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6. Uluslararast Lif ve Polimer Arastirmalart Sempozyumu (6.ULPAS)

3 Mayis 2019'da ITU, Giimiissuyu Yerleskesinde 5. ULPAS’1 “Medikal Tekstiller” vurgusuyla
gerceklestirdik. Boyle yapmamizin sebebi, bu sempozyumlarin ana unsurlarindan birisi olan
ITU’de Tekstil Teknolojileri ve Tasarim Fakiiltesinde 30 yildir faaliyet gosteren “ITU
TEMAG Laboratuvari”nin Istanbul Kalkinma Ajans1 (ISTKA) destekli yiiriittiigii bir proje olan
“TR10/18/YMP/0075-MEDITEKS: Medikal tekstiller Ar-Ge Merkezi”nin kurulus lansman
toplantisiyla birlikte gergeklestirmekti. Iyi de oldu. Sempozyum bu sayede daha farkli bir
kitleye daha eristi.

6. ULPAS’da “uluslararasi sempozyum” vurgusu ile ve sponsorlarimizin destekleriyle tiim
diinyadan konularinda 6ne c¢ikmis aragtirmacilart davet ettik. Yurtdisindan gelen bu
davetlilerimizi sempoyumda “Ana Konusmaci1” yaptik ve oturumlari da asagidaki gibi konulara
gore diizenlemeye gayret ettik;

- Doku Miihendisligi - Medikal Tekstiller

- Nanoyapilar

- Nanolif Uygulamalari

- Nanolif Uretim Teknikleri — Electrospinning

- Kompozitler ve Dogal Elyaf Takviyetli Kompozitler

- Nonwovenlar

- Lif ve Tekstil Teknolojileri

Bu Bildiriler Kitab1 sempozyum esnasinda katilimcilarin elinde oldugu gibi sempozyum
internet sayfasi (www.uludag.edu.tr/ulpas) adresinden 6nceki sempozyumlarin bildiri kitaplari
ile birlikte her zaman erisebilecektir.

6. Uluslararas1 Lif ve Polimer Arastirmalar1 Sempozyumu'nun da simdiye kadar oldugu gibi
basarili, katilimcilara i¢in yararh ve tlilkemiz i¢in katk1 verici olacagina inancimiz tamdir.

Lif ve Polimer Arastirmalar1 Enstitiisii adina
Prof. Dr. Yusuf ULCAY

Prof. Dr. Ali DEMIR



6™ International Fiber and Polymer Research Symposium (6th IF&PRS)

On the 39 May 2019, we have organised the 5" International Fiber and Polymer Research
Symposium (5th IF&PRS) at ITU, Giimiissuyu Campus-Istanbul with an emphasis on “Medical
Textiles”. It was due to the fact that as the main components of these sysmposia, ITU TEMAG
Lab had the first announcement meeting for their reserach and developmet Project
“TR10/18/YMP/0075-MEDITEKS: Medical Textiles R&D Center” supported by Istanbul
Develeopment Agency (ISTKA). It was a real success and the symposium had a chance to reach
a different audience.

As an international reserach and developemtn symposium, we have invited some distiguished
researchers in the field of fiber and polymers from all over the world with the the kind financial
support of our sponsors. Those internationally pionering names will be our “Keynote Spekers”
during the symposium. We have also divided the papers into subject groups as follws;

- Tissue Engineering - Medical Textiles

- Nanostructures

- Nanofiber Applications

- Nanofiber Production Techniques — Electrospinning

- Composites and Natural Fiber reinforced Composites.

- Nonwovens

- Fiber, Polymer and Textile Technologies.

The book of proceedings will be available in printed form during the sysmposium. It can alos
be accessed by the link (www.uludag.edu.tr/ulpas) together will all of the previous symposium
Book of Proceedings.

As we have experienced so far, we believe that this 6™ IF&PRS will also be another success
story for all those who have attended as well as our beloved city for Istanbul as well as our
country.

On behalf of the Fiber and Polymer Research Institute
Prof. Dr. Yusuf ULCAY

Prof. Dr. Ali DEMIR
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Biomimetic Approaches to Tissue Engineering of Organoids
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PURPOSE

Recently, in vitro, ex-situ, and etc. methods have gained
importance in tissue engineering approaches. Among
these methods, the organ on a chip is a recently
developed in vitro technique that has the potential to
mimic human tissue or organs. On the other hand,
textile techniques such as weaving, knitting and
braiding using fiber-based scaffolds is a promising
platform in tissue engineering. Here, we discuss how
engineering efforts by research groups can generate the
basis for the assembly on highly complex self-
organizing cellular systems.

INTRODUCTION

Today, the treatment of diseases and the development
of drugs are closely related to organ physiology and
disease etiology with their complex relation. There is a
critical need for improved models that can accurately
predict the effects of drugs, chemicals and biological
agents in the human body. Organ on a chip is a recently
developed in vitro technique that has the potential to
mimic human tissue or organs in a practical manner. In
fact, more than one tissue or 3D organoids in
microfluidics are brought together to form human on
chip platforms'“. Thanks to these platforms, the
mechanical and physiological responses and
interactions 3D and micro-dimensional structures in
microfluidics can be investigated just like organs in the
human body®>7. Some of the drugs withdrawn from the
pharmaceutical market have been successfully used on
these platforms to monitor the side effects as occurs in
the human body.

On the other hand, the control of scaffold
microarchitecture and mechanical properties to mimic
intrinsic morphologies and functions of target living
tissue is a crucial to obtain scale of human-sized,
clinically effective tissues and organs. Tunable
flexibility and structural stability are important
parameters for the cells to provide necessary physical,
chemical, and biological cues that determine cell
growth and function. Depending on the application, the
importance of certain mechanical properties of the
biomaterials are more pronounced than others. For
example, distinct and controlled elastic property is
necessary for cardiac muscle and blood vessels,
whereas the Young's modulus and strength become
more significant for bone, tendons and ligaments.

ogu.edu.tr

In the present study, we will discuss a liver on a chip
platform which is expected to have a very important
milestone in drug development and medical field. In
addition, a textile-based polymeric 3D braided
structures for tissue-engineered muscle by using core-
shell composite fibers (CFs) will be highlighted.

EXPERIMENTAL

Material

Gold-based microelectrode, polydimethylsiloxane
(PDMS), chemicals for immobilization such as 11-
mercaptoundodecanoicacid, N-Hydroxysuccinimide,
streptavidine, biot-Ab, antijens (GST-a), primary
human hepatocytes, GelMA and hydrogel were used
for liver on a chip and tissue-engineered muscle
structures*®,

Method

Briefly e-beam evaporation for electrode production,
photo and soft lithography for bioreactor and
microfluidics, 3D bioprinting for organoids,
PrestoBlue® assay, BioTech UV/vis snergy 2
microplate reader, real-time PCR analysis were
used*s,

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Recently, various studies have been conducted to
obtain 3D liver micro-devices in different types of
chips to investigate the potential side effects of drugs
and treatments. In one of these studies, 3D liver
organoid has been reported via microfluidic
electrochemical (EC) biosensor chip designed for
continuous measurement of soluble biomarkers
secreted from the cells* (Figure 1). In this study, it was
determined that hepatotoxicity can be developed by
measuring the amount of albumin and GST-a secreted
in the medium as a result of successful application of
APAP as a model drug with impedance-based
biosensors for running approximately one week. The
obtained results were confirmed by cell viability and
ELISA test results®. Here, the effect-response
reactions that can be seen in vivo were performed by
liver on chip platform without any animal and clinical
studies.
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Figure 1. A photo image of liver cells developed in the
bioreactor (top), fluorescence image of time-varying
administration of APAP at different concentrations

(bottom-left); time-varying drug concentration versus
albumin and GST- a secreted from the cells (right)*.

In another study, to obtain different braided structures,
four fibers were attached to a single point and they were
braided together with a control, all fibers were parallel,
pattern. In the second step of the research, these braided
patterns were again braided together with 16 (4x4)
filaments per pattern (Figure 2) to control better
mechanical properties of the patterns. Resulted fibers
for engineering of skeletal muscles in which the core
was obtained from biocompatible and/or biodegradable
polymeric fibrils with a mechanically rigid property and
the soft-shell portion from hydrogel containing living
cells and other additives®.
|

/A

Figure 2. Microscopes images of braid patterns after
hydrogel coatings from left to right: 1x1 and 2x2
biaxial; 1x1 triaxial patterns.

CONCLUSIONS

As a result, information obtained from living micro-
structures produced with organ on chip platforms is
expected to accelerate drug development and treatment
of diseases with greatly reduce costs.

Textile braiding technique was demonstrated as a
suitable platform to build muscle-like fibrous structures
in a facile and highly reproducible with tuning the
biomimetic architectures and mechanical properties.

SUGGESTION FOR FURTHER WORK

We are working on personalized organ on chip systems
to investigate cancer environments and treatment. In
addition, studies are being carried out on the

constructions with controlled mechanical, biological
and electrochemical properties in engineering tissues
using weaving technique via cell-laden ‘live’ core-
shell composite fibers.
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PURPOSE
Multifunctional wound dressing based on PP nonwoven
via immobilization of thrombin protein and silver
nanoparticles to acquire hemostatic and antimicrobial
properties.

INTRODUCTION

Patients who suffer from kidney failure and need
to go for hemodialysis several times a week in order to
remove body waste!. A flexible tube, catheter, is put
into patient neck vein, below the collarbone. There is a
high risk of infection due to the movement of the
catheter or leakage of body fluids. A wound dressing or
bandage is used to cover the catheter and keep the
insertion site clean. A functional wound dressing is
needed not only to prevent any bacterial growth and
promote the granulation and growth of epithelial cells
but also to stop any bleeding that might occu?. Passive
dressings like cotton gauze and polypropylene (PP)
nonwovens are being used widely as wound dressing.
Soybean protien isolates (SPI) has been used to
hydrophilize PP surfaces wth proven efficiency?. Silver
nanoarticles is considered a very reliable and efficient
antimicrobial agent. This might be attributed to their
enormous surface to volume ratios and crystallographic
surface arrangement for such small structure®.

EXPERIMENTAL

Material

Soybean protein isolate, silver nitrate, thrombin from
bovine, isopropanol, sodium hydroxide, and deionized
water.

Method

A layer-by-layer technique was employed for the
functionalization of PP surface. Firstly, a layer from
soybean proteins will be absorbed on PP surface.
Secondly, silver nanoparticles will be prepared in-situ
during the denaturation of soybean protein and
immobilized on PP surface. A third layer from thrombin
protein, which is essential in blood clotting cascade,
will be absorbed on the top to acquire hemostatic
function. Pad-dry technique is being used for this
experiment.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Silver nanoparticles were prepared during the
denaturation of Soybean Protein Isolates (SPI).
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Figure 1. Uv-vis spectra TEM micrograph of silver
nanoparticles prepared in soybean protein

Antimicrobial Activity of the SPI/AgNPs treated PP
nonwovens were tested against E.coli. SEM images show
no bacterial growth on treated samples.

Figure 2. SEM image for E.coli grown on untreated PP
nonwoven (left) and PP treated with SPI/Ag-NPs

Thrombin  protein  successfully

immobilized on the surface of PP/SPI

nonwovens. Thrombin retained its

activity for 30 days after loading on

the PP nonwovens and was released '}
P
) ’:

to the medium in adequate
concentration.  Fibrinogen  was
transformed to fibrin upon the release
of thrombin to the medium.

Figure 3. Thrombin release leads to gelation of fibrin
(fibrinogen formation)
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CONCLUSIONS

Antimicrobial and hemostatic properties were acquired
to the surface of polypropylene nonwovens through the
immobilization of soybean and thrombin proteins.
Silver nanoparticles were prepared in-situ during the
denaturation of soybean protein. The functionalized
nonwovens remained active for 30 days when stored at
room temperature.

SUGGESTION FOR FURTHER WORK

Solvent free (solid state) and large scale synthesis of
silver nanoparticles using soybean isolate. In addition,
in-vitro blood coagulation assessment should be done
on the treated PP nonwovens.
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PURPOSE
Functionalization of hydrogels for improved tissue
regeneration

INTRODUCTION

Hydrogels are one of the most attractive biomaterials
for tissue engineering, since they can be used to
generate three-dimensional scaffolds to support the cell
growth and to improve the healing of tissues *.

EXPERIMENTAL

Material

For the generation of hydrogels, gelatin methacryloyl
(GelMA) or circularized single-stranded DNA were
used. VEGF binding aptamers were covalently
incorporated into the hydrogels.

Method

Three-dimensional GelMA and DNA hydrogels were
generated?. These hydrogels were functionalized with
VEGF binding aptamers. The functionalization of the
hydrogels with the aptamer was analyzed by application
of FAM-labelled complementary oligonucleotides. The
successful loading of hydrogels with VEGF was
determined by using ELISA. The bioactivity of the
VEGF in hydrogels was verified by incubation of
HUVECs with hydrogels.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The successful loading of the hydrogels with VEGF
was demonstrated. Furthermore, improved
angiogenesis was shown after the incubation with
HUVECSs. These results demonstrated the promising
application possibilities of aptamers as capturing
molecules in three-dimensional hydrogels.

CONCLUSIONS

The generation of aptamer-functionalized hydrogels
has a huge potential for regenerative medicine.
Aptamers against different targets can be applied to
produce hydrogels with altered functions.

SUGGESTIONS FOR FURTHER WORK

In the future, three-dimensional structures will be
generated using 3D printing technology. Furthermore,
in vivo studies will be performed to verify the
obtained in vitro results.
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PURPOSE

Scaffolds are vital for tissue engineering researching.
Through manufacturing technologies and studies to
improve the properties of polymers biocompatible,
scaffolds are made by more compatible with the body.
In this article, considering the chemical structure of
biodegradable polymers with their relationship with
mechanical, biocompatibility, electrical conductivity
properties will be examined.

INTRODUCTION

Accidents or various diseases result in tissue or organ
losses that significantly affect human’s lives. At this
point, tissue engineering; provides interdisciplinary
studies of health sciences and various engineering to
improve or repair existing tissue functions. In
therapeutic applications, the mimetic tissue may
develop in the patient's body (in vivo), may also
develop in the laboratory environment.

2. Polymers Used in Tissue Engineering

The extracellular matrix consists of various proteins
and polysaccharides, providing physical support as well
as providing organization of cells. The surface of the
tissue scaffold to be produced must be considered for
the specific chemical and morphological structure
(extracellular matrix) for each cell to hold and
proliferation. This review article will be discussed
commonly used polymers in scaffold applications.

Aliphatic Polyester

Polylactic acid (PLA), polyglycolic acid (PGA), and
copolymers of these polymers are poly (lactide-co-
glycolide) (PLGA). They are degraded by hydrolysis of
ester groups in their main chains. PGA is highly
crystalline and rapidly soluble in water. The
disadvantage is that it loses its mechanical strength
considerably within 2-4 weeks of implantation.
Degredation rate; molecular weight, the design of the
tissue scaffold and the structure of the environment in
which it is placed. PLA, the second most widely used
biodegradable polymer, is more hydrophobic than PGA
due to the extra methyl group in the structure, and thus
loses its mechanical strength significantly, although it
takes several years to degrade in the body completely.
Poly (e-caprolactone) (PCL) is a semi-crystalline
material and has a rubbery behavior throughout the
body since its glass transition temperature is about -60
°CI3].

Polyurethanes

Due to the easy modification of the chemical structure
of the polyurethane, which consists of two different
segments (diisocyanate and polyol), materials with
very different physical and biocompatibility
properties, can be produced. The products formed as
a result of degradation do not show toxic effects. In
recent studies, it has been observed that by using
amino acid-derived diisocyanate, more cells are
attached and produced on the surface of the material
than polyurethane produced by toluene diisocyanate.
Today, artificial capillaries, cartilage and hard bone
tissue, nerve tissue, and is used in areas such as drug
transport [1,4].

Poly (glycerol sebacic acid)

The Langer research group synthesized it in 2002,
during the search for new materials with better
mechanical and chemical properties for soft tissue
production. It is synthesized by condensation of
glycerol and sebacic acid. It shows cross-linked
elastomer behavior due to the hydrogen bond formed
between hydroxyl groups. In order to adjust the rate
of degradation by considering the characteristics of
the target tissue to be imitated, curing time and
temperature, monomer concentration, the ratio of
acrylate group in the structure by changing the
different properties of polyglycerol sebacic acid
derivatives can be produced. It has various
applications such as hard bone tissue, drug delivery

[3].
CONCLUSION

The studies in the field of tissue engineering are
increasing day by day. It is predicted that the success
rate will increase with the developments in the
materials and production technologies whose
properties are developed. Following the production of
tissues such as vascular and nerve tissues, which are
very difficult to imitate, the next stage is the
production of artificial organs.
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PURPOSE
The main purpose of the experiment was fabricating a

novel skin-on-a-chip system via using PMMA plate
that was consisting of ten layers with eight bolt and
loafs insertion holes. Furthermore, two different
GelMA-Sodium Alginate solution was prepared to be

used as bio-ink for skin scaffold.
INTRODUCTION

Bringing a drug in health sector costs about 2 billion
dollars and the process takes from 12 to 15 years. One
of the most important step of these studies is
preclinical testing, the other names is animal testing,
which is also so crucial in cosmetic toxicity testing and
disease modelling. Preclinical testing consists of two
different implementations as in vitro analyses by using
proper cell line models and in vivo studies via using
animal models. All of these processes are conducted to
determine not only validity and toxicity, but also
pharmacokinetic and pharmacological characteristics
testing to analyze the absorption, distribution,
metabolism and excretion rate of the substance, which
is crucial for detecting the he basic safety and potential
usefulness of the drug (candidate). Eventually, the
compounds that are passed the previous procedures are
subjected to clinical trials (human trials) in order to
specify the ultimate validity, effectivity, and
usefulness of the drug. Although the investigation and

researches on new drug candidates for acute, chronic

and genetic diseases are being performed accelerando,
the rate of finding successful and effective drug
reagents is dramatically low [3, 5, 6]. That is because
either lack of clinical efficacy or intolerable toxicity of
the drug candidates during investigation process [2, 4].
Since the mentioned processes are expensive and time
consuming [1], it is very important to detect the
compounds that are potentially ineffective or have an
unacceptable toxicity and dismiss in early stages of
drug development. Therefore, development of in vitro
cell-based testing methods are crucial and necessary to
provide possibility to predict precisely for efficacy and
safety of drug candidates. Cell cultures for both drug
development and disease modelling can be categorized
as 2D cell culture, 3D cell culture (involves 3D bio-
printing technology), and microfluidic systems.
Microfluidic systems that are most advanced discovery
and the whole of the applications of engineering
disciplines such as bioengineering, chemical
engineering, and material engineering. These systems
have demonstrated that they can be suitable candidates
and platforms for drug development, cosmetic toxicity
testing, and disease modelling implementation instead
of animal models by the studies of organ-on-a-chip

systems.
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EXPERIMENTAL Material
The materials that were used in this study can be

specified as: PMMA plate, 8 bolts, 8 loafs, injection
pipe (silicon), Mouse fibroblast cells, micropipettes,
confocal microscopy, glass-plastic petri dishes (120 x
15, 90 x 15), injectors (50 ml, 20 ml), syringe pump

Method
Fabrication of skin chip via using PMMA plate by

utilizng laset etching machine. Production of skin
scaffold by using GelMA- Sodium Alginate solution
as bioink. Mouste fibroblast cell culture on skin
scaffold that placed on skin chip. Utilizng Confocal

microscopy for analyzing cell viability.
EXPERIMENTAL RESULTS AND

DISCUSSION

The results of the experiments has shown that the skin
chip system has demonstrated that it was more
successful compared to petri dihes. The general
composition of the scaffold was more stable in the
chip, because the scaffold in petri dishes were torn
apart in second day. Furhermore, detected amount of
fibroblast cells were higher in the chip system.
Besides, dead-alive cell ratio was better in the chip
system. The chip system has proven that it was better
and more effective against petri dish. Therefore it can
be used as disease modelling, durg validity, effectivity,
and cosmetic toxicicty testing. Figure 1 shows an
example of cells in chip and Figure 2 shows an
example of cells in petri. Figure 3 shows the detected
amount of cells in the systems and Figure 4 shows the

detected amount of dead-alive cell ratio.

Figure 1, and image of second day image of
cells in the microfluidic system

Figure 2, an image of second day image of
cells in the petri,
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Figure 3, detected amount of the cells in the
chip and in the petri



10%-7% GelMA-SODIUM ALGINATE CONTAINING
SCAFFOLD

120 106
100

80 55 .
60 36
40 4 19
: £

0

17, 1815

o

Chip - Chip - Chip - Petri- Petri - Petri -
1. Day 3. Day 7. Day 1. Day 3. Day 7. Day

DETECTED AMOUNT OF CELLS

B Alive H Dead

Figure 4, detected amount of dead-alive cell
in 10%-7% GelMA-Sodium Alginate
containing scaffold

CONCLUSION

In this study, PMMA was utilized as main material of
the skin-on-a-chip. It was fabricated ten-layered
structure. Eight hole in the same size were inserted in
the system during the design in order to provide easy
integration and disintegration for reproducibility. The
bolts were used to integrate the layers of the chip.
Besides, two different scaffolds were printed. The
former one was comparing the chip system with glass
petri with 7%-5% GelMA-Sodium Alginate mixture
and the latter one was comparing the chip system with
plastic petri with 10%-7%. Mouse fibroblast cells were

used for cell culturing.

SUGGESTION FOR FURTHER WORK
The further and more detailed optimizations such as

optimizing the cell chamber dimeter, width of the inlet
and outlet channels, tighter integration of the layers
and the flow rate of the medium from injection pump
are the following objectives of this study. If the
mentioned enhancements can be executed, the chip
will have shown a great promise to use as a platform
for drug delivery, toxicity, and effectivity testing

instead of animal models , cosmetics toxicity testing,
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disease modelling and most importantly personal-

oriented disease modelling.
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PURPOSE

In this study, imporovement in mechanical properties of
poly(lactic acid) (PLA) is aimed by blending with
natural rubber (NR). NR was epoxidized in order to
ensure compatibility with PLA. Mechanical properties
and optical microscope images of PLA blends with NR
and epoxidized natural rubber (ENR) were
comperativly investigated.

INTRODUCTION

Demand on polymeric materials have been increasing
for decades due to their supreme properties over other
class of materials such as lightness, corrosion
resistance, easy processing, elasticity etc. The annual
global production of polymers elevated from about 100
million tonnes in 1990 to 200 million tonnes and
reached 350 million tonnes in 2017 (Nova Institute
report). As a consequence of the unconscious
consumption, polymeric wastes have become one of the
main environmental problem for the planet. In recent
years some measures and solutions have been seeking
to overcome this issue. Usage of biodegradable
polymers has been evaluated as one of the promising
solution for the pollutions.

Beside the negative effect on the environment,
petroleum based polymers have also some economical
risks. Finite reservoir of crude oil and its fluctuating
prices imposed by political inconsistencies may be
shown as major reasons for the economic concerns. Bio
based polymers can be considered as substantial
alternative in terms of resource diversity. Hence
decreasing of dependence on petroleum in polymer
industry may sustain stability of the prices.

PLA is one promising polymer as it is both bio based
and biodegradable. However, it is usage in many
application is limited because of high brittleness. Many
efforts have been done to remove this drawback of
PLA. Preparation of blends and composites is the main
strategy to enhance mechanical properties of PLA
(Hedayati et al.) (Eselini et al.). However, in order to
conserve bio material classification, all the materials
used in blend or composite besides PLA should be also
bio-based. In this sense, natural rubber (NR) with its
high toughness is a good candidate for PLA blends. At

11

that point, the weak compatibility of NR with PLA
appears as a problem to achieve a homogenous
structure in the blend.

To improve the miscibility between PLA and NR
many study have been carried out in the literature.
Cao et al. (Cao et al.) used cellulose nanocrystals as a
compatibilizer for PLA/NR blends. In another work,
Huang and coworkers prepared NR-PMMA
copolymers to achieve homogeneity in PLA/ NR-
PMMAJ/NR ternary blend (Huang et al.). Maleic
anhydride  (Klinkajorn ~ and  Tanrattanakul),
multiwalled carbon nanotube (Desa et al.), PMMA-
grafted-cellulose (Rosli et al.) were also used as a
compatibilizer.

In this study, epoxidized natural rubber (ENR) was
used as a toughening material for PLA. Firstly, ENR
was obtained from NR. Then PLA/ENR blends were
prepared. Morphological and mechanical properties
of PLA/NR and PLA/ENR blends were investigated
and the results were comparatively evaluated.

EXPERIMENTAL

Material

In this study NR (SVR3L grade) and PLA
(NatureWorks Ingeo 4043D Natural) were used. H,0-
(50%) and glacial acetic acid were purchased from
Sigma-Aldrich. Toluen, chloroform, acetone and
methanol were purchased from Merck.

Method

ENR was obtained from reaction of NR with peracetic
acid at room temperature.

Solution casting method was used to prepare the blend
films.

Morphologies of the blend films were investigated by
optical microscope. Mechanical tests were carried out
by using SHIMADZU - AGS-X universal test
instruments.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

In order to investigate miscibility of PLA with NR and
ENR, optical microscope images of the blend films
were recorded. As seen from Figure la, a phase
separation occurred in %50PLA/NR blend film. This
result clearly shows that there is not adequate
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compatibility between PLA and NR which results in a
heterogeneous structure formation. A phase separation
is not desired to achieve good mechanical properties. In
contrast, formation of an entirely homogeneous
structure was observed for %50PLA/ENR blend films.
This result is attributed to the introduction of polar
epoxy rings to the NR structure which enables a
demanded interaction with ester moieties in the PLA
structure.

(2)%50PLA/NR, (b) %50PLA/ENR blend films

Stress and strain curves of the samples were given in
Figure 2. It is clearly seen that stress and strain values
of PLA/ENR blend at break is four and three times
higher, respectively, than those of PLA/NR blend
owing to the better miscibility and homogeneous
structure.
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Figure 2. Stress and strain curves of %50PLA/NR and
%50PLA/ENR blend films

CONCLUSIONS

PLA has better miscibility with ENR than NR, since
interaction between polar moieties. Therefore, a
homogeneous structure was achieved with PLA/ENR
blend. PLAJ/ENR blend film exhibits better mechanical
propertied than PLA/NR blend due to its homogenous
structure.

SUGGESTION FOR FURTHER WORK
Blend films can be prepared with various PLA content.
Thermal properties and crystallinities of the blends may
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also be investigated in order to further discuss
mechanical properties.
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AMACLAR

Calismada Tiirkiye’de iiretimi yapilmayan ve iilkemize
ithal olarak giren, yara iizerine yapistirilarak
mikroplardan koruyan tibbi ipek goriiniimlii plaster
kumasinin iretilebilmesi icin ipek goriiniimlii seliiloz
asetat (CA) ipliginin hagillanma stirecleri calisiimistir.

GIRiS

Tekstilin tip alaninda kullanimi tibbi tekstiller olarak
bilinen yeni bir subeye yol agmustir’. Tibbi tekstil
malzemeleri, farkl elyaf ve tekstil yapilarina sahip ¢ok
cesitli elyaf bazli iiriinleri icerir. T1ibbi tekstiller, tibbi
bir ortamda ya bir yaralanmanin tedavisi i¢in ya da bir
yaranin ya da bir hastaligin klinik tedavisinde uygun bir
kosulun saglanmas: icin kullanilmaktadir?.

Uygulamalara bagli olarak, tibbi tekstiller ig¢in ana
gereklilikler  emicilik, dayaniklilik, esneklik,
yumusaklik, biyouyumluluk ve zaman zaman biyolojik
kararlilik veya biyobozunurluktur. Bu gereksinimler,
gesitli son kullanicilarin ihtiyaglarmi karsilamak igin
dogru yapilara sahip liflere ve tekstillere islenmis
uygun polimerler kullanilarak kargilanir. Biyouyumlu,
biyobozunur ve toksik olmayan dogal polimerlerin
kullanimina ydnelik genel bir hareket vardir 2.

Seliiloz asetat (CA) lifleri yenilenebilirlik, non-toksik
ve bozunabilirlik gibi avantajlara sahiptir. Ek olarak,
CA celyaflar1 milkkemmel nem adsorpsiyonu ve nem
serbest birakma 6zelliklerine sahiptir. Bu nedenle, CA
elyaflari kullanim rahatliklar1 ve ipek benzeri hisleriyle
tammnmaktadir®. Seliiloz asetatin gesitli uygulamalari
arasinda tibbi gazli bez, kurdela, tabut astari, ev
esyalari, dokuma kadife, dokuma satenler ve digerleri
sayilabilir. Ek olarak, iirtin iyi tokluk, derin parlaklik ve
yiiksek seffaflik sunar. Nem tutma ve bakteriyel tiirlere
(Staphylococcus aureus, Escherichia Coli ve Candida
albicans mayas1) kars1 antibakteriyel o6zellikleri
nedeniyle yara pansumanlarinda, Kkigisel hijyen
irlinlerinde ve emici ¢amagir ve mendillerde kullanilir.
Uygulama segmentinde sigara filtreleri, fotograf
filmleri, bantlar ve etiketler, gozliik ¢erceveleri de yer
almaktadir®.
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Bu ¢alismada,biyobozunur 6zellige sahip gevre dostu,
yenilenebilir ve saglik acisindan herhangi bir tehdit
olusturmayan seliilloz asetat liflerine sentetik hasil
maddesinin aplikasyonu ¢alisilmistir.

DENEYSEL

Malzeme

Calismada 50 denye ham parlak seliiloz asetat lifleri
ile galigtimigtir. Dokuma yapisi olusturabilmek igin
¢ozgli ipliklerine fiziksel ve yapisal olarak
mukavemet kazandirilmasi i¢in polyester regine esaslt
hasil maddesi kullanilmistir. Ayrica SSM  bobin
aktarma makinesi kullanilmistir.

Yontem

Calismada 2 yontem ile ¢aligilmistir. Bunlar tek tel
soguk hasil ve soguk hasildan sonra 1sitict yardimiyla
kurutulmasi seklindedir. Her iki yontemde de farkli
hiz denemeleri yapilmistir.

Iplik numaras1 ISO 2060, iplik kopma mukavemeti ve
uzama degerleri 1SO 2062  standartlarina gore
belirlenmistir.

DENEYSEL SONUCLAR/TARTISMA

Calisma kapsaminda asetat ipligine isletme
sartlarinda  hasil teknesinde islem yapilmasi
Ongorilmiistiir. Hasil teknesinde is akisinda temel
adimlar ¢6zgli hazirlama, hasillama islemi, hasilli
ipligin kurutulmasi, hagillanan ipligin dokuma
levendine sarimi seklindedir. Ancak hem ipligin 50
denye ve filamenti yapida olmasi hemde otomasyon
tabanli tansiyonel sebeplerle ¢ozgii hazirliktan hasil
prosesine gegis prosesinde basarili olunamamustir.
Bu sebeple seliilloz asetat ipligini tek tel halinde
hasillamak tizere arge c¢aligmalar1 baslatilmistir.
Oncelikle galigmalar hasil dairesinden iplik aktarma
dairesine taginmistir. Bobin aktarma iinitelerinde,
ipligin  sakal  yapmasinielektriklenmesini  ve
kopmasimi engellemek amaciyla, iginin endiistriyel
yag ile dolu oldugu bir hazne mevcuttur.

Bu hazne igerisine polyester recine esashi hasil
maddesi konularak hasil kimyasalinin iplige aplike
edilmesi saglanmistir.



Analizi yapilan numune

(bobin doniis hiz1/yag rulo Dtex |Uzama (%) ?:;II(;\;TH
doniis hiz1) (dev/dk)

Ham Iplik 57,5 16,32 1,14
250/4 62 16,97 1,34
250/6 64,5 17,14 1,30
450/4 59,5 17,89 1,41
450/6 63 17,10 1,32

Tablo 1. Polyester regine uygulanmis seliiloz asetat
ipligi test sonuglari

Analizi yapilan numune

(bobin doniis hiz1/yag rulo Dtex |Uzama (%) Mukavemet
doniis hiz1) (dev/dk) (cN/dtex)

Ham iplik 57,5 16,32 1,14
250/4 infrared Kurutmal 64 18,10 1,32
250/6 infrared kurutmal 63,5 14,58 1,24
450/4 infrared kurutmalh 62,5 16,78 1,26]
450/6 infrared kurutmal 64 18,22 1,32

Tablo 2. Infrared kurutma sistemli polyester recine
uygulanmis seliiloz asetat ipligi test sonuglari

Tablo 1 ve 2 de yapisina ayni hagil malzemesi aplike
edilmis seliilloz asetat ipliklerinin test sonuglari
verilmistir. Bobin sarim hizi ve yag rulo hizlarinda
degiskilikler yapilarak yapiya alinan hasil madde
miktarinin iplik mukavemetine etkisi gézlemlenmistir.

Tablolar incelendiginde 250/4 ve 450/4 denemelerinde
mukavemet degerlerinin daha fazla iyilestigi
goriilmektedir. infrared kurutuculu sistemin ise iplik
mukavemetine olumsuz yonde etki ettigi gorillmiistiir.

GENEL SONUCLAR

Kateter, sargi bezi ve yara Ortiisii gibi tibbi malzemeleri
cilt ilizerine sabitlemek igin firetilmesi amaglanan
seliiloz asetat esasli plasterin ilk ve en 6nemli adimi
olan hasil siireci verimli ge¢cmistir.

Bobin  aktarma  makinasinda yapilan  kiigiik
degisikliklerin iplik mukavemeti ve uzama degerlerinde
onemli olgiide degisiklikler meydana getirdigi
goriilmiistiir.
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SONRAKiI DONEM CALISMALARI

Verimli gecen ipik hasillama siirecinden sonra
kontriiksiiyonu tasarlanan plaster kumasi dokuma
prosesi gergeklestirilmesi ve performans testlerinin
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PURPOSE OF THE STUDY

This
characterization of silversulfadiazine (SSD) loaded
poly(lactic acid) (PLA)/Polyetyleneoxide (PEO)
composite nanofiber patches for drug delivery
systems. The SSD loaded
investigated by SEM and XRD.

study was aimed to fabrication and

nanofibers were

INTRODUCTION

Nanofibers have unique properties such as high
porosity, high surface area, imitating the Extra
Cellular Matrix (ECM), formation of suitable
conditions for cell proliferation and enabling drug
delivery. Because of these desirable characteristics,
nanofibers are widely wused in biomedical
applications such as wound dressings, drug delivery

systems, scaffolds and artificial blood vessels [1].

Drug-delivery systems consist of a formulation or a
device that facilitates introduction of a drug in the
body and enhances the treatment efficiency, supplies
sufficient drug content in the blood during the
release action and carries drug to target point safely

and reduces side effects of release within the body

[2].

Silver sulfadiazine (SSD) is a non-ionised, water
SSD

extensively in topical treatment of infected burns.

insoluble complex silver salt. is used
However, the solubility problem of SSD lacks

treatment efficiency. Thence, some authors focused
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on to increase the solubility of SSD with using

different dosage forms [3].

Hydrophilic / hydrophobic polymer blends have
been electrospun into nanofibers to control of drug
delivery. The hydrophobic polymer degrades slowly
that makes release at a steady state whereas the
that
accelerates the drug release [4]. In this context,
hydrophilic PEO and hydrophobic PLA were

blended and utilized for controlled drug release.

hydrophilic  polymer degrades rapidly

PEO is a widely used polymer in drug delivery

because of water solubility, low toxicity,
biocompatibility and biodegradability. PEO interacts
with the body fluid due to hydrophilicity quickly that
results in degradation. PEO was utilized in the
polymer matrix to enhance solubility and
bioavailability of SSD due to its high water
PEO

homogenuous drug distribution [5]. While PEO is a

solubility. Furthermore, provides

hydrophilic polymer, PLA is a hydrophobic
aliphatic polyester and has a renewable source,
making it favorable for biomedical applications.
Hydrophobicity of PLA provides long term
degradation rate thus sustained and controlled drug

release could be achieved [6].

In this study, firstly process and solution parameters
were optimized for the nanofiber production, SSD
was used as a drug and added into the PEO solution.
SSD was loaded into PEO. Then PEO+SSD and



PLA solutions were blended thus composite

electrospun nanofibers were fabricated.

XRD analysis was performed with SSD loaded and
pure nanofibers. Also surface morphology of

nanofibers were carried out by SEM.

EXPERIMENTAL
Materials
Poly (lactic acid) (PLA), Polyetileneoxide (PEO)

Silversulfadiazine were purchased from Sigma
Aldrich.

35% PEO

Acetonitrile/acetic acid. SSD was loaded into 3.5%

solution was  prepared in
PEO solution at a concentration of 12%, respect to
the PEO polymer. 6% PLA solution was prepared in
Acetonitrile/Chloroform.  Finally, to obtain a
homogenous blend solution, PLA and SSD loaded

PEO solutions were mixed 7:3 (w/w).
Method

Electrospinning method was used to produce
nanofibers. Electrospun nanofibers were fabricated
with 14 kV high voltage and 1 mL/h feeding rate.
The grounded electrode plate was utilized as a
collector with a fixed distance from the tip to the
collector (12-14 cm).

EXPERIMENTAL RESULTS AND
DISCUSSION

SEM images show that (Figure 1), SSD loaded
smooth and bead free nanofibers were obtained. PEO
fiber diameter decreases from 330 to 290 nm with
the addition of SSD. This is related to the conductive
nature of SSD. When SSD was added into the
polymer solution, the electrical conductivity of the
polymer jet increases that resulting in smaller fiber
diameters. Otherwise, there are bead defects in

native PLA however smooth, uniform, bead free
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fibers were obtained in PLA/PEO+SSD composite
nanofiber morphology (Figure 2). This indicates that
blend of PLA, PEO and SSD molecules have good
interaction in the fiber structure. Moreover, SSD was
dissolved and distributed in PLA/PEO matrix

perfectly.

XRD analysis was carried out to determine the
crystallinity of the SSD loaded into the nanofibers.
XRD pattern of silver sulfadiazine loaded PEO
nanofibers and pure PEO nanofibers shown in Figure
3. The diffraction pattern of SSD loaded nanofibers
showed the microcrystalline nature of SSD, as
indicated by the distinctive peaks at 9.7-10,4° and
19,3°[7,8] .

Pure PEO PEO+SSD

Figure 1. SEM Images of Pure and SSD loaded

I PLA(PEO+SSD

PEO nanofibers

Pure PLA '

Figure 2. SEM Images of a) Pure PLA b) SSD
loaded PLA/PEO (7:3) Composite Nanofiber



—— PEO+SSD
—— PLA(PEO+SSD)
— ssD
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Figure 3. XRD Pattern of Pure SSD, (PEO+SSD)
and PLA (PEO +SSD) nanofibers

CONCLUSIONS

Insoluble SSD was loaded into the electrospun
nanofibers successfully. SEM images showed that;
smooth, uniform and bead free
PLA(PEO+SSD)

Decreasing fiber diameter is related to the increased

composite

nanofibers were fabricated.
in electrical conductivity because of the SSD
charged particles. The XRD patterns confirmed the
PEO

nanofibers. Thereby first steps were taken to a new

microcrystalline  structure of SSD in the

formulation for topical drug delivery.
FUTURE WORK

Experimental studies showed that composite
PLA/PEO nanofibers can be good candidates for
topical drug delivery systems. In future studies, in

vitro drug release studies will be carried on.
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PURPOSE
The photocatalytic activities of TiOz and ZnO thin films
fabricated on glass fabrics by atomic layer deposition
were investigated for possible environemental
applications.

INTRODUCTION

Important environmental elements such as water, air
and soil are contaminated, which is damaging the
ecological balance on earth. Among them water is the
most essential element for life cycle of all living
species. Fresh water sources has been contaminated by
industries and agricultural activities leaving hazardous
waste such as pharmaceuticals waste, pesticide,
herbicides, textile dyes, resins, and phenolic
compounds[1,2]. Various methods have been proposed
to treat waste waters but cheaper and less time
consuming is the prime interest in this matter. Among
the porposed techniques are adsorption on activated
carbon, ultrafiltration via reverse osmosis, coagulation
by chemical agents, ion exchange on synthetic
adsorbent, etc. These methods can remove the pollutant
from the water without changing the toxicity of them.
The photocatalytic method offers a way to eliminate the
organic pollutants out of waste water, ideally using
sunlight as a stimulant and reducing toxicity of the
componuds by reducing or oxidizing them.
Semioconductor metal oxides like TiO, and ZnO have
the ability to create radical species upon absorption of
the light[3,4]. Performance of a catalytic material
increases with increasing surface area. Therefore many
photocatalysis studies being conducted on nanoparticle
materials requiring removal of the particles from water.
As a solution to the problem thin film materials of
photocatalytic materials can be coated on high surface
area substrates such as textiles.

Thin film materials can be formed via chemical vapor
deposition (CVD) and physical vapor deposition
techniques. Atomic layer deposition (ALD) is a CVD
technique in which highly conformal films can be
created even on high surface area substrates due to self
liiting nature of the reactions. ALD also provides
precise thickness and composition control during film
formation making the technique advantegous over other
thin film methods[5]. In this study, phocatalytic
activities of TiO, and ZnO films deposited on glass
fiber fabrics via ALD. Especially effect of annealing on
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photocatalytic activity as well as structure of the films
was investigated.

EXPERIMENTAL

Material

Glass fabric, fused quatrz, silicon wafer and glass
slide was used as substates. Tetrakis (Dimethylamido)
Titanium (TDMAT) and Diethyl Zinc (DEZ) were
used as ALD precursors for TiO, and ZnO
respectively. Water was used for all thin films as
oxygen source.Methylene blue (MB) was used as the
organic pollutant for photocatalytic activity tests.
Method

A 300W solar simulator (UVA) and a 100W UV were
used to as light sources of photocatalytic test. ALD
thin film deposited glass fabrics were placed into 50
ml of MB (5x10-°M) solution placed 10 cm below the
light source. UV-Vis spectrophotometer (Shimadzu
3600) was used to measure the relative concentration
(c/co) change of MB. Absorption spectra of the
materials were obtained using same
spectrophotometer.

RESULTS AND DISCUSSIONS

" “ V By '
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Fig 1: Photocatalytic activity of a) TiO, ALD thin film b) ZnO
ALD thin films under solar simulator.

Photocatalytic activity of approximately 10 nm of
TiO2 and ZnO films before and annealing is given in
Figure 1. As coated TiO2 film shows no
photocatalytic activity attributed to the amorphous
nature of the ALD TiO2 films.After annealing TiO2
films photocatalytic activity first increases then
decreases slightly suggesting the annealing as
annealing temperatures increases either larger crsytals
are forming or phase is changing[6]. As coated ZnO
show highiest photocatalytic activity since films are
crystalline. Upon annealing photocatalytic activity
decreases which is attributed to the growth of the



crystal grains therefore reducing the defect sites such as
grain boundaires.[7,8]

CONCLUSIONS

ALD coated fabrics substrates showed promising
photocatalytic activity. Annealing of the films
crsytallize the films in some cases increasing the
photocatalytic activity. However annealing at very high
temperatures can have adverse effect on the
photocatalytic activity. Changes in photocatalytic
activity can be explained by the changes in the optical
properties of the films.
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PURPOSE

The aim of this study is to synthesize Cu-BTC and
immobilize onto the cotton fabric using for sensor
activity. The chemical sensing property of Cu-BTC
deposited cotton aganist NHs gas was studied.

INTRODUCTION

Metal-organic frameworks (MOFs) which are
prepared in the form of one, two or three-
dimensional networks using inorganic salts and
multidentate organic linkers have recently gained
considerable attention due to their large surface
areas, large internal pore volume and ability to bear
various functionalities. Due to these reasons, MOFs
have a wide range of application areas such as gas
storage, sensor, adsorption/separation, and catalysis.
They could be prepared in some various forms such
as beads, pellets and thus, a low-pressure drop and
high performance could be obtained in the industrial
applications 5.

The detection of toxic chemicals is a significant issue
to protect people to prevent the inhalation of toxic
chemicals. If the toxic chemicals were not detected,
then many people could be affected from the toxic
chemicals. MOFs have chemical sensing properties
and they could be used to detect several hazardous
gases such as ammonia, chlorine, cyanogen chloride,
hydrogen sulfide, nitrogen dioxide, nitrogen oxide,
sulfur dioxide, phosphine, arsine, radon ©.

Cu-BTC has ability to interact with chemicals so that
it has chemical sensing property. Cu-BTC is used to
detect the hydride gases which are ammonia, arsine,
and hydrogen sulfide 3. Hazardous gases which are
sulfur dioxide, chlorine, radon, cyclohexane,
tetrahydrothiophene, benzene, toluene,
dichloromethane, and ethylene oxide are also
detected by Cu-BTC©.

The deposition of Cu-BTC on different substrates
provides an easy way to use for sensor activity in
various fields. The deposition of Cu-BTC on
different substrates could be obtained by
solvothermal and non-solvothermal processes ’.
Before the deposition process, sometimes the surface
of the support material should be charged with
required ions to increase the effectiveness of the
deposition process. For deposition of the Cu-BTC,
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carboxymethylation is used to obtain a suitable
charge on the surface of cellulose substrates 2.

Pinto et al.* deposited Cu-BTC on cotton, a
cellulosic fibrous, substrate and then tested for gas
selectivity and toxic chemicals removal. In order to
investigate the importance of carboxylate groups
onto the surface of anionic cellulose. According to
the results, the attachment of Cu-BTC on the cotton
surface was obtained successfully and the order of
addition of Cu(OAc),-copper acetate, BTH3 4.

In this study, Cu-BTC was deposited onto the cotton
fabric to investigate the sensing properties. Cotton
fabric consists of cellulose which is an abundant
material in nature. A characterization study was
performed to comprehend whether the deposition of
Cu-BTC was achieved successfully or not. Cu-BTC
deposited cotton fabric was characterized by XRD,
SEM, and ATR-IR analysis to investigate the
crystalline structure, surface morphology and
framework vibration of all samples, respectively.

EXPERIMENTAL
Material

Cotton fabric were purchased from Viking Kagit ve
Seliiloz A.S. Copper (I) nitrate trihydrate, trimesic
acid, ethanol, N-dimethylformamide (DMF), sodium
hydroxide and sodium chloroacetate were obtained
from Emsure, Sigma Aldrich and Merck.

Method

In order to deposite Cu-BTC on cotton fabric, firstly,
the cotton fabric was carboxymethylated to obtain
anchoring points. Then, Cu-BTC was immobilized
onto the cotton fabric using layer by layer method.

EXPERIMENTAL
DISCUSSIONS

RESULTS AND

The Cu-BTC was deposited onto the cotton fibers
successfully. SEM analysis shows that Cu-BTC
crystals were orderly distributed along the cotton
fabrics (Figure 1). Additionally, the surface of the
cotton fabric was intensely covered with Cu-BTC
crystals.



The effect of deposition cycle number for layer by deposited substrates showed sensing activity against

layer method on the amount of deposited Cu-BTC on NHs gas.
cotton fabrics was investigated and the optimum
cycle number was chosen as 10. REFERENCES

1. Abdelhameed, R. M.; Emam, H. E. ; Rocha,
J.; Silva, A. M. S. 2017. "Cu-BTC Metal-
Organic  Framework Natural Fabric
Composites for Fuel Purification", Fuel
Processing Technology, 159, 306-312.

2. Kiisgens, P., et al. 2009. "Characterization
of metal-organic frameworks by water
adsorption", Microporous and Mesoporous
Materials 120(3), 325-330.

3. Peterson, G. W. ; Britt, D. K. ; Sun, D. T. ;
Mahle, J. J. ; Browe, M. ; Demasky, T, ;
Smith, S. ; Jenkins, A. ; Rossin, A. 2015.
"Multifunctional Purification and Sensing
of Toxic Hydride Gases by CuBTC Metal-

Organic  Framework”, Industrial &
Engineering Chemistry Research, 54, 3626-
3633.

4. Pinto, S. ; Augusto, C. ; Hinestroza, J. P.
2012. "In Situ Synthesis of a Cu-BTC
Metal-Organic Framework ( MOF 199 )
onto  Cellulosic  Fibrous Substrates:
Cotton", Cellulose, 19, 1771-1779.

5. Siegle, S.; Kaskel, S. 2009. "Crystal

Figure 1. SEM micrographs of the cotton fabric (1) Growth of the Metal-Organic Framework
and Cu-BTC deposited cotton fabric (2). Cu3(BTC), on the Surface of Pulp Fibers",
Advanced Engineering Materials, 3, 93-95.
Cu-BTC deposited cotton fabrics have initially light 6. Woellner, M. ; Hausdorf, S. ; Klein, N. ;
blue color. After NH3 exposure, the color of the Cu- Mueller, P. ; Smith, M. W. ; Kaskel, S.
BTC deposited cotton fabrics changed and their 2018. "Adsorption and Detecdion of
color turned to dark blue (Figure 2). Therefore, they Hazardous Trace Gases by Metal-Organic
have NH3 sensing property. Frameworks", Advanced Materials, 30,
1346-1370.

7. Zhuang, J.; Kind, M. ; Grytz, C. M. ; Farr,
F. ; Diefenbach, M. ; Tussupbayev, S. ;
Holthausen, M. C. ; Terfort, A. 2105.
"Insight into the Oriented Growth of
Surface-Attached Metal—Organic
Frameworks:  Surface  Functionality,
Deposition Temperature, and First Layer
Order", Journal of the American Chemical
Society, 137, 8237-8243.

1)

Figure 2. Cu-BTC deposited cotton fabric (1), NH3
exposed Cu-BTC deposited cotton fabric (2).

CONCLUSIONS

Cu-BTC was synthesized and immobilized onto the
cotton fabric. Consequently, the results of the
characterization study revealed that the Cu-BTC was
deposited on the cotton fibers successfully. The
optimum cycle number of layer by layer method was
found as 10. Besides, their sensing properties against
the NHz; gas was investigated. The Cu-BTC
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PURPOSE

To prepare a hybrid electrode material (HEM)
composed of carbonized conducting polymer (CP), e.g.
polypyrrole (PPy), nanofibers (CNFs) decorated with
nanostructured zinc oxide (hano-ZnO) and carbon
nanotubes (CNTSs) through a one-step, hassle-free, rapid
and highly efficient microwave (MW) energy-based
approach.

