
from Piezo Systems, Inc. Company (Figure
2).

Figure 2 Piezoelectric element with energy
harvesting circuit

4 THE PIEZO BENDING GENERATOR

When the Energy Harvesting Bender is
flexed, one layer is compressed while the
other is stretched, resulting in power
generation. It may be excited by intermittent
pulses or continuously from low frequency to
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resonant frequency (where rated
displacement is achieved at the lowest force
level). The Energy Harvesting Bender is a
pre-mounted and pre-wired Double Quick-
Mount Bending Generator designed to attach
easily to sources of mechanical strain. Its
double ended design lends itself to being
mounted either as a cantilever or a simple
beam [2].

5 THE PIEZO BENDING GENERATOR

The self-powered Piezo Energy Harvesting
Circuit collects intermittent or continuous
energy input from the piezo generator and
efficiently stores their associated energy in an
on-board capacitor bank. During the charging
process, the capacitor voltage is continuously
monitored. When it reaches 5.2 V the module
output is enabled to supply power to an
external (user) load. At this point 55 mJ of
energy are available. When generator energy
input is high, the output voltage remains ON
continuously. Capacitor voltage is clamped at
6.8 V. If external power demand exceeds
generation, the output voltage decreases.
When the output voltage drops to 3.1 V,
power to the load is switched OFF and is not
turned on again until the capacitor bank has
been recharged to 5.2 V. The circuit accepts
input voltages from 0 V to + 500 V AC or DC
and input currents to 400 mA [2].

6 PROPERTIES, PLACEMENT AND
CONNECTION SELECTED
PIEZOELECTRIC COMPQOSITES

Given the chosen piezoelectric composites
and their key properties such as hardness
and brittleness it is important to properly
choose their location to achieve the greatest
piezoelectric effect. Proper placement also
ensures that the composite is not subjected
to excessive stress, which could lead to
irreversible damage or breakage.

Piezoelectric produces an electric voltage,
this voltage is dependent on the strength and
the frequency of bending these fibers, it also
depends on the area affected by this
pressure or frequency, i.e. it produces more
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voltage if this physical pressure was applied
by the ends of the piezoelectric as there were
be a lot of fibers involved in this stress more
than when this stress is applied in the middle
of piezoelectric fibers, in the latent case few
fibers are involved. (Figure 3)

Xin
Fin

8

Vaen

USER
©  LOAD

HARVESTING
CIRCUIT

He

+
o

Figure 3 Harvesting Bender
Harvesting Circuit [2]

and Energy

The most appropriate place for PZT elements
in the course of the project shows is a place
inside in the shoes lining. If the piezoelectric
element is applied there is actually exposed
to both of the required forces to produce the
electric voltage which are: Frequency
obtained by movement and pressure by the
wearer weight and the shoe design is both
robust and durable to prevent possible
damage to the composite if there is too much
pressure over the permitted limits. Such a
location also does not restrict the wearer of
the garment movement and functionality.

Figure 4 Conductive trajectory Gibbon and
embroidered with conductive ring replacing
buttons

Reliable connection of individual parts of
circuits is achieved by a conductive track
"Gibbon" which is attached to the fabric, the
rechargeable equipment can be attached
when required easily to that conductive strip
and it can be removed easily also if required
through special conductive ring replacing
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buttons. This method was developed by
Applycon Ltd. (Figure 4).

7 TESTING PIEZO ELEMENTS

The actual testing was carried out using the
composite located in a special manufactured
frame where piezoelectric was located and a
sewing machine which allowed us to control
the frequency of movement. The entire set
makes it possible to test the properties of
piezoelectric composites and their ability to
produce an electric voltage at different
deflection (0.5 mm, 1.0 mm, 1.5 mm, 4.0 mm
etc.) under the influence of varying frequency
of compression (from 3.6 to 15 Hz). Method
of mounting and operating force Fn are
shown in Figures 5 and 6. The active surface
area of the PZT elements tested was:

051TMMm T x31.8 mm W x 63.5 mm L.

