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AN ANALYSIS OF THE PROPERTIES OF RECYCLED P ET FIBER-
GYPSUM COMPOSITES

SUMMARY

Recycling has gained increasingiportance due to shortage of sources of raw
materials used in the production of materials, efforts made to reduce damage to the
environment during the production and usage phases hence preventing soil, water
and air pollution, reducing the damage causguhd the production and elimination

of materials and preserving the energy and sources used during this process. The fact
that recycled plastic and recycled materials obtained through recycling methods are
relatively cheaper than pure materials producedod raw materials also engenders
economic gains. The fact that materials of polymer origin are polluting elements as
they remain in nature without decaying for a long time and that the recycling
methods of PET bottles that have a serious share among malytmers can be
applied in our country was the point of origin of this thesis.

Two parallel objectives were considered in this analysis: to improve the properties of
gypsum and to reintroduce waste PET bottles turned into fibers following recycling
as buiding material. The possibilities to produce a new composite material by using
the fiber produced of recycled PET bottles as a reinforcing material in gypsum to
improve the properties of gypsum was analyzed with the objective of contributing to
improvingeconomic and ecological conditions.

Gypsum has been in use for a variety of purpose as building material for centuries
and is alsa component of numerous composite materials. Gypsum is preferred as it
is easily obtainable, cheap, has enough mechanical strength as well as humidity
equalizer properties. Nevertheless, it is a brittle and its impact resistance and
toughness value are moparatively low. Therefore, gypsum composites reinforced
with recycled PET fibers have been produced to improve the impact resistance and
toughness of gypsum used as building material.

First of all studies related to gypsum to be used as composite materipbnent

and recycled PET fibers were examined. When studies related to recycled PET
fibers, gypsum, gypsum matrix and composites produced of various reinforcing
materials, composites of PET Fibers and various kinds of polymers, waste PET
products and tbse determining their characteristics were examined, no study

regarding the characteristics of gypsum composites reinforced with recycled PET
fibers were found.

The fibers produced by PET recycling plants in the market were analyzed to
determine what typ of fibers could be used, which companies could proceteTr

fiber and how the continuity of supply could be maintained. Pilot tests were
conducted on fibers to be used and their characteristic properties were determined.

The mechanical and physical pespes of samples produced using different
proportions of water/gypsum were used with two different kinds of gypsum, namely
the moulding and separator panel outputs were analyzed to determine the type of
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gypsum that makes up the matrix phase of the congsoshAs a results of tests
conducted, it was decided to use moulding plaster in 65% water/gypsum proportion
in the production of composites.

During the sample production, it was determined that the setting duration of the
gypsum was inadequate for prepema and moulding and the decision was taken to
add citric acidCgHgOy) in at a proportion of 0.025% to the weight of the gypsum as
a retardant.

During preparation of the samples, a mixer was used for mixing and it was observed
that the rPET fiber adhateto the mixer forming balls and did not disperse in the
mixture in a homogeneous manner. Therefore, during the sample preparation, first of
all the fibers were added to the water, then the gypsum powder and the samples were
prepared by mixing by hand. laddition, the rPET fibers were secured from the
producer company during the production phase, wet and uncut and were cut in the
required length in the laboratory.

The critical fiber length of the rPET fibers used in the composite was determined as 1

cmushg theffiBultlest and Jdysoncaorrelaioni $amples he Kel |y
using 1, 2, 3 and 4 cm long fibers were prepared and following mechanical and

physical tests, it was determined that composites with 1 cm long fibers had the

highest mechanical rssance strength values.

As a result of test conducted to determine the proportion of rPET fibers in
composites, it was determined to produce samples with a fiber volume of 0%, 0.05%,
0.075%, 0.1%, 0.15%, 0.2%, 0.25%, 05%, 0.75% and 1%. Although samples wi
2% and 5% fiber volume were prepared, it was decided not to add more that 1% fiber
as it was determined that fiber did not disperse homogeneously in the matrix when
higher fiber volumes were used.

Although the compressive and flexural strength of thpsggn fiber reinforced
composites with a fiber volume of 0.1% and 0.15% increase a little in comparison to
witness samples without fiber, it was determined that the resistance strength of
gypsum composites with higher volumes of fiber decreased. Moreswanning
electron microscope (SEM) analysis of the rPET figggnsum composites showed

that gaps were formed around the fiber and as a result, adherence between the fibers
and gypsum was insufficient thus decreasing the mechanical resistance strength of
the composites. As a result of this observation, it was decided to produce rPET fiber
gypsum composites reinforced with adherence increasing additives.

Different adherence increasing additives such as styrene, butadiene emulsion, acrylic

and PVA based onesene procured from six different companies and composites of

gypsum with 0.1% of fiber volume and 1% of adherence enhancing additives were

produced. These tests have revealed that samples produced with PVA dispersion

based adherence enhancing additive wtithe A PVA 30 code have th
resistance strength. Therefore, it was deci
adherence enhancing material in the composites.

Gypsum composites without fibers with 1% to 10% adherence enhancing additives
were prepagd in order to determine the amount of the additive in the composite and
a an amount of adherence enhancer equal to 5% of the weight of the composite was
added because it provided the necessary mechanical strength and was more
economic.
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The mechanical angbhysical properties of the samples produced according to
decisions stated above were determined and it was observed that the addition of
either fiber or adherence enhancing additives improved the mechanical strength of
gypsum. It was determined that whieoth additives (adherence enhancing additive
and fibers) were used together the mechanical strength of the composites was higher
than in the other composites. This shows that adherence enhancing additives improve
the adherence between the fibers and gypdvareover, the addition of adherence
enhancing additives form a continuous polymer film between the gypsum crystals
and this in turn leads to assume that this effectively coats the capillary space in the
gypsum. In addition, it is assumed that this filmeyents the spread of the micro
cracks that develop due to the stress strength thus impeding the fragility of gypsum.
A less brittle and more flexible material has been obtained by including adherence
enhancing additives to gypsum composites.

SEM analysefiave been conducted for the adherence enhancing additive added 3,3
and 6,6 dtex rPET fibegypsum composite samples to analyze their mechanical,
physical and micro structure.

The weight per unit of volume test showed that change in the fiber volume did not
make a significant difference in the unit volume weight value of the composites.
Samples with the lowest unit volume weight were found to be those with the highest
fiber volume. The space proportion in composites is thought to increase with the
increase of fiber volume in the composite.

