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Abstract

Bio-based polymers have been considered as important alternatives to the existing
commodity polymers especially in packaging industries in which the shelve-lives are
quite short. They are produced by renewable resources - in contrary to commodity
polymers which are produced from fossil resources- which will not be exist in the
future-; biodegradable and their degradation products are safe and environmentally-
friendly. On the other hand, they are costly, and both processing and final product
properties are not good enough for their widespread uses. Their propertics may
significantly improved by incorporating nanofillers - producing nanocomposites-.
Layered clays are the most widely used nanofillers. However, they may be first
modified with organomodifiers to increase their compatibility with the organic
polymer phase, and to reach “intercalated” or “exfoliated™ structures. PLA has one
of the highest potentials among bio-based polymers particularly for packaging due to
its reasonable price and availability in the market. Its properties may be improved
significantly by incorporating nanofillers (e.g., organoclays). Both organoclay and
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organomodifier type, size and content and also production protocol (from solution or
melt) should be optimized to reach the desired improvements.

1. Introduction

Polymers have been used in diverse applications because they are produced in large
quantities (hundred thousand tons) and are quite in expensive (around 1 USD/kg);
they are casily processed in complex shape products; in many applications they do
offer desirable properties, and therefore have replaced many products made of other
matenals. Packaging industry consumes about 30% of the total polymers produced
in yearly basis. Because of the hygienic concerns, huge amount of polymers are
used especially in food packaging. However, because of their short shelf life, they
directly go to waste in a rather short time and get accumulated in the environment
which is onc of the main concerns in waste management in sustainable development
policies.

In recent ycars, bio-based products have raised great interest due to increasing
environmental concerns and also decreasing the fossil resources that are use to
produce many polymers today. Different terms are used to describe the materials
considered in this category. “Biopolymers™ or “natural polymers™ are the polymers
synthesized by the nature in natural pathways having special purposes to be
produced/exist which is a part of normal life cycle. “Biodegradable polymers™ are
materials that are degraded in biological environment, induced by the vital activity of
an organism, and not simply the degradation of a material in a physiological
environment. Other terms as “bioresorption”, “bioabsorption™, “bioerosion™, etc. are
also used in the literature to describe the overall degradation phenomenon. Natural
polymers are biodegradable, nature knows both how to synthesize and how to
degrade. Synthetic polymers may be also biodegradable. The term “bio-based
polymers™ covers not only biopolymers but also polymers produced from natural
resources such as polylactic acid, which is produced from a natural material, L-lactic
acid. Bio-based polymers are mostly biodegradable. They may also degraded in the
cnvironment by only physical means (hydrolysis, oxydation, etc.). The important
note is that not only the polymers themselves but also their degradation products
should be safe.  As conclusion, we should note that developing novel materials
labelled as “environmentally-friendly™, 1.e., materials produced from alternative
resources, with lower energy consumption, biodegradable and non-toxic to the
environment is an important challenge. Most biopolymers are costly, there are
difficulties to process them, their propertics may change from one resource to
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another, and they are sometimes too weak for practical use. Therefore, it is necessary
to improve these biopolymers to make them fully competiive with common

thermoplastics is another an important challenge.

To extend their applications, these bio-based polymers have been formulated and
associated with nano-sized fillers, which could bring a large range of improved
properties including stiffness, permeability, crystallinity, and thermal stability. Here,
in this short text, important biodegradable polyester, polylactic acid and its clay
nanocomposites, are taken as an example and their properties are briefly described.

2. Polylactic acid

Lactic acid (milk acid) is an d-hydroxy acid, a natural substance, exist in two stereo
isomers the L (+) and the D (<) (Fig. 1). The L (+) form is the natural onc, and is
present in animal and human tissues as well as in numerous food products (meat,
milk products, pickles, beer, ete.). Lactic acid can be produced by chemical
processes, or by fermentation of carbohydrates from lactic bacteria, belonging
mainly to the genus Lactobacillus, or fungi [1,2]. Today, lactic acid, its salts and
esters are extensively used in food, cosmetic and pharmaceutical industries mainly as
preservative. Lactic acid and polymers undergo a biodegradation process and leaving
only H-O and CO»: they are thus re-entering the natural life cycle without leaving
behind harmful pollutants.
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Figure 1. Monomers, dimers and polymers of lactic acid.

As shown in Figure 2, d-hydroxy acids, being bitunctional molecules, are converted
into lincar polymers by heating with or without using a catalyst by direct
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polycondensation reactions (or in other terms by intermolecular esterification),
which was first described by Filachione and Fisher in 1944 73 This technique
produces  only low-molecular-weight  polymers  (oligomers).  Polycondensation
reaction reaches the equilibrium therefore to increase the average molecular weights,
water has to be removed during polymerization. However, even by exhaustive
azeotropic distillation using an effective agent one might expect to produce polymers
with number average molecular weights not more than 10, kDa [4]. In order to
produce polyesters with higher molecular weights that lactic acid is first converted to
the respective cyclic dimer, i.e. “lactides™. These processes are usually based on the
transformation of lactic acids into a low molecular weight polymer by heating or also
using a catalyst (¢.g.. antimony trioxide, zinc chloride), and then heating the polymer
under reduced pressure to generate the desired cyclic ester. Then, ring-opening
polymernization of cyclic dimers using various catalysts (¢.g.. stannous octoate) are
being conducted, usually in bulk or in reactive extruders which is the main approach
for the synthesis of polyesters with high molecular weights [5-10].

tHh R= CHECHy
el lilale  TEE
uo—?r—j—on =22 e 1N HO ¢
i 9
Oy =

gttt

Figure 2. Synthesis of polylactic acids.
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Homo and copolymers of lactic acid (or lactide) can be processed into different
forms by common polymer processing. Special consideration needs to be given to
dry these polyesters before processing and nigorously exclude humidity during
processing to prevent hydrolytic degradation especially at elevated temperatures.
Monomer formation during processing can act as a plasticizer, changing the
material's mechanical properties, and can catalyze the hydrolysis of the matenal, thus
altering degradation kinetics. Thercfore, these matenals should be processed at the
lowest temperatures under dry conditions with a minimum monomer residual.
Several plasticizers, including lactic acid oligomers, polyethylene glycols (PEG)
with difterent molecular weights and citrate ester are used, which increases the chain
mobility and allows crystallization [11-15].

The biodegradable polyesters, homo and copolymers of lactic acid have ester bonds
on their backbone (main) chains which are cleaved by the reaction with water, which
is so-called hydrolysis [16.17]. Generally, two step hydrolysis mechanism s
assumed, in which first water molecules diffuse in the amorphous regions and start a
random hydrolytic scission at the susceptible ester linkages, and then degradation
continuous in the crystalline regions. The degradation products (both oligomers and
monomers) carrying carboxylic acid end groups in the case of degradation of
polyesters are responsible for the autocatalytic bulk degradation of the materials
made of these polymers, in which degradation rate is even much faster than ordinary
hydrolysis [16]. For a specific application, correct polymer with the required
degradation behavior can be selected by considering morphology (crystallinity,
orientation, cte.) which is closely related with the chemistry and molecular weight.
Several groups have been investigated degradation of homo and copolymers of lactic
acid. The methyl groups in lactic acid, polylactic acids contributes the hydrophobicity
of the polymer, which reduce water molecule penetration and reduces the degradation
rate. Degradation rate is significantly reduced by increasing the molecular weight.
Furthermore, including D-lactide in L-lactide as a comonomer reduces the
crystallinity of the final stercocopolymer and increases the degradation rate [18].
PLA is mainly degraded by hydrolysis and enzymatic depolymerization in this
process remains open to debate [19].

PLA has one of the highest potentials among bio-based polymers particularly for
packaging due to its reasonable price (about 2 US Dollars per kg) and availability in
the market [20-22]. At present, Cargill is leading in the market (NatureWorks®,
Cargill, USA, http:/www.natureworksllc.com). The other producers are Dainippon
Ink Chemicals, Mitsubishi, Mitsui Chemicals, Shimadzu and Toyota in Japan,
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Biomer (Germany), Galactic-Total (Belgium), Purac (Netherlands), and Treofan
(Netherlands).

2. PLA-Clay Nanocomposites

Polymer nanocomposites are prepared by dispersion of nano-sized materials
(nanofillers) into the polymer matrix usually less than 10% [23, 24]. Laycred clays
and silicates (c.g., montmorillonite, hectorite, saponite, fluoromica, fluorohectorite,
vermiculite, kaolinite, magadiite) are the most widely used nanofillers. Layered
double hydroxides (e.g., MGAL(OH)COnH,O; M:Mg, Zn); metal chalcogenides
(e.g.. (PbS); 14, (TiS2).. MoSy); carbon oxides (e.g., graphite oxide); metal
phosphates (e.g., Zr(HPO,)); spherical particles (e.g., silica) and acicular materials
(c.g., whiskers, carbon nanotubes) have been also studied. Incorporation of
nanofillers, due to huge interfacial surface area (may go up to 750 m’ for instance
with layered clay) improves polymer properties (such as mechanical properties;
thermal stability; flame retardance; barrier propertices, etc.) drastically.

Layered nanofillers are one of the important reinforcing agents used in hybrid
organic-inorganic  nanocomposites due to their high aspect ratio. However their
preferred face-to-face stacking in agglomerated tactoids prevents their homogeneous
dispersion in organic (polymer) phase. Dispersion of the tactoids into discrete
monolayers is further hindered by the intrinsic incompatibility of hydrophilic layered
silicates and hydrophobic (usually) polymer matrices. Therefore they have to be
“intercalated” or cven converted into a better form, “exfoliated™ (Fig. 3). Several
organo-modifier, usually organic onium ions (e.g., N+(Me)2(C8)(tallow)-C25A-,
hexadecylamine-C'16-, dodecyltrimethyl ammonium bromide-DTA; n-hexadecyl
trimethylammonium  bromide; bis(4-hydroxy butyl) methyloctadecyl, dimethyl
distearyl ammonium) are used to prepare organophilic clays, which are then
dispersed in the polymer matrix  (both in solution or in melt) to prepare the
Nanocomposites.
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Figure 3. Layered silica nanocomposite structures,

PLA is a very promising material, as also mentioned above, since it 1s commercially
available with reasonable prices, exhibit good thermal plasticity and mechanical
propertics suitable for many applications including packaging films. However, some
of its propertics, like flexural properties, gas permeabihity and heat distortion
temperature, are too low for widespread applications. Theretore, PLA have been one
of the most widely studies bio-based polymers to prepare nanocomposites in order to
Improve its propertics.

Several parameters affect nanocomposite properties, including both organoclay type.
size/shape and clay content, and also organomodifier type and content. Aspect ratio
(the ratio of length to diameter of the clay) is one of the most important parameters,
matenial propertics usually improved by increasing the aspect ratio. For instance the
aspect ratios for hectorite, saponite, montmorillonite and synthetic mica are 46, 165,
218 and 1230, respectively. The relative permeability coefticient can be decreased

from | (for hectorite) to 0.1 (for synthetic mica).

By creating intercalated structures significant improvements both in mechanical and
barrier properties can be reached with only small amount of fillers (about 4-6%)
which also depends on the type of organomodifier, Increasing the clay content, first
tensile modulus increases, for instance from 3 to 6 GPa by incorporating about 10%
nanosilicate. Note that higher clay contents may causc layered silicate agglomeration
which gives negative results. Exfoliated materials with randomly distributed clay
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platelets via solvent intercalation may further improve properties extfoliated materials
with randomly distributed clay platelets via solvent intercalation.

The claboration of PLA/clay nano-biocomposites by melt intercalation is also widely
deseribed in the literature [25-40], leading to various materials structures. As a
consequence of the nanostructure, despite of the fact that incomplete exfoliation was
obtained by melt intercalation, all these nano-biocomposites exhibited dramatic
enhancements of various materials properties. These improvements included
mechanical and flexural properties, heat distortion temperature, and 0O, gas
permeability. However, it has to be noticed that the increments strongly depend on
the structure of the nanocomposites.  This was attributed to the clay nucleating
ceffect.

Nano-biocomposites from PLLA-based masterbatches which were dispersed into
different matrices (PLLA, PDLLA. PBAT) have been also studied. They exhibit
enhanced film properties, showing a potential extend to film applications as, ¢.g.,
compostable packaging.

Regarding the thermal properties, it was proved that clays acted as nucleating agent
since the cold crystallization temperature was decreased by 15°C. Developing
plasticized PLA-based nanocomposites to reduce the brittleness and to improve the
flowability during the process is another strategically approach. Oligo-PCL or PCL,
PEG with different molecular weights, diglycerine tetraacetate-PEG, ete. have been
included in the recipes as compatibihizer and plasticizer which induce a flocculated
state duc to hydroxylated edge edge Interactions of layered silicates leading to great
enhancement  of mechanical  properties and crystilization  [41-47]. In-situ
polymerization of lactide from end-hydroxylated PEG in presence of C30B with tin
octoate (Sn(Oct)2) as an activator/initiator have been also investigated [48]. This
polymerization method, called the “coordination-insertion”™ method, leads o PLA
chains grafted onto the clay surface via the hydroxylated ammonium organomodificr
and to PLA-b-PEG-b-PLA triblock copolymer intercalated into the clay gallery. The
plasticizing effect is ensured by the PEG sequence of the triblock without phase
separation. These nanocomposites exhibit also superior properties.

As conclusion, limitations of bio-based polymers may be significantly reduced by
preparation of nanocomposites, which makes them a very important alternative to
the existing fossil resources-based synthetic polymers (usually non-degradable),
especially for packaging industry, in the frame of a sustanaible-enviromentally-
friendly strategically development policy.
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CARBON FIBRE REINFORCED POLYVINYLIDENE
FLUORIDE COMPOSITE: TAILORING ADHESION FOR
IMPROVING COMPOSITE PERFORMANCE

Siti-Ros Shamsuddin Kingsley K.C. Ho and Alexander Bismarck

Polymer & Composite Engincering (PaCE) Group, Department of Chemical
Enginecring,
Imperial College London, South Kensington Campus, London, SW7 2AZ,

UK
Abstract

I'he application of carbon fibre reinforced polymer composites ol and gas
pipelines and risers will allowed the industry to explore deepwater oil-fields. Carbon
fibre composites being relatively lightweight have the potenual to overcome
limitations encountered with conventional (flexible) steel tubing, The combination of
high strength of carbon fibres with the excellent corrosion resistance and wide range
of service temperatures of polyvinylidene fluoride (PVDF) can offer a potential for
the development of ultra-inert carbon fibre reinforced composites. However due to
the nertness and hydrophobic nature of PVDF, the compatibility/adhesion between
PVDF and carbon fibre has to be addressed. Here, we show how to tailor the
interface  between  the two  constituents by incorporating in-line  continuous
atmospheric plasma fluonination (APF) of carbon fibres into the manufacturing of
unidirectional  carbon  fibre-reinforced  PVDF  composite tapes via a powder
impregnation process. Initial results show that as high as 3.7 at. % of fluorine was
found on the carbon fibre surface upon APF treatment. The produced carbon

fibre/PVDF composite tapes, which are 10.5 mm wide and 0.1 mm thick, with fibre
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volume content between S8 to 62% were compression moulded into test laminates
and interface-dominated composite properties were tested. Short-beam shear test
results showed an improvement of up to 70% while the flexural strength and
modulus of the carbon fibre/PVDF  composites increased by 45% and  38%,

respectively.
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Abstract

The aim of the present study is to give a review of biodegradable composites. An
applicability of a starch-based biodegradable polymer composite reinforced by
agricultural byproducts was investigated. The plan had been to make a composite
which are comparable properties with commodity polymers such as polyethylene.
Glycerol and maltitol were used to produce plasticized starch with an extruder, and
then 30wt% sugarcane bagasse was put in the compound as reinforcing components.
Dumbbell specimens were injected to determine quasi-static and dynamic
mechanical propertics.