INTRODUCTION

The growing global demand for clean and renewable
energy,! the gradual exhaustion of natural fossil fuel
sources,? and common concerns about the air pollution
and global warming issues® have stimulated the
academic and industrial societies to spend intense
research efforts on both the development/improvement
of efficient energy storage devices and on sophisticated
energy conversion systems from available natural
sources.* In this context, the electrochemical energy
storage systems, i.e. supercapacitors (SCs),2*>° have
attracted a great deal of attention, and in recent years,
they have gained a great technological significance!®
upon emerging as an ideal frontline technology!! to
answer these needs and concerns. An ideal hybrid
SC!31 is mainly composed of both the electric double-
layer carbon (EDLC)-based electrode materials with
high surface area, conductivity and chemical
stability,>'® and also the pseudo-capacitor (PC) ones
with much higher specific capacitance,'®?? but with
much lower stability and conductivity.81>14 The logic
behind the nanostructured synthesis of all these
materials lies beneath the great enhancement
opportunity of their final performance in SCs as the
active electrode materials. For instance, PPy and ZnO-
based electrodes have been observed to exhibit many-
fold increases in their capacitive properties if they
possess nhanostructured morphologies. However, most
of the synthetic approaches to obtain these materials in
nano-size, have the potential drawbacks of being; (i)
wet-chemistry dependent (involving volatile organic
solvents, harsh acids/bases, hazardous reducing agents
and potential impurity carry-overs), (ii) time
consuming, and (iii) having multiple steps with high
temperature and pressure requirements.'22%21 As an
attempt to tackle such drawbacks in synthetic
approaches and to lower the electrode material
fabrication costs,™® in recent years, people have come
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up with the idea of using MW energy,'>*° which have
emerged as an affordable, facile, versatile and
promising one-step alternative, based on heating the
MW energy absorbing polar reactants up to elevated
temperatures within very short time frames. In order
to fully benefit from all different components in one
hybrid nano-architecture,?? in this study, a HEM with
accrued advantages,'! i.e. the EDLC property of
CNTs and PC properties of both nano-ZnO and PPy
NFs, was prepared through a well-established and
universal one-step MW energy-based approach called
Pop tube.?® It was reasonably envisaged'® and
speculated that the as-prepared nanostructured HEM
would exhibit enhanced; (i) energy density (via the
synergistic contribution of its each component’s
electro-active features),>®11315 and (ii) power
density values (by providing an efficient solution for
the common electrolyte ion diffusion problem). Last
but not the least, other significant advantages of the
one-step MW energy-based approach can be
summarized as being; (i) sustainable,>? (i)
commercially viable,'! (iii) wet-chemistry free,*? (iv)
affordable, (v) easily tunable/scalable for industrial
level,212 and (vi) being able to fabricate intimately
connected HEMs for the next-generation SCs. Thus,
the nanostructured HEM obtained from this approach
is aimed to be the material of preference for relevant
applications.

EXPERIMENTAL

Material

The materials used in this study include; pyrrole
(98%), ammonium peroxydisulfate (APS, 98%,
(NH4)2S20g), and ferrocene (99%, Fe(CsHs)2) from
Alfa Aesar, zinc acetate dihydrate (ZAD,
Zn(CH3C00),.2H,0) from EMD Chem. Inc., HCI,
acetone, and potassium hydroxide (KOH) from J. T.
Baker, colloidal graphite paste (isopropanol base)
from Electron Microscopy Sciences. V20s sol-gel NF
seeds were prepared based on a previously reported
method®* by using ammonium metavanadate
(NHsVOs3, 99.5%) from Acros Organics and Dowex
Marathon (H) ion exchange resin from Sigma Aldrich
in DI water.

Method

In a standard process, firstly, 70 mg of the as-
synthesized HCI-doped PPy NF powder and 70 mg


mailto:spoyraz@adiyaman.edu.tr

ferrocene were placed in a capped 10 mL plastic cup
and blended in a speed mixer at 3500 rpm for 2 min.
Next, this mixture was flatly laid at the bottom of a glass
vial and then its surface was homogenously powdered
with a 100 mg of fine ZAD in the form of a secondary
white layer. After that, the glass vial was loosely capped
and placed into the MW chamber for a short-time heat
treatment that lasted for 30, 60 or 120 s (Figure 1).
Within 10 s of the heating process the mixture was
started smoking and arcing, respectively, and then it
continuously glowed red hot inside the glass vial for the
rest of the process time.?2?6 Eventually, the darkened
glass vial was taken out of the MW and left to cool
down to room temperature. Finally, the dark residue
with a grayish tint was gently collected from the glass
vial bottom, and then mixed for 5 min in a speed mixer
to achieve homogeneity. The as-obtained product was
then stored for further structural and electrochemical
characterization steps.
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=~ Polypyrrole nancébers (PPy NFs)
+ Fermocens (Fe(C ML)

# A7 Zinc oxide nancstruckees (nano-Zn0)
S Carbonzed nanchibers (CNFs)
Carbon nanotubes (CNTSs)
Figure 1. Schematic illustration of one-step HEM
preparation via MW energy-based approach

RESULTS AND DISCUSSION

The as-prepared HEMs’ both morphological and
electrochemical characterization test results are shown
in Figure 2. Here, increased process times allow the Fe
catalyst core in ferrocene to remain its activity for a
longer period, and to direct more graphene layers’
growth from the C shell surrounding it.2-% In good
agreement with this situation, thicker (up to ~2 um) and
much longer (>10 pm) earth worm-like CNTs were
grown on the 120 s MW processed HEM sample’s
surface, as can be seen in Figure 2(top/left).22%3 The
as-prepared  HEMs’>  in-depth  microstructural
characteristics were identified by the TEM image
shown in Figure 2(top/middle). Here, the nano-ZnO
filled CNFs are observed along with hexa/heptagonal
nano-ZnO crystal flakes’ and carbonized PPy
nanogranule (NG)s’ surface decoration on them.
Additionally, the nano-ZnO mounds covering the HEM
sample’s surface dominantly exhibit crystal flake
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shapes as they were exposed to MW energy for a
longer period, i.e. 120 s, as shown in Figure
2(top/right).
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Figure 2. (Top) SEM images of; 120 s MW HEM
sample (left), the as-formed nano-ZnO mounds that
are majorly composed of both crystal nanoflakes and
NG clusters (right), TEM image of 120 s MW HEM
sample’s CNFs filled with nano-ZnO, and decorated
both with hexa/heptagonal shaped nano-ZnO crystal
flakes and carbonized PPy NG clusters (middle).
(Bottom) voltammograms of the selected samples at
100 mV/s scan rate (left), changes in 30 s and 120 s
MW HEM samples’ specific capacitance values at
different scan rates, e.g. 5-100 mV/s (middle),
changes in 30 s and 120 s MW processed HEM
samples’ C-D curves in 6 M agq. KOH electrolyte at 2
A/g current density (right).

Enhanced electrochemical performance is expected
from the as-prepared HEM due to its components’
coordinative interactions that would lead to a unique
synergistic effect on their functions. In terms of shape
and symmetry, CNT/CNF and the HEM-based
electrodes’ voltammograms exhibit a big similarity,
but when it comes to their sizes, i.e. current density,
approximately two and four folds of difference can be
observed in such samples’ voltammograms as shown
in Figure 2(bottom/left).3! This is a clear proof of a
similar electrochemical process mechanism with
much higher capacitive performance difference
between these electrodes. The main reason behind this
phenomenon is the presence of nano-ZnO compound
and its significant PC property contribution to the
HEM sample. Moreover, the MW process time
difference and its previously mentioned outcomes on
HEMs’ morphological structures can be given as
another major reason behind the difference between
these samples’ electrode performances. Under these
circumstances, 120 s MW HEM-based electrode
exhibited ~190 F/g capacitance value, whereas the 30
s MW HEM-based one could only reach ~75 F/g, as



shown in Figure 2(bottom/middle). To gain a better
understanding about the HEM-based electrodes’
electrochemical energy storage performance, further
galvanostatic dis-/charge (C-D) tests were conducted at
different current densities and their results are shown in
Figure 2(bottom/right). Here, these electrodes’ C-D
curves are observed to exhibit symmetrical and quasi-
triangular shapes due to their good reversibility and
ideal capacitive nature.

CONCLUSION

In conclusion, nano-sized HEMs that are composed of
CNT and nano-ZnO decorated CNFs with controllable
morphological features were successfully prepared via
one-step, facile and efficient MW energy-based
approach, in an affordable manner. On one hand, the as-
prepared HEMs have been granted an ideal
electrochemical capacitive nature with respect to the
presence of both highly capacitive amorphous C from
CNFs and the highly conducting graphitic C from CNTs
in their structure. On the other hand, the simultaneous
growth of PC-based nano-ZnO crystals along with such
active C species has been proven to synergistically
contribute on HEM’s electrochemical reaction kinetics,
cycling stability, and as well as its overall capacitive
nature. Thus, in terms of electrochemically active
material performance, promising results were obtained
for the as-prepared HEMs from the relevant tests. As it
was aimed at the beginning, the universal MW energy-
based carbonization method’s success is once more
confirmed, as a substantial approach to prepare multi-
component and multi-functional materials that can be
used for various advanced applications, through this
study.
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PURPOSE

In this study, it is aimed to produce stable gelatin-based
fibrous mats with antibacterial activity and high
biocompatibility for wound dressing applications.

INTRODUCTION

Gelatin which is a water-soluble, natural material
comprising of glycine, proline, and hydroxyproline
amino acids, has been widely used as a scaffold in tissue
engineering  because  of its  biodegradable,
biocompatible, and non-immunogenic features®.
Additionally, being abundant, easily processable and
applicable, and having high cell attachment capability
are the other important features of the gelatin.

The gelatin has the ability to absorb large amounts of
water/wound fluid, which makes it attractive as a
wound dressing material, but shows very poor stability
to water/moisture. The stability of the gelatin can be
improved by crosslinking and, among chemical and
physical crosslinking methods, chemical crosslinking
gives the highest degree of crosslinking for the gelatin.
However, chemical crosslinking methods are not
suitable for gelatin to be used in wound dressings
because of the toxic effects of chemicals?. Among the
physical crosslinking methods, thermal crosslinking has
many advantages such as improving the mechanical
properties of the mats and being sterile®,

Among different forms of wound dressing materials,
fibrous scaffolds that provide high surface area and high
porosity, play an important role in wound healing by
allowing a high oxygenation rate*. Additionally, the
high mechanical strength of the fibers can also provide
and flexible support to the wound area®.

The electrospinning is known as the conventional
method for the production of fibrous materials, has
some drawbacks like low production rate, safety
problems, and solution dependency. The centrifugal
spinning which is a safer, cost-effective and highly
productive method than the electrospinning, is used to
produce fibers from viscous polymer solutions by the
effect of centrifugal forces®.

In the present study, fibrous gelatin mats were prepared
by centrifugal spinning from the gelatin-acetic acid
solution. Additionally, the optimal fibrous gelatin mats
were thermally cross-linked to stabilize the structure
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against water. In order to give the antibacterial
property of the produced fibrous mat, a certain
amount of silver nitrate was added into the polymer
solution and colloidal silver — gelatin solution was
prepared with a UV-induced reduction reaction. The
silver is known for its antibacterial activity and used
for centuries in the treatment of wounds®

Morphology of the fibrous mats and distribution of
Ag NPs into the fibers were examined via SEM —-EDX
analysis. The efficiency of the reduction reaction of
the AgNOs; to Ag NPs was screened via UV-Vis
photospectroscopy. Change in the chemical structure
of the fibers was analyzed before and after thermal
crosslinking via FTIR. The antibacterial activity of
neat gelatin and Silver NPs incorporated gelatin mats
were also investigated against Escherichia coli and
Staphylococcus aureus bacteria.

EXPERIMENTAL

Material

Type B bovine skin gelatin (G) powder (Bloom 200-
220) was purchased from Halavet Gida LLC
(Istanbul, Turkey). Glacial acetic acid (AA)
(Anhydrous, 100 % purity) and silver nitrate (AgNOs,
Extra pure) were purchased from Merck. The
chemicals were used without any special treatments.

Method

20wt.% G/AA solution (G20) was prepared for the
production of only gelatin fibrous mat while silver
nitrate was added into 20wt.% G/AA was added to the
G20 solution with the AgNOas/gelatin weight ratio of
0.015 (1.5 Ag-G20). In order to reduce the AgNOs3 to
Ag NPs, the Ag included solution was stirred under
UVC light until the solution gets a blurry-yellowish
appearance. Both solutions were centrifugally spun at
7000 rpm. After spinning, they were introduced to
heat treatment at 170°C for 24h to perform the thermal
cross-linking.

RESULTS AND DISCUSSIONS

As shown in Figure 1, in the cases of both dark
conditions and under UVC light, the absorbance
peaks were seen around 350-450 nm region, which
shows the reduction of AgNOs into Ag NPs. This
means that AgNO; also reduced with acidic
conditions without the existence of UVC. However,
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the existence of UVC light produced finer NPs with
narrower size distribution which was understood from
the shape and position of the surface plasmon resonance
(SPR) peak of the silver. The widen and peak at higher
wavelength means bigger NPs with large size
distribution and vice versa.
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Figure 1. UV-Vis absorption spectra of G20 and 1.5
Ag-G20 solutions after stirring for 24 h under dark and
UVC light, respectively.
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Figure 2. SEM images of the samples after thermal
crosslinking and adding silver a) G20, b) cross-linked
G20 (CG20), c) 1.5Ag-G20, d) 1.5Ag-CG20 and e)
their fiber diameter distribution

The SEM images of produced fibers are shown in
Figure 2. When cross-linked and non-cross-linked
samples were compared, it is seen that after cross-
linking, the fibers have got thicker in both cases. This
can be attributed to the melting and fusion of the fibers’.
In addition, it is a well-known fact that fiber diameters
produced from homogeneous spinning solutions are
known to be directly proportional to the solution’s
viscosity in the centrifugal spinning method® Thus,
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finer fibers from the Ag-G20 solution can also be
attributed to its lower viscosity.

According to the results of the stability test against
water, the thermally cross-linked showed the highest
structural stability and undissolved in the water.
Additionally, 1.5Ag-G20 fibrous mat exhibited high
antimicrobial activity against E.coli and S.aerus
bacteria while there is no antibacterial activity seen on
the only G20 mat.

CONCLUSIONS

Production of gelatin-based fibrous mats has been
conducted via the centrifugal spinning method. The
mats showed antibacterial activity with the addition of
silver NPs. Stabilization of fibrous mats is provided
via thermal cross-linking. Antibacterial and nontoxic
fibrous wound dressing mats were obtained
successfully.

SUGGESTIONS FOR FURTHER WORK

The effect on wound healing and cell proliferation
tests will be carried out. Also, the mats will be applied
to mechanical analyses.
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OBJECTIVES

There are many ways to fabricate nanofibers, such
as self-assembly, electrospinning, conjugate
spinning and phase separation. This work explores
the current status and promising development of
nanofiber technology, with an emphasis on its
manufacturing processes. First, we introduce the
various established nanofiber synthesis techniques.
After that we focus on the emerging nanofiber
manufacture technics, such as electrohydrodynamic
direct, Plasma-induced synthesis, and centrifugal jet
spinning. Herewith we aimed to inform about
current and promising production processes and
form a guide to textile engineers for their futures
studies.

INTRODUCTION

Nanofibers are being studied and developed because
they embrace significant promise for variety of
applications and achieve some advantages of their
nanostructure. The reduction in dimension of fibrous
materials from pm to nm has been recognized in
significant increase in surface area’, biological
reactivity>3, electronic properties* and mechanical
properties®. Considering the potential opportunities
provided by nanofibers, there is an increasing
interest in nanofiber manufacturing technology
incorporated in different applications area such as
energy generation and storage, water treatment and
environmental remediation and healthcare and
biomedical engineering which they are three major
themes of last several years.

This work explores the current status and promising
development of nanofiber technology, with an
emphasis on its manufacturing processes. First, we
introduce the various established nanofiber
synthesis techniques, especially the electrospinning,
self-assembly, and phase separation. After that we
focus on the emerging nanofiber manufacture
technics, such as electrohydrodynamic direct,
Plasma-induced synthesis, and centrifugal jet
spinning. Herewith we aimed to provide a broad
overview about current and promising production
processes and form a guide to textile engineers for
their futures studies.
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CURRENT METHODS FOR FABRICATION
OF NANOFIBERS

There are many techniques to fabricate nanofibers.
The three most important current methods to
produce nanofibers are self-assembly,
electrospinning, and phase separation.

Electrospinning

Of all the current methods available for polymer
nanofibers, electrospinning is most conventional
and widely approved techniques due to unique
properties such as simplicity, affordability, high
porosity, and yields continuous fibers.

Self-assembly

In this method atoms, molecules and molecular
aggregates assemble themselves through weak and
non-covalent forces such as hydrogen bonding,
electrostatic interactions, and hydrophobic forces
into stable construction at the meso- and nanoscale
dimensions®.

Phase separation

The phase separation (also called as sol-gel) process
is a wet-chemical technique. In this process, a
polymer is initially blended with a solvent before
suffering gelation. The process consists of in five
basic steps such as dissolution, gelation, solvent
extraction, freezing, and freeze-drying’.

EMERGING METHODS FOR FABRICATION
OF NANOFIBERS

Until now, electrospinning is the most studied
nanofiber production method. However, the wide-
spread commercial use of electrospinning is limited
mainly due to its low production rate. Other
nanofibrous material production methods, such as
phase separation and self-assembly, are complex
and can only be used to make nanofibers from
limited types of polymers. For example, the phase
separation method involves 5 multi-steps and so far
only a few polymers, such as polylactide (PLA) and
polyglycolide, have been made into nanofibers using
the phase separationmethod’.

Centrifugal jet spinning

Centrifugal jet spinning (CTS), also called rotary
spinning, rotational jet spinning or patented
technology “Forcespinning®”, gained attention due
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to its low production cost and high production rate,
which is 500 times faster than conventional
electrospinning'®, In fact, this method is not new
to the industry. Centrifugal spinning has been
widely used in the fiberglass industry for making
micrometer-scale glass fibers (which called
fiberglass or glass wool) for thermal insulation and
filtration requests for decades'®.

The apparatus of the CTS contains a spinneret
containing material which is in solution form such
as polymer solutions, then the motor drives the
spinneret to spin about its axis of symmetry. During
fiber creation, the spinning fluid is in a rotating
spinning head, which is perforated with multiple
nozzles around the sidewall. Just after the rotating
speed reaches a critical value, the centrifugal force
overcomes the surface tension of the spinning fluid
to eject a liquid jet from the nozzle tip of the
spinning head*.

Theoretically, the morphology of nanofibers using
CTS is dependent on several processing parameters
such as centrifugal force, viscoelasticity, surface
tension, molecular structure, molecular weight and
mass transfer characteristics of the spinning
solutions. The elasticity and evaporation rate of
spinning solution and solvent deeply affect the final
diameter of the as-prepared nanofiber®.

Electrohydrodynamic direct writing
Electrohydrodynamic  (EHD)  direct  writing
technique is a popular method of nanofiber synthesis
due to its versatility for producing ultra-thin fibers,
by nearly one hundred different materials, with
diameters ranging from several micrometers down
to a few nanometerst?. It is rooted in conventional
electrospinning and can be used to print solid/liquid
straight/serpentine  nanofibers onto large-area
substrate, in a direct, continuous, and controllable
manner. It is pioneer to direct-write fibers below 100
nm on rigid/flexible substrate by using organic
materials®.

Plasma-induced synthesis

Using the plasma-induced synthesis method can be
developed of metal oxide (such as CuQ) nanofibers
from themselves metal wire electrode in water
without any chemical additions and template.
Plasma is generated using a power supply between a
metal (for example Cu) electrode pair. The process
based on several steps such as, rapid energetic
radicals’ bombardment to electrodes’ surface, atom
vapor diffusion, plasma expansion, solution medium
condensation, and in situ oxygen reaction and
further growth. By using plasma-induced process is
possible to synthesis of CuO nanofibers with
diameters between 15 and 25 nm in water?4,
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CO:z laser supersonic drawing

CO: laser supersonic drawing (CLSD) is a novel
technique is that uses laser irradiation to easily
prepare different endless nanofibers in a supersonic
jet without combining processes or

chemical solvents?®.

CLDS technique is applicable wide range of
thermoplastic polymers such as polylacticacid
(PLLA), polyethylene terephthalate  (PET),
Polyamide (PA, Nylon) and polyglycolic acid
(PGA). By using CLSD technique original fibers
with thinnest Nylon 66 fiber diameter of 0.337 pm
are produced with a melting point of 274 °C, which
is 15°C higher than that of the original fiber?®,

Solution blow spinning

Solution blow spinning (SBS has emerged as a rapid
and scalable technique to produce polymeric and
ceramic materials into micro-/nanofibers. By using
SBS is possible to produce nanofibers at a
significantly higher rate (about x100 times faster)
compared to conventional electrospinning'’. By
using pressurized gas as the driving force SBS
technique overcomes some of the drawbacks of
electrospinning which are the use of electric fields
and thick fibrous networks with low porosities;
furthermore, fibers can be deposited in situ on
virtually any surface?’.

PERSPECTIVES AND OUTLOOK

Current status and remarkable potential of
nanofibers has been represented in this review. With
their significant physical, electronic, biological and
mechanical properties specifically high surface,
porous structure nanofibrous materials researched
for numerous fields of industry. However, nanofiber
synthesis techniques and applications are still
limited within academic and research activities.
There is an important gap between academia and
industry in utilizing and researching of nanofiber
technology. The textile industry needs extensive
studies to implement large commercial applications
of nanofibers. Scientific publications on nanofibers
are progressing incredibly rapidly. The novel
synthesis methods are noticed at an ever-increasing
rate. Nevertheless, some challenges need to be
addressed in order to go implementation of
nanofibers in commercial and industrial level. The
produce high quality nanofibers with an industrial
scale productivity is the most important challenge.
Electrospinning, most conventional technique,
suffers from this challenge. Novel nanofiber
synthesis strategies such as centrifugal jet spinning
developed to overcome this drawback.

As a result, we foresee that nanofibers will be able
to overcome the all drawbacks and continue to be
applied at the commercial and industrial level.
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AMACLAR

Bu ¢alismada PA 6,6 nin 1s1] 6zellikleri ve morfolojik
ozellikleri iizerinde karbon elyafinin kullanilmasiyla
olusan etkinin incelenmesi amac¢lanmistir. Bu amaca
uygun olarak farkli oranlarda hazirlanan karisimlara 1s1l
iletkenlik dl¢imii uygulanmig, mikroyap1 incelemeleri
gerceklestirilmistir. En  uygun karisim  oranlari
belirlenerek  parametrelerin  optimizasyonuna ve
endiistriyel olarak kullanimimin yaygilastirilmasina
katk1 saglanmasina ¢aligilmisgtir.

GIRIS

Endiistride kullanim amacina uygun olarak, farkli
malzemelerin belirli bir diizende bir arayagetirilmesi ile
istenilen amaca uygun kompozit malzemeler
iiretilmektedir. Kompozit malzemelerde ki temel amag,
malzeme Ozelliklerinin iyilestirilmesi yada farkl
malzemelerin iyi Ozelliklerinin tek bir malzemede
toplanmasidir!.  Giiniimiizde gelisen teknoloji ile
birlikte havacilik ve askeri araglar, uzay uygulamalari,
otomobil sanayii, deniz araglari, spor ve eglence
ekipmanlarina yonelik olarak 1s1l ve elektirik 6zellikleri
geligtirilmis, darbe dayanimi artirilmis kompozit
malzemeleri liretmek igin farkli polimer tiirleri, farkli
dolgu ve katki maddeleri kullanilarak polimer
kompozitleri hazirlanmaktadir?. Elektrik  elektronik
uygulamalarda kullanilan malzemelerde 1s1 birikmesi
bazi problemlemlere sebep olmaktadir®>8, Bu
problemler yiiksek 1sil iletkenlik 6zelliklerine sahip
malzemeler kullanarak biriken 1sinin hizli bir sekilde
dagitilmasi ile giderilmektedir®”. Polimer malzemelerin
1s1l iletkenligi genellikle 0,1-0,5 W/mK arasindadir®’.
Polimer malzemelerin, 1s1l iletkenlik6zellikleri karbon,
seramik ve metalik dolgu malzemeleri kullanilarak
gelistirilmektedir®8?°,

Poliamid 6,6 (PA 6,6) 1s1l iletkenligi yaklasik 0.29
W/Mk olan yan kristalin bir polimerdir.Poliamid
cesitleri arasinda Poliamid 6,6 (PA 6,6) en dayanikli
poliamid olarak bilinmektedir®®, Poliamid 6,6 yiiksek
dayanim, 1iyi elektiriksel ve kimyasal &zellikleri
sayesinde endiistride birgok uygulama alaninda tercih
edilmektedir’®. Poliamd 6,6 kullanilarak diretilen
iriinler 1stya maruz kaldiginda iriiniin seklini ve
mekanik &zelliklerini olumsuz etkilemektedir!!. Bu
olumsuzluklar yiiksek iletkenlik katsayili takviye
malzemeleri kullanilarak giderilmektedir. Diistik 1s1l
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iletkenlik 6zelligine sahip PA 6,6’nin 1s1l iletkenlik
ozellikleri, baglayici ajanlar, elyaf ve iletken dolgu
malzemeleri ilavesi ile gelistirilmektedir'?.iletkenlik
ozelligi genellikle karbon nanotiip, karbon elyaf,
metal partikiiller ve bor esasli bilesikler eklenerek
gelistirilmektedirt®,

Isil iletkenligin 6nemli oldugu uygulamalarda yiiksek

performans ve daha uzun yorulma dayanimi
beklentisi nedeniyle farkli katki ve dolgu
maddelerinin kullanimina ve bunlarin

karakterizasyonuna biiyiikk 6nem verilmektedir.
Literatiirde ki ¢aligmalar incelendiginde PA 6,6’nin
1s1l ozelliklerinin gelistirilmesi iizerine ¢ok fazla bir
calismanin  olmadigr goriilmektedir. Genellikle
yapilan ¢calismalarda matris malzemesi olarak yiiksek
yogunluklu polietilen (HDPE)*®, polipropilen (PP)?,
Poliamid 6 (PA 6)Y'gibi polimer malzemelerin ve 1s1l
iletken dolgu malzemesi olarak  hegzagonal bor
nitrir  (hBN)'®6, karbon nanotiip (KNT)Y gibi
dolgular kullanilmistir.

Bu ¢alismada matris olarak PA 6,6, dolgu malzemesi
olarak farkli oranlarda karbon elyafi kullanilarak
polimer kompozit malzemeleri {iretilmigtir. Farkl
oranlarda hazirlanan karbon elyaf/PA6,6
kompozitlerinden elde edilen sonuglar birbirleriyle
karsilagtirilarak  en uygun dolgu orami tespit
edilmistir.

DENEYSEL

Malzeme

Calismada matris malzemesi olarak yogunlugu 1,14
g/lcm3, iletkenligi 0,3 W/mK olan poliamid 6,6
kullanilmistir. Dolgu malzemesi olarak karbon elyaf

kullanilmistr. Antioksidan olarak Irgafos
kullanilmaistir.

Yontem

Malzemeler 6nce  ekstriizyon  yontemi ile

harmanlanarak karigim hazirlanmistir. Poliamid 6,6
matrisine Tablo 1’de verilen oranlarda karbon elyaf
ilave edilerek kompozitler hazirlanmistir. Poliamid
6,6 kompoztileri ¢ift vidali ekstriidder de 270-290 °C
sicakliklarinda homojen olarak karigtirilarak graniil
haline getirilmistir. Graniil haline getirilen 6rnekler
enjeksiyonla kaliplanmuistir. Uretilen test
numunelerine 1s1l test uygullanmis ve mikroyap1
incelemeleri gergeklestirilmistir.
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Tablo 1. Karigim parametreleri

Deney Kodu | PA 6,6 (%) | Karbon Elyaf(%)
PA 66 100 -

PA 66 CF 10 90 10

PA 66 CF 20 80 20

PA 66 CF 30 70 30

DENEYSEL SONUCLAR/TARTISMA

Calismada kullanilan karbon elyafinin poliamid 6,6’ nin
is1l iletkenligine etki ettigi gorilmigtir. Sekil 1
incelendiginde, karbon elyaf miktariartikca poliamid
6,6’'nin 1s1l iletkenliginin de arttig1 goriilmektedir.
Referans numuneden daha yiiksek 1s1l iletkenlik elde
edilmigtir. Karbon elyaf ilavesi ile 1sil iletkenligin 0.3
W/mK’dan 0,65 W/mK’ya yiikseldigi gozlemlenmistir.

0.7
0.6 4
0.3
0.4
0.3
0.2 4
0.1

o

Tsal iletkenlik (WimK)

0 4 7 10
Karbon FElyaf Oram (%46)

Sekil 1. PA6,6 nin 1s1l iletkenliginin karbon elyaf

ilavesi ile degisimi

CF / PA 6,6 kompozitlerinin SEM goriintiileri sirasiyla
Sek. 2, 3 ve 4 de verilmektedir. SEM goriintiilerine
bakildiginda karbon elyafin matriste homojen olarak
dagildig1 ve gdomiilii oldugu goriilmektedir. Bu durum
karbon fiberin ylizeylerde iyi bir fiber-matris baginin
oldugunu desteklemektedir.

Sekil 2. % 10 karbon elyaf ilavesi ile hazirlanan PA
6,6 (PA66CF10) numunesine ait SEM goriintiileri
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Sekil 3 %20 karbon elyaf ilavesi ile hazirlanan
PA6,6 (PA66CF20) numunesine ait SEM goriintiileri

Sekil 4 ‘de karbon elyaf ve PA 6,6 matrisinin
etkilesiminin giliglii oldugu goriilmektedir. Bu
durumun kompozitin mekanik 6zelliklerini olumlu
etkileyecegi tahmin edilmektedir. Kompozitlerin
iletkenligini  gelistirmek igin kullanilan iletken
dolgularm iletim yolu olusturmas: gerekmektedir'®.
Sekil 1°de verilen 1sil iletkenlik sonuglarinda da
goriildiigii gibi karbon elyaf ilavesi ile 1sil iletkenlik
artmgtir. Karbon elyaflar1 polimer matris igerisinde
homojen dagilarak iletim yolu olusturarak iletkenligi
artirdigi diistiniilmektedir.

Sekil 4 %30 karbon elyaf ilavesi ile hazirlanan
PA6,6 (PA66CF20) numunesine ait SEM goriintiileri

GENEL SONUCLAR

Karbon elyaf ilavesi ile iyl mekanik 6zellikleri sahip
ve 1s1l iletkenligi gelistirilmis poliamid 6,6 kompoziti
uretilmigtir. Farkli oranlarda ilave edilen karbon
elyafin poliamid 6,6’'nin iletkenligini artirdig1
sonucuna varilmistir. SEM fotograflari
incelendiginde, karbon elyafin matris ile iyi etkilesim
sagladigt  goriilmektedir. Bu durum iretilen
kompozitlerin iyi mekanik 6zellikleri sahip oldugunu
gostermektedir. Uretilen 1s1l iletken poliamid 6,6
kompozitleri, elektronik montaj ve otomotive ait baz
yeni uygulama alanlarinda kullanilabilir.
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PURPOSE

Production of SiO; fibers via SB and ESB methods and
subsequent calcination was performed. Also, the effects
of applied electrical voltage on fiber morphology were
investigated.

INTRODUCTION

Metal oxides are ionic compounds formed as a result of
electrostatic interactions between the positive metallic
and negative oxygen ions. Most of the metal oxides
exhibited good thermal and chemical stability as a result
of completely filled s-shells orbitals®.

In the last few decades, one-dimensional (1D) materials
especially nano- and submicron fibers, have gained
much more interest because of their large surface area,
scalable porosity, and versatility?. Among organic and
inorganic materials in the fibrous structures, the metal
oxide fibers have been researched because of their
stable structure, ability to bind functional groups and
modifiable properties.

The most common inorganic nanofibers are ZnO?,
TiO24, Si0Z?, ZrO2°, and Al203%7. Among these, silica
fibers have attracted considerable attention as they can
meet the need for wide range applications from sensing?®
and biomedical® to environmental applications'®! due
to their unique properties such as low thermal
conductivity, chemically inertness and non-toxicity?2.

Electrospinning is by far the most widely investigated
method for fabrication ultrafine nanofibers. However,
the different spinning behavior of the solutions, low
production yield and the output requirements of
electrospinning led to new spinning methods such as
solution blowing. In this method, the polymer solution
is fed through a concentric nozzle around which
pressured air passing. The solution comes into contact
with high speed flowing air at the nozzle tip and is
stretched out with the shear effect created by the air.
The solvent in the stretched solution is evaporated
during the way to the collector and gains a fibrous
structure on the collector. However, the production of a
homogeneous and impeccable (droplet and bead-free)
fibrous network is relatively difficult due to the
presence of high speed flowing air which causes the
solvent in the precursor solution to evaporate rapidly at
the nozzle tip especially for the viscous solutions or
solutions prepared with solvents that have low-boiling
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point. This leads to the accumulation of the
concentrate precursor solution at the tip of the nozzle,
and when the accumulated amount exceeds the
tolerable limits, it goes to the collector as a whole and
results in droplets. The use of external forces like
electro-propulsion  forces to complement the
stretching forces of the pressurized air can overcome
the mentioned problems.”. This is a new spinning
method called as electro-solution blowing method.

In this study, we investigate the effect of the electrical
field on the formation and morphology of solution
blown SiO; fibers. In the production of SiO, fibers,
PVP was used as a sacrificial polymer template.
According to SEM images, SB and ESB is a facile
method for the production of SiO; fibers and XRD
and FTIR results showed that fibers were amorphous
SiO; structure and did not include any organic residue
after calcination. Additionally, while the fiber
diameters increased with increasing voltage as
opposite to literature’, the defects like droplets, beads
on the fibrous mat have vanished.

EXPERIMENTAL

Material

Polyvinylpyrrolidone (PVP, Mw=1,300,000g/mol,
Aldrich), tetraethyl orthosilicate (TEOS, Merck) were
used carrier matrix and silica precursor, respectively.
TEOS dissolved in ethanol-PVP (10 wt. %) solution
and 1 M HCI and distilled water with a ratio of 0.015
HCI to TEOS and 2.65 and H20 to TEOS were used
as catalyst and hydrolysis substance, respectively.
Method

PVP-TEOS composite fibers were produced with a
solution feeding rate of 7.5 ml/h through a nozzle with
a diameter of 0.4 um and air pressure of 0.5 bar. The
produced fibers were calcinated in a muffle surface at
600°C for 1 hour with a heating rate of 5°C/ min. and
then allowed to cool down to room temperature
without any special treatment.

RESULTS AND DISCUSSIONS

In Figure 1, SEM images of PVP-TEQOS and SiO; NFs
and their fiber diameter distributions were given.
According to graphs, the green and calcinated
samples produced with the only SB included a high
number amount of beads/droplets while the density of
the beads getting lower with the applying DC voltage.
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However, the fiber diameters were getting larger with
increasing voltage. The finest and thickest SiO; fibers
were obtained from SB (400 nm) and ESB-30 kV (500
nm) samples, respectively.

Neat |-.n1 C I

Figure 1: SEM images of PVP-TEOS and SiO2 NFs
and their fiber diameter distribution graphs
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Figure 2: Comparison of fiber diameters of PVP-
TEOS and SiO, samples.

Table 1: Table of the shrinkage ratio of the fibers with
the calcination process and expansion of fibers with
the presence of the electrical field.

% Expansion of % Shrinkage
Sample green fibers with
according to SB calcination
0 kv Neat 600 °C 16.36
5 kv 29.39 2.93 33.46
15 kV 30.90 10.02 29.70
30 kv 54.65 24.21 32.82

Additionally, the presence of the electrical field also has
an influence on the shrinkage ratio of the fibers with the
calcination process. While only SB samples showed 16
% shrinkage after calcination, the fibers produced via
ESB showed nearly 30 %. Additionally, higher
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electrical voltage resulted in larger diameter fiber and
this effect is given as expansion of the fibers in Table
1. This can be explained the reduced number of
droplets.

CONCLUSIONS

As conclusions, SiO. nanofibers can be successfully
produced via SB and ESB methods and followed
calcination. According to XRD and FTIR results,
obtained fibers were amorphous SiO; and the polymer
template was completely removed via calcination
process. While the S-blown fibrous mat has lots of
droplets, the density of the droplets was decreased
with increasing voltage in ESB. However, an increase
in the electrical field resulted in thicker fibers, and this
is attributed to the removal of the droplets in the
structure. In addition, both SB and ESB fibrous mats
have a fragile nature.

SUGGESTIONs FOR FURTHER WORK

The fragile nature of the fibrous mat can be sourced
it's dense structure. Because during the thermal
treatment, fibers got shrunk and the compact nature of
the fibrous mat caused more stress on the calcined
fibers. The authors recommend using a collector
system that is in parallel with the airflow direction or
has a higher nozzle- collector distance.
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AMACLAR

Bu ¢aligmanin amaci, nanolif yapili yiiksek performans
parcacik filtrelerinin elektro iifleme yoOntemiyle
iiretilmesi; Ttretilen yiiksek performansh filtrelere
antibakteriyel ajanlarla  katkilandirma  yapilarak
performansinin iyilestirilmesidir.

GIRIS

PA-6 polimeri membran, hava filtresi, siiperkapasitor,
batarya ve Ozel tekstil driinlerini {iretmek igin iistiin
fiziksel, kimyasal, mekanik ve termal o&zelliklere
sahiptir®. Literatiir arastirmalarinda da goriilmiistiir ki?,
PA-6 ile ilgili nanolifli aglar tiretmek {izere yapilmis ve
basari ile sonuglanmis birgok ¢alisma mevcuttur. Fakat
bu calismalarm biiyiik bir kisminda® PA-6 polimeri ile
nanolif elde etmek i¢in elektro {iretim yOntemi
kullanilmaktadir. Elektro {iretim yontemi uzun yillardir
kullanilan ve nanolif {iretimi i¢in iyi bilinen bir
yontemdir®. Ancak elektro iiretim  yonteminin
santrifiijle lif tiretimi ve ¢6zeltiden lifleme sistemlerine
gore diigiikk dretim verimliligine sahip olmasi bu
yontemi laboratuvar Olgekten endiistriye tasimakta
zorluk cekmistir®. Santrifiijle lif {iretimi ve ¢dzeltiden
ifleme sistemleri yiiksek hizlar1 nedeniyle One
¢ikmaktadir®’. Ancak bu sistemlerde de elektro iiretim
yonteminde iretilen lifler kadar disiik lif ¢ap1 pek
miimkiin olmamaktadir. Bu ¢aligmada elektro iifleme
gelistirilerek ¢ozelti {ifleme sisteminin yiiksek iiretim
hiz1 ile elektro {iretim yonteminin daha ince lif elde
edilmesi  avantajlarmin  bir araya  getirilmesi
amaglanmigtir. Bunun yan1 sira, antibakteriyel etkinligi
bilinen® insan viicudu igin higbir yan etkisi olmayan®
Ag nanopartikiillerin ilavesi ile antibakteriyel filtreler
elde edilmesi amaglanmustir.

DENEYSEL

Malzeme

PA-6 graniilleri BASF Tiirk Kimya San. ve Tic. Ltd.
Sti.’nden temin edilmistir. %85 saflikta formik asit
TEKKiM’den temin edilmis ve daha fazla
saflastirllmadan  kullanilmistir. Ikinci ¢dziicii olan
%100 saflikta asetik asit ise ISOLAB’dan temin
edilmistir. AgNOs tozu da Labor Teknik AS’den satin
almmustir.
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Yontem

Agirlikca %11 PA-6 iceren ¢ozelti i¢in ¢oziicli olarak
%67 asetik asit ve %33 formik asit kullanilmistir.
Cozeltiyi hazirlamak i¢in ¢oziicii karigimma PA-6
eklendikten sonra 50 °C sicaklikta 24 saat boyunca
manyetik karigtiricida  ¢oziinmesi  beklenmistir.
Ardindan ¢6ziinen soliisyona kat1 polimer agirliginin
90,5, %2 ve %5 oranlarinda AgNO3 ilave edilmis ve
24 saat boyunca 50 °C sicaklikta karistirict tizerinde
bekletilmigtir. Cizelge 1’de verilen parametrelere
gore  elektro  iifleme  yOntemiyle  iiretim
gergeklestirilmistir.

Cizelge 1: AgNO3 katkilr antibakteriyel filtrelerin
iiretim parametreleri.

Parametre Miktar Birim
Konsantrasyon 11 % (agirlikca)
Basing 3 Bar
Elektrik voltaj 30 kv
Besleme hizi 5 ml/saat
Toplama mesafesi 50 cm

DENEYSEL SONUCLAR/TARTISMA
Cozelti Viskoziteleri ve Lif Morfolojisi

Cozeltilere ait viskozite degerleri Cizelge 2’de
gosterilmigtir.  Yapidaki AgNOs; miktart arttikga
¢ozelti viskozitesinin arttig1 gorilmiistiir.

Cizelge 2: Cozeltilerin viskozite degerleri.

NUMmUne Ca Viskozite rom
P (mPa.s) b
%00,5 AgNOs R3 145,2 100
%2 AgNOs R3 187,1 100
%5 AgNOs R3 285,6 100
Uretilen  numunelerin  yiizey  morfolojilerini
incelemek icin 1.000 ve 10.000 biiyiitmelerle

TESCAN-Vega 3 modeli taramali elektron
mikroskobu (SEM) kullanilmistir. SEM goriintiileri
Sekil 1- 3°de gosterilmistir.
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dg= 89 + 38 nm
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Sekil 1: %0,5 AgNO3 igeren numunenin SEM
goriintiisii ve lif cap1 dagilimi.
Cozeltideki PA-6 polimer miktarinin %0,5 kati1 kadar
AgNO:3; igeren numunenin ortalama lif ¢ap1 89 + 38 nm
iken %2 AgNOj3 igceren numunenin ortalama lif gap1 94
+ 47 nm’dir. AgNO3 miktar1, %5’ e ¢ikarildiginda ise
ortalama lif ¢ap1 113 £ 55 nm’ye ¢ikmustir.

/
9

de= 94 £ 47 nm

Lif Capt (men)

Sekil 2: %2 AgNO3 igeren numunenin SEM
goriintiisii ve lif capr dagilimi.

AgNO;, miktariin artmasiyla lif c¢apinin artmasi
viskozitenin artmasi ile agiklanabilmektedir. Ciinkii
viskozitedeki artis lif gapinda artisa sebep olan 6nemli
bir etmendir.
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dg= 113 £ 55 nm

Lal Caga (memm)

Sekil 3: %5 AgNO3 igeren numunenin SEM
goriintiisii ve lif cap1 dagilimi

Gilimiis (Ag) nanopartikiillerin numunelerde varligini
gostermek  iizere  gerceklestirilen SEM-EDX
analizinde Ag pikleri goriilmistiir.
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Sekil 4: %5 AgNO3 igeren numunenin EDX analizi
sonuglari.

Hava gecirgenlik testi

ASTM D 737 standardi kullanarak hava gegirgenligi
testi uygulanan numunelerin degerleri Cizelge 3’de
verilmistir. Her numune igin 5 O6lglim yapilarak
ortalama degeri verilmigtir. Ortalama lif ¢ap1 arttikga
artan  gozenek  biiyiiklikklerine  bagh  olarak
numunelerin hava gecirgeligi de artmustir.

Cizelge 3: AgNOs katkili numunelerin hava

gecirgenlikleri.
Numuneler Hava Gegirgenligi
(mm/s)
%00,5 AgNO3 27,2
%2 AgNOs3 33
%5 AgNOs3 44,2




Hava filtrasyonu performansi testi

Uretilen numunelere (TSI Model 8130A) model filtre
test santralinde hava filtrasyonu testleri yapildi. Elde
edilen filtre test sonuglar1 Cizelge 4’de verilmistir.

Cizelge 4: %0,5, %2 ve %5 AgNO3 katkili
numunelerin filtre verimlilikleri.

Numuneler Basing  Verim  Kalite
mmH: % Fakto
(e} r

1/Pa

9%00,5 AgNOs 9,5 99,21 0,51

%2 AgNO:3 8,4 99,14 0,57

%5 AgNOs 6,5 98,61 0,66

Filtre performansi degerlendirilirken, penetrasyon

oraninin yiiksek, basing diisiisiiniin az olmasi beklenir.
Bu minvalde, vyani kalite faktorii acisindan
degerlendirildiginde en iyi filtrasyon performanslarini
%5 AgNO; katkili numune sahip oldugu 0.66 degerle
gostermistir. Ortalama 1if c¢apr artikga kalite faktorii
artmaktadir. Ciinki filtreler daha kalindir, daha fazla
nanolif igerirler. Filtre malzemesindeki lif yogunlugu
ve tutulan partikiillerin artmasi nedeniyle havanin
sikismasina ve cikista daha diisiik bir basinca sahip
olmasma neden olmaktadir. Boylece basing diisiisii
miktar1 artmaktadir. Ancak ortalama lif ¢ap1 daha fazla
oldugu icin liflerin olusturdugu goézenek boyutlar1 da
daha fazladir. Boylece daha kiigliik partikiillerin
penetrasyonu zorlagmaktadir. Daha kiigiik lif caplarinda
penetrasyon orani daha fazla olmaktadir.

Antibakteriyellik test sonuglari

PA-6 polimerine Ag nanopartikiillerinin eklenmesiyle
elde edilen numunelerin ve antibakteriyel ozelligi
bilinen ancak yan etkiler nedeniyle tercih edilmeyen
triklosan damlatilmig referans numunenin E. coli ve S.
aureus bakterilerine karst inhibisyon bdlgelerinin
degerlendirilmesi  yoluyla  antibakteriyel  etkisi
Sekil 5-7” de gosterilmistir.

S. Aureus bakterisine karsi etkinlik goriilmemistir.
Sekil 6’da gorildigii iizere yalnizca %5 Ag katkili
numune E. Coli bakterisi lizerinde diger numunelere
gore daha az etkinlik gdstermistir. Bu sebeple %2 ve
%5 Ag katkili numuneler i¢in nonwoven {izerine
toplanan 1if miktar1 arttirilarak test tekrarlandi.
Numuneler elektro tifleme yontemi ile 40 dk boyunca
iiretildiler. Fakat miktarin artmasi1 S. Aureus bakterisi
icin yine yeterli olmadi. Sekil 7°de goriildiigi iizere
yalnizca %5 Ag katkili numune E. Coli bakterisi
iizerinde etkinlik gosterdi. Daha kalin numune eldesi
E. Coli’ye karsi inhibisyon alanini yaklasitk 2 cm
genisliginde bir alana ¢ikardi. Daha yiiksek inhibisyon
alan1 i¢cin Ag nanopartikiillerinin oraninin arttirilmast
gerekmektedir.
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Gram-negatif bakteriler (E. Coli), muhtemelen,
membran yiikiinden ve bakteri tiirlerinin ince veya
kompleks hiicre duvarindan kaynaklanan Gram-
pozitif ~ (S.  Aureus) bakterilerine  kiyasla
nanokompozit filmler tarafindan oldukga
baskilanmustir. Genel olarak, Gram-pozitif bakteri
tirleri, Gram-negatif bakterilerden {i¢ boyutlu daha
kalin bir peptidoglikan (PG 20-80 nm) tabakasindan
olusur. PG katmani, daha kisa peptitler ile capraz
baglanmis lineer polisakkarit zincirlerine sahiptir ve
bu nedenle Ag nanopartikiillerin Gram-pozitif
bakterilere niifuz etmesini zorlastiran karmasik bir
yapt olusturur. Ancak, Gram-negatif bakteriler,
negatif yikli bir dis zar ve Ag nanopartikiillerin
penetrasyonunu kolaylastiran ince PG katmani (7-8
nm) ile kaplanir®®.

Sekil 5: Farkli oranlarda Ag nanopartikiilleri iceren
numunelerin S. aureus bakterisine karsi inhibisyon
bolgesi.

Sekil 6: Farkli oranlarda Ag nanopartikiilleri iceren
numunelerin E. Coli bakterisine kars1 inhibisyon
bolgesi.



Sekil 7: Farkli oranlarda Ag nanopartikiilleri iceren
numunelerin E. coli bakterisine kars1 inhibisyon
bolgesi.

GENEL SONUCLAR

Bu calismada, farkli oranlarda AgNOs; igeren PA-6
nanolifleri elektro iifleme yontemiyle tiretilmistir. %35
AgNO:s igeren numunenin E. Coli bakterisine karsi
antibakteriyel etkinlik gosterdigi goriilmiistiir. Ayni
zamanda bu numune 0,66 ile en yiiksek kalite faktoriine
sahip numunedir. Ag nanopartikiilleri eklenerek S.
aureus ve E. coli bakterilerine karsi antibakteriyel
etkinlik degerlendirmeleri yapilmis ve %5 Ag iceren
numunelerin E. coli bakterisine karsi etkinlik alani

gosterdigi  goriilmiistiir. Numunelerdeki artan Ag
nanopartikiill ~ oranmmin  antibakteriyel  etkinligin
artmasinda  olumlu rol oynadigi  goriillmiistiir.

Dolayisiyla iiretilen bu malzemenin antibakteriyel
ozellikleri iyilestirilerek filtrasyon uygulamalar1 igin
umut verici bir malzeme oldugu diistiniilmektedir.

SONRAKI DONEM CALISMALARI

Elektro iifleme ile nanolif diretim yontemi, elektro
iretim ve c¢ozeltiden iifleme yOnteminin iretim
avantajlarimi kullanarak endiistriyel alanda
kullanilabilecek bir yontem oldugu gorilmistiir.
Dolayistyla, hava filtrasyonun yan sira, su filtrasyonu,
koruyucu giysiler, yara ortiileri gibi birgok alanda daha
calismalar yapilacaktir.

TESEKKUR
Yazarlar, ¢alismaya verdikleri maddi destekten dolay1
Areka Filtrasyon Teknolojileri Ltd. S$ti.” ye tesekkiir
etmektedirler.
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AMACLAR

Esnek  siiperkapasitorler  giyilebilir  elektronik
uygulamalarinin  enerji ihtiyacinin saglanmasinda
kullanilabilecek onemli enerji depolama
teknolojilerindendir.  Karbon nanolifler esneklik,
hafiflik, genis yiizey alani gibi istiin ozellikleri ile
stiperkapasitorlerde elektrot olarak
kullanilabilmektedir. Bu elektrotlarin performanslari
karbon bazli nanomalzemeler (grafen, karbon nanotiip
vb), iletken polimerler ve metal oksit nanopartikiiller ile
artirtlabilmektedir. Bu c¢alismada karbon nanolif
icerisine farkli oranlarda grafen ilave edilerek elde
edilen nanoliflerin morfolojik ve elektrokimyasal
ozellikleri incelenmistir.