Fn

Figure 6 Method of mounting and operating force
Fn
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The measurement results are shown in
Figure 1a-c, where it shows the size of the
output voltage depending on the frequency

and different  deflection piezoelectric
composites. With less frequency
compression, piezoelectric manifested

considerable instability of the output voltage,
with increasing frequency, the voltage value
was stabilized. The output voltage increases
with the piezoelectric composite bending

Piezoelectric composite -

News from Departments

increase.  Permissible  maximum  safe
deflection for  piezoelectric = composite
mounted as a simple beam is given by
manufacturers is £+ 2.6 mm. For safety,
deflection has been tested for 1 mm. While
piezoelectric composite mounted on one end
allowed us to measure with in up to £5 mm
deflection to make sure that we didn’t exceed
the safe border limits.

mounted on one end.

14,00
12,00 |
10,00 |
y=0,3927x + 6,9178
R*=0,9142
8,00 |
Voltage [V]

6,00
y=0,1378x + 4,3567
R?=0,9624

4,00 |

2,00 | - & 2 A = & —A

y =0,0202x +1,5654
R*=(0,5604
0,00
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 80 9,0 10,0 11,0 12,0 13,0 14,0
Frequency [Hz]
A deflection 0,5 mm W deflection 1 mm deflection 4 mm
——Linedrni [deflection 0,5 mm) ——Linedrni (deflection 1 mm) ——Linedrni(deflection 4 mm) a
Piezoelectric composite - mounted on one end - 2" measure.

40,00
3500 |
30,00
25,00 *

y=1,2316x + 17,158
R*=0,9643

¥ = 1,3556x + 6,0047
2= 0,9499

Voltage [V] 20,00 |

15,00 |
y =1,0292x + 4,0898

?=0,8787
10,00 |
y = 0,8523x - 0,9741

= 0,8846
5,00 |
y =0,8001x - 2,4207

R? =0,8601

0,00

A deflection 0,5mm m deflection 1 mm
deflection 5mm

——Linearni (deflection 5mm) ——Linedrni(deflection 5 mm)
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Piezoelectric composite - mounted as a simple heam.

10,00
9,00
8,00
7,00
¥ =0,2607x +6,0012
R*=0,9247
6,00

Voltage [V] 5,00

4,00

y =0,0499x + 3,1737
R2= 0,753

P ————S

0,0 1,0 2,0 30 4,0 5,0 6,0

® deflection 0,5 mm B deflection 1 mm

Figure 1 The voltage at various frequencies

8 CONCLUSION

Modern consumer electronics require less
and less energy. This has created the
conditions for replacement batteries that
produce power from PZT composites.

In this research, it outlines some basic
aspects related to the design of new types of
supplemental power generators for Smart
clothing. The basic idea of piezo-electric
generator is to generate energy from
vibrations arising from the movement of the
wearer of the garment. Piezo generator
consists of a piezoelectric transducer
components and special AC-DC power, with
the possibility of permanent or temporary
storage of energy thus produced in the
batteries. Piezoelectric components produce
a relatively high voltage at low current and
therefore it could be applied mainly in the
low-sampling devices, such as safety
features, low-current components of MEMS,
sensors, medical implants, or it can help in
battery charging. From results, we can
conclude that with increasing bending
frequency for piezoelectric components the
output voltage increases which allows us to

Vlakna a textil (1) 2013
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7,0 8,0 9,0 10,0 11,0 12,0 13,0 14,0

Frequency [Hz]

—— Linearni (deflection 0,5 mm) ——Linearni (deflection 1 mm)

obtain more rechargeable power. Using
flexible piezoelectric ceramic elements as
power generators would allow a wider use
and better links with the Smart clothing. As
shown piezoelectric composites especially
the flexible one may hereafter become an
additional source of energy for the Smart
clothing