Introduction

The application of biodegradable composites has a historical precedent from A.C.
4000 in Mesopotamia. It was adobe which contains clay as matrix and straw as
reinforcement. It was strong enough to keep own weight and stand against nature.
Nowadays more and more rescarchers deal with development of environmental
friendly composites. The cause of this the petroleum resources are limited and the
blooming use of conventional fiber reinforced composites has caused serious
environmental problems [1]. In biodegradable composites the matrix and the
reinforcement have to be biodegradable too. Depending on the origin different
categories of biodegradable polymers as matrix have been proposed (Fig. 1.) [2]:

I. Agro-polymers such as starch or cellulose from agro-resources.

2. Polymers obtained by microbial production (e.g. polyhydroxyalkanoates).
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3. Chemically synthesized polymers from monomers derived from agro-
resources (¢.g. poly(lactic acid)).

4. Chemucally synthesized polymers from monomers obtained conventionally by
chemical synthesis.

Out of these, starch 1s a potentially useful matenial for biodegradable matrix because
of'its natural richness and low cost [1, 3], Starch can be tound n plants in a granular
torm. The granular starch cannot be processed with the conventional technologics so
we need to destruct the granular structure with help gelatinization to generate
thermoplastic starch (TPS) [4.5]. The TPS has limited long term stability and poor
mechanical property. To improve these properties we can use cellulose based fibers
(flax, hemp, jute fibers ete.) [2.6] or basalt fiber | 7] as reinforcement,

| Wiedegradsbie potyumees J
2 —1
| e =  C—— —1 Tr— 1
acmms peatan [ p—— b bt o Froes i w s i prcciate
— B e e —— -— —— -
[ P v chandes I [ Protewe, | et ] Py My drewey l Podybe tases | | Pohyiwelatne |
. 1 | Al it - T 1
{  Stwches b Amd | T Foby acte sads R o
| P s Yy ra l ,
| Lapwveihibne i Peve ] - o Aphat o-prbymiens |
[l Prodacts - - 1 =
. | | X
{ " xhers | | Amtiatic o polyestens |

Figure 1. Classification of the biodegradable polymers [12]

The composite have to agree standards (for example ASTM D-6400) which contain
definition of biodegradable plastic:

|. Biodegradable plastic: A degradable plastic in which the degradation results
from the action of naturally occurring microorganisms such as bacteria, fungi
and algac™ [8].

2. Compostable plastic: A plastic that undergoes degradation by biological
processes during composting to yield carbon-dioxide, water. iorganic
compounds and biomass at a rate consistent with other known compostable
materials and leave no visible, distinguishable or toxic residue™ [8].

52



2 ULUSLARARASI KA TILIMLI POLIMERIK KOMPOZITLER SEMPOZYUM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM, EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

The biodegradable polymers which derived from renewable agricultural resources
are reduced environmental charging. The life cycle of biodegradable polymers are

shown in Fig. 2.
Experimental

The native maize starch (Amyzet 100) as matrix material were obtained from
Hungrana Ltd. Hungary and sugarcane bagasse as reinforcement was supplied from
University of Mar del Plata, Argentina was used. The two types of plasticizer,
glycerol (49780) and maltitol (63415) were purchased from Sigma-Aldrich Ltd,
Hungary. Stlica (Aerosil 200) was obtained by Dagussa AG, Germany and
glicerolmonostearat (Estol 1473) by Unichemia International, Germany was used as
process supporting additions. The referenced material was Eraclene MQ70 HDPE
(Polimeri Europa, Italy).

During the experiments 30m% sugarcane bagasse was mixed with glycerol and
maltitol plasticized starch (TPS). The mixtures were homogenized in a double-screw
extruder (Brabender Plati-Corder P12100) with 90, 120, 105, 90°C (from feeding to
die zone) and a preproduction with the diameter of 3 mm was drawn and later
ground by the chipping machine type Brabender 881203, Dumbbell and rectangular
specimens were injection molded from the chips on an injection molding machine
type ARBURG Allrounder 370C at 120°C, by pressure of 1200 bar.
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Figure 2. Life cycle of biodegradable polymers [9]

Methods

Five specimens were tested for each composite formulation to obtain a reliable
average of studied properties as well as their corresponding standard deviations.
Tensile tests were carried out on dumbbell specimens according to ISO 527-1 on a
computer controlled universal tensile tester type Zwick Z020 at room temperature al
5 mm/min loading speed. The initial distance between grips was 110 mm. Three-
point bending tests were performed by Zwick Z050 equipment according to ISO 178
at room temperature at 5 mm/min loading speed with 64 mm span length. The
Charpy notched impact strength were tested on rectangular specimens by a Ceast
Resil Impact Junior impact tester with a 15 J hammer, 62 mm span length. The depth
of the notch was 2 mm.

Results and Discussion
T'he results of mechanical tests are shown in Table 1. The reference PE has good

resistance against dynamic stress. The TPS-B has same Charpy notched impact
strength like PE. The tensile modulus of the TPS is 2,5 times bigger than the used
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reference PLE. The bagasse increased this property of the matrix. The flexural stress
at 0,6% deflection of the bagasse filled thermoplastic starch is better than PE as well.

Table 1. Results of mechanical tests

Flexural stress

- Tensile Tensile Charpy notched
at 0,6% :
o strength modulus impact strength
deflection [MPal (GPal [kJ“m“]
[MPa) :
PE 6.20+0,09 19.91+1.15 1.03+0,06 4,13+0,32
s 21.48+1,27  18.94+1,59  2,52+0,15 4,72+0,45

Conclusion

I'he aim of our work was to develop a biodegradable agricultural byproduct filled
starch-based composite which can substitute the commaodity polymers such as PE. In
the tests 1t was found that the bagasse filled TPS has good resistance against
dynamic and quasi-static stresses as well. We stated the developed material can
substitute the commodity polymers in the arca of one way products such as pizza
spacer. A further task is to improve the process ability of this material.
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PETROKIMYA VE NANOKOMPOZITLER
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PETKIM Petrokimya Holding A.S.
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Ozet

Ham petrol ve dogal gazdan baglayan Petrokimya endiistrisi tiim endiistriyel ham
maddeler ve son driinler zincirinin ortalaninda yer almaktadir. Diinya ticaretinin
o8 Ini, tim kimya driinlerinin ise %3 unu olugturan bu sanayinin ticaret potansiyceh
yilda yaklagik S00 milyar civarindadir.

Son  willarda  diinya g¢apinda bas gosteren  krize  ve  petrol  fivatlanndaki
dalgalanmalara  ragmen  petrokimyanin - ana  sektorlerinden  olan  plasuk
endistrisindeki biiytime, diinyadaki ortalama biiytimenin tizerindedir. Yalhik %4 4-
5°lik biytime hizi ile bashca termoplastikler Grinlerinden olan polictilenin kiiresel
talebt 71 milyon tona, polipropilenin talebi ise 47 milyon tona ulagmigtir.

Tiirkiye'de petrokimya trtin talebt 2009 yilinda 4.4 milyon ton (yaklagik 5-6 milyar
USS) olsa da son 10 yillik buyiime hizina gore 2015 yihinda 7.0 ve 2020 vilinda ise
11.2 milyon tona ulagmasi beklenmektedir. Termoplastiklerde ise bu talebin 3.3
milyon tondan sirasi ile 5.7 ve 9.6 milyon tona ulasacagi tahmin edilmektedir

Tiirkiye'deki en buyiik petrokimya direticisi olan Petkim’in ana hammaddesi nafta
olup olefinler, poholefinler, klor-vinil zincin, aromatikler ve digere temel kimyasal
tirin- gruplarinda dirctim yapmaktadir. Petkimdeki iiretim hacimlerine gore 11k bes
petrokimyasal iiriin PVC, AYPE, PP, benzen ve ACN dir. Petkim, yurt i¢inde 2009
yili itibart ile petrokimya tGriinlerine gore yaklagik “626, termoplastiklere gore ise
2423 pazar payina sahiptir.
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Polimerik kompozit sektoriine baktugimizda, 2009 yilinda diinya kompozit pazarimin
65 milyar USS'a ulast@r gorilmekiedir. Kompozit sektoriniin yaklagik %0230
otomotiv, %2171 ingaat ve bayindirhik islert, %17°s1 havacilik ve %1171 ise sportif
malzemeler pazarina hitap etmektedir.

Bilindigi gibi kompozit malzemelerde matris olarak termoset ve termoplastik
malzemeler kullamlmaktadir. Ancak, otomasyon sistemlerine daha uygun olmasi,
gert kazanilabilirligi, ¢oziici-bazh regine sistemlerine olan  ¢evresel kaygilar ve
maliyetinin dasiikligi gibi nedenlerle termoplastik malzemelerin kompozitlerde
kullamimi gittikge artmaktadir. Bu nedenle %03 lerde olan termoset kompozitlerdeki
bilyiime hizi genel kompozit pazar biiytime hizimin alunda kalmig ve yilhk % 6-15
biiyiime hiz1 ile termoplastikler bunlarin yerini almistir,

Son yillarda ¢evre ve yiiksek taleplere cevap veren diriinler geligtirilmesine imkan
vermesi nedeni ile, polimerik kompozit malzemeler alaninda yapilan bilimsel
¢alismalarda yeni nanokompozitler olusturulmasi 6n siralan almaga baglamigur. Bu
nanokompozitler farkli ozellikleri ile hem arastirmacilarin, hem de sanayicilerin
dikkatini ¢ekmektedir. Petkimde bu alanda gerek nanokatkilar, gerekse polimer
matrikslert acisindan ¢ahsmalara baglanilmig ve basartyla devam edilmektedir.

Abstract

Petrochemical industry starting from crude oil and natural gas is located on the mid
of the cham of whole industrial raw matenials and end products. Petrochemical
industry with the 8% of world trade and about 30% of the total chemical products
has a market value of about 500 billion dollars.

Although the global cconomic crisis during the last years and price volatility in crude
oil, the growth in plastics industry which is the major sector of petrochemicals is
over the global growth.

The petrochemical demand of Turkey which was 4.4 million tons (approx. 5.5 billion
USD as market value) in 2009 is expected to reach 7 million tons in 2015 and 11.2
million tons i 2010 due to the growth rate in the last 10 years. Thermoplastics
demand 1s forecasted to grow from 3.5 million tons to 5.7 and 9.6 million tons in
order.

Owing naphtha as the main feedstock of Petkim, the major petrochemical producer
of Turkey. has a production in olefins, polyolefins, chlor-vinyl chain, aromatics and
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other basic chemical group. In comparison to production volume, LDPE, PVC, PP,
benzene, and ACN are the fist five petrochemicals in the production range. Petkim
has a domestic share of petrochemicals and thermoplastics as 26% and 23% in order.

For the composite industry, it is indicated that the volume of the global composite
market is reached to 65 billion US $. The biggest growth is shown as 20% in the
wind energy sector in the world. The European composite industry serves to the
automotive (23%), building and public works (21%), acronautics (17%) and sports
(11%) markets mainly.

As it is known, thermoset and thermoplastic materials are used as matrix in
composites. But the usage of thermoplastics in composites gradually increases duc to
the adaptability in automated systems, easier recycling, environmental concerns on
the solvent-based resins and low cost, Thus the growth rate of thermoset composites
is 3% which is under the overall growth rate of composite market and thermoplastics
with the growth rate of 6-15% per year is replaced with the thermosets.

Due to enabling the development of the new products, scientific studies on
nanocomposites are begun to be in the front ranks. These materials are to bring
scientists and manufacturers attention because of various and excellent properties.
Regarding nanocomposites, several research projects based on the matrix materials
and additives are successfully carried in Petkim,
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Abstrakt

Bu bildiri gurubumuzun anodize edilmis aluminyim oksit membrane filmler
icerisinde olusturulmus nanoyapilarin dizayni, fabrikasyon/sentez ve karckterisyonu
uzerine yapmis oldugu calismalari ozetlemektedir. Bu calislamar icerinde ozellikle
anodik alumina membrane filmlerin optik waveguide spektroskopi uygulamalarina
agirlik verilecektir.  Farkli fonksiyonel monomerik gruplar kullanilarak duzenli
polimerik nano-cubuk dizileri elde edildi. Bu yapilar alumina membranenin
cozulmesinden sonra da isigi yonlendirme ozelliklerini kaybetmediler. Bu gozlem
nano yapili malzemelerin entegre-optik platformlar alanina kullanimina yeni bir
boyut katti. Kullanilan nano-cubuklar cyanate ester monomerlerinin isil islemle
polimerizasyonundan elde edilip, caplari 65 nm ve kalinliklari 600nm dir.

Abstract

This  contribution  summarizes  some  of  our efforts in  designing,
assembling/synthesizing, and  structurally and  functionally  characterizing
nanostructured materials using anodized aluminum oxide (AAO) as thin film
template. A particularly powerful analytical tool is optical waveguide spectroscopy
using the nanoporous template as the guiding structure. We demonstrate growth of
polymeric nano-rod arrays from different functional monomers which after the
dissolution of the template are still able to guide light. This opens up novel concepts
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for integrated optics platforms with nanostructured materials. The nanorods, with
diameter of 65 nm and length of and 600 nm. ar¢ formed by thermal polymerization
ol cyanate ester monomers within porous alumina mold.  Polycyanurate nanorod
sensor distinguished subtle refractive index changes upon replacement of” the
surrounding medium with high resolution (An = 0.003). The sensitivity of nanorod
array biosensor was tested with binding of a small biological molecule (taurine) on
the nanorods surfaces via reacting with the residual cyanate groups.  Particular
attention is paid to the ability to differentiate, in situ, processes that occur on
nanorod surface. OWS and X-ray powder diffraction (XRD) techmques proved a
successtul surface modification on the nanorods surface. Based on these results, we
introduce the applicability of PON array plattorm as a novel concept in optical
biosensor and other related applications.