GIRIS

Cevresel ve insan saglig1 gibi kaygilar nedeni ile enerji
iiretiminde fosil yakit kullanimi yerini giines ve riizgar
gibi yenilenebilir enerji kaynaklarina birakmaktadir.
Fakat bu yenilenebilir enerji kaynaklari ¢evresel
degisimlerden dogrudan etkilenen ve istendigi zaman
enerji tretiminin gergeklestirilemedigi sitemlerdir. Bu
yenilenebilir enerji kaynaklarinin siirdiiriilebilir bir
sekilde kullanimi bu sitemlerin enerji depolama
sistemleri ile entegre edilmesi ile miimkiin olmaktadir.

Diger taraftan giines pili, piezoelektrik ve triboelektrik
nanojeneratorler gibi enerji {retim sistemleri son
yillarda tekstil yiizeylerine entegre edilmektedir. Bu
sistemlerden iiretilen enerjinin verimli kullanimi ancak
tiretilen enerjinin yine tekstil yiizeylerine uygulanabilen
sistemlerde depolanabilmesi ile miimkiin olmaktadir.

Siiperkapasitorler  enerji  depolama  teknolojileri
arasinda yiiksek gii¢c yogunlugu, uzun dongii 6mrii, hizli
sarj/desarj edilebilme gibi ozellikleri ile 6n plana
gikmaktadir! 3. Siiperkapasitorler elektrot, elektrolit,
ayirict ve akim toplayici tabakalardan olugmaktadir.
Siiperkapasitorler i¢cin en Onemli komponenti
elektrotlar olusturmaktadir. Aktif karbon, grafen,
karbon nanotiip gibi karbon bazli malzemeler, iletken
polimerler ve metal oksitler siiperkapasitorlerde
elektrot olarak kullanilmaktadir.

Karbon nanaolifler genis yiizey alani, miikemmel
elektriksel iletkenligi ve mekanik stabilitesi nedeni ile
¢ift tabakali siliperkapasitorlerde elektrot olarak
kullanilmaktadir. Uzun yillardir bilinen bir malzeme
olan karbon nanoliflerin kapasitans 6zellikleri grafen,
karbon nanotiip gibi karbon bazli nanomalzemeler veya
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pseudokapasitif 6zellik gdsteren metal oksit ve iletken
polimerlerin ilavesi ile gelistirilmektedir. Bu sayede
daha fazla enerji depolayabilen siiperkapasitorler
tiretilebilmektedir.

Bu calismada karbon nanolifler iiretimi igin ¢ikis
malzemesi olarak poliakrilonitril (PAN) polimeri
kullamlmstir.  Oncelikle PAN nanolif dokusuz
yiizeyleri elektroiiretim yontemi ile tretilmis ve
sonrasinda sirasiyla oksidasyon ve karbonizasyon
islemlerine tabi tutularak karbon nanolifler elde
edilmigtir. Diger taraftan PAN nanolif iiretimi
Oncesinde ¢ozelti igerisine %1-20 arasinda degisen
oranlarda grafen oksit (GO) ilave edilmis ve
elektrotiretim gerceklestirilmistir. Elde edilen GO
katkili PAN nanolifler sirasiyla oksidasyon ve
karbonizasyon islemlerine tabi tutulmustur. Bu
islemler sirasinda PAN nanolifler karbon nanoliflere
doniisiirken ayn1 zamanda igerisine katkilanan grafen
oksit plakalar1 da inert atmosferde yiiksek sicaklikta
indirgenerek grafene donigmektedir. Bu sayede
basarili bir sekilde grafen katkili karbon nanolif
yiizeyler elde edilmistir.

DENEYSEL

Malzeme

Grafen oksit sentezi igin grafit tozu Fisher
Scentific’ten, HCl (%33-35), HSO. (95-98%),
HisPO, (85%) ve H.0, (%30) Sigma Aldrich
(USA)’den temin edilmistir. Nanolif iiretimi i¢in
dimetil formamid (DMF) ve dimetilsiilfoksit (DMSO)
Sigma Aldrich (USA)’den, poliakrilonitril (PAN)
(MA: 150000 gr/mol) J&K Scientific’ten temin
edilmisgtir. Tiim kimyasallar ilave bir saflagtirma
islemi yapilmadan kullanilmistir.

Yontem

Grafen Oksit Sentezi: Grafen oksitin {iretiminde
gelistirilmis Hummer’s metodu kullanilmigtir®, 1 gr
grafit tozu, HSO4/H3PO4 (120 ml/13,33 ml) karigimi
icerisine  eklenerek  manyetik  karigtirict  ile
karigtirilmig ve ilizerine 6 gr KMnQOg ilave edilerek yag
banyosu igerisinde 50 °C’de 12-24 saat boyunca
reaksiyona birakilmistir. Reaksiyon sonunda karigim
150 ml buz banyosu {izerine dokiilerek iizerine 1 ml
%30’luk H20- ilave edilmistir. Sonrasinda karigim
icerisindeki kat1 malzeme santrifiij ile ayrilip sirasi ile
2 defa saf su, metanol, etanol, %37’lik HCI ile
yikanmis sonrasinda ise pH 7’ye gelene kadar saf su
ile yikanmaya devam edilmistir®.
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Grafen Oksit _Katkili PAN _Nanoliflerin _Uretimi:
Calisma kapsaminda grafen oksit farkl
konsantrasyonlarda (kiitlece %1-20 arasinda) PAN
¢Ozeltisi i¢erisine katilarak GO oksit katkili nanoliflerin
iretimi optimum elektroiiretim sartlarinda
gerceklestirilmistir.

Grafen/Karbon Nanoliflerin Uretimi: Uretilen grafen
katkili nanolifler 6ncelikle 300 °C’de hava ortaminda
okside edilmis, sonrasinda ise argon ortaminda tiip firin
icerisinde 1000 °C’de karbonize edilmistir. PAN
nanoliflerin karbonizasyonu sirasinda inert atmosferde
grafen oksit plakalar1 indirgenerek grafen plakalarina
doniligmiistiir.

DENEYSEL SONUCLAR/TARTISMA

Grafen oksit gelistirilmis Hummers’ metodu ile
sentezlenmis ve sonrasinda FT-IR ile karakterize
edilmigtir. Sekil 1’de ¢ikis malzemesi olarak kullanilan
grafit ve grafen oksidin FT-IR spektrumlar
goriilmektedir. Sekil 1°de goriildligli iizere grafit
spektrumunda  herhangi bir pik  gdriilmezken
oksidasyon sonrasinda GO’in oksidasyonunu gdsteren

karakteristik pikler gdziikkmektedir.
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Sekil 1. Grafit ve grafen oksidin FT-IR spektrumlari

Sekil 2’de elde edilen GO katkili PAN nanoliflerin
goriintileri goriilmektedir. %100 PAN nanolif beyaz
iken GO miktari arttik¢a rengi koyulagmaktadir.

P PGO1L PGO20

PGOZ PGOS PGOI0

Sekil 2. Uretilen GO katkili
gorintisi.

PAN nanoliflerin

Sekil 3’te ise oksidasyon ve karbonizasyon iglemi
sonrast numunelerin goriintiisii goriilmektedir. Renk
degisimlerinden islemlerin basarili bir sekilde
gerceklestirildi gozlemlenmekle birlikte FT-IR analizi
ile oksidasyon ve karbonizasyon islemlerinin basaril
bir sekilde gerceklestirildigi teyit edilmistir.
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Sekil 3. GO katkili PAN nanoliflerin oksidasyon ve
karbonizasyon sonrasi goriintiileri.

Elde edilen grafen katkili karbon nanoliflerin
elektrokimyasal o&zellikleri 3 elektrot sisteminde
CHIG08E model cihaz ile gerceklestirilmistir.
Referans elektrot olarak Ag/AgCl, karsit elektrot
olarak Pt elektrot kullanilmigtir. Elektrolit olarak ta 1
M’lik H2SO4 ¢ozeltisi se¢ilmistir.

Uretilen elektrotlarin elektrokimyasal =~ 6zellikleri
Ol¢iilmiis ve birbiri ile kiyaslanmustir.

GENEL SONUCLAR

Grafen oksit basarili bir sekilde sentezlenerek PAN
nanoliflerin igerisine farkli oranlarda entegre
edilmistir. Elde edilen nanokompozit nanolifler
basarili bir sekilde karbonize edilerek grafen katkili
karbon nanolifler iiretilmistir. Uretilen nanokompozit
elektrotlarin morfolojik ve elektrokimyasal 6zellikleri
incelenmistir.
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PURPOSE

The aim of this study is to investigate the use of MgO
/ PAN nanofibers in air filtration and to investigate
the effect of MgO nanoparticles and their different
concentrations on both particle holding efficiency
and toluene adsorption ability.

INTRODUCTION

Due to the increasing population, increasing
industrialization and millions of vehicles of
transportation, very fine dust particles and gases are
emitted into the environment. As a result, air quality
has been decreasing day by day. In addition, there
are volatile organic compounds (VOCSs), many of
which can be evaporated even at room temperature,
in many materials such as adhesives, air fresheners,
glues, paints, liquid cleaners, floor polishes,
solvents, which we frequently use in our daily lives.
Although most of these affects mainly the
respiratory system, they can cause hematological
problems and even cancer. Toluene, benzene,
formaldehyde, xylene and styrene are among the
major VOCs [1].

The holding of these gaseous substances is achieved
by adsorption. For this purpose, an adsorbent with a
high surface area, a suitable pore size (micro-meso
pores) and distribution and which will able to
interact with VOCs chemically or physically is
required [2]. Considering all these properties,
functionalized nanofibers are a good filter material
that can be used in both VOCs adsorption and
particulate filtration studies with their superior
properties such as high surface areas, porosity and
being easily combined with many materials [3].

Metal oxides such as MgO, Al;Os, SnO;, MnO,
TiO2, ZnO and their nanoparticle (NP) forms can
chemically react with toxic gases in the air and
convert them to harmless or less harmful by-
products due to their catalytic properties [4]. Metal
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oxides especially in the form of nanoparticles,
exhibit more catalytic properties due to their high
surface area, higher number of reactive oxide /
hydroxide ions on the surface, and structural surface
defects [5]. Furthermore, the added nanoparticles
increase the surface area by causing protrusions on
the nanofiber surface and, also cause to reduce the
pore size. This increases both filtration performance
and adsorption capability [6].

In this study, we added MgO NPs at various
concentrations to PAN polymer solution to produce
functional nanofibers and demonstrated the effect of
MgO NPs and their concentration on both particle
holding efficiency and toluene adsorption ability.

EXPERIMENTAL STUDIES

Materials

Industrial PAN powder (AKKIM),
dimethylformamide (DMF) as a solvent and MgO
NPs (Sigma Aldrich) was used during our study.
Fabrication of PAN Nanofiber Containing MgO
Nanoparticles

First, the MgO NPs in the various contents (7 wt%,
17 wt%) was added into DMF, then the solution is
stirred for 1 hour with the ultrasonic stirrer. Then,
13%wt of PAN powder (it keeps constant for all
solutions) was dissolved in the mixture solution of
the DMF-MgO NPs by using magnetic stirrer for 6
hours.

The MgO/PAN filter media was fabricated onto a
non-woven PP support (25 csm) by electrospinning
device with 2 needles. The distance from the needle
tip to the collector, the voltage, flow rate,
homogeneity and drum speed were set at 23 cm, 26
kV, 2.2 ml/h, 20 mm/s — 90 mm, and 200 rpm
respectively.

Particulate Filtration Test/Toluene Adsorption
Test

An automated filter tester (model 8130A) was used
to evaluate the filtration performance of the
MgO/PAN filter samples. Charge-neutralized
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monodisperse solid sodium chloride (NaCl) aerosol
particles with diameter size of 300—500 nm was used
as an ultra-fine particle agent.

Toluene gas adsorption studies were carried out
using the test setup established in ITU environmental
laboratory (Figure 1). Toluene gas was sent into
filter media at constant speed, the existing toluene
gases were collected and analysed by GC-MS. The
Scanning Electrone Microscopy (SEM) was used for
morphological characterisation.

LC W
DIy o e it 1

Figure 1 Toluene gas adsorption test setup

EXPERIMENTAL
DISCUSSION

The surface morphology of MgO NP free PAN NF,
%20 MgO/PAN NF (%13 PAN and %7 MgO NP),
and %30 MgO/PAN NF (%13 PAN and %17 MgO
NP) at certain coating times of 20,40 and 60 mins, is
depicted in Figure 2.

RESULTS AND

T MOTAN N L PAN N

a3 MgOPAN NF

Figure 2 SEM images of produced samples (scale
bar is 5 pm and magnification:5 kx for all images)
According to SEM results, 13% PAN NFs are
smooth, flat, and they have uniform fiber
morphology with no bead formation. Although MgO
NPs were generally homogeneous spread on the
nanofiber surface, agglomeration of MgO NPs
occurs in some regions. Increase in MgO NPs
content in filter media cause to increase roughness of

nanofibrous surface. These nanoprotrusions cause to
decrease in pore size between the nanofibers.

Fiber size (nm)

600

555
472
332
400
200
0

%13 PAN NF %20 MgO/PAN %30 MgO/PAN

Figure 3 Average fiber size of produced samples

As seen in Figure 3, size of nanofibers increases with
increasing MgO NPs content into polymer solution
related to increased viscosity of solution.

In Figure 4, Filtration efficiency and pressure drop
results of produced samples is shown. It is known
that, as the fibre diameter of nanofiber decreases, its
pore size and porosity decreases. When pore size
reduces, filtration efficiency and pressure drop
increases [7]. In our study, as the MgO NPs content
into polymer solution increased, the fiber diameter
decreased. However, pore diameters decreased as the
added nanoparticles caused protrusions on the
surface. So, filtration efficiency and pressure drop
increases related to increased filter thickness and
increased nanoparticle concentration (Figure 4).

%520 MeO/PAN "%Wi0 MaOPAN
Pressuee Drop (kP
e ¢ LMop (™

820min ®40min w60 min

Figure 4 Thickness and nanoparticle
concentration effect on filtration Efficiency
(above) and pressure drop (below)
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Figure 5. Nanoparticle Concentration Effect on Toluene Adsorption

Toluene adsorption test results of produced samples
are shown in Figure 5. According to results, As the
concentration of MgO NPs increases, the amount of
adsorbed toluene onto samples increases. This is
related to the pore size. As mentioned above, after
addition of MgO NPs into solution, the pore size
among nanofibers decreased and, thus adsorption
ability increases. In our study, we hoped to see the
catalytic effect of MgO NPs. Unfortunately, we were
only able to achieve toluene adsorption, no harmless
by-product formation was observed. Moreover, we
can say that as the coating time increases, the amount
of adsorbed toluene onto samples increases. As the
coating time increases, the thickness of the filter
media produced increases and micro-meso channels
form in the structure, and the nanoparticles may find
more space for adsorption.

CONCLUSIONS

In our study, we added MgO NPs to the polymer
solution, thus we obtained a rough surface. As the
formed protrusions reduced pore sizes, the filtration
efficiency and pressure drop of the filters produced
increased, but also caused a large increase in the
amount of toluene adsorption. Due to the catalytic
properties of MgO NPs we expected to break down
toluene and convert it to harmless by-products.
Unfortunately, we could not obtain catalytic
degradation products at the MgO NP concentration
studied. However, we were able to capture ultra-fine
particles with a high yield of 96.2%, a pressure drop
of 253 Pa. In addition, we have demonstrated that
nanofibers are a promising material for gas filtration.
We were able to adsorb 44.4% of toluene, a harmful
gas.

FUTURE STUDIES

We aim to produce MgO / PAN NF with higher MgO
content, so that we can see the catalytic effect of
MgO NPs.
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OBJECTIVES

Investigation of the interaction of PBS solution with
carbon nanofibers surface since PBS will be used for
dissolving miRNA molecules to immobilize them on
carbon nanofiber surface or the solution will be used as
electrochemical measurement medium.

INTRODUCTION

Nanofibers are great materials because of their high
specific surface area and very applicable for variety of
applications such as energy*?, environment?,
biomedical* and biosensors®. Electrospinning is a
feasible technology to produced nanofibrous mat
structure by using very broad spectrum of the materials
including polymers®, ceramic’, carbon® and composites
2

Carbon nanofibers are produced from an electrospun
polymer precursor such as polyacrylonitrile®, polyvinyl
alcohol*®,X?, lignin®?, etc. The precursor nanofibers are
properly thermally treated to convert them into carbon
nanofiber structures®®. Most of the electrospun carbon
nanofibers have been produced by using PAN as a
precursor polymer in the literature for very diverce
applications such as energy storage®, oil-water
separation®*, biosensors®®, etc.

Carbon based electrodes are used as the working
electrodes for electrochemical biosensor analysis of
genetic molecules!®Y’. Since carbon nanofibers have
very high specific surface are, more molecules can be
interact on the surface and biosensor device
performance could be enhanced.

In order to immobilize genetic molecules on the
surfaces of the electrodes for electrochemical
characterization, in some studies, first the genetic
molecules were dissolved in PBS and then the prepared
dissolution were applied on the surface of the electrode,
or the solution is used as electrochemical measurement
medium?8-20,

Carbon nanofibers are potential candidate as working
electrode for electrochemical mMIRNA biosensor
applications. So, the interaction of PBS and the
electrode surface should be taken into consideration.
Based on this motivation, in this study, carbon
nanofibers were produced with the addition of
hemoglobin and lawsone in the PAN/DMF
electrospinning  solutions.  As-spun  precursor
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nanofibers were heat treated for a proper
carbonization. Finally, SEM and contact angle
measurements with PBS were carried out.

EXPERIMENTAL

Materials

Polyacrylonitrile (average Mw 150000, Sigma
Aldrich), N,N-Dimethylformamide, hemoglobin,
lawsone, phosphate-buffered saline.

Method

8 wt. % of PAN dissolved in N,N-
Dimethylformamide by magnetic stirring. A defined
amount of hemoglobin and lawsone were added into
the prepared solution separately and stirred for 24
hours. “L” refers to Lawsone and “H” refers to
Hemoglobin, and the number with the letter “L” and
“H” refers to weight percentage of lawsone respect to
PAN in the electrospinning solution (ex: L15 means
15 wt.% PAN in 8 wt. % PAN/DMF). Then, the
prepared solutions were electrospun into the precursor
nanofibrous mat. Electrospinning conditions were
adjusted as 12 kV applied voltage, 0.5 ml/hours
feeding rate, and 15 cm from the tip of needle to
collector. The precursor nanofibers stabilized in air
atmosphere at 280°C for 1 hour and then carbonized
in nitrogen atmosphere at 800 °C for 2 hours®?,
After morphological analyzes with a scanning
electron microscope, contact angle measurements
were conducted by dropping PBS on the carbon
nanofibrous mat surfaces.

EXPERIMENTAL RESULTS/DISCUSSION
Precursor electrospun  PAN nanofibers  were
stabilized and carbonized sequentially as it was
explained in the experimental section. Carbonized
nanofiber morphologies were inspected by observing
SEM images. As seen from Figure 1, carbonized
nanofibers were very well randomly distributed in the
mat structure and fibers uniformity hasn’t been lost.
Even though some beaded structures are presented on
the carbonized fibers, these defects are not seen all
around the web.
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Figure 1. SEM image of neat carbon nanofiber surface.

Different amount of lawsone was added into
electrospun PAN/DMF solution, and PAN/lawsone
precursor nanofibers were obtained after a proper
electrospinning process. As-spun precursor
PAN/lawsone nanofibers were also stabilized and
carbonized sequentially bu following the same
procedure. The morphologies of lawsone added
carbonized PAN nanofibers were observed with SEM
microscopy and the results are given in Figure 2.

: "_."‘.A . i Z
Figure 2. SEM image of lawsone added (in precursor
PAN NFs) carbon nanofiber surface: (A) L15, (B)
L30, (C) L70 ve (D) L100.

As seen from Figure 2, when a small amount of lawsone
was presented in the precursor solution, very much bead
structures (called bead-on-a-string?®) are presented on
and among the fibers. When the amount of lawsone was
increased in the precursor solution, beaded morphology
turned the uniform nanofibers structures.
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Figure 3. SEM image of hemoglobin added (in
precursor PAN NFs) carbon nanofiber surface:
(A)HO.5, (B) H1, (C) H3, (D) H15 ve (E) H30.

As seen in Figure 3, when hemoglobin powder was
added into the precursor electrospinning solution,
beaded defect structure was also seen in the mat
structures. The amount of beaded structure is not
stable with the hemoglobin concentration that could
be related the solution preparation time and condition
since 24 hours were not enough to obtain a proper
solution after adding hemoglobin in the solution.
Some hemoglobin particles were not dissolved and
precipitated in the syringe during the electrospinning
process.
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Figure 4. PBS ¢ozeltisi kullanilarak saf karbon nanolif
yiizeydeki temas agis1 6l¢iim sonucu.

Figure 5. PBS ¢ozeltisi kullanilarak lawsone katkili
karbon nanoliflerde temas agis1 6l¢iim sonuglari: (A)



L15, (B) L30, (C) L70 ve (D) L100. 49,39; 72,44;
111,64

(A) )
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Figure 6. PBS ¢dzeltisi kullanilarak hemoglobin
katkili karbon nanoliflerde temas agis1 6l¢tiim
sonuglart: (A) HO.5, (B) H1, (C) H3, (D) H15 ve (E)
H30.

Physical interaction of phosphate-buffered saline with
the surface of carbon nanofiber mats were investigated
via contact angle measurements. When the droplet of
PBS was touched the surface, the angle was about 120°
at pure carbon nanofibers as seen in Figure 4. When
lawsone was presented in the precursor nanofibers then
carbonized, the contact angle angle were 49.39°, 72.44
°,and 111.64 ° for L15, L30 and L100 samples as seen
in Figure 5. The PBS droplet was directly sucked by the
L70 sample. At hemoglobin added samples in Figure 6,
the droplet was directly sucked by HO0.5 and H3
samples, and the contact angles were 32.07°, 124.02°,
and 100.97° for H1, H15 and H30 samples. As it is seen
the contact angles at the carbonized nanofiber mat
surfaces were decreased at the initial addition of
lawsone and hemoglobin into their precursor
nanofibers, and the angle increased again with
increasing lawsone and hemoglobin ratio in the fibers.
The results are revealed that the affinity of the PBS at
the lawsone and hemoglobin added carbonized fiber
samples were fluctuated due to surface properties and
the added materials in the precursor fibers.

GENERAL CONCLUSIONS

Contact angle measurements of electrospun PAN
derived neat carbon nanofibers and PAN/lawsone and
PAN/hemoglobin derived carbon nanofibers with PBS
were carried out. Highest contact angle was measured
with neat carbon nanofiber mat surfaces. Even though
initial addition of lawsone and hemoglobin reduced the
contact angle and increasing lawsone and hemoglobin
content also increased the contact angle at carbonized
nanofibers mat surfaces, since PBS droplet was directly
sucked by some samples (L70, H0.5 and H3) it is
concluded that the contact angle is not only depend on
the lawsone and hemoglobin content, it is also depend
on the surface properties of the carbonized nanofiber
mat.
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NEXT TERM STUDIES

miRNA molecules will be immobilized on the surface
of the produced carbon nanofibers and
electrochemical measurement will be carried out to
investigate the applicability of the produced carbon
nanofibers as a working electrode in the
electrochemical mMiRNA measurement system.
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INTRODUCTION

Electrospinning offers to fabricate fibers of various
sizes and shape from both natural and synthetic
polymers. The electrospinning process can be applied
to a wide range of applications of various fields because
of the high surface-to-volume ratio and easily tunable
morphology of electrospun fibers. Polyvinyl alcohol
(PVA) is a bhiocompatible and highly hydrophilic
polymer which has also numerous applications.
Curcumin is a natural antibacterial chemical extracted
from the spice turmeric. In this study, at first PVA
solutions were prepared using different binary solvent
mixtures to study the spinnability of PVA in non-water
solvent as curcumin is not soluble in water. Tea’s graph
was introduced to map the solubility and spinnability of
the prepared solutions. After optimizing the solvent,
PVA/curcumin solution was prepared in an appropriate
solvent and electrospun. To stabilize the P\VA/curcumin
electrospun mats, physical crosslinking was carried out
by heat treatment at different temperatures and UV-
exposure for a different period. The crosslinking also
ensured the controlled release of curcumin from the
electrospun fiber mats. All the electrospun fiber mats
were evaluated with a scanning electron microscope
(SEM), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR) and differential scanning
calorimetry (DSC). Finally, the antibacterial efficacy of
the electrospun PVA/curcumin was evaluated by
antibacterial test.

EXPERIMENTAL

Method

7%, 10% and 15% (w/v) PVA solutions were prepared
in water, 20% acetic acid, 50% acetic acid, 20% ethanol
and 50% ethanol and the corresponding solutions were
electrospun. Solubility and spinnability of the solutions
were mapped with Tea’s graph. Furthermore, 10% PVA
solutions with 1%, 2% and 5% curcumin (w/w with
respect to PVA) were prepared to investigate the drug
release. To stabilize in aqueous medium and control the
release of curcumin the PVA/curcumin fiber mats were
crosslinked by heat treatment and UV-exposure. Heat
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treatment was carried out at 80 °C, 120°C and 160°C
for 2 hours. On the other hand, UV-exposure was
carried out at 40W for 30 minutes, 1 hr and 2 hr. Drug
release study was carried out in phosphate buffer
saline (PBS) for 24 hours. The antibacterial test was
carried out against E. coli and S. aureus to evaluate
the antibacterial properties of curcumin.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The study reveals that the morphology of electrospun
PVA fibers from different binary solvent mixtures
differs significantly from each other. While solutions
prepared with acetic acid-water binary solvent
mixture (AW) and water produce cylinder-shaped
fibers, solutions prepared with ethanol-water binary
solvent mixture (EW) produce flat-shaped fibers.
Diameters of fibers spun from AW solutions exhibit
the smallest diameter in the range of 70-238 nm. On
the other hand, the diameter of fibers spun from EW
solutions was much higher in the range of 270-955
nm. However, adding curcumin with PVA decreases
the average fiber diameter. The more curcumin was
added, the more decrease in diameter was observed.
Crosslinking by heat treatment caused a marginal
increase in fiber diameter whereas no significant
change was observed in the case of UV-exposure. The
controlled release of curcumin was achieved by both
types of crosslinking. The release of curcumin was
slowed down up to 20% by heat treatment and 9% by
UV-exposure at 24 hr. The antibacterial study showed
all bacteria killed within 6 hours.

CONCLUSIONS

Electrospinning of PVA from binary solvent mixtures
was evaluated and utilized in drug delivery
application where curcumin was used as an
antibacterial drug. Fibers of different sizes and shapes
were fabricated by using different solvents. While
incorporating curcumin, it was successfully
electrospun with PVA and crosslinked by heat
treatment and UV-exposure. The controlled release of
curcumin was achieved by both types of crosslinking.



Excellent antibacterial properties were also observed. It
is expected that the stable antibacterial nanofibrous mat
with controlled curcumin release capability could be a
potential candidate for wound dressing application.
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AMACLAR

Bu calismanin amaci, elektrosprey metodu ile iletken
partikiil  kaplanmast ve kaplamalarin mekanik-
elektriksel enerji dontigiimiindeki performansinin
incelenmesidir. Uretilen nanojeneratér sistemlerden
alman ¢ikis voltajlar1 ele alinarak elektrotlarin

kalinliklar1 ile performanslart arasindaki iliski
belirlenmistir.

GIRIS

Nanojeneratorler, verimsiz kullanilan, yani atik

durumdaki mekanik veya 1sil enerjinin geri kazanimini
saglayan sistemlerdir!. Mekanik enerjinin elektrik
enerjisine doniisiim mekanizmasinda itici giic olarak
yer degistirme akimi kullamlmaktadir?.
Nanojeneratorler isimlerini iretilen ¢ok kiiglik enerji
miktarlarindan almaktadirlar; tretildikleri
materyallerin nano-malzeme olma sart1 yoktur.

Nanojeneratorler piezoelektrik, triboelektrik veya
piroelektrik prensiple c¢aligirlar. Piezoelektrik ve
triboelektrik  nanojeneratorler mekanik enerjinin

doniistimiinii saglarken piroelektrik nanojeneratorler
1s1l enerjinin elektrik enerjisine ddniismesini saglar®.

Piezoelektrik etki, molekiiler simetri eksikliginden
kaynaklanan ve mekanik stres altinda gerceklesen
polarizasyondan kaynaklanmaktadir®. Bu baglamda en
¢ok kullanilan piezoelektrik malzemeler wiirtzite
kristaller, perovskit kristaller ve polimerlerdirler.
Piezoelektrik etki kullanilarak tretilen
nanojeneratorlerdeki gelisim ilk zamanlarda metal

oksitler tizerinden ilerlese de bu malzemelerin
kirllganliklarindan ~ dolayr  yerini  piezoelektrik
polimerlere birakmislardir®.

Poliviniliden florit (PVDF), (CH2-CFy), kapal

formiiliine sahip bir floropolimerdir. PVDF’in a, B, vy, 6
ve € olmak iizere bes farkli kristalin fazi vardir.
Bunlardan B ve vy kristalin fazlarda H ve F atomlarinin
polarizasyonu en yiiksek oranina ulagmaktadir. Bu
sebeple bu kristal yapilarda PVDF piezoelektrik etki
gosterir®.

Grafen, karbon nanotlim, grafen oksit, metal nanoteller
gibi nano malzemeler, nanojeneratorlerde katki
malzemesi olarak sikca kullanilmaktadir. Tletken katki,
piezoelektrik malzemedeki yer degistirme akiminin
malzemenin yiizeyine taginmasini saglamaktadir”®.
Bunun yani sira bu malzemeler, ince kaplama olarak
kullanildiklarinda esneklige miisaade ettiklerinden
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nanojeneratdr elektrodu olarak da kullanimlari

oldukga yaygmdir %2,

DENEYSEL

Malzeme

Calisma kapsaminda iiretilecek nanolifler igin ¢dziicii
olarak aseton (Sigma-Aldrich) ve dimetil formamid
(DMF) (Merck); polimer olarak ise poliviniliden
florir (PVDF) (Alfa Aesar) (d: 1,76 g/cm3)
kullanilmustir. Elektrosprey islemi igin ise deiyonize
Su ve 2-propanol (Sigma) kullanilmistir.

Grafen oksit iiretimi i¢in grafit (Merck), siilfiirik asit
(%98, Merck), fosforik asit (%85, Sigma-Aldrich),
potasyum permanganat (Sigma), hidrojen peroksit
(%35, Sigma-Aldrich), hidroklorik asit (%37, Fischer
Chemicals) ve etil alkol (ISOLAB) kullanilmistir.
Indirgeme islemi icin ise hidrazin hidrat (%55,
Sigma) kullanilmistir.

Yontem

Grafen oksit {iretimi i¢in 6nceki ¢alismalarimizda®® da
kullandigimiz ~ Gelistirilmis  Hummers  Metodu
kullanilmistr.

Nanojeneratorlerde piezoelektrik bilesen olarak
PVDF nanolifler kullanilmigtir. Nanolif tiretimi i¢in
polimer soliisyonu agirlik¢a %10 PVDF igcermektedir.
Coziicli olarak ise agirlik¢a 2:1 oranda aseton ve DMF
karigimi  kullanilmigtir.  Elektro-iiretim islemindeki
parametreler ise 4 mL/sa ¢ozelti besleme hizi ile 23
kV voltaj ve 15 cm mesafeden gergeklestirilmistir.
Uretilen nanolifler, PET elektrot sablonlarimin arasina
konularak elektro-piiskiirtme islemi
gergeklestirilmigtir. Piskiirtme ¢ozeltisi, 0,5 mg/mL
grafen oksit (GO) iceren hacimce 2:1 deiyonize su 2-
propanol karigimindan ibarettir. Elektro-piiskiirtme
islemi ise 30 mL/sa ¢bzelti besleme hiz1 ile 8 cm
mesafeden 33-37 kV  voltaj araliginda
gergeklestirilmistir. Tiim nanolifin bir yiizeyine 2,5
mg, 5,0 mg, 7,5 mg ve 12,5 mg GO tekabiil edecek
stirelerde piiskiirtme islemi gergeklestirilmistir.
Kaplanan nanolifli yapilar 1 gece boyunca c¢eker
ocakta kurumaya birakilmistir. Elektro-piiskiirtme ile
GO kaplanmis nanolifli yapilar, 80 mL 0,1 M hidrazin
hidrat ¢ozeltisi iginde 95 °C’de 3 saat indirgeme
islemine tabi tutulmustur. Indirgeme islemi ile GO
kapli yiizeylerin kahverenginden siyah renge
dondiigi gozlenmistir. Bu asamada GO kaplama,
indirgenmis grafen oksit (rGO)’a donmiistiir.
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Nanolifli yapilarin nanojeneratdre doniistiiriilmeleri
i¢in her biri iki aliminyum bant arasina alinmis ve bu
sandvi¢ yap1t PDMS ile kaplanmistir.

Nanojeneratorlerden alinan elektriksel kontaklar, bir
osiloskopa baglanmis ve nanojeneratorler Onceki
calismalarda?® tasarlanmis test diizeneginde periyodik
olarak biikiilmeye maruz kalmigtir. Osiloskop yardimi
ile biikkiime bagli voltaj degisimleri gozlenmis ve

kaydedilmistir.
Ayrica nanolifli yapilarin kristalin faz analizleri i¢in
FT-IR ve XRD analizleri ger¢eklestirilmistir.

Kaplanmis nanoliflerin indirgeme isleminden &nce ve
sonra alinan SEM goriintiileri ile kaplamanin iki farkli
formu da gozlenmistir.

DENEYSEL SONUCLAR/TARTISMA

Toz PVDF’e, PVDF nanolifli yapiya ve kaplamali
numunelere indirgeme igsleminden sonra yapilan FT-IR
analizlerinde P kristalin faz pikleri gozlenmistir. Toz
polimerde o kristalin faz fikleri yogun bir sekilde
gozlenmektedir. Elektro-liretim esnasinda polimer
omurgasina bagli atomlarin elektrik alan ve
soliisyondaki yiiksek mobiliteleri, p faza gegisi bir
oranda saglamaktadir. Fakat bunun da &tesinde,
kaplamali nanolifli yapilarin hidrazin hidrat ile
indirgeme isleminin ardindan o kristalin faz pikleri
siddetlerini olduk¢a diigiirmiis ve B kristalin faz pik
siddetleri yiikselmistir (Sekil 1).
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Sekil 1. Nanolifli yapilara ve toz polimere uygulanan FT-IR
analizinin spektrumlar1

PVDF igin kristalin yap1 analizleri, XRD testlerinde de
dogrulanmistir. Toz PVDF’de gozlenmeyen B faz
pikleri nanolifli yap1 halinde gézlenebilmistir. (Sekil 2).
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Sekil 2. Toz ve nanolif PVDF'e yapilan XRD analizinin
sonuglari

Numunelere yapilan piezoelektrik testler sonucu
elektrosprey metodu ile uygulanan elektrotlarin enerji
doniistimiine etkisi gdzlenmistir. Kaplama isleminin
maksimum voltajt yiikselttigi goriilmiistiir. Kaplama
kalinliginin artirilmasi ile ise maksimum voltajin bir
noktaya kadar yiikseldigi ve kalinlik artiginin
maksimum voltaji distirdigii gériilmiigtiir (Sekil 3).
Nanojeneratorlerin  {irettikleri maksimum voltaj
degerleri ise sekil 4°te verilmistir.

a) ¥ o) -

Sekil 3. Kaplamasiz ve kaplamali numunelerin zamana
karst tirettikleri gerilim sinyalleri
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Sekil 4. Nanojeneratorlere ait maksimum voltaj degerleri

52



Kaplamali numunelere indirgeme isleminden dnce ve
sonra yapilan SEM goriintilleme islemleri sonucu
indirgeme  islemi  dogrulanmaktadir.  Indirgeme
isleminden o6nce GO, daha yumusak bir yiizey
goriintiisii  verirken indirgeme isleminin ardindan
levhasal rGO katmanlar gozlenrmstlr (Sekll 5).
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Sekil 5. a),b) ve c) Indirgeme isleminden 6nceki ve d), e) ve
f) indirgeme isleminden sonra alinmig SEM goriintiileri

GENEL SONUCLAR

PVDF fiizerinde yapilan FT-IR analizlerinde B faz
pikleri  gozlenmistir.  Elektroliretim  asamasinda
polimerin soliisyon formunda olmasi, bu sayede yan
gruplarin yiiksek hareket kabiliyeti mevcuttur. Bu
esnada uygulanan yiiksek elektrik alan, H ve F
atomlarmin yeterince polarize olmasini saglamaktadir.
B faz piklerinin indirgeme islemi ile daha da
siddetlenmesi ise indirgeme isleminde kullanilan
hidrazin molekiiliiniin sicakligin da etkisi ile zincirlerin
arasina girmesi ve polarizasyonu desteklemesi ile
agiklanabilir.

Nanolifli yapilarak yapilan piezoelektrik testlerde ise en
ince kaplamalarda maksimum voltajin kaplamasiz
numuneye kiyasla diisiise ugradigi, 7,5 mg GO
kaplanmasina kadar ise diizenli olarak arttig
gbzlenmigtir. Daha kalin kaplamalarda ise {iretilen
elektrik enerjisinin rGO elektrotlarin  direncinde
elimine oldugu soylenebilmektedir.

SONRAKI DONEM CALISMALARI

Ilerideki calismalarda, iiretilecek nanojeneratdrlerin
kaplama homojeniteleri ve bunun enerji iiretimindeki
etkisi arastirilacaktir. Bunun yani sira
nanojeneratorlerden elde edilecek giiciin net bir sekilde
tespit edilebilmesi amaci ile es zamanli voltaj ve akim
Olciimleri gergeklestirilecektir.
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PURPOSE

Early discoveries about the electrospinning process date
back to the 1930s. Since then, thousands of scientific
papers and patents have been published on
electrospinning  processes, nanofibers and their
application areas. The advantages offered by nanofibers
for different applications have been scientifically
proven and accepted by all concerned. In spite of the
enormous application potential, electrospun nanofibers
have not been widely used in practice. The main reason
is that the fiber production rate of conventional systems
is far lower than the requirement for commercial usage.
In this context, it is possible to find investigations on
many different system designs for high speed
application of the process in the literature. In this
context, many studies have been made to increase the
production speed and different system configurations
have been tried. In this paper we will focus on a new
approach, which is defined as hybrid electrospinning
technology.

INTRODUCTION

Although it is possible to encounter different definitions
in the literature, nanofibers are generally defined as
fibers under 1-micron diameter. With their unique
properties like surface area and volume ratios, porosity,
mechanical characteristics, usability of a wide range of
materials, ease of the production methods, nanofibers
are considered as an advantageous material by the
actors of science and technology areas.

The simplicity of the fabrication scheme, the diversity
of materials suitable for use with electrospinning, as
well as the unique and interesting features associated
with electrospun nanofibers, make them attractive for
many different applications like; tissue engineering
scaffolds, wound dressing and healing materials,
advanced air filters, water and wastewater filtration
membranes, sensors, battery separators, supports for
catalysis, regenerative medicine materials etc.

There are several methods to produce nanofibers from
different polymers, such as drawing, phase separation,
template synthesis, self-assembly, island-in-the-sea,
centrifugal spinning and electrospinning. Among those
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Figure 1. Application areas of nanofibers (Inovenso,
2019)
methods, electrospinning has been accepted as the
most effective and versatile technology for producing

nanofibers from various polymeric materials *.

The electrospinning process is an excellent method
for the formation of nano-sized polymeric or
composite fibrous structures, allowing the control of
fiber orientations. Easily changing the effective
parameters on the electrospinning process makes it
possible to control the fiber properties?. These
parameters can be summarized as solution
parameters, operation parameters and environmental
conditions.

The history of the electrospining process is based on
the practice of the British physicist William Gilbert in
the 1600s by applying a controlled electric field to a
drop of liquid. The first patents were granted by
Anton Formhals between 1934 and 1944 in the
process of developing electrospining as a commercial
value generating method. In the same period, the work
of producing fiber from melt C.L. Norton and
patented in 1936°.

The theoretical background of the process was built
by Sir Geoffrey Ingram Taylor between 1964 and
19694. In his studies, Taylor examined the shape
behavior of the cone formed by liquid droplet under
the influence of an electric field with mathematical
model studies. This characteristic droplet shape is
now known as Taylor cone.
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A simple electrospining assembly consists of three
different components (Figure-2). These are the pump
used to feed the solution into the medium and the nozzle
at the end of the feed line (usually a syringe needle,
although different feeding systems may be used), a
grounded (or opposite charged load) conductor
collector, a high voltage power source for generating an
electric field between the collector and the nozzle.
electrespinning process

Figure 2: A basic scheme of electrospinning process
(Inovenso, 2019).

Electrospinning is an electro-hydrodynamic process by
working systematic. In electro-hydrodynamics (EHD),
electrical charges enable any fluid to move within an
electric field. During the process, the transport and
distribution of these charges generate stresses that result
in the movement of the fluid. The driving force in the
electrospinning process is the potential difference of the
static electric field. With this force, the electrically
charged polymer solution or melt is pushed into a
grounded collector assembly, where a dry membrane
structure is formed®.

The solution droplet at the top of the electrospinning
needle is held by the surface tension forces that it has
when electrospinning forces in the electrospinning area
is not enough. As the voltage increased (by decreasing
collector and spinneret distance of increasing the
applying high voltage to the system). As the voltage is
increased, the solution droplet at the tip elongates and a
conical shape is formed. When the applied voltage
reaches a critical value V., the electrostatic forces
overcomes the surface tension and consequently a thin
electrically charged jet is stretched from the apex of the
cone (Figure-3)8.

As mentioned before, there are several parameters
affecting the characteristics of nanofiber medium.
Solution properties are the most important. The solution
parameters are the most effective in determining fiber
properties. These are viscosity of polymer solution,
solvent selection, surface tension and conductivity of
solution. The most critical factor
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in controlling the structural morphology of the
nanofibrous structure is polymer solution viscosity.
For obtaining nanofibers, the viscosity must be in a
range. That means there is a minimum and maximum
value for viscosity to produce nanofibers. Below that
minimum value, beaded fibers or just particles can be
obtained. Increasing viscosity of solution increases
polymer chain entanglements in the solution. After
increasing viscosity more than maximum value, the
surface tension becomes so high and it becomes
impossible to jet formation from tip to collector. It is
understood that a specific level of solution viscosity
depending on the types of polymer-solvent system is
necessary to counteract the electrostatic forces and
produce a uniform electrospun jet during
electrospinning. Hence this would lead eventually to
the collection of defect-free nanofibres®.
A B C

Polyrmenc
sontion

Figure 3: Schematic illustration of the Taylor cone

and jet formation: (A) the applied electric field creates
surface charges in the polymeric solution; (B)
increasing the voltage causes change in the shape of
droplet (C) The VC is critical voltage where the
electrostatic force becomes equal to surface tension
force. when the current voltage is higher than VC, the
polymeric jet is formed and travels towards the
collector due to the charge repulsion®.

Another important solution parameter is the
conductivity. The solution stretches and forms
nanofibers by the repulsion of the electrical charges at
the surface of the electrospinning jet. The
electrospinning jet carries more charges when the
solution has higher conductivity, as a result A
significant reduction in the diameter of the
electrospun nanofibers can be observed. When the
conductivity of the polymer solution is high, the
enormous tensile force will be created with respect to
the voltage applied. This, in turn, helps in the
formation of nanofibers with a reduced diameter’.

Applied voltage, electrospinning process distance and
flow rate are the most important operation parameters.
Increasing the applied voltage reduces the drawing
stress and hence decreases the diameter of the
resultant fibers. However, maintenance of the control
over the electrospun fibers is highly challenging at



high voltage. Because increased drawing stress can
result in the breakage of fibers. So for obtaining
defectless fibers, applying optimal voltage during the
spinning process becomes important®.

To increase the productivity increasing flow rate is a
solution in electrospinning. Higher flow rates will
increase the production rate of the electrospinning
process but can have adverse effects on the morphology
of the fibers if not properly controlled®. The
electrospinning system has to be designed for this
purpose to obtain good fibers.

Similar to the high voltage that is applied to the system,
the flow rate of the polymer solution, spinneret type; the
electrospinning process distance (the distance between
collector and spinneret). Nanofiber morphology is
affected by the distance, because the distance is directly
related with the deposition time, evaporation rate, and
whipping or instability interval’®. In their study
Matabola et. al'® observed that, with an increase in the
distance, the fiber diameter decreased from 397 to 314
nm with improved uniformity. This change is attributed
to the complete solvent evaporation of the solvent, more
stretching and thinning which favors the formation of
thinner fiber?®,

A schematic diagram of a typical electrospinning
apparatus is given with Figure 2. That type of one-
nozzle system is a good solution for researchers.
Although many researchers have used single-needle
schemes for electrospinning, the low fluid throughput
in spinning has limited the industrial use of single-
needle systems’.

Besides the conventional electrospinning technique,
different variations of the well-known mechanism of
process have been developed. These include the multi-
needle and needleless or open surface electrospinning.
Both multi-needle and needleless electrospinning
techniques comes with multi-jet formation to enhance
the productivity of the conventional electrospinning™*.
Application of electrospinning process via multijet
ejection is the technique for improving the productivity
of nanofibers. But the most important question that
comes to mind here is the possibility of the electrical
interferences between charged jets, the instabilities are
enhanced further, which can become problematic for
the mass production of uniform nanofibrous membrane.
So, high efficiency production of uniform nanofibers
through multiple jets is of great importance to the
industrial applications of electrospinning technique®2.
To meet the high liquid throughput requirements,
several multi-jet systems have recently been tested.
Several methods have been developed to enhance the
electrospinning production rate. They can be classified
as multi-needle and needleless methods.

Several researchers have tried to mass-produce
nanofibers by using a free surface of polymer solution,
including electrospinning based on a two-layer system,
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bubble electrospinning, spider spinning, ball
electrospinning,  disc  electrospinning,  cleft
electrospinning, porous tube electrospinning, porous
electrospinning with drilled hole, ring
electrospinning, stepped pyramid stage, wire
electrode, and etc?®.

Multi-nozzle electrospinning has been under ongoing
investigation, since not only is it an easy method for
enhancing productivity but it is also a simple
technique for producing composite fibers from
polymers which cannot provide a solution in a
common solvent. The disadvantage of the multi-
nozzle system is repulsion by adjacent jets and the
non-uniform electrical field at each nozzle tip of the
spinneret*,

Conventional multi-needle electrospinning systems
has a good process control, but they have a very
limited production rate. Needleless systems can
overcome that problem with their modified
spinnerets, but needleless systems have open surface
solution feeding system and that can cause a big
problem to maintain consistent solution concentration
and viscosity. Those changes can cause big
differences on the fiber morphology during the
production. On the other hand, it is almost impossible
to work with rapid evaporating solvents with the
needleless systems. Fiber morphology and quality are
not precisely controlled, the raw materials that can be
utilized are limited, which in turn limits versatile fiber
production and process parameters such as flow rate,
cannot be controlled.

In recent years, Inovenso made a lot of innovations
for pilot and industrial systems. One of the most
important innovations is a hybrid electrospinning
nozzle which can increase production rate 3-4 times
than conventional needles. Advantages of Inovenso’s
industrial system starts with a homogeneous
distribution of solution to the spinnerets. That gives a
uniform solution feeding capability, on the other hand
the homogeny distribution of electric field in the
process area is not affected. Higher production rates
can be obtained by making a little increase on high
voltage value. Almost same flow rates values can be
seen with open surface needleless systems, while the
high voltage is quite lower than them. The production
rate can be increased by increasing high voltage a
little. In that stronger electrical power, almost five jets
can be obtained from modified nozzles. In Table-1
there is a comparison of different systems.

Table-1:  Comparison of different Industrial

electrospinning systems.

Conventional Hybrid Needleless
Needle Based Electrospinning = Electrospinning
Systems Technology Systems



Easy to Set-up

Fast evaporating
solvents can be a
problem with
needle clogging.

Normal electrical
power like
laboratory scale
electrospinning
systems. (e.g. 15-
20 kV)

Uniform jet
distribution

Low production
rates

Uniform fiber
morphology

Fully control of
electrospinning

Defectless
nanofibers

Control of
solution
concentration

Easy to set-up

Possible to work
with each kind of
solutions like
conventional
needles

Relatively higher
electrical power
than conventional
needle base
systems, but
lower than the
open surface
needleless
systems. (e.g. 35-
45 kV)

Uniform and
stable jet
distribution

Higher
production rate

Uniform fiber
morphology

Precise and full
control of the
process

Defectless
nanofibers

Full control of
solution
concentration and
viscosity

EXPERIMENTAL
Materials and Methods

PVDF (Arkema, Kynar-761) was used as polymeric
material. The solvents for the experiment were DMF
and Acetone of Merck. LiCl was used for increasing the

Complex set-up
procedure

Not available for
working with fast
evaporating
solvents

Very high
electrical power
required to start
electrospinning
process. (e.g. 70-

90 kV)

Non-controllable
jet during
operation

Higher
production rate

Non-uniform
fiber morphology

Not a complete
control on all of
the process
parameters.

Generally beaded
and defected
nanofibers

Difficult to
maintain
consistent
solution
concentration and
viscosity
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conductivity of solution. Ingredients and the
properties of the solution is given in Table-2.

Table-2: Solution properties

PVDF (%w/w) DMF(%w/w)  Acetone(%w/w
)
14 60 26
LiCl Viscosity Conductivity
(ar) (mPa.s) (uS)
0,05 1910 445

In order to improve the production capacity, different
spinneret designs were made and the effect of each on
the capacity was examined by applying different
solutions. In this paper only the data related to the
design with the highest efficiency is presented.
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Figure 4: Used hybrid nozzles during operation. From
left to right outer diameter for each nozzles are same
and inner diameters are 0,8mm, 1mm, 1,5mm, 2mm
and 2,5mm)

For this experiment, PE 550 model pilot scale
electrospinning system of Inovenso was used. That
system has 55 nozzles on it and it can coat surfaces of
550 mm width and continuous substrate by roll-roll
collector. The high voltage during process was 40 kV.
System was operated under same ambient conditions.
For each type of nozzles maximum achievable flow
rate was checked. The distance between nozzle and
collector was 140 cm.