According to the Shore D hardness measurements, although the hardness value of the
composites changes between 50 and 59, the hardness valyesom without fiber

was measured as 53. This was interpreted as due to the fact that the water/gypsum
proportion in all the composites remained constant and that the difference of the fiber
volume proportions in the composites was rather small and heicept make a
considerable in the hardness of the mixtures.

In 3,3 dtex rPET fiber reinforced composites with close vapor resistance factor
values the € value changed between 14 an
was found to be 14. The vaporsigance factor value of 6.6 dtex rPET fiber
reinforced gypsum composites also changes between 14 and 16. We may assume that
the vapor resistance factor in the samples does not show much difference due to the
fact that the water/gypsum proportion in alirgdes is the same. However, changes

were observed in the passage ways of the vapor with changes in the amount of fibers
and the changes led to a little decrease in the vapor resistance factor with the increase

in the amount of fibers.

The shrinkage measements have shown that while the shrinkage value of the
witness gypsum samples without fibers, an increase was observed in the shrinkage
value of fiber reinforced gypsum composites. It was found out that among the rPET
fiber-gypsum composites, the shrinkagalue of composites with diameter of 3,3
dtex was higher than 6,6 dtex fibgypsum composites. We can assume the increase

in number of fibers depending on the volume of fibers the composite and the
adherence enhancing additive increases shrinkage. adtetifat the weight loss
values of all composites is approximately the same stems from the fact that all
composites have the same water/gypsum proportion.

According to the results of the ultrasonic pulse velocity test that gives important
information alout themicro voidsof the material, the ultrasonic pulse velocity of
gypsum composites without fibers and that of gypsum composites with fibers are
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very close to one another and only a very small decrease has been observed in the
ultrasonic pulse velocityf the composites with increase in the fiber proportion.
Similarly to unit volume weight values, it was determined that with the increase in
fiber proportions of composites without adherence enhancing additives, there is an
increase in the micro voids ahénce a drop in the ultrasonic pulse velocity, but that

the micro voids of composites decrease with the addition of adherence enhancing
additives.

Compressive strength and flexural strength tests were conducted within the scope of
mechanical strengthdn different fiber volumes the flexural strength of gypsum
composites reinforced with 3,3 dtex rPET fibers was found to be higher than of the
value of gypsum composites without fibers. The flexural strength value at maximum
flexing of composites with 3,3telx rPET fibers is approximately 34 % more than the
flexural strength of gypsum without fibers, however, the flexural strength of
composites dropped with the increase of the fiber proportion. Similar results were
obtained in gypsum composites reinforcedhw6,6 dtex rPET fibers. Composites
containing low volumes of fiber were found to have higher flexural strength values.
An improvement of approximately 47 % was provided in the flexural strength of
composites 6,6 dtex rPET fibers in comparison with comg®svithout fibers. The
highest flexural strength was obtained in composites containing-dgipsum
composites containing 6,6 dtex rPET fibers of 0.05 % fiber by volume and
composites with 3,3 dtex rPET fibers of 0.075 % fiber by volume. The compression
strength of composites containing only fibers was found to be lower than that of
witness gypsum samples. The increased flexural and compressive strengths also
confirm the fact that addition of adherence additives improves the adherence between
fibers and gpsum.

According to data obtained from compressive strength tests, the compressive strength
values of composites in which gypsum was reinforced with fibers was higher than
those of mixtures without fibers. The proportion of micro voids in the samples
increaes with the increase of fiber volume and therefore, the compressive strength
value of the composites drop a little. Nevertheless, the highest compressive strength
was found in samples that contain 0.075 % 3,3 dtex rPET fibers. This value is
approximately62 % more than that of gypsum mixtures without fibers. The highest
compressive strength value among composites with 6,6 dtex rPET fibers was found
in those that contain 0.05 % fiber volume. This value is approximately 49 % more
than that of gypsum mixturesithout fibers. It was observed that samples with the
highest compressive strength also had the highest flexural strength.

The results of mechanical tests have shown that composites with the best mechanical
strength were those with adherence enhancingiaek had a fiber volume of 0.05
% and 0.075 %, and were reinforced with rPET fibers of 1 cm in length.

The result of the toughness strength calculated usingtriagsstrain curvegraph and
Charpy impact test of rPET fibgypsum composites showed thidite values
increased with the increase in fiber volume. The toughness property which means
breaking of the material without falling into small pieces is of importance in gypsum
panels used in the interior of buildings. The toughness strength of bottBtbhee8

rPET fibergypsum and the 6,6 dtex rPET fibgypsum composites increased
approximately two folds in comparison to gypsum without fibers with the increase of
fiber volume.
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The modulus of elasticity increased seriously in parallel with the ireiaabe fiber
volume. The fibers that are useful in improving the brittleness of gypsum and prevent
gypsum from shattering due to impacts have also seriously increased the toughness
value of gypsum.

Analysis of the flexural strength of rPET fibgypsumcomposites in panel form has
shown that gypsum panels composites containing a 0.075 % volume of 3,3 dtex rPET
fibers and those containing a 0.1 % of 6,6 dtex rPET fibers have the highest flexural
strength values. An improvement of 48 % was attained irfléix@ral strength in
comparison to the witness samples of gypsum with no added fiber. The Charpy
impact test results showed that an improvement of approximately 68 % was obtained
in the impact strength of gypsum composite panels in comparison to theswitnes
samples of gypsum panel with no added fiber. The data obtained from tests
conducted on panels was confirmed with tests conducted on prismatic samples.

Recycled plane surface PET fibers were usedor the thesis study. However,
studies done earlier have indicated that the surface of the fibers could affect the
adherence in the composite. We propose to produce gypsum composites with rPET
fiber which have different surface features to determingr tmechanical and
physical properties.

Experimental studies came conducted using different materials to increase
adherence between fibers and gypsum. Similar studies could also be conducted to
study the properties of gypsum composites containingrtalgpowder. Moreover, the
possibilities of using PET fibers in different binding matrixes so as to investigate the
possibility of reuse and production of construction materials.
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1. GKRKKk

Gel i kKen teknol ojiye vV e artan Il htiya-1a
°zelli klerine cevap veren yeni mal zeme ¢
mal zeme -eikiadheékai deelm et mektedir. An

kaynaké sagtelné kol masé wyok etpad@ higm,e mk alklaamaé @,
-evreye en az z&rgagrnléémegmazlpzne naer agnralemaknseo r u n |

géendemdeki yerioni korumaktadéer .