Introduction

In biosensing high sensitivity and selectivity are desired. For high sensitivity, it s
desirable to maximize the number of binding sites in order to enhance sensing
capabihities. The use of the nanoporous AAO matrix to provide an extra internal
surface for binding is one step towards that goal. Production of organic nanorod
arrays with outer surface covered with polymer brushes to create more binding sites
per unit arca represents another strategy. The fabrication of one-dimensional
nanostructures by replicating shape-defining nanoporous templates has become a
well-established synthetic methodology [1,2]. Self-ordered anodic aluminum oxide
(AAO) |3] containing arrays of aligned cylindrical nanopores characterized by
narrow pore diameter distributions s a template system widely used to this end.
FFunctionalized AAO membranes and other inorganic nanoporous scaffolds were
employed as optical waveguide for visible light [4] and various sensing applications
[5, 6, 7. 8]. The template-based tabrication of released nanorod arrays stable under
real-live conditions is still challenging [9]. Plasmonic gold nanorod metamaterials
obtained be clectrodeposition into AAO have been employed for biosensing [10].
The mtegration of optically transparent nanorod arrays into device architectures
cnabling optical waveguide spectroscopy (OWS) has, up to now. not been
accomplished. OWS, which is based on evanescent wave optics and the monitoring
of sharp waveguide modes, has been employed to characterize optical properties of
thin films [11,12]. A schematic diagram illustrating a OWS set-up shown i Figure
1. Here, we focus on planar OWS based on prism coupling named as Kreteshmann
configuration. In this geometry, incident light irradiates the metal layer through a
prism. When a beam directed onto the base of a glass prism at an angle greater than a
critical angle (0,), given by Snell’s law. the light is totally internally reflected (TIR)
at the interface. The clectrie field couples with the charge density fluctuations of free
clectrons in the metal and excites a surface plasmon. At this time, an evanescent
wave is produced outside the film whose amplitude decays exponentially away from
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the metal surface due to the conservation of momentum and energy of the hght. The
cvanescent wave propagates in parallel o the interface. If an additional diclectric
layer (with higher retractive index than its surroundings) 18 incorporated onto the
metal film, the incident light excites leaky guided modes in this waveguide structure.
The momentum at which the incident light beam is coupled into waveguide modes is
depended on the refractive index and the thickness of the substrate, superstrate and
waveguide material. Both SPR (only in P-polarization) and waveguides modes
excited by both P- and S-polarized light are observed as a sudden drop of reflectivity
as shown in Fig. 1. The propagation in these waveguides can be analyzed on the
basis of Maxwell's equations and of the boundary conditions, which will be
explained in the following section in detail. The electrie field distributions and the
reflectivity vs. incidence angle (R vs. 0 ) trace shown in Fig.1 were calculated by
solving the Maxwell equations for light incident on a I-dimensional layer system
described by the thickness and refractive indices of the different layers.

LaSF9 Glass Prism

Reflectivity, R

n nn-J 0»:-) el)
Incident angle

Figure 1. Schematic of prism coupling in the Kretschmann configuration and the
waveguide mode detection scheme. 0, is the eritical angle for total internal reflection.
Schematics of the waveguide mode electric field distributions (transverse clectric
(TE) modes) are overlaid on the waveguiding film model. The R vs. 0 trace on the
lower right shows waveguide modes for a model thin film. The number of
waveguide modes excited and their angle positions depend on the exact thickness
and ngy. The modes are indexed according to the number of modes of their ficld
distribution in the waveguide structure.
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The high surface area of the nanorod array provides increased sensitivity for
biosensing by amplifying the amount of material attached to the surface of the
dielectric and therctore increases the signal-to-noise ratio. Moreover, OWS modes
of both polarizations, i.c. transversal magnetic (TM) and transversal electric (TE)
modes can be excited by probing different components of hybrid nanorod arrays.
This property is particularly important and helpful for the characterization of
optically anisotropic multiple layers used in integrated optics configurations [13],
since the different clectric field distributions within the waveguding film for
different waveguide modes confer the ability to differentiate processes occurring in
different directions of the film [14].

Cyanate ester monomers (CEMs)[15] are ideally suited for the synthesis of nanorod
waveguides because of their capability to self-cure and their low viscosity (liquid at
room temperature). The polycyanurate thermoset nanorods (PCN) obtained in this
way have high chemical and mechanical stability as well as a high diclectric constant
(6=3.41-3.75 at IMHz) related to the polarizable aryl ecther linkage. Most
importantly, PCNs have ~OCN groups on their surfaces that allow for their further
functionalization, The PCNs were prepared as follows. A 2 nm Cr film and
subsequently a 50 nm thick Au layer was evaporated on high refractive index glass
(LaSFN9, Hellma Optik, n=1.845). The gold surface was amino-funtionalized by
dipping in S mM 2-aminoethanethiol in absolute ethanol (Sigma-Aldrich) solution
for 45 min. The CEMs were infiltrated in AAO by spin coating (3000 rpm, 2 min)
and kept under vacuum (5-10mbar) at 120 °C for 12 h. After removal of excess
monomer from the AAO surface, the CEM-filled AAOs were pressed against the
gold deposited glass substrates and thermally cured under N, by heating to 120°C
forlh, to 180°C for 8h, to 260°C for 3h and to 290°C for 1h. The PCNs thus obtained
were covalently bond to the functionalized Au substrate. The AAO was then
dissolved with 10% H,PO; aqueous solution at room temperature for 12h, and an
array of freestanding PCNs oriented normal to the substrate surface was obtained
(Figure 2).

(a) (b)
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Figure 2. SEM (a) top and (b) side view images for polycyanurate nanorod arrays on

Au substrates. Scale bar is 1pm (left) and 500nm (right), respectively.

Guided optical modes were observed as sharp minima in reflectivity vs. incidence
angle scans (R vs. £) (Figure 3) when nanorods were subjected to a solvent exchange
test. Simple example of solvent exchange around the PCNs was followed, which
effectively changes the diclectric constant of the interfaces between nanorod and
surrounding medium results in detectable shifts of the waveguide modes. Three
solvents were chosen as inter-rod space filling medium: water (n=1.333), ethanol (n
1.361) and isopropanol (#=1.378). Solvents were chosen in a way that PCNs might
keep their chemically stability for extended time duration. They have relatively close
refractive indexes, which makes them more attractive for veritying the achievable
sensitivity for a biosensor system.The refractive indices of ethanol and isopropanol
are higher that water and thus the effective refractive index of the sample is
altogether increased. This was detected as a shift of the waveguiding modes to
higher angles; Ab,,,= 0.79°, AD,,= 1.67° for TM modes and A8,,= 0.75%, Af,»
1.38° for TE modes (Figure 3)
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Figure 3. OWS R vs. 0 scans of the PON arrays in different environments in
transverse magnetic mode: Milli-Q water (squares). ethanol (circles): isopropanol

(triangles). The spectra are well desceribed by Fresnel calculations.,

Changes in the external media produced larger waveguide minimum angle shifts for
higher order modes. The highest figure of merit FOM — (An/A0) (1/0) (where J is
the full-width of the waveguide mode dip at half-minimum and A8 is the mode shift
for An refractive index change) was 98 for the TE modes at m-2 for cthanol-
isopopanol system.  This value reached § for localized surface plasmon resonance
spectroscopy (LLSP) [16] and 26 for the sensors based on long-range SPR [17]. The
functionality and sensitivity of biosensor platform was further tested during the
taurine attachment (data not shown), The successful tethering of taurine at the
surface of polycyanurate nanopillars was evident from the XPS analyses before and
after surface modification. XPS  spectrum of taurine moditied  polycyanurate
nanopillars showed a peak between 170-175 ¢V, charactenstic of S2p. onginating
from the sulphonate group of the taurine

Conclusions

We employed highly oriented cyanate ester nanorods as an cffective optical
waveguiding  platform. The waveguiding  capability of the sensor has  been
demonstrated through two examples: First, by exchanging the interrod environment
between different solvents. The waveguiding modes were sensitive to the changes of
the respective optical properties. Second, by attaching ultrathin film of taurine
molecule on the surfaces of nanorods which was characterized with OWS and XPS,
independently. High sensitivity is achieved by the large surface arca of the nanorod
structure, which leads to high response ¢ven to minute diclectric changes and
amplifies the amount of material adsorbed. Reacting the residual cyanate groups
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with amine functional groups cnables the use of the nanostructure for specific
analyte binding, for example for layer-by-layer deposition of electrolytic materials.
The future work also includes the potential use of nanorod arrays as scaffolds for
optical biosensors with molecularly imprinted polymers (MIPs). What makes this
hybrid biosensor platform attractive is the high surface arca increases the number off
functional sited available for surface specific processes and sharp wave guides
modes improves the sensitivity for detection limit.
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KOMPOZITLERDE TAKVIYE MALZEMESI OLARAK
KULLANILAN CAM ELYAF’IN GELISiMi VE GELECEGI

DEVELOPMENT AND FUTURE OF THE GLASS FIBER
AS A REINFORCING ELEMENTS IN COMPOSITES
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Ozet

Camelyafi mineral bazh elyaftir ve 1938 yilinda Amerika'da iiretildi ve yaygin bir
sckilde kullanildi ve asbest’in bazi saglik sorunlan ortaya ¢ikinca 1950 larda
asbest’in yerine doldurmayi bagladi. Asbest lifleri ve camelyafi arasindaki sekil
benzerligi nedeniyle cam elyafi elektrik, termal ve ses yahimi uygulamalarinda ve
ayrica malzemelere yapisal takviye ve sicakhik direnci saglamasi nedeniyle asbestin
yerine doldurdu.

1930'larda Cam Elyaf Takviyeli Polimerden imal edilen ilk triin tekne oldu. Bu ilk
proje, 1930'larda tamamlandi ve 1940’larda ABD Hava Kuvvetleri, Deniz Kuvvetleri
ve petrol endistrinin bir¢ok elyaf takviyeli polimer tiriinleri yapildi.

1950 lilerde cam takviyeli plastik (CTP) kompozit iriinler otomotiv sektorunde
yaygin olarak kullamilmaya baslandi ve bu malzemeler kopru ve gemi yapimlarinda
da kullamldi. 1994 ¢ kadar, yaklasik 600 milyon ton mimariye uygun cam elyafi
yapi sektoriinde kullamld.

1990"larda uzun elyaf takviyeli termoplastiklerin iiretimi baglamistir (LFT) ve
polimer kompozit sektériinde en hizh biiyiiyen malzemelerinden biri oldu. Yiiksek
¢ekme dayamimi, geri kazanabilirligi, diisiik yogunluk, yiliksek modiillii ve darbe
dayanimi onlarin avantajlart giinlik yagamin ¢esitli alanlarinda metaller ve termoset
kompozitlerin yerint almistir.
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Bu derlemede, cam elyaf tiriinlert ve ilgili kompozit iirtinlert tamitihp kiiresel talepler
dogrultusunda cam elyaf diriinlerinin olasi trendi genig olarak cle alinacakur.

Abstract

Fiberglass is a man-made mineral fiber that was invented in 1938 is widely used in
America and it became a popular substitute for asbestos in the 1950's when some of
the deleterious health effects from asbestos were first becoming apparent. Becausce of
the similarity in shape between the fiberglass and the asbestos fibers, fiberglass was
able to cffectively replace asbestos in many applications such as in electrical,
thermal, and acoustic insulation and in adding structural reinforcement and heat
resistance to a material.

It's behieved that the very first product manufactured from Glass Fiber Reinforced
Polymer was a boat hull, which was manufactured using a mold made of foam. This
first project was completed during the 1930s, and the 1940s saw the construction of
many fiber reinforced polymer products for the U.S. Air Force, the Navy, and the oil
industry.

Over the following decades, the automotive industry began using GFRP extensively,
and FRP was also used to construct bridges and boats. After the failed House of the
Future demolition, the building industry also began to employ fiberglass in a wider
variety of construction applications. In fact, by 1994, the building industry had uscd
almost 600 million tons of architectural fiberglass to craft a variety of buildings and
clements

In 1990°s, production of long fiber termoplastics (LFT) have been started and it
became rapidly developed materials in composite industry.

LTF compoistes easily replace metals and thermosets duc to their superior propertics
like high tensile properties, high modulus, high impact resistance, low density and
recycling.

In this review, Glass fiber and its related composite products and future trends will be
discussed.
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THE NEW BUSINESS OF AKSA- CARBON FIBER
Fulya Aktag
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AKSA’s first commercial production line for high quality, competitively priced,
rchably supplied PAN based carbon fiber for industrial applications started
production in the 3" quarter of 2009. AKSA, having 300.000 tpa acrylic fiber
production capacity, which represents 12% worldwide market share, is ranked
among Turkey's leading economic enterprises. Out of its 40 years of experience,
AKSA has developed new “"AKSACA™ family of carbon fiber products. A dedicated
R&D oriented 34 tpa pilot line established in mid-2008 has become the intial step of
today’s first commercial line running with a capacity of 1.500 tpa since Q3 2009. As
being the new player, AKSA intends to maintain its well known reputation in
product, process and after sales quality with its reliable consistency in the carbon
fiber sector as well.

Carbon fiber, which is a reinforcement material for composites, is manufactured by
oxidation and carbonization of Special Acrylic Fiber (PAN-based). Once formed, the
carbon fiber has a surface treatment applied to improve matrix bonding, and
chemical sizing, which serves to protect it during handling. The properties of carbon
fiber such as high tensile strength, low weight, high thermal conductivity, excellent
creep resistance, good chemical resistance and low thermal expansion make it very
popular in acrospace, military, several industrial applications, like civil engineering,
pressurized vessels, wind mills, marine, and motorsports. along with other
competition sports.

PAN-based carbon fibers are supplied as small tows (1K-24K) and large tows
(=40K), the tows referring to the number of carbon fiber filaments.

Carbon fibers are supplied in continuous or chopped/milled forms and can be
converted by a variety of processes to a range of intermediate and moulded
composite components. There are three main processing groups, “intermediate
processing™, “direct conversion™ and “moulding processes™. Intermediate processes
convert carbon fiber into semi-usable product (c.g. textiles, prepreg). Direct
conversion processes convert carbon tow/chopped carbon fiber dircetly into a
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finished composite: includes filament winding, pultrusion and carbon-carbon
composites (CCCs). Moulding processes are used to convert/combine the carbon and

matrix to the final composite

Ozet

AKSA, 308.000 ton/yil iiretim kapasitesi ve 12% Pazar payi ile “dilnyanin tek gat
alindaki en biiyiik entegre akrihik elyaf tireticisidir”™. Urilin portfoyiinii genigletmek
ve katma degerli driinlerini artirmak amaci ile AKSA, kendi karbon clyaf iireim
teknolojisini gehistirmeye 34 ton/yil kapasiteli pilot tesisi ile 2008 yilinda

baslamistir. 2009 3.¢eyreginde 1500 ton/yil kapasiteh firetim tesisi ve “"AKSACA™
markast ile pazarda yerint almigtin

Kompozit endistrisinin - hammaddesi  olan  karbon clyaf, uygun regineler ile
birlestirildiginde olaganistii dayamim ve saglamhik oOzellikleri gosterir. Yiiksek
dayamm, digilk yogunluk, digiik korozyon ve digik agirhk ozelliklerinin iistiin
kombinasyonu ile havacilik, savunma sanayi, spor geregleri ve endiistriyel kullanim
alanlarinda yerini almaktadir.