For defect control on coated nanofiber layer, SEM
images were taken by Semoscope (by Inovenso)
Scanning Electron Microscope.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

In order to improve the production capacity of
electrospining, some of the design-performance
studies carried out in the inovenso laboratory were
evaluated here. In Table 2, maximum achievable flow
rates can be seen for each nozzle type and as control
nozzle 18G blunt syringe nozzle was used.

Table-2: Maximum achievable flow rates for each

nozzles.
Outer 2.8 40 6.0 80 118G
Diameter mm mm mm mm
Inner 1.0 16 16,5 16,5 21 4
Diameter mm  ml/h  ml/h mih  ml/h mi/h



15 165 165 17 21,5
mm ml/h  mi/h | ml/h | ml/h
20 165 | 17 17 24
mm ml/h  mli/h | ml/h | ml/h
2.5 17 175 285
mm mi/h | ml/h | ml/h
The most efficient design can be seen at Fig-5.

Achieved flow rate value for this nozzle is 28,5 ml/h.

Figure 5: Hybrid electrospinning spinneret.
SEM images for all of the nozzles on this experiment
were taken. But here only for the nozzle which gave the
highest performance is given. SEM images are given
with Fig-6
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Figure 6: SEM image and fiber diameter distribution for
the nozzle which has OD:8mm and ID:2,5mm

For making comparison SEM image for standard
syringe needle is given at Figure-7. In this image it can
be clearly seen that nanofiber layer has defects.
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P, S

Figure 7: EM ig for 18G blunt standard syringe
needle

CONCLUSIONS

In this study, the effect of various nozzle designs,
which were developed to increase nanofiber
production speed, on the effect of feed flow was
investigated. When the inner and outer diameters of
the hybrid nozzles were examined, the highest yield
was obtained with nozzle which has an ID of 2.5mm
and an OD of 8mm.

The morphology of the nanofiber coating produced
was examined by SEM and no serious defect affecting
the coating quality was observed.
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Figure: Electrospinning procesé area of PE300.

ACKNOWLEDGEMENTS/SOURCES OF
FUNDING

This project is funded by Inovenso Teknoloji Ltd. All
the production and analysis were done at Inovenso’s
facility.

LITERATURE



1. Akpmar, H. S. N. Production Of Electrospun
Polyacrylonitrile  Nanofiber ~ Yarn.  (Technical
University Of Istanbul, 2018).

2. Merritt, S. R., Exner, A. A., Lee, Z. & von Recum,
H. A. Electrospinning and Imaging. Adv. Eng. Mater.
14, B266-B278 (2012).

3. Norton, C. L. Method Of And Apparatus For
Producing Fibrous Or Filamentary Material. 1-4
(1933).

4. Taylor, G. Electrically Driven Jets. Proc. R. Soc.
London 313, 453-475 (2014).

5. Collins, G., Federici, J., Imura, Y. & Catalani, L. H.
Charge generation, charge transport, and residual
charge in the electrospinning of polymers: A review of
issues and complications. J. Appl. Phys. 111, (2012).

6. Casasola, R. Electrospinning of poly (lactic) acid for
biomedical applications: analysis of solution properties
and process parameters, drug encapsulation and release.
(2016).

7. Angammana, C. J. & Jayaram, S. H. Fundamentals
of electrospinning and processing technologies. Part.
Sci. Technol. 34, 72-82 (2016).

8. Mishra, R. K. et al. Electrospinning production
of nanofibrous membranes. Environmental Chemistry
Letters (Springer International Publishing, 2018).
d0i:10.1007/s10311-018-00838-w

9. SalehHudin, H. S., Mohamad, E. N., Mahadi, W. N.
L. & Muhammad Afifi, A. Multiple-jet electrospinning
methods for nanofiber processing: A review. Mater.
Manuf. Process. 33, 479-498 (2018).

10. Matabola, K. P. & Moutloali, R. M. The influence
of electrospinning parameters on the morphology and
diameter of poly(vinyledene fluoride) nanofibers-
Effect of sodium chloride. J. Mater. Sci. 48, 5475-5482
(2013).

11. Kenry & Lim, C. T. Nanofiber technology: current
status and emerging developments. Prog. Polym. Sci.
70, 1-17 (2017).

12. Zheng, G. et al. Multinozzle high efficiency
electrospinning with the constraint of sheath gas. J.
Appl. Polym. Sci. 136, 1-12 (2019).

59

13. Valipouri, A. Production Scale Up of Nanofibers :
A Review. J. Text. Polym. 5, 8-16 (2017).

14. Park, C. H., Pant, H. R. & Kim, C. S. Novel robot-
assisted angled multi-nozzle electrospinning set-up:
Computer simulation with experimental observation
of electric field and fiber morphology. Text. Res. J.
84, 1044-1058 (2014



Development of Self-healing EVA Films

SEZER HICYILMAZ, Ayse!, CELIK BEDELOGLU, Ayse!
!Bursa Technical University, Fiber and Polymer Engineering, Bursa, TURKEY

aysesezerh@gmail.com, ayse.bedeloglu@btu.edu.tr

PURPOSE

In recent years, self-healing materials have attracted
attention due to rapid recovery and wide application
area. The aim of this study was to provide self-healing
properties of ethylene vinyl acetate (EVA) films and to
characterize the properties of newly developed films.

INTRODUCTION

Self-healing materials heal themselves autonomically
or non-autonomicaly by help of external interventions
such as heat, light, oxygen or healing agents . Self-
healing materials are environmentally friendly,
sustainable, cost-effective due to their long service life
and the fact that they do not require replacement. More
importantly, self-healing materials give users more
secure handling because they can be repaired
autonomously, easily and quickly compared to
traditional materials 2. Therefore, in this study, EVA
polymer, which is used in a wide range of applications
from flexible packages to electrical cables, has been
chosen as the main material. 3. Nanoparticles are special
materials that have superior properties such as electrical
conductivity, thermal conductivity, antibacterial, super
hydrophobicity etc. 4. Moreover, it is possible to obtain
self-healing materials with nanoparticles. Silver
nanowires have high thermal conductivity and
photothermal property so they are suitable to produce
self-healing materials with polymers that have low
melting temperature. Healing mechanism of this
nanocomposites based on re-entanglement of linear
chains by softening or melting with heating of the
damaged region. In the literature, Li et al. produced the

near-infrared light induced healable, electrically
conductive, flexible silver nanowires (AgNWs)
deposited thermoplastic polycaprolactone

(PCL)/poly(vinyl alcohol) (PVA) composite film.
Recyclable healing is obtained by irradiating mild NIR
light the damaged region. AgNWs act as electricity
conductor and NIR light-induced heater. AgNW
absorbs NIR light and converts into heat then transfer
to the matrix. When the heated (PCL/PVA)e film
reached to above of the melting temperature (65 °C),
polymer flows to heal the cutted
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region and recover the electrical conductivity
property (Figure 12) 5 Kim et al fabricated
photoinduced  self-healing,  stretchable  and
transparent TPU electrode with incorporating of
AgNW. Damaged surface was irradiated by intense-
pulsed-light (IPL) to induce plasmonic heating. Rapid
and repeatedly healing of the microcracks was
achieved by the help of thermally conductive AGNW
8. In this study, silver nano wire (AgNw) reinforced
ethylene vinil acetate (EVA) nanocomposites were
produced to obtain thermally self-healing property.
Generally in the literature silver nanowires were
coated onto polymer surface, in this study, rapid,
repeatable and high effective self-healing films were
produced by dispersing AgNw in the polymer matrix.
Developed self-healing nanocomposite transparent
films could be used in applications such as flexible
packaging, tempered glass laminates, electric cables,
footwear etc.

EXPERIMENTAL

Material

Greenflex ® Ethylene vinyl acetate copolymer (EVA)
was purchased from Resinex, ClearOhm® Ink- Silver
nanowire (AgNw) solution was purchased from
Cambrios and used as is. Dichlorobenzene was
purchased from Sigma Aldrich Chemical Company.

Method

EVA -DCB solution (10% wt/wt) was prepared at 130
°C. To prepare EVA-AgNw solution (5 % wt/wt), Ag
Nw was dispersed in DCB for 3 hours, then
ultrasonicated for 5 seconds. AgNw-DCB dispersion
was added into EVA-DCB solution at 130 °C. The
films were produced with solution casting method.
Hot polymer solutions poured onto glass petri dishes
that stands on 130 °C hot plates. The solvent
evaporated and the films cooled down gradually. The
films were named as EVA and AgNw-EVA. The
thicknesses of films were between 0.15-0.25 mm.
Self-healing property evaluated with scratch test
method 7. Films were scratched with a razor blade to
an approximately 50% thickness of the films and
heated in the 130 °C oven (Figure 1). Heating
temperature and time effect on the self-healing
property were investigated.
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Figure 1. Scratched EA films in petri dish.

Self-healing effect was observed with a light optical
microscope (Leica DM2500) and also mechanical
strength of the films tested according to ASTM D882
standard with A Shimadzu AGS X-Static Mechanical
Tester.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Self-healing tests were done at 90, 100, 110, 120 ve 130
°C for 1, 2.5, 5, 7.5 10, 15 minutes. Self-healing
behavior of the films were observed with optical
microscope. According to the results, AgNw-EVA
films at 90, 100 and 110 °C recovered for long periods
of time such as 1 hour, 35 minutes, 20 minutes,
respectively. Therefore these temperatures indicate that
itis not sufficient for rapid recovery. AQNw—EVA films
recovered at 120 °C after 10 minutes, while the non-
reinforced EVA film recovered after 15 minutes. The
fastest self-healing took place at 130 °C, the AgNw-
EVA film recovered after 5 minutes, while the EVA
film did not recover after 5 minutes (Figure 2). These
results indicated that %5 AgNw reinforcement increase
the self-healing effect of EVA film obviously and also
self-healing time decreased at least 66,66%. Silver
nanowires increase the healing time by increasing
thermal conductivity of the films.

Ag Nw- EVA

Figure 2. Optical microscope images of EVA and
AgNw films before and after self-healing test at 130 °C
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Mechanical strengths of the films were investigated
and test results were shown in Table 1. Mechanical
test results confirm optical microscope results. Silver
nanowire reinforcement decreased the mechanical
strength of the EVA films slightly. But after the self-
healing test (5 minutes), the AGNw-Eva film is
completely healed and achieves higher tensile stress
compared to pristine AgNw-EVA film due to re-
entanglement of the EVA chains with heat.

Table 1. Tensile test results of pristine and healed (at
130 °C) EVA and AgNw-EVA films.

Sample Tensile Stress
(N/mm?)
EVA 17,34
EVA-5 min 16,52
EVA-10 min 17,36
AgNw-EVA 16,73
AgNw-EVA-5 min 17,41
AgNw-EVA-10 min 17,14

CONCLUSIONS

Rapid self-healable EVA films were developed with
low amount of AgNw reinforcement (5%). Developed
films protect transparent structure and also
mechanical strength. These films could be used in
wide range of applications such as electric cables,
packages, coatings etc. Also it can be used as
tampered glass laminates due to high transparency

SUGGESTION FOR FURTHER WORK

Scratch formation process need to be optimized via
scratch maker devices. Silver nanowire dispersion
could be increased by using surfactant materials. On
the other hand, different reinforcement amounts and
also film thickness effects will be investigated in the
future works. Local self-healing tests will be
conducted in the next works.
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PURPOSE OF THE STUDY

Growing of environmental issue, increasing demand
of new materials, the evolution of new technology and
economic concerns as well as the finite petrochemical
resources have pushed researcher to find out
alternative materials to substitute synthetic fibers.
Enset plant was one of the most known drought
tolerance than most cereal crops, grows in every
season and multipurpose plant in Africa especially, in
Ethiopia, which is used as source of food in
southwestern part of the country. Enset fiber was
obtained from the agricultural waste of Enset plant
after extraction of edible part the so called “Kocho”.
The fundamental problem of farmers were disposal of
agro-waste material like enset fiber. Utilization of
agro-waste materials were generate additional income
for the low income farmer and poverty alleviation
program. The fibers, sometimes called false banana
under Ensete Ventricosum family, were new and un-
utilized agro waste obtained from the pseudo stem
(bast) and mid ribs of the plant. Enset fiber had
relatively low density, low moisture content and good
specific strength than from most common bast and leaf
fibers. Its abundantly available, low cost, reduced
energy consumption, carbon dioxide sequesterization,
and biodegradability were the merits of the fiber from
other most natural fiber used in reinforced green
composite and technical textiles like Geo textile and
Agro textile areas.

Key words: Enset Fibers, Extraction, Composite,
Physical properties, Textile Potential.

1. INTRODUCTION

Textile production has been developing to increase
efficiency to serve consumer’s needs. As the
convenience increases, Villagers tend to neglect
traditional fiber harvesting process and turn to
synthetic fibers and chemicals to achieve production
capability, including expensive imported fibers and
yarns purchased from foreign traders, whereas the
local cheap material available in their hometown is
ignored [1, 2 and 3]. Interest in using natural fibers has
increased significantly in the last few years, especially
because of their use as an agent of reinforcement and
more recently as heavy metals bio-adsorbent [1,4]

63

Enset plant is in Musa family like banana. The plant is
a large perennial herb with leaf sheaths that form
pseudo stem. Its height can be 3.0-12.2 meters
surrounding with 8-12 large leaves. The leaves are up
to 9 feet long and 2 feet wide (2.7 meters and 0.61
meter). Its fruits are approximately 4-12 inches (10.2-
30.5 centimeters) [3, 5, 6, 7, 8]. Different parts of
banana trees serve different needs, including fruits as
food sources called ’KOCHA?”, leaves as wrapping,
and stems for fiber and robe. The fiber is obtained
from outer layers from the stalks of the plant. Itis light,
strong and durable. After extraction and dry, it
provides a white lustrous color fiber (figure 1). One
particular characteristic of the fiber over all other
fibers of its class is the great strength and resistance to
the action of water, therefore its will be particular
adaptability for marine ropes [9]. It is available in
some part of Africa (Figure 2).

According to environmental concerns in European
countries, recently, natural fibers play an important
role as reinforcing fillers in polymer composites. The
advantages of natural fibers over synthetic fibers are
their low cost, less tool wear during the process, low
density, environmental friendliness and

biodegradability [1,3,10]. For that reason, enset fibers
will be another option to be investigated for its fiber
source potential.

) - 2 »
Figure 1: Enset fiber

Generally there are the six major kinds of Ensete in the
Musa family[5,11].
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Figure 2. Ensete in Africa (source: Alun Salt, 2019)

Fibers have an average equivalent diameter of 194-206
pm and a length of 0.5 to 4.5 m. These long technical
fibers are generally characterized by hard, stiff and
coarse in texture. Different type of enset fibers are
collected from different region of Ethiopia and
mechanical and physical properties of the fibers will
be characterizations done [1, 2, 3, 12-15]. In addition
to this, we are try to compare and contrast with the
overall properties if the fiber with banana fiber. Finally
we will try to find out the possible enset fiber
extraction techniques to optimize the fiber strengths
[1,2,3,12.13].

The significances of this study was using left-over
banana trunk as raw material in environmental-
friendly manner to optimize natural fiber processes
and decrease chemical and toxic agents in the process.
As the material is available locally, villagers are not
necessary to purchase or grow new plant and using
extra chemicals, fertilizers, or pesticides. Utilizing
enset fibers will promote sustainable development in
the community, since villagers will be able to produce
this fiber in their household. This research focused on
the amount of fiber extraction, the comparison of fiber
extraction methods, characterization of the fiber and
investigation of the potential application in technical
textile. The findings from this research presented that
the vyield test of is acceptable for light weight
composite production. The result expresses the
possibility for more exploration in industrial area,
which should include the whole process of fully
utilizing enset plant after harvesting the food “Kocho”,
enset fiber and enset pulp.

2. MATERIALS AND METHODS

Fibers were collected and extracted from different
part of Ethiopia from mid ribs and pseudo stem of the
enset plants and studied. Fibers were continuously
scratched by hand followed by washing, cleaning and
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manual fiber separation. Microscopic view of the fiber
was seen by using SEM with 150x magnification
power. FTIR test was analyzed with measuring range:
4000 - 650cm, number of scans: 32 and resolution:
4cm™* Tests have been conducted under standard
conditions: ISO 139 20°C + 2°C and 65% + 4% R.H
in BUTAL and Bursa Uludag University laboratory,
Bursa Turkey.

3. RESULTS AND DISCUSSIONS
3.1. Enset Fibers Extraction

Enset fibers are extracted from the pseudo stem and
mid ribs of the plant. The extraction of starch and fiber
from the plant mostly takes place by using either
mechanically by hand or by using decortication
machine. The pseudo stem are cut in to the required
size and tied with a fixed wood at certain inclination
and separate the starch from the fiber. The qualities of
the fibers are depending on the setting between the
lower and upper cylinder of decortication machine.
Sometimes fiber can also extracted from the plant by
soaking with water and caustic soda for a certain
period of time. These kinds of fiber extraction
mechanisms mostly affect the overall mechanical
performance of the fiber. Because the microorganism
may start to grow and eat the cellulose part of the
fibers see figure 3 a

Figure 3. (a) Raw enset fiber

(b) Clean enset fiber

3.2. FTIR Analysis of Enset Fiber

The FTIR result of the enset fiber consists for 3331
absorption O-H stretching ,2917 absorption C-H
stretching (aliphatic + aromatic) ,1100 absorption
band C-O stretching of conjugated ester groups in
grass lignin’s and 1242 absorption C=C stretch were
observed. FTIR adsorption band indicated that enset
fiber has three major chemical compositions:
cellulose, hemicellulose and lignin. Like other
lignocellulose fibers, the physical and mechanical
performance of the fiber as well as the bio composite
materials reinforced with enset fibers were
significantly affected by three major constituents,



especially the percentage of hemicellulose and lignin
present in the enset fiber.

Table 1. FTIR absorption of Enset fiber in BUTAL.

Position (cm?) | Band origin
334 O-H stretching
217770 C-H stretchize (aliphatic - aromatic)
1730799 (=0 stretching (unconjugated ketone, ester or carboxylic groups)
1663340 =0 stretching in conjuesation fo aromatic ring
141224 Aromatic ring vibrations
1363212 C-H deformations
1321964 Syringyl ring breathing
1242597 C=C stretch
1156116 C-0-C asymetrical
1190190 C-0 stretchimg of conjugated ester groaps in grass lignins
1028537 C-C, C-cH, C-H ring and side sroup vibration
8$97.701 C-0-C,C-C-0, C-C-H deformation and stretching
662428 C-H out of plane in p-hydrozypheny] units
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Figure 4: IR Spectra of Enset fiber
3.3. Morphological Properties of Enset fiber

Enset fibers had a hard touch and core fiber like other
most bast fiber. We can also observe longitudinal
streaks which are characteristics of long vegetable
fibers and same starch material which were not
removed from the fiber during fiber extraction (figure
5a). Moreover, in a single fiber of enset contains a lot
of hole and cross sectional area having a shape of bean,
which indicate that in a single enset fiber, there is a
possibility to extract a lot of fine fiber (figure 5b)

By examining these technical fibers in SEM (Scanning
Electron Microscope) we can see a "composite”
structure where ultimate fibers are held together by
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sticky and waxy substances to finally form technical
fiber with section forms difficult to define. The
ultimate fibers show oval and irregular sections with
large lumen (figure 5c).

Figure 5: SEM view of Enset fiber (a) Longitudinal
View (b) Cross sectional view (c) Number of layers of
in a single fiber (natural composite fiber)

From figure 5b and 5c, enset fiber have a lot of whole
structure both in the longitudinal as well as transversal
direction of the fiber axis. Theses open spaces present
on the fiber structure have a significant advantage in
the acoustic application and absorbed desired amount
of matrix in green composite. Comparison with other
textile fibers, fibers are more hydrophilic than cotton,
flax, and other lignocellulose vegetable fibers with
moisture content of 7- 10%.

CONCLUSION

Their abundance in nature combined with the ease of
their processing had an attractive feature, which makes
enset fiber an important substitute for synthetic fibers.
The test results indicated that , Enset pseudo-stem
suggest that this material which is residue after
harvesting Kocha can be used as potential source of
cellulose fiber to make high valued ecofriendly
technical materials like biodegradable composite, geo-
textile, agro-textile and packaging mats which gives
high strength without any finishing. The agro waste
naturally composite fibers were ecofriendly,
economically fit as well as disposable material and
play a significant role in reduction of carbon
emissions. The farmers in Ethiopia are cultivated the
plant for food source, but after extraction of the
required food the disposal of this agro waste fiber was



the major problem for them. Utilization of this agro
waste fiber for industrial application helps the poor
farmer to generate addition income in their life and
poverty alleviation program. Enset fiber had low
moisture abortion and good mechanical strength
which made the fiber to substitute most of bast and leaf
fibers in technical textile application.

FURTHER WORK

Future aim of the research was effetely utilizing agro
waste fiber as a new alternative natural fiber for green
composite, Agro Textile, Geotextile and packaging
application sectors by fiber characterization and
designing special processing and manufacturing
methods to reduce global warming by reducing using
of petrochemical fibers.
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ABSTRACT

Thermal insulation is very important for transportation
industry including aircraft, train, automobile, etc. Glass
fiber epoxy composite with nonwoven containing
Polyacrylonitrile nanofiber, silica aerogel, stone wool
fiber layers have been evaluated for thermal insulation.

INTRODUCTION

Glass fiber epoxy composite is widely used in
transportation industry including aircraft, train,
automobile, ship, etc. and other areas such as cryogenic.
Heat insulation is very important for these areas. Silica
aerogels with its nano porous structure and mass, is a
very suitable material to be used as super insulating
composite material'. Polyacrylonitrile (PAN) is a
versatile man-made polymer and has been used in a
large array of products. Also, this polymer has the good
thermal properties.?

Stone wool is a fire-resistant, water-repellent heat and
sound insulation material containing 97% natural fibers
and produced by melting minerals and inorganic stones
derived from volcanic rocks such as basalt, diabase and
dolomite between 1400-1500 °C to form fibers®. It is
used for thermal insulation, sound insulation, acoustic
comfort as well as fire safety. In this study, glass fiber
epoxy composite structures with insulating properties
were developed using these materials. The morphology
and thermal insulation have been analyzed. It has been
seen that nanofiber, silica aerogel and stone wool
blanket used for insulation material result to decrease of
heat transfer coefficient due to pores in the structures,
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compared to reference glass fiber epoxy composite
without any insulation layer.

EXPERIMENTAL
Material

Glass fabric ( 525 g/m? , plain weave , 2 weft/cm, 2
warp/cm, 0.4 mm thickness), Epoxy (F-1564), curing
agent (F-3486) purchased from Fibermak.
Commercial available silica aerogel ENOVA® MT
1200 (Cabot’s Aerogel), nonwoven fabric (spunlace),
Polyacrylonitrile, stonewool have been used.

Method

PAN/DMF (%8 PAN) have been used for
electrospinning system with set up 14 kV voltage, 14
cm distance, 0,9 ml/h feeding rate and 21 needle
gauge. Nanofiber web has been electrospun on
nonwoven layer. The thickness of PAN nanofiber web
and also each nonwoven layer are approximately
0.085 mm. Silica aerogel particle (0,25 gr) has been
placed on nonwoven layer.

Heat flow meter (by using steady heated insulated
plate, laboratory type/handmade measurement
device) was used to measure heat transfer coefficient.

Glass fiber epoxy composite (ratio of 62/38 %) has
been produced by hand laying technique using brush
for the 0-0 placement with 6 glass woven fabric.
Each of insulation materials have been layered on
glass fiber epoxy composite as given in Table 1.
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Table-1. Materials used in this study

Material/ Thickness

No | Sample Layers type (mm)/
Design Weight

(gr/m?)
Reference
Glass Fiber Glass Fiber

1 | EPOYY Epoxy ?mrgom /m?2
Composite Composite g'm
(RGC)

Glass Fiber Glass  Fiber

Epoxy Epoxy

Composite Composite

with stone + 5mm

2 wool fiber Stone Wool 5068 g/m?
blanket layer Fiber Blanket
with 2 mm Layer with
thickness approx. 2 mm
(GCSW) Thickness

Glass
Glass Composite+
Composite+ nonwoven (23 | 5,5 mm

3 Silica Aerogel | layers) and 4933 g/m?
layer with 2 | Silica Aerogel
mm  thickness | (2 layers)

(GCS) (approx. 2 mm
thickness)
Glass
Composite+

Glass nonwoven

Composite+ (21 layers)

4 PAN and nonwoven | 5,5 mm
Nanofiber with PAN 4978 g/m?
(GCP) layer

(4 layers)
(‘approx. 2
mm thickness)

EXPERIMENTAL RESULTS

As can be seen from Figure 1, nanofiber is in nanometer
range and silica aerogel particle is in micron range. As
can be seen from Table 2, nanofiber with 2 layer, silica
aerogel with 2 layer and stone wool blanket used for
insulation material result to decrease of heat transfer
coefficient due to pores in the structures, compared to
reference glass fiber epoxy composite without any
insulation layer. Even though, heat transfer coefficient
of nonwoven with PAN nanofiber is some higher than
others, the easy production process and cost of
nanofiber may be preferable.
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Figure 1. Morphology a-SEM appearance of PAN
nanofiber, b- SEM appearance of Silica Aerogel and
c-Stone wool blanket, d-glass fiber/epoxy composite

Table 2. Thermal insulation properties

No

Material/
Sample Design

Heat transfer
coefficient
W/mK

Reference Glass Fiber
Epoxy Composite (RGC)

0.140W/mK

Glass Fiber Epoxy
Composite with stone
wool fiber blanket layer
with approx. 2 mm
thickness (GCSW)

0.078W/mK

Glass Composite+

Silica Aerogel layer with
approx. 2 mm thickness
(GCS)

0.088W/mK

0.093W/mK

Glass Composite+

PAN Nanofiber (GCP)
4 with  approx.2  mm
thickness

CONCLUSIONS

Nanofiber, silica aerogel and stone wool blanket used
for insulation material result to decrease of heat
transfer coefficient due to pores in the structures,



compared to reference glass fiber epoxy composite
without any insulation layer. Heat transfer coefficient
of nonwoven with PAN nanofiber is some higher than
others, however, the easy production process and cost
of nanofiber may be preferable.
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PURPOSE

The aim of this study is to improve the wear resistance
of linear low-density polyethylene (LLDPE) material.
For this purpose, LLDPE matrix composites containing
different amounts (1%, 2.5%, %5, 10%, 15%, 20%) of
carbon fiber are produced via twin-screw extrusion and
injection molding.

INTRODUCTION

Polyethylene (PE) is one of the most used materials for
tribology in biomedical applications due to its excellent
wear and chemical resistance (Liu et al. 2012).
Although it is currently the most frequently used
bearing surface, it does not fully provide the expected
tribological performance (Goodman and Lidgren 1992).
Therefore, in recent years, researchers have conducted
studies to improve the wear resistance of PE matrix
composites (Liu et al. 2014).

Lahiri et al. (Lahiri et al. 2014) investigated the
tribological behavior of graphene nanoplatelets
reinforced ultra-high molecular weight polyethylene
(UHMWPE) composites. Results show that the
coefficient of friction (COF) of UHMWPE decreased
by 68% with 1% graphene addition. In another study,
Akinci et al. (Akinci, Yilmaz, and Sen 2012) studied
wear behavior of basalt filled low-density polyethylene
(LDPE) composites. It was observed that
30%Basalt/70%LDPE composite has 90% less wear
rate compared to pure LDPE under 20 N load. Also, no
change in wear resistance was observed in the
reinforcement range from 30% to 70%. In another
similar study, Gogoleva et al. (Gogoleva et al. 2015)
examined the mechanical and tribological properties of
basalt fibersytUHMWPE composites. Wear resistance of
5% basalt fiber reinforced composites was nearly 7
times higher than pure UHMWPE. To sum up, the
tribological properties of PE can be increased with
different types of fillers.

Carbon fibers (CF) are promising fillers for polymer
matrix composites due to their light mass and superior
mechanical properties (Akgul et al. 2019). In this study,
the effect of content on wear properties PE matrix
composites was investigated. Also, the hardness test
was performed.
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EXPERIMENTAL

Material

LLDPE granules with 17 MFI (ASPUN™ 6834) and
carbon fibers with a length of 3-6 mm were purchased
from DowAksa LLC., USA.

Method

Carbon fibers and LLDPE granules were mixed using
a twin-screw extrusion process. Then, composite
samples with dog bone shape were produced via
injection molding. Reciprocating wear test was
conducted for each sample using simulation body
fluid (SBF) under three different loads (20 N, 30 N,
50 N). Also, the Vickers hardness test was performed.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

The hardness of the samples was presented in Figure
1. It can be seen that the hardness values of the
samples increased with the increase in carbon fiber
ratio. The hardness value of PE-20CF has two times
greater than pure LLDPE. This can be attributed that
polymer chain movement is restricted with the
addition of CF and presence of harder CF in the
composites (Akgul et al. 2019).
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Figure 1. The hardness of composites and pure
LLDPE.

Figure 2 shows the wear rates of samples containing
carbon fiber up to 5% against different applied loads.
It can be observed that composite samples have better
wear resistance than pure LLDPE. This is because CF
has lubricant effect and stiffer than pure PE. PE-2.5
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CF sample has the best wear resistance among the
samples.

On the other hand, composites containing more than 5%
of carbon fiber have a greater wear rate than pure PE
(Figure 3). This can be explained by the agglomeration
of CF. The agglomeration caused poor matrix-
reinforcement bonding, so higher CF fraction led to
lower wear resistance (Akgul et al. 2019).
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Figure 2. Wear rates of PE, PE-1CF, PE-2.5CF and
PE-5CF samples.
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Figure 3. Wear rates of PE, PE-10CF, PE15CF and
PE-20CF

CONCLUSIONS

The results show that the hardness of low-density
polyethylene increases significantly depending on the
carbon fiber content. PE-20CF sample exhibited the
highest hardness value, which has nearly 100 %
improvement compared to the pure LLDPE. However,
the same trend was not observed for wear resistance of
composites. PE-2.5CF showed best wear performance
in SBF fluid conditions.

SUGGESTIONS FOR FURTHER WORK
In vivo studies will be performed for each sample in
future works.
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AMACLAR

Bu calismanin amaci diisiik yiizey enerjisine sahip
polipropilenin (PP) yilizey enerjisinin artmasini
saglayarak yiizeyde olusan yapigsma kuvvetinin
gelistirilmesi hedeflenmektedir. Bu amagla 6 farkli
katki malzemesi ve PP matris malzemesi kullanilarak
cift vidali ekstriider yontemi ile kompozit iiretimi
gerceklestirilmigtir. Sonrasinda basingli kaliplama ile
plakalar elde edilmistir ve bu numunelerin temas agisi
Olciimleri yapilmistir.

GIRIS

Yiizey enerjisi boya, kaplama vb. islemlerde yapisma
kuvvetinin arttirillmast i¢in en Onemli etkenlerden
biridir. Bu amagla plazma, flamaj ve korona yontemleri
kullanilmaktadir. Ancak bu ydntemler yeni proses
tasarimt ve ilk yatinm maliyeti gerektirmektedir.
Kullanilan hammaddenin yiizey enerjisi arttirilarak
olusabilecek bu maliyetlerin Oniine gecilebilecegi
asikardir.

Yiizey serbest enerjisinin belirlenebilmesi igin farkli
yontemler gelistirilmistir. Mevcut literatiiriin analizi
yapildiginda Owens, Wendt, Rabel ve Kaelble
(OWRK) metodunun en yaygin yontemlerden birinin
oldugunu gostermektedir.! ki farkli cismin yiizey
tabakasinda  bulunan  parcaciklar  arasindaki
etkilesimlerin, bu cisimlerin pargaciklari arasindaki
etkilesimlerin geometrik ortalamasma esit oldugunu
sOyleyen bu yontem, yiizey enerjisinin dagitict ve polar
bilesenlerinin belirlenmesinden olusur.!

Yeni malzemeler ve uygulamalari iizerine bilimsel
aragtirmalar daha c¢ok polimer matrisli kompozit
malzemelere ve lifli veya toz yapili ve farkli
biyiikliikteki ¢esitli organik ve inorganik dolgulara
odaklanmaktadirl. Polimer kompozit malzemeler
iretmenin temel amaci, reolojik, mekanik, termal ve
elektriksel ozellikler de dahil olmak iizere uygulanan
bir polimer matrisinin 6zelliklerini ~ arttirmaktir?.
Kalsiyum karbonat (CaCO3), polimer matrisinde iyi bir
dispersiyon sergileyen popiiler ve kolayca temin
edilebilen bir inorganik dolgu maddesidir.1 Cok iyi
ozellikleri (kimyasal olarak pasif, toksik olmayan,
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yiiksek derecede saf, kokusuz ve tatsiz) nedeniyle
kalsiyum karbonat, polimerlerin hem termal
mukavemetini hem de ¢entikli darbe mukavemetini
arttirmanin uygun maliyetli bir aract olarak kullanilir,
{irtin sertligini ve yiizey kalitesini iyilestirir.!

Polimerlerde kullanilan katki malzemelerinde igne
yapili volastonitler artan sertlik ve mukavemetin yant
sira  bircok isleme ve performans avantaji
sagalamaktadir. Volastonit, plastiklerde fonksiyonel
dolgu maddesi olarak kullanilan bir kalsiyum silikattir
(CaSiO3). Tamamen asikiiler olan dogal olarak
olusan  tek  beyaz  mineraldir.  Volastonit
parcaciklarinin yapisi, yani en boy oranlari, sadece
dogal kosullara degil, aynt zamanda biiyiik 6l¢iide
kullanilan hazirlama ve boyut kii¢iiltme tekniklerine
de baglhdir.

Polipropilen kompozitlerin yiizey enejisini arttirmaya
yonelik  birgok ¢aligma  yapilmaktadir.’* Bu
calismada, farkli partikiil boyutunda olan CaCO3 ve
farkli yiizey islemli volastonit partikiillerinin PP
kompozitlerin ~ ylizey enerjisine olan etkileri
aragtirtlmistir.

DENEYSEL
Malzeme

Bu ¢aligmada hazirlanan kompozitlerde saf PP matris
malzemesine 40% oraninda 1 pm ve 2 pm tanecik
boyutlarinda steraik asit kapli CaCO3 ve Tremin 939
300 AST, Tremin 939 300 ZST, Tremin 283 010
AST, Tremin 283 400 AST wvolastonit katkilar:
kullanilmasgtir.

Yontem

PP/katk: (Tablo 1) karigimlar ¢ift vidal esktriider ve
kesme makinesi kullanilarak kompozit graniil haline
getirilmistir.  Ardindan sicak pres kullanilarak
plakalar tiretilmistir. Temas agist 6l¢limii i¢in uygun
yiizeyler kesilerek dl¢iim yapilmustir.



Tablo 1. Deney matrisi

. Katki Orani PP Orani

Katki Malzemesi (Kiitlece) (Kiitlece)
Tremin 939 300 AST 40% 60%
Tremin 939 300 ZST 40% 60%
Tremin 283 010 AST 40% 60%
Tremin 283 400 AST 40% 60%
CaCOsz (1 um) 40% 60%
CaCOz (2 um) 40% 60%

DENEYSEL SONUCLAR/TARTISMA

Yiizey enerjisi Ol¢iimleri su, formamid, etilen glikol ve

kullanilmigtir. Bu metoda gore yapilan hesaplamalar
asagidaki gibidir.

o, = Toplam siv1 ylizey gerilimi

oP = Sv1dispersive yiizey gerilimi
af = S polar yiizey gerilimi

0 = Temas agis1

o2 = Dispersive ylizey enerjisi

of = Polar yiizey enerjisi

[l
‘F” = f el O

252
WO
AST

Olgiimlerde kullanilan test sivilarmin yiizey gerilimleri
Tablo 3’ de verilmistir.

Tablo 3. Test sivilar1 yiizey gerilimleri

Yiizey Gerilimi (mN/m)
. Etilen ..
Su Formamid Glikol Diiodometan
Dispersive | 18,7 39,4 29,3 50,8
Polar 53,6 20 18,2 0
Total 72,3 59,4 475 50,8

Yapilan temas agis1 6l¢iimlerinden yola gikilarak yiizey
enerjilerinin -~ hesaplanmasinda OWRK  metodu
kullanilmigtir. Bu metoda gore yapilan hesaplamalar
asagidaki gibidir.

Yapilan temas agis1 6l¢limlerinden yola ¢ikilarak yiizey
enerjilerinin  hesaplanmasinda  OWRK  metodu
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13,606

diidometan  kullanilarak  ylizey temas agilar1
Ol¢iilmiistir. Elde edilen sonuglar Tablo 2’de y=+o5x+.a3 (2)
verilmistir.
Tablo 2. Temas agis1 dl¢iim sonuglar y = "L(;“Licn"sg) A3)
Temas Agisi (°) \/;
Su Formamid Etl_len Diiodometan
Glikol ‘= af @
PP 78,533 63,622 69,8 55,09 af
CaCoO3
- lum 98,467 85,135 68,68 57,936 Tablo 4. Farkli test sivilari igin x ve y degerleri
CaCO3 | 0143 | 73704 | 56,888 | 50843 | GC03 |00 sgq | so0 | ouo
-2pm AST | FST | AST
939 300 3
AST 80,413 87,213 | 75,747 56,304 = =t oy P e e
93F983TOO 84505 | 68,761 | 57,425 59,778 =errevy) PP Frepny gresen Evey RoTET [PRORY ey
283010 Etilen Glikol | ( 28 | 19 1
AST 101,077 80,078 | 76,764 54,36 T ey T T ER PR
283 400
AST 95,14 81,659 | 63,697 52,011

Tablo 5. Dispersive ve polar yiizey enerjileri

as as

PP 7,42 50,79
CaCO3 - Ium 0,10 16,35
CaCO3 - 2um 1,44 47,72
939 300 AST 5,24 46,44
939 300 FST 0,12 20,02
283010 AST | 7155 0,001
283400 AST | 39,90 731

Toplam ylizey enerjisi polar ve dispersive ylizey
enerjilerinin toplamina esittir.

o5 = of + a? (5)




Sekil 1. Katki malzemelerine gore yiizey enerjisi

GENEL SONUCLAR

Bu c¢alismada en kiiciik temas agis1 Ol¢iimleri ve
buradan da en optimum toplam yiizey enerji degerleri
CaCOg3 ve 283 010 AST katkilar ile elde edilmistir.

SONRAKI DONEM CALISMALARI

Bu calismanin devaminda en uygun katki miktari,
mekanik dayanimina ve enjeksiyon ydntemiyle
kaliplanabilirlik iizerine ¢aligmalar yapilacaktir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI

Nigtas ve Kaolin firmalarina katki malzemelerinin
temini konusunda verdikleri destek i¢in tesekkiir
ederiz.
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Kumaslarda Lif Tipi ve Karisim Oraninin Uriin

Performansina Etkilerinin Incelenmesi
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AMACLAR

Tek kullanimlik hijyen iiriinleri genellikle, spunbond ve
meltblown teknolojilerinde poliolefin bazli liflerin
kullanilmasiyla elde edilmektedirler. Bu caligmada,
spunlace teknolojisinde farkli lif igeriklerine sahip
alternatif yeni iiriinlerin gelistirilmesi amaglanmistir.

GIRIS

Dokunmamis kumaglar (nonwoven) giin gectikce
hayatimizda daha fazla yer almaya baglamistir.
Geleneksel yontemlerle iiretilen kumasglara alternatif
olarak gelistirilen nonwoven {iiretim teknolojisi, diisiik
tiretim maliyeti ve yiiksek iiretim kapasitesine sahiptir.
Nonwoven yiizeyler ¢ok farkli kullanim alanlarma
sahip olmakla birlikte bunlarin en baginda hijyen
sektorii yer almaktadir.

Hijyen sektoriinde kullanilan iiriinlerin bazilari; kadin
hijyen pedi, bebek bezi, bebek 1slak ve kuru mendilleri,
kisisel mendiller, makyaj temizleme pedleri, yetiskin
bezleri, vb. dir [Zamfir, 2010]. Bu {irinlerin bircogu
katmanli yapilardan olusmaktadir. Uriinlerin bazi
bolgelerinde emici yapilar, yer alirken baz
bolgelerinde siviy1 gecirmeyen yapilar (bebek bezi
kenar katman ve arka katman gibi) yer almaktadir [Das
ve ark., 2008]. Bu ¢alisma kapsaminda, tek kullanimlik
hijyen pedlerinde spunlace teknolojisi kullanilarak hem
hidrofil hem de hidrofob yapilarin elde edilebilirligi
arastirilmistir.

DENEYSEL

Malzeme

Calisma kapsaminda kullanilan liflerin &zellikleri
Tablo 1’de verilmistir.

Tablo 1. Kullanilan hammaddelerin dzellikleri

Ozellik Lif Lif
Uzunlugu | Inceligi

Lif Tipi [mm] [dtex]
Polipropilen (PP) 40 1,7
Poliester (PES) 38 1,67
Viskon (CV) 40 1,7
Bikomponent (BICO) 40 1,7
PP/PE (50/50)

Yontem

Numune iiretimleri Andritz Spunlace hattinda (Sekil
1) gergeklestirilmistir. Uretim parametreleri (sicaklik,
su jeti basinglari, makine hizi, tarak ¢ekim oranlari,
vb.) sabit tutulmustur.

Sekil 1. Spunlace tiretim hattt

Numunelere, 22+2°C sicaklik ve %60+4 nem’de 24
saat kondisyonlandiktan sonra Tablo 2’de verilen
testler uygulanmustir.

Tablo 2. Numunelere uygulanan test ve standartlar

Uygulanan Testler Standartlar
Birim Agirlik (gsm) NWSP 130.1
Kalinlik (mm) NWSP 120.6
Kopma Mukavemeti (N/5cm) NWSP 110.4
Kopma Uzamasi (%) NWSP 110.4
Sivi Alma Kapasitesi (%) NWSP 10.01
Sivi Emme Siiresi (saniye) WSP 70.3

Geri Islatma (%) WSP 70.8

DENEYSEL SONUCLAR/TARTISMA
Toplamda 6 adet numunenin sahip oldugu lif
kompozisyonlart Tablo 3’de verilmistir.

Tablo 3. Numuneler ve 6zellikleri

Numune No Kompozisyon
D1 % 100 PP
D2 % 50 PES % 50 PP
D3 % 50 PP % 50 CV
D4 % 100 CV
D5 %25 PES -%50 PP-%25 BICO
D6 % 100 PES
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Elde edilen sonuglar detayli olarak incelendiginde;

D1 numunesindeki PP lifleri nem alimu
olmadigindan hidrofob yapidadirlar. Bu
yiizden elde edilen {iriin, sivi transferinin
olmamasi istenilen alanlar i¢in uygundur.

D2 numunesinde PP ve PES lif karisimi
icerdiginden hidrofob 6zelligini korumaktadir.
D3 numunesinde ise yapida seliilozik bir lif
olan CV’nin kullanilmasiyla hidrofil bir yap1
elde edilmistir. Ancak D1 ve D2 numunelerine
kiyasla mukavemet ve uzama (islak ve kuru)
degerlerinde azalma tespit edilmistir.

D4 numunesinde ise %100 CV lifi kullanim
(hidrofil yapisindan dolay1) ozellikle sivi
emme siiresinde pozitif bir etki yaratirken, geri
islatma  degerlerinde  olumsuz  sonuglar
vermistir.

Sentetik liflerin karisitmindan elde edilen D5
numunesinde (%25 PES-%50 PP-%25 BICO)
yliksek mukavemet ve uzama degerleri elde
edilirken, siv1 performans testlerinde hidrofob
yapt Ozelligini korumaya kismen devam
etmektedir.

Son olarak %100 PES lifinden elde edilen D6
numunesinde sivi performans O6zelliklerinde
D1 numunesine kiyasla olumlu bir artis
saglanirken, son kullanim alaninda hidrofil
ylizeylerin kullanilmasinda tercih edilebilir
ozellikte oldugu tespit edilmistir.
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Tablo 4. Numuneler ve test sonuglari

Numune
D1 D2 D3 D4 D5 D6
Ozellik

Birim
Agirhk 35 35 35 35 36 35
[g/m’]

Kalinhk

053 | 054 04 054 | 059 | 057
[mm]

Mukavemet-
Kuru-MD
[N/5 cm]

104,5 92,4 45 55,7 94 70

Mukavemet-
Kuru-CD 38,5 34,6 12 19,7 354 25
[N/5 cm]

Mukavemet-
Islak-MD
[N/5 cm]

109,8 98,5 35 53,1 94,9

Mukavemet-
Islak-CD 38,9 33,3 12 16,4 37,6
[N/5 cm]

Uzama-
Kuru-MD 486 | 475 15 35 55,9 50
[%0]

Uzama-
Kuru-CD 180 1 100
[%0]

150,3 | 165,8 170

Uzama-
Islak-MD 49,4 48,6 15 40,5 55,1
[%]

Uzama-
Islak-CD
[%]

180,8 170 70 140

Sivi  Emme

Siiresi [sn] 3,21 1,97

Geri Islatma
[%]

Sivi  Emme
Kapasitesi
(%]

1040

GENEL SONUCLAR

Tek kullanimlik hijyen iiriin {iretiminde kullanilan
mevcut spunbond ve meltblown teknolojilerinden
farkli olarak spunlace teknolojisinde bu ¢aligma
kapsaminda iretilen iriinlerde, lif igerigine bagh
olarak hem hidrofil hem de hidrofob yapilar elde
edilmistir. Bu sayede, herhangi bir kimyasal bitim
islemine gerek kalmadan talep edilen hijyen
tirtinlerinin 6zelliklerine gore (emici katmanlar i¢in
hidrofil yapi, siviyr iletmemesi i¢in hidrofob yapi)
alternatif tirlinler gelistirilmistir.
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PURPOSE

The aim of this work is to investigate the use of
lightweight and porous webs as an adhesive for the
lamination of fabrics.

INTRODUCTION

Lamination is a process of sticking at least two surfaces
into a strong and stable composite material. Dry
lamination is the permanent jointing of two surfaces by
using powders, plastisols, or melt adhesives. Generally,
heat and pressure are also required for the process.

Air-permeable laminated structures are requested in
some applications (for instance, upholstery fabrics used
for furniture). Adhesives like hot-melt films close the
pores of the fabrics completely. The resulting structure
does not allow air to pass from one side to the other. In
this work, three types of nonwovens are used as
adhesive webs for the lamination. Due to the fibrous
and porous structure, nonwovens can be an excellent
candidate to produce air-permeable laminated
structures.

EXPERIMENTAL

Material

Copolyurethan, Copolyester-1, and Copolyester-2 are
the three different types of adhesive webs that were
used to laminate polyester fabrics in this study. Melting,
stick point, and melt flow rate of the polymers used for
the production of the webs are given in Table 1. Melt
flow rate (MFR) in Table I indicates the ease of flow of
melted polymers. 5-gram sample is heated above its
melting point and forced to flow through a capillary
using 2.16 kg weight [1]. The viscosity of copolyesters
can be regarded as high compared to copolyurethan
polymer.

Heat resistance values of each polymer are also given
in Table 1. Thermal stability is the ability of polymers
to keep their properties at high temperatures. Heat
resistance temperature is the upper limit in which a
polymeric material can support a mechanical load
without a change in shape [2].

100% polyester woven fabric with plain weave
structure is used for the lamination. Warp and weft
densities of the fabric are 42 warp/cm and 26 weft/cm,
respectively. Yarn counts of both warp and weft yarns
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are determined as 90 deniers. The thickness is 0.09
mm. The mass per unit area of the polyester fabric is
57.6 g/m?.

Table 1. Properties of the polymers used

Melting Heat Melt flow
Material or stick resistance rate

point [°C] [°C] [9/10min]
Copolyurethan 85 60 17
Copolyester-1 95 89 11
Copolyester-2 85 80 12
Method

Three different adhesive webs were used for
laminating the polyester woven fabrics at the
temperature of 120°C for 5 minutes. Table type press
was used to produce laminated fabrics.

The thickness and weights of the adhesive webs were
measured. Microscope images were also taken. Air
permeability tests were performed using an SDL
Atlas MO21A. The pressure drop and test area were
chosen as 125 Pa and 38 cm? respectively. The
adhesion strengths of the laminated woven fabrics
were measured according to AATCC 136-2009 test
method.

EXPERIMENTAL RESULTS AND

DISCUSSIONS
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Figure 1. Mass per unit area and thickness of the
webs
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Thickness and mass per unit area data of the adhesive
webs are given in Figure 1. These webs can be
considered lightweight and thin structures.

Bending rigidity of the laminated fabrics produced
using these webs can be potentially low due to the low
values of these two essential fabric properties.

The air permeability results are shown in Figure 2.
According to the results, the air permeability values of
the webs are extremely high compared to the reference
woven fabric due to the porous structure of the adhesive
webs (Figure 3). It seems that CoPET-2 web has bigger
pores.

Air permeability [efm]
-E8888888¢8

N

CoPU CoPET-1 CoPET-2 Wowven
fabric

Figure 2. The air permeability of the webs and the
reference fabric

e AL
COPET-1  COPET-2
Figure 3. The porous structure of the webs

Two reference polyester woven fabrics were laminated
using the adhesive webs. The selected temperature was
120°C, and the duration was 5 minutes. The air
permeability values of the laminated structures are
given in Figure 4. Note that after the lamination, air can
pass throughout the laminated structures.

Delamination or bond strength test was also performed
to the laminated fabrics. Resistance forces that occurred
during the delamination test are recorded. The
maximum resistance force results for each type of
lamination are given in Figure 5. Structures laminated
using CoPET-1 and CoPU adhesive webs are more
resistant to delamination. On the other hand, the
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structure with CoPET-1 is weaker in terms of
delamination. It seems big pores of the CoPET-1
adhesive web caused fewer bonding points.

1;“[

CoPU CoPET-1 CoPET-2

Figure 4. The air permeability of the laminated
structures
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Figure 5. Maximum resistance forces of the
laminated structures
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CONCLUSIONS

Three different lightweight adhesive webs were used
to laminate the polyester woven fabrics. After the
lamination, air can pass throughout the laminated
structures for all adhesive types. Moreover, structures
laminated using CoPET-1 and CoPU adhesive webs
are more resistant to delamination.
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[2] Heat Resistance and Thermal Stability of
Polymers. (n.d.) The Great Soviet Encyclopedia, 3rd
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PURPOSE

Flame retardancy (FR) properties of linear low density
polyethylene (LLDPE) has been studied with different
halogen-free flame retardants of aluminium trioxide
(ATH), nanoclay and nanocrystalline cellulose. The
samples were produced by twin screw extruder. In
addition, to reveal the synergistic effect of
phosphorous-mineral  containing  additives  with
ammonium polyphosphate (APP) and ATH (30%
ATH-10% APP) were used. Limiting oxygen index
(LOI) and micro combustion calorimeter (MCC) tests
were performed to compare untreated and treated
samples.

