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Abstract-To overcome the disadvantages of conventional textile finishing processes, for example side effects like decrease in strength, low
durability to washing, wastewater load, consumption of water, chemical agents, etc., the new and promising techniques can be used like plas ma
and sol-gel processes. In this paper these techniques will be discussed.

Earlier methods of improving functional properties focused
on simple chemical modification of functional groups of fibers
and deposition of active agents on fabrics. Finishing
techniques evolved later that used the incorporation of a
polymer or copoly mer in the fibrous material to impart
functional property improvement. Cu rrent techniques like
plasma and sol-gel techniques use one or more
physicochemical and chemical approach to produce text ile
materials with imp roved functionality in one or several
properties [1]. Plas ma and sol-gel methods, which are the
important functional property improvements for textiles will
be discussed in this paper.
Penetration of nano-sized coatings of sol-gel technique is
very good, and very different functional properties can be
given to the fabrics in nanosize using very low amount of
chemicals. In addition, multifunctional effects can be obtained
by combining sol-gel coating and properties of inorganicorganic material properties. Cellulose macro mo lecules can be
cross-lin ked by means of sol network and the washing
durability of the nanosized coating can be increased applying
sol-gel coating. Also sol-gel technique can be adapted to
continuous lines in textile finishing mills. Accordingly, this
technique can be realized in industrial scale. A gel solution
(sol) is a mediu m in wh ich particles in the sizes of 1-100n m
are dispersed. A gel is a reticular substance in which
submicron holes and polimerized chains are binded together.
The sol-gel method causes the gelation of metallic organic and
inorganic substances and after that the formation of o xides and
other solid compounds by a curing process. Sol-gel process
has some advantages when compared to other methods.
Firstly, the sol-gel method may be realized in low
temperatures by simply controlling the process. Secondly, a
highly pure product can be obtained by simply remov ing
solvent. Thirdly, is that the very smooth material can be
produced. Finally, it can be used to produce any shape of
materials. In our research group, we studied with sol-gel
technique for UV protective, self-cleaning, flame retardance,
magnetic shielding properties of fabrics and for development
of fastness values of direct dyestuffs [2-5].
Plas ma is a very reactive material and can be used to modify
the surface of a certain substrate (typically known as plasma
activation or plasma modification), depositing chemical
materials (plas ma poly merization or p lasma grafting) to impart
some desired properties, remov ing substances (plasma
cleaning or plasma etching) which were previously deposited
on the substrate. Plasma technologies offer a wide spectrum of
possible treatments of materials. Plasma-chemical conversion
of the feed gas produces chemically active particles that are
able to modify text ile surface molecules via chemical
reactions after imping ing on the surface. The radicals
generated inside the plasma region must be given the
opportunity to move to the reaction place at the textile fiber
surface. The main attraction of plasma treat ments in industrial
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processing is the avoidance of chemical effluents. Other
advantages include: low cost, rapid react ion times, low
amount of chemicals and elimination of water so the plasma
polymerization is an ecological and economic process. Plasma
polymerization is used in many text ile fin ishing processes to
give fabric functional properties such as water-, soilrepellency, wettability, flame-retardancy, etc. [Allan, et al.,
2002; Zhang, 2003]. We used plasma technology to give
wettability, hydrophobicity to fabrics, to increase their wrin kle
recovery angles, for electrical conductivity, flame retardancy,
etc [6-8].
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Modifying textiles with antibacte rial effect, friction resistance, UV protection and electrostatic charge
decay abilities by an alternative nanotextile technology calle d MEVVA ion implantation technique
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Abstract- In this study, Ion Beam implantation technology which has been used for surface modification of materials for a long time was used at
textile surfaces for the first time. By the help of this technology metal and metal+ gas ions implanted to the textile surfaces and gained them
unique abilities that can not be held by any other techniques. This study is the first study in the world using M EVVA ion beam implantation
technology as an alternative nanot extile technology and obt ains a significance step to reach the vision of “infinite antibacterial efficiency”
In first phase of the study, titanium, carbon and crom ions were
implanted to a group of Polyester (PES) fabric’s surfaces. These
fabric’s friction coefficients and wear losses were compared with
unimplanted PES fabric’s friction coefficient and wear loss.

Samples
Unimplanted
PES Fabric
&XøPSODQWHG
PES Fabric-1
&XøPSODQWHG
PES Fabric-2
&XøPSODQWHG
PES Fabric-3

-

Charge decay
(time to %50
charge)
No Decay after 300
sec

5x1015,30kV

26 sec

1x1016,30kV

1,5 sec

5x1016,30kV

100 msec

Dose and Energy
(ion/cm2), kV

At the end of this phase, it was determined that implanted fabrics
electrostatic charge decay were increased significantly.