Fig. I A spool of AKSACA
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POLIMERIK KOMPOZIT YAPILAR VE
UYGULAMA ALANLARI /

POLYMERIC COMPOSITE STRUCTURES
AND APPLICATION AREAS
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BIOLOGICALLY INSPIRED ANTIMICROBIAL
TEXTILES FOR HEALTH-CARE APPLICATIONS

GOUVEIA Isabel

R&D Unit of Textile and Paper Materials, Laboratory of Textile Chemistry
and Biotechnology, Faculty of Engineering, University of Beira Interior,
6201.001Covilhd, Portugal

igouveia(@ubi.pt

Texule industry continuously scarches for new technologies in order to accomplish
new applications. Especially in recent years, new developments allowed the
production of functional and smart textiles which are capable of sensing changes in
environmental conditions or body functions and responding to these changes.
Likewise, consumers’ attitude towards hygicne and active lifestyle has created a
rapidly increasing market for a wide range of textile materials with bioactive
propertics, which in turn has stimulated intensive research and development. As a
consequence, the number of biofunctional textiles with a bioactive activity has
increased considerably over the last few years. Application is nowadays extended to
underwear, sportswear, home furnishing and protective clothing in areas with high
risk of infection by pathogens (hospitals, schools and hotels); and because they are
able to absorb substances from the skin and can release therapeutic compounds to the
skin, they find applications for prevention, as surgical lab coats, or therapy, as
wound dressings.

However, there i1s a need to overcome the risks, disadvantages and side effects
associated with the use of synthetic bioactive agents along with the mild activity and
durability. Consequently, novel strategies based on biologically inspired systems that
are found in several living organism have focused the attention of several authors.
Accordingly, there is a measureless resource of natural antimicrobial agents which
can be exploited for imparting antimicrobial properties to textile substrates being
promising candidates for future therapeutic and an innovative approach which may
open new avenues for the biomimetic design of biologically inspired bioactive
textiles for health-care applications.

Thus, this presentation reports an overview on biologically inspired processes and
products for potential use in medical, geriatric and pediatric fields.

Key Words: Antimicrobial Textiles, Wound-dressings, L-Cysteine, Antimicrobial
Peptides, Transdermal Drug Delivery
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Introduction

1. Microorganisms and textiles

Textiles are an excellent substrate for bacterial growth and microbial proliferation
under appropriate moisture, nutrients and temperature conditions [1-3]. In a clinical
setting, they can be an important source of bacteria that may contaminate the patients
and clinician personnel [1]. Bacteria and fungus, cither pathogenic or not, arc
normally found on human skin, nasal cavities, and other areas, such as in the genital
area.

Microbial shedding from our body contributes to microorganism spreading into a
textile material either directly in clothes or on surrounding textiles. Recent studies
strongly support that contamination of textiles in clinical settings may contribute to
the dispersal of pathogens to the air which then settle down and infect the immediate
and non-immediate environment. It is one of the most probably causes of hospital
infections [1]. Typically, pathogenic microorganisms like Klehsiella pnuemoniae,
Pseudomonas aeuroginosa, Staphylococcus epidermidis, Staphylococcus aureus and
Candida albicans have been found on textiles.

In addition, microorganism proliferation can cause malodours, stains and damage of
mechanical properties of the component fibres that could cause a product to be less
effective in its intended use. Additionally, may promote skin contamination,
inflammation and in sensitive people, atopic dermatitis [4]. Fortunately, the use of
antimicrobial textiles may significantly reduce the risk of infections especially when
they are used in close contact with the patients or in the immediate and non-
immediate surroundings.

2. Biological Inspiration: Present perspectives and major challenges

To overcome the risks, disadvantages and side effects associated with the use of
synthetic antimicrobial agents along with the mild activity and durability associated
with the above described natural compounds, new solutions are expected. In this
way, an innovative strategy could be the utilisation of natural defensive amino acids
and peptides that arc found in every living organism as new biocides for material’
functionalisation.

New Strategies

1. Antimicrobial amino acids and peptides

Due to the widespread resistance of bacteria to the available drugs, naturally
occurring antimicrobial peptides (AMPs) are considered promising candidates for
future therapeutic use [5-10]. Virtually, all life forms express cationic AMPs as an
important component of their innate immune defenses. AMPs isolated from bacteria,
fungi, plants, invertebrates and vertebrates are very heterogencous in length,
sequence and structure, but most of them are small, cationic and amphipathic.
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AMPs fall into 4 principal categories based on their size, conformational structure,
or predominant amino acid structure [11]. These comprise group I: lincar, a-helical
pepudes without cysteine (¢.g., Cecropin, a family of 3-4 kDa lincar amphipatic
peptides); group II: cysteine-rich open-ended peptides containing single or several
disulfide bridges (c.g.. f-defensins a highly complex group of 4-kDa); group 111
linear peptides rich in 1 or more amino acids (The smallest is represented by thanatin
and brevinin); and group IV: peptides with sphere structures (e.g., bactenecin and
ranalexin).

The cationic peptides represent the majority of antimicrobial peptides already
registered, and there are more than a thousand peptides with antimicrobial activity
characterized [12,13]. These peptides belong predominately to the three main classes
above described: Group I, [T and 111

Anionic peptides are a group of much smaller dimensions, only recently identified
mainly m mammals. These peptides are small, hydrophilic and contain specific
regions that confer a negative charge. Zine can be used as a cofactor in anionic
peptides to enable them to overcome the negative charge on the surface of
microorganisms, thus obtaining a maximum bactericidal activity [11]. Subfamilies of
these peptides can quote: ncuropeptide derived molecules, aspartic  acid-rich
molecules, aromatic dipeptides and proteins derived from hemocyanin [10,11,12].

These cationic and anionic peptides exhibit broad-spectrum activity against Gram-
positive and Gram-negative bacteria, yeasts, fungi and enveloped viruses [16,17,19].
Consequently, considerable efforts have been expended to exploit the therapeutic
potential of AMPs, especially regarding the pharmaccutical industry [9-13].
Morcover, because of the membrane-disturbing mode of action of most AMPs, there
15 a reduced likelihood of the acquisition of resistance by bacteria [11,13].

1.2 The potential for material functionalisation

Our carlier studies revealed the success of biofunctionalisation of wool and
polyamide fibres with L-Cysteine (L-Cys) (National Patent . A durable
antimicrobial effect over Staphylococcus aureus and Klebsiella pneumoniae was
obtained without cytotoxicity. Apparently, the effect results from the interaction of
free sulphydryl groups of L-Cys with the sulphydryl groups from the proteins and
enzymes that are essential to the survival of microorganisms, as discussed by Kyung
and Lee in studies with tosultinates from garlic [14].

In addition, due to the widespread resistance of bacteria to the available drugs,
naturally occurring antimicrobial peptides (AMPs) are considered promising
candidates for future therapeutic use. Furthermore, the peptides should have a broad
spectrum against Gram-positive bacteria, Gram-negative bacteria and fungi.

Few studies have exploited the immobilization of AMPs in several films through a
covalent attachment and by oppositely charged polypeptide to make 10-bilayer
polyelectrolyte films by clectrostatic layer-by-layer self-assembly (LbL), with
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success. In both cases, several advantages are related including long-term stability
and lower toxicity of the AMPs when compared to the incorporation into release-
based systems [15,16]. Bagheri et al. concluded that among the various methods of
immobilization of AMPs, covalent attachment of two highly active a-helical
peptides (that rendered the different substrates (resins) antimicrobial properties)
offers several advantages, including long-term stability and lower toxicity of the
AMPs compared to incorporation into release-based systems [15]. In another work,
Zhong et al. used oppositely charged polypeptide to make 10-bilayer polyelectrolyte
multilayer films by clectrostatic layer-by-layer sclf-assembly (LbL), with success.
Cysteine was included in the peptides to promote disulfide bond formation and film
stability [16].

In general, cationic AMPs with best antimicrobial activity are molecules that have
the charged and hydrophilic portions separated from the hydrophobic arcas. This
means that either amphipathic or cationic double-wing structures with a hydrophobic
core separating two charged segments are preferred [14]. In accordance to this,
Cathelicidin peptides range in length from 12 to 80 residues, and may have a-helical,
f-sheet or other types of tertiary structures [13,15]. In contrast, defensins are more
uniform in their appearance. They are small cysteine-rich AMPs that mainly form [
sheet structures stabilized by three or (rarely) four conserved mtramolecular cystine
disulphide bridges [12,13,15].

AMPs which can both be attached to polymers or form films are expected to bind
several polymer-based textiles by exhaustion or LbL assembly. Likewise, our
previous results with L-Cys give a guarantee of success for these new antimicrobial
textiles because peptides can be attached to textiles in a similar way.

Conclusions

New strategies are considered for material functionalisation with antimicrobial
properties. In particular, it was discussed the potential of L-Cys and AMPs as natural
antimicrobial agents for textiles. This could not only find a sphere of influence in the
wellness sector but the ambition is to use them as prophylaxis and therapy tools.
Consequently, biofunctionalisation of textile-based materials with defensive amino
acids and peptides at nanoscale i1s an innovative approach and may open new
avenues for the design of medical and healthcare composite textiles,

This is a new strategy and approach aiming to mimetize nature through biologically
inspired tools to give “protective skin™ to textiles.
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Ozet

Kitosan FDA ve CE tarafindan yara iyilesmesinde kullanmilmak iizere onaylannusg,
pek ¢ok kontrollii ilag salimi ve doku mithendisligi uygulamasi i¢in denenen dogal
bir biyobozunur polimerdir.  Ancak kemik hiicrelerinin tutunmasi ve iiremesi i¢in
gerekli olan osteokonduktiviteyi gostermemektedir.  Kalsiyum fosfatlar ise kemik
onariminda  sik¢a  kullamlan, kimyasal yapilann kemik  mineraline  benzeyen
minerallerdir.  Bu ¢ahismada BCP  parcaciklan kitosanla  kansturilarak  kaltir
ortaminda  biyomincralizasyonu  mimik eden  kompozitler dretilmiy  ve  bu
kompozitlerin in vitro ostecokonduktiviteleri ile kemik matris organizasyonu iizerine
etkileri incelenmigtir. Dondurup kurutma (freeze drying) yontemi ile ortalama 100
mm gapli, istenen birbiriyle baglantili gézenck yapisi elde edilmigtir. Kiiltiir besiyeri
iginde G¢ giin i¢inde kompozit iskelelerde biyomimetik, kemik minerali benzeri bir
kalsiyum fostat (CaP) ¢okeltisi gozlenmistir.  Hiicreler iki hafta i¢inde tip] kolajen
ckstraseliiller matris diretimine baglamuglardir.  Dort hafta sonunda ise hiicrelerin
tirettigi kolajen fibriller iizerinde dogal mineralizasyon gozlenmigtir.  Bu mineraller
besiyerinden yiizeye biriken CaP ¢okeltilerinden farkh morfoloji gostermekte ve
dogal kemik olusumunda oldugu gibi kolajen liflerin {izerinde kiigiik gubuklar
halinde olmaktadir.  Doért haftahk kiiltiivasyon donemi sonunda kompozit iskeleler
igindeki hiicre ve matris dagihmi homojen olurken kitosan iskelelerde hiicreler iskele
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viizeylerinde  yogunlasmistir.  Ayrica  kompozit iskeleler iginde ostcoblastik
tammlayici proteinlerin daha yiiksek oranda cksprese edilmesi saglannigur.  Bu
sonuglar, ekstraseliiler kalsiyumun kemik hiicrelerinde var olan Ca™' reseptorlerini
tetikleyerek hiicreler tizerinde kemotaksi yaratmasina ve iskele yiizeylerinde olusan
¢okelunmin  hiicre  morfolojilerini - osteoblastik  olgunlagmayr  destekleyicr yonde
degistirmesine baghdir.  Bu sonuglar, BCP'nin polimer iskelelere cklenmesinin
iskele  osteokonduktivitesint arturdigini ve  kitosan/BCP kompozit iskelelerinin
kemik doku miihendisligi uygulamalarinda iskele malzemesi olarak  basanyla
kullamilabilecegini gostermektedir,

Abstract

Several  biodegradable  polymers  including  polylactides.  polyglycolides,
polyanhydrides and collagen are being investigated as bone tissue engineering
scaffolds [1.2]. Chitosan has several potential advantages over other biodegradable
polymers in these applications. It 1s hydrophilic and has a net (+) charge that enables
clectrostatic interactions with cells and proteins. Its principal degradation product,
glucosamine, is a naturally occurring sugar [3]. It 1s also approved by FDA and
received CE mark for wound healing applications.  But chitosan lacks the
osteoconductivity that is required for attachment and proliferation of bone cells.
Calcium phosphates are commonly used for bone repair and regeneration because
their chemical composition resembles the inorganic component of bone [7-8].
Biphasic calcium phosphate (BCP) is a mixture of hydroxyapatite, and tricalcium
phosphate with a degradation rate that is intermediate between the two phases and
more compatible with new bone formation rates [9]. In this study, BCP particles
were added to chitosan to produce a composite structure that mimics bio-
mineralization after they are cultured in cell growth media, and the composites were
evaluated for their ostcoconductivity and effects on bone matrix organization.

Cylindrical scaffolds measuring S mm diameter and 4 mm height were fabricated
using a freeze-drying technique. 2% chitosan solutions m 0.2M acetic acid were
frozen in molds to induce solid - liquid phase separation and lyophilized. Composite
scaftolds were fabricated by mixing 25 %wt BCP particles into the solutions before
freezing. Porosity and the pore size were measured by mercury porosimetry.
Scaffold microstructure was evaluated using scanning electron microscopy (SEM),
and clemental analysis was performed by EDX. Scaffolds were sterilized by 70%
EtOH prior to cell seeding. Mouse mesenchymal stem cells were suspended in
expansion media and seeded onto chitosan and composite scaftolds at a density of
8x10" cells/scaffold. After one day of culture, the media were replaced with bone
differentiation media. Cell - scaffold constructs were cultured for up to 4 weeks. At
specified time points, samples were fixed with 2.5% gluteraldehyde for SEM and
transmission ¢lectron microscopy (TEM), 4% paraformaldehyde for histology. or
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homogenized with TritonX-100 buffer for spectrophotometric measurements.
Histology sections were stained with hematoxylin and cosin (H&E). Alkaline
phosphatase (ALP) cnzyme activity and osteocalcin production were measured by
spectrophotometric assays.

All constructs supported cell growth and proliferation. Precipitation of a biomimetic
bone mineral-like calcium phosphate (CaP) phase onto composite scaffolds was
observed as early as the third day of culture. No such precipitation was observed on
chitosan scaffolds. Extracellular matrix production by cells was visible by 2 weeks.
By 4 weeks, composite scaffolds showed a more uniform cell distribution and matrix
production throughout the scaffolds while the cells were located preferentially on the
surface of chitosan scaffolds without BCP. This can be explained by the chemotaxis
effect of Ca’' within the biomimetic precipitations. Composite scaffolds showed
higher values for both ALP and osteocalcin. ALP is expressed after the proliferative
stage and it is commonly used as a marker of osteoblastic maturation. Osteocalcin is
a bone specific protein expressed highest at the onset of mineralization. Higher
values of ALP and osteocalcin on composite scaffolds suggest increased maturation
and phenotype expression of cells with the presence of extracellular Ca®', and the
organization of cell morphology on the CaP precipitates in a way to support
osteoblastic maturation.