INTRODUCTION

Polyethylene (PE) is the most used polymer type in the
world. The ignition time of PE is relatively low
compared to other thermoplastics. It is classified as a
low smoke emission polymer but considering the high
peak heat release rate, it can be dangerous in the real
fire situations. The ongoing combustion reactions in
the form of ignited droplets play a critical role in
accelerating fire. Therefore, flame retardancy and
thermal properties of PE should be improved in order
to widen the application areas. Flame retardant
additives are used to reduce or stop the ignition of
polymeric materials. Flame retardant property gains
importance especially in composite applications of high
performance fibers?. Although halogen based flame
retardants and combinations with antimony trioxide are
conventionally used in polymer applications because of
their low cost, acceptable efficiency and no significant
change in the physical performance of a polymer, there
are important problems in practice due to their
performance limitations, environmental and toxic
effects®. Thus, demand and studies on using halogen-
free flame retardants are rapidly grown*. Moreover,
decreasing the FR amount used in the polymer and nano
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sized additive applications are becoming popular
subjects, recently?.

In this study, ATH, nanoclay and nanocrystalline
cellulose were used as halogen-free FRs and the
samples were produced by the twin screw extruder.
All the samples were subjected to LOI and MCC tests
to analyze and compare the flammability and heat
characteristics. At the last part, according to test
results, ATH-APP hybrid masterbatch was studied
with different ratios via melt spin line. The aim of
using the APP with ATH together is to decrease the
high amount requirements of ATH to obtain sufficient
flame retardancy properties for high performance PE
fibers by synergistic activity between ATH and APP.

EXPERIMENTAL

Material

The ASPUN™ 6000 linear low-density polyethylene
(LLDPE) (MFI, 19 and density, 0.935 g/cm®) was
obtained from Dow Chemical Company. 99.95% pure
ATH having a grain size of 20-25 um from Entekno
Industrial Company; Cloisite-20 nanoclay with an
organic intercalated dry particle size <10um and a
density of 1.77g/cm® was Feza Chemical Company;
nanocrystalline cellulose (CNC) from Nanografi
Company having a density of 1.49 g/cm? and diameter
of 10-20 nm and a length of 300-900 nm and Acar
Kimya ve Sanayi Tic. Ltd. Ltd. Sti., EXOLIT AP 422
APP were purchased.

Method

Micro-compounder with twin screw (DSM Xplore)
were used to produce samples according to TS 11162
EN ISO 4589 standard for LOI tests (Concept
Equipment). Hybrid filaments were produced by a
single screw extruder melt spin line with 0.6 mm
spinneret diameter. For the determination of thermal
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behaviors of PE, MCC test was also performed to all
samples.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

LOI results of samples prepared with different ATH
concentration demonstrated the addition of ATH
slowed down the burning at the same oxygen
concentration. But LOI value could not be improved
satisfactorily. Maximum LOI value (22.17%) was
obtained by 40% ATH.

Table 1. Comparison of the limiting oxygen index of
PE and PE-ATH with different additive amounts.

samoles | ATH PE LOI
P Wwt%) | wt%) | (%)

PE 0 100 | 19.00
PE-1 10 90 19.91
PE-2 20 80 20.91
PE-3 30 70 21.29
PE-4 40 60 22.17

Also, for other additives such as nanoclay and CNC, the
best LOI values were determined 20.30 and 19.30 at 10
wt%, respectively. In MCC test, heat release rate
(HRR), peak of heat release rate (pHRR), pHRR
temperature, heat release capacity (HRC) and total heat
release (THR) values were represented in Fig. 1.
According to the given MCC results, it is seen that the
amount of ATH positively affects the HRR of PE and
reduces HR capacity. Although the addition of nanoclay
had no effect on the LOI value, it was observed that the
combustion behavior and melt dripping property of the
polymer material was improved. Moreover, significant
char formation and flameless dripping were observed in
the burned polymer with the addition of cellulose
compared to the samples produced with nanoclay and
ATH.

Figure 1. Comparison of the MCC test results of PE
and PE-ATH with different additive amounts.
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To reduce the ATH amount, APP was mixed with
ATH and ATH-APP hybrid in different ratios (5 wt%,
3 wt% and 2 wt%) were added to the system during
extrusion. APP is added in sufficient amounts, it has
the formation of charcoal, reduces the combustion
time of the polymers and prevents dripping.

CONCLUSIONS

Samples were separately made from flame retardant
additives by twin screw extruder. According to given
results, it was seen that nano additives did not affect
the LOI test results, unlike lowered the values instead
of raising them. ATH can show positive effect when
amounts to increased 40 wt.%. Thus, because of
requiring the high amounts, ATH alone is not
effective to produce high performance PE fibers.
Depending on the initial results, ATH-APP hybrid
was only feed to the melt spin line. The result of
adding APP, synergistic affect was observed and
ATH-APP hybrid structure demonstrated LOI values
of 20.

SUGGESTION FOR FURTHER WORK
Different hybrid studies will be investigated to
improve FR effects. After the optimization, the high
performance PE fibers with having FR properties will
be produced by our modified melt-spin line.
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AMACLAR

Bu caligmanin amaci literatiirde eksik olan fiksator
tipleri ve karigimlarinin reaktif boyarmaddeler ile
boyanmis pamuklu 6rme kumaslara ait haslik degerleri
iizerine etkisinin incelenmesidir.

GIRIS

Pamuk lifi emiciligi ve konfor o6zellikleri sayesinde
oldukca tercih edilen ve tekstil tiretiminin %50’den
fazlasinda kullanilmakta olan bir lif tipidir. Tekstil
sektorii  hayatimizin vazgegilmezleri arasinda yer
almakta olup iiretilen mamiillerin renk haslik 6zellikleri
irin ~ kalitesi  igin  Onemli  parametrelerden
biridir. Tecriibeler gosterir ki reaktif boyarmaddelerin
ozellikle 151k haslik degerleri oldukga iyidir ancak yas
haslik degerleri reaktif gruba ve substantiflige bagl

olarak orta dereceli olarak degerlendirilmektedir.*

Bu durumu iyilestirmek adina haslik ozelliklerini
gelistirmekte kullanilan fiksatér olarak tanimlanan
polimerler ile ard islemler yapilmaktadir. Fiksatorler,
seliiloz ve boyarmadde arasinda gii¢lii koprii olusturur
ve bu sayede boyarmadde molekiilleri elyaf ylizeyine
sabitlemektedirler.Fiksatorlerin haslik tizerine etkisinin
incelenmesine ydnelik bir ¢ok ¢alisma mevcuttur.?>
DENEYSEL

Malzeme

Calismada bordo, siyah ve turkuaz olmak tizere 3 farkl

renkte %100 pamuklu 6rme kumaslar kullanilmistir.
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Yontem

Orme kumaslar kisa ve uzun zincirli quaterner
poliamonyum, poliamin, poliamid, polilirctan ve
epiklorhidrin bazli 6 adet fiksatdr ile ard isleme tabi
tutulmustur.  Uygulama isleminde fiksatorlerin
kendileri ve  kanigim = (%50+%50)  halleri
kullanilmistir. Banyo konsantrasyonu 15 g¢/l, pH
degeri 5-5.5 ve kumagin ¢ozeltiyi alma oranini ise
%85 olacak sekilde ayarlanmistir. Emdirme yontemi
ardindan islem goren kumaslar ramda 140°C’ de 2 dk
fikse islemine tabi tutulmustur. Sonuglar hem goz ile
subjektif olarak hem de spektrofotometre cihazi ile
objektif olarak degerlendirilmistir. Fiksatoriin etkisi
gormek iizere Evsel ve Ticari Yikamaya Karsi Renk
Hasligi (ISO 105 C06), ve Sirtmeye Karsi Renk
Hasligi (ISO 105 X12) testleri uygulanmigtir.Renk
haslik analizlerinin degerlendirilmesi refekat bezine
akma durumuna goére yapilmistir. Akma seviyesi ise
refekat bezindeki pamuk lifine akma seviyesi olarak
Olciilmiistiir.

DENEYSEL SONUCLAR/TARTISMA

Bordo, siyah ve turkuaz renkte olan kumaslar koyu
tonda olduklar1 i¢in renk degisimi parametresi
bazinda degerlendirme yapilamamistir. Ug farkli
renkteki islemli kumaslara ait yikamaya kars1 renk
hasligi degerlerinin poliamin bazli fiksatér ve

karisimlarinda  olduk¢a  gelistigi  gdzlenmistir.


mailto:damla.tunaa@hotmail.com

Poliamin fiksatér ve karigimlarinda ortalama olarak
bordo renkte 1,5 birim, turkuaz renkte 0,5 birim ve
siyah renkte ise 0,5 birim iyilestirdigi gorilmiistiir.
Siirtmeye karsi (yas) haslik degerlerinde ise poliiiretan
ve politiretan/epiklorhidrin bazli fiksatorler, bordo
rengi 2 birim, turkuaz rengi 0,5 birim, siyah rengi ise

1,5 birim iyilestirmistir.

Tablo 1: Kumaslarin renklendirilmesinde kullanilan boyar maddeler.

Reactive Red 239
Bordo Cosmos Red S-C (Bezaktiv)

Reactive Blue 181
Turkuaz Reactive Blue 21

Yellow ED (Everzol)
Siyah Red ED- 7BN (Everzol)
Setz. Black SNN (Everzol)

Tablo 2: Kumaslarin renklendirilmesinde kullanilan boyar maddeler.

Fiksator 1 2 3 4 5 6
tipleri

Epiklorhidrin 15 - - - R N
bazli

Poliamin - 15 - - - -
regine bazli

Poliamid - - 15 - - -
bazl

Kuaternar - - - 15 - -
amonyum
tuzlar1 bazli

(uzun
zincirli)

Poliiiretan - - - - 15 -
bazl
Kuaternar - - - - - 15
amonyum
tuzlart bazh
(kisa
zincirli)
pH 5-5,5 | 5-55 5-55 | 5-55 | 5-55 5-5,5
Banyo alim1 | %85 %85 %85 %85 %85 %85

Kurutma 140°C o 140°C | 140C | 140°C | 140°C
< 140°C
sicakligt

Kurutma 2 dk 2dk 2 dk 2 dk 2 dk 2 dk
siiresi

GENEL SONUCLAR

Bordo renkli kumaglarin poliamin bazli fiksatdr ve bu
fiksatoriin diger fiksatorler ile karisimlari ile fikse

edilmesi (ard islem yapilmasi) durumunda; yikamaya
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karst renk haslik degerlerini gbzle yapilan
degerlendirmede 2-3° den 4’ e yiikselttigi, cihazla
yapilan degerlendirmede ise sadece poliamin bazli
fiksatoriin 3’ ten 4-5” e, diger fiksatdr tipleri ile olan
karisimlarinin ise 3’ten 4’ e yiikselttigi gdzlenmistir.
Uzun zincirli kuaternar poliamonyum bazli fiksator
ise akma degerini 2-3° ten 3-4° e, cihazla
degerlendirmede ise 3’ ten 4’ e yiikseltmistir. Bu
fiksator tipi ile epiklorhidrin, poliamin ve kisa zincirli
kuaternar poliamonyum bazli fiksatdr karisimlarinin
uygulanmasi durumunda ise hem géz hem de cihaz ile
degerlendirmede hashik degerlerini +1-1,5 birim
arasinda iyilestirdigi gorilmistiir. Epiklorhidrin,
poliamid, poliiiretan, kisa zincirli kuaternar
poliamonyum bazli fiksatorlerin ise, yikama haslik
degerlerinin gelismesine olumlu yoénde bir katki

saglamadiklar1 gozlenmistir.

Turkuaz renkli kumaslarin poliamin bazli fiksator ve
karisimlart ile fikse edilmesi durumunda yikamaya
kars1 renk haslik degerlerini gozle degerlendirmede
4’ten 4-5% yiikselttigi ancak cihaz
degerlendirmesinde herhangi bir farkin olusmadigt
goriilmistiir. Diger fiksatorler ve birbirleri ile olan
karisimlarinin ise haslik degerleri gelismesine olumlu
ya da olumsuz yonde herhangi bir Kkatki

saglamadiklar1 gozlenmistir.

Ard iglem Oncesi siyah renkli kumasa ait
multifiberdaki akma degeri 4-5 olup bu deger iist
siirdadir.  Ard  islemler sonrast fiksatorlerin
yikamaya kars1 renk haslik degerleri iizerine olumlu
ya da olumsuz ydnde etkisi gdzlenmemis olup ard

islem Oncesi deger korunmustur.

Bordo, turkuaz ve siyah her ii¢ renkte de silirtmeye
kars1 renk haslik analizinin kuru siirtme degerleri
gbzle yapilan degerlendirme 4-5, cihaz ile yapilan

degerlendirme ise 5 olarak dl¢iilmistiir. Bu degerler



haslik degerleri olarak yiiksek kabul edilen degerlerdir
ve tlim fiksator tipleri ile yapilan ard islemler

sonrasinda da herhangi bir degisim gostermemistir.

Bordo rengin yas siirtme degerlerinde ise, poliiiretan

bazli fiksatér ve poliiliretan/epiklorhidrin fiksator
karisimlar;,  haslik  degerini  gbzle  yapilan
degerlendirmede 2’ den 4’ e, cihazla yapilan

degerlendirme de ise 3’ ten 4-5’e, yiikselterek, +2-2,5
birim artig saglamigtir. Poliamid/politiretan karigimi ise
haslik degerini gozle yapilan degerlendirmede 2’ den 3’
e ¢ikarirken cihazla yapilan degerlendirmede ise 3’ten
3-4’e yiikseltmistir. Diger fiksator ve karigimlart ise
gbzle degerlendirmede haslik degerini 2’den 2-3’e
yiikseltirken cihazla degerlendirmede genel olarak

ciddi bir degisim gostermemistir.

Turkuaz rengin yas siirtme degerlerinde ise poliiiretan
bazli fiksatér ve poliiiretan/epiklorhidrin karigiminin
haslik degerini gozle yapilan degerlendirmede 4’ ten 4-
5’ e yiikselttigi goriilmiistiir ancak cihaz ile yapilan
degerlendirmede herhangi bir degisim izlenememistir.
Diger fiksator ve karigimlarinin siirtme haslik degerleri
iizerine olumlu ya da olumsuz herhangi bir katkisi

bulunmadig tespit edilmistir.

Siyah rengin yas siirtme degerlerinde ise, politiretan
bazli fiksatdr ve politiretan/epiklorhidrin karigiminin
haslik degerini hem g6z hem de cihaz ile yapilan
degerlendirmede 2-3’ten 4’°¢ yiikselttikleri goriilmiistiir.
Diger fiksatorler ve karisimlarin gozle yapilan
degerlendirmede haslik degeri iizerinde olumlu ya da
olumsuz bir etkisinin olmadigi, cihaz ile yapilan
degerlendirme de ise, poliamid/uzun zincirli kuaternar
poliamonyum ve poliamid/kisa zincirli kuaternar
poliamonyum karisimlarinin yag siirtme degerini 2-3°
ten 2’ ye diistirdiikleri goriilmiistiir.

SONRAKI DONEM CALISMALARI

Fiksatdr tiir ve karisimlarinin yiinlii kumaslara etkisinin
incelenmesi ve farkli boyarmaddeler iizerindeki etkisi
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yine pamuklu kumaslarda denenmesi kumas renk
hasliklarindaki gelismelere katkist olacaktir
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Orme Kumaslarda Lif Tiiriiniin Isil Konfora Etkisi
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AMACLAR

Son yillarda giysi konforu konusunun tiim diinyada
onemi ve dolayistyla miisteri beklentileri giderek
artmaktadir. Giysilerde 1s1l konforu etkileyen cesitli
parametreler s6z konusudur ve bunlarin en
onemlilerinden birisi elyaf cinsidir. Calismanin amaci,
dogal ve sentetik esasli farkli lif tiirlerinin (pamuk,
viskon, modal, poliester, akrilik) giysilerin 1s1l konfor
ozellikleri tizerindeki etkisini incelemektir. Elde edilen
sonuglar 151¢inda kullanim yerine ve amacina uygun
olarak yiiksek konforlu giysi tasarimlart yapmak
miimkiin olacaktir.

GIRIS

Cevre ve insan arasindaki fizyolojik, psikolojik ve
fiziksel etkilesimin memnuniyet derecesini gosteren
konforun tekstil malzemelerinde incelenen en dnemli
parametesi 1s1l konfordur?.

Insan viicudu, besin ve oksijen kullanarak mekaniksel
1s1 olusturan termodinamik bir sistemdir. Isil konfor
hissinin devami i¢in viicut sicakliginin dengede
kalmasina olanak saglanmalidir?

Isil  konfor, tekstilde 1s1 ve nem gegirgenlik
ozelliklerinin tespit edilmesi ile belirlenmektedir. Isil
acidan konforlu giysiler, farkli ¢evre sartlar1 ve viicut
aktivitelerine bagl olarak, degisen sicakligi ve viicut
nemini transfer ederek mikroklimadaki 1s1 ve nem
dengesinin korunmasini saglayan giysiler olarak
tanimlanmaktadir’?*°, Ornegin uzun siire asir1 soguk
veya sicak hava sartlarinda caligan kisiler i¢in viicut
sicakligint  korumak, bedenin nefes alabilmesini
saglamak, teri hizla digar1 atarak kuru kalabilmek hayati

O6nem tasimaktadir7.

Onceki yapilan calismalarda, iplik numarasi arttiginda
(inceldiginde), biikiim katsayisi arttiginda, ilmek iplik
uzunlugu arttiginda, kumas sikligr azaldiginda, 1si1l
diren¢ degerinin azaldigi; ayrica kumasta elastan
kullaniginda, veya elastan orani arttirildiginda ve iplik
tiyliligi (h) degerleri yiikseldiginde ise 1sil direng
degerinin arttig1 belirtilmistir.>3456 Ayrica yiiksek 1s1l
direng 0zelligi agisindan interlok gibi ¢ift kath ve sik
yapili kumaslarin daha avantajli oldugu goriilmektedir®
6 Pike yapisinda kumaslar ile %100 &zel poliester
ipliklerden {iretilmis yapilarin daha yiiksek hava
gecirgenligi ve 1s1l direng sagladig1 ve daha sicak temas
hissi verdigi ortaya konmugtur®.
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Bu calismada ise iplik ve kumas performansini
dogrudan etkileyen elyaf ozelliklerinin 1s1l konfor
iizerindeki etkisi incelenmistir. Bu dogrultuda, dogal
ve sentetik esasli tek tip veya karisim lifler
kullanilarak firetilen ipliklerden Oriilmiis kumaslarin
1sil  konfor &zellikleri  karakterize — edilmistir.
Kumaslarin, 1s1l direng ve su buhart gegirgenligi gibi
1s1l konfor 6zellikleri 6l¢tilmiistiir.

DENEYSEL
Malzeme

Tablo 1. Kullanilan lif 6zellikleri

Lif Tipleri Lif Tanim
Pamuk )

3,7 mic.
Viskon

1,3 dtex, 40 mm

Poliester Kanalli
1,4 dtex, 38 mm

Poliester Coolmax
1,6 dtex, 38 mm

Poliester Thermolite | 1,6 dtex, 38 mm

Modal
1,3 dtex, 40 mm
Bambu
1,33 dtex, 38mm
Yontem

Bu caligmada Tablo 1’de verilen farkli lif tipleri
kullanilarak ring egirme metodu ile tim numuneler
Ne 30 inceliginde ve (@e=3.6) olacak sekilde iplik
tiretimi gergeklesmistir. Bu iplikler ile yuvarlak 6rme
makinalarinda siiprem kumas iretimleri yapilmustir.
Bu iiretim adimlarinin tamami Iskur Tekstil Enerji
Ticaret ve  Sanayi A. S.  biinyesinde
gerceklestirilmistir.

Stiprem kumaslarin 6rme islemi E 28 inceliginde ve
32” c¢aplhi yuvarlak 6rme makinesinde sabit ayar
degerleri ile {retilmistir. Numuneler relaksasyon
islemleri icin 24 saat boyunca standart atmosfer
kosullarinda bekletilmistir. Isil diren¢ ve Su Buhari



Gegirgenligi degerleri ISO 11092 standardina gore
Permetest cihazinda 6l¢iilmiistiir.
DENEYSEL SONUCLAR/TARTISMA

Tablo 2. Gramaj, 1s1l direng ve su buhari gegirgenligi
Ol¢lim sonuglari

Gram ;lr;t;ck IDSZ’en Su Buhart
Numune aj P ¢ Gegirgenl
(g/m2) Uzunl | (m2 i3i (%)
ugu K/W)
%100 Cotton 150 32 0,0104 | 63,79
%100 Bamboo 145 31 0,0075 | 68,51
%100 Modal 140 31 0,0074 | 68,36
%100 Viscose 145 31 0,0089 | 64,15
%100 PES 154 32 0,0110 | 54,97
% 100 Kanall
PES 155 32 0,0116 | 61,74
% 100 Hallow
PES 144 32 0,0139 | 59,45
%50 Cotton
9650 Viscose 140 31 0,0099 | 58,28
%50 Cotton
%50 Bamboo 148 32 0,0084 | 61, 27
%50 Cotton
%50 Modal 150 32 0,0089 | 65,08
%50 Cotton
%50 Polyester 150 32 0,0124 | 54,97
%13 Cotton
%75 Polyester 150 32 0,0121 | 58,62
%12 Viscose

GENEL SONUCLAR
Bu ¢aligma sonunda lif se¢iminin 1s1l konfor iizerinde
cesitli etkileri oldugu gozlenmistir.

* Hem rejenere seliiloz lifleri ve hem de kanalli poliester
lifleri ile oriilen kumaslarin su buhar1 gegirgenligi
degerlerinin daha yiiksek oldugu saptanmustir.

een yiiksek 1s1l diren¢ degerinin i¢i bosluklu polyester
(hollow fiber) liflerinden oriilen kumasa ait oldugu
goriilmiistiir.  Bu liflerin igerisinde bulunan durgun
hava 1s1l direncin yiiksek olmasini saglamstir.

* Rejenere seliiloz (%100 viskon, %100 modal, %100
bambu) ile iiretilen kumaglar ile daha diisiik termal
direng Ol¢iilmiistiir,

* Bosluklu poliester lifleri ile standart poliester liflerine
gore daha yiiksek termal direng saglanmistir.
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* Bu verilere dayanarak, 1s1l konfor agisindan kiglik
kiyafetlerde bosluklu poliester ve % 100 pamuklu ya
da pamuklu karisim kiyafetler Onerilirken, yazlik
kiyafetlerde rejenere seliiloz ve karigimlari ile kanalli
poliester yapisi 6nerilmektedir.

KAYNAKLAR

[1] Aydin T S, Kertmen M., Marmarali A., 2017
"Evaluating the effect of spinning systems on thermal
comfort properties of modal fabrics” Journal of
Biological and Chemical Research, ISSN 2319-3077,

Vol.4, Issue 11, p265 — 27

[2] Ertekin, G., Oglakcioglu, N., Marmarali A., 2015

“Thermal Transmission Attributes of Knitted
Structures Produced by Using Engineered Yarns”
Journal of engineered fibers and fabrics. 72. 4-2015.

10.1177/155892501501000418.

[3] Giilsevin, N., 2005 Spor Giysilerin Konfor
Ozellikleri Uzerine Bir Arastirma, Yiiksek Lisans

Tezi, Ege Universitesi Fen Bilimleri Enstitiisii, {zmir

[4] Marmarali A., Kadoglu H., Oglakcioglu N., Celik
P., Blaga M., Ursache M., Loghin C., 2009, “Thermal
comfort properties of some new yarns generation
knitted fabrics”, In: Proceedings of the AUTEX 2009
World Textile Conference, 26—-28 May 2009.

[5] Marmarali A., Ozdil N., Dénmez S., 2006,
"Giysilerde Isil Konfor", Tekstil Teknik, No:9, 163-
167.

[6] Oglak¢ioglu N., Marmarali A., 2010 “Rejenere
Seliilloz Liflerinin Kompresyon Coraplarinin Isil
Konfor Ozelliklerine Etkisi”, Tekstil ve Miihendis,
17(77), 6-12.

[7] Ute Bedez T., Celik P., Kadoglu H., ,Uziimcii B.,
Ertekin G., Marmarali A., 2018 , Farkli Dogal
Konfor

Liflerin  I¢ Kullaniminin

Ozellikleri

Giysilerde
Acisindan  Aragstirilmasi, Tekstil ve

Miihendis, Y1l 2018/4, Cilt : 2, Say1: 112.



KARISIM KUMASLARDA PILLING DEGERLERINI
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AMACLAR

Tekstil pazarinda kullanilmak {izere kumaslarin pilling
degerlerini iyilestiren, karisim kumasglarda da etkili,
uygulandigt kumaslardaki tuseyi ve hidrofiliteyi
arttiran ~ fonksiyonel polimerin tasarlanmasi  ve
sentezlenmesi hedeflenmistir. Sentezlenen polimerin
tekstil uygulamalarinda basari saglamasinin ardindan
Rudolf-Duraner iiriin gaminda yer almasi ve pazar
beklentisini kargilayacak bir iiriin olarak satisa
sunulmasi amaclanmigtir. Tekstil pazarinda bu alanda
eksikligin olmasi sebebiyle projede gelistirilen
fonksiyonel polimer ile yiiksek satis rakamlarina
ulasilacagi ongoriilmektedir.

GIRIS

Tekstil yardimer kimyasallar1 iireten firmalarin efekt
boliimlerindeki baslica ¢alisma konularindan biri;
pilling azaltict iiriinler tasarlamak, iiretmek ve satigini
gerceklestirmektir. Tekstil pazarinda oldukga ilgi gdren
bu alana yonelik epey c¢alisma ve iriin vardir. Bu
iriinler genellikle enzim ya da poliliretan iceren
kimyasallardir. Ancak s6z konusu kimyasallar, pazar
beklentilerini yeterince karsilayamamaktadir. Bunun
temel sebebi, bu kimyasallarin karisim kumaslarda
istenilen pilling iyilestirme degerlerini
saglayamamasidir. Karisim olmayan kumaslarda etkili
olup pilling degerlerini iyilestiren enzimlerin hem
fiyatinin pahali kalmasi hem de istenilen yumusaklik
efektini  kumaglara  kazandiramamasi  sebebiyle
piyasada alternatif iriin arayiglari devam etmektedir.
Enzim igermeyen bazi kimyasallar literatiirde ve
pazarda mevcuttur. Bu kimyasallar genellikle
politiretanlardir. Pilling degerlerini iyilestirmeye katk1
saglayan bu alanda kullanilabilen poliiiretanlar kimyasi
geregi kumaglara sert bir tuse vermektedir. Ayrica
enzimlerin ve poliiiretanlarin kumasa aplikasyonundan
sonra kumaslarin hidrofiliteleri de geriye gitmektedir.
Bu sebeple, hem hidrofilitesi ve tusesi iyi hem anti-
pilling 6zelligi olan alternatif iiriine piyasada ihtiyag
duyulmaktadir.
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Bu calisma kapsaminda, enzim veya poliiiretan
kullanmadan fonksiyonel bir polimer ile istenilen
Ozellikleri kumaslara kazandiran iriin piyasaya
sunulacaktir.

Piyasadaki anti-pilling triinleri fular ya da kaplama
teknikleri ile kumasa aplike edilmektedir. Projede
gelistirilen fonksiyonel polimer de bu ydntemlere
uygun olup fular ve kaplama aplikasyonlar1 ile
kumasa uygulanabilecektir.

Yiin, pamuk, viskoz gibi kopma ve aginma dayanimi
diisiik olan liflerde boncuklar daha yiiksek kopma
mukavemeti, esneme mukavemeti ve asmma
direncine sahip sentetik liflere kiyasla siirtiinme ile
yiizeyi daha kolay terk ederler.

Hidrofil elyafa nazaran hidrofobik lifler elektrostatik
ozelliklerine bagli olarak yabanci maddeleri ¢gekmeye
daha yatkindirlar. Kumas yiizeyine tutunan liflere
gore kopmus ve karmasiklagmis lifler daha kisadirlar.
Tutucu lifler en giligli lifler iken kopmus ve
karmasiklasmus lifler en ince ve esnek liflerdir. Orme
kumaslar, dokuma kumaglara goére daha fazla
boncuklanma egilimindedirler.

Kumasin ko6tii gériinmesinin yani sira, boncuklanma
bazen delik olusumuna kadar giderek giysilerin
yipranmasi nedeniyle kullanma siiresinin kisalmasina
neden olmaktadir.

Kumaslarin pilling olusumlarinin tespit edilmesi i¢in
bir ¢ok yontem gelistirilmistir. ISO 12945-2 standard1
esas alinarak Martindale Pilling cihazinin kullanimi
¢ok yaygmdir. Yontemde 150 mm g¢apinda kumas
numuneleri kullanilir. Lissajous hareketi ile test
gergeklestirili. Bu harekette, st numunelerin
hareketi, dairesel hareketle baglayip, yavas yavas
daralan elips seklinden dogrusal hale gelinceye kadar
devam eden ve sonra da ters yonde genisleyen elips
seklindeki hareketle devam eder. Programlanmis
hareket ve sabit basing test sonuglarina yiiksek
tekrarlanabilirlik giivencesi saglamaktadir.


mailto:burcub@rudolf-duraner.com.tr,akara@uludag.edu.tr

Kumagslarin pilling degerlerinin notlandirilmasinda iki
¢esit yontem vardir.

1. Yontem: Standart 151k kabininde boncuklanma
derecesini  standart  fotograflarla  karsilastirarak
subjektif sekilde karar verilebilmektedir. Fotografli
standartlarla  karsilastirmada, EMPA tarafindan
gelistirilmigtir ve iic adet dokuma, ii¢ adette Srme
kumaslar icin olmak {izere toplam alt1 kategoriye
ayrilan fotograflar kullanilmaktadir. Her alt kategoride
dort fotograf bulunmakta ve bes dereceli skala
kullanilmaktadir.

Boncuklanma Derecesi ve Agiklamas;
5: Higbir degisiklik yok

4: Cok az miktarda tiiy veya boncuk

3: Orta derecede tiiylenme veya boncuk
2: Acikga goriilebilecek miktarda

1: Cok yogun miktarda

2. Yontem: Pillgrade ile degerlendirme;

Gozle degerlendirmek yerine otomatik okutma
sisteminde kumaslar birka¢ defa okutularak ortalama
bir deger alindiginda daha kesin ve tekrarlanabilir
sonucglar elde edilebilir. Bu amagla pilling
degerlendirilmesinde diger yontem Pillgrade ile
kumaslarin notlandirilmasidir. Pillgrade 3 boyutlu bir
kumas tarama sistemidir. Numune kumaslardaki yiizey
ozelliklerini nesnel olarak degerlendirilmek iizere
kullanilir. Sistem boncuklanma detaylarini
tespitleyerek ISO standartlarina gore 1-5 arasi degeri
monitore aktarir. Her kumas tiirii ve kalinligina uygun

bir 6l¢iim cihazidir.
E

Pillgrade boncuklanma degerlendirme test cihazi

_.___z

4

Boncuklanmay1 azaltmak i¢in alinabilecek onlemler
sOyle siralanabilir;

e Iplik ile ilgili 6nlemler: biikiim katsayisini

arttirmak, Kalin iplik kullanmak, karisim

yerine %100 tek cins iplik kullanmak, daha az

tiyli iplikleri tercih etmek, katli iplik
kullanmak,
e Orgii yapist ile ilgili &nlemler: Siklig

arttirmak, c¢ift kathi yapilart tercih etmek,
kumasin gramajini arttirmak.
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e Cok kuvvetli temas kuvvetleri veya
baglantilarla liflerin birlikte ¢ok siki bir
sekilde tutulmasi  saglanarak  olusan
boncuklanmaya karsi direngli kumaslar
iiretmek kolaydir. Ancak bu durum estetik
ve konfor agidan olumsuzluklara sebep
olabilmektedir.

Kumaslardaki pilling degerlerini azaltmak adina
kullanilan en etkin yontemlerden biri anti-pilling
kimyasallarinin  kullanilmasidir. Bu kimyasallarin
ozellikleri, film olusturucu, yiizeyi etkileyici, lifin
kayma yetenegini onlemesi, kullanimi ile piiriizsiiz
bir lif yiizeyi meydana getirmesi ve lif u¢larinin sag
tokasi seklinde biikiilmelerini saglamalaridir.

DENEYSEL
Malzeme

Kumas olarak piyasada pilling degerlerinin
iyilestirilmesi en zor olan karigim kumasglar tercih
edilmistir. Oncelikle, calismada S5 adet kumas
incelenmistir. Boncuklanma degerleri 6zellikle kotii
olan, derecesi 3 olarak adlandirilan 2 g¢esit kumas ile
calistlmigtir. Asagidaki tabloda bu kumaslara ait
veriler yer almaktadir.

‘BeyazPamuk 5

Beyaz Poliester/Pamuk 3

‘BeyazPoliester 5

Beyaz Poliester/Viskon 3

‘BeyazViskon 4

Tablodan da goriilecegi iizere pilling degeri 3 olarak
notlandirilan 2 g¢esit kumas vardir. Beyaz renkte
karisim kumas olarak temin ettigimiz bu kumaslari
detayli inceledik. Kullanilan kumaslar, 11k
mikroskop (markasi: OLYMPUS, modeli: BX51)
altinda incelenerek CO, PES, CV lifleri belirgin
sekilde tespit edilerek kumas icerikleri detayli bir
sekilde analiz edilmistir.

68 PES/ 32 CO

Calismada kullanacagimiz kumaslarin  miimkiin
oldugunca poliester ve viskon igermesi de bizim igin
onemliydi. Istedigimiz 6zelliklerde PES ve CV iceren
kumaslar ile tekstil uygulamalar1 gergeklestirilmistir.




Tasarlanan polimerin elde edilmesi i¢in RD Mon 2
tedarik edilerek bu monomer, uygun baslatici ve ¢oziicii
kullamilarak serbest radikal polimerizasyonuna tabii
tutulmustur. Burada kullanilan kimyasallarin neler
oldugunu sirket gizliligi i¢in burada paylasamiyoruz.
Ozetle monomer, ¢oziicii ve katalizdr ile fonksiyonel
polimer sentezlenmistir.

Yontem

Pilling azaltici etki saglayacagi diisiiniilen polimer
tasarlanarak sentezlenecektir. Polimer sentezinin basari
ile gerceklestirilmesinin ardindan tekstil uygulamalart
icin gereken miktarda polimer sentezlenerek {iriin
¢ogaltilacaktir.

Polimerin ¢esitli kumaslarda fular aplikasyonu
yapilacaktir. Fularda kullanilacak kimyasal g¢esitli
konsantrasyonlarda hazirlanarak optimum uygulama

miktar1  belirlenecektir. ~ Aplikasyon  sirasinda
kullanilacak fular makinasindaki basing kumaslarda
%65 pick-up degeri elde edilecek sekilde

ayarlanacaktir. Fular makinasindan ¢ikan kumaslar ram
yardimiyla 130°C’de kurutulacak ve sartlandirma
odasinda bir giin bekletilecektir.

Hazirlanan kumagslar pilling testine tabii tutulacaktir.
Pilling degerinde olumlu sonug alinan kumaslarin tuse
ve hidrofiliteleri de degerlendirilecektir. Bu testlerden
de basar1 ile gegen kumaglara optik beyazlik testi
uygulanararak polimerin kumaslarda sararmaya Yol
acip agmadig1 goriilecektir.

Biitin bu c¢aligmalar piyasada mevcut olan muadil
iiriinlerle de gergeklestirilerek sonuglar kiyaslanacak ve
gelistirilecek fonksiyonel polimerlerin etkisi net bir
bicimde ortaya konmus olacaktir.

Yapilan tlim testlerin ardindan basar1 saglanirsa
fonksiyonel polimer firmanin {iriin gaminda yer alarak
satisa sunulacaktir. Her zaman ayni kalitede {iriin elde
etmek amaciyla polimerin kalite kontrol spektleri
belirlenecektir. Ayrica FT-IR, NMR, TGA, GPC
analizleri yapilarak {iriin karakterize edilecektir.

DENEYSEL SONUCLAR/TARTISMA

Sentez: RD Mon 2 kullanilarak uygun baslatict ve
¢oziicii ile serbest radikal polimerizasyonu ile polimer
elde edildi. Polimere EPW 18042 kodu verilmistir.

Stabilite  testi:  Polimerin  sulu  ¢0zeltilerinin
hazirlanarak {iriin haline getirilmesinden sonra, oda
kosullarinda kavanoz igerisinde bekletilerek ayrisip
ayrismadig1 gozle takip edilmistir, iiriin stabildir.
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pH degeri ol¢iimleri: Hedefimiz, nihai polimerin
irtin haline geldikten sonra pH degerinin 5,0-5,5
civarinda olmasi idi. Regetelere asetik asit eklenerek
pH ayarlanmisti. pH metre ile yapilan kontroller ile
tirliniin pH degeri istenilen aralikta gikmigtir.

FTIR analizleri: Ar-Ge merkezimizde bulanan FTIR
cihazi ile sentezlenen polimerin analizi yapilarak
istenilen pikler cihazda gorilmistiir.

Viskozite ol¢iimii: Polimerin sulu ¢ozeltilerinin
hazirlanarak iiriin haline gelmesi asamasinda eklenen
su miktarina baglh olarak  viskozite epey
degismektedir. Genel olarak iirlinlerin viskozitesi 20-
500 mPa-s arasindadir.

Gel permeation chromatography (GPC): Rudolf-
Duraner Ar-Ge merkezindeki GPC cihaz1 ile
polimerin  analizleri gergeklestirilerek istenilen
piklerin elde edildigi goriilmiistiir.

Cevresel etkilere yonelik analiz calismalarinda,
Rudolf-Duraner Ar-Ge merkezi iriin glivenligi
bolimii altinda c¢alisan personelimizden destek
alinarak bu c¢alismalar yapilmistir. Polimerlerin
sentezinde kullanilan tiim kimyasallar kendilerine
iletilmis ve ¢evresel etkilere yonelik analiz
calismalari sonuglari alinmistir. Polimerin sentezi i¢in
kullanilacak kimyasallarin ve elde edilen polimerin
tekstil uygulamalarinda kullanilmasinda bir sakinca
yoktur.

Polimerin sentezinden sonra 5, 20, 40 ¢/l
konsantrasyonlarda EPW 18042  hazirlanarak
kumaslara fular aplikasyonu yapilmistir. Bu

kumaglar, Martindale cihazi ile pilling testine tabii
tutulmustur. Elde edilen pilling degerleri asagidaki
tablodaki gibidir.

- PES/ICO  3-4+ 3

EPW 18042'nin PES/ICO  kumaslara  farkh
miktarlarda fular aplikasyonu sonucu kumaslardaki
pilling degerleri



EPW 18042 'nin PESICV kumaslara farkly miktarlarda
fular aplikasyonu sonucu kumaslardaki  pilling
degerleri

Tablodan da goriilecegi gibi islemsiz kumaslara gore
pilling degerlerinde olumlu iyilesme gorilmiistiir.
PES/CO kumaslarda elde edilen iyilesme daha fazladir.
Ancak polimerin fular aplikasyonunda uygulama
miktar1 arttirilldiginda PES/CV kumaslarda da 1 birim
artis saglanmaktadir.

Optik beyazlhik testi Bu donemde c¢alistigimiz
kumaglardan iki tanesi beyaz renkte idi (beyaz
poliester/pamuk, beyaz poliester/viskon). Bu kumaslara
uygulanan polimerlerin fular aplikasyonlarinda ram
makinasinda 130 °C ile calistik ve hi¢ bir ¢alismada
kumaslar sararmamustir. Dolayisiyla, kumaslarm bu
polimerler ile aplike edildiginde optik beyazlik
acisindan sicakliktan etkilenmedigini soyleyebiliriz.

20 30 sn. 3-4 sn.
2 sn. 2sn.

2-3 sn. 2-3 sn.
5-6 sn. 2-3 sn.

EPW 18042 'nin 5, 20, 40 g/l fular aplikasyonu sonucu
2 ¢esit kumasta hidrofilite degerleri

« Hidrofilite: Iyilesmektedir. 5 g/l bile
hidrofilitesi a¢isindan iyi olup 20 g/1 ve 40 g/l
de alinan sonuglar ¢ok iyidir.

*  Tuse: Islemsize gore iyilesmistir. Miktar
arttikga tuse daha yumusak ve kaygan
olmaktadir.
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e Yorum: Pilling, hidrofilite ve tuse agisindan
degerlendirildiginde EPW 18042 ile alinan
sonuglar hedeflendigi gibidir.

GENEL SONUCLAR

» Uygulama sonuglarinda basar1 saglanan
fonksiyonel polimer sentezlenerek bu
polimerin pilling azaltici etkisine patent
bagvurusunda  bulunulmustur  (Bagvuru
numarast: 2019/03389, Basvuru tarihi:
06.03.2019).

> Bu proje ile UTIB (Uludag Tekstil Thracatg1
Birligi) kurumunun diizenlemis oldugi
Techxtile  Start-up  Challenge  Proje
Yarigmasi kapsaminda ilk 3 proje arasina
girerek proje odiilii kazanilmustir.

» Patent bagvusurunda bulunulan fonksiyonel
polimer i¢in {iretim hazirliklar1 baglamistir.
Uriin EPW 18042 kodu ile Rudolf-Duraner
iiriin gaminda yer alarak satiga sunulacaktir.

» Kumasa anti-pilling 6zelligi, yumusak tuse
ve hidrofilite kazandiran, c¢esitli karigim
kumaslarda etkili {iriin elde edilerek tekstil
pazarinin  beklentisine  uygun  iriin
gelistirebilmistir.

SONRAKI DONEM CALISMALARI

Tekstil uygulamalarinda bagarili olan anti-pilling
iriinii piyasaya sunulacaktir. Bu anti-pilling {rilinii
kendi tasarladigimiz ve sentezledigimiz fonksiyonel
polimerdir. EPW EPW 18042 kodu ile Rudolf-
Duraner {iriin gaminda yer alacaktir. Bu polimerin
sentezi i¢in gerekli monomerin daha uygun fiyata
alimabilmesi adina tedarikgi arayisi
gergeklestirilecektir,.  Monomer  uygun  fiyata
bulunduktan sonra polimerin baglangicta 600 kg
iretimi gerceklestirilecektir. Pazarda zaten bu konuda
bir {iriin beklentisi oldugundan hangi miisterilerde
drliniin ~ deneyecegimiz  belirlidir. ~ Miisterilerin
arasindan se¢im yapilarak 600 kg iiretilen polimerin
pilling uygulamlar1 isletmelerde denenecektir.
Basarilt sonuglarin elde edilmesinden sonra iiriiniin
performanst  kanitlanmis  olacaktir.  Ardindan
miisterilerde derinlesmeye giderek {riiniin teksil
pazarinda yayginlastirilmasi hedeflenmektedir.

Ayrica sentezlenen polimerin karakterizasyonlarinda
ek analizlere ihtiyag duyulmaktadir. Bu agidan lif-
polimer termal &zellikleri igin TGA/DTA analizleri
de gerceklestirilecektir.
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Mikroemiilsiyon Yoéntemi ile Limon Yag Iceren Aromatik
Mikrokapsiil Uretimi ve Tekstil Uygulamasi

KOPTUR TASAN, Perinurt, YILDIRIM, FilizZ, ELIBUYUK ARAS, Sultan, YUMRU, Saban, COREKCIOGLU,
Mustafa, ALAY AKSQY, Sennur
123450zanteks Tekstil, 6Siileyman Demirel Universitesi Tekstil Miithendisligi Boliimii
perinur.koptur@ozanteks.com.tr

AMACLAR

Tekstil {irinlerine hos koku, aroma terapi gibi 6zellikler
kazandirmak amaciyla biyo uyumlu dogal igerikli
maddelerin mikroemiilsiyon yontemi ile kapsiillenmesi
ve tekstil tirlinlerine aplikasyonu amaglanmaktadir.

GIRIS

Giinimizde tiiketiciler, tekstil triinlerinden temel
ozelliklerinin yaninda saglik ve giizelligi korumasi,
yasam Kkalitesini arttirmasi, dogal olmasi gibi ekstra
fonksiyonlara da sahip olmasmi, tim bunlar
gergeklestirirken, insana ve ¢evreye zarar vermemesini
beklemektedir. Ayrica kiiresellesen diinya pazarinda
artan rekabet, tekstil sektoriinii katma degeri yiiksek
fonksiyonel iiriinlerin {iretimine zorlamaktadir. Tekstil
materyallerine fonksiyonellik  1lif  iiretiminde
yapilabildigi gibi ¢ogunlukla da bitim islemleri ile

kazandirilmaktadir. ~ Mikrokapsiilasyon teknolojisi
tekstillerin ~ fonksiyonellestirilmesinde  kullanilan
teknolojilerden birisidir. Mikrokapsiilasyon

teknolojisinden yararlanilarak farkli bilesenler ihtiva
eden mikrokapsiillerin tiretimi ve tekstil materyallerine
aplikasyonu ile farkli fonksiyonel 06zelliklerde
tekstillerin iiretimi miimkiindiir.

Mikrokapsiiller, boyutlar1 1 pm ile 1 mm arasinda
degisen, ¢ekirdek ve duvar maddesinden olusan
partikiillerdir®. Farkl: tiir maddeler farkli pek ¢ok amag
icin mikrokapsiillenebilmektedir. Koku maddesinin
mikrokapsiillenmesindeki ama¢ onu uygun olmayan
cevre kosullarina karst korumak, kontrollii ve yavas
salinimini  saglamaktir>’.Koku  maddeleri  ugucu
ozelliklerinden dolay tekstil materyaline direkt olarak
aplike edilememektedir. Bu maddeler 1s1, nem ve diger
dis etkenler nedeniyle buharlasarak uzaklagmalarini
onlemek, kokunun uzun siire kullanilmasi ve yavas
salimimi amactyla polimerik duvar materyali icerisine
kapsiillenmektedirler’®. Aromatik mikrokapsiil igeren
tekstil Urlinleri giysi, ev tekstilleri vb. firiinlerde
aromaterapi 0zellikleri nedeniyle ilgi gérmektedirler.

Bu calismada, aromatik mikrokapsiillerin iiretimi ve
kumasa aplikasyonu ¢aligmalar1 gerceklestirilmistir.
Mikrokapsiil iiretimi mikroemiilsiyon yontemi ile
gerceklestirilmistir. Uretilen mikrokapsiillerin emdirme
yontemi ile pamuklu kumaslara aplikasyonu
saglanmigtir. Kapsiil olusumu ve morfolojisini
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incelemek i¢in mikrokapsiillerin optik mikroskop
goriintiileri alinmistir. Pamuk elyafina kapsiillerin
tutunma 6zelligini incelemek i¢in mikrokapsiilasyon
aplikasyonu ve 5 yikama sonrasi kumas SEM
(Taramali  Elektron = Mikroskobu)  goriintiileri
almmustir.

DENEYSEL

Malzeme

Calismalarda ¢ekirdek malzeme olarak limon yagi,
duvar yapisi i¢in dogal polimer olan arap zamki
(Merck), emiilsiyon olusturmak igin ylizey aktif
madde olarak Triton X, capraz baglayici olarak
gluteraldehit ¢ozeltisi (%25) ve pH ayarlamasi i¢in
sodyum karbonat kullanilmigtir. Mikrokapsiillerin
tekstil Urlinline aplikasyonunda %100 pamuklu
dokuma kumas ve binder olarak Crilotan 300
(Bozzetto Group) kullanilmistir.

Yontem

Mikrokapsiil iiretiminin ilk asamasi kapsiillenecek
cekirdek maddenin su fazinmi olusturan polimer
cozeltisi icin de emiilsiyonlastirilmasi saglanmisgtir.
Bu amagla arap zamki ¢6zeltisi iginde kapsiillenecek
limon yagi, bir emiilsiyonlastirici (Triton X 100)
varliginda yag damlalar1 halinde dagitilarak su icinde
yag emiilsiyonu elde edilmistir. Emiilsiyon sistemi
Olusan ¢ekirdek damlalar etrafina ¢dzelti halindeki
polimerin depozite edilebilmesi i¢in CaCl, reaksiyon
ortamina ilave edildi. Ardindan, ¢ozelti sicakligt
4°C’ye, pH da 8-9 araligina ayarlanarak olusan
mikrokapsiil duvar yapisinin stabilitesini artirmak
icin polimer molekiilleri arasindaki ¢apraz baglanma
reaksiyonlarimin  gergeklestirecek  gluteraldehit
reaksiyon ortamina ilave edilmigtir. Reaksiyonun
tamamlanmasindan sonra mikrokapsiil sulu ¢o6zeltisi
kumaglara uygulanmak iizere hazirlanmstir.

Mikrokapsiillerin kumasa baglanmast igin 110°C’de 2
d kurutma ve 120°C’de 2 d fikse uygulamasi
yapilmustir.

DENEYSEL SONUCLAR/TARTISMA

Mikrokapsiil ~ olusumunu  goézlemlemek  icin
olusturulan emiilsiyon ¢0zeltisinden mikroskop
altinda  gortintiiler  alimustir. Sekil 1’de
mikrokapsiillerin  optik  mikroskop ile alinan
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goriintiileri verilmistir. Goriintiilerden kiiresel yapili,
tanecikli mikrokapsiil yapisinin olusumu

goriilmektedir.

Sekil 1: Mikrokapsiillerin 100x biiyiitme oraninda optik
mikroskop goriintiisii.

Mikrokapsiillerin pamuklu kumasa aplikasyonu sonrast
kumaslardan SEM gorlintiisii alinmustir. Sekil 2’de
mikrokapsiillerin pamuk lifi iizerindeki goriintiileri
verilmistir. SEM goriintiisti incelendiginde

mikrokasiillerin kiiresel morfolojili olduklari, pargacik
boyutlarinin 10 um’den daha kiigiik ve homojen boyut
dagilimlarina sahip oldugu goriilmektedir.