At the end of this phase without analysing any destruction of
structural properties of any textiles, Cr, Ti and C ions implanted PES
fabrics friction coefficients and wear losses have decreased up to
%50
In the second phase of the study, Pb, Ag, Ag+N, Ti+O and Cr+O
ions were implanted to the PES fabrics. These implanted PES fabric’s
UV Protection Factors were compared with unimplanted PES fabric’s
UV Protection Factor.
No
Unimplanted
Pb
Ag
Ag+N
Ti+O
Cr+O

UV protection
Factor (UPF)
3,87
15
30
10
10
20

UPF
15-24
25-39
40-50, 50+

Protection
Good
Very Good
Excellent

At the end of this phase it has been seen that according to the ion
dose and element or compound type, implanted fabric’s UV
Protection Factors rised up to %700.
In the third phase of the study Cu ions were implanted to the
surfaces of PES fabrics with different doses. These implanted fabric’s
electrostatic charge decay values were compared with unimplanted
PES fabric’s electrostatic charge decay.
After these researches, it has been focused on antibacterial
researches. For this purpose; Ag and Ti+O ions were implanted to the
polyester (PES) and cotton based medical textiles to provide them
antibacterial ability againist very dangerous pathogenes called
Hospital Infections.
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These medical textiles were tested with AATCC 100-1993
antibacterial test methodology and determined that they all have up to
%85 antibacterial efficiency even after 30 washout s. These medical
textiles antibacterial ability were also compared with conventional
nanot extile based antibacterial medical textiles presented with N and
D. Bacteria used in the test was Staphy lococcus Aureus. (S.aureusATCC 6538)
(%) Antibakteriyel Efficiency
Before 30
After 30
No
washouts
Washut s
ø
ø
ø
ø
ø
ø
ø
ø
N1
N2
N3
D1
D2

%99,26
%100
%98,95
%97,42
%95,80
%97,95
%99,11
%99,08
%100
%100
%100
%100
%100

%58,22
%68,65
%83,85
%50,19
%72,03
%-27,27
%85,62
%1,41
%92,91
%70,82
%71,67
%79,80
%52,16

No
ø
I2
I3
I4
I5
I6
I7
I8
N1
N2
N3
D1
D2

Specification
Cotton/Ag/5x1015
Ag/Cotton/5x1016
Ag/PES/5x1016
Ag/PES/5x1015
TiO 2 /Cotton/5x1016
TiO 2 /Cotton/5x1015
TiO 2 /PES/5x1016
TiO 2 /PES/5x1015
Ag/Cotton
TiO 2 /PES
Ag/Cotton
Secret/Cotton
Secret/PES

*Öktem T ., Özdogan E., Namligöz S. E., Öztarhan A., T ek Z., Tarakçioglu I.,
Karaaslan A.øQYHVWLJDWLQJWKH$SSOLFDELOLW\RI0HWDO,RQ,PSODQWDWLRQ
Technique (MEVVA) to Textile Surfaces, Textile Research Journal 76: 32p
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Karaaslan A., Tek Z., 2008, M odification of friction and wear
properties of PET membrane fabrics by M EVVA ion implantation,
M aterials Chemistry and Physics, 108, 208–213pp
*Chen X.,Schluesener H J., 2008, Nanosilver: A nanoproduct in medical
application, Toxicology Letters 176: 1–12pp
*AATCC T est Method 100-1993, An American National Standard
Antibacterial Finishes on Textile Materials
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A Study on an Electrospraying Application onto Textile Surface
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Abstract- Deposition time is key factor to determine application ease, time and cost of electrospraying. This statistical study investigates the
contribution of process parameters of electrospraying on deposition time when conducted for the application of commercially available
fluoropolymer resin onto cotton fabric. The results showed that solution viscosity was highly significant on deposition time and any variation
in other parameters would cause highly significant changes on deposition time for the solutions with higher viscosity / fluoropolymer resin
concentration