The testing of PZT elements was conducted
at the lowest possible frequency, so that the
frequency roughly corresponded to the
movements of a running person. Current PZT
elements and their control circuits are not
suited to such low frequencies. At present the
combination of a relatively low frequency of
compression together with the small surface
area of the PZT elements does not allow their
use as a replacement energy source for
Smart clothing. Hard PZT elements are not
suitable for integration into clothing due to
their small active surface and their non-textile
character. Flexible PZT elements are much
less efficient than hard PZT, but they enable
much better integration into clothing. A new
generation of flexible PZT elements will be
designed specifically for clothing applications
(with a low compression frequency), and they
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will be able to power smart clothes directly 2. Piezo Systems, INC., company web site, available

due to their much larger surface area at:  http://www.piezo.com/index.html  Accessed:
| 2011-10-11

3. “Power from Fabrics”, INC., available at:
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NAPAJANIE JE PROBLEM — POUZITIE PIEZO ELEMENTOV AKO ZDROJA
ENERGIE PRE SMART ODEVY

Ttranslation of the article
Power is the problem — piezoelectric elements usage as an energy source for smart
clothing

S postupne sa zvySujucou integraciou elektronickych ¢lenov (displejov, MEMS, Cidiel, atd.) do
tzv. Smart odevov, neustale narastaju poziadavky na ich napajanie. Toto napajanie je
momentalne zabezpelované prevazne z batérii, ktoré, ale vzhfadom na malé rozmery a
hlavne s cielom dosiahnutia ¢o najniZzSej hmotnosti odevu, nemaju potrebnu kapacitu, pre
dostato¢nu vydrz v prostredi bez moznosti ich vymeny, alebo bez dostupnej dobijacej stanice.
Tento ¢lanok sa zaobera moznostami napajania ,Smart odevov“ pomocou piezo kompozitov,
ako doplnkového zdroja energie pre prediZzenie operaéného éasu Smart odevov.
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FILOSOFIE A STRATEGIE PRI WZKUMU POLYMEROVE
TECHNOLOGIE NANOVLAKEN

L. Sodomka

Adhesiv Liberec
lubomir.sodomka@volny.cz

Abstrakt: Ve 20. stoleti se véda stala skutec¢nou silou rozvoje spole¢nosti. Toto pojeti zahdjil jiz ve
13. stoleti Roger Bacon, na kterého navazal Francis Bacon a v knize Novum Organon vyslovil
pamatnou vétu: Scientia et potentia humana in idem coincidunt [1], coZ je znamé ve zkracené
podobé: Scientia potestas est - Véda je moc. A teprve 20. stoleti tuto myslenku potvrdilo. Véda dala
do rukou Clovéka prostrednictvim jadernych zbrani takovou moc, Ze mize dojit i k sebezni¢eni
lidstva. Vznikly nové objevy ocenéné Nobelovymi cenami [2, 3]. Mame k dispozici rozhlas, televizi,
telefony, mobilni telefony, zdravotnicka zafizeni, dopravni prostredky, letadla, rakety, ale i
sofistikované a nicCivé zbrané. Mame k dispozici $tépnou jadernou energii a chysta se vyuZiti
slu¢ovani jader vodiku k ziskavani zdroji neomezené energie pro Clovéka a lidstvo. Véda zacala
poznavat Zivot Clovéka jako ,stroj”. S myS$lenkou chapat ¢lovéka jako mechanicky stroj prisel R.
Descartes. Postupnym poznavanim soucasti lidského téla se doSlo aZz k burikam jako zakladnim
stavebnim jednotkam lidského téla. To vedlo R. Feynmana k nézoru orientovat vyzkum na
~molekulové stroje”, ze kterych jsou vytvorené rostlinné a ZivoCisné organismy. Ukézalo se, Ze
vystavba organismu je z polymerovych molekul s rozméry nanometri a to byl podnét k pokustm
vyroby polymerovych nanovldken, coZ se rozSifilo i na nanoviakna z uhlikovych nanotrubicek,
nanotubulend. Nanovidkna jsou mimo jiné vystuZi vSech rostlin a Zivo€ichti a mohou se také stat
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novou dokonalou surovinou pro textilni pramysl.