Sekil 2:  Mikrokapsiillerin pamukl kuasa
aplikasyonu sonrast SEM goriintiisii.

Kumaslara mikrokapsiil aplikasyonu sonrasi siibjektif
olarak koku varligi belirlenmistir. Ancak tekrar eden 5
yikama sonrasi kumaslardaki koku miktarinin azaldigi
belirlenmistir. Ayrica, kumasa mikrokapsiil
aplikasyonu sonrasi ve yikama sonrasi alman SEM
goriintiileri  incelendiginde 5 yikama  sonrasi
mikrokapsiillerin biiyiik oranda kumas yapisindan
uzaklastig1 belirlenmistir (Sekil 3).
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Sekil 3: 5 yikama sonrast mikrokapsiillerin kmas.
tizerindeki SEM goriintiileri.

SONRAKI DONEM CALISMALARI

Bu ¢alisma mikroemiilsiyon yontemi ile dogal duvar
yapilt aromatik mikrokapsiillerin ve tekstillerin
iretimi iizerine odaklanilmis bir projeye ait
caligmalarin bir boliimiinii kapsamaktadir. Projede,
mikrokapsiillerin ~ koku  salim  davraniglarinin
incelenmesi, koku salma siirelerinin uzatilmasi igin
uygun mikrokapsiil duvar yapisinin gelistirilmesi,
mikrokapsiillerin ~ kumas  yapisinda  yikama
dayanimlarinin arttirilmasi  iizerine arastirmalara
devam edilmektedir.
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PURPOSE

Consumption of textile fibers gradually increase by
population growth, changing consumer behavior and
widespread use of textile materials in different end uses.
Filament yarns are becoming more and more popular in
various applications of textile industry with a share of
50% among all textile fibers. Polyester, nylon,
polypropylene which are the most common synthetic
fibers are mostly used as filament yarn (73%). Unlike
other synthetic fibers acrylic fiber is entirely used as
staple fiber. Recently developed acrylic filament yarn
with its higher tenacity, better abrasion resistance,
excellent UV resistance, considerable resilience
properties has potential to be used in a wide range of
application such as awning, sewing thread, carpet
industry, knitted products etc. However as-spun acrylic
filament yarn is an undesirable product for some of
aforementioned applications due to its shininess, harsh
touch and lack of bulkiness. Texturizing is the method
to impart textural features to synthetic fibers and since
1950s various texturizing methods has been developed
for different purposes. As acrylic filament yarn has not
been commercialized, there is no significant experience
on texturizing with traditional methods. Purpose of this
work is to investigate effects of texturizing process on
structural properties of acrylic filament yarn and
determine optimum process parameters to obtain
appropriate properties.

INTRODUCTION

Synthetic filament yarns are texturized to create a bulky
structure for better insulation, lightweight with good
cover properties, more natural appearance and softer
touch!. Although various texturizing methods have
been developed since 1950s, false twist texturizing is
the most common method especially in apparel market.
This method is based on three major parameters:
temperature, twist and tension?. Yildirim et al.
commented that dye sorption and crimp properties of
polyester yarns are effected by draw ratio and D/Y ratio
whereas they do not have a significant influence on
crystallinity®. Final yarn tenacity can also be adjusted
by setting overfeed, D/Y ratio and first heater
temperature®. On the other hand, it is found that first
heater temperature also effects crystallinity of polyester
and nylon 6.6 yarn®$, It is also reported that crystal size
of polyester yarn also increases by increasing
temperature whereas increasing texturing speed results
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the opposite’. Cross sectional shape of polyester yarn
has been observed and is mentioned that it
significantly changes after texturizing process. It is
also commented that disk type twisting unit results
more yarn deformation compared to belt type twisting
unité,

Air-jet texturizing is the method which is used to
obtain yarns more similar to that made of staple fiber®.
Acar and Wray studied parameters effecting air-jet
texturized yarn properties and listed parameters as
polymeric and physical properties of supply yarn,
single filament denier, number of filaments, cross-
sectional shape of the yarn, jet type, overfeed ratio, air
pressure, take-up speed, processing conditions
(wet/dry) and use of an impact element °. It is claimed
that coarser filaments result lower tenacity and
bulkiness in air-jet texturing process®®. Overfeed ratio
is the main process parameter which effects instability
of texturized yarn and also wetting during texturizing
plays an important role to improve quality of
texturizing®!. Tenacity of texturized yarn decreases by
increasing air jet pressure as filaments are more
disrupted??.

Structure of acrylic fiber has not been fully revealed
yet. Liu and Ruland suggested planar zigzag
conformation of polyacrylonitrile chains and has not
observed an evidence of two phase model in their
studies'®. On the other hand, it is also claimed that
molecular structure of highly oriented acrylic fiber is
consisted of amorphous and ordered regions with two
times longer size that of amorphous regions'4. One of
most recent studies was carried out by Kunzmann et
al. which state that acrylic fiber structure has two
different types of fibrils. One type has smooth surface
and homogenous volume structure whereas the other
type was having shish-kebab structure*®.

X-ray diffractometry is a method to determine
crystallinity of textile materials. Studies that
investigate crystallinity of acrylic fibers state that
crystalline peaks are observed at 206= 17° and
20=29°. Crystallinity of acrylic fibers is effected by
process parameters and thermal treatment?,



EXPERIMENTAL

Material

In this work, two different wet spun acrylic filament
yarns were used. Yarn count was 600 dtex / 200f for air
jet texturizing trials whereas it was 225 dtex / 100f for
false-twist texturizing. Both types were raw white
yarns.

Method

Air-jet texturizing trials are carried out at SSM DP5-TC
texturizing machine and Barmag FK6 V-1000 was used
for false-twist texturizing trials. Process parameters are
shown at Table 1 and Table 2.

Table 1. Air-Jet Texturizing Process Parameters

Process Parameters

Supply Yarn 600 dtex / 200 acrylic
Take-Up Speed (m/min) 300
Overfeed (core) 5%
Overfeed (effect) -

Air Pressure (bar) 4

Jet Type D32

Heater Temperature (°C) 170

Table 2. False-Twist Texturizing Process Parameters

Process Parameters

Supply Yarn 225 dtex / 100 acrylic
Take-Up Speed (m/min) 350

Draw Ratio 1,10

Disk Type Polyurethane
Heater Temperature (°C) 210

Cross sectional images were taken by Carl Zeiss Evo
MA scanning electron microscope and X-ray
diffraction patterns were generated and crystallinity is
measured by Bruker D8 Discover. Minitab 17 is used
for statistical analyses.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Both air-jet texturizing and false-twist texturizing
caused decrease in yarn tenacity. This can be considered
as an indicator of deformation of filaments and change
in macromolecular structure. Figure 1 and Figure 2
show comparison yarn tenacity variation of as-spun and
texturized yarns. In each case p-value was 0.000 which
shows tenacity significantly changes after texturizing
process.

Interval Plot of Tenacity vs Method
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Figure 1. Comparison of the tenacity of as-spun and
air texturized yarn

Interval Plot of Tenacity vs Method
95% €1 for the Mean

)
A Span Faten Tokat
Method
A poutad Sasdory drmates wvn amer ro coleadre the s
Figure 2. Comparison of the tenacity of as-spun and
false twist texturized yarn

Figure 3 shows x-ray diffractograms of as-spun, airjet
texturized and false twist texturized yarns. It can be
seen that intensity of peaks at 26= 17° and 26=29°
significantly decrease after both texturizing processes
indicating reduction of crystallinity. As-spun yarn had
a crystallinity of 71.8% whereas air-jet texturized
yarn was having 60.8% and it was 60.4% with false
twist texturized yarn. Crystallite size also decreased
from 103.49 A to 67.45 A and 72.89 A respectively.
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Figure 3. X-ray diffractograms of as-spun and
texturized yarns



SEM images of texturized yarns are observed after
fracture in order to understand structural defects after
texturizing processes. Figure 4 shows that air-jet
texturized vyarn has been fractured almost
homogenously along cross section. On the other hand,
a layered fracture occurred with false-twist texturized
yarn due to radial variation in shear stress level®’.

Figure 4. SEM images after fracture
(A) Air-jet texturized, (B) False twist texturized

CONCLUSIONS

Texturizing processes have an influence of structural
changes of acrylic filament yarn. Crystalline size and
orientation are disturbed by both methods and resulted
decrease in yarn tenacity. Better yarn tenacity may be
obtained by precisely created design of experiment and
optimizing texturizing process parameters. Shininess
and bulkiness of yarn has also improved after both
texturizing techniques which may bring opportunities
for particular end uses. Processability of yarns in further
textile processes should also be taken into
consideration. False-twist texturized yarn could be
knitted and woven appropriately after it was
intermingled to keep filament together. It was needed to
impart twist to air-jet texturized yarn as shedding
problem occurred during weaving. It should
comparatively be studied with as-spun and texturized
yarns to investigate effects of texturizing on fabric
properties.

SUGGESTIONS FOR FURTHER WORK
Optimum process parameters for both air-jet and fakse-
twist texturizing should be determined considering
yarns properties and processability. Fabrics made of as-
spun and texturized yarns should also be investigated in
terms of strength, bulkiness, abrasion resistance etc.
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AMACLAR

Cozgiisii ylin, atkisi ise PVA ve ylinden olusan dokuma
kumas yapilarinin iizerlerini elektro ¢ekim metoduyla
poli (vinil alkol) (PVA) ve poli (vinil pirolidon) (PVP)
ultra ince lifler ile kaplayip ardindan sulu boraks
¢ozeltisi ile muamele edilerek yapmin farkli
ozelliklerde kumag takviyeli hidrojel kompozit formuna
doniigsmesini saglamak ve kumasg yapilarin PVA ve PVP
ultra ince lif lerin kaplanmasi sonrasi elde edilen
hidrojel kompozitlerdeki suyun uzaklagsma hizina olan
etkisini incelemektir.

GIRIS

Yapisi geregi bol hidroksil gruplarina sahip olan
polivinil alkol (PVA) suda iyi ¢6ziinen bir polimerdir?.
PVA, biyouyumluluk, islenebilirlik, mukavemet, toksik
olmayan yapist sayesinde gida ve ilag¢ endiistrilerinde
de yaygin olarak kullanilan hidrofilik bir polimerdir®2.
Polivinil alkol (PVA) kimyasal ¢apraz baglama?®,
isinlama® ve donma-coziilme teknigi 5 gibi ¢esitli
yontemlerle capraz bagli hidrojeller olusturabilen
sentetik bir polimerdir. PVA hidrojelleri 6zellikle
biyomedikal alanda kullamlmaktadir®.  Polivinil
pirolidon (PVP), suda ¢oziiniir polimerdirs. PVP aym
zamanda PVA polimeri gibi biyouyumlu olup toksik
olmayan yapiya sahiptir ’. Viskoziteyi arttirmak,
fiziksel ve mekanik &zellikleri degistirmek icin PVP
capraz baglanabilir.

Uygun molekiil agirliginda polimerler kullanildiginda
PVAS ve PVP°® elektro ¢ekim metoduyla nanolif
formuna doniistiiriilebilen polimerlerdir. Elektro ¢ekim
metoduyla yiizeyler nanoliflerle kaplanabilmektedir.
Elektrogekim metodu da isleme dahil edilerek PVA ve
PVP! nanoliflerden hidrojeller iiretilmigtir. PVA? ve
PVP® capraz baglayicilar ile hidrojel formuna
dontistiiriilebileceginden, elektro ¢ekim metoduyla
istenen incelikte nanolif web yapisindan olusan ince
filmler yiizeye kaplanabilmekte ve ardindan capraz
baglayicilarla muamele edilerek ince film hidrojel
yiizeylerlerin olusumu saglanabilmektedir.

Bu ¢aligmada, yiin ve PVA ipliklerden tiretilmis kumasg
ylizeyi PVA ve PVP ultra ince lifler ile ayr1 ayr1 elektro
¢cekim metoduyla kaplanmig, ardindan sulu boraks
¢ozeltisi ile muamele edilerek yapidaki PVA ve
PVP’lerin capraz baglanmak suretiyle hdirojel matrisli
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kumas takviyeli kompozit yapilarin eldesi saglamak
ve nanolif kaplamanin bilinyede tutulan suyun
uzaklagma siiresine olan etkisi incelenecektir.

DENEYSEL

Materyal

Elektro ¢ekim malzemeleri: Poli (vinil alkol) (PVA)
toz formunda (MA~85.000-124.000, PVA) (%87-89
hidrolize edilmis) Sigma Aldrich firmasindan, poli
(vinil pirolidon) (PVP) toz formunda
(MA~1.300.000, PVP) Acros Organics firmasindan
satin alimmustir. PVA distile suda, PVP ise etanolda
¢Ozdirilmiistiir.

Kumag malzemeleri ve ozellikleri: Atk iplikleri ile
hem alt hem de iist yiizeylerden ¢ozgiisiinii sikica
tutmak ve drtmek i¢in 10 ¢ozgii ve 30 atkidan olusan
dokuma raporu hazirlanmigtir. PVA iplik numarast:
Ne40/2, yin iplik numarasi: Nm56/2. Bu kumas
yapisinda ¢6zgii yoniinde yiin ipligi, atki yoniinde ise
2PVA+ 1 hibrit (IPVA+1Yiln) kullanilmistir.
Kumaglar 400 mm genisliginde bir 6rnek dokuma
makinesinde dokunmustur.

Yontem

Elektro ¢cekim metoduyla kumaslarin ultra ince lif
yiizeylerle kaplanmasi: Molekil agirligi 85.000-
124.000 g/mol olan poli (vinil alkol) (PVA) polimeri
%10 agurlikk oraninda distile edilmis suda
¢coziinmiistiir. Molekiil agirligi 1.300.000 g/mol olan
poli (vinil pirolidon) (PVP) polimeri igerisinde
¢oziinmiistiir (1 gr PVP/8ml etanol). Elektro ¢ekim
islemi i¢in boyutlarinda 2,5%2,5 cm kesilen kumaslar
toplayict plakaya yerlestirilmigtir. Elektro ¢ekim
islem parametreleri her iki soliisyon icin de ayni
olmak tizere akis oran1 1,5 mL/sa, siringa ile toplayici
plaka arast mesafe 10 cm, uygulanan voltaj 15 kV
olarak belirlenmistir.

Sulu Boraks Cozeltisinin hazirlanmasi: Agirlikga
%1 lik boraks/su ¢ozeltisi, 50°C'de manyetik
karigtirma islemi ile hazirlanmgtir.

Hidrojel matrisli kumas takviyeli kompozit yapinin
olusturulmasi: Hidrojel matrisli kumas takviyeli
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kompozit yapimin olusturulmasi asamasinda, PVA’nin
gapraz baglanmayla hidrojel olusumu
gergeklestirilmigtir. Hazirlanan %1 boraks-su ¢ozeltisi
kumasa dokiilmiistiir ve 24 saat bekletilmistir. Yap1
suda c¢oOziindiikten sonra boraks gibi fonksiyonel
molekiillerle capraz baglanip suda ¢oziinmeyen hidrojel
yapilarina donligmektedir.

Su kaybi testi: Numunelerin ilk dnce kuru agirliklar
hassas terazide tartilmis ve “kuru agirlik” olarak not
edilmigtir. Ayni numuneye belli ve sabit oranlarda pipet
yardimiyla saf su eklenir. Saf su eklendikten sonra
ortalama 15 dakika beklenir. Bu beklemenin sebebi
kumaslarin biinyesine homojen bir sekilde alimim
saglamak icindir. 15 dakika sonunda hassas terazide
tekrar Ol¢iim yapilmigs ve “yas agirlik” olarak not
edilmistir. Yas agirliktan kuru agirhik ¢ikarilarak
yapidaki su miktar tespit edilmis ve dl¢limlere devam
edilerek yiizde su kaybi grafikleri ¢izilmistir.

DENEYSEL SONUCLAR/TARTISMA

PVA ve PVP ultra ince lif kaph yin/PVA kumas
yapilarinin optik mikroskop resimleri Sekil 1°de
verilmistir. Kumas iizerindeki PVA ultra ince lif
yiizeylerin arka taraftaki kumasgin deseni belirgin
sekilde goriilmektedir (Sekil 1A ve 1B). Diger taraftan
PVP ultra ince liflerle kapli kumas yiizeyinde PVP film
formunda toplanmis olup kumasin  deseninin
goriinmesine engel olmustur.

_ e e i 44n
Sekil 1. (A, B) PVA ultra ince lif kapli yiin/PVA
kumas, ve (C, D) PVP ultra ince lif kapli yiin/PVA
kumaslarin optik mikroskop resimleri.
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Sekil 2. PVA ultra ince lif kapl yiin/PVA kumaslarin
farkli biiyiitme oranlarindaki SEM resimleri.

PVA ve PVP ultra ince lif kapli yiin/PVA kumas
yapilarinin SEM resimleri Sekil 2 ve Sekil 3’te
verilmigtir. Kumas {izeriende PVA ultra ince lif
yiizey belirgin olarak Sekilde 2A’da goriilmektedir.
SEM goriintii derinligi arttirildiginda yiizeydeki ultra
ince lif ler daha belirginles altta kalan kumas
yapisindaki kalin lifler {izerindeki PVA ultra ince
lifler net goriilmektedir.

Sekil 3. PVP ultra ince lif kapli yiin/PVA
kumaslarin farkl: bilyiitme oranlarindaki SEM
resimleri.

Sekil 3°de ise kumas ylizeyindeki PVP ultra ince lifler
SEM ile incelenmistir. PVA ultra ince lifler kumasg
iizerinde toplandiginda tam kurumamis oldugundan
ultra ince lifler birbirine temas ettigi noktalarda
birlesmistir.
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Sekil 4. Sulu boraks ¢dzeltisi ile islem gormiis: (A, B)
PVA ultra ince lif kapl yiin/PVA kumas, ve (C,D) PVP
ultra ince lif kapli yiin kumaglarin optik mikroskop
resimleri.

Sulu boraks ¢ozeltisi ile islem gormiis PVA ve PVP
ultra ince lif kapli yiin/PVA kumaslarin optik

mikroskop resimler Sekil 4’te verilmistir. Yapidaki
PVA molekiillerinin jellesmesi sonucu Sekil 1°de
kumastan jel matris iceririnde bulunan sadece yiin
ipliklerin kaldigi kumas formuna donmiistiir.

Sekil 5. Sulu boraks ¢ozeltisi ile iglem gérmiis PVA
ultra ince lif kapli yiin/PV A kumaslarin farkli bityiitme
oranlarindaki SEM resimleri.

Sulu boraks ¢ozeltisi ile islem goérmils PVA ultra ince
lif kapl yiin/PVA kumaslarin SEM resimler Sekil 5’te
verilmistir. Jel yapilarin 6zellikle kumas yapisindaki
ipliklerin baglant1 noktalarinda toplandigt
gozlemlenmistir. Yiin liflerinin pulguklu yiizey yapisi
net bir sekilde goriilmektedir.
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Sekil 6. Sulu boraks gézeitisi ile islem gérmiis PVP
ultra ince lif kapli yiin/PVP kumaglarin farkli
bliylitme oranlarindaki SEM resimleri.

Sulu boraks ¢ozeltisi ile islem gérmiis PVP ultra ince
lif kaph yiin/PVA kumaslarin SEM resimler Sekil
6’da verilmistir. Yiin iplikleri ve liflerinin arasinda
jellesen veya c¢oziindiikten sonra kuruyarak kalan
PVA (kumasin kendi yapisindan gelen) ve PVP
goriilmektedir. Bu kisim Sekil 5’e kiyasla Sekil 6’da
daha fazladir. Buda eger ¢apraz baglanma orani fazla
ise yapmin daha fazla su almasinda, eger az ise
yapmin su ile temasinda ¢ozilerek yapidan
uzaklagmasina sebep olacaktir.
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Sekil 7. PVA ve PVP ultra ince lif kaplh yiin/PVA
kumaslarin sulu boraksla isleminden sonra zamana
bagl buharlasarak yiizde su kaybetme orani. (A) ilk
tekrar, (B) ikinci tekrar.

Sulu borak ¢ozeltisi ile muamele edilen kumaslar
kurumaya terkedilmis, kumaslar kurutulduktan su
icerisinde 15 dk bekletilerek iizerlerine aldiklar1 su
miktar1 %100 kabul edilerek zamana bagli laboratuvar
ortaminda buharlagsarak numuneden uzaklagan su
miktar1 Sekil 7A’da verilmistir. Ayni islem kurutulan
kumasalarin yine 15 dk. su igerisinde bekletildikten
sonra ikinci tekrar olarak 6l¢iim yapilmistir ve sonuglar
Sekil 7B verilmistir.

Sekil 7A’da gorildigi gibi tim numunelerde
baslangigta hizli olan suyun uzaklagsmasi zamanla
yavaslamistir. Yine ilk tekrarda ilerleyen zamanlarda
oOlciilen biinyedeki su miktar1 nanolif kaph
numunelerde sadece kumastan elde edilen yapiya
kiyasla daha fazladir.

Sekil 7B’de goriildiigii gibi ikinci tekrarda ise PVP ultra
ince lif kapli kumagin boraksla islemi ile elde edilen
yapidaki suyun buharlasarak uzaklagsmasi diger iki
numuneye kiyasla bir miktar daha fazla olmustur, buda
baslangigtaki PVP ultra ince liflerdeki molekiillerin
tamamen ¢apraz baglanmanin gergeklesmedigi ve su ile
temasta bu molekiillerin bir kisminin uzaklagmasindan
kaynaklanmis olabilmektedir.

GENEL SONUCLAR

Yapisinda ¢dzgii yoniinde yiin atki yoniinde ise yiin ve
PVA bulunan ipliklerden olusmus dokuma kumasg
yapilarinin yiizeyleri PVA ve PVP ultra ince lifler
elektro ¢ekim islemi ile kaplanmistir. Hazirlanan
numuneler sulu boraks ¢ozeltisi ile muamele edilerek
yapidaki PVA ve PVP molekiillerinin ¢apraz
baglanmas1 saglanarak hidrojel matrisli ve kumas
takviyeli kompozit yapilar elde edilmistir. Boraksla
islem Oncesi ve sonrast yapilan mikroskobik
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incelemelerde PVA ve PVP lif yapilarinin doniistimi
gozlemlenmistir. 1lk tekrarda ultra ince lif kapli
numunelerde suyun uzaklagmasi bir miktar daha
yavag iken, PVP ultra ince lif kapli kumastan elde
edilen yapidan suyun uzaklagmasi ikinci tekrarda
diger numunelere kiyasla daha hizli gergeklesmistir.

SONRAKI DONEM CALISMALARI

PVA ve PVP ultra ince lif kaplamanin boraksla
islemden sonra suyun uzaklasmasi iizerine olan
etkisini daha net gozlemleyebilmek igin bir sonraki
calismada kumas yapisinda sadece yiin ipliklerin
bulundugu dokuma kumaglar kullanilarak aymni
Olgtimler tekrar edilecektir. Ayni sekilde ultra ince lif

kaplama  miktarlar1  farklilastirllarak  sonuglar
degerlendirilecektir.
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AMACLAR

Bu c¢aligmanin amact ¢evresel kirlilige neden olan
kimyasal madde kullanim1 olmadan pamuk lifine
verilen zararin Kkantitatif olarak Fourier transform
infrared (FT-IR) ve Termogravimetrik (TGA) analizi
ile tespit etmektir.

GIRIS
Pamuk elyafindan iretilmis tekstil materyalleri
kullanim konfor ve estetigi agisindan daha elverisli
olmasina yonelik olarak terbiye ve boyama islemine
maruz birakilir. Bu iglemler kimyasal maddeler
esliginde yapilan uygulamalar olup, ekseriyetle bazik
ortamda iglem gérmesine ragmen asidik ortamda isleme
de maruz kalabilmektedir. Ozellikle kumas bileseninde
pamuk+asidik ortamda terbiye ve boya islemine tabi
tutulan elyaf olmasi durumunda pamuk lifi asitle temas
edebilmektedir. Pamuk lifinin molekiiler yapisi oksijen
kopriileri makromolekdillerini
olusturan P glikoz monomeri olup, inert bir yapisi
yoktur. Bu nedenle asidik ve alkali ortamda hidroliz ve
oksidasyon reaksiyonlar1 verebilmektedir [1,2]. Bu
reaksiyonlar seliiloz makromolekiillerinde
zincir kopuslari, glikoz halkasinin agilmasi veya her
ikisi birden olusabilmektedir. Pamuk lifinin dogal

tzerinden seliiloz

sonucu

olmast ve molekiiler yapitasinin glikoz olmast
nedeniyle mikroorganizmalar tarafindan da bozunma
riski olan bir elyaf cesididir. Her iki bozunma
durumunda da lif yapisindaki degisim benzerdir. Bu
reaksiyonlar pamuk ozelligi
degismektedir. Zincir kopmasi pamuk lifinin
mukavemetini diisiirtirken, halkanin acilmasi lifin
reaksiyon oOzelligini degistirmektedir. Mukavemet
iiriinlerin kullanim 6mriinii belirleyen bir parametredir.
Bu  parametrenin  kontrol  altinda
gerekmektedir. Mukavemet kaybina ise hidroliz olan
seliiloz makromolekiil agirligindaki
(polimerizasyon  derecesinin  diigmesi)  neden
olmaktadir. Terbiye ve boyam isleminde pamuk lifinin
ne seviyede hasar gormiis oldugunun bilinmesi bu

nedenle Onemli bir durumdur. Halihazirda bir ¢ok

sonucu lifinin

tutulmasi

azalma
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metotla pamuga verilen hasar seviyesi siibjektif
metotlarla yapilmaktadir [3].

Pamuk elyafinin, pamuk elyafindan iiretilmis hem
iplik hem de kumas halindeki iriinlerin hasar goriip
gormediginin, kimyasal hasar var ise hasar
derecesinin tespiti hem iiretim sonrasinda hem de
bekleme sonrasinda énemli bir durumdur. Pamuk lifi
gordiigli islemlerde hasar gorecegi gibi bekleme
sartlariin uygun olmamasi durumunda da hasar
gormektedir. Pamuk veya pamuklu mamul alim
satimlarindan 6nce, pamuklu iriinlerin her bir terbiye
isleminden Once ve sonra pamuk elyafinin hasar
goriip gormediginin, hasar var ise seviyesinin ne
oldugunun bilinmesi nihai {iriiniin kalitesi agisindan
6nemli ve zorunlu bir durumdur [4,5].

DENEYSEL
Malzeme

Ham pamuk, H,0,, sodium siilfat, NaOH, yiizey aktif
malzeme, H2SO4, distile su.

Yontem

500 mL distile su igerisine stokiyometrik oranda
H>0,, sodyum siilfat, NaOH, ylizey aktif malzeme
konarak homojen bir karisim hazirlanir. Bu karisim
pH 11-12 olacak sekilde 40-50°C sicaklikta tutulur ve
ardindan ham pamuk bu karisim igine daldirihir ve
stvimin  pamugun her tarafina tamamen girmesi
saglanarak hidrofiliklesmesi islemi gerceklesmistir.
Hem ham pamuk hem de hidrofilik muamele gormiis
pamuk 3,10,30 ve 60 dk zaman araliklarinda belli
sicaklik altinda seyreltik H,SO4 ¢ozeltisi igine batirilir
ve hemen ardindan nétralizasyonu igin derisik NaOH
cozeltisinde 30 dk bekletilir.



Tablo 1. Numunelerin islem siireci.

Numune Islem siireci

kodu

H1 hidrofillestirilmig

H3 Hidrofillestirilmis ve 3 dk asitle muamele edilmis
H10 Hidrofillestirilmis ve 10 dk asitle muamele edilmis
H30 Hidrofillestirilmis ve 30 dk asitle muamele edilmis
H60 Hidrofillestirilmis ve 60 dk asitle muamele edilmis
P1 Ham pamuk

P3 3 dk asitle muamele edilmis

P10 10 dk asitle muamele edilmis

P30 30 dk asitle muamele edilmig

P60 60 dk asitle muamele edilmis

DENEYSEL SONUCLAR/TARTISMA

Tim numunelerin FTIR spektrumlar1 (Sekil 1 ve Sekil
2) incelendiginde seliilozun karakteristik pikleri oldugu
agikga goriilmektedir. 3333cm "'deki yayvan pik
selilozun  yapisindaki ve su molekiillerinden
kaynaklanan -OH grubu ile alakalidir [6]. 2920 ve 2850
cm? seliillozun yapisindaki -CH; grubunun gerilim
titresiminden kaynaklanmaktadir. 1162, 1103, 1051,
1030 ve 999 cm'deki pikler ise seliilozun yapisindaki
C-0-C grubunun gerilim titregsiminden
kaynaklanmaktadir [6-8]. 878 cm™'de ham pamukta pik
olmaz iken, hidrofil hale getirilen pamuk numunesinde
pik olustugu ve pik siddetinin asitle muamele
derecesine  bagl arttign  gorilmistiir.
Hidrofillesen pamuk numunelerinde goriilen 878 cm’
L'deki bu pik (CO3)?‘tan kaynaklanmaktadir [9]. Asitle
muamele isleminde pamuk lifi yiizeyinde radikal
gruplarin olustugu spektrumdaki baseline disiisiinden
goriilmektedir.  Asitle pamuk
liflerinin OH grubu pik olusumundan
baselinede genel bir diisme oldugu goriilmektedir.
Bunun ise lifte olusan radikallerden kaynaklandigi
diisiiniilmektedir. 1103 cm¥’deki pik sadece asitle
islem gormeyen hidrofilik hale gelmis pamuk
bulunmaktadir. HI1, H3 ve HI0
numunelerinde pik yikseklikleri siralamaya gore
azalmaktadir ve H30 ve H60 numunelerinde bu pik
kaybolmustur. 1103 cm™¥’deki  pik
makromolekiilindeki monomerler aras1 koprii olan C-

olarak

muamele gbérmiis

sonraki

numunesinde

seliiloz

O-C yapryla ilgili oldugundan bozunma oksiseliilozdan
ziyade hidroseliiloz olarak olustugu ve zincir kopmast
reaksiyonu oldugu goriilmektedir [10,11]. Asitle
muamele sonrasmnda 1425 cm™de pik olustugu
bununda  yapiya  baglanan  SOx  grubundan
kaynaklandig1 dasiiniilmektedir. SOx bu pikin SOy
grubuna ait olduguna TGA thermograminda %50 kiitle
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kalintis1 kalmasinda ilave bir delil teskil etmektedir.
SOx grubundan dolayr pamuk lifleri yanmazlik
ozelligi kazandigindan bozunma yeterli seviyede
olamamustir.

Tablo 2. Numunelerin 1s1l olay1.

kod | 1.11Isil olay 2.11Is1l olay 3.11s1l olay % Kiil
P1 215°C’de, 488°C’de, 709°C’de, 0.008
%7.39 kiitle | %71 kitle | %19.6  kiitle
kaybu, su ¢ikist kaybu, piroliz | kaybu,
bozunma
P10 | 275°C’de, - 52.88
%38.68  kiitle
kayb1, bozunma
P60 | 194°C’de, 536°C'de 686°C'de 26.12
%9.44 kiitle | %48.23 %14.86
kaybu, su ¢ikist kiitle kaybi, kiitle  kayb,
piroliz bozunma
H1 178°C'de %7.20 | 496°C'de %68 | 703°C'de 3.77
Kiitle kaybz, kiitle kaybi, %19.22
su ¢ikigt piroliz kiitle  kayb,
bozunma
H10 | 341°C'de %39 : 59.85
kiitle kaybu,
bozunma
H60 | 279°C'de 54.82
%45.38
kiitle kaybi,
bozunma
Bilindigi gibi SOx gruplar1 malzemelere gii¢

tutusurluk ozelligi kazandirmaktadir. 878 cm ™ deki
pik yiikseklikleri Tablo 3'teki gibi hesaplanmustir.
Asitle hasar gérmemis P1 numunesi haricinde tiim
numunelerde bu pike rastlanmaktadir. S6z konusu
pik yiikseklik degerleri pamuk lifinin goridigi
hasara bagli olarak artmakta olup, hasar miktart ile pik
yiiksekligi arasinda bir iligki oldugu gorilmistiir.
buna ilave olarak 1103 cm™ deki pik yiiksekligi ise
pamuk lifinin gordiigi hasara baglh olarak diistiigii
goriilmiistiir. pik yiiksekligindeki diislis yine hasar
miktar1 ile orantili oldugu goriilmiistiir. tim asitler
SOx grubu igermediginden hasar igin bu pikin bir
anlami yoktur. Ancak hem 1103cm™ hem de 878 cmr
! deki piklerdeki degisim ile pamuk hasar miktar:
yapilabilecegi Hem
hidrofillestirilmis hem de ham pamugun %100
agirlik  kaybettigi ve organik yapinin tamamen
bozundugu goriilmistiir (TGA thermogrami) ancak

korelasyonu gorilmistiir.

stilftirik asitle muamele goren pamuk liflerinin %50
kiitle kaybina ugradigi, yapiya baglanmis olan SOy
gruplarinin organik yapiy1 oksijenli ortamda 800°C
sicaklikta yanmasini engelledigi goriilmiistiir.



Sekil 1. Asitle islem gdrmiis ham pamuk liflerinin FTIR spektrumlart.
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Sekil 2. Asitle islem gormiis hidrofillesen pamuk Tablo 3. Numunelerin verilen dalga boyundaki kantitatif
liflerinin FTIR spektrumlari. degerleri.
Hasar gormiis pamuk liflerinde bozunma seklinde bir Eludmune Frel_<1ans Pik yiiksekligi
tane 1s1l olaya olurken, normal pamuk liflerinde su Hol e (cm”) 167
¢ikisi, 1. Isil olay, organik yapmin azot ortaminda H3 4.42
pirolizi, 2. Isil olay, oksijenli ortamda piroliz olan H10 1103 3.64
kismin bozunmasi 3.1s1l olay sekilde 3 farkli 1s1l olayin H30 -
oldugu goriilmiistiir. ;'160 :
P3 9.98
P10 878 28.09
P30 23.69
P60 5.12
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Sekil 3. Pamuk liflerinin TGA termogrami.

GENEL SONUCLAR

Pamukta olusan hasar miktar1 FT-IR analizi ile tespit
edilmektedir. 1103 cm™ ve 878 cm* deki piklerden bu
hasar agikca goriilmektedir. Ayni zamanda asitle hasar
sonucunda pamuk liflerine tutunan SOy yapiya
baglanmistir ve yanmazlik 6zellik kazanabilmektedir.
SONRAKI DONEM CALISMALARI

Pamuk lifindeki hasar miktarinin FTIR ile tespitine
yonelik metot gelistirilmesi ve pik yiikseligi ile hasar
seviyesinin optimizasyounun yapilarak yeni bir analiz
metodunun  literature  kavusturulmasi  c¢aligmasi
diistiniilmektedir.
TESEKKUR/BILGILENDIRME/FON KAYNAGI
Ham pamugun temin edilmesine katki saglayan Nazilli
Pamuk Arastirma Enstitiisii'ne tesekkiir ederiz.
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PURPOSE

Carbonized conducting polymer, e.g. polypyrrole
(PPy), nanostructures (nCCPs) with simultaneously
grown carbon nanotube (CNT) and metal oxide
nanowire (MONW) coverage on their surface were
manufactured, with a great potential as a building
material for advanced engineering applications such as
energy storage, via a microwave (MW) energy-based
approach.

INTRODUCTION

As a result of their uniquely blended morphological,
spectroscopic and electrochemical features,
nanostructured hybrid materials (nHMs), which contain
different types of active species with relevant functional
groups, have attracted intense research interest of
numerous research institutes from a wide variety of
science fields and industry.*® Since its discovery at the
beginning of 1990’s,'® CNTs, in either their single or
multi-walled  forms, have been significantly
investigated as one of the most common building block
materials in affordable and high performance value
added nHM production for sensory,®4817 energy
storage,51013-151827 and magnetic resonance imaging
(MR applications due to their extraordinary thermal,
electrical, mechanical and electrochemical properties.
Nanostructured metals®® or MOs”® made up of
Fe 03,4230 Fes04,2 Zn0,f MnO,,383% and TiOH
have been commonly utilized, by means of filling® or
attaching via spontaneous self-assembly,® along with
CNTs in order to both enhance and diversify their above
mentioned inherent properties and to optimize their use
in nHM production.?® As one of the most well-known
and well-studied members of CP family, owing to its
advantageous properties such as facile and low-cost
synthesis at ambient conditions with high vyield,
relatively high electrical conductivity, long-term
environmental stability, and high electrochemical
performance, PPy is chosen as the active host material
to prepare the targeted nHM together with the
simultaneously grown CNT and Fe,Os NW guest
materials on its carbonized surface via MW energy-
based approach.?6712132232-40 Thys the targeted
nHMs’ preparation in 3D composite form, via MW
energy-based approach along with the utilization of
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nCCP as the host and the simultaneously grown CNTs
and MONWs as the “surface decoration” guest, would
result in combination of both the advantageous
nanostructured  material design and  unique
electrochemical properties of all the individual
components in one structure.1.3-1526:29.3L4142 \Wijth that,
in current study, a well-established, in-situ
polymerization/coating method and a simple and
straightforward  ex-situ MW  energy-based
carbonization  approach, i.e. PopTube, are
systematically combined to prepare the targeted novel
nHM composites.

EXPERIMENTAL

Material

Following chemicals and reagents, including
ammonium peroxydisulfate (APS, (NH4)2S.0s, 98%
min.), ferrocene (99%), acetone, and pyrrole (98%),
were all purchased from Alfa Aesar and used for the
synthesis reactions. lron pentacarbonyl (Fe(CO)s,
99.5% and 99%-Fe) was purchased from Strem
Chemicals and used for MW energy-based nHM
preparation.

Method

In order to obtain the targeted nHM samples; 50 mg
of PPy/ferrocene powder was placed in a glass vial
and soaked with 0.1 mL of Fe(CO)s until its surface
became completely wet. After the partial evaporation
of the liquid phase, the damp sample was placed into
a standard kitchen MW oven (Panasonic Inverter,
NN-SN936B) chamber for the quick heating process
as shown in Figure 1.

0+«
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Figure 1. Schematic illustration of the combined nHM
synthesis approach.

RESULTS AND DISCUSSION

Based on the measurements taken from these SEM
images, couple of microns long CNTs with ~200 nm
average diameters (Figure 2A and 2A’), and noodle-like
MONWSs with more than 10 um in length and ~500 nm
in average diameters (within 300-700 nm distribution
range) were densely grown on the relevant nHM
sample’s surface (Figure 2B and 2B”).

~ “

Figure 2. SEM images of the simultaneously grown;
(A, A’) CNTs, and (B, B’) MONWs on nHM sample.

These results are in good agreement with the ones from
the previous literature 8812284350 angd thus, the as-
obtained nHM’s previously mentioned potential use in
electrochemical energy storage-related applications
becomes highly expected along with its carbonized
ultra-high surface area that is homogenously decorated
with the as-grown CNTs and MONWs.

Last but not the least; the as-prepared nanostructured
materials’ potential energy storage application
performances were evaluated via CV in a comparative
manner and the relevant results are shown in Figure 3.
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Figure 3. CV voltammograms of; (black line) cPPy
NP, (red line) CNT@cPPy NP, and (blue line)
CNT&MONW@cPPy NP samples.

The analyzed nanostructured samples’
voltammograms exhibit dominant EDLC-based
electrochemical characteristics, since majority of the
samples were carbonized and/or contain high amount
of C in their structures. In terms of shape and
symmetry, cPPy NP and CNT@cPPy NP sample
electrodes’ voltammograms exhibit ideal capacitive
property with quasi-rectangular characteristic and no
obvious redox peaks, but in terms of size, i.e. current
density, approximately two folds of difference can be
observed between them. Here, the reason can be
attributed to the high abundance of CNTSs, which
significantly contributes the above mentioned
interface formation through their effective contact
area with the electrolyte.® Expectedly, CNT &
MONW@cPPy NP sample exhibits a two times larger
voltammogram compared to that of CNT@cPPy NP
sample. Here, the intra-/inter-tube pores on and
among the CNTs enable both facilitated electron
diffusion and rapid ion transfer between the
electrolyte and MONW surface. This can be
considered as a major proof of a similar
electrochemical characteristic with much higher
capacitive performance difference between these
samples.

CONCLUSION

Well-organized experimental procedures, i.e. in-situ
polymerization/coating of nCP on a metallocene
precursor material, and the ex-situ MW energy-
assisted PopTube, were systematically combined to
develop nHMs, e.g. simultaneously grown CNTs and
MONWSs decorated nCCPs, with a promising
potential for electrochemical energy storage
applications. Throughout this study, the effective
mechanisms involved in nHM production were also
revealed as a route to optimize its potential
application performance. Thus, along with these
accomplishments it is envisaged that the as-prepared
nHMs would soon become a material of preference
and would be effectively used for various advanced



applications such as electrochemical energy storage,
MRI imaging, water treatment and so on.
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PURPOSE

Production of PAN-based nanofibrous mats as filter
material via electro-solution blowing method is the
main purpose of this study. The effect of applied
voltage on fiber morphology and filtration performance
will be investigated.

INTRODUCTION

Air quality on the earth is decreasing day by day due to
the increasing human population and consequently
increasing industrialization. Among the pollutants,
particulate matters (PM) based air pollution contributes
to increased risk of cardiopulmonary and lung cancer
mortalityl. Filtration is one of the direct solutions to air
pollution by preventing spread the pollutants to the
atmosphere from the source. Porous membrane and
fibrous filters are the main types of filters.

Nonwoven fibrous membrane filters have been widely
used in filtration applications. Glass, polyethylene (PE),
polypropylene (PP), polyester, and aramid fibers are
some of the fibers used in these filters 2. However, these
filters often complain from the issues like non-uniform
fiber diameter and pore size, relatively low filtration
efficiency, high basis weight, and poor high-
temperature resistance®. Compared to conventional
microfiber-based filters, nanofiber-based filters have
significantly improved filter efficiency, filter life, and
exhibited lower pressure drops. The main reason for the
higher performance of nanofiber-based filters is the
lower airflow resistance of nanofibers as a result of the
‘slip effect’™

Solution Blowing (SB) is a highly efficient micro — or
nanofiber production method that used the compressed
air as the driving force for fiber production. In this
method, the polymer solution is fed through the inner
channel of the nozzle while the compressed air flows
through the outer channel. With the high airflow formed
at the nozzle tip, the solution is blown towards the
collector surface, the solvent in the solution evaporates
during its way to the collector and the blown solution is
collected as a fibrous structure on the collector surface®.
The system is known to be safe and cost-effective
among other nanofiber production systems®.

The difference of the electro-solution blowing (ESB)
system from the SB is the presence of an electrical field.
The electrical field produces an additional driving force
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on the solution to able to produce finer fibers by
additional stretching of the polymer chains 7. In this
way, it is possible to produce nano-sized and aligned
fibers with high production speeds.

Depending on the application area, the physical and
chemical stability of the filter materials against
moisture, temperature, chemicals, and other effects
must be provided. Polymer-based nanofibrous filters
such as polyamide-6 (PA-6), polyacrylonitrile (PAN),
poly (vinyl alcohol) (PVA), polyurethane (PU) are
generally used in applications such as vehicle cabin
filters, building filters, and personal is used 2. Among
them, PAN has strong chemical bonds with nitrogen
groups, thus, the fibers obtained from PAN show high
stability against weather conditions.

In this study, the production of PAN-based
nanofibrous mats as filter material via electro-solution
blowing method is aimed. The effect of applied
voltage on fiber morphology and filtration
performance will be investigated.

EXPERIMENTAL

Material
Polyacrylonitrile copolymer (PAN, Mw 225,000
g.mol?) was purchased from Aksa and

dimethylformamide (DMF, 99.99% purity) was
purchased from Merck.

Method

To prepare a homogeneous spinning solution, PAN
was added into dimethylformamide (DMF) at 8 wt.%
concentration and stirred at 80°C for 4h. Nanofibrous
PAN filter samples were then fabricated by using E-
Aerospinner L1.0 (Areka Group LLC). The basic
components of the machine are schematically given
in Figure 1. The prepared solution was blown with
pressurized air (2 bar) using a 22 gauge needle and 5
ml/h feeding rate. Electrical voltage (OkV, 15kV, and
30kV) was applied during production. The blown
fibers were collected on a rotating collector covered
with a 25 gsm PP nonwoven. During the process, the
rotational speed of the collector fixed to 60 rpm.
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Figure 1. Schematic presentation of the ESB system.

RESULTS AND DISCUSSIONS

SEM images and fiber diameter distributions of PAN
NFs are shown in Figure 2. Accordingly, regardless of
the presence or not voltage, all samples had lots of
droplets. However, the number and size of the droplets
were lower with increasing the applied voltage. The
finest fibers with the lowest droplets and standard
deviation were obtained from the sample blown with 30
kV. Additionally, the diameters of the produced fibers
were 80, 70 and 60 nm.

T

(NS My

- '
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Figure 2. The SEM images and fiber distribution (d)
of the PAN samples which were produced with a)
0kV, b) 15kV, c) 30kV.

In.

Table 1, the air permeability results of the samples were
given. Accordingly, the air permeability of the fibers
has decreased with increasing electric field as a result
of the finer fibrous structure. When the fibers get finer,
the gaps between the fibers reduce and airflow rate
decreases.

Table 1. Air permeability test results of the samples

Samples Areza Pressure | Air Permeability
cm) | (Pa) (mmis)
0 kv 254
15 kv 38 125 222
30 kv 134

The filter performances of the samples were measured
as a single and double layer. In the case of double-layer
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measurement, the filtration efficiency was improved.
Additionally, the finer fibers as a result of the
increased electric field also resulted in higher
filtration performance. However, the pressure drop of
this fiber was higher since the airflow through the
filter media was decreased as a result of reduced

porosity.
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Figure 3. % Penetration and pressure drop versus

the number of the layer of fibrous samples.

CONCLUSIONS

The PAN-based nanofibrous mat was produced
successfully with electro-solution blowing. With the
applied electric field, fiber diameters were reduced
and the finest fibers produced with 30 kV electric field
showed 99.993% filter performance.

SUGGESTION FOR FURTHER WORK
Different concentrations of the solution and also
fibers from different MW PAN polymers will be
produced to obtain defect-free fibrous mats.
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AMACLAR

Bu ¢alismanin amaci, termodinamik agidan uyumsuz
olan izotaktik polipropilen/poli(etilen tereftalat)
(iPP/PET) karigimlarinin morfolojik  6zelliklerine
maleik anhidrit agilanmig polipropilen (PP-g-MA) ile
uyumlastirmanin etkisini incelemektir.

GIRIS

Polipropilen diisiik maliyet, isleme kolaylig1 ve sahip
oldugu fiziksel ve kimyasal ozellikleri sayesinde pek
¢ok uygulama alaninda kullanilan bir
termoplastiktiri234. Ancak, polipropilenin mekanik
ozellikleri bazi uygulamalarda yetersiz kalmaktadiri.
Son zamanlarda yiiksek performans2, diisiik maliyetsve
uygulama  alanlarininse  gelistirilmesi  amaciyla
polipropilen (PP) karigimlarinin hazirlanmasi ve
karakterizasyonun {iizerine hem akademik hem de
endiistriyel alanda g¢esitli caligmalar yapilmaktadir.
Polipropilen karisimlari, istenilen 6zelliklere sahip yeni
malzeme olusturma avantaji sunmaktadire.

PP karisimlarinin termodinamik agidan uyumlu ve
uyumsuz  karistm  olmak  iizere iki  smifa
ayrilmaktadirss. PP karisimlarinin 6zellikleri, karisim
bilesenlerinin tiirii ile karisimdaki yiizdeleri ve
morfolojisine gore degisim gostermektedire,7s. PP/PET
karigimlart uyumsuz yani ¢ok fazli bir polimerik
karigimdirzggt0. PP/PET karigiminda ara yiizeyler
kontrol edilerek karisimin morfolojisi kararli hale
getirilmektedirii12. PP karigimlarinda ara yiizey
ozellikleri ve morfoloji kararliligi uyumlastirma islemi
kontrol edilebilmektedirzas. PP karisimlarinin  ara
ylizey oOzelliklerinin iyilestirilmesinde  genellikle
maleik anhidrit (MA), akrilik asit (AA) ve glisidil metil
metakrilat (GMA) gibi fonksiyonel gruplara sahip
kopolimerler tercih edilmektedirz,14,15,16,17,18.

Bu calismada, izotaktik polipropilen/ poli(etilen
teraftalat)  karistmmin ~ morfolojisine  karigimi
uyumlastirmanin etkisi taramali elektron mikroskobu
kullanilarak arastirilmigtir. Mikro yapi analizlerinde,
iPP/PET karigimlarint PP-g-MA ile uyumlastirmanin
dagilan fazin tanecik boyutunda diisme sagladigini ve
karigimimn  uyulastirict  varhiginda  homojenlestigi
gOriilmistiir.
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DENEYSEL

Malzeme

Bu caligmada, iPP/PET (70/30) karigimlarinin kirtk
yiizeyleri kullanilmistir. Uyumlastirict olarak PP-g-
MA (agirlik¢a %0,1,5) kullanilmistir.

Yontem

iPP/PET (70/30) karisimlari eriyik harmanlama
yontemi ile ¢ift vidali ekstriiderde hazirlandiktan
sonra TS EN ISO 294 standardina uygun olarak
enjeksiyon makinesinde kaliplanmigtir. iPP/PET
karigimlarindaki polimerlerin etkilesimi ve dagilim
ozelliklerine PP-g-MA’nimn etkisi taramali elektron
mikroskobu (SEM) ile incelenmistir. Numuneler
vakum altinda altin ile kaplandiktan sonra
Inspect/S50 model SEM cihazinda analiz edilmistir.

DENEYSEL SONUCLAR/TARTISMA

Sekil 1’de iPP/PET karigimlarmin  kirilma
yiizeylerine ait SEM  goriintileri  verilmistir.
iPP/PET/PP-g-MA 70/30/0 karisiminda iPP matrisi
icerisindeki PET fazinin homojen bir sekilde
dagilmadig1 goriilmektedir. Bu durum, iPP ve PET
polimerinin ara yilizey etkilesiminin kotii oldugunu
kanitlamaktadir. iPP/PET  karisimlarinda  artan
uyumlastirict oranina bagli olarak iPP matrisi
icerisinde dagitilan PET fazinin geometrisinin

dagilimimin ve boyutlarmin degistigi gorillmiistiir.
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Sekill. a)iPP/PET/PP-g-MA 70/30/0 b)iPP/PET/PP-
g-MA 70/30/1 c)iPP/PET/PP-g-MA 70/30/5 ait
x5000 biyiitmedeki SEM gortintiileri



Uyumlagtirici oranindaki artig PET’in daha homojen
dagilmasini saglayarak iPP matrisi ile PET fazinin ara
yiizey etkilesimini artirmstir (Sekil 2).