Bu baj,{amédama konusu ol arak se-ilen al-¢
-al ékma yapél mék ve yapel magyapddierndeér el
tercih edilem malzemelerden biri olanl & Kolay elde edilebiliral eve dayaneél

kolayk e ki | | endi rdiglzegbsinl eyné,z etye nviezr en i y i bir
dé¢zendierkit@iKebi | ir al - e hammagldlee mk zydrea k\
seviyededirGe |l enek s el yapé mal zemel erinden ol a
gel i Kti rPinletheiski ngapyel acak -al ékmal ar én, j
takédéjeéna inanél maktadeéer.

1.1 Problem

Teknol oj i k gel i kmel er vV e ne¢gfus oOoraneéneén
i stekl er i vV e ihtiya-1aré sonucunda mal z
teketimleri sonrasénda olukan ateéeklar i s
sorunl arén yakam kalitesi czerindeki ol u
kaygélaré arteérmécxkter. At ékl arén ©°neml.

bey ek bir orana sahip olan PET «kikelerin

(-ékardekl aré zehirli gazl arén havayeée ki
kal masé. .. vb.) dol aye, PET6in geri d°ng¢ K
kazanmaktag r . Ger i d°n¢kem teknolojisinin héz
sonucunda el de edil en créenl erion yeni der
yapél an -al ékmal arén yetersiz kal masé,

kazaneéel meécx pledsltiikklleer gar ived®nz, kKt ¢r ¢l m¢K
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sekt®°r¢nde kull anél amamas é, ger i don¢kt gr ¢l

kazandérma -al ékmal aréné sénérl amaktadeéer .

Dijer taraftan kompozit mal zeme ¢retiminde |

estetk . . . v b. ama-1|larla kull anél maséna raj men,
czelli klerde yetersiz kal masé, al -enén ©°zel
-al ekxkmal arén gerejini ortaya koymaktader.
1.2 Ama-

tal ékmaneén narfiacd,|ii kH & nggenreiki y°en ¢ Kt ¢r ¢l me s oni
elyaf olaraky eni den ¢retilen atek PET kKikelerinin,
yeni den kazandeér él masé ve g¢-lendirici ol ar @
da °zel Il i kIl eryem ikompozitimael kzteimreer gk et i m ol anakl
arakter@drmasedregakt ¢r ¢l mgk polimer katkéeseéeyl a
czelli klerinin belirlenmesine y°nelik yapel e
veri min gel i ktiril mesi, gemizanddénr¢eklegma s gy le a,
ekonomi k ve ekolojik kokullareén iyilexktirilim

1.3 ¥nem

Mal z e me cretimindee kklalyam&l am g méatmmkéséet | &1
kull aném akamal arénda - evr doprak sweerhavhen zar ar
kirlilifj i ni n °nl enmesi , créenlerin ¢greti mi ve yok
azaltéel masé ve bu s¢re-te hargeamiand®emerKdmni n
-al ékmal aréna °nem kazandérthégkwma@an Bglriemer Kk
bozulmadan & | ma s &€ Hkietceonlinysese@ é k pol i mer |l erin araseé
bir paya sahip ofgani attek¢,®PEM X kedmbkdmi mie

uygulanabilmesit ezi n - ékékturMgkEeaaé gelrmukd® negkKem &1 ¢
cretim mal i y eatdldeerdiemi n ,¢ r eltanhnimi K saf mal z en
mal i yetl erinden ni speten daha ucuz ol mase
sajl abmag«®huda yapel abinléeecsalll earmémx tsar g uwlignreme
ad -énén yapé mak zaewsillao hg kg lllanél masénén ya
séra pazardaki bir-ok komp kolay elde edidmess,e meni n b

ucuz ol masé, yeter |l mekani k dayanéma sahip



yeni bir kompozi't creti mi i -Bn-€&&me mé kia
Al -énén ¢l kemi zde, yapé mal zemesi ol ar a
keréelgan bir davranék sergil emesi ve g°r
bu °czelli klerinin iyil ektiril nmdsiémiém 0
czelldniknin iyilexktiril mesi amaceyl a yapél
pol i mer mal zemel er | e g¢-lendiril mick al
-al ekxmal arén séneéerl e olduju g°r¢é¢l megktegr .
gé¢-lendiril mizi tlaégr e ¢ Xempne yapél mexk h e
rastl anmaméxkt ér .

1.4 Hipotez

Bu -al eékmada, °nceli kle al-énén, ger i do
sonucunda, yetersiz olan darbe dayanéme

°ng°rkgléemy,

Genelde pasti kl erin ger i
kaynakl ar éneéen
mi kKt aC@®,MNeOrne SQgi bi

z ehni rdmi sgyaoznllaarréé n &€ n

yendehamegyert ¢daslk | meadlea@ ti n
Korunmasgmajaan gétegl i malskerme

aza

ger i do°n¢gkegm ¢r ¢ nimaliyatlernk inl | aaznaalr ta&kl nyarseetnidm
fayda sajladejée Dbilinmektedir. ¢al ekmadas
kompozit i-inde kullanél maséeyl a, sadece

aynenangaa pl asti kl erin

a-éklanmek faydal arén da

15Séneérl él ék

ger i

sajl anacaj é

dong¢gkKt ¢gr ¢l me

d¢ K,

bul uanlmaesminad & ag ynge wl,

i Klmeml e-reikniitnl elr dthd n km@lsia ma m

g abéktoil ramiad

don¢kemreabrijikankdyadb@guld@a] e°amegkt ¢r ¢

Géengmegzde oebkmkeexkt gt n

ger i d°n¢Keém

sénérl amal arén getS$Sui bmkb ama

Ki Kelgerni¢gnmyra 9@ & nmék,u | bliarndee n faaliyetie olar® £ Ti rid ke
ger i

PET el yaf énén

olarakk at él ac ak

ni spet erkomgozihar eggrnbeéeki ol o
poli merined@PETOoObmMakBlUr se- 11 n



1.6 Y°ntem

Kompozit mal zeme ¢r et me oléeamalsléarkéanpésna me&malat

°ncelikle, kompexren!| mali zaelimeér avke kguelrlia ndé®lnagnk t ¢
PETlifleriylei | gi |'i yapél mék -al ékmal aranalai t yer/|l.

i ncel erPiyasada, PET ger i d°ng¢ k¢ mikldriadlyaflark al ar én én
i ncel ener ek haalgiil dciefjlier i nhP&Tuldlelinatbnét mal ar dan
edil ebil eceji ve s¢reklilijJinin sajlanabil ec

lifler ile pilot deneylery apél ar akar akitfelreilrstmii k b%4 e lIrll iekn mi Kkt