Electrospraying process should be well reviewed to
consider as a textile applicat ion alternative. It is a wellknown technique of liquid ato misation via employing
electrical forces and has some advantages over
conventional mechanical spraying systems with droplets
like easy control of charged droplets by electric fields,
high deposition efficiency of droplets and smaller droplet
size with narrow d istribution [1]. A previous study [2] has
also demonstrated the success of the electrospraying in the
application of co mmercially available nanoparticles
(fluoropolymer) onto text ile surface to avoid undesirable
agglomerat ion; it has been also reported that
electrospraying would give acceptable finishing
performance with very low amount of chemical
consumption. Relevant studies determined experimentally
the range of physical parameters of liquid which could be
atomised by electrical forces. It is concluded that a liquid
cannot be electrosprayed when its surface tension is higher
than 50 dyn/cm [3 and conductivity doesn’t fall within the
range of 10-1 – 10-11 S/m [3], 10-5 – 10-11 S/ m [4] or 10-1 –
10-9 S/ m [5]; addit ionally viscosity of the liquid, voltage
applied, liquid flow rate and electric field were accepted as
the other important process parameters which the modes of
spraying depend on [1]. There are also experimental
equations obtained on mean diameter of droplets [6, 7].
Th is study is a statistical work on process parameters of
electrospraying when conducted for the application of
commercially availab le fluoropolymer resin onto cotton
fabric. The aim is simply to perceive the basic
relationships between the deposition time of chemical
droplets and varying process parameters. Deposition time
is considered key factor for the facile process, application
time and cost; therefore a statistical approach is made to
evaluate the contribution of electrospraying parameters
selected as chemical viscosity, electrical voltage, flo w rate
and syringe-collector d istance.
100% cotton RL-knitted fabric was employed in this
study. The commercially available fluoropolymer resin F
was supplied by Rudolf-Du raner, Bursa / Turkey. The
particle size and mult imodal size distribution
measurements of the chemical were performed with a
Brookhaven Instruments 90 Plus (Holtsville, NY / USA)
using dynamic light scattering technique to bear if the
chemical would be marked as of nano particles. Two
different fluoropoly mer resin solutions (comprising 5 g/ L
and 40 g/L F in d istilled water, and marked as F1 and F2
respectively) were prepared and the viscosity of the
solutions as a process parameter was investigated with an
AR 2000ex Rheometer (TA Instrumental, New Castle, DE
/ USA). Conductivity measurements of the solutions were
performed by a mult imeter Keithley model 2400
(Cleveland, OH / USA) to determine that the
fluoropoly mer resin solutions would be electrosprayed
theoretically.
The electrospray applications were carried with a
previously established setup [12] where fluoropolymer
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resin solutions was poured into the charged syringe and
sprayed onto fabric samp le placed on the collector ground
electrode. The grounded electrode was a flat alu minu m foil
which enabled large contact between the sample and the
electrode itself. The basic configuration of setup is given
in Figure 1.
The syringe – collector distance, the electrical voltage
and flow rate were taken as process factors to be
investigated, as well as the viscosity of the solution; where
the syringe – collector distance had two (3 and 10 cm),
electrical voltage value had three (8, 9 and 10 kV), flo w
rate had five t reatment levels (10, 15, 20, 25 and 30
ȝ/ PLQ UHVSHFWLYHO\$WHDFKFRPE LQDWLRQRIIDFWRUOHYHOV
droplet formation was easy to monitor and time for
deposition of 10 droplets onto the samples were measured
by simple chronometer: the less the time, the more the
facile the process is. The average of four measurements of
deposition time was taken as time data.

Figure 1. Electrospraying setup.

The contribution of each factor was assessed using a
completely randomized two way analysis of variance
(ANOVA). The results were evaluated at 5% significance
level.
In summary, the results reveal that there was a certain
decrease in deposition time as the flow rate and electrical
voltage values increase for each sample. However, the
ANOVA analysis showed that the contribution of solution
viscosity was highly significant and the other parameters
had lesser extent than that of viscosity; any variation in
process parameters would cause highly significant changes
on deposition time for the solutions with higher viscosity /
resin concentration.
Th is study was supported by TUBITAK BIDEB 2219
granting and the research start-up grant by Dr. Zhanhu
Guo fro m Lamar Un iversity
*Corresponding author: 0Tgunesoglu@gantep.edu.tr
[1]Jaworek, A. et al., Journal of Electrostatistics, 67, 435 – 438
(2009).
[2] Gunesoglu, C., et al., Textile Research Journal, 80 (2), 106115, (2010).
[3]Smith. D.P.H., IEEE Trans. Ind. Appl. 22 , 527–535, (1986).
[4]M utoh, M . et al., J. Appl. Phys. ,50, 3174–317, (1979).
[5]Cloupeau,M . B. Prunet-Foch, Sendai, Japan, 22–24.
[6]Ogata, S, et al., Int.Chem. Eng. 18, 488–493, (1978).
[7]De la M ora, J.F. and I.G. Loscertales, J. Fluid Mech. 260 ,
155–184, (1994).
[8]Zhang, D., et al., Polymer, 50, 4189 – 4198, (2009).
192