1 UvoD

Nanovlakna, ktera jsou stavebnim prvkem
rostlin i zivoCichu se staly pfedmétem zajmu
vyzkumu a vyroby ve 40-tych letech 20.
stoleti na zakladé patentd A. Formhalse [4].
Ukazalo se, ze nanovlakna jsou dalSim
novym typem dvojfazového materialu v
jednom objektu, a to dvojrozmérové 2D
struktury povrchu a trojrozmérové struktury
3D vnitftku nanovlaken. Sdruzuji se tedy obé
faze v nanovlaknech a nanovlakna tedy maji
jak 2D, tak i 3D vlastnosti. Nanovlakna se

stala velmi brzy predmétem zajmu jak
vyzkumu tak i technologie  vyroby.
Nanovlakna, ktera maji podmikronové

prdméry v rozsahu 100 az 500 nm vynikaji
predevSim 30% zastoupenim povrchu na
celém objemu nanovlakna. Maly prdmér
vlakna vytvari vlakna velmi ohebna oproti
vlaknam klasickym.

Vezmeme za miru ohebnosti (flexibility)
vlaken veli¢inu @ (Pa'm™) uréenou vyrazem

[5]
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kde E je modul pruznosti v tahu a d pramér
vlakna.
Uvedme jako pfiklad polypropylenové viakno
o pruméru 0,1 mm a nanovlakna pruméru
100 nm a urCeme jejich ohebnost @ a
délkovou hmotnost T [tex].

M
T 1 (2)
kde M je hmotnost vidkna [g] aL je délka
vlakna [km].
Délkova hmotnost polypropylenovych vlaken
priméru 0,1 mm T(0,1mm) = 2,83 tex a
délkova hmotnost nanovlaken primeéru 100
nm T (100 nm) = 2,83 ptex. Modul v tahu
polypropg/lenu je 1450 MPa, takze @(0,1 mm)
= 1,4.10° Pa'm™® a ®(100 nm) =1,4.10" Pa’
'm™. Ohebnost je pro nanovlakno 10" krat
vétSi nez je ohebnost normalniho vilakna. Jiz
tyto skuteCnosti svéd¢i o mnohonasobné
vysSSi kvalit¢ ve velkych fadech délkové
hmotnosti a ohebnosti nanovlaken. Nizka

o=

(1)
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délkova hmotnost a ohebnost vedou také
k mnohonasobné vétsi tepelné izolaci a
splyvavosti z nich vyrobenych textilii. Jsou
vSak i dalSi vlastnosti nanovlaken ovliviujici

aplikace nanovlaken jako jsou jejich
elektrické vlastnosti, zvlasté pak
triboelektrické a optoelektronické, které
pfedurCuji nanovlakna Kk jejich rozsahlym

pouzitim a tim lze pfedvidat nanovlaknim
velkou budoucnost, stejnou jaka byla
predvidana v 60-tych letech po objevu
transistoru polovodi€im. Proto se vétSina
technologickych laboratofi a vyroben orientuji
na nanovlakna a zkoumani jejich struktury a
vlastnosti.