Benzer- al ékma al -é& i -in de s¢rdereéel megk ve temi
gerekli olan ©°zellikleri tayin edilmixktir.
Deneysel -al ek mammmo ziiltk nkaél szneémed ai, - i nde kul |

oanl|l arée ve boyutrFamklee bedplrdreda ve hacim or

do°n¢kKtkgergpbmgeti | en t dr-ef tlad mpeorzébiiiflieer i AR pr en
araktéeBal ek ¢ @ ke trieE &firl - @npdziterinfiziksel, mekanik

ve mi kro yapésal °© z e | |verket senudunddlifenhatriks| ener ek e
araseéendaki aderansaderaand € a mdlzemacsiélavea nat R g | a
edil erek yeni k o mp okempozitlexim v e ¢ r leittitdarhz- ktkiar . B

numunelerin mekanik ve fizikselz e | lkiak Ikerliakt ér él arak dejerl en



2LKTERAT! R ARAKTI RMASI

Literat¢r araktéermasé kapsaménda, °nceld]
l'iflerin ve al-énéndéamamhnéeg, °raltl hkkeebke
bil giler, bel irl bir ayrénté i1i-inde ver
-al ékxmal arén irdel emel eri, bl ¢m sonunda

2.1Kompozit Malzemeler

Knsanén i htiyagéme - EimeEldlea inyslaen| &f &8N yeryyg
kadar eskiye dayanmakk aldleanemKnamaad laar éh
mal zemel er i, doj dadwenb ua I néapl zfeanyed alrd n nkéekn d i

cevap verecek b i lerdirm daenanla bilkmisdl Ives ekmblojik mi K

gel i kmel ewre éskal iem aamdkldrla, bilgiave € deneyinterini de
ekleyerek,y e n i mal zemel er ¢retmeye bakl améxkl ar
edilen hammaddelden k ul | an ém aygua -olarakrvé rmalzemkerin
performakberrizrein iyilextiril mesi hedefl e

bakl anméxkt eéer .

Birden -ok mal zemenin bir aray&ompgoeitt i ri | n
malzemeadé verilir. AGenel, 6mbacak Kempeozriytk
veya dadlazem&kyim fi zi ksel ol arak kareéxkteéerr

ol uktur an mal zemeni n her birinden far kil

mal zemed ol arak tanémlanmaktadér éKompozi

bil emahkemeo, Al- zoekmefoanzaltiéé | ma mal zemeo ve
mal zemed gi bi adlar da veril mektieyai r. o (
da daha fazla sayédaki, ayné veya farkl e
yeni ve tek Dbir mal z e medd¢ez etyapel abmarkl exma a

ol ukturul an mal zemek a&mi mKaraa@vlet a0 nd er &1

AKompozit k e lcompenerék,e | Laneismnoaeen t ¢ remi Kt il
anl aména gel me&n &ldaménKao mpywyarnt edici °zel
fazla par-adan dodaukomu kn, ma2l0oz0elgdabkeinr .ak(t . Ke
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Kompozit malzee ¢ r et j rhamemeleripy ek sek dayaném, yéksek
m¢ ke mme | arkeeinmay gk s ek s, éyclkododyan kdiredciaigiasi t e s i

termal ve geisbéi i°zeetlkleinklliefrie sahip ol maseé sajl :

Kompozi't mal zeme Kkawbwuamé,n agieankpdusurorgks ¥ €1 d an

el e al énmaklka bhil relkiekntba nImad ce mgeédér kul | an:
¥rnejin eski -ajlardan beri bir yapé mal zeme
i -ine saman -°plerinirkoknmproakité mall mesneyli a . o IKu
beraber har - k aavdreacneé bg et Ikii ksmeil K tki°rk. e nS i mal zer
harca daha son@ank i r e - katéel mék ve bu gelikim devar
-ékmaséna kadar wuzanmékter (Kuban, 1998) .

Acat al h©°vyairkd aveNebddé&dlk -ajdan kalan evlerin

Kal kol iti k -ajdan kalan duvarlarén inkaaténd
karékémlaréyla yapeéeldekl aré, belgelerden anl
2.1.1 Kompozit malzemeleringenét z el | 1 kI er i

Kompozi't mal zemel erin cretiminde ama- , k o
hi-birinde tek bakéna mevcut ol mayan bir Vo
b°yl ece daha st eén perfor mans °czelli klerin
°©zel | i kalzeérl bbar $e€; nb- veayegniéliymoer ul ma awa@aryrmaa € meé ,
dayanéemé, y¢ksek sécakl ek °zellikleri, éseée i
diren-, rijitlhik, sertl ik, aj@dilrek( Erda@aptik
2001; k0&; Malliock, 2008 Orekin, 2003. Betoruni - i ne | ida bik at €l mas e

kompozi t (BétiolirveSilviad2005).

Bir mal zemenin kompozi't mal z eme ol ar ak k a

aranmaktadér. Bunl ar ;

T Knsan yapésé ol maseée, asaam,i doj al bir mal ze
T Ki myasal ara ye¢zl eri birbirinden ayré v
ayreél mek en az iki mal zemenin bir araya g
T - boyutlu, vyani fiziksel bir birlexkim ol
T Bi |l ek ermér@rinin ne k bsshypéonlamadej & °czell ikl eri
dol ayéséylbnebul mma - b h maEsseyd2001O0Onursah h i n , 2006
1996.



ABir kompozitin yapak®enél atakt keabol °pdl e

faz il e, onun i -inde adaijpéldmerxkatde]fi &ka &n d°
gel mektedir. Tanel i ve | i fli hlsedpdzibt Il ér
(Ersoy, 2001).Faz | ar ; Ai -yapé bakéméndan homoj e
par-a veya, dengedeki birilkseaelgeayreélndglel ai

ve kesin y¢gzeylerle sénérl andéreéel mék te

t aneéml ama&ikdkearn;, Al i flerin etrafeéenée sar an
malzemelerdrBunun dékénda | ifl eri deéoksitlemmek i | e r d
gi bi) korur, I i f yézeylerinin birbirine
engell er, - ¢nkyg¢ cam vV e kar bon 1 fl eri
mal zemel erdir. o (Keskin, 2005) . Dinj er b i

b¢e¢nyesi ndekirdek ol ar ak adl andeéer el an t a

-evreleyen matri ks malzemesinin bulunduj

dej i Ki k mor folojiye sahip kesa ve uzun
kerpel mék veymi kplaer- alc@lkll &@n é&lemakt adeér . Bu
gel en yeke takemak ve matri ksin rijgitli
fonksiyonu ise el paflearaswnik ayamarksmeki m-
birarada tutmaéganéno®d u yteakesliemanl|l ar é - ok gevr
ol dujundan onlarén yg¢zeylerini dék ve -
plastiklik ve s¢nekli k ¢gstenl ¢ ¢ i le ely

Pl astik def ormasyonl ara vpar-aatellak b b ar avka
dejiktirir.o (kahin, 2006) .