Oral Presentation, Theme M : Nano in Textile, Agriculture and Food Science

Characterization of the Crystallization and the Molecular Orientation of Polyester Nanofibers
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Abstract-Solvent-spun polyester nanofibers by electrospinning technique with different Polyethylene terephthalate (PET)
concentrations of 13, 16 and 20% wt were produced. Differential scanning calorimetry (DSC), X-ray diffraction analysis and
Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR FTIR) studies have been carried out to analyze
the structural and thermal properties in terms of the degree of crystallization and molecular orientation of polyester
nanofibers. Scanning Electron M icroscope (SEM ) and optical microscopy studies have been performed to investigate the fiber
diameter and the fiber diameter distribution of the as-spun polyester nanofibers

Fineness of the textile fiber is very important in terms of many
properties; such as surface area, adhesion and mechanical
performance. Reduction of the fiber diameter increases the
specific surface area. When diameter reaches nanodimensions, the surface characteristics, then, become very
important for the performance. Nanofibers can posses
different properties than those of the ones in larger diameters
[1]. As the fiber diameter decreases, the surface plays more
important role on the properties than those of the bulk
material. Nanoscale components have large surface areas,
making them ideal for use in filtrat ion, tissue engineering,
med ical applications and cell growth. Generally, reduction in
fiber d iameter, increases the fiber spinnability. Crystallizat ion
shows an increasing tendency. It is thought that the increase of
crystallization leads to the improved mechanical properties.
The aim of this work is to produce nano-scale polyester fibers
and to examine the effects of size reduction on the
crystallization and mo lecular orientation of polyester
nanofibers. In this study, the scanning electron microscopy
(SEM), differential scanning calorimetry (DSC) and X-ray
diffraction analysis together with Attenuated Total
Reflectance Fourier Transform Infrared Spectroscopy (ATR
FTIR) studies have been carried out. For this purpose, three
different Polyethylene terephthalate (PET) concentrations of
13%, 16% and 20%wt polyester nanofibers have been
produced. The PET poly mer solutions were indiv idually
electrospun under constant parameters. Electrospinning
parameters were determined in a previous study [2]. SEM and
optical microscopy studies were performed to investigate the
nanofiber align ment and diameter distribution with in the web.
Table 1 shows the diameters of the individual fibers. The
average diameters of the fiber rage fro m 820 n m to 3000 n m,
depending on polymer concentration.
Table1. Diameter distribution of polyester nanofibers with respect to
PET proportion
Material
13 wt%
16 wt%
20 wt%

Min. Dia.(nm)
380
460
1000

Max. Dia.(nm)
1100
1100
5140

Average Dia.(nm)
820
920
3000

DSC analyses were performed to determine glass transition
temperature (T g ) and the degree of crystallin ity of nanofibers.
DSC results show that PET nanofibers produced from 13, 16,
20% wt PET show a Tg of 69.6 °C, 70.2 °C and 66.0 °C,
respectively. DSC crystallization results show that the
nanofibers produced fro m 13, 16, 20% wt PET show degree of
crystallinity of ~29, 28 and 15%, respectively. (This ind icates
the presence of the readily crystallizable and oriented
amorphous regions.) The internal structure was examined by
X-ray diffract ion method. The results show that fibers from
the various solution concentrations are amorphous. The results
also show that nanofibers produced from 20% wt PET consist
of non-oriented amorphous structure, nanofibers produced
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fro m 16% wt PET consist of amorphous with partially
oriented mo lecular chains and nanofibers produced fro m 13%
wt PET show higher molecular orientation in amorphous
regions. Figure 1 shows the x-ray diffaract ion pattern of the
samples.