Higher proliferation, more uniform distribution and matrix production of osteoblastic
cells in the presence of BCP, as well as enhanced expression of marker proteins for
the osteoblastic phenotype are possibly due to a chemotactic effect of Ca’ and the
modification of composite scaffold surfaces due to precipitation of CaP crystals
during culture. These effects support the use of BCP as a means for increasing
osteoconductivity in polymeric scaffolds and suggest that chitosan/BCP composites
are attractive candidates for bone tissue engineering applications.

Giris ve Amag

Polilaktitler, poliglikolitler, polianhidritler ve kolajen gibi pek ¢ok biyobozunur
polimer kemik doku mihendisligi iskelesi olarak  kullanilmak — amagh
aragtindlmaktadir  [1,2].  Bu tip uygulamalarda kitosanin diger biyobozunur
polimerlere kiyasla pek ¢ok avantaji bulunmaktadir. Ornegin kitosan hidrofiliktir ve
tizerindeki net (+) yiik hiicreler ve proteinlerle elektrostatik olarak etkilegmesini
saglamaktadir. Bozunma sonucu agiga ¢ikardigr glukozamin dogal bir sckerdir [3].
Ayrica kitosan FDA ve CE tarafindan yara iyilesmesinde kullanilmak iizere
onaylanmistir.  Bu sebeplerden 6tiirii kitosan pek ¢ok kontrollii ilag salimi ve doku
mithendisligi uygulamasi ig¢in  denenmektedir  [4-6]. Ancak kitosan kemik
hiicrelerinin  tutunmasi  ve diremesi  igin  gerckli  olan  osteokonduktiviteyi
gostermemektedir.  Kalsiyum fosfatlar ise kemik onarmminda sikga kullamlan,
kimyasal yapilant kemik mineraline benzeyen minerallerdir [7-8].  Cift fazh
kalsiyum fosfat (BCP), hidroksiapatit ve trikalsiyum fosfaun bir kangim olup
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bozunma siiresi her iki fazin arasinda bulunan ve yeni kemik olusumuna daha
uyumlu bir mineraldir [9]. Bu galiymada BCP pargaciklan Kitosanla kangtrilarak
Kiltir ortaminda biyomineralizasyonu mimik eden kompozitler tretilmig ve bu
kompozitlerin in vitro osteokonduktiviteleri ile kemik matris organizasyonu iizerine
ctkileri incelenmigtir.

Materyal ve Metodlar

S mm ¢ap ve 4 mm yiiksekligindeki silindirik doku iskeleleri dondurup kurutma
(freze drying) yontemi ile dretilmistir. 0.2 M asetik asit iginde %2'lik kitosan
¢ozeltist hazirlanmig ve kaliplar iginde kati-sivi faz ayngmasi i¢in dondurulan
¢ozeltiler liyofilize edilmistir. Kompozit iskelelerde BCP pargaciklar ¢ozeltilere
dondurma dncesinde eklenmigtir.  Gozeneklilik oram ve gozenek biytiklikleri civa
porozimetresiyle 6lgtilmiigtiir.  Iskele mikroyapisi taramah electron mikroskobu
(SEM) ile goriintilenmis ve elemental analiz EDX yontemiyle yapilmistir.  Hiicre
ekimi dncesi doku iskeleleri %701k etanol ile sterilize edilmistir. Fare kemik ilig
kokenli mezensimal kok hiicreler siispanse halde iskelelere 8x10* hiicre/iskele
yogunlugunda ekilmistir.  iskele iginde hiicreler ¢ogaltma besiyerinde bir giin
tutulduktan sonra askorbik asit ve beta glisero-fosfat igeren kemik farklilagtirma
besiyerine gegilerek dort haftaya kadar kiiltiive edilmigtir.  Belirlenen zamanlarda
iskeleler SEM ve transmisyon clektron mikroskop (TEM) analizi igin %2.5'lik
gluteraldehitle, histoloji igin  %4’liik  paraformaldehitle  sabitlenmig, ya da
spektrofotometrik  dlgiimler ig¢in TritonX-100 tampon ¢6zeltisi ile homojenize
edilmigtir.  Histoloji kesitleri hematoksilin ve cozin (H&E) ile boyanmistir.
Spektrofotometrik olarak da alkalin fosfataz (ALP) enzim aktivitesine ve osteokalsin
iretimine bakilmistir.

Bulgular

Dondurup kurutma yéntemi ile ortalama 100 mm g¢apli, istenen birbiriyle baglantili
gozenck yapist elde edilmigtir.  Biitiin iskeleler hiicre biiyiime ve ¢ogalmasim
desteklemigtir.  Kiiltiir besiyeri i¢inde ii¢ giin i¢inde kompozit iskelelerde
biyomimetik, kemik mincrali benzeri bir kalsiyum fosfat (CaP) g¢okelusi
gozlenmigtir. Kitosan iskeleler tizerinde benzer bir ¢okelti gozlenmemigtir (Sekil 1).

81



2 ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZY UM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM, EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

— g

|
10
| [\ pd j

5 | “N. le Ca
0 _M.E . = ——

Energy (keV)

Sekil 1: (a) Kitosan/BCP iskeleler iizerinde gozlenen bivomimetik CaP ¢okeltileri
(SEM). (b) EDX analizi olusan ¢okeltilerin kemik mineralini tle benzer Ca/P oranina
(1.67) sahip olduklarin gistermiytir

Hiicrelerde ikt hafta i¢inde upl kolajen ckstrasclitler matns direum gézlenmistir
Dort hafta sonunda 1se hiicrelerin  drettigi  kolajen  fibriller iizerinde dogal
mineralizasyon gozlenmistin Bu mineraller besiyerinden yiizeye birikken CaP
¢Okeltilerinden farkly morfoloji gostermekte ve dogal kemik olusumunda oldugu gibi
kolajen liflerin tizerinde kiigiik ¢ubuklar halinde olusmaktadir (Sekil.2).

Sekil.2: Llektron mikroskobu (TEM)  gariintiileri hiicrelerin kompozit iskeleler
tizerinde tip 1 kolajen diretip dort hafta iginde bu kolajenin - mineralizasyonunu
sagladiklarim gostermistir

Dort haftalik kiltiivasyon dénemi sonunda kompozit iskeleler igindeki hiicre ve

matris dagihimi homojen olurken kitosan iskelelerde hiicreler iskele yiizeylerinde
yogunlasmistir (Sckil.3)
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Sekil.3:  Histoloji sonucu dort hafta sonunda hiicrelerin ve direttikleri kolajen
ckstraseliiler matrisin kitosan iskelelerin yiizevinde biriktigi gozlenirken kompozit
iskeleler i¢ince homojen bir dagilim gozlenmektedir,

Bu goézlemin sebebi kemik hiicrelerinin biitiin iskele igine dagilmig biyomimetik
CaP’in kemik hiicrelerinde var olan Ca®' reseptorlerini tetikleyerek  hiicrelerde
kemotaksi olugturmasidir [10].  Kompozit iskeleler tizerinde ALP ve osteokalsin
degerleri de daha yiiksek bulunmustur. ALP hiicrelerin osteoblastik olgunlagmasimin
gostergesi olarak kullanilan bir enzimdir.  Osteokalsin de kemik hiicrelerinde
mineralizasyonun baglamasi ile salgilamir,  Bu iki degerin kompozit iskeleler
tizerinde daha yiiksek olmas ortamdaki ckstraseliiler kalsiyumun hiicreleri uyarmasi
ve CaP ¢okeltilert dizerinde hiicre  morfolojisinin - osteoblastik  farkhlagmayi
destekleyicit yonde gelismesinden kaynaklanmaktadir,

Tartisma ve Sonug

Kompozit iskelelerde BCP nin varligi biyomimetik CaP ¢okeltileri olugturmus ve bu
¢okeltiler sayesinde hiicrelerin ve ckstraseliller matrislerinin iskele iginde daha
homojen dagihimm ve osteoblastik tammlayict proteinlerin daha yiiksek oranda
eksprese edilmesi saglanmistir.  Bu sonuglar, ckstraseliler kalsiyumun  hiicreler
iizerinde kemotaksi yaratmasina ve iskele yiizeylerinde olugan ¢okeltinin hiicre
morfolojilerini osteoblastik olgunlagmayi destekleyici yonde degistirmesine baghidir.
Bu sonuglar, BCP'nin polimer iskelelere eklenmesinin iskele osteokonduktivitesini
arttirdigini ve  kitosan/BCP - kompozit iskelelerinin - kemik  doku miihendishigi
uygulamalarinda  iskele  malzemesi  olarak  basaniyla  kullamilabilecegini
gostermektedir.
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OZET

Petrol bazh sentetik polimerler sunduklan ¢esgith ¢6ziimler nedeniyle gida ambalaj
uygulmalarinda ¢ok yogun bir bigcimde kullamilmaktadirlar. Ancak giinimizde
sentetik polimerlerin gevre {izerine olan etkileri sorgulanmaktadir. Biyopolimerler
dogada ¢ok yavas bozunan sentetik bazli polimerlere alternatif olarak dikkat
¢ekmektedirler. Yillik bitkisel yenilenebilir kaynaklan ve biyobozunurluk ézellikleri
nedeni ile protein bazhi polimerler pek ¢ok gida ambalaj uygulamasi ¢aligmasina
konu olmuglardir. Misir proteinin de dahil oldugu pek ¢ok protein polimeri
ekstriizyon ile film haline getirilebilmekte; giiglii oksijen bariyeri ve ortalama su
buhar bariyeri ile potansiyel birer gida ambalaj malzemesi olarak goriilmektedirler.
[1] Misir proteininin gida ambalaji uygulamalan agisindan pek ¢ok ilgi  ¢ekici
ozelligi olsa da, dzellikle zayif mekanik Ozelliklert nedeni ile halihazirda tek basina
kullammi imkansizdir. Protein bazli biyobozunur filmlerin dzelliklerini tyilestirmek
amaci ile pekgok ¢aligma yapilmakta, ve bu ¢aligmalar arasinda nanokompozit
uygulamalan 6zellikle gelecek vaadetmektedirler. Tabakal silikatlar ile hazirlanan
nanokompozitler; nano-dolgularin verimli bir big¢imde matris igerisinde bagarih bir
sekilde dagitilmalan sonucu  olusturduklart  giigli baglar nedeni ile  polimer
Ozelliklerinde benzersiz iyilestirme olanaklan sunmaktadirlar. Pek ¢ok ¢aliymada
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nanokompozit uygulamalari ile  polimerlerin  bariyer, mekanik  ve  termal
ozelliklerinde kayda deger iyilesmeler oldugu bildirilmigtir. [2,3.4]

Bu ¢aliymada, misir proteininin yiiksek oksijen bariyerinden faydalanarak meveut
bartyer filmlere alternatif’ olabilecck gida ambalaj uygulamalanina yoncelik misir
proteini nanokompozitlent ile  kaplanmig (MPNK) polipropilen (PP) filmleri
hazirlannustir. Misir proteini nanokompozit tabakasinin hazirlanmasinda kullanilan
nano kil miktarinin, tipinin ve nanokompozit hazirlama metodunun MPNK kapli PP
filmlerin (MPNK-PP) bariyer, optik ve yiizey ozellikleri tizerine olan etkileri
incelenmigtir. Sivi yaklagimi metodu ile polimer yapiya dahil edilen organomodifiye
tabakah silikat nanokillerinin (OMTS) MPNK-PP filmlerin bariyer (')zclliklcrjni
belirgin bigimde iyilestirdigi gézlemlenmigtir. 5.9 mikrometre kalinhgindaki, kiitlece
%S5 OMTS igeren MPNK katmani ile kaplanan filmler baz PP filmler ile
kargilagtinldiginda, — oksijen  gegirgenligi  degerlerinin 4 kat,  su buhan
gegirgenlikleriin ise %30 oraninda azaldigi gorilmustir. MPNK tabakalarinin tek
bagina ozellikleri de bu ¢alismada incelenmigtir. Oksijen ve su buhan bariyer
Ozelliklerinde elde edilen iyilesmelerin nanoboyutlu silikat tabakalaninin etkih
bigimde agilmasi  sonucu artan dolambagli  difiizyon yoluna bagh olarak
pergeklestigi belirlenmigtir. Agirhikga %S nanodolgu igeren tek basma misir proteini
tabakasmin oksijen gecirgenligi %65 oraninda, su buhari gegirgenligi isc %60
oraninda  diigliriilmiigtiir. Su buhari bariyeri ile uyumlu olarak, MPNK  kaph
yiizeylerin hidrofobik  dzellikleri OMTS ilavesi ile artnmstir. Bunun  yaninda,
modifiye olmayan dogal kil ve sonikasyon yerine kanstirma ile hazirlanan filmlerde
gozlemlenen iyilesmelerin daha az belirgin oldugu gozlemlenmigtir.  Bariyer
ytlestirmelerine ek olarak, organomodifiveli nanokiller ile hazirlanan filmlerin
renginde ¢iplak goz ile ayirt edilebilecek herhangi bir degisiklik gozlemlenmezken,
dogal kil ile hazirlanan filmlerde kil dagilimimin iyi olmamasindan kaynakh belirgin
renk degisimlerine rastlanmlmistir,

Sonug olarak biyobozunur bir polimer olan musir proteininin yiiksek oksijen bariyeri
ile mekanik olarak dayamkh olan PP filmlerinin 6zclliklert meveut banyer filmlerine
gevreer bir alternatf olusturabilecek sekilde basarth bir bigimde birlestirilmistir.
Misir proteini tabakasina dahil edilen organomodifiyeli tabakah silikatlar ile oksijen
ve su buhan bariyer Gzellikler basarili bir yekilde artunlmistir. Bunun yaninda
polimer matrise dolgu eklenmesi ile kompozit sistemler igin bilinen bir sorun olan
renk kayiplar ise minimumda tutulmustur.
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Abstract

Synthetic polymers are dominating the food packaging industry today. since they
offer versatile solutions for requirements of food packaging. For over decades,
environmental impact of polymers are being questioned because of their very slow
degradation in nature. Biopolymers offer a noticeable potential of replacing
conventional petroleum based polymers in food packaging materials. Protein based
biopolymers are attracting many research because of their annually renewable
sources and high biodegradability. Protein based biopolymers including corn zein
can be shaped into films and have excellent barrier to gases and moderate barrier to
water vapor [1]. Corn zein can not be used in stand-alone film applications due to
current status, since 1t has characteristic disadvantages of biopolymers such as poor
mechanical properties. Many rescarch has been done on protein based biopolymers
in order to improve their propertiecs. Among these efforts, nanocomposites, that draw
attention in many fields of materials science offer significant potential. Layered
stlicate nanocomposites offer unique improvements in polymer properties because off
stronger interactions due to high aspect ratio of nanofillers when they are efficiently
dispersed in the polymer matrix. Significant improvements in mechanical, barrier
and thermal properties of polymers were reported in many studies [2.3,4].