Farkl & mal zemel erl e olukturul muk b¢gteéen K
¥rnejin -eliktekbikrbamr &kcémamladywtuumr mas én

olarak kabul edilemez ¢ ' kni kr oskobi k ol arak homojen b

kar be¢r u-1u takémlar, y umuk ak kobal't r
yer |l ek,piarri-lanteeskil € bi r keoomparzak | eer i l-emi I°
2006).

2.1.2 Kompozit mdéeemmbhseéin sénéfl an
Kompozit mal zemel xrekigd-xag,read agr ulsa ed ymdali § i
1. Di spersiyonl a dayanémé arttéreéel méek kol

2. Par-acéklarl a dayanéemé arteéerel mék kom

7



3. Elyaf takviyeli kompozit malzemer
a) S¢rekl i elyaf takviyel!] Kompozit m
b) Kesikli elyaf takviyeli kompozit malzeme
c) Rastgele d¢gzl emsel ol arak y°nl endi
4. Tabakal & konrmpazi(tk athaelhd «mRe0R660 3) .

Elyaf takviyeli kompozitler;

Kompozi't mal zemel erin i -1 nde °neml i bir p
kompozitlerde donat e mal zemesi ol ar ak el vy
czelli klerinin ivyil eMatriksrii-linmees id aaynmancéeéy Iéa ked lal
yé¢ksek el yaflldair] i imbmakisnga n @ldhy ané ménén Pyil ekt
yanéseéer a, hafi f ol|kaonmpgosz-ilteinnd ibriirciiny |aej €brilrél]iéknt

ve tokluk dejerikRiende (EkseVy i Kodtbdgi kahin,
1995).

Kk i fazl & ¢hrigr ok oamp olziiftl etr |l e donat él & mal ze me
birarada tutan ve kompozitin ana ibir olan matriksmal z e me s i ni ol uktur
Donato&ytéam et ki si vV e dar bel erden koruyar ak,
y°nel mede tutar .| neskilneir i :1ajellayra.f aBui |lieltet i min
ol abi | mes imatriksa ma s élnidfa iyleet e r gerekir&ampozians én ol ma
b¢e¢nyesindeki gerilmelerin bir kenstrrkéené da kar
mal zemel er i, | i fl eaendae wey#dapmalgerlénda atbl e

kompozitin ttéorkéllunjausnéunna adra yar démcé ol ur ( Mal
Ar an, 19 9 0 ; Fakgeehlo, 2011)MatkLi6-;i nde donaté mal ze mes

el yaf olukturur.

Lifl e Hompoel € ma | kempiare bitkigel elyaf iven samanla

karéektér él mase, -ekKi tli bitkisel ve hayvans
kull anél masé °rnek olarak verilebilir (Aran,
Liflerle donateélréd matokenpa zi t f ef azég®ene®zell ik

i kiye ayreler;
1 S¢ nradtriksk ér €1 gan | i f i kompozitler

1 Kér énhagikss ¢ nek | i f 1 kompozitler (Ersoy, 20



S¢ nenatriksk €r €l gan i fl,imakomkeroftd meénli i k9 kn

mal zemel eri n,sek éred@lagark °fkeechdjiu |k drhpeaaint lod
olarakverilebilir (Ersoy, 2001Aran, 1990)Bu t ez i n k omatrissweriol an a
doenkt ¢r ¢l m¢g Kk PET slei fkirnathkasngpnoezki tlliefrl i k ompo

bi r  rnektir.

22Li fin Genel Tanémé ve Tari h-esi

Tekstileg r ¢nl erinin ennikg-y&apédammadoeni ol ukt
homojen yapéeda, eedape bolranuzuddwyd eékvll &,n
materyallerdir (Sa-ak, 200 2; Dayéojlu ve
Kostikov, 1995Mallick, 2008).

Uzunl uk/ en oranénén 10/ 16e exit velveya
k¢-¢k velveya exit ozdiynaséKike\sdaAWelya] k &8 €.
genel czelli k|l €hiadvila, (A®®B,) . 1 K&Gnd &g emEez u
oranée y¢ksek ol an, esnekl ik ve incelik i
Enstit¢gseg taraféndan tanéemlanan tekstil
olarak bitki ve hayvanlardan, yapay olarak da sentetik hammaddelerden iitde ed

Lifler baze I Kl emtecden pheki rhialliim,e, daha
°r ¢l erek veya nonwov e dokuthaikergetiklitledaichream y ar a
ve Mangut, 2006)

Lif cretiminde kullanél an gi payolarakriki k ay n a
ana grupta toplanér. Doj al i fler, doj a
amaceéeyla kullaneéel ér. Doj al | i f kaynakl a
pamuk, i pek, y ¢ n, , dkog tael n , | i afolagakrvesgleblirr kneenkd i r

(Fangueiro, 2011).

Korunma ve giyinme gereksini mi nedeni vyl e
kull andéjé bilinmektedir. Kpek, yén, ket
l'i fler tarih boyunca tekstil tmali Zhhe mifenscies
zamanl arda kull anéelan il k 1| if t¢ere¢ ol duj
doj al l' i fl erden ol up, gée¢negmgzde de en -
halindkit ek doj al l'if ol an i pek, y¢ kasrel ké | ned kaa

sahip ol up, k°keni Ma. y¥a. n2é7r0 O(6H a.,r ayhéalnl awvea , M



Dayeéeojlu WwVOORaraka, er, genell i kl e kereél gan
mekani k ©°zelliklerinin miykdexktiapiél me €inda k@i
-adtakl arénemged hesnerki amaceéeyl a2 1 | anél ér (Par

Yapay | iflerin polimer sentezi veya poli mer.i
ve teknol oji si bul unmaktddjglimerleY, gapayy | i f 1 er i
polimerlerveinorganik madd er ol up i nkendiyapésepdéi yapay Vv
yapay | ifler olarak iki ana gruba ayreéeler (S
Yapay | iflerde, insan ¢reé¢egneg teknolojiyle |if
't fin hammaddesi Idafjéap, kpyhiakémae dlainf saé k1 i Y
l'iflerin ¢retiminde poli mern oyamrakyamay olki fsle
sel ¢l ozik 1ifler p0@2pk HKeakiblil 2nliédg,Salakl e

kaynaja g°re gruplandeéereél mexteéer .