Figure 1. X-ray diffaraction pattern of the polyester nanofibers

Detailed molecu lar orientation studies were investigated by
ATR FTIR method. In the infrared spectrum of PET the 1340
cm-1 and 1370 cm-1 bands have been assigned to the CH 2
wagging mode in trans and gauche conformers, respectively
[3]. Trans conformer generally is in crystalline regions and
gauche conformer is in amorphous regions. Since the
nanofibers produced fro m PET are amorphous, the 1370 -1
band was investigated in the terms of mo lecular orientation.
ATR FTIR Analyses showed that nanofibers produced from
13, 16, 20% wt PET are ~12.9, 10.41 and 9.87% crystalline,
respectively. ATR FTIR analyses also show the molecular
orientation of nanofibers. Nanofibers produced from 13, 16,
20% wt PET have a Hermans’ molecular orientation (<P 2 >)
value of 0.18, 0.085 and 0.024, respectively. This means that
nanofibers produced from 13% wt PET have more oriented
amorphous regions. It is found that nanofibers from d ifferent
Polyethylene terephthalate (PET) concentrations are
amorphous but in amorphous regions they have different
mo lecular orientations. In the electrospinning process, the
structure of the fiber is formed under the influence of two
similtaneous processes namely the evaporation of the solvent
and elongation of the fibers. The crystallization of the
electrospun fibers are retarded because the rapid solidification
of polymer chains hindering the formation of crystalline
regions. The results show that nanofibers produced by
electrospinning method do not have the tendency to
crystallize. They tend to have have oriented amorphous
regions in the structure. When PET concentration is reduced,
the mo lecular chains in amorphous regions are found to orient
easier. However, an increase in the velocity of the rotating
disc collector or annealing may increase the crystallin ity.
*Corresponding author: sengonul@uludag.edu.tr
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Abstract-We investigated the concentration effect on morphology of Polyacrylonitrile (PAN) electrospun nanofiber. It is found that as the
concentration increases the fiber diameter increases and t he bead for mation decreases.

Electrospinning is a process that employs electrostatic
forces to produce nanofibres with diameter between
50-1000 n m fro m poly mer solution or melt[1-6]. The
electrospinning process involves the application of a
strong electrostatic field to a capillary connected with a
reservoir containing a polymer solution. The high voltage
will induce electric charge to the solution and once electric
force overcomes the solution surface tension, superfine
fibers are produced [7-9]. Polyacry lonitrile (PAN) is the
most extensively used polymer in electrospinning because
of its excellent properties [10-13].
The morphology of electrospun nanofibres are
dependent on a number of processing parameters that
include:
(a) the intrinsic properties of the solution such as the type
of polymer and solvent, polymer mo leculaweight,
viscosity (or concentration), elasticity, conductivity, and
surface tension.
(b) the operational conditions such as the applied voltage,
the distance between spinneret and collector (tip -target
distance), and the feeding rate of the polymer solution ,the
humid ity and temperature of the surroundings [14-17].
The effect of concentration on PAN nanofiber
morphology is still being investigated. Generally as the
concentration increases the fiber d iameter increases and
bead format ion decreases [18-21].
PA N poly mer [Mw 150,000] was gently supplied fro m
AKSA Acrylic. The solvent used was dimethylformamide
(DMF) purchased from Sig ma. To conduct the experiment
a solution was prepared by dissolving PAN poly mer in
DMF. The solution was arranged by stirring magnetically
for one hour at a temperature of 90 °C.
The high voltage power supply used in the experiment
can provide voltages between 0 to 50 kV. However, the
tests were done at 35 kV and 0.7 mm jet diameters. The
other parameters as such flow rate, the distance between
capillary and the collector, voltage were selected as 0.5
ml/hour, 100 mm, 35 kV respectively. The fibers were
collected on the aluminu m foil in the form of non-woven
fabric. The temperature and humid ity were kept constant
as 25 ºC and 30 %.
To examine the effect of concentration on
electrospinning of PAN nanofibers, the concentration
values were gradually increased from 6 wt.% to 16 wt.%
with 2 wt.% intervals.
The mo rphological appearance of the electrospun PAN
fiber mats and that of the individual fibers was
investigated by a JEOL JSM -6390LV scanning electron
microscope (SEM ), operating at an acceleration voltage of
10 kV. The d iameters of nanofibers were measured using
Image-Pro Plus 6.0. 50 measurements were performed and
average diameter of the nanofibers was calculated.
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Figure 1. Relationship between nanofiber diameter and
concentration (tip-collector distance is 10 cm voltage 35 kV)

The experimental results show that when the
concentration increases the fiber diameter increases
(Figure 1). At low concentrations bead format ion and
diameter variation are seen. When concentration increases
the bead formation decreases. At 6 wt.% and 8 wt.%
concentrations the beads are clearly seen but after 10
wt.% the bead format ion decreases. Also as the
concentration increases the diameter variation decreases.
Th is work was supported by University of Gaziantep
BAPYB under Grant No. MF.08.04.
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Abstract- Nanofibers/nanowebs from many different kinds of polymers have been produced by electrospinning technique. These functional
nanofibers/nanowebs are expected to be used in variety of app lication areas including nanofiltration, functional textiles, biomedical and
energy.