In this study, feasibility of prepared novel corn zein nanocomposite (CZNC) coated
polypropylene (PP) film (CZNC-PP) structures as an alternative for traditional
synthetic barrier films for food packaging applications were investigated. The effect
of nano-sized layered silicate amount, type and processing of CZNC layer on the
barrier, optical and surface properties of the CZNC-PP films were investigated.
Incorporation of organomodifiecd montmorillonite (OMMT) by solution intercalation
into zein coating matrix improved barrier of PP films significantly. Prepared CZNC'-
PP films achieved nearly 4 times reduced oxygen permeability while WVP of the
films were reduced by 30% with 5§ wi% OMMT content in 5.9 pm corn zein coating.
The properties of single CZNC layers were also investigated. Fine delamination of
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OMMT in zein coating was found to be responsible for the improvements in oxygen
and water vapor barrier of single corn zein layers due to more tortuous path formed
for permeation of oxygen and water vapor. 5 wt % nanofiller content delaminated in
the zein layer reduced the oxygen permeability of single corn zein layers by 65% and
reduced water vapor permeability by 60% as well. Hydrophobicity of CZNC surface
increased with increasing OMMT loading in accordance with WVP results.
Mecanwhile, improvements were less significant for unmodified nanoclay loadings
due to the incompatibility between unmodified MMT and corn zein and also for
samples prepared by stirring only instead of sonication. Besides barrier
improvements in CZNC layers, no detectable color difference by naked eye was
observed in CZNC coatings for samples prepared by using organomodified
nanoclays. On the contrary, samples prepared by using natural montmorillonite
exhibited significant color deteriorations due to inefficient dispersion of nanoclays in
the coating matrix.

Finally, excellent barrier properties of corn zein nanocomposites were successfully
combined with mechanically strong PP as an cco-friendly promising alternative to
conventional barrier packaging systems. Organomodified layered silicates
incorporated to corn zein matrix successfully improved oxygen and water vapor
barrier properties. Additionally, color deteriorations, being a known problem for
conventional composite systems kept at minimum by the application of
nanocomposites.

[ 1] Hernandez-Izquerdo, V.M.; Krochta, J.M. Thermoplastic Processing of Proteins
for Film Formation - A review. Journal of Food Science. 2008, 73 (2), 30-39
Luecha, J.; Sozer, N.; Kokini, J.L. Synthesis and Propertics of Corn zein
/Montmorillonite Nanocomposite Films. Journal of Materials Science. 2010, 45,
3529-3537
Bae, H.J.; Park, H.I.; Hong, S.I.; Byun, Y.J.; Darby, D.O.; Kimmel, R.M.;
Whiteside, W.S. Effect of Clay Content, Homogenization RPM, pH, and
Ultrasonication on Mechanical and Barrier Propertics of
Gelatin/Montmorillonite Nanocomposite Films. Food Science and Technology.
2009.42, 1179-1186
[4] Chen, P.; Zhang, L. Interaction and Propertics of Highly Exfoliated Soy Protein/
Montmorillonite Nanocomposites. Biomacromolecules. 2006, 7(6), 1700-1706.
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Polimerler igenisinde nanotaneciklerin dagihmi, polimere gelencksel mikro boyutlu
katkilarin kullamlmasindan ¢ok daha dstiin 6zellikler kazandirmaktadir. Sinerjik
reaksiyonlardan kaynaklanan yeni 6zellikler, nanokompozitleri ¢ok genis bir
kullamim alani i¢in cazip hale getirmektedir. Bu olagandisi 6zellikler, katmanh
silikatlarin dagilimi ve nanometre seviyelerinde polimer matris ile sarmalanmasi ile
iliskilendirilmektedir. Nanotanecikler vasitasiyla mekanik dayamm, yanmazhk ve
bariyer ozelliklerinin geligtirilmesi 6zellikle gida paketleme endiistrisinin ilgisini
¢ekmektedir.

Gidalarin raf  omriinii  uzatabilecek  polimer nanokompozit ambalajlarin  elde
edilmesine yonelik bu ¢ahsmada, taratimizdan gelistirilmiy masterbatch katkilarin
ambalaj malzemelerine kazandirdig 6zellikler incelenmistir,

Bu amagla galismanin ilk agamasinda dogrusal algak yogunluklu polietilen (DAYPE,
MFEI1:20 g/10 dk.), maleik anhidrit agilanmg polictilen (PE-g-MA, MF1:23 ¢/10 dk.)
ve organik olarak modifiye cdilmiy nano tanccikler, ¢ift vidah ekstriiderde
kanstinlarak — agirhikga %20 nanokil igeren  bir  masterbatch  hazirlanmigtir.
Calismanin ikinci asamasinda dogrusal yogunluklu polictilen (DAYPE, MFI:2 g/10
dk.) igerisine hazirlanan bu masterbatchten gesitli oranlarda kaularak “cast film”
hattinda 100 mikron kalinhgmda filmler ¢ekilmigtir.

Bu dretilen filmlerin fiziksel ve kimyasal ézellikleri X-Isinlan Kirmnimi (XRD),
Fourier Déniisiimlii infrared Spektroskopisi (FTIR), Taramah Elektron Mikroskop
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(SEM), Diferansiyel Taramali Kalorimetri (DSC), ¢ekme testi ve oksijen gegirgenlik
olgtimii ile belirlenerck filmlerin performanslart degerlendirilmistir. Uriinlerin raf
omrit analizlerini yapmak amaci ile de DAYPE ve DAYPE nanokompozit filmlerden
260mm x 370 mm ebatlarinda ambalajlar tiretilmis ve bu ambalajlar i¢erisinde taze
meyveler +4"C" de muhafaza edilerck gorsel raf dmrii analizleri gergeklestirilmistir.
Bu esnada; driinlerde meydana gelen fizyolojik bozunmalar tizerindeki O, ve CO,
gazlarninin etkileri goérebilmek amaciyla da, ambalaj i¢i atmosferde meydana gelen
degisimler (O,/CO,) giinliik olarak kaydedilmistir.

Bu deneysel degerlendirmeler neticesinde, filmlerde “exfohated/intercaleted™
karisimu bir yapinin elde edildigi, filmin saydamhg, toklugu ve toklukla bagimuh
mekanik 6zelliklerinde 6nemli bir azalma olmaksizin oksijen gegirgenliginin %42
oraninda azaluldig: tespit edilmistir. Bu filmler kullamlarak elde edilen ambalajlarda
muhafaza cdilen gidalann raf 6mriintin ise, ambalaj i¢i atmosferdeki oksijen
seviyesinin %10’lara kadar digiirilmesi sayesinde, 2 kata kadar uzatilabildigi
ispatlanmustir.

Anahtar Kelimeler: Polimer Nanokompozit, Bariyer Film, Masterbatch, Gaz
Gegirgenlik, Gida Ambalajlama

) Introduction

Research showed that, 25% of the total annual fruit and vegetable production are
discarded in our country, without consuming them. Millions of people cannot reach
to staple food because of global warming, economical crisis and rising population.
Therefore the shelf-life and preservation of these food products are more important
than before.

Understanding the degradation mechanisms in the toods is important for preserving
them properly and for increasing their shelf-lives. Although preservation techniques
such as “controlled atmosphere storage™ and “active packing system™ developed on
the basis of the degradation mechanisms are effectively used at the present time. The
most  important  reason  for  these  techniques  cannot  fulfill  the
effective/economical/ergonomic preservation conditions fully. Nowadays, in order to
provide better preservation conditions, a lot of studies about polymer
nanocomposites are conducted.

Nanoclays offer several advantages over conventional micro-sized clays in polymer
composites, and provide better thermal stability, better conductivity properties, and
better mechanical and gas barrier propertics, without any significant reduction in
other relevant properties, including toughness [1-4]. Another advantage is that the
material keeps its transparency, if clay loading level is not higher than 5%. Food
packaging using nanocomposites extends the shelf life of food by preventing
diffusion of humidity, oxygen, ethylene, aroma etc. Furthermore, natural silicates are
approved by institutions such as Food and Drug Administration (FDA) for use as
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additives in plastic materials and articles intended to come into contact with
foodstuffs [5].

The present study includes optimization of experimental variables involved in the
production of LLDPE nanocomposite films. Some properties of these films were
determined by XRD, FTIR, SEM, DSC and tensile tests. The shelf life analysis and
oxygen permeability tests were done on fruits which were stored in LLDPE based
nanocomposite films. The significant results of the study are that the transparencies
of the films are not changed appreciably; oxygen permeability decreased by 42% and
the shelf-lives of foods preserved using these films extended up to 2 fold.

2. Experimental
2.1. Materials

In this study, the used nanoadditive was onium 1on modified montmorillonite
(MMT) (CEC=125 meq/100 g) supplied from Nanocor Inc. Two different LLDPE’s
were used. For preparing of masterbatch, LLDPE (SABIC-LLDPE M200024)
(MFI=20 g/10 min.), for preparing of nanocomposite film, LLDPE (SABIC-LLDPE
218N) (MFI=2 g/10 min.). The used compatibilizer 1s 1% maleic anhydride
containing PE grafted malcic anhydride (PE-g-MA) which was supplied from
CLARIANT PE-g-MA 435 (MFI=23 g/10 min).

2.2. Sample Preparation

Masterbatch and nanocomposite samples were prepared by melt blending in a
Werner&Ptleider GmbH. Z SK 25 (Diameter=25 mm, L/D=48), co-rotating screw
extruder. Firstly, a masterbatch was formed by mixing 20% LLDPE with 60%wt PE-
#-MA and 20%wt nanoclays in the twin screw. Then, nanocomposite was prepared
by mixing of 25% prepared masterbatch with 75%wt LLDPE. The temperature
zones and screw speeds of extruder were set in suitable conditions. Final
nanocomposite composition was designated 80%wt LLDPE, 15%wt PE-g-MA, and
5%wt organoclay. Finally, nanocomposite films were produced by using cast film
line with the screw speed of 50 rpm and drawing ratio of 2.5 m/min.

2.3. Sample Characterization

Sample characterization was done with XRD, FTIR, SEM and DSC. Mecchanical
test, oxygen permeability and shelf life analysis were also applied to films.

3. Results and Discussions

3.1. X-Ray Diffraction (XRD)

X-Ray Diffraction was used to characterize to clay dispersion in the LLDPE
nanocomposites and made by using Shimadzu XRD 6000 Model Diffractometer
CuKad radiation ( 2=1.5405 A). XRD spectrums samples are showed in Figure 1.
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Figure 1. XRD Spectrums of Nanoclay and LLDPE Nanocomposite Sample

As it can be seen in Figure 1, distance between interlayer of nanoclay of 24 A
increased to 32,95 A in nanocomposite where the other two peaks were disappeared.
As a result of these evaluations, it is determined that nanocomposite sample has a
mixture of intercalated/exfoliated morphology.

3.2. Fourier Transform Infrared Spectrometer (FTIR)

The FTIR spectra of LLDPE and LLDPE nanocomposite samples were recorded
with a Digilab spectrometer, Excalibur-FTS 3000 MX model (Digilab, USA) in the
region of 400-6500 ¢cm" with a 2 em resolution. Characteristic absorption bands
that do not exist in FTIR spectrum of LLDPE films but are observed in FTIR
spectrum of nanocomposite films give information about the evidence of the
presence of nanoparticles in structure and composition of nanoparticles. This is
explicitly seen in Figure 2.a and 2.b. Identification of FTIR spectrum peaks is given
in Table 1.

Figure 2. FTIR spcktrum of a) LLDPE film b) LLDPE-nanocomposite film

Table 1. Identification of FTIR Spectrum Peaks

[ Pcaks (em™h Identification

Si-O-Si and Si-O-Al bending

64, 52
l peaks

847, 889, 3 ]
918 AIMgOH, AlFeOH, AIAIOH
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950-1150 | Vibration bands of Si-O bonds |

| Absorption band of the silicate

| 1043
group
[ 3632 OH bond

l | o

3.3. Scanning Electron Microscopy (SEM)

SEM Jeol JSM 7000F microscope was operated for SEM analysis at 5 kV. Film

samples cross sections were prepared by cryo-microtomy.

Figure 3. SEM Micrograph of a) Presence of a Nanoclay Agglomerated in LLDPE
b) Nanocomposite Films Dispersed Homogenous

SEM micrographies of the nanoclays that have been agglomerated in polymer matrix
are given Figure 3.a. It can be seen in Figure 3.b that there is no agglomeration in
nanocomposite films obtained and nanoclays have homogeneous dispersion in
polymer matrix.

3.4. Differential Scanning Calorimeter (DSC)

lhe melting temperature and the dynamic crystalhizaton temperature (Tc) of
samples were determined using a TA Instruments DSC Q400 (in helium
atmosphere). The crystal content was determined according to the following
equation:

X =AHm / f.AHo (1)

where AHm 1s entalphy melting, f is effective weight fraction of PE in mixture; and
AHo 1s enthalpy of melting for 100% crystalline PE (293.6 J/g)

I'able 2. DSC Results of the Nanocomposite Film

i Heating 7 I (’uolri;g ,
Sample T — TP | = 1 X (%)
Tm(°C) | Tmp(°C) | AHm(J/g) | Te("C) | Tep(°C) | AHe(J/g) |
LLDPE 116.84 | 12393 | 40.10 | 109.15 | 10584 | 89.61 | 13.66 |
| Nanocomposite ‘ 11673 | 12014 | 2897 | 10898 | 106.65 | 7938 | 10.39
\ ‘ ‘
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where Tm is melting temperature, Tmp is the peak point of melting temperature, Te
is crystallization temperature, Tep is is the peak point of crystallization temperature,
and AHc is enthalpy of crystallization.

The melting point decreases by the addition of clay to the polymer. Morcover,
addition of clay decreases the percent erystallinity.

3.5. Tensile Tests

Tensile tests were performed on an Instron 3345 testing machine at room
temperature. Tensile strength test results are shown in Table 3. 20% better tensile
strength can be obtained by addition of nanoclays in polymer matrix. Morcover,
increase in tensile strength of LLDPE nanocomposite film samples compared to
LLDPE samples is the indicator of a high interaction between polymer molecules
and clay layers and homogencous dispersion of clay layers.