[ Tekstil Lifleri J

[ Dogal Lifler J [ Insan Yapisi LiﬂerJ
—1
I r. ﬁ -
[ Hayvansal ifler J I [ Yar:ayl Lifler j mn Yapay Llﬂer]
[ BitkisJel Lifler | —[ Poliamit LlﬂerJ Rejenere Seliiloz Liﬂer]
1 ! . |
[ Anorganik Lifler ] -—[ Polyester Lifler ] Seliiloz Tiirevi Lifler ]

1
] Olefin Lifler
me ]

_[ Vinil ve Viniliden Lifler J

Rejenere Protein Liﬂeri]

Elastomerik Lifler J
-L Poliester-eter Lifler ]
—{ Anargonik Lifler J

kekillKazyynakl aréna g°re |iflerin séenéefl an
Yapay l'i fl erin b¢t én °czelli klerini, i fin
°zel lbekllierrlier . Mo n @alimarizasgoo ltepkimelériyle polimer
mol ek¢l ¢neg ol ukturur (Bekergil, 2003) . Bu t

dong¢ Kkt ¢r ¢l mg rereftafato liflerie t yiadaye nlifler gmubunda olan

poliesterl erdendi r. Pol i esteealdivie iJ.kT .k elxi clk9s4oln
Calico Printers Associationdéda uzun zincirl:@
piyasaya -ékareéel mektér. 1948 yélénda | mperi a
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Ameri ka hari - t ¢amiylg |IDuRohteseA B O 0 gdrdetr mé ema k k é

al me«k, Dacron ismiyle 1951 yeéleénda sat éxk:
Poliester Iifler, genel ol arak ajeéerl ék-a
tereftalkasi t i -erir (Harmanceéemlféubi n9iBK)e VPo&)

yerine kull anél ayenlifleedin D Wlyead yis e¢mtheti ikk elt imf
isebi ri nci s ér dad(@ympe1985p | ma kt adér

221 Liflerin fiziksel ©°zellikleri

¢tal exma kapsaménda, i flemesni ndez;i klsief 9 z
I ncel i 71, yézey Kekli,ileniinegi kesiltiitewvaea
yapél mekter.

Lifler dojada uzunbuyukbeklrénal g?tak; i kesgkl
(Oyman, 1985). Liflerinen bel i r | egnioamnl i % z e Imikicekkties ri d

mi Kroner i ndex, denye, t ex, dtex veya m
9000 metre wuwzunlujundaki l'ifin gram ol a
uzunl uj un gr am Earahanze Mangyt, 2008; Bufelt 1988).

Liflerin y¢zey ,dardsdld ¢ avgee nesniizn e fkaessuiltyie b
hegzegonal égikbhit | i-oolkadk il Imke&kt edi r (Chawl a,
pul cukl ar é, eni ne kér ék -izgiler, b¢ k¢

° r n edik (Karahan ve Mangut, B®). Tarama elektron mikroskobuyla liflerin

yézey kKekl i ve kesiti belriakla&n e b2i0l0OnTe) k t Deec
- al e kbn?all ¢amliflerid SEM (tarama elegkon mikroskobu) analizleringer
veril mi ktir.

Lifyf ufdluyu santi metreke¢p bakeéyanntd3gdgren, | i fin

poliesterin1,38gr/cn®,  p a mibRricnT ve cam lifinin2,6 gricnio t ¢ r ( Day o]
ve Karak@RrRawl2a®,07 199 8))-.e K Imalzeniel ve Rolinededne

Young maod alng rukf i J i Weruinlgmi m gedilmduzama

ejrisindelkastliiknek&s mén ej i mi ol arak tan
l'i fl erinin Young Modg¢l ¢, 2,8 -14 @/lcmi4 GPa
arasoupdagrafi kte polyieestnher a¢magt ae@ri -in

11
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keki2lFaZr.k 1 &€ mal z«&«mokneraree aiet Yoy anMadke |l ¢
grafiiji (Ashby, 1999) .

2.2.2 Liflerin mekanik °zellikler:i

Life y¢k veya kuvvet uygulimmukbeemneioldrak | i fin g°©
t anééml alnChawl a, 1998; Sa- ak, 200 2; Dayeéojlu
Mangut, 2006) B i r [0 fi koparmak i -in yeterl: ol an
i ncelijine bedigheesideljer elkdbgopma mukavemeti di
Kar akak, 2 0 0 7 Karaltaa vea Mangut2 RO0RLjflerin mekanik

°zelli klerinden |if mukavemet.i, uzamasé ve
t an é mlnacneélpe lnfimkokptmar .anéna k ad é@finilkibeayanypan boyu il
farkiEmémhk boyuny¢ zadredmenméznaderarg & a - a k;, 2002
Dayéojlu ve .Kanekaw, 1P00¢mM wuzunlujundaki bi
kadar 10 cm wuzaméksa, kopma aneéndaki uzama
anéndaki uzama dejerl eri %06a yakén dejerl
arasénda dejikebilir (Dayeojlu ve Karakak, 2

12



223Li fl erin ki myasal czelli kl eri

Ceki tli asit ve bazl ara dayaneékl él ek, b
boyanabilirlik ve Kikme,balzief laleurei°nz leld ip nyka se
l'iflerin kimyasal yapeéelareéeyla ilikkilidi:
Boyanabilirik, i fin boyanmasé sonucunda, boya
gi rebi |l mesi durumudur (Sa- ak, 2002) . Li
b¢e¢nyesel yapéséné korsugmé akajllidmaktuadear © |
Nem tutuculuk lifin, havadaki nemiemme® zel | i Ji yl e il gilidir
pdiest er gi bi baze yapay || ifl é&enikreteaeam 1§ @t
gi bi doj al l'i fl erin nem tutucul uk dej e
karkéeséndaki davranékeéstefm&kgneédgmiine go°r
alev 1 -inde yumukayépkkodoi fhari mei geriekké

ve keten i se er i niadleanveMangut, 3006).an makt adeér

¢izelgdoPaldde yapay | ifl eri°nzeflilziikkl seerli, -
kaynaklardarderlenerekt a bl ol a gt & ( & la m@ kKarahanove Mahdut] 1 ;