Electrospinning is the most versatile and cost-effective
technique to produce nanofibers fro m a wide range of
materials such as natural/synthetic polymers, sol-gels,
ceramics, metal o xides and composites. In this
technique nanofibers are produced by applying a very
high voltage (10-60 kV) to a poly mer solution or a
polymer
melt.
Po ly mer/solvent
types
and
electrospinning process parameters such as; applied
voltage, feed rate, t ip-to-collector distance determine the
ultimate structure of electrospun fibers. Electrospun
nanofibers and their nanowebs have unique properties
such as very large surface area, nano porous structure
and design flexib ility fo r specific functionalization, etc.
Due
to
these
properties,
electrospun
nanofibers/nanowebs show superiority to conventional
text ile materials which make them more attractive for
many applications such as filtration, bio medical, textile
and energy, etc [1-5].
In our work, we have produced functional electropun
nanofibers/nanowebs from many different kinds of
natural/synthetic polymers and metal oxides and we
investigated their potential applications in filtration,
biomed ical, packaging and energy.
In our studies, we produced nanowebs from poly mers
such as; polyamide (PA), polyethylene terephthalate
(PET), polyacrylonitrile (PA N) and polyvinylidene
fluoride (PVDF) which are resistant to most chemicals
and they have high mechanical strength which make
them suitable for filtration materials.

a)

b)

Figure 2. a) SEM image of PEO nanofibers b) PVA
nanofibers

Electrospun metal oxide nanofibers (TiO 2 , SiO 2 ,
ZnO, etc) are very important in the applications
solar cells and sensors, etc. due to their h igh surface
area, high porosity and their nanostructure feature.
In our research, we produced TiO 2 , SiO 2 and ZnO
nanofibers by electorspinning technique and we are
investigating their use in solar cells, catalysis,
sensors, etc.

a)

b)

Figure 3. a) SEM image of TiO 2 nanofibers b) EDX
image of TiO 2 nanofibers

* Corresponding author:
0Tuyar@unam.bilkent.edu.tr

a)

b)

Figure 1. a) SEM image of PA nanofibers b) PAN nanofibers

Tissue engineering, wound healing and drug delivery
are
the
potential
application
areas
for
nanofibers/nanowebs in biomedical field [2,4-5]. In
order to obtain required functions from these structures;
the polymeric nanofibers should be biocompatible
and/or biodegradable. In our studies; we produced
nanofibers/nanowebs from poly mers such as; poly(vinyl
alcohol)
(PVA ),
poly(caprolactone)
(PCL),
poly(ethylene oxide) (PEO), cellulose acetate (CA),
chitosan and polyvinylprolidone (PVP) which are
known for their b iofunctionality and can be used for
scaffolds, wound dressing, drug delivery, antibacterial
text ile applicat ions, etc.
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Abstract- Recently, organic materials based solar cells among the other solar cells attract scientific and economic interest thanks to their unique
properties. In our study, photovoltaic textile structures were developed using organic solar cell materials. Light absorbing nano-materials were
deposited as photoactive layer on thin and flexible textile structures. While light was passing through a semi-transparent cathode based on thin
Lif/Al metal layers, electricity was generated. Phot oelectrical characteristics were measured and evaluated. This device design can be applied for
smart textiles after further optimization studies.

In last years, concerns about increase in quantity of carbon
dio xide (CO 2 ) in the atmosphere and effects of global
warming problem triggered researchers and governments to
search, develop and use alternative renewable energy
production technologies. Among the renewable energy
production technologies, photovoltaic technology, which
converts sun light into electricity, is environmental friendly.
When solar cells having both low cost and high power
conversion efficiency are developed, inexpensive electricity
production can be achieved. Therefore, organic solar cells
which can fulfill these desires can be promising structures to
generate electricity, in the future [1-2].

Figure 2. Schematic description for working principle of a
conventional organic solar cell structure [6]

Figure 3. Simple demonstration of a photovoltaic textile structure
Figure 1. Installation of silicon based solar cells onto a roof