Table 3. Mcchanical Test Results

. A 50 %

Sample Strength at Strain at S";:‘ﬁ:: A1 Strain at Secant
SIS max (MPa) max (%) (\;Pa) break (“6) modulus

‘ (MPa)

. — 794 1133 801 16.77

z A9 (49 & 3 ;
LLDPE L8225 (£2.2) (+2.6) (£2.0) (£2.0)
Nanocomposite 1667 14.19 669 15000
S(+5.5
s 3538 | 89y (+4.6) (+5.6) (£3.1)

3.6. Oxygen Permeability Measurement

Oxygen permittance rates of film samples were obtained by using Brugger
Feinmechanik GDP-C Gas Permeability Tester at 35°C and | atm. Oxygen
permeability values are hsted in Table 4. Oxygen permeability of nanocomposite
films can be decreased by about 42% compared to LLDPE control sample while
transparency is saved.
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Table 4. O, Permeability Test Results of LLDPE and LLDPE Nanocomposite

Sample 0, Pcmwahility(cc.l()l)unfx;':dny.mm) | Changing l’crccm]
LLDPE ' 1521 *{ . ’
Nanocomposite % 878 [ 4220 ‘\

The decrease in oxygen permeability occurs because the nanoparticles act as a
physical obstacle retarding movement of oxygen through the film, slowing down its
speed of flow and increasing the distance that oxygen must cover to cross the film.
In the LLDPE sample, oxygen does not find any obstacle to prevent its movement
through the film. The resulting increase in the shelf life should make the product
attractive to diverse markets as the nutritive and organoleptic properties of the food
are protected for longer.

3.7. Shelf Life Analysis

Packaging samples of LLDPE and LLDPE nanocomposites films (260 mm x 370
mm) were prepared. Visual shelf-life analysis was accomplished using 300 g fresh
fruits wrapped by these packaging materials and kept at +4°C. On the other hand, the
variations in the atmosphere within the packaging (O, /CO,) were recorded in order
to observe the influence of O, and CO, on the physiological degradations of the
products due to ISO 22000 standard using Oxybaby M 0./CO, analyzer (WITT-
GASETECHNICK TYPE).

§ ;

Figure 4. Changes of O,/CO, of Pears Depending on Time in a) LLDPE Package
b)LLDPE Nanocomposite Package

4

Figure 5. Photos of the Pears Kept a) in LLDPE b) in LLDPE Nanocomposite
Package
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Figure 6. Changes of O,/CO; of Bananas Depending on Time in a) LLDPE
Package b)LLDPE Nanocomposite Package

LStTanl Dy LISEFAM Jp LiDMETaM® Dy Newen Fiml Oy Yemao Fed Or Yewesw Pimit Oy

Figure 7. Photos of the Bananas Kept a) in LLDPE b) in LLDPE Nanocomposite
Package

Figure 8. Changes of O,/CO; of Apricots Depending on Time in a) LLDPE
Package b) LLDPE Nanocomposite Package

a b
\
o

Figure 9. Photos of the Apricots Kept a) in LLDPE b) in LLDPE Nanocomposite
Package

Photos of pears, bananas and apricots and atmospheric gas (O./CO,) analyses are
seen at figures. It is thought that fruits continued the respiration activities in the
packages. According to the analyses, concentration of O, and CO, do not change
significantly in LLDPE packages which have low oxygene barrier property but
concentration of O, decreases to 0-10% in LLDPE nanocomposite packages that
have high oxygene barrier property. It is clearly seen that shelf lives of the products
are increased up to two fold by means of this barrier property.
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4. Conclusions

In this study, LLDPE nanocomposite films are prepared and used for packaging in
order to increase the shelf-lives of the pears, bananas, and apricots. 100 microns
thickness LLDPE nanocomposite films are characterized by physically and
chemically. SEM, XRD, FTIR, mechanical tests, O, permeability and shelf life
analyses of the films are also evaluated. As a result of these evaluations, it is proved
that the intercalated nanocomposite films, decrease the oxygen permeability by 42%
and increase the shelf-lives of foods up to 2 fold.
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Ozet

Polimerik karma(kompozit) isletmelerinde is saghg ve ig giivenligi giintimiiz en
giincel ve 6nemli konulanindan biridir. Ciinkii, ¢ahsanlarin saghk ve giivenligini
korumak sirketler i¢in yasal ve ctik bir zorunluluktur. Bu g¢ahsmada, karma
stireglerinde temel saglik ve giivenlik incelenmistir. Regine sistemi ve ¢oziiciilerin
saghk nisklert éncelikle ele alinmalidir. Dogru mithendislik yaklasimlar, yonetimsel
kontrollar uygulandigy taktirde igyerleri daha saghkh ve giivenli olacakur,

Abstract

Occupational health and safety in composites businesses today is one of the most
current and important issues. To protect employees' health and safety is a must for
companies due to the legal requirements and cthical reasons. In this study,
substantial health and safety risks in composites processes were discussed.  Health
risks of resin system used as matrix and solvents should be addressed first. If proven
engineering approaches, and administrative controls are applied. the workplaces can
be more safe and healthy.

1. Giris
Herhangi bir iskolunda ¢ahsanlanin saghk ve giivenliklerinin korunmasi ancak saghk

ve giivenligi tehdit eden etkenlerin belirlenmesi, tanimmasi ve bu etkenlere karg
onlemlerin ahinmasi ile olanakhdir.
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Temel Kavramlar:

Konunun daha 1yi anlagilabilmesi i¢in bazi temel kavramlar {izerinde goriis birligine
varilmast gerekmektedir. Pratikte ¢ogu kez tehlike (hazard), zarar (harm) ve risk
kavramlar birbiri yerine kullanilmaktadir. Oysa tehlike ve risk farkli kavramlardir.
Tehlike “Biiyiik zarar veya yok olmaya (yvaralanma ve oliimlere) yol acabilecek
durum™ olarak tanimlanmaktadir. Risk 1s¢ “Algdanmakta olan izel bir tehlikenin
gergeklesme olasiligi ve tehlikenin sonuglarine kapsayan bir kavram” dir. OHSAS
18001 standardinda da benzer sekilde  “helirlenmiy tehlikeli bir olayin olusma
olastligr ve sonuglarimn bilegimi” olarak tammlanmaktadir.

Risk kavrami, i¢inde hem belirsizlik, hem de riskin algilanmasini kapsamaktadir.
Riskteki bilinmezhk ve algilamanin diizeyi karar vericilerin ve ¢alisanlarin tutumlar
tizerinde behrleyici olmaktadir. Sigaranin tehlikeleri ¢ok iyi bilindigi halde, saghk
riskleri bireyler tarafindan farkh diizeyde algilanmaktadir. Temel kavramlann iy
anlasilabilmesi i¢in bagvurulmasi gercken iki Tiirk standardr “7S ISO/IEC GUIDE
73- Risk Yonetimi- Terim ve Tarifler Standard (Nisan 2005)" ve “TS EN 31010-
Risk Yonetimi-Degerlendirme Teknikleri (Haziran 2010) " dur.

Risk degerlendirmesi, is¢ "herhangi bir tehlikeye (ornegin bir tehlikeli kimyasala)
maruz kalindiginda olabilecek olumsuz etkilerin belirlenmesi siirecidir™ (Sckil 1).
Kimyasal tehlikelerin bulundugu tipik bir risk degerlendirmesi siireci:

» Tehlikenin belirlenmesi,

* Doz-tepki degerlendirmesi,

* Etkilenim(Maruziyet) degerlendirmesi,

* Risklerin tammlanmasi,

adimlann kapsar.

Risklerin tanimlanmasi i¢in ilk 3 asamadaki bilgilere gereksimim vardir. Riskler
degerlendirildikten sonra bu risklere maruz kalanlara ctkilenenlere iletilmesi,
risklerin

anlagilip kabullenilmesi ve azaltilmasi i¢in politika ve stratejilerin belirlenmesi ise
“risk yonetimi™ olarak bilinir, Gortildiigii gibi bu siireg, tehlikelerin neler oldugunun
belirlenmesini, zararin olasihiginin ve etkisinin nicel olarak hesaplanmasmi, riskli
durum gergeklesirse ne sonuglar doguracagimin anlagiimasini, bu sonuglara katlanilip
katlanilamayacagina karar verilmesini ve zarar azaltma ¢ahismalarini kapsamaktadir.

Polimerik karma iiretminde de, kimya sanayisinin diger kollannda oldugu gibi

oncelikle “hangi maddeler kullamiimakta?”, “bu maddeler nasil elleglenmekte
(handling)?”, “bu maddeler hakkinda hangi bilgilere sahibiz?” ve “bu maddelerle
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ilgih risklerden kaynaklanan zarar nasil azalulabilir?” sorularmin  yanitlarin

aramakla iye baslanir.
Digik Maruziyet

X o e = Yiksek tehlike

-~ NW

Sekil 1: Risk Degerlendirme Egitligi

= Dayik tehlike

2. Polimerik Karma Uretiminde Riskler

Polimerik  karma endiistrisinde  kullanilan - malzemelerin - zehirlilik(toksikolojik)
etkileri hakkinda literatiirde pek ¢ok yaym meveuttur| 1], Bu yaynlar arasinda ¢n
onemlisi, ileri Kompozit Malzeme Tedarikgileri Dernegi (The  Suppliers of
Advanced Composite  Materials — Associations, SACMA)'nin Iy sagh@n  ve
Giivenligi(ISG) alt komitesinin yaymladigi “Safe Handling of Composite Materials,
3rd Ed. April 1996)'dir. Bu ¢aligma polimerik karma tiretimi yapanlar igin temel bir
bagvuru kaynagidir. Bu ¢ahymada belirtilen polimerik karma endiistrisindeki temel
saghk ve giivenlik tehlikelert Tablo 1.°de verilmektedir

Polimerik karma dretiminde mithendislik dnlemlen ve yonetimsel kontroller ile
onlenebilecek tehlikelerin baginda  isiveren(ekzotermik) tepkimelerin kontroldan
¢itkmasi gelmektedir.  Bu durum genellikle regine veya prepeg iiretimi esnasinda
tepkimenin sil etki ile kontroldan ¢ikmasi (runaway) scklinde kendini gdstenir.
Kontrolsuz isil siireglerin agagidaki durumlarda meydana geldigi bilinmektedir| 3]

101



2 ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZYUM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM, EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

Bir reginenin uzun siire kanstinlmasi veya isititlmasi
Reginenin ¢ok hizh isitilmas
Regine agirisindiinda miidahale ctmemck

Kirlenme veya yanhs kimyasal kullanimi

Tablo 1: Karma iirctim siireglerinindeki potansiyel saghk ve giivenlik maruziyetleri

KARMA(KOMPOZIT) URETIM SURECLERI

. & ‘\"
& @" & o Sf
& & ) @ o &
N a o (’ o
S & N ) & 0
& & ‘6’ ° "‘o’ &
» o \3. “ne R o‘i\
& & < d S &
[POTANSIYEL SAGUK TEHUKELER] o A SE S S
1. Deriyle temas, Dermatit/Kuzankik X x | x | | x X x
2. Tor ve/veya ¢dricd soluma X I x | x | x X x | x
3. Sistemik etidlec x 1 x ' p e ) x|
4. Gaze sigrama/Gdzle temas | 1 1 1 x |
5. Duman soluma (Ekzotermik) - x | x| | x|
andimajoksijen yetersiligi T E I } I x|
0 X X
| I S
X X X X X X X t X X |
! AR + + . 1
X X X X X X } | x [ x | |
x | x x X X x | Lox 11 ox |
x | x [ x X X 1 1 x| L X |
x X X x x | ox | x | x | x x|
X X X . ! 4 23, | X
|14 Yanma x X i . A | 3, B )
15, Lazer kesik ve yanddan | | | |
[16. Yiksek basingl su | l 1  — 1%

Asagidaki etkenlenin yine kontrolsuz isil siiregleri baglatugr veya biyutigi
bilinmektedir:

Reginenin kiitlesinin artmasi ve ekipmann yeterli sogutma yapamamasi
Isletme talimatlarina uymama
Makine koruma cihazlarinin devre disi birakilmasi
Sicak regineyi ¢ok derin kaliba dokmek
<. Sireg(proses) ckipmanlarinin dogru ¢alismamasi
Ham madde degigkenlikler
Birbiri ile karigmayan kimyasal ve pisiricilerin kullanilmasi
Kimyasallarin kirlenmesi ve yetersiz ¢evre temizhigi
Regineyi firnda veya otoklavda pisirmeye gal
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Karma iiretimindeki malzemelerin saglik etkileri bakimindan en 6nemlileri regine
sistemi ve g¢oziiciilerdir. Giiglendirme(takviye) malzemeleri ise ikinci planda kahr.
Bilindigi gibi regine sisteminde ana reginenin disinda, pisiriciler, seyrelticiler,
hizlandincilar, pigment ve ¢oziiciiler de bulunur.

Epoksi Regineler:

Epoksi regineler glisidil(glycidyl) temelli bilesiklerdir. Karma iretiminde yaygin
olarak kullamlmaktadir. En ¢ok taminam ve kullanilam Bisfenol A esash epoksi
reginelenidir. Bunlardan bagka glisidil eter, glisidil ester, ghsidil amin ve epoksi
novalaklar da mevcuttur. Epoksilerin en énemli etkisi deri yoluyla olur. Dogrudan
temas sonuca deride kizanklar, alerji ve dermatitlere neden oldugu bilinmektedir.
Tablo 2."de epoksi reginelerinin etkileri verilmektedir.

Tablo 2: Epoksi reginelerin saghk etkileri

Bisfenol A esash

25068-38-6

diisiik akut
zehirleyici, orta

Epoksi tipi CAS No Bilinen saghk Notlar
etkileri
1675-54-3 Deri o Son yillarda
hassaslastincisi, kanserojen
25036-25-3

oldugunu goésteren
bir¢ok yeni ¢ahigma

Glisidil eterler

2426-08-6
3101-60-8
17557-23-2

26447-14-3

diisiik akut
zehirleyici, Deri ve
mukoz
membranlari tahrig
edici

diizeyde tahrig mevcuttur.
25098-99-8 edici
Deri Mutajenik testlerin ]
S _ hassaslasuncisi, bazilan pozitif,
Ghisidil aminler 28768-32-3 diisiik akut bazilan negatif
zehirleyici, ¢ikmstir.
2336-87-0 Deri ve mukoz Mutajen veya
membranlar tahrig | kanserojen
Siklo alifatikler 30583-72-3 edici degildir.
2210-79-9 Deri Nepentilglikol
hassaslastinicisi, diglisidil eterin

farelerde den
kanserine neden
oldugu biliniyor,
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Diger reginclerin de onemli saglik etkileri oldugu bilinmektedir. Omegin, poliiiretan
dretiminde kullanilan 1zosiyanatlardan Touen diizosiyanat, TDI (CAS : 584-84-9) ve
1.6 Hekzametilen diizosiyanat, HDI (CAS:822-06-0) kanserojen maddelerdir(NTP
Group 2, IARC 2B). Fenolik ve amino regine grubunun iiretiminde kullanilan
Formaldehit'in(CAS:50-00-0) kanserojen oldugu bilinmektedir(NTP Group 2, IARC
2AACGIH A2, EPA BI). Termoplastik regine tiretiminde ise en biyiik tehlike stiren
monomerinden  kaynaklanmaktadir. - Stiren(CAS:100-42-5),  kanserojendir(IARC
Group 2A). Regine sisteminde kullamilan sertlestirici ve pisiricilerin saghik riskleri
Tablo 3.de verilmigtir.