200 6 ; Sa- ak, 2002; Chawl a, 1998; Dayeéeoj |l
Chou, 2000; Betioli ve Silva, 200Rezaeiarv e  2009).,

Pamuk, keten vegjt  gi bi doj al l'ifl erin yojunlukl a
sentetik lifler grubuna giren PP (polipropile® n d ¢ K ¢ k y &kénucamh u k | u

lifini n en y¢ksek oy djuj ul ugjeaKys arteikpo @ dniar day ané
y ¢ ksek ol an ifidiri @am Yifininnaylorc @6mPET poliesterv e doj al

liflerdenolank et en i z|l emektedi r . Koigemgt uzam&keé e
olup, b u i fl erin nem tutucul uk PEde(Gear | er i
don¢gktegreéegl mgk PET lkkEin) niesmedted &fin @ée Ij ielyg | s €

liflerdenayr €l makt adeéer .
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¢Ci zel gtek®tdjlal ve yapay | ifl er®iznelfliizkilkesre | ,Kdraherkgelvisindut, @)@ ; 2e0S1&ls;a k
200 2; Chawl a, 1998, Dayeéeojlu ve Kar akak, Regabiatv;e Bduinjs.el |
200868 Kaya, 2005; Yaxar, 2001; Akkwurt, 2007
Malzeme Pamuk  Keten J ¢t Polieste PP Naylon rPET PET Cam
6,6
¥zellik
YojunluB® (d 155 1.50 1.50 1.39 0.91 1.14 1,38 1,36 1,45 2.5
Kuru Kopma 19-45 54 31 47- 56 65 37- 66 33 47- 56 75
Nawvanama l( ~ N
Kopma Uzamg 566,8 3 1.8 157 17 43 16 6.5 7- 15 2-3
Nem tutuculuk (%) 7-8 12 12 0,4 0 355 0,4 0,4 0-0,3
Young modg¢l|l 538 28 25.8 18.35 6.46 4 2.37 3.17 69- 85
Yumukama S§g -- --- --- 230 240 155 230 250 230 700- 100
Al ev k ar K & s| Erimeden Erimeden Hé&é z | & Eriyip Eriyerek Yav ack Eriyerek Eriyerek Yumuka
davranecke hézl & hezl & yanar. yanar, yanar. alevlenir. yanar, yanar, kor haline
yanatr. yanar. damlar. damlar. damlar. gelir.

14

1!



224 PET Il iflerinin genel czelli kl eri

Polietilen ter&talat (PET) lifler, ermoplastikpoliester lif e r  a erebdinemwe a

creti |l eonl ugrn whlam®kEtTg d épre k - ok uy glladma e a
yecksek performand¢gRglel fi Wael éznabrirsi aap bvpei ndei
2007). PET liflerit | k kez da 9KMAgiylétl ermead deed, T Ditksdd. Whi n-
t ar af @ledgikol,ve dimetilt er ef t al attan el decariedi | mi
ism yl e tanénméktAmer i1l0bBd ay ¢€d teFaithikasitieg lei k o |
fiDacroro ticariismi yl e ¢r etald mix@02; (Ghou, 2000; K
2006 ; Dayéojlu ve Kar ak &xstatie®0 ;i | Re z &60iC
Giraldi ve dij., 2005).

Polietilen t e r e f tteaelftadikk a&sih veya dimetil tereftalaé ,n etil alkol ile
kondanzasyonu sonucundaem dacron hem de terylenenalinde elde edilmesi,
akKajFeodra2.dve2 . 2vwarei | mi ktir .

nHOOC— — COOH + n HO(CH,) ,0H——>

Teraftalik asit - Etilen glikol

HO[-0C — >~ CO.0(CH,), 0], H4-(20-1) H,0

Polictilen teraftalat Su

' (2.1)

n CH,0-0C— ?- CO.0CH- nHO(CH;) OH—>
Dimetil teraftalat — Etilen glikol
cus.o__[ﬂocﬁ< »— CO,0(CH,), O-], H-+(2n-1) CH,0H

Polictilen teraftalat Metil alkol

(2.2)

Dacr on ¢ teeettalikmasitnetlen § i k o | il e kondaPETasyona

olukmakta ve su a- €] a2l. éakrnmalketnaed € e ¢ tBikmi.
dimetil tereftalatile etilen glikol kondanzasyonaj r a d g jaénn décar,¢ n ol ar ak
alkolo | u k ma(kBtkazd. ¢ Z2p(rH@a¢rimancéoj | u, 1981) .

PET, tekstil, paketleme, eleid-t e k ni k yapeée gidail émpex - dla
kul makéhder . PET, d ¢ Kyiékk syedk] udnd rubkd ud aoyl amaé
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ol mastéeokwe k ol mamasé sebebiylvee tdeic.i,h edi | me
Erdem, 2008 PET,Avrupadda Ki Ke, alzenelerhlalinde,ecand © k me m
silecefji kol l ar é&, fren si st emik,e kIl iamdbe duy
creti | mekuwvedi200p; Pdyorettirve Renati, 2004).

et
P

S O
kekiBlPold2ster | if ¢retim kemasé (Dayeéeojlu

(1) Ham petrol(2) dimetil tereftaldtereftalik asit, (3) glikol, (4) polietilertereftalat
(5) eriyik, (6) polester filamentip i k ¢gtreekt iand € mdseeripl K7 )¢, ¥ ga li imi
-0k adéemeastef8kktmaplell creti (M0)gernie9g k ma,i yi kt en

1) d¢estpeod i fil ament ipliji, (12) I-if - ekme
-ekfmhab5) kéveéerceklandér ma, (1L 6pellfeo !l i ester | if
PET6i n hammades:i ol an petr ol glmesinekkddarn mesi yl e

ge-en sg¢greci apnkleaktBdh e2¢,get g hmektmadéer (Dayéojl
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2007).PET lifleriiyumukak -ekim °“@8ae eeni iyl iel, di2ktOe n

¢cekilip boylaréobizal éiTen kdiyelomek tLaarl .el en,

Polylen isimleriyle ¢retilirler (Karahan

2241PET Iliflerinin fiziksel ©°zellikleri

PET | iflerinin fiziksel °czelli kleri, Ci z
¢ci zekde&eT | i fl eri ne (Fangueirog2@li)e |l ©°zel | i k

PETGenel¥ zel I i kl er{fLi fin Davraneéekeée

Y o] u rdreni) 1,38

¢tekme dayanémé |[Dayaneéekl &

Nem tutucul uk df04
Gevreklik ve Esneklik Kuru ve yakken, gec¢
l sée il etkentkhk |[140

Kristall e’@e s é&|130

(o]l

Eri me SE®Pakl| ] é|258263

(o]l

Camsé ge-{® séc|75

Ki myasall ara dalPek -o0ok kimyasal a
Kuruma s¢resi Hezl é

Kérékmaya ve Ak|lDayanékl é

K¢fe dayaném Dayanékl é

G¢nek ékénlare |[Gegnek ékénlaréna «
Uvekeéenl aréna mar uz

bozulmalar olur.