Organic solar cells have some advantages including
transparency,
flexibility,
cost
effective,
lightness,
chrominance, etc. Organic solar cells can be also prepared in
low temperature by easier production methods. Suitability and
integrability of organic solar cells onto thin and flexible
surfaces [3] are interesting features for new applications fields
and large scale industrial productions. However, the efficiency
of organic solar cells is too low to be industrialized. According
to latest report on confirmed solar cell efficiencies, while
silicon (crystalline) based solar cells have ca.25.0% efficiency,
organic polymer based solar cells have only ca.5.15% [4].
Different devices were developed [5] using Poly(3,4ethylenedioxythiophene:
poly(styrene
sulfonic
acid)
(PEDOT:PSS) as hole conducting material and polymer based
nano-materials (i.e. Poly(3-hexy lthiophene-2,5-diy l): [6,6]Phenyl C61 butyric acid methyl ester, P3HT:PCBM) which can
be applied easily using solution based processes as active layer.
Nano-composite organic solar cell materials were coated onto
thin textile substrates to obtain photovoltaic effect. In contrast to
common organic solar cells on glass substrates, semi-transparent
electrode was developed with thin layers of lithium fluoride
(LiF) and aluminu m (Al) metals as cathode of the device and
rough polypropylene (PP) tapes and fibers, non-transparent and
non-conductive, were used as substrate of the devices.
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Devices were characterized in the dark and under sun light
(100 mW/cm2 ) simulated using a solar simulator under AM 1.5
conditions. Photoelectrical parameters including short-circuit
current (I sc  DQG SRZHU FRQYHUVLRQ HIILFLHQF\ Ș  RI WKH
photovoltaic textile using polymer based solar cell materials was
improved significantly. Such a photovoltaic structure may be a
candidate for wearable low-cost photovoltaics after further
optimization studies.
$XWKRUV DFNQRZOHGJH 7h%ø7$. 7KH 6FLHQWLILF DQG
Technological Research Council of Turkey) for the grants (2211
and 2214)
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Abstract— We report a new approach about dyeing of cotton fabrics with electrostatic self-assembly method. Cotton fabrics were pretreated with 2,3-epoxypropyltrimethylammonuium chloride and cationic charges produced on the fabric surfaces. For cotton fabric dyeing,
reactive and acid dyes were used. Oppositely charged anionic reactive/acid dyes and cationic poly(diallyldimethylammonium chloride) (PDDA)
were alternately deposited on the surface of cationized cotton fabrics. 10 multilayer films of dye/PDDA were deposited on the cotton fabric
surfaces by using padder. The buildup of the multilayer films has been discussed on the level of color strength (K/S) achieved. Cotton fabrics
dyed with the same dyes by exhaust method and the both dyed samples were compared. Dyed samples color fastness to washing, rubbing and
light were determined.

Starting in early 1990s, after Decher’s group rediscovered
Electrostatic Self Assembly (ESA) or Layer-by-Layer
Deposition (LbL) processing, the interest to fabricate
multilayer thin films from oppositely charged polyelectrolytes
is increased in various fields of science. LbL process is based
on the alternating adsorption of charged cationic and anionic
species such as charged molecules, nanoparticles, dyes,
proteins and other supramolecular species [1,2]. Generally,
polyelectrolyte self-assemblies of different textile fibers and
structures were studied and these studies investigated only the
possibility of using LbL method for textile materials [3,6]. In
our previous studies, we investigated the possibility of
nanoparticle film deposition on cotton fabrics with LbL
deposition and we showed that LbL process could be used to
obtain functional textiles with antimicrobial, UV-protective,
self-cleaning and flame retardancy properties [7-8].
In this study, we examine the possibility of cotton fabrics
dyeing by using electrostatic self-assembly method and proved
that dye/polyelectrolyte based multilayer films can be created
using the LbL process.
Mercerized and bleached woven cotton fabrics were used
as substrate for the LbL process. Cationization process was
used to generate cationic sites on the surface of cotton fibers
[9]. Cationic cotton fabric was prepared by using 2,3epoxypropyl trimethylammonium chloride (EP3MAC). As
EP3MAC reacts with the hydroxyl groups of cellulose,
cationic charges on the surface of the sample were created.
EP3MAC solution was pad applied to the cotton specimens at
100 % wet pick-up and fabric samples were kept for 24 h at
ambient conditions (20 °C and % 65 RH) in Ziploc bags.
Cationized cotton fabrics were dried in a commercial dryer at
60 °C.
Reactive and acid dyes (Remazol BrBlue R spec,
Remazol Brilliant Red 3BS gran, Telon Red M-3B 80%,
Telon Turquoise M-5G 85%) were used for dyeing process
and purchased from DyStar. The concentration of dye solution
was adjusted to 2 wt %. Poly(diallyldimethylammonium
chloride) (PDDA), Mw 100.000-200.000 were purchased from
Aldrich and used as received. Aqueous solution of the
polyelectrolyte was prepared at concentrations of 3 mMl−1
with using deionized water. For reactive or acid dye/PDDA
multilayer films deposition process, the positively charged
cotton fabrics were immersed into the following solutions
alternately; (a) the anionic dye solution, (b) the deionized
water, (c) the cationic PDDA solution, (d) the deionized water.
We deposited 10 dye/PDDA multilayer films on the cotton
fibers by using laboratory type padding machine. Multilayer
films deposited on cotton fabrics were cured at 150 °C for 3
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min. Cotton fabrics were dyed with exhaust method with the
same dye concentration, too.
Minolta 3600d spectrophotometer was used to obtain the
K/S values of the dyed samples with LbL and commercial
dyeing processes. Washing fastness of the dyed cotton fabrics
were tested according to TS EN ISO 20105-C01 with
laboratory type washing machine Gyrowash. Rubbing fastness
was tested according to TS EN ISO 105-X12:1993 using
Crockmeter. Light fastness was tested according to TS 1008
EN ISO 105 B02 using Atlas Xenotest ALPHA light fastness
apparatus. Dyed fabrics with LbL process showed 4/5, 3/4, 4
and 4/5 staining washing fastness values for Reactive Red,
Reactive Blue, Acid Red and Acid Blue dyes, respectively.
Same fabrics wet rubbing fastness values are obtained as 4, 3,
3 and 3 for the same sort order of dyes.
In summary, we showed that dyeing process of cotton
fabrics with reactive and acid dyes can be generated via
electrostatic self assembly without using any chemical
compound in dye bath solution within a short time period.
*Corresponding author: sule@mmf.sdu.edu.tr
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Abstract- High molecular weight crude polysaccharides obtained from various algal plants were evaluated as an elicitor of disease resistance
responses in chickpea tissues in terms of induced browning and production of induced secondary metabolites. The field trials of these elicitor
preparations against chickpea and maize plants showed significant increases in the average plant height, number of leaves, flowers and fruits per
plant.