Sekil 2. a) iPP/PET/PP-g-MA 70/30/1 b) iPP/PET/PP-

g-MA 70/30/5 ait x50000 biyiitmedeki SEM
goriintiileri

GENEL SONUCLAR

Bu c¢alismada iPP/PET (70/30) karisimlarinin

morfolojik 6zelliklerine uyumlagtirmanin etkisi SEM
ile incelenmistir. Artan uyumlastirici oranina bagl
olarak, iPP’nin PET fazinin ara yiizey 6zelliklerinin
iyilestigi gortilmektedir. Bu durumun PP-g-MA’nin
fonksiyonel u¢ grubunun PET’in fonksiyonel ug
gruplarinin  etkilesiminin ~ kanitidir.  Hazirlanan
karisimlarin mikro yapilar1 kiyaslandiginda, en kiigiik
ortalama tanecik boyutu iPP/PET/PP-g-MA 70/30/5
karisiminda  gozlenirken, en  biiyilk ortalama
iPP/PET/PP-g-MA 70/30/0 karisiminda tanecik boyutu
gdzlenmistir.
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AMACLAR

Siirdiiriilebilir atik yonetimini saglayabilmek igin
sisteminin her bir elemaninin ¢evresel ve ekonomik
yiiklerini irdelemek ve bu mekanizmay siirekli olarak
isletmek gereklidir. En ekonomik ve igletme maliyeti en
diisiik olan atik yonetimi sistemi en az atigin iiretildigi
sistemdir. Atik miktarin1 azaltmak i¢in ise minimum
atik tiretecek tekniklerin uygulanmasi, atiklarin enerji
ve/veya materyal olarak geri kazaniminin saglanmasi
gereklidir. ( Yaman ve ark.)

Uretimin ardindan ortaya ¢ikan aygigegi sap1 ¢ift¢imiz
icinde biiyiik sorun olusturmaktadir. Yilda yaklagik
2.500.000 ton aygicegi sapi1 atik olarak bulunmaktadir.
( Binici ve ark.)

Calisma dahiliden atik halde bulunan aygigegi
saplarinin  fiziksel —parcalama prosesini takiben
kimyasal havuzlama islemi ile tekstilde kullanilabilir
elyaf haline getirilmesi amaglanmaktadir.

GIRIS

Calisma kapsaminda atik halde bulunan aygigegi
saplarmin geri donilisimii  saglanarak iretime ve
ekonomiye tekrar kazandirilmasi amaglanmaktadir.
Aygicegi sap1 igerisinde yaklagik olarak % 54 — 55
oraninda  selilloz, % 12-13  oraninda lignin
barindirmaktadir. En yakin seliloz madde miktar
yapis1 % 70 ile keten lifinde mevcuttur ( Mengeloglu ve
ark. ). Keten lifinin teknik 6zellikleri ve havuzlanarak
elyaf halinde kullanimina iliskin yapilan arastirmalarda
keten yapisinda bulunan lignin polimerinin havuzlama
ve elyaf Kkalitesini belirlemede olumsuz etki
olusturmadig tespit edilmistir ( Dogan vd ark.) Bu da
gostermektedir ki aycicegi sapt kullanilarak keten
yapisina benzer kimyasal yapida elyaf eldesi miimkiin
olabilmektedir.

Govdede bulunan liflerin sert yapidan ayristirilmasi i¢in
mekanik, kimyasal ve biyolojik birgok yontem
bulunmaktadir.( Korlii ve ark.)
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Caligma dahilinde ay¢igegi saplarinin dekortikasyon
(kirma ) islemini takiben, hizli bir iiretim teknigi olan
kimyasal havuzlanaya tabi tutulmasi
ongoriilmektedir. [6] Giderek tiikenen ham madde
kaynaklarmian alternatif olusturmast planlanan
biyobozunur bu ham madde kaynagi sayesinde
pamuk, keten, bambu gibi oldukg¢a yaygin kullanilan
bitkisel esasli liflere ¢cevresel yiik olusturmayan bir lif
cesidi eklenmesi dngoriilmektedir.

Giiler ve ark.(2005), yaptiklar1 calismada aycicegi
saplar1 ve akkavak yongalarindan {i¢ tabakali yonga
levhalar iiretilmistir. Caligmada elde edilen sonuglara
gore ay ¢icegi sap1 esasli yongalarm {ire formaldehit
ile uyumlu oldugu ve ay ¢igegi saplarimin tek basina
ya da kavak yongalari ile karigtirilarak yonga levha
tiretiminde hammadde olarak kullanilabilecegini
vurgulamistir.

Ayeigegi sapinin icerisinde bulundugu bir yapinin 1s1l
yalitim 6zelligi gosteren yeni bir malzeme halinde
kullamldig: tespit edilmistir. Uretilen blok ve panel
yalitm malzemelerinde aygicegi sap1  katkili
malzemelerin 151 ve ses yalitim oOzellikleri
aragtirtlmistir. Aycicegi sapt bulunduran yapilarin
konvansiyonel strafor yapilara gore daha istiin
performans 6zelligi sagladigi tespit edilmisir. (
Mengeloglu ve ark. )

Bu ¢aligmalar dogrultusunda keten seliilozik yapisina
benzer bir yapida oldugu tespit edilmis ve 6zellikle
1s1l yaliim o6zelligi olan aygicegi sapinin pamuk,
keten, yiin gibi ham maddelerle kullanilarak termal
performans 6zelligi bulunan iplik ve kumas yiizeyleri
elde edilebilecegi ongoriillmiistiir.



DENEYSEL
Malzeme

Ham madde olarak kullanilmas: ongdriilen aygigegi
saplar1 % 50’den fazla seliiloz icermesi sayesinde ve
yapisindaki mukavemeti saglayan lignin polimeri
sayesinde mukavim yapili, fiziksel perormans
ozellikleri yiliksek olan bir alternatif konumundadir  (
Dogan ve ark.).

Billeyim, %%
Sellibor Hemsel@los Lignin Ekstraktifier

Sen odun $147 2515 h-24 18

Yaumuysk odun 4044 25-9 2431 1.5

Pamuk 95 2 ) 0.4

Avgice: Sog $4-55 9-10 1

Misar sapi 1% 25

Keten 71 21 f

Kendie ™ 2 f E
o il | T

Kenaf % | 8

Rami [

Samen 30 15

Sekil 1.Yapisinda Seliloz Bulunan Bazi Ham

Maddelerin Kimyasal Bilesimi
Yontem

Aygicegi sapina ait dis katmanlar soyulduktan sonra,
dekortikasyon ( kirma ) isleminde gegirilecektir. (Sekil
2)

-
-~

- yaprak

afzhk

olukiu besleme silindirleri
A sabit dviich bar
soyma silindiri
kor bigak

Lifier

Sekil 2. Dekortikatér Kullanimi {le Liflerin Ayrilmast

Kirma islemini takiben yapmm elyaf formuna
getirilmesi  i¢cin alkali ile iglenmesi prosesine
gecilecektir.  Alkaliler oOzellikle hemiseliilloz ile
reaksiyona girebildiginden en sik tefcih edilen ve etkili
zamk giderme prosesidir. Kimyasal yardimiyla zamk
giderme prosesi boyunca sirastyla sirasiyla; siilfiirik

asit (H2S04) gibi bir asit icerisinde daldirip bekletme,
yikama, sodyum hidroksit (NaOH) ¢ozeltisi ile
kaynatma, yikama, agartma, suyun uzaklastirilmasi,
yaglama ve kurutma seklindedir. Zamk giderme
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isleminde dikkat edilmesi gereken noktalardan biri de
islem sirasinda tek liflerin birbirlerine baglanmasini
saglayacak miktarda zamkin birakilmasidir. Aksi
halde lifler birbirlerinden bagimsiz konumda tek tek
lifler halinde kalacaktir. Tek liflerin uzunlugunun kisa
olmasindan dolay1 zamki tiimiiyle giderilmis lifler
egrilememektedir  ( Franck ve ark.).

DENEYSEL SONUCLAR/TARTISMA

Yapilan literatiir arastirmalart gerek igerisinde
barindirdig1 seliiloz ve lignin miktar1 gerekse atil
halde bulunan bitkisel yapinin bazi fiziksel ve
kimyasal proseslerden gegirilerek kullanilabilecegi
tespit edilmistir.

GENEL SONUCLAR

Yillik yaklasik 2.500.000 ton civarinda olusan ve
hicbir sekilde ekonomik ve {iretim siire¢lerinde
degerlendirilmeyen  aygicegi  govdesi  yapilan
hazirlama prosesleri neticeisnde termal, fiziksel
performans ozellikleri bulunanan katma degerli bir
elyaf haline getirilebilecektir. Hizla tiikkenen dogal
ham madde kaynaklarina alternatif sunmasi
ongoriilen yapiyla oOncelikli olarak i¢ piyasada
sonrasinda ihracat anlaminda iilke ekonomisine katk1
saglanabilecegi diisiinilmektedir.

SONRAKI DONEM CALISMALARI

Yapilan literatiir aragtirmalart neticesinde
kullanilabilecegi goriilen ay¢icegi saplarinin ilerleyen
zamanlarda belirlenen proseslerde ve parametrelerde
laboratuvar Olgekli olarak iretilmesi
amaglanmaktadir. Sonrasinda yapilacak performans
testleri  ile  mekanik ve  termal etkiler
gozlemlenecektir. Elde edilen iriiniin yumusak bir
doku saglanmasi igin tek bagina degil, pamuk, yiin,
bamboo gibi diger elyaf Kaynaklar1 ile berlili
oranlarda karistirilarak kullanilmasi 6ngoriilmektedir.
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PURPOSE

The main aim of the study is to investigate the effect of
N-alkoxy hindered amine based light stabilizing
(HALS) agent and nano-sized titanium dioxide particles
on the flammability of a cyclic phosphonate-based
flame retardant (FR)/polypropylene (PP) system.

INTRODUCTION

Polypropylene (PP) is one of the most widely used
thermoplastic polymers in several industries® due to its
low cost, environmental friendliness and easy
processability?. High mechanical strength and chemical
resistance® are also advantageous of PP. However, due
to its aliphatic hydrocarbon structure, it is highly
flammable and burns quickly without leaving any
residue®. PP, which is also very sensitive to UV,
decomposes by photo-oxidation as a result of long-term
UV exposure, especially in outdoor applications. These
disadvantages can be overcome by using flame
retardants (FRs) and UV stabilizers. Phosphorus
compounds are proposed as halogen-free flame
retardants for polymeric materials. The flame-retardant
mechanism of phosphorus compounds alone and in
combination with other flame retardants has been
studied by Schartel®. It was explained that phosphorus
flame retardants can act in the condensed phase by
enhancing char, by yielding intumescence or inorganic
glass formation; and in the gas phase through flame
inhibition. In the study of Hoang and Kim?*, they proved
that the flame-retardant additives containing
phosphorus compounds decompose before the polymer
and thus show the flame-retardant effect in the gas
phase by thermogravimetric analysis.
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The effect of N-alkoxy hindered amine light
stabilizers on the flammability, UV stability and
mechanical properties of polypropylene systems were
studied in several papers®. Xie et. Al5, found out that
N-alkoxy hindered amine (NOR116) promoted char
formation. Cao et. al.” synthesized N-alkoxy hindered
amine and used it as a synergist with an intumescent
flame-retardant ~ system  (APP/PER/MEL) in

polypropylene.

TiO; inorganic UV stabilizers are used in polymeric
materials. Particularly when used in nano sized or
combination with HALS is very effective®® Qi et al.?
used TiO; nanoparticles with conventional HALS
(Chimassorb 944) and demonstrated that these two
additives exhibited a strong synergistic effect during
the photooxidation of PP composites. Wang et al.*°
observed that nano-sized TiO, increased thermal
stability and flame retardancy in acrylic polymers and
coatings.

In this study, N-alkoxy hindered amine based
light stabilizing agent and nano-sized titanium
dioxide particles were added to the FR/PP system
in different ratios. The effect of HALS and
Ti0, on the thermal stability and flame
retardancy of FR/PP containing systems were
investigated. The maximum total additive
ratio of the samples was adjusted to be less
than 10% by weight to check their usability
for polypropylene fiber spinning in future
studies.
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EXPERIMENTAL
Materials

The isotactic polypropylene (Ecolen HZ40S) with a
melt flow index (MFI) of 25g/10min (230°C, 2.16 kg;
0.91 g/cm®) was supplied by Hellenic Petroleum,
Greece. Organic phosphorus/cyclic phosphonate-based
flame-retardant (FR) additive (Aflammit PCO-900)
was supplied by Thor GmbH, Germany. A monomeric
N-alkoxy hindered amine light stabilizer (Flamestab
NOR-116) was supplied by BASF, Switzerland.
Titanium dioxide (99.7% purity, d <25 nm nano-
powder) was supplied by Sigma-Aldrich (MERCK),
Germany.

Methods

Samples were prepared in different compositions as
indicated in Table 1. Firstly, additives were mixed with
the polymer in a mechanical mixer. After mechanical
stirring, it was fed into a twin-screw micro-compounder
(DSM Xplore, The Netherlands), which was set at a
temperature of 180 °C. The mixtures blended in the
compounder for 2 minutes. The homogeneous
composition obtained was transferred to an injection
molding unit (DSM Explore, The Netherlands) at 175
°C and appropriate sample size molds were prepared.

Limit oxygen index values of samples were measured
in LOI tester (Concept Equipment, UK) according to
ASTM D2863-10 test standard. Before testing, the
samples were conditioned for at least 24 hours in a
climate chamber (Binder, Germany) with 20°C, 50%
humidity. The thermal behavior of the doped
polypropylene molds was analyzed by a simultaneous
thermal analyzer (SDT Q600, TA Instruments, USA).
Approximately 10 mg of sample was placed in an open
alumina pan and heated to 800°C at a heating rate of
10°C/min under a nitrogen flow of 100 ml/min.

Table 2. Compositions of the samples and LOI
test results.

Sample PP FR HALS TiO2 LOI
Code (Wt%)  (wt%) (wit%) (wi%) (%02)
RefPP 1%0' - - - 19.0
PPFR 95.0 5.0 - - 21.7
PPFRH 95.0 35 15 - 25.0
PPFRHT-1 945 35 15 0.5 255
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PPFRHT-2 94.0 3.5 15 1 26.3

PPFRHT-3 935 3.5 15 15 26.3

RESULTS AND DISCUSSION

The LOI value of the pure PP sample was determined
as 19.03%. By the addition of 5 wt% FR additives, the
LOI value of the pure PP increased to 21.7%. When
1.5 wt% of cyclic phosphonate in PPFR was
substituted by NOR-116, the LOI increased from
21.7% to 25.0% (PPFRH). The LOI of PPFRH was
further increased to 25.5% (PPFRHT-1) and 26.3%
(PPFRHT-2) by the addition of 0.5 wt. % and 1wt%
nano-sized TiO; respectively. However, the LOI was
not further improved by the addition of the higher
nano-sized TiO; content than 1.0% (PPFRT-3).

Thermal stability of the samples was investigated by
TG/DTG under nitrogen and the corresponding
curves are shown in Figure 1 and Figure 2
respectively. TGA curves revealed that a single stage
decomposition had occurred for all samples. As
indicated in Table 2, the results of the mass loss
temperatures at 10% by weight and 50% by weight
showed that all additives reduced the initial
decomposition temperature. The thermal
decomposition temperature values of the samples
containing FR and HALS additives were lower than
the decomposition temperature of RefPP. It was
evaluated that FR and HALS additives degraded at
lower temperatures and changed the degradation
behaviour of PP positively. At the end of the analysis,
there is no residue left from RefPP. In contrast, an
increase in the amount of residue at 500°C and 700°C
was observed in samples containing nano-sized TiOx.
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Figure 4. TGA curves of samples
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Figure 5. DTG curves of samples

Table 3. Thermogravimetric analysis results of the
samples

Sér:é)ele Toero)  T(ws0) :\: e;(l)?)g(e: :\: e';(l)?)g(ej

(%) (%)
RefPP 44141 466.93 0.00 0.00
PPFR 431.67 463.72 0.78 0.67
PPFRH 416.93 460.31 0.00 0.00
PPFRHT-1 409.15 449.88 1.16 1.14
PPFRHT-2 410.00 450.25 1.68 1.66
PPFRHT-3 409.08 450.32 2.87 2.83

CONCLUSION

In this work, HALS and nano-sized TiO, added to the
flame retardant polypropylene system. HALS and TiO;
nanoparticles increased the FR/PP system's LOI value
synergistically. TGA results showed that the addition of
all additives reduced the onset temperature of the neat
PP. FR and HALS additives decreased the
decomposition temperature of PP led to the conclusion
that it can show activity in the gas phase. In contrast, an
increase in the amount of residue at 500°C and 700°C
was observed, especially in samples containing nano-
sized TiO,. At the end of the analysis, the formation of
residues also showed that the condensed phase activity.

FUTURE WORK

Pyrolysis and heat release mechanism will be evaluated
by using Micro Combustion Calorimetry and Cone
Calorimetry. The availability of the compositions for
fibre spinning will be investigated.
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INTRODUCTION
Nowadays, the application of polymeric components is
increasing in scientific and industrial fields. Therefore,
the saving in the consumption of these materials is an
environmental requirement.! There are two different
ways to respond to demands to reduce the consumption
of fossil fuels:
v" The development of renewable energies and
v/ Saving and maintaining energy
Despite the special investments, renewable energies
have not been proven profitable as expected because
they currently account for almost 15% of total global
energy demand.>* Therefore, the development of
energy-saving methods is a fundamental way for
researchers.
One of the effective ways to save consumable polymer
materials is foaming. While reducing the amount of
material consumed, this method can improve the
properties such as mechanical>® physical’ and
chemical® properties as well as sound® and thermal®®
insulation.

POLYMER FOAMS

Polymer-based foam materials can be defined as
cellular or expanded plastics.'*They consist of two
phases, one of which is the solid polymeric matrix and
the other is the gas phase obtained with the foaming
agent.??

The voids in the polymer reduce the density of the
material and allow the use of less raw materials.
Besides, the polymer density can be adjusted by
controlling the void ratio in the polymer. Thus, polymer
foams which has different properties can be produced.*?
Polymer foams are found virtually everywhere in our
modern world. Polymer foams are widely used because
they have many advantageous features.®* Polymeric
foams are widely used due to their low thermal
conductivity, high strength, excellent thermal and
sound insulation properties in comparison to
conventional plastic materials.’**> The most used
polymer foams are PU (Polyurethane), PS
(Polystyrene), PE (Polyethylene), PP (Polypropylene),
PVC (Polyvinyl chloride) and PC (Polycarbonate).*®

Polymer foams were classified in Table 1.

Table 1. Classification of polymer foams

122

>
~ =4 S o 2 N
- - ' = —-
S T o D 2 o n
= e g_ C © c =
O © = o [
£ g S | 28| g £
52 = g E g S
o 2 _ x
a 3 o i s
L Low Macro
Rigid density cell
: Closed-
Thermoplastic cell
Semi- Medium Micro
rigid density cell
Ultra
micro
. - . i Il
Thermosetting Open Flexible ng_h ce
cell density
Nano
Cell

POLYOLEFIN POLYMER FOAMS
Polyethylene Polymer Foams

Polyolefin foams have a diverse range of applications,
and there are few, if any, industries where these foams
are not used.'” Most polyolefin foams have a closed-
cell structure.®

PE foam is one of the largest volumetric thermoplastic
foams, commercially produced in the early 1940s.18.1°
PE has a significant worldwide usage due to its
chemical resistance, good process ability, low cost,
impact resistance and high ductility.?

PE foams are used in thermal insulation, electronic
packaging, toys, auto parts, household appliances. PE
foams have better impact resistance and comfort
properties than PP foams in low-temperature
applications.?

Polypropylene Polymer Foams
Polypropylene foam which was developed by JSP, is
one of the most produced polymer foams in the world
after polystyrene (PS) foam. It has not only the good
properties of polypropylene but also has its own and
good mechanical properties.???

PP foams have a homogenous and closed-cell
structure.?* Resistant to water, oil, chemicals and
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abrasion.t’?* Stable thermal conductivity, even in
humid environments. Therefore it is an excellent heat-
preserving material.?* It is an environmentally friendly
polymer, fully recyclable. Recyclable and reusable,
degradation performance is better than PE and PS
foams.t"? It has outstanding properties such as energy
absorption, insulation, heat resistance, impact
resistance, immersion and acoustic properties.*’

PP foams are used in different areas such as the vacuum
cleaner body, dishwashers, washing machines, hand
mixers and dryers, and the use of household electric
appliances. PP foam is a suitable material for vehicle
seats, replacing metal structures and simplifying the
vehicle platform.

PP foams are ideal for personal protective equipment
such as helmets. It is used for console fillings and
acoustic applications in buildings and construction
sector. It is also ideal for packaging applications of
pharmaceuticals, prosthetics and hygienic products. PP
foams are also used in sports equipment.t724

RECENT STUDIES ON THE USE OF POLYMER
FOAMS IN TEXTILE

Razzaz et al.?> produced porous hollow fibers made of
polymer  foam  for membrane  applications.
Azodicarbonamide and low density polyethylene were
combined by extrusion. In order to achieve high cell
density and uniform cell size distribution, the blowing
gas quantity and temperature profile are optimized. It
was concluded that membranes with higher cell density
had higher gas permeability.

Zhu et al.?® compared the acoustic properties of
conventional open cell PU foams with PE fiber added
PU foams. It was aimed to improve the sound
absorption properties of PE fiber doped PU foams,
ranging in PE fiber content (0.1-0.6 g). The effect of
fiber additive on sound absorption and the relationship
between additive and absorption coefficient were
investigated. With the addition of PE fiber to the PU
foam, sound absorption was significantly increased,
especially in the low-frequency region (100-630 Hz).
0.1 g PE fiber additive provides optimum sound
absorption capability. PE fiber reinforced PU
composites showed a higher sound absorption
coefficient than PU foam.

Wu et al.?” produced composite fabrics which were
composed of polyester nonwoven fabric, carbon fabric
and flexible polyurethane foam. The effect of the
weight ratio of polyester nonwoven and the additive
ratio of the flame retardant material on the mechanical
properties and flame retardant properties of the
composite structures were investigated. Mechanical
properties improved with increasing weight. The
increase in the rate of flammable material also
positively affected the flammability of the composite
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structure. The composite structure is considered as
fireproof.

Yan et al.?® produced composite foam using carbon
black, single-walled carbon nanotube and LDPE to
obtain low-density polyethylene foam with high
electrical conductivity. The electrical conductivity,
mechanical properties, microstructure, density and
crystallinity of the foam were examined in detail.
Carbon black and single-walled carbon nanotubes
have been found to have a synergistic effect when
used together. 2.88 x 10-5 S/cm electrical conductivity
was obtained with the additive of 19% CB and 0.05%
SWCNT.

CONCLUSION

With the rapid consumption of energy resources, all
states have sought to control their energy needs and
use energy effectively. In our country, energy
consumption, especially in the industrial and
residential sectors, increases every year; most of the
energy used in the houses is consumed for heating and
cooling purposes.

Since the 1920s, “noise problem” has arisen with the
development of industry and lightening of building
elements. One of the most effective ways of fighting
noise is sound insulation. When investigating sound
insulation materials, it has been found out that some
of the known thermal insulation materials can also be
used in sound insulation. Although not all thermal
insulation materials can be used as sound insulation
materials, almost all sound insulation materials can
also be used as thermal insulation materials.?°
Polymeric foams are also used in both heat and sound
insulation due to their porous structure.! Textile
materials are frequently used in heat and sound
insulation applications due to their porous structure
and economical. However, when the literature is
examined, limited studies have been found regarding
the use of foam polymers in textiles.

Studies have focused on composite structures and
composite fabric structures. It can be said that the use
of foam polymers in textiles is a subject that is open
to research and development.
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PURPOSE

Enset yarn was low density, abundant, biodegradable
and low coat yarn, which were very common agro waste
raw material in Ethiopia. Enset yarn’s mechanical and
morphological properties were studied. Moreover,
rupture (Fracture) mechanics were studied to compare
with Flax/Linen yarn. Also, to show the potential
application of enset yarn would had been used in Bio
composite, textile and technical textiles.

Key words: Enset yarn, Flax/Linen yarn, Mechanical
properties, Technical textile.

INTRODUCTION

Today, it is known that man made products (synthetic)
from petroleum and petroleum derivatives, which are
consumable sources, cause harm to health, environment
and ecosystem. In addition, scientists are focused their
research on natural resources as an alternative of
petrochemical materials. They are focusing on
unutilized natural fibers that can provide new and
similar functions like other bast natural fibers. In this
context; Enset fiber, which is a new and effectively non
utilized lignocellulose fiber obtained from bast and mid
rib of enset plant found in Ethiopia. It has high
production possibility in all environmental condition
and soil type most part of Ethiopia.

In Atmakuri’s research®; 5 samples of composite
materials with two different natural fibers (Flax/Linen
and Hemp) reinforcing materials and one type of matrix
material were prepared. Contact angle, flexural strength
and shear forces of inter laminar were examined in
accordance with ASTM standards. The test result
shown that; hybrid composites had higher bending
strength and inter laminar shear values compared to
pure composites.
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In Ayele’s research?; more than 20 percent of the
Ethiopian population; food raw materials, fiber,
animal feed, construction materials, access to
medicines, etc depending on southern and south
eastern Ethiopia have been concentrated for living, In
additional, Ethiopia is a country, which has high
production of Enset plantation. Enset facility is easy
to use as raw material and can be produced for large
scale industrial production. It was found that average
6146 Kg/ha Enset was yield in 2012. Enset is one of
the potential indigenous crops for food production
and can be grown everywhere in Ethiopia. Cultivation
is estimated to cover more than 224,400 hectares of
land. It which has 53.5 kg enset fiber can be produce
after some processes from Enset plant which has
about 1000 Kkg.

In Foulk's research?; he stated that the materials that
were usually used to meet daily household needs from
plastic and metallic materials had negative effects on
the ecology and the customers. Therefore, various
samples were produced by emphasizing the
importance of green composites and three point
bending, shear strength and water repellency were
investigated. He stated that natural fibers used as
reinforcing elements require pretreatment in order to
increase their strength. Ecological and cost
advantages of using natural fibers were emphasized.

In Liu's research®; natural fiber reinforced
composite materials had been studied to increase their
usage area due to various advantages. The aim of the
study; cost, performance improvement, weight
reduction and environmental pollution reduction.
High performance Flax/Linen fiber had been reported
due to its potential to replace glass or carbon as
reinforcement. The reinforcing element was made
with Flax/Linen fiber by compression molding and
the matrix element was epoxidized soybean oil in
green composite materials manufacturing. As the
concentration of the curing agent increased, the
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tensile and bending strengths of the fiber / volume ratio
increased up to % 10. As a result; the length of the
Flax/Linen fiber affected the mechanical properties of
the composites. The longer the fiber length, the better
the mechanical properties have been observed.

In Romhany’s research®; the tensile strength of
technical linen fibers was determined by applying
single fiber tensile test in various fiber lengths (20, 40
and 80 mm) and the results were compared with the
literature data. It had been shown that the breaking force
of Flax/Linen fibers of each different length
corresponds to the two-parameter were manipulated by
Fracture mode. According to this model, the technical
axial splitting of fibers, mainly owned by the fibers;
chemical structure components, radial cracking of the
first fibers and fiber breaks. These result reflects the
aggregation Flax/Linen fibers from the base structure.

In Temesgen's research®; the suitability of linen fiber
for the textile sector was mentioned. He emphasized
that it was an alternative to glass fibers in terms of cost.
It was stated that, it is an innovative and alternative
fiber, since it provides most of the various properties
expected from composite materials and with its cost
advantage. The harvesting methods of Flax/Linen fiber
had been mentioned and mentioned several advantages
of a combine harvester developed in the United States
over the European method. He stated that this
harvesting method was called curled enzymatic
withdrawal system (CER). High productivity was
emphasized. The raw Flax/Linen fibers have a lower
density. However, it had similar tensile strength values
at a lower cost than glass fibers, and is therefore
indicated to provide an environmentally friendly
alternative to composites. While the raw linen fibers
had various uses for composite materials, it had been
emphasized that the optimization studies of the fibers
pretreated with enzyme should be done and researches
should be done on their usage areas. Flax/Linen fiber
had some economic, environmental and mechanical
advantages over glass fiber. It had been suggested that
these Flax/Linen fibers are thought to be used in place
of glass fibers in the composites later.

In Temesgen and Omrakash’s research’;
morphology and characterization of Enset fibers (FBF)
modified by pretreatment process were studied. One of
the components of the research; Process ability
enhancement Enset (False banana fiber(FBF) or yarn
has been developed by softening mechanism for the
production of a variety of FBF products such as sacks,
mats or carpets with a soft touch and industrial
application. It has been observed that the properties of
these fibers after the pretreatment process are changed
due to the chemical and biochemical processes were
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adapted to the research. Physico-chemical changes in
the main structures of the fiber was observed due to
pretreatment processes include: weight loss, moisture
content/recovery, tensile strength, fineness, bending
and torsional stiffness. The results showed that the
pretreated FBF had a good elasticity and a good
moisture absorbance and was thinner than the
untreated FBF. In addition, the treated FBF is a cost-
effective alternative to natural jute and sisal in the
Ethiopian sack production industry.

In Temesgen’s research®; he mentioned the origin of
the Enset fiber. The research work stated that, how it
can be extracted and used in technical textiles, green
composites, geotextiles and packaging industry. It
was a new alternative fiber to existing bast fibers used
in technical textile application. Moreover fiber
morphology, physical and mechanical properties of
enset fibers were characterized. According to the
Study the fiber had; low density (1.2g/cm?®), good
moisture absorbance (% 10.85) and low elongation
(% 6.39) and moderate tensile strength (428.67 MPa)
values. Due to their light weight, abundantly
available and low cost use of enset fibers would
increase by decreasing the widespread use of
synthetic fibers in the bio composite and packaging
sector without affecting the desired mechanical
properties of products as well as structure.

EXPERIMENTAL

Material

For the comparative study of Physico-mechanical
properties of natural fiber, Enset and Flax/Linen yarns
were used. Yarn types were determined as
independent variables. Yarn counts were determined
as fixed variables, 5 repetitions of test were made and
their arithmetic averages were taken. As a result of the
arithmetic mean, Both Enset and Flax/Linen yarns
used for the study had 4.4 Tex number.

Method

Tensile strength tests for the yarns were performed on
Shimadzu AG-X Plus under standard atmospheric
conditions. Tensile Strength Test (Yarn) Technical
Data: Distance between jaws (cm): 20, Load cell (N):
5000, Tensile speed (mm/min): 100 . It was
performed 5 times and the arithmetic averages were
taken. Yarn types were considered as independent
variables and yarn counts were considered as constant
variables. Tensile strength test (Yarn) was applied on
the yarns in 4.4 Tex yarn counts. Experimental studies
on surface morphology were performed with optical
microscope images (x15). In addition, experimental



studies on fracture mechanics were carried out by
means of photographs taken by camera during tensile
strength test (Yarn).

EXPERIMENTAL RESULTS  AND
DISCUSSIONS
1. Enset yarn

o =l

Percent Elongation (%0}
Figure 1. Graphical test results of Enset yarn tensile
strength

Table 1. Enset yarn tensile strength test results

Length

Max Max
Force Percent
Elongation

Max
Gerilme

Max
Elongation

Max
Shape
Change

Max
Strain

Max
time

mm

N %

N/mm?*

mm

mm

%

sec

200

421,798 7,17228

421,798

14,3446

14,3446

7,17228

8,67

200

445,448 6,2307

445,448

12,4614

12,4614

6,2307

7,54

200

425,467 6,80563

425,467

13,6113

13,6113

6,80563

8,23

200

423,966 6,5557

423,966

13,1114

13,1114

6,5557

7,93

200

426,718 5,2306

426,718

10,4612

10,4612

5,2306

6,34

200

428,6794 6,398982

428,6794

12,79798

12,79798

6,398982

7,742

e  Table 1 was shown that, Enset yarn could be used

as an alternative to Flax/Linen yarn in any
technical textile areas.

e  The maximum breaking force of Enset yarn was

428.67 N.

e  Maximum breaking elongation of Enset yarn was

12.79 mm.

e  Percent elongation of Enset yarn was % 6.39.
. Percent elongation percentage of Enset yarn for

the test was 6.39% at Breaking times of 7.74
seconds.

Figure 2. Optic Microscopic view of enset yarn (x15)
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When the optical images (x15) of enset yarn were
examined in microscope, it had been observed that the
fibers of the set yarn had little parallelism in the
direction of the fiber axis.

Breaking mechanics of Enset yarn depending on the
results of tensile test. Breaking Mechanics of Enset
Yarn; Because the weak distribution of lignocellulose
contain of the fiber, non-uniformly distribution of
fiber in enset yarn with respect to the direction of the
fiber axis, and the impurities had relatively high effect
on the overall effect of the yarn Physico-mechanical
performance. It was observed that, the yarn was broke
in the upper and lower region of the yarn instead of
breaks from the most central regions.

In addition, it was observed that a same number of
large diameter fibers in the yarn was perpendicular to
the fiber axis and relatively heterogeneous due to their
higher pack ability. The angle in the y - axis direction
is often close to 30 - 45 degree and observed protrude
longer fibers.

Enset fiber had some advantages over linen fiber as
follows; low density (lightness), cheapness, ease of
cultivation and draught tolerance (can be grown in
areas where water is low), Although Flax/Linen fiber
can grow in sandy soil, while Enset fiber can grow in
all kinds of soil. Having longer fibers, linen was
usually mechanical in the yarn production stages but
chemical processes were available in the decay stage,
while Enset fiber had mechanical processes in all
stages. (Peeling process).

2. Flax/Linen yarn

Force (N)

Percentage of Elongation

Figure 3. Graphical test results of Flax/Linen yarn
tensile strength



Table 2. Flax/Linen yarn tensile strength test results

Name

Max
Force

Max
Percent
Elongation

Max
Gerilme

Max
Elongation

Max
Shape
Change

Max
Strain

Length

Max
time

mm N % N/mm? mm mm %

Sec

200 505,432 5,15563 505,432 10,3113 10,3113 5,15563

6,25

200 472,291 4,93898 472,291 9,87795 9,87795 4,93898

5,99

200 522,9 5,53903 5229 11,0781 11,0781 5,53903

6,71

NINININ NS

[SIEN SIS P

200 503,151 5,11393 503,151 10,2279 10,2279 5,11393

6,2

200 471,953 5,4057 471,953 10,8114 10,8114 5,4057

6,55

>
<

200 495,1454 5,230654 495,1454 10,46133 10,46133 5,230654

6,34

As shown Table 2;

* Maximum value of breaking force for Flax/Linen yarn
was 495.14 N.

* Maximum value of breaking elongation was 10.46
mm for Flax/Linen yarn.

* Percent elongation of Flax/Linen yarn was % 5.23.

* Times for breaking Flax/Linen yarn for this test was
6.34 seconds.

Figure 4. Optic Microscopic view of Flax/Linen yarn
(x15)

When the optical microscope view (x15) was observed,
it has been that the fibers of the Flax/Linen yarn had a
considerable degree of parallelism in the direction of
the fiber axis.

Based on the tensile test results: the breakage
mechanics of Flax/Linen yarn are examined; due to the
weak spot effect, the Flax/Linen yarn had relatively
light brown in the color and the impurities were
relatively low as compared with Enset fiber. The
fractures from the most central regions were generally
observed. In addition, it was observed that a large
number of small diameter fibers perpendicular to the
fiber axis. Like enset fiber it was observed that the yarn
was relatively homogeneous and the angle in the y - axis
direction is close to 90 degree. Form this result, it was
generalized that the two yarn could be used
alternatively so enset yarn could be substitute most yarn
obtained from most natural fiber like Flax/Linen, jute,
sisal and banana fibers.
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CONCLUSIONS

* Because of environmentally friendly, biodegradable
nature of the materials; Enset fiber/yarn was could be
used in various textile and technical textile fields.

* Enset yarn could be considered as an alternative to
Flax/Linen and cotton yarn after pretreatment with a
certain concentration of NaOH in technical textiles
and in extra-bodily medical textile applications such
as face masks, surgical gowns and bandages.

« In conventional textiles; can be used in home textiles
for ornamental and decorative purposes. It was
envisaged that in winter garment fabrics, the mixture
will be used in winter garments by increasing the
thermal insulation by increasing the heat insulation
with the air to accumulate in the spaces between the
fibers by using a low proportion of the yarn.

* The yarn had similar mechanical properties like
most natural fibers such as jute, ramie and sisal, which
are used in agricultural textiles (Big bags) and
packaging textiles (Food packaging), and automotive
textiles (Floor coverings) bottom panel, side panel or
ceiling coverings). Because of its abundantly
available, light weight, drought tolerance and low
production cost, set fiber/yarn was used without affect
the desired all properties.

SUGGESTION FOR FURTHER WORK

» Some future work in connection with experimental
research;

* Enset fiber, which is agricultural waste will be used
in different areas by designing special production
methods to reduce the increasing environmental
pollution and global warming. Also will be used in
various forms of textile structures (woven, knitted,
nonwoven surfaces, braiding).

* By measuring and comparing heat conduction
coefficients with other natural fibers used for thermal
insulation in winter garments such as wool.

* Some physical quality control tests such as UV,
water repellency and air permeability can be carried
out on various physical performance values.
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Ozelliklerinin Incelenmesi
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AMACLAR

Serbetgi otu((Humulus lupulus L.)bitkisi gévde lif
Ozelliklerinin  incelenerek  kullanim  alanlarinin
arastirilmasi

GIRIS

Serbetgiotu bitkisi ekimi yapildiktan sonra 2 yil
boyunca {iriin alinamamaktadir devaminda yirmi hatta
otuz yila kadar iriin alinabilmektedir. Bitkinin g¢ok
yillik olan kismi kokleridir. Yaklasik 8 — 10 m.’ye
uzanan sarilict gévdesi ve yapraklart hasat sonrasi oliir,
ertesi yil yeni govdeler siirer. Bu yiizden hasattan {i¢ —
dort hafta sonra topragin tizerinden siirgiinler budanir.
(Bagc1 ve ark.., 2008) Hasat sonras1 bu govdeler kurur
ve toplanir. Cogu kez atil durumda olan govdeler
ekonomik yonden degerlendirilememektedir.. Bu
caligma da serbet¢i otu bitkisinin govdesinden lif eldesi
ve lif ozelliklerinin incelenmesi agisindan 6nemlidir.
Tarimsal atiklarin degerlendirilmesi, ekonomik ve
gevre dostu Ozelliklerinden dolayr serbet¢i otunun
govde lifleri onemli bir hammadde kaynagi olacaktir.
Konu ile {iniversite, 06zel sektor arasimda ARGE
calismalarinin yapilmasi onerilir.

DENEYSEL
Malzeme
Serbetci otu (Humulus lupulus L) govde lifleri
Yontem

o Liflerde
Havuzlama
Zamk ¢ikarma
Kirma ve temizleme
Mikroskop goriintlisiiniin alinmasi
Fiziksel 6zelliklerinin belirlenmesi
Su tutma kapasitesinin 6l¢iilmesi testi
Kimyasal reaktiflere karsi ozelliklerinin
belirlenmesi:
Islemleri yapilmustir.
DENEYSEL SONUCLAR/TARTISMA

Lif 0zelliklerinin belirlenmesi

e Lif Uzunlugu (mm) 8,48 + 0,41
o Lif Genisligi (um) 23,08 + 3,54
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e Liimen Genisligi (um) 18,2 +2,84
e Lif Ceper Kalinligi (um) 11,7 + 0,33
e  FElastiklik Oranm 78.85
e Lineer yogunluk o6l¢iimii
o Lifin Numaras: (Tex) = Agirlhik
(g)x100000 / Uzunluk (cm)
o Tex= 1000 metre elyafin gram
cinsinden uzunlugudur
o Lifuzunlugu(ort):100 cm
o Lif agirligi(ort):0,00944
o 94
Zama | Isirga | Kete | Kenevi | Serbetciot
n dk n n r u
5 29 26 27 24
10 39 29 30 32
15 47 32 36 38
20 49 38 42 41
25 49 38 42 44

Tablo 1 Diger liflerin nem iletkenligi (mm)

Isirgan  bitkisinden elde edilen liflerin nem
iletkenliginin ve su tutma kapasitesinin en iyisi
oldugu gozlemlenirken, serbet¢i otunun nem
iletkenligi ve su tutma kapasitesinin kenevirden
biiylik olmasi yine serbetgiotunun gévdesinden elde
edilen liflerin tekstil alaninda kullanilabilecegini
gostermektedir.

GENEL SONUCLAR

Serbet¢iotunun govde liflerinin dogal bir endiistriyel
hammaddesi olmasi, 1sirgan ve kenevir lifleri ile
benzer Ozellik tasimasi, lif c¢ikarma isleminin
ekonomik ve kolay olmasi, iilkemiz de bitki igin
hammadde ihtiyacinin olmast 6nemli ekonomik
kazanimlar saglanacaktir. Tarimsal atiklarin
degerlendirilmesi, ekonomik ve ¢evre dostu
Ozelliklerinden dolay1 serbet¢i otunun govde lifleri
6nemli bir hammadde kaynag olacaktir
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SONRAKI DONEM CALISMALARI

Serbetgiotundan elde edilen liflerden yararlanarak el
yapimi dogal kagit yapimi denemeleri yapilmustir.

TESEKKUR/BILGILENDIRME/FON KAYNAGI
Calisma da Eskisehir Orman Bolge Fidanligi
Midiirligiinden destek alinmustir.

Lifler Bilecik Pazaryerinden elde edilmistir.
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AMACLAR

Tekstil malzemelerinde kullanilmak iizere, kontrollii
salim mekanizmasi ile koku salimi yapabilen
mikrakapsiil-parcaciklar, araylizey polimerizasyon
teknigi kullanilarak TDI-PEGas00, PGaoo etkilesimi ile
ucucu lavanta yagi kapsiillenmistir. Mikrokapsiil-
parcaciklarin  karakterizasyonu  FTIR, pargacik
biylikliigii, polarize optik mikroskop (POM) ve
taramal1 elektron mikroskop (SEM) analizi ile yapilmus,
ayrica diizenli agirlik takibi ile kontrolli salim,

ozellikleri belirlenerek, tekstil uygulamalari igin
kullanilabilirligi arastirilmistir.

GIRiS

Mikrokapsiilleme teknikleri sayesinde de kiigiik

boyuttaki mikrokapsiillerin {iretimi yapilarak, tekstil
sanayinde kumaslara uygulanmasi ile konfor 6zellikleri
iyilestirilebilmekte ve ekstra ozellikler
saglanabilmektedir. Mikrokapsiilleme teknigi yaygin
olarak faz degistiren maddelerin kapsiilenmesi ile
tekstilde termal konforun iyilestirilmesi {izerine
yogunlagmaktadir?. Koku  maddeleri tekstil
materyallerine ugucu Ozelliklerinden dolayr direk
olarak uygulanamamaktadir. Bu yiizden koku
maddelerinin bir duvarla kapsiilleyerek dis etkilerden
korunmasi saglanarak tekstil malzemelerine aplike
edilmektedir?3. Dis kabuk olarak poliiiretan ve poliiire
sistemlerinde en etkili yontem iyi mekanik
ozelliklerinden dolay:r ara yiizey polimerizasyonudur.
Ara ylizey polimerizasyonun da birbirine karigmayan su
ve organik fazin kesigme noktalarinda, monomerler
arasindaki reaksiyondan dolay1 ¢ekirdek maddesinin
ylizeyinde polimer bir zar olugur. Birbirine karigmayan
su ve organik faz karigtirilarak temas eden yiizey alani
artirtlir.  Cekirdek maddesindeki monomer, igine
jellestirici bir monemer ¢oziindiiriilmiis sivi faza
dispers edilir, daha sonra sivi faz ve organik faz
karigtirillarak kapstil iiretilir. Reaksiyon ¢ok hizli
gerceklesir ve karigtiricr  hizina  gore  kapsiil
biiyiikliikleri degisir®.

Poliiiretanlar tekstil endiistrisinde elastomerik liflerin
iretiminde kullanilmaktadir. Politiretan elastomerlerin
iretiminde farkli isosiyanat ve dioller kullanilarak
yapida sert ve yumusak birimlerin beraber bulunmasi
saglanir. Yumusak bolgeler uzama yeteneginin
olusmasini saglar ve amorf yapida olup kolaylikla
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deforme olurlar. Sert bdlgeler ise kisadir ve polimer
zincirleri arasinda capraz bag olusturarak yapinin
birarada kalmasini teskil eder®.

Calisma kapsaminda , araylizey polimerizasyon
teknigi kullanilarak lavanta koku maddesinin, toluen
diizosiyanat ve PEG 400 PGaoo ile kapsiil iretimi
gerceklestirilmistir. Koku salan kapsiillerin kimyasal
karakterizasyonu Fourier transform infared (FTIR),
parcacik boyutu analizi, optik mikroskop (POM),
taramali elektron mikroskop (SEM) goriintiileri ve
konrolli salinim hizi 6l¢iilerek yapilmistir.

DENEYSEL

Malzeme

Toluen 2,4-diiziosiyanat (TDI), Acros Organics,
Propilen glikol 400 (PGaoo) ve Polietilen glikol 400
(PEGaoo), Sigma Aldrich, Polivinil alkol (Moviol 3-
96), Sigma Aldrich, Dibiitiltindilaurat (DBDTL),
Merck ve Lavanta ucucu yagi, Tokat ilinde dogal
olarak yetistirilen lavanta ¢iceginden elde edilerek
katkisiz olarak (Kocatlirk eczanesi) c¢alismada
kullanilmistir.

Yontem

Tablo 1’ de belirtilen kimyasal miktarlar1 ile arayiizey
polimerizasyon teknigi kullanarak ceketli cam
reaktorde 70 °C’ de, 200 d/dk karistirma hizinda, 2
saat karistirtlarak mikrokapsiil iiretimi
gerceklestirilmistir. Daha sonra % 30 ‘luk etanol ile
yikama yapilarak oda sicakliginda kurutulmus ve
kimyasal karekterizasyonlar1 yapilarak, salim hizlar1
tespit edilmistir.

Tablol Yag ve su fazlarinin yapi ve kimyasal sistemi

Far | KokuimL) | Se(ml)| lresnanat | PVAlge) | PEG e DEDTL]|
‘ | (mh.) | I'P..um! ) (ml) |
| PEGa [ Vag| 30 [ Fs™1 | 1 |
Su) | 19 : |

T.I"‘ 30PEG | 05
‘ Yap| 20 1 DI |
| PPass [Sul | 120 2| 1
| Su? | 104 |

DENEYSEL SONUCLAR/TARTISMA

Parcacik Biiyiikliigii Sonucu: Pargacik boyutu
6l¢limii dncesinde mikrokapsiiller su ve yiizey aktif
madde (Triton- X 100, 2-3 damla ) ile homojenizator



ile 10000 dev/dk hizda 15 dk karigtirilarak Malvern
marka pargacik 6lgerde yapilmistir.
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Sekil 1. Pargacik biiytikliigii sonuglar

Ortalama pargacik biiyiikliigi PEG 400 ile iiretilen
mikrokapsiillerde 40,94 pm olarak bulunmus olup,
mikrokapsiillerin pargacik boyutu 20,77 pm ile 70,49
um arasinda degismektedir. PG 400 ile iiretilen
kapsiillerde ise ortalama 50,23 pum olarak bulunmus ve
27,64 pum ile 90,89 pum arasinda degistigi tespit
edilmigtir. Parcacik biiyiikligi dagilimi Sekil 1°de
gosterilmistir.

Optik Mikroskop Goriintiileri (POM): Koku
kapsiillerinin polarize optic mikrokop goriintiileri 1200
kat biiyiitme yapilarak, Leica marka polarize optik
mikroskopta goriintiileme yapilmis ve Sekil 3’de
gosterilmistir.

Sekil 3. Polarize optik mikroskop goriintiileri.
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SEM Goriintiileri: Koku kapsiilerinin FE-SEM,
MIRA III, TESCAN marka cihazda goriintiilenerek
kapsiil sekil, kabuk yapist ve kapsiil biiyiikliikleri
Sekil 4’de gosterilmistir.

PG400
Sekil 4. Kontrol salim once ve sonrasinda SEM
goriintiileri.

SEM goriintiilerine goére PEG 400 ile iertilen
mikrokapsiillerin ~ dairesel olarak ve pargacik
sonucuna parelel olarak ortalama 50 um {iretildikleri
tesbit edilmistir. PGuaoo ile iiretilen kapsiillerin ise
kapsiilden ziyade mikropargagik olarak iiretildikleri
goriintiilenmistir.

FTIR Sonucu: FTIR spektroskopisi ile kimyasal yap1
analizinde mikrokapsiiller, mikrokapsiil tiretiminde
kullanilan duvar ve ¢ekirdek maddelere ait
spektrumlar incelenmis ve mikrokapsiil yapisinda
koku ve duvar polimerinin mevcut olup olmadig:
aragtirtlmistir.
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Sekil.5 FTIR analiz sonucu.

Tablo 2. Kapsiillerin pik cinsi ve dalga numarasi

KAPSCL Dalga Numarasi Pik Cinsi
3270 NH genlme pik
2860.2970 CH gerilme
1740 CrO genlme
PEG400 2265 Sesbest izosivanat
1540 Amid-11
1223 Amin 1T
1100 C.0C gerilme
3270 NH gerilme gkt
2850.2965 CH gerilise
1740 C=0 gerilise
PC400 1500-1640 =N, C=C \\ Gift daglar
1536 Amin-i1
1224 Antin-1H
1093 C-OC eter piki

Kontrollii Sahmim Sonucu: Uretilen koku kapsiilleri
hassas terazide 24 saatte bir 30 giin boyunca agirlik
Olciimii  yapilmis ve koku maddesinin kapsiil
duvarindan uzaklasarak ortama koku salmasi agirlik
kaybi ile arastirilmastir.