Tablo 3: Sertlestirici ve pisiricilerin saghk ctkileri

Sertlestirici ve CAS No Bilinen saﬁlm etkileri | Notlar
Pisiriciler

Deri ve mukoz | Bazi aminlerin

membranlar orta kanserojen

diizeyde tahnig edici, oldugundan
Avoinatik karamgirlcn etkiliyor, kugkulaniimaktadir,
AiliileE kanin hiicrelere

taginmasini azaltiyor
4.4- N Akcigere zehirli, Kanscrojen(NTP
Methylenedianiline troid,dalak, bobrek, kan Group 2, IARC 2B)
(MDA) 101-77-9 | e goze etkili, deri

hassaslastincis
4-Aminophenyl Kronik maruziyclt:ic?m Mutajen veya
sulfone, 4,4°- bozucu kanserojen olarak
Diamindiphenyl 80-08-0 siniflandirilmamistir,
Sulfone(44DDS)

Deri ve mukoz | TWA- (fl_lhg;’m}

membranlar tahrig edici,

Meta Phenylene 108-45-8 Deri hassaslastiricisi,

Diamine (MPDA) karacigerc ctkili
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Deri ve mukoz
membranlar tahrig edici,
Deri hassaslasuricisi,
2537645 | Karaciger ve bibrege
etkili, kanin hiicrelere
tasinmasini azaltiyor

Toluenediamin

Bazi izomerleri
kanserojen

1zomerler
8

111-40-0 | Kuvvetli baz, deriye Diethyl tri amin igin
ctkili, géz ve korncayi TWA= 1 ppm

Alifatik ve siklo | 112:24-3 | ey

alifatik aminler

140-31-8

694-83-7
Poliamino 68410-23- | Potansiyel goz ve deri
amidler 1 tahris edici
Poliamidler 68082-29- | Potansiyel goz ve deri

0 tahriy edici

85-43-8 Kuvvetli goz ve deri

oo 5 tahris edici, mukoza

Anhidrid tpi 85-42-7 | abakasina etkili
pisiriciler

26590-20-

5

552-30-7

89-32-7

(ozicilerin saghk etkileri scktorde genellikle bilinmektedir. Ketonlar ve klorlu
goziiciilerin olumsuz saghk etkileri nedeniyle mutlaka igyeri hava kalitesi kontrol
edilmelidir. Isyeri havalandirmasi esik degerleri saglayacak bigimde tasarlanmalidir.
Yine sektorde yaygin olarak kullamilan Dimetil formamid, DMF kanserojen bir
¢oziiciidiir (IARC Group 2B).
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3. Isg Mevzuatina Genel Bakis

Polimerik karma dogrudan ilgilendiren 4857 sayili 15 yasast kapsaminda yayinlanan
yonetmelikler ve dayandigit AB mevzuati Tablo 4'de |, standartlar is¢ Tablo 5."de
verilmigtir. Bu tablo sadece polimerik karma dretimi igin degil, tiim plastik ve

kauguk igletmeleri i¢in de gegerli mevzuat géstermektedir{4].

Tablo 4: Polimerik karma endistrisine uygulanabilir ulusal ve AB mevzuau

AB
MEVZUATI

AMAC

ULUSAL MEVZUAT

General frame
work directive
on Health and
Safety at Work

(Dir89/ 391/EC )

igyerlerinde saghk ve giivenlik sartlarinin
tyilestirilmesi i¢in ahnacak Onlemleri belirler. Bu
amagla;

a) Mesleki risklerin 6nlenmesi, saghk ve giivenligin
korunmasi, risk ve kaza faktorlerinin ortadan
kaldirilmasi,

b) Is saghg ve giivenligi konusunda is¢i ve
temsilcilerinin egitimi, bilgilendirilmesi,
gortiglerinin alinmasi ve dengeli katihmlarinin
saglanmasi,

¢) Yag, cinsiyet ve 6zel durumlan sebebi ile 6zel
olarak korunmasi gereken kigilerin ¢alisma sartlar
ile ilgili genel prensipler ve diger hususlan belirler

Is Saghg

ve Gilvenhgi
Yonetmelig

(Not: Danmigtay
tarafindan
yiiriitme
durduruldugu 1¢in
askidadir. Ayni
yonetmeligin
tiizilk olarak
¢itkmasi
beklenmektedir

26/12/2003

RG: 25328

Chemical
Agents

( Dir 98/24/[3(‘)

Exposure limits
Values (*)

(Dir 2000/39/EC
) ( Dir
2006/15/EC)

igyerinde bulunan, kullanilan veya herhangi bir
sckilde islem géren kimyasal maddelerin
tehlikelerinden ve zararh etkilerinden iggilerin
saghgim korumak ve giivenl bir ¢aliyma ortanu
saglamak i¢in asgan sartlari belirlemektir.

Kimyasal Madde-
lerle
Caligmalarda
Saghk ve
Giivenlik

Onlemleri Hk.
Yo6n.

26/12/2003

RG: 25328

Carcinogens
(Dir 90/394/EC)

is¢ilerin, kanserojen ve mutajen maddelere
maruziyetinden kaynaklanan risklerden korunmasi

Kanscrojen ve
Mutajen
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(Dir 97/42/EC)
(Dir 99/38/EC )

i¢in bu maddelere maruziyetin 6nlenmesi de dahil
olmak iizere gerekli saghk ve giivenlik onlemlerini

Maddeler-

belirlemektir. ;cagﬁ::%znlmdd 26/12/2003
Giivenlik RG: 25328
Onlemleri
Hk.Yén.
Physical is¢ilerin giiriiltilye maruz kalmalan sonucu saghk ve
Agents- noise giivenlik yéniinden olugabilecek risklerden,
6zellikle isitme ile ilgili risklerden korunmalan igin | Giiriilti 23/12/2003
(Dir alinmasi gerekli 6nlemleri belirlemektir. Yonetmeligi
2003/10/EC) RG : 25325
Work places igyeri bina ve eklentilerinde bulunmasi gereken Isyeri Bina ve
) asgari saghk ve giivenlik sartlarini belirlemekur. Ek-lentilerinde
(Dir Sag. ve Giiv. Onl 10/02/2004
89/654/EEC) T ' '
ilis Yon. RG
25369

Use Of Work
Equipment
(Dir
89/655/EEC)

isyerinde is arag ve gereglerinin kullamimu ile ilgili
saghk ve giivenlik yoniinden uyulmasi gerekli asgan
sartlant belirlemektir.

Is Ekipmanlarinin
Kullaniminda
Saglik ve
Giivenlik Sartlan

11/02/2004

(Dir 95/63/EC ) # RG :
(Dir i 25370
2001/45/EC)
isyerindeki risklerin dnlenmesinin veya yeterli Kisisel Koruyucu
Use of Personal | derecede azaltilmasinin, teknik tedbirlere dayal Donanimlannisy
Equipment toplu koruma ya da iy organizasyonu veya ¢aliyma er’ létinde 11/02/2004
(Dir yontemleri ile saglanamadig durumlarda, T —-—
89/656/EEC) kullanmilacak kigisel koruyucularin 6zellikleri, ' RG : 25370
temini, kullanimi ve diger hususlarla ilgili usul ve Hakkmda.
esaslan belirlemektir. Yénetmelik
Safety signs isyerlerinde kullanilacak giivenlik ve saghk Giivenlik ve 23/12/2003

(Dir 92/58/EC)

isarctlerinin uygulanmasi ile ilgili kurallan
belirlemektir.

Saglik Isaretleri
Yon.

RG : 25325
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Work with

Ekranh Araglarla

screen displays Caligmalarda

(Dir ckranli araglarla galiymalarda alinacak asgari saghk 23/12/2003

90/ 270/EEC) ve giivenlik dnlemlerini belirlemektir, Saghk ve

(offices only) Giivenlik RG : 25325
Onlemleri
Hk.Yon.

elle yapilan tagima iglerinde i saghg ve giivenh
Manual yoniinden ortaya ¢ikabilecek risklerden, ozellikle
Handling (Dir sirt ve bel incinmelerinden isgilerin korunmasini Elle Tagima Isleri | 11/02/2004

90/269/EC")

saglamak ig¢in, alinmasi gerekli dnlemieri
belirlemektir.

Ydnetmeligi

RG : 25370

Pregnant
Workers
92/85/EC)

(Dir

isyerlerindeki gebe, yeni dogum yapmis veya
emziren iggilerin igteki giivenlik ve saghgimin
saglanmasi ve gelistirilmesini destekleyecek
onlemler uygulamak ve bu iggilerin hangi
donemlerde ne gibi iglerde ¢ahistinlmalarimin yasak
oldugunu, ¢aligtinlabilecegi iglerde hangi sart ve
usullere uyulacagini, emzirme odalarinin veya
¢ocuk bakim yurtlarinin (kres) nasil kurulacagini ve
hangi sartlan tagiyacagim belirlemektir.

Gebe ve Emziren
Kadmnlarin Cahg-
urilma Sartlanyla
Emzirme Odalan
ve (Cocuk Bakim
Yurtlarina Dair
Y.

14/07/2004

RG : 25522

(**)
on sekiz yasim doldurmug kadin ig¢ilerin gece
postalarinda salwunlmusma iliskin usul ve esaslan Kadin Isgilerin
diizenlemektir, G
Postalarinda 09/08/2004
Calistinnlma
kos.hk RG : 25548
Yonetmelik (**)
Temporary gegict veya belirli stireli ig sozlesmesi ile gahsurilan | Gegici veya
Workers isilerin saghk ve giivenlikleri bakimindan igyerinde | Belirli Siireli
(Dir 91/383/EC) 15/05/2004

¢ahisan diger ig¢ilerle ayni diizeyde korunmalarim
saglamaktir.

islerde Is Saghn
ve Giiv. Hk.
Yonetmelik

RG : 25463
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(* ) Dir2006/15/EC heniiz ulusal mevzuatimiza uyarlanmamgtir.

( ** ) Heriki yonetmelikte de 92/85/EC direktifine auf yapilmamigtur. Ancak benzer
konularn kapsamaktadir.

Tablo 5: Polimerik karma iretiminde 1SG ile ilgili standartlar{3].

Standart No Konusu Yaymn Tarihi
| TS EN 31010 Risk yonetimi - Risk degerlendirme Temmuz
teknikleri 2010
2 TS EN ISO | Makinalarda giivenlik- Risk Haziran 2010
14121-1 degerlendirmesi - Boliim 1: Prensipler
3 Makinalarin Giivenligi-insanin Fiziksel | Subat 2007
Performansi-Boliim 5:Yiiksek siklikta
EN 1005-5: tekrarlayan ellegme igin risk
degerlendirmesi
4 Potansiyel patlayici ortamlarda Agustos 2007
kullanilmasi amaglanan clektrikli
TS EN 15198 olmayan donanim ve bilegenlerin risk
degerlendirme metodolojisi
5 Is1l ortamin ergonomisi - Isil ¢aligma Aralik 2004
i ortamlarinda gerilme veya
TS ENISO 15265 | hyzursuzlugun 6nlenmesi igin risk
degerlendirme stratejisi
6 TS EN ISO 15743 | Isil ortam ergonomisi - Soguk ¢aligma Temmuz
alanlar - Risk degerlendirme ve 2008
yonetim
7 | TS 12442 s¢i Saghgi ve is Givenligi-Is Kazast | Nisan1998 |
Raporu
8 TS 12463 Is¢i Saghgi ve Is Giivenligi-Acrosollere | Nisan 1998
Kargi Ahinacak Tedbirler
9 Cevre Saghgi- Isci Saghg ve ls Mart.2002
Giivenligi- Ketonlara Maruz Kalinan i
TS 12811 Yerlerinde Alinmasi Gerekli Tedbirler
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10 o (evre Saghgi- I Saghg ve Is Nisan 2002
Giivenligi- Nitril Kullamilan I§
TS 12851 Yerlerinde Alinmasi Gerekli Tedbirler
4. Sonug

Tiim endiistriyel faaliyetlerde oldugu gibi polimerik karma iiretimi siire¢lerinde de
¢esithi saghk ve giivenlik tehlikeleri mevcuttur. Karma(kompozit) endiistrisinin
nispeten yeni bir teknoloji olmasi, her gegen giin yeni malzeme ve teknolojilerin
kullanilmaya baglamasi nedeniyle yeni saglik ve giivenlik sorunlari ortaya ¢ikabilir.

Bu nedenle, diger endiistriyel aktivitelerde oldugu gibi polimerik karma sektoriinde
de en azindan ulusal mevzuatlarin 6ngordiigi risk belirleme, egitim ve tehlikelerin
kontrol edilerck risklerin yonetilmesi igin gaba harcanmahdir. Is saghg ve giivenligi
bir “deger” olarak benimsenmeli ve kabul edilmelidir.

Reginelerigindeki katki maddelerinin biiyiik bir kismi, diigiik molekiil agirhkli ve
ugucu olmalari nedeniyle, bulundugu plastikten besinlere, ortam havasina, ya da
dogrudan viicut i¢i sivilara gegebilme riskini tasimaktadir. Hayvanlar iizerinde
yapilan testler ile, s6z konusu kimyasallarin basta genetik etkin(mutojenik) ve kanser
yapicr etkiler olmak tizere gesitli saglik risklerine sahip oldugu tespit edilmistir. Bu
kimyasal maddelerin tamaminin heniiz siiflandirilamamis olmasindan kaynaklanan
bosluktan yararlanarak, bircok tibbi bulgu aksini géstermesine ragmen, en basta
meslek  kuruluglarmin - ve onlara  yakin  kuruluglarim  giivenlik  telkin - eden
agiklamalarda bulunmalan da etik olarak dogru degildir. Bu konuda dogru yaklagim,
“tehlikesiz  olduklart kesinlikle kanitlanincaya  kadar” dikkatli  olunmasim
ogiitlemektir. Saghik etkileri bulunan kimyasallarin alternatifleriyle degistirilmesi
giindemdedir. Caligmalar devam ctmektedir. Katki maddelerinin tartigilmakta olan
saghk riskleri her seyden once galiganlar tehdit etmektedir. Ulkemizde genellikle
risk kiicimsenmekte, hatta yokmusg gibi gosterilmeye cahsilmaktadir. Yukanda
belirttigimiz gibi “tehlikeli oldugu, 6ldiriici oldugu heniiz kamtlanmamistir”
denilmektedir. Onerimiz, maruz kalinan riskin degerlendirilmesi yoniinde atilacak
ilk adim, “masum olduklart kamitlanana dek bu  kimyasallara karsi dikkatli
olunmasi™ olacakur. Bugiin zchirli (toksik) etkileri nedeniyle kullanimda olmayan
katkr maddelerinin de yillar 6nce masum olarak nitelendirilerck, yillarca kullanildig
unutulmamalidir. Bu nedenle, regine sistemi ve ¢oziiciilerin saghk riskleri oncelikle
ele alinmahdir. Miihendislik yaklasimlar, organizasyonel kontrollarla rniskler
yonetildigi taktirde isyerleri daha saglikli ve giivenli hale gelecektir.
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