The idea of biochemical basis of defence mechanism
conferring disease resistance in plants is now under active
investigation [1, 2]. Natural or synthetic molecules which are
able to elicit induced resistance in plants against diseases are
grouped together and known as Elicitors, they are biotic,
abiotic and endogenous in nature [3]. Biotic elicitors are
obtained from pathogenic microbial cell wall or cell cultures
and include polysaccharides, glycoproteins and fatty acids [4].
These molecules induce hypersensitive responses in plants,
widely studied are induced browning and phytoalexin
production [5, 6]. It is previously reported that in most cases
elicitor act ivity was associated with the polysaccharide
fractions of various preparations [7]. Seaweeds are generally
comprised of 40-69% of carbohydrates. The major interest of
this study is to exploit these polysaccharides as an inducer of
hypersensitive responses. Generally elicitors are effective in
very small quantities, only micrograms of elicitor are required
for protecting the plants from d iseases that results in good
quality crops.
In the present study ten algal plants viz: Hypnea
musciformis, Botryocladia leptopoda, Acanthophora delili and
Dictoyta haukiana of Red algae, Sargassum tererumium,
lyengaria stellata and Padina tetrastromatica of brown algae
and Codium elongatum, Caulerpa texiflora and Ulva lactulus
of green algae were collected from coastal area of Karachi.
Water, moisture and ash contents of fresh seaweeds were
found as 85-90%, 6-12% and 6-38% respectively. Air dried
materials were extracted with water, d ilute alkali and acid,
High Molecular Weight Crude Elicitor Preparat ions
‘HMWCEP’ were obtained by ethanol precipitation and
lyophilisation of these extracts. Chemical co mposition of
HMWCEP isolated from seaweed extraction revealed that
total sugar (12-76%) and sulphate contents were high in most
of the plants. Uronic acids were found in negligible amounts
with one or two exceptions.
Elicitor activity of seaweed polysaccharides was determined
and established first time in this research work, activ ity was
determined by using elicitor p reparations of the tested plants at
a concentration of 100 µg glu eq/ ml in chickpea tissues. On
the basis of preliminary screening, the potentially active
elicitor preparat ion of H.musci formis was selected for dose
response and time course studies in terms of production of
induced secondary metabolites. Results showed that 100 µg
elicitor dose and 24 hour incubation time were the optimu m
conditions to induce metabolites at maximu m level in the
treated tissues of chickpea.
Field trials of the this elicitor preparation were designed and
conducted to examine the effect of elicitor against chickpea
and maize plants grown in the field of PCSIR Laboratories
Co mplex Karachi. This was four months study and plants
growth was regularly monitored during this period. Elicitor
6th Nanoscience and Nanotechnology Conference, zmir, 2010

treated plants of both crops responded well to the applied
elicitor. Pro mising results were obtained such as increases in
the average plant height, number of leaves, branches, flo wers
and fruits per plant, as shown in the figure.

A

B

Figure 1. (A) Elicitor treated chickpea plants, (B) control chickpea
plants.

It is concluded from the present study that treated tissues of
chickpea
responded
differentially
to
the
various
polysaccharide preparations of algae and produced a positive
and definite resistance response in terms of induced browning
and phytoalexin production. A very s mall quantity of active
elicitor preparation applied in the field can improve the yield
and quality of crops.
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