100

2

®
<1

~— PEG400
~— PG400

Kitlesel degisim
g 3

3

40 gin
103 5 7 9 1113151719 21232527 29

Sekil 6. Kontollii salinimin kiitlesel degisimi.
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Koku kapsiilleri 30 giin boyunca diizenli olarak koku
salimi yaparak agirliginin yaklasgik % 40-50’sini
kaybettigi  goriilmektedir. PEGuao0 ile iretilen
kapsiiller daha hizli salim yaparken, PGaoo ile {iretilen
kapsiiller daha diizenli salim yapmustir.

GENEL SONUCLAR

Lavanta koku maddesini TDI-PGetkilesimi ile
politiretan  kabuk ile  kapsiilleyerek  tekstil
malzemelerinde kullanilmak {izere mikro boyutta
kapsiil {iretimi  gergeklestirilmistir.  Kapsiillerin
pargacik boyutu analizlerinde mikro boyutta oldugu
ve zamana bagli olarak kontrollii salim ve kirilma
mekanizmasi ile koku maddesinin kapsiilden
uzaklasarak ortama koku verdigi goriilmiistiir.
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PURPOSE

Corona discharge method has been studied to increase
the adhesive property of the polyethylene surface.
Different sets of design parameters were applied to
investigate the effect of atmospheric plasma treatment
onto linear low-density polyethylene (LLDPE) fibers
produced by our modified melt-spinning line.

INTRODUCTION

Polyethylene (PE) has a leading usage portion in
polymer industries including filament production and
composite materials. Performance fibers having high
tensile strength can be used alone or as a composite
material in thermoset or thermoplastic resins. Due to its
simple chain structure, lack of functional groups and
non-polar nature, polyethylene surfaces show poor
adhesion and incompatible fiber-resin interface which
significantly affects the mechanical properties of
composites. Therefore, the surface properties of PE
fibers to be produced in a modified melt spinning line
need improvement. For this purpose, corona discharge,
which is counted as a physical modification method,
provides an environmentally friendly and effective
treatment?. Studies reveal that plasma treatment
effectively  increases  surface  roughness and
functionality, and then various grafting and silane
coatings may be applied to it for further improvement
on the adhesive behavior of polyethylene®.

EXPERIMENTAL

Material

The ASPUN™ 6000 linear low-density polyethylene
(LLDPE) MFI, 19 and density, 0.935 g/cm® was
received from Dow Chemical Company.

Method

Polyethylene films were prepared by a laboratory
scaled film extrusion machine with 0.07 mm thickness.
Monofilament fibers were produced by a single screw
extruder melt spinning line with 0.6 mm spinneret
diameter at 2250 m/min take-up speed.
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SIMCO ION CM5 device with point to plane
geometry was used for discharge. The effect of
electrostatic charge application was detected by
SIMCO ION TM FMX-003 electrostatic field meter.
Contact angle measurements were done according to
the static sessile drop method at temperature 23°C
with a KSV Attension Theta Lite optical tensiometer.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Prior to applying corona discharge on melt-spun
LLDPE filaments, 0.07 mm thick film samples of the
same polymer have been prepared. They have been
processed in atmospheric conditions according to
parameters described in Table 1. The working
distance between the electrodes and the PE surfaces
was set to 6 cm for all samples. Achieved surface
modification is showed to be time-dependent.
Electrostatic field measurements indicate that higher
voltage applications are efficient in the short run.
Nevertheless, the application of relatively lower
voltage (20 kV) peaks in a longer time period.

Table 1. Electrostatic field measurements (FM) of
identical LLDPE film samples with the various
voltage applications.

Applied FM FM FM FM

Sample | Voltage (v, (v, (kV, (kV,
(kv) |EQ =5 =10 t=lS
min) | min) | min) | min)

1 20 0.1 -1.0 -0.4 -2.0
2 25 0.1 -1.0 -2.9 -2.5
3 30 0.1 -2.0 -4.2 -3.7

Contact angle with the water on the film samples has
been investigated. Regarding to the primary
experiment, discharge voltage has been decreased to
15 kV, and working distance has been setto 5 mm. As
given in Table 2, the wettability of PE samples has
been improved gradually as the discharge duration
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increased. A drop of 14.5% surface tension between the
control and treated sample has been achieved, which is
an indication of surface energy increase.

Table 2. Electrostatic field measurements (FM) of
identical LLDPE film samples with the various
voltage applications at 5 mm working distance.

Sample Applied Dura}tion Contact
Voltage (-kV) (min) Angle (°)

Control | - - 77.1+0.3

1 15 5 68.3£1.9

2 15 10 65.9+0.7

According to the literature, the experimental design has
been rearranged for fiber application. Working distance
was kept at strictly 5 mm, which has been proved to be
efficient. The literature has shown that voltages applied
in the range of 10-15 kV have an increasing effect on
PE surface wettability and adhesion performance®*4,

Control Modified

101 .33 8 120.71.6

00.6£0.2

O min

106.3=0.9

S min

90,112

108.6:2.7

10 mn

Figure 1. Comparison of the contact angle
measurements of 10 kV charged both control and
modified filament samples.

The modification in the melt-spinning line results in a
straighter fiber alignment and higher surface tension.
Line-modified fibers showed a higher degree of
hydrophobicity in comparison with the control sample.
When control and modified fibers are exposed to corona
treatment at 10kV, their hydrophobic character
weakens, and contact angles have been decreased for
both sets of fibers. Longer process time results slightly
worse than the 5-min procedure. In a short interval of
application time, modified fiber’s wettability behavior
(CA 106.3°) resembles the one of untreated control
samples (CA 101.3°) with an 12% increase.
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CONCLUSIONS

Film and melt-spun filament samples have been
produced with LLDPE. Corona treatment on film
surfaces showed that lower voltage with a shorter
distance between electrodes and surface results in a
longer-lasting charge effect. Applications on
filaments demonstrated that better hydrophilicity can
be achieved with a narrow time window. Modified
melt-spinning line allows fibers to be produced with
higher tensile properties in comparison with
conventional melt-spinning production. However, it
decreases the LLDPE fibers’ wettability. Corona
treatment restores and advances its adhesive behavior
in measure of hydrophilicity. Same to better results
with shorter treatment duration enables the possibility
of in-line plasma modification of fibers along the
melt-spinning line.

FUTURE STUDIES

The effect of corona discharge on fibers will be
investigated for medium and high-density PE. Upon
reaching the optimum wettability, mechanical
performance of the fibers, which are produced by our
modified melt-spin line, are planned to be evaluated
in composite applications.
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PURPOSE

This study aims to develop an additive formulation to
improve the flame retardancy and UV stability of
polypropylene. For this reason, the possible interaction
between a phosphorus based flame retardant compound
and N-alkoxy hindered amine based light stabilizer has
been studied in terms of flammability.

INTRODUCTION

The ease-of processing, low cost, excellent resistance to
chemicals and lightweight features of polypropylene
(PP) have led to a wide range of end uses®. The injection
moulded products is the major field in terms of PP
consumption and is followed by the textiles which
account for the 23% of the global consumption?.
Though polypropylene is widely used in home textiles
(carpets, floor coverings), automotive textiles, outdoor
and protective clothing, the applications may well be
extended to other technical and industrial products (i.e.;
filtration products, geotextiles)®. In applications where
high technical standards are required, polypropylene
suffers from two major drawbacks; it has high
flammability and it tends to degrade by UV,

Induced by heat or UV energy, in the presence of
oxygen the autoxidation occurs which involve the
following steps*:

e  The hydrogen from the polymer chain
is stripped to form alkyl free radicals (Re).

e  The free radicals react to form new
reactive species (i.e.; peroxy radicals and
hydroperoxides) and other fragment species
(H20, Ha, H20).
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e  The hydroperoxides (ROOH) react
to form new free-radical species such as
hydroxyl and alkoxy radicals. The peroxy
and alkoxy radicals lead to the
decomposition of polymer.

The UV stabilization mechanism of a hindered amine
light stabilizer (HALS) is based on its ability to
produce nitroxyl radicals (NOe) which then react with
polymer radicals or other free radicals (Re) and block
the chain scission reaction forming an alkoxy amine
(NOR)*5,  Upon heating, halogen and some
phosphorus-based flame retardant (FR) compounds
also decompose into radical quenchers and interfere
with the combustion®. On the other hand, the acidic
decomposition products of halogen-based FRs were
found to acidify the HALS that is of basic nature and
thus lead to the deactivation of HALS. Therefore, the
use of non-basic N-alkoxy hindered amine based light
stabiliser (NOR HALS) has been proposed’.
Moreover, NOR HALS compound was found to
improve both flame retardancy and UV stability of PP
containing an intumescent flame retardant
(APP/PER)S.

In this study the effects of a phosphorus-based FR and
NOR HALS on the flammability and thermal stability
of PP were investigated. Lower additive contents
(max. 10 wt. %) were studied as they are favourable
in terms of fibre drawing.

EXPERIMENTAL

The phosphorus compound containing 11% P was
kindly supplied by Setas Kimya A.S., Turkey. A
monomeric N-alkoxy hindered amine (Flamestab


mailto:presentingauthor@eposta.com.tr

NOR-116) was supplied by BASF, Switzerland. The
polypropylene chips (melt flow rate=25 g/10 min) were
supplied by Hellenic Petroleum, Greece.
Polypropylene and additives were compounded by a
twin-screw extruder operated with a constant
temperature profile of 170°C and moulded by injection
(Tmei=175°C, Pinjection=8 bar) (Microcompounder, DSM
Xplore, The Netherlands). The compositions of the
prepared samples are presented in Error! Reference
source not found.. UV aging test was performed
following TS EN I1SO 4892-3/Method A using UV Test
Instrument (Atlas, USA). Flammability of specimens
(80mm x 10mm x 4mm) was measured according to
ASTM D2863 in terms of limit oxygen index (LOI)
using an oxygen index module (Concept Equipment,
UK). The flammability parameters of thin plate samples
were measured by the cone calorimeter (Fire Testing
Technology, UK) according to 1SO 5660 under a heat
flux of 35 kW/m?2. Simultaneous thermal analysis
(STA) were performed (SDT Q600, TA Instruments,
USA) using approximately 10 mg sample, up to 800°C
at a heating rate of 10°C/min under nitrogen flow (100
ml/min). The real time spectra of the evolved gases
were collected by a FTIR (Cary 600, Agilent
Technologies) coupled to the SDT with a heated
transfer line (T=270°C).

Table 1. Sample compositions and LOI test results
(LOI% (t=0), (t=240h) and (t=480h) correspond to the
LOI values before test, after 240 hours and 480 hours
of UV exposure).

Code FR NOR LOI% LOI% LOI%
(Wt.%) HALS (t=0) (t=240h)  (t=480h)
(wt.%)
PPref - 19.0
PP-F 10 24.8 24.7 24.7
PP-FH 8 2 25.7 25.7 25.7
Table 1. Cone calorimeter test results
Code PHRR THR MARHE CO TSP
(kW/m2)  (MJI/m?)  (KWim?)  yield  (m?)
(ka/ka)
PPref  1302.5 105.8 550.2 0.048 11.6
PP-F 963.6 102.1 429.0 0.085 17.9
PP-FH 8395 101.2 406.3 0.079 18.3
EXPERIMENTAL RESULTS AND
DISCUSSIONS
The LOI test results of the samples are presented in
Error! Reference source not found.. The

incorporation of 10% phosphorus-based FR increased
the LOI of neat PP from 19.0% to 24.8%. When 2 wt.
% of FR in PP-FR was substituted by N-alkoxy
hindered amine compound, the LOI increased to 25.7%
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(PP-FH). The flammability of PP-F and PP-FH
samples were not affected by UV exposure.

The cone calorimeter data are presented in Table 1
and the heat release rate (HRR) curves are given in
Figure 1. In comparison to neat PP, the peak rate of
heat release (PHRR) values PP-F and PP-FH were
26% and 36% lower as measured by the cone
calorimeter. The carbon monoxide yield and total
smoke production (TSP) values were increased by the
incorporation of 10 wt.% FR and further increased
when 2 wt.% FR was substituted by NOR HALS. The
increase in the quantity of smoke and CO addresses
the flame inhibition in the gas phase®l.Therefore
further analysis of the evolved gases are necessary to
identify the flame retardant mechanism.

1400
1200
~1000
800

——PPref
—PP-F
PP-FH

(KW/m?

¥ 600
T 400
200

R

0 100 400
Figure 1. HRR curves obtained by the cone
calorimeter

CONCLUSIONS

The flammability of polypropylene was significantly
improved when 10 wt.% phosphorus-based FR was
incorporated. The further increase in LOI and
decrease in PHRR by the substitution of 2 wt.% NOR
HALS by phosphorus based FR may be attributed to
the synergistic activity between the FR and NOR
HALS. The LOI of the PP-FH (25.7%) didn’t change
even after 480 h exposure to UV light.

SUGGESTIONS FOR FURTHER WORK

The study of UV degradation and mechanical
properties of polypropylene containing the
phosphorus based flame retardant and the N-alkoxy
hindered amine compound is suggested as a future
work.
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AMACLAR

Flaman sarim kompozit borular yiiksek basinca ve
korozif ortamlara dayanikli olup sivilagtirilmig petrol
gaz1 ve dogalgaz nakliyesinde, su ve kimyasal madde
tanklar1 gibi olarak ayrica askeri alanda roketatar
namlusu olarak kullanilirlar. Bu calismada iizerinde
catlak bulunan flaman sarimla {retilmis cam elyaf
takviyeli kompozit bir boruda catlak iizeri yama ile
tamir edilerek kuvvetlendirilmis ve i¢ basing testi ile
yamanin etkisi incelenmistir. Borular alt1 tabakali ve
sarim agist £55° olarak iiretilmistir. Yama malzemesi
olarak yine cam elyaf kullanilmis ve yamalar catlagi
tamamen kaplayacak sekilde distan yapilmistir. Yamali
borulara serbest uclu i¢ basing testine uygulanmis ve
patlama basinglar1 ve yamanin etkisi incelenmistir.

GIRIS

Muhtelif sekillerde catlaklar ve hasarlarin olustugu
kompozit levhalarin ve borularin hasar davraniglari
miihendislik ag¢isindan ¢dziilmesi gereken onemli bir
problemdirl. Kompozit malzemeler genel olarak
imalattan kaynaklanan veya statik ve dinamik yiik
altinda olusan hatalara karsi olduk¢a duyarlidir. Bu
sebeple kompozit malzemelerde ¢atlak ilerlemesi ve
hasar analiziyle ilgili genis arastirmalar yapilmistir®®,
Bu hasar ve catlaklarin yama ile tamir edilmesi
malzeme miihendisliginin 6nemli bir konusudur’.
Flaman sarim yontemiyle iiretilen kompozit yapilar
endiistriyel alanda; proses boru ve tanklari, depolama
tanklari, basin¢li borular, basingli tanklar, yer alti
tanklari, gaz yikama kuleleri, bacalar, otomobil ve
kamyon saftlar1 gibi, askeri alanda ve havacilikta;
roketatar govdesi, roket govdesi, roket muhafazalari,
ucak ve planoér gévdeleri, ugak havalandirma kanallart
gibi ¢ok genis sahalarda kullanilirlar. Kompozit borular
ve tanklar i¢ basing altina statik veya dinamik yiiklere
maruz kalarak ¢aligtiklarindan bunlarin dayanimlarinin
ve yorulma Omiirlerinin belirlenmesiyle kullanima
uygun tasarim yapilmasima yol agmistir®®. Kompozit
borularda {iiretim sirasinda, dig etkilerin altinda ve
kullanim sirasinda bir¢ok hasarlar ve ¢atlaklar
olugsmaktadir. Bu hasarlarin  yama ile tamir
edilmesinden sonra borularin tekrar kullanilabilmesine
olanak saglanmaktadir. Bundan dolayr yamanin sekli,
bliytkligi, kalnligt ve kullanilan malzemeler
kompozit yapinin tamirden sonraki  Omriini
etkilemektedir. Hasarlanmis borularin  tamirinde
kompozit yamalarin kullanilmasi uzun siireden beri
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yapilmakta ve bu sahada literatiirde azimsanmayacak
kadar ¢ok caligma bulunabilir ve halen devam
etmektedir’®!2, Yamamn en ¢ok gerektirdigi yerler
korozyona maruz kalan deniz kiyilar1 boru
sistemleridir. Cilinkii deniz kiyilarindaki borular i¢
basincin tesiriyle ¢evresel gerilmeleri etkilemekte ve
hasarlar olugmaktadir. Borularin kompozit yamayla
onarilmasi  borularin  ¢evresel yonde olusan
gerilmelerini iyilestirir. Literatiirde bunu acik¢a
gérmekteyiz 1314,

Bu ¢aligsmada alt1 tabakali, £55° sarim agisina sahip,
E-cam elyaf takviyeli plastik (CTP) borular
kullanilmistir. Uzerine eksenel dogrultuda 15mm
uzunlugunda kalinlik boyunca boruyu delen bir ¢atlak
acilmustir. Bu catlagin tizerine farkli kalinliklarda
yamalar yapilarak tamir edilmistir. A¢ik uglu statik i¢
basing testine tabii tutulan yamasiz ve yamali
burularin  patlama  basinglar1  ve  hasarlar
incelenmistir. Cam kumas kullanilarak yapilan yama
malzemesinin yama katsayisinin mukavemete etkileri
degerlendirilmistir.

DENEYSEL

Malzeme

Bu makalede kullanilan +£55° filaman sarim cam
takviyeli plastik (CTP) borular, IZOREEL San. ve
Tic. Ltd. Sti. Izmir firmasina {irettirilmistir. Kompozit
borularda 17 mm ¢apinda Vetrotex 1200 tex E-cam
elyafi ile CIBA-GEIGY CY 225 Bisfenol-A 100: 90:
0.5 agirlik oranlarma sahip epoksi recine sistemi
kullanilmigtir. Kompozit borularin i¢ ¢ap1 72 mm ve
ortalama duvar kalinligt 2,3 mm olup alt1 tabakadan
olugmaktadir.

Yontem
Times new roman 10
En ¢ok 150-250 karakter

DENEYSEL SONUCLAR/TARTISMA

Borunun hasar davranisini incelemek amaciyla 300
mm boyutlarinda kesildikten sonra {izerlerine 15 mm
uzunlugunda eksenel yonde boyuna catlaklar agildi.
Catlaklarin uglart bistiirii ile keskinlestirildi. Catlaklt
boélgenin tizerini ortecek sekilde borular cam-epoksi
kumas ile sarilarak yama olusturuldu. Hazirlanan
borular ASTM D 2992 standardi1 dogrultusunda icten
basinca maruz birakilarak catlakli bolgenin hasar



olusumu ve dayamklhilig: izlendi. Oncelikle catlaksiz
borularin sonrada yamali burularin mukavemetleri
tespit edildi. Catlaksiz borularda patlama basinct 19.50
MPa, Elastiklik Modiilii 23.10 GPa, ve Poisson Orano
0.81 olarak bulunmustur. Kompozir borularin yakma
testi sonucunda elyaf hacim oram 0.35 olarak
bulunmustur. Sekil 1de kompozit borunun sematik
resmi verilmistir.
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Sekil 1. Kompozit borunun sematik goriintiisii. L =
300 mm, D=76.3 mm,d =72 mm, t =2.15mm
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GENEL SONUCLAR

Catlaksiz borular i¢ basinca maruz birakildiginda
borularin ¢capinda arma ve boyunda kisalma olmustur.
I¢ basing arttik¢a zorlanan borularda 6ncelikle en zayif
bolgesinde beyazlagma olustigu gozlendi.
Beyazlagmay1 sizinti takip etti. Sizintilar su jetine ve
nihayi hasara kadar devam etti. Beyazlagma elyaf-
matriks aray yilizey ayrilmasindan kaynaklanmaktadir.
Bu aralardan i¢ basinci olusturan sivi ilerleyerek iki
tabaka arasina oradan da yiizeye ¢ikmistir. Borulardaki
hasar tabaka ayrilmasi ve elyaf kopmasiyla
tamamlanmaigtir.

Yama yapilmig borularda hasar olusumu daha farklidir.
Oncelikle borunun ¢apinin artmastyla yama ile ana boru
arasinda olusan kayma gerilmesi burada tabaka
ayrilmasina zorlamigtir. Catlaktan giren sivinin ve i
basimcin etkisiyle yamada kilcal catlaklar olugmustur.
Zorlanan yama ve boru birlikte aniden koparak nihai
hasara ulagsmistir. Yamanin tabaka sayisi arttik¢a nihai
hasar igin daha yiiksek basinca gerek duyulmustur. Bu
¢alismada yamanin tabaka sayisi g¢atlaksiz borunun
mukavemetine ulagincaya kadar artiritlmigtir. Sekil 2 de
catlaksiz ve dort katli cam-epoksi kumas ile yamanmig
borularin i¢ basing altinda olusan nihayi hasarlarinin
fotograflari verilmistir. Burada ¢atlaksiz borunun elyaf
dogrultusunda hasar olugurken yamali numunede yama
tabakalart ¢atlak bolgesinin iizerinde ve catlak
dogrultusunda koparak ayrildig1 goriilmektedir.
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Sekil 2. Catlaksiz ve dort kat yama ile tamir edilmis
yapilan boru numunelerinin nihai hasarlarinin
goruntisti.

Yamanin tabaka sayisi borunun i¢ basing etkisindeki
mukavemetini etkilediginden kag¢ tabakada borunun
catlaksiz mukavemete eristigini gormek
gerekmektedir. Yapmis oldugumuz calismada bir
tabakadan bes tabakaya kadar yama tabakasini
artirdik. Bes katmanda ¢atlaksiz numunenin patlama
basicina erisilmistir. Sekil 3 te yamanm katman
sayisina gore patlama basimcinin degisimi verilmistir.

Sekil 3. Catlakli borularda tabaka sayisina gore
patlama basinglarinin degisimi.

Bes katli yama uygulamasi 4MPa basingta ¢itirtt
sesleri vermeye baglamistir. 6 MPa basingta
beyazlagmalarin  yogunlastigi  goriilmiistir. Kat
sayisinin artmast boruyu saran yama borunun sekil
degisimini azaltmaya calismistir. i¢ basing 18 MPa
basinca ulaginca nihai patlama meydana gelmistir. Bu
deger catlaksiz numunenin patlama basincina ¢ok
yakin bir deger olan 19.50 MPa degere yakindir.
Hasar sonrasi yama kaldirilmis ve boruya acilan
catlakta kalinlikk boyunca c¢atlakta ilerlemenin
olmadig1 gézlenmistir.

SONUCLAR

Kompozit yama ile onartlmig ( £55°) filaman sarim
acili 6 tabakali ve kalinlik boyunca gatlakli CTP
borularin serbest uglu statik i¢ basing deneyleri
yapilarak hasar davranigi goézlenmistir. Cam elyaf-
epoksi sargi kumas ile bes kata kadar yama yapilmis
ve yamanm catlakli  borulardaki direncinin
belirlendigi ¢alismada su sonuglara ulagilmustir.

1- Catlaksiz £55° sarim agilit CTP borunun serbest
uglu statik i¢ basing deneyi sonucunda patlama
basmct 19,5 MPa olarak bulunmustur. Hasar
mekanizmasinin olusumu ve gelisimi; sirastyla
elyaf matriks ayrilmasi, matriks catlamasi,
tabaka ayrilmasi ve elyaf kopmasi seklinde
gbzlenmistir.

2-  Yama katmani 2 oldugunda patlama basinci 8.6
MPa da nihayi hasar olurken 3 tabakali yamada
bu basmng 11. MPa olmustur. Katman sayisi
dorde ¢ikinca 14 MPa ve son olarak 5 katmanli
yamada 18 MPa i¢ basingta nihai hasar olmustur.



Eger yama katmani besten fazla olsaydi
borulardaki hasar yama diginda borunun en zayif
bir bolgesinde olusacakt.

Bes katmanli yama ile tamir edilmis catlakli
borundan hasar sonrasi1 yama kaldirilinca ¢atlagin
boyuna yonde ilerlemedigi gdzlenmistir. Catlagin
boyuna yonde ilerlememesinin sebeplerinden biri
fleman sarim borularda c¢atlak uglar1 elyaflar
tarafindan durdurulmakta ve farkli acilarda
yonlendirilmelerindendir.

SONRAKI DONEM CALISMALARI

CTP Flaman

sarim kompozit borularda ¢atlak

ilerlemesi, gerilme siddet faktorleri ve darbe hasarlari
caligilabilir.
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AMACLAR

Bu ¢alisma da kumaslara uygulanan bazi objektif
konfor testlerinden elde edilen degerlerin AHP karar
analizi ile degerlendirilmesi anlatilmustir.

GIiRiS

Konfor bircok fiziksel, psikolojik ve fizyolojik faktorii
iceren karmasik bir kavramdir ve genel olarak da ¢evre
ve viicut arasindaki psikolojik, fizyolojik ve fiziksel
uyumun sonucunda ortaya c¢ikan memnuniyettir.
Konfor, termofizyolojik, dokunsal viicut hareket ve
estetik konfor olara ayrilmaktadir(Giiney ve Kaplan,
2016). Giysilerin konforlu sayilabilmesi i¢in birgok
Ozelligi tagimast yaninda esneklik ve deri-kumasg
sirtinme  gibi  degerlerinin  de iyi  olmasi
beklenmektedir. Bu degerler kullanilarak en iyi fiziksel
ozelliklere sahip kumaglarin seg¢iminden Analitik
Hiyerarsi Prosesi(AHP) yonteminden
faydalanilabilmektedir.

Analitik Hiyerarsi Prosesi (AHP)

Analitik Hiyerarsi Prosesi, 6l¢gme ve karar verme
problemlerinde kullanilan matematiksel bir teori olup
1970°li yillarda Thomas L. Saaty tarafindan
geligtirilmistir (Saaty ve Niemira, 2006). AHP
yontemin anlagilabilirliginin ve uygulanmasinin kolay
olmasi nedeniyle literatiirde uygulama alanlar1 oldukga
fazladir (Ho, 2008: 211).

Uygulamada izlenmesi gereken akig su sekildedir
(Supgiller ve Capraz, 2011):

* Hiyerarsik yapinin olusturulmasi

« Ikili karsilastirma matrisleri ve iistiinlerin
belirlenmesi

* Ozvektodriin(Goreli Snem vektorii) belirlenmesi

* Ozvektor tutarhiligmin kontrolii

* Genel sonucun bulunmasi

ZCCECE

Sekil 2. AHP yontemi iglem akist

DENEYSEL

Malzeme

Calismalarda parlak, estetik ve gilizel -efektler
olusturmak i¢in kullanilan bir iplik tirii olan FDY
naylon iplik, polyesterin aksine atmosfer sartlarinda
boyanabilme 6zelligine sahip elastik bir poliester lifi
olan PBT, cilt ile temas durumunda cildin sicakligini 1.2
C dereceye kadar azaltabilen Xcool ipligi, sicaklik
yiikkselmeye bagladiginda serinlik hissi saglayan ve
icerdigi mikron boyutundaki polimerler sayesinde ylizey
alan1 artiran ve serinlemeyi saglayan kiiciik kanallar
olusan Breze ipligi, baska bir elastik lif olan PTT ve
parlak, estetik ve giizel efektler olusturmak igin
kullanilan Britex ipliginden tretilmis siiprem atkili 6rme
kumaslar kullanilmistir. Kumaglarin iplik numaralari ve
konstriiksiiyonlarinin ayni olmasina dikkat edilmistir.

Yontem

Calismada kumaslarin fiziksel 6zelliklerinin objektif
olarak degerlendirilebilmesi i¢in gesitli standartlara
uygun testler gergeklestirilmistir ve AHP yontemine
gore secim uygulanmustir. Bu testler; Kumaslarinin
Elastikiyet Ozelliklerinin Olgiilmesi (EN 14701-1),
Kumaslarin Patlama Mukavemeti Olgiimii (ASTM
D3787), Kumasg-deri Siirtiinme Testi (ASTM D1894)
olarak sayilabilir.

DENEYSEL SONUCLAR/TARTISMA
En 1iyi fiziksel oOzellige sahip kumas secimi

probleminde kullanilacak kriterler ve alt kriterlerin
hiyerarsik yapisi su sekilde belirlenmistir:

En lyi Fiziksel Ozellige
Sahip Kumas Se¢imi

i’ﬁﬁ'ﬁ;‘&imm Friksiyon Elastikiyet
Cubuk Kinetik] Cubuk
Cubuk Statik Sira

Sekil 3. En lyi Fiziksel Ozellige Sahip Kumas Secimi
Kullanilan Kriter ve Alt Kriterler
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Patlama Mukavemeti: Bir kumagin patlamaya karsi
direncini (yani patlama mukavemetini) 6lgmek igin
gergeklestirilir.

Friksiyon: Bir kumagin siirtiinmeye karst direncini ve
buna bagli olarak da yiizey piiriizliiligiinii 6lgmek i¢in
gerceklestirilmig bir testtir

Elastikiyet: Viicudu saran tiim giysiler i¢in oldugu gibi
mayo kumaslarinda da elastikiyet ve elastik geri doniis
ozellikleri hayati 6nem tasimaktadir.

Se¢im kriterleri agirliklarinin elde edilmesi i¢cin AHP
yontemi Super Decisions 2.10.0 programu kullanilarak
uygulanmigtir. Programda en iyi fiziksel 6zellige sahip
kumas se¢imi igin olusturulan hiyerarsik yap1 Sekil
2’deki gibi olusturulmustur.

BOEE DERC T
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Sekil 4. Super Decisions 2.10.0 programinda
olusturulan hiyerarsik yap1

Sekil 2°de verilen Super Decisions 2.10.0. programinda
en iyi fiziksel 6zellige sahip kumas se¢imi problemi
hiyerarsisinin ikili kiyaslamalara dayali
karsilagtirilmasi sonucunda elde edilen kriter agirliklart
Tablo 1°de verildigi gibidir.

Tablo 1. Kriter agirliklart

Kriterler Agirhiklar
Patlama Mukavemeti 36,89%
Elastikiyet Cubuk 20,63%
Elastikiyet Sira 20,63%
Cubuk Kinetik 10,93%
Cubuk Statik 10,93%

Her bir kriter bazinda segeneklerin iki kiyaslanmasi
sonucunda en iyi fiziksel Ozellige sahip kumas
seceneklerinin siralanmasi Tablo 2°de goriildiigli gibi
elde edilmistir.
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Tablo 2. Kumas secenekleri siralamasi

Sira Kumas Secenekleri Agirhiklar
No
1 PTT Kumas 0,2522
2 X-Cool Kumas 0,1748
3 Breeze Kumas 0,1580
4 Britex Kumag 0,1516
5 PBT-Poliamid Kumas 0,1395
6 FDY Kumas 0,1239

GENEL SONUCLAR

Bu caligma kapsaminda en iyi fiziksel 6zellige sahip
kumasin belirlenmesinde, ¢ok kriterli karar verme
yontemlerinden biri olan ve literatiirde siklikla
kullanilan AHP yontemi kullanilmistir. Kumas se¢im
probleminin uygulanabilmesi i¢in 6ncelikle kumagsin
fiziksel ozelliklerini gosteren kriterler belirlenmistir.
Bu kriterler bazinda kumas secenckleri ikili
kiyaslanmig ve segenekler siralanmigstir. Siralama
sonucunda en iyi fiziksel kumas PTT olarak
belirlenmistir.

SONRAKI DONEM CALISMALARI

En iyi fiziksel kumas secimi diger ¢ok kriterli karar
verme yontemlerinden olan TOPSIS, ELECTRE ve
ARAS gergeklestirilerek, AHP sonucunda elde edilen
siralama ile karsilastirilabilir.

TESEKKfJR/BILGILENDIRME/FON
KAYNAGI
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tarafindan, TUBITAK 3171008 proje numarasi ile
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PURPOSE

Nowadays, several fabrication methods have been
proposed to develop thermoplastic-based microfluidic
microdevices. In this paper, for the fabrication of such
devices, a micromilling method is presented as an
appropriate candidate for the development of
microfluidic actuators. To this end, a pneumatically
actuated micropump is designed, fabricated, and
characterized. Furthermore, the impact of micromilling
process is investigated by investigating the surface
quality of micromilled pattern via Atomic Force
Microscope (AFM) and Field Emission Scanning
Electron Microscope (FESEM) of micormilled
surfaces.

INTRODUCTION

Thermoplastics represent excellent capabilities to be
exploited as based materials in the fabrication of
microfluidic devices [1, 2]. These stem from the
benefits of thermoplastic materials including but not
limited to viability [3], the ease of accessibility, and
mass production features [4, 5]. Moreover, based on the
variety in the fabrication methods of such materials that
consist of hot embossing, micromilling, injection
molding, laser ablation and sterolithography, these
materials have attracted the attention of many
researchers [1, 6]. In this way, the use of micromilling
and Co2 laser ablation methods have outpaced every
other method because they are cost-efficient [6].
However, the use of Co2 laser ablation makes
researchers apply several post-processing procedures
like chemical surface treatment leading to the increase
of fabrication time and cost [7]. By contrast, the
micromilling approach has the ability to create a wide
range of cross-section shapes without the requirement
of applying any post processing steps.

In this research, the use of micromilling in the
fabrication of thermoplastic-based microfluidic devices
is studied. To this end, a peristaltic, gas-actuated
micropump is designed and fabricated. The presented
microump consists of various layers that are assembled
with the aid of the thermal fusion bonding method.
Furthermore, the effect of micromilling on the
fabrication procedure is investigated using the FESEM
and AFM.
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EXPERIMENTAL

Material

Commercial Poly(methyl methacrylate) (PMMA)
sheets (Calvin, Vietnam) are exploited to fabricate the
micropump. A high-tech CNC micro milling (DSP,
China) machine is used for micromachining purposes
of the PMMA sheets. Various software such as the
SOLIDWORKS® and MASTERCAM® are employed
to design and fabricate the different layers of
micropump. Due to the rigidity of PMMA, for
actuating aim, a (Thermoplastic Poly Urethane) TPU
film (Covestro LLC, MA, USA) with a certain
thickness of 25um is exploited as a thin and flexible
membrane in micropump. A research laboratory oven
(ATRA, IRA) is utilized in thermal treatment and
bonding of micropump layers. A commercial
controller system is leveraged to operate the presented
micropump. The system includes some FESTO® fast
switch valves (MH1-24Vv DC) handled by the
WAGO® microcontroller. The CODESYS® software
is used to command the controller system. A nitrogen
gas tank and some pressure regulators are employed
to apply and control gas pressure on the membrane.

Design and Fabrication

The presented micropump is peristaltic, including five
serial gas-actuated microvalves. Each valve is
constituted from liquid channel, gas channel and
diaphragm (Figure 1). The compressed air, which is
moved through gas channel, forces the diaphragm,
and pushes the liquid situated in the liquid channel.
By the operation of all valves, based on a certain
pattern, the liquid is pumped.

After the design of layers via SOLIDWORKS®, the
CNC micromilling is used to engrave the desired
features in PMMA sheets. During milling procedure,
the feed rate and spindle velocity are controlled
accurately owing to their great impact on the surface
quality of micromilled channel. After the preparation
of layers, the thermal fusion method, which is based
on the glass transition temperature of PMMA, is used
to bond different layers. In this method, some
controllable parameters such as pressure, temperature
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and bonding time are controlled precisely. Initially,
layers are cleaned by water-soap and ethanol, followed
by a thermal treatment at 90° C and the vacuum pressure
of 80 kPa for not less than 8 hours. After the cooling
procedure, all layers (TPU and PMMA) are sandwiched

Gas Channel

Liquid Channel

between two clamps. Then, they are kept in the oven at
the temperature and vacuum pressure of 142° C and -80
kPa for one hour. Afterward, they are cooled down to
50°C in 50 min.

Figure 1. The image of fabricated micropump.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

In order to scrutinize the micromilled surface quality,
the FESEM and AFM images are shown (Figures 2 and
3). In this way, the surface roughness of various
positions in the channel is measured, and the maximum
value is reported as the surface roughness of channel.
Based on results, the maximum average roughness is
measured to be 11.43 nm which is considered
appropriate for microfluidic applications.
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Figure 2. The FESEM image of micromilled surface.

147

§ A
$3)
{ (4=

Figure 3. The AFM image of micromilled surface.
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Regarding micropump, the impacts of physical
parameters including gas actuation pressure on the
generated flow rate of micropump are investigated.
As shown in figure 4, the increase of gas actuation
frequency consistently rises the generated flow rate,
in which the maximum flow rate is obtained at the gas
actuation frequency of 15 Hz. Regarding gas
actuation pressure, an optimum gas pressure of 160
kPa is observed where the maximum flow rate of
345.29410 pL/min is obtained. Moreover, at 15 Hz,
with increasing gas actuation pressure from 160 kPa
to 220 kPa, the generated flow rate decreases to

325.99£10 puL/min.
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Figure 4. The effects of different gas actuation

pressures and frequencies on the performance of the

micropump.

CONCLUSIONS

In this paper, the capability of micromilling method
for the fabrication of thermoplastic-based
microfluidic micropump from the PMMA and TPU is
studied. Thanks to the micromilling fabrication
method, there is no surface chemical treatment to
improve the surface quality of surface. The obtained
surface quality implies that this method is appropriate
for the fabrication of a wide range of thermoplastic-
based microdevices. Furthermore, a thermoplastic
micropump was fabricated and characterized. The



fabricated micropump can generate a maximum flow
rate of about 350 pul/min at an actuation gas pressure
and frequency of 160 kPa and 15 Hz, respectively. In
comparison with other fabrication methods, the
introduced one is more effective in terms of time and
cost. Therefore, it can be used for making various
microfluidic actuators in a research laboratory for
biomedical applications.
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PURPOSE

In this study, in order to investigate the weave patterns
which could be used in designing auxetic woven fabric
structures, it was aimed to investigate the Poisson’s
ratio of the pique structures because of the structural
properties of weave pattern having a large number of
yarn crossing points and long yarn floats together.

INTRODUCTION

When a material is subjected to tensile force, it is
subjected to elongation in the force axis, contraction
occurs in other axes, or when a material is subjected to
compressive force, expansion occurs in other axes
while it is subjected to shortening in the force axis?.
Poisson's ratio (v) (Equation 1), i.e. the coefficient of
elasticity, is the negative ratio of transverse deformation
to longitudinal deformation®.

= - (axial strain / extensional strain)

Although most of the materials used in engineering
have a positive Poisson’s ratio, a limited number of
materials have a negative Poisson’s ratio. Materials
with a negative Poisson’s ratio are also referred to as
auxetic materials. Auxetic materials, as opposed to
materials with a positive Poisson’s ratio (Figure 1),
expand laterally when stretched and contract laterally
when compressed?®.

Neowdnvene Marerval davenic Marerial

| | 4‘/

Figure 1. Tensile behavior of non-auxetic (conventional
material) and auxetic material

\
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Materials with a negative Poisson’ ratio have
significant advantages. These advantages include
increased surface area, extra friction resistance,
breaking strength, improved acoustic behavior,
superior energy absorption (thermal impact
resistance, ultrasonic and sonic strength), wet
efficiency, adhesion (interface / matrix) strength,
tensile strength and better slip module?*. An
increased indentation resistance makes auxetic fabrics
suitable for use in protective equipment. The
improved acoustic properties are suitable for sound
insulation applications®>.

Since Poisson's ratio is a physical parameter
independent of material scales, auxetic behavior can
be obtained at different levels from molecular level to
macroscopic level>57.

A potential application of auxetic materials is the
usability of the release ability, such as anti-perspirant
containing garments, due to increased pore opening as
a result of stretching®®°. Due to the expansion and
contraction behavior of auxetic materials, it can be
said that these structures have variable permeability.
The variable permeability of auxetic materials can be
used to produce intelligent filters that can be designed
with different sizes and special geometries to control
the transition pressure in filtration. One area of
application of auxetic materials is biomedical
engineering. The evolution of these materials will
allow the production of blood vessels that expand
their walls when blood is pumped, or the development
of new surgical instruments and mechanisms*°.

In general, there are two approaches to producing
auxetic fabrics. The first approach is to use
conventional fibers and yarns to create a Negative
Poisson’s Ratio (NPR) effect through knitting or
weaving in a special geometric configuration. With
this approach, various weft knitting and warp knitting
auxetic fabrics were produced®!-13,
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In this study, it was aimed to investigate various pique analyzes were performed and Poisson’s ratios were

patterns in order to guide the weave designs having calculated.
negative Poisson’s ratio which can give an auxetic
effect to create pore opening with tensile effect. EXPERIMENTAL RESULTS AND
DISCUSSIONS
EXPERIMENTAL The Poisson’s ratio - elongation graphs of the fabrics
Material are presented in Figures 3 and 4. Changes in Poisson’s
In the study, 100 % cotton pique fabrics with different ratios were evaluated for 1cm elongation.
weave structures were used. Fabric constructional —&— Warp Direction —€—Weft Direction
properties were presented in Table 1. Microscopic 1.4
images with 10 times magnification of pique fabrics
were presented in Figure 2. 1.2
Table 1. Constructional properties of fabrics é !
Fabric Yarn Count Yarn Density Fabric Ros R
Code [Nm] [Thread/cm] Weight E ' /
Warp | Weft | Warp | Weft [g/m?] 206 4
FL | 26 | 22 | 28 | 26 | 2084 & ?—e\j
= 5 | 15 18 | 20 | 2557 0.4 /
0.2
NV

AT D & & I Y
TS 02 P WD (P o (T

NUEN
Elongation [mm]

Figure 3. Poisson’s ratio - elongation curve of F1
fabric

—4&— Warp Direction —€—Weft Direction

i:g A X
—=

Elongation [mm]

Figure 4. Poisson’s ratio - elongation curve of F2
fabric

Figure 2. Microscopic images of FL and F2 fabrics Negative Poisson’s ratio was obtained in the warp

direction of F2 pique structure and under 1mm
elongation. Under the extension of 1 mm, in which the
negative Poisson’s ratio was obtained, there was an
expansion in the transverse direction in the fabrics
subjected to tension in the warp direction.

Method

Tensile measurements of fabrics were made in
Shimadzu AG-X plus strength device according to
ASTM D2256 standard for warp and weft direction.
The images of the fabrics taken under tension were
taken simultaneously at certain intervals and image
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This might indicated that such structures could be used
under conditions of stretching, where the pore opening
due to stress was desired (such as medical gauzes, as
well as use where moisture, air and water vapor
permeability may be desired).

When the structural properties of F2 fabric in which
negative Poisson’s ratio was obtained, it was observed
that this fabric has thicker yarns and lower fabric
density values than F1 fabric.

In addition, the yarn count and density as well as the
weave pattern structure must be taken into account.
When the weave structure of the F2 fabric was
examined, it was observed that there were large yarn
intersection regions connected one-to-one between the
long warp and weft yarn floating regions.

Although a similar weave structure was also in F1
fabric, it was thought that the negative Poisson's value
could not be obtained in F1 fabric because it could be
caused both by the effect of yarn counts and density
values, and also because of the narrow yarn intersection
regions connected one-to-one between the long warp
and weft yarn floating regions in the weave structure.

The fact that the one-to-one intersection zones were
located in a narrow area indicated that it could not
produce an expansion due to the applied tensile in the
areas where the long yarn floating areas were dominant.

CONCLUSIONS

As a result of this study which examined pique pattern
structures that can be used in auxetic fabric design, it
was observed that auxetic effect was obtained in an
applied tension of approximately 1mm with proper
placement of the yarn connection areas.

SUGGESTIONF FOR FURTHER WORK
Work continues on fabric constructions with different
structural parameters and pique pattern structures.
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RECYCLED CARBON FIBER FOR PROTECTIVE
CLOTHING APPLICATIONS
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ABSTRACT

Recycled carbon fibers was carried out using with
converted into cheesecloth sheet using standard-
universal carding machine processing to obtain
technical textile products as a first step. This product
was converted to tow profile form as an intermediate
process step to obtain yarn. These forms were subjected
to tensile-bending-folding process by combining 6
pieces. The yarn had been subjected to the lubrication
and holding process for obtaining the one-way spin of
orientation fibers process. Open-end machine was used
to obtain yarn and the machine velocity was chosen
approximately 12,000 rev / min. Using the conventional
glove knitting machine, 6 of these yarns were used
together to obtain protective gloves. With the use of
carbon fibers from recycling, it was observed that the
knitted glove endured to a temperature of
approximately 400 degrees and remained in the form of
knitting and did not burn in laboratory experiments. The
total weight of the single glove was determined to be 20
grams.

Keywords: Recycled carbon fibers, Protective clothing,
Non-flammable yarn, Knitting, Glove, Light yarn.

152



structured Polymeric Composites
SHYHA, Islam'*, DEARY, Michael*, HUO, Dehong?

A Study on Particulates Release when Machining Nano-

'Faculty of Engineering and Environment, Northumbria University, Newcastle upon Tyne, UK
2School of Mechanical and Systems Engineering, Newcastle University, Newcastle upon Tyne, UK
*islam.shyha@northumbria.ac.uk

PURPOSE

This paper presents a quantitative assessment of particulates
released when machining nano-structured composite materials
(graphene/epoxy and halloysite nanoclay/polyester) under
different cutting conditions.

Current technologies are only able to produce composite parts in
near-net shapes. Micromachining is needed to attain higher
surface quality, dimension accuracy, and generate additional
features such as holes for assembly. Micromachining processes
are also feasible for wide ranges of materials. Main challenges
when micromachining composites include the excessive
generated heat, unexpected variations in cutting forces and
dimension accuracy, high rate of tool wear and small particulates
(airborne chips) released when machining dry (i.e. without the
use of cutting fluids). Machining allowance (the part to be
removed from the work material) is transformed during the
removal process to chips which rest on machine beds while the
finer particulates become airborne. This is mainly occurring
when dry machining is employed. Dry machining is unavoidable
because the use of cutting fluids can have a high adverse impact
on human health, expensive disposal & waste management
costs, high consumption rate (EU alone consumes approximately
320,000 tons of cutting fluids per year), and the potential
chemical interaction between cutting fluid and workpiece.
Throughout their lifecycle nanocomposites will undergo
machining with safety concerns relate to the rate and volume of
nanomaterial release from the matrix. Research into
nanomaterial safety has expanded alongside their use in research
and industry but few studies focus on the release of
nanomaterials from nanocomposites. Lack of studies into
nanomaterial release from nanocomposites makes rigorous risk
assessment and management of occupational exposure
impossible. Available studies do show release of nanomaterials
from the composite matrix during a variety of machining
activities. Froggett et al. reviewed the nanomaterials release and
found that studies to date do not indicate a high propensity for
discreet nanomaterial release, but rather composite particles of
matrix with partially or fully embedded nanomaterials (Froggett
etal., 2014).

EXPERIMENTAL WORK

Material

The research aims to evaluate the small/nano-particulates release
when micro slotting graphene/epoxy and halloysite
nanoclay/polyester nano-structured composites. Constant nano-
filler weight percentage of 0.3% was used throughout

experiments. Two flutes uncoated micro-grain tungsten
carbide end mills with nominal cutting diameter of 1 mm, 3
mm flue length and helix angle of 20° were used. Tool wear
was found negligible when cutting nano-composites (Shyha, et
al., 2018) and therefore tools were used until fracture. Dry
cutting was employed throughout all experiments to allow the
capture of airborne chips.

Method

Micro milling experiments were performed on an ultra-
precision desktop micro-machine tool (Nanowave MTS5R)
equipped with a high speed spindle (max 80,000rpm).
Experimental setup is shown in Figure 1. The evaluated
process variables and their corresponding levels are shown in
Table 1.

The collection of the particulates released was performed using
Turnkey Dustmate, laser light scattering monitor at 4 locations
away from the point of cutting including 10, 30, 50 and 100
cm. The released PM1o, PM25, PM; concentrations (size <10,
<2.5 and <1 um, respectively, with a lower limit of 0.5 pm)
was measured. Following the collection of particulates during
each cutting experiment, Robust Highest Concentration (RHC)
for each size fraction was calculated. RHC is a statistical
parameter used in ambient air quality studies (worst case
parameter) and can be computed using the following equation.

RHC = X, + (X1 X n)ln[@]

Figure 1. Micro-milling experimental setup

Table 1. Process variables and their levels

Variable/Level 1 2 3 4
Workpiece material Graphene/ | Nanoclay/
epoxy polyester
Cutting Speed (m/min) 31.4 94.2 157
Feed rate (um/rev) 5 15 25
Depth of cut (mm) 50 100 150
Location of Dustmate (cm) 10 30 50 100
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RESULTS AND DISCUSSIONS

UK EH40 work exposure limit (WEL) for respirable dust (i.e.
<4um) is 4,000 pg/md, which is above all of the experimental
conditions tested in this study. However, a small number of trials
at different cutting conditions exceeded the IOM recommended
limits of 1000 pg/m?, see Figure 2. For almost all of the
experiments, the peak of particulates concentration obtained at
10 cm away from the tool tip regardless of cutting conditions
used, see Figure 3. Principal Component Analysis (PCA) was
used to determine the relationships between concentrations and
the process variables as shown in Figure 4. The size of circle is
proportional to PM3io concentration while the colours indicate
distance categories. Closely aligned arrows indicate positive
correlations (e.g. PM1o with depth of cut). Oppositely aligned
arrows indicate negative correlation (e.g. PMyo and distance).
PM; and PM;s are more closely aligned with each other than
they are with PM1o. Orange and red circles (closer distances),
clearly associated with highest concentrations. In general,
graphene/epoxy material had higher concentrations compared
with clay/polyester regardless of cutting conditions and distance
from tool tip, see Figure 5. Also, the PMy, fraction is found to
be closely associated with changes in cutting parameters (i.e.
compared to PMzs and PM3), suggesting that most particulates
produced are within this category. There is limited information
on health hazards of nanoparticles (<0.1pum) and so, even though
our study suggests low concentrations of this size fraction are
generated, these concentrations may still be associated with
significant health effects which means adequate precautions
need to be taken.

Figure 2. RHC for PMyo (ug/m?®)
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CONCLUSIONS

Within the evaluated operating conditions, released particulate
concentrations for most of the experiments were below the
recommendation WEL for respirable dust (i.e. 1000 pg/m?®
recommended by IOM). It does not mean coming in under the
available WELSs, it is ok to machine nanocomposites with no
extraction. Therefore, this work draws attention to the need for
new WELSs for nanomaterials and output from nanocomposites
machining because current legal limits applied could really lull
people into a false sense of security.

SUGGESTIONS FOR FURTHER WORK
The future work will need to focus on characterising
morphology and toxicity of the particulates generated from
micromachining nano-structured composites.
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