2 FILOSOFIE VLAKNOVYCH

NANOTECHNOLOGII
Nanocastice, nanovlakna, pfipadné jejich
soustavy jako jsou rouniny, tkaniny a
pleteniny, se staly jako nanomaterialy
predmétem zajmu jak zakladniho, tak
aplikovaného vyzkumu. Ponévadz
nanovlakna nachazeji vyuziti ve vSech

oborech je tfeba vytvofit filosofii postupu
tvorby nanovlaken a jejich uplatnéni v praxi.
Filosofie musi vychazet zmoznych a
rozsahlych aplikaci a podle toho volit material
a technologie vyroby a jejich produkci. Zatim

nejproduktivnéjsi technologie tvorby
nanovlaken jsou zakladni technologie:
elektrozvlaknovani, zvlakhovani  rozfuko-

vanim, odstfedivé zvlaknovani a jejich
kombinace, které lze povazovat za vysoce
produktivni. Podstata téchto technologii je
uvedena na Obr. 1-3.

Na obr.3 je otacejici jadro odstfedivky a
z trysky vystupujici nanovlakna. Vysledkem je
nanovlaknové rouno (Obr.4) a pradena
(Obr.5).

Zvlasté produktivni je odstredivé zvlaknovani,
které umoziuje vytvafet velké mnozstvi
nanovlaken jako jsou rouno, predena, ktere
lze pak dale zpracovavat bézné& znamymi
textilnimi technologiemi. Pfiklady rouna a
pradena pfipravenych odstredivym
zvlaknovanim z nanovlaken jsou na Obr. 5.

Vlakna a textil (1) 2013

News from Departments

Obr.1 Elektrozvlakiovani (napéti se pfipojuje
mezi 1 a 3)
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Obr.2 Rozfukovani
a) privod kapalného polymeru, b) pfivod horkého
vzduchu, f ) vystup nanovlaken
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-
material
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Obr.3 Odstfedivé zvlaknovani
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Obr.4 Rouno nanovlaken

Obr.5 Pradena

Po textilni upravé lze jiz vyuzZivat vrstvy
nanovlaken pro konfekéni ucely. Priklady
takového pouziti  jsou na Obr.6.
Nanovlaknova konfekce vynika vysokymi
tepelné a zvukové izolaénimi ucinky, velkou
splyvavosti a jemnym omakem.

Zatim mala pozornost je vénovana pfipravé
monofilnich vlaken a polymerovym
nanopasklm, které slibuji vyuziti konstrukce
nanoCidel. Zde nejde o masovou produkci
nanovlaken jako je tomu pfi jejich pouziti pro
filtracni uCely a pro textilni zpracovani.

1 3
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%
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3 NANOTECHNOLOGIE SE STALA
TECHNOLOGII SOUCASNOSTI A
BUDOUCNOSTI

Nanotechnologie je technologie pfipravy
utvard urCovanych rozméry od jednotek po
nékolik stovek nm. Nanocastice predstavuji
shluky (klastry) atom ¢i molekul, jejichz
stabilita vznikla plisobenim meziatomovych a
mezimolekulovych sil [6]. Jsou to utvary
srozméry mezi jednotlivymi molekulami a
kondenzovanymi latkami. Fyzice nanoutvaru
pfedchazela v chemii koloidika, ve fyzice
fyzika tenkych vrstev a fyzika povrchu. Byly
tedy jak fyzika tak chemie na nanofyziku
pfipraveni. V posledni dobé se stala fyzika
nanocCastic a nanovldken velmi aktualni.
Fyzice nanocastic predchazela praskova
metalurgie a praskova keramika. Co je
nového na nanoutvarech, nanocasticich a
nanovlaknech, Ze jde o dvojfazové utvary
dvojrozméroveé a trojrozmérove faze, takze se

v nich sdruzuji jak dvojrozmérové a
trojrozmérové  struktury a  vlastnosti?
Technologie nanoutvaru predevsim

nanocastic a hlavné nanovlaken se stavaji

technologiemi budoucnosti. Zatimco
dosavadni technologie vyuzivaly
mikrometrickych rozmérli, nanotechnologie

pracuje s rozmeéry o nékolik fadd nizSimi a v
nékterych pfipadech dosahuje az rozméru
kvantové fyziky. Nanotechnologie
soucasnosti a budoucnosti vytvoFi
v elektrotechnice, v elektronice a
optoelektronice nanoelektroniku, ktera
vystfida mikroelektroniku. Pudjde o velké
Uspory materiall a energie a funkce
,nanostroju“ se bude blizit funkci nanostrojl
biologickych.