Al ev kar keés énd a|Eriyerek yanar, damlamalar olur.
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i retim kekl! inrkesitleg °sahip olahePET IKlerigenelikle yuvarlak
kesi tlidir. P¢r ¢ zs griak, pad teyayepkd elabiOymanh i p ol up,

1985, Har mancéoj !l u, 1981, Karahan, ve Mangut

¢tizel gde2b2ddeRET dliijfil giibni n ort & tagnma. yoj unl
Nem tut ucuPQ&dea ®fad il , 90et mldpePET lifleri hidrofob

yapédader (Dayéojlu vV e Kar akack, 2007) . Bu
dayanékl él éjenda azalma ol maz (Karahan ve M
statik elektriklenme ©°zellijinden dol aye, I
s écakl’®Gqglupy 2y6l0anma yeteneji en y¢ksek ol an 1
2006) . P,EvTe6ionk sCQ® en @i bm¢ kgearmrledr agekdrrkd msi z | i
(Rezaeianv e d20G8. , Br anco v)e Ayjfeéca2P083 | iflerini
katkelarl a, anti bakt eddayan e m olgrabi ylazneglélni k
kazandér él abil mektedir (Shuhwua ve dij., 20009
2.2.4.2 PET I|liflerinin mekanik ©°zellikIler:i

PET liflerinin mruk avemet i, Kur u v eFilanent hakndehda | de dej i &

grf/denye yéksek mukavigdgmefidihyeat aséedae 6t apel |
5565 grf/ denye arasénda dejiken mukavemete ¢
dejerl eri f i 138, stapelt lifleddea%30M0d e y%ksS ek mukavemet
terende do@Brzel gePRT 3bdei nin mu k a vrlerme t vV e uz
tablolx t €ér €l mékt éer ( Har ma n Buhgsal] 1988; Karahwrlye Oy man , .
Mangut, 2006)rPET liflerinind asti site mod¢l ¢ 1 se 90 g/ denye

¢i z B:@ETIifit ferineai t uvuzama ve mukavet dejer|l

¥ zllik Mukavemet Uzama

(grf/denyg dej eri
PET Lifi t ¢

Filament 4-5 1530
ktapel 556,5 30-50
Yéksek muka 6,4 8 811
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2.2.4.3 PET Iliflerinin kimyasal czel Il i kIl

PET lifleri, pe k - ok ki myasala karkeé y¢ksek day
ayr el mZktyaderal kal il er e kar ke yé¢ksek, K 1
dayanéma sahiptir.,nuvwvmnadt |kiokwd | aay afl t @i
et ki ye sikeh,ikyyvetd asitlery ¢ k s e k  SPET ldlddininékintaaal

yapesénée bozar (Dayeéeojlu ve Karakack, 2007)
PET lifleri,gen €K éj éna uzun s¢gre marutker K&KEde] én
zararl e canl éliseday & elariffasgeegyae 20Kaa we&Eoj | u v e
Kar akak, 2007) .

2.2.4.4 PET liflerininkullan é m al anl ar &

Tek bakéna ya da do] al l i flerle karéxkter
bal ek ajl ar e, perde, yer d°kKkemesi , hal é
dayanékl & ol masé istenilen Kkumaakk eer én ¢
mobilyal arda PET I ifl eri kul l anél makt ade,:
2.2.5 PETO®6iIin geri den¢kKt ¢gr ¢l mesi

PET,ki myasal , mekani k, Afgez-iikrsienhs i°4 dljlii knleed
d¢nyada yaygeén PETteKstd pagethesne, elektioi epktniirk., yapeé
pelok- sanayi t¢reéende kul l anél mathketeaiyleol u p,
SuU Kolxkak,siam Ki Kelealrmen ogbirmerridi r (Choi vV e
Barriocanalv e @i0j0.4,6 den akd . RKMEAta 2007 Karayannidis

ve Achilias,2007).PET ki ke ¢reti mi, t¢eketimine ba

artmaktadeér. Sonmiykel facal gee2PE®t gr et i m

¢Ci zel gSeon2 .y4@lk,r &i g@ 6deki PET ki ke ¢retim

2007 2008 2009 2010 2011 2012
(Tahmini)
PET | retimi| 21 2,4 2,75 3,1 3,4 3,7
Son bek senede PET ¢retiminde °nemli bir

-ojunlukl a ki ké¢lwea dIBPRLUY andh&kt aerel | K PE-
yakl akéek ol arak 18emi200g)on tondur (Ahmad
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Yi yecek sakl ama kabeé ol ar ak da kull anél an
bul unmamas énkae trian) odean® B s &eikapat & k-leavrrée i - i n
s¢rder olmeyan i rbir sorun t ek kil et mektedir.
-%z¢nmeden (Ga@gel venMishraa 2063; Chen, 200Raramanv e di | . ,
2006 Ma h d i v)ePEO@efy i , d28@degme ekolojik nedenl er

dej il , ayne zamanddolkayp@aohak?° nleamwudd er dé€ iEr s h
ve d200d8. , Shamsi vleGedii] .d° nZX08mi, n déer eit b tmi ysas-r e ¢
duyul an kaazyanl at km aakrt éa , creteinnMavegenakényenséy

korumaktav e ¢r ¢nl erin yakam d°ngigg dapgunhmakt ade
(Lei v e d20gJ9. , Taygun ve ) Bptaodé hadim@éd&ddeden Lr e
mal zemel ere oranla ger.i don¢gkKt ¢gr el megk mal zer
ve dij., 2009).

kek4IPET. ki ke ¢né&lifni KEKgheXRae! ve Dojan,
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