Obr.6 Konfekéni vyrobky z odstfedivych nanovlaken a) Cepice, b) Zupan, c) 8ala
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Vyuziti zakonitosti nanotechnlogie umozni
mhohonasobné zvysSit rychlost pocitacld a
vytvorit konstrukci superrychlych pocitacl a
konstrukci nejpfesnéjSich atomovych hodin.
Vyznamnou ulohu hraje v nanotechnologii

technologie nanovlaken, které jsou
zakladnimi stavebnimi prvky biologickych
soustav a to jak svymi mechanickymi

vlastnostmi, tvoficimi vyztuz organismu, tak
jejich mechanickymi a elektrickymi
vlastnostmi, zaijistujicimi sdileni informaci,
jako jsou napf. neurony. Pfi jejich vyuzivani
zaCiname u nejjednodussSich  vlastnosti
vyrobkd, tj nanovlaken nanesenych na textilni
podklady, zajistujici filtraci nanocastic,
bakterii €i virl plsobenim elektrostatickych
sil. Mechanické vlastnosti takovych

Mg vrivos

aplikace je nutné znat vlastnosti nanovlaken.
Zjistujeme je méfenim a tedy je nutné mit
k dispozici diagnostické metody zjistovani
vlastnosti a ty pak aplikovat.. Dnes pronikly
nanovlakna i do domacnosti, kde pfi Cisténi a
hygiené nahrazuji nanovlakna chemicke
prostfedky a jsou vyrazné ekologické.

Je tfeba poznamenat, ze vedle polymerovych
nanovlaken dochazi kvelkému rozvoji
technologie uhlikovych trubickovych
nanovlaken, jejichz mechanické vlastnosti,
jako jsou moduly a pevnost, nékolikanasobné
prevysuji tyto vlastnosti oceli. Jako pfiklad Ize
uveést lano vytvorené uhlikovymi nanovlakny
(Obr.7), které muze slouzit pro kosmické
vytahy [7].

cradit-science

Obr.7 Uhlikové tubulenové lano
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4 NANOCASTICE, POLYMEROVA A
NANOTRUBICKOVA NANOVLAKNA
STREDEM ZAJMU VYROBY, VYZKUMU
| APLIKACI

Polymerova nanovlakna pfeSla od podani
patentl Formhalsem v 40. letech minulého
stoleti rozsahlym vyzkumem i vyvojem a
vyroba polymerovych nanovlaken podstatné
vzrostla zvlasté po zavedeni odstfedivého

zvlakhovani v roce 2008. Dnes se Vvétsi
zajem smeéruje na uhlikova trubiCkova
nanovlakna, které maji  univerzalngjsi
vlastnosti  zasahujici téméf do vSech
technickych  oblasti, zvlasté pak do

elektroniky a optoelektroniky [8]. Dulezitou
vlastnosti nanovlaken je tfiboelektfina, ktera
se zvlasté uplatiiuje pfi filtraci nanocastic a
mikrobld. U nanotrubi¢kovych nanoviaken
jsou nejzadanéjsi mechanické a elektronické
vlastnosti [8]. Uziti uhlikovych trubi¢kovych
nanovlaken jako funkcni modely barevnych
displeju a sviticich prvkd jsou uvedené na
Obr.8.

Obr 8 Nanotubulenovy displej a svitici plocha ve
tvaru Y

5 STRATEGIE VYZKUMU A VYROBY
NANOVLAKEN

Nanovlakna maji rozsahlé pouziti témér
v kazdém oboru. Pfi dneSnich znalostech o
nanovlaknech je tfeba volit vhodnou strategii
jejich rozsahu vyzkumu, vyvoje a vyroby.
V prvé fadé je tfeba vychazet ze zamyslené
aplikaci s velkym vyhledem do budoucnosti.
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Podle toho vybirat dale podle pozadovanych
vlastnosti nanovlaken a technologii podle
pozadovaného mnozstvi.Tato strategie vysSla
pfi realizaci technologie nanaseni nanovlaken
na textiini podklad, kterou uskutecCnili
v podniku Elmarco, Liberec CR za vyuZiti
beztryskového elektrozvlaknovani [9, 10] v
podobé strojniho zafizeni Nanospider
uvedeného na Obr. 9.

Obr.9 Nanospiderova linka ElImarco

Vedle technologii k pfipravé vét§iho mnozstvi
nanovlaken se vyviji i technologie pro
monofilni nanovlakna pro specialni ucely.
V soucCasnosti se pfesouva vyzkum a vyvoj
na uhlikova trubiCkova nanovlakna, ktera
slibuji rozsahlejSi a univerzalngjsi pouziti nez
vlakna polymerova.

6 NANOVLAKNA A TEXTILNI
TECHNOLOGIE

Nejvétsi mnozstvi nanovldken je trfeba
vyrabét pro dalSi zpracovani v textilnim
primyslu a mély by doplnit a c&astecné
nahradit dosavadni vlakna pfirodni a

synteticka. Vyrabéné nanovlaknové rouno je
vyhodnou surovinou pro vyrobu rounin pro
tepelné a zvukové izolacni materialy i pro
komercni ucely. Vypfedena pak i na vyrobu
tkanin a pletenin pro technické i konfekéni
uCely. Nanesena nanovlakna na textilni
podklady lze uZzivat pro filtraci nanocastic a
mikrobU jako rousky pro prasna a infekeni
prostfedi a uzivaji se v lékarstvi. Velmi
zajimavé pouziti mohou skytat specialni
nanovlakna ke konstrukci nanotkanin a
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nanopletenin, které mohou vést ke konstrukci
textilnich nanopogitacu.

7 JAKY VYZKUM PRO NANOTECHNOLOGII
Jaké jsou priority vyzkumu nanovlaken. Urcit

priority pomuze Tab.1 shrnujici mozné
aplikace nanovlaken a na ni navazujici Tab.2,

ktera doporuCuje, na jaké problémy
nanovlaken ma byt smérovany jejich vyzkum
a vyvo,. VTab.1 jsou uvedené jen
nejdalezitéjSi aplikace nanovlaken
Tab.1 Obory, do kterych zasahuji nanovlakna
obrana a medicina ekologie
bezpelnost
biolosie technika
<h em? e materialy

polymerova elektromika

ochranne odévy .
- nanovlakna

kosmetika senzory

filtrace konll) ozit}' domacnost

Tab 2 Zastoupeni vyzkumnych obor( nanovlaken

[2]

energie a obrana a bezpecnost| taorie a
elektronika ochranné odevy technologie
baterie palivoveé | pro armadu
clanky .
A kolnl) ozZity
kondenzarory &
i ’ SeNZOrY
3% B ' T
11% 24%,
hygiena a bioinZenvyrstvi vlastmosti
ekolosie , . vlaken
T lecha tkania .
ochrana proti ] morfologie
infekci struktura
protidrogova vlastmosti
filtracni lécha mechanicke
LU L)) membrany elektronicke
6% 20% 36%
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ZTab.2 wvypliva, Ze nejvétsi vyzkumné
kapacity maji byt vénované vlastnostem
nanovlaken (36%), dale pak teorii a
technologii  (26%) a nasleduje pak
bioinzenyrstvi spolu s medicinou. Se studiem
vlastnosti souvisi i vyvoj diagnostickych

metod k hodnoceni struktury nanovlaken, se
kterou uzce souvisi a navazuje technologie.
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