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ABSTRACT

SYNTHESIS AND CHARACTERIZA TION OF POLY(ETHER/ESTER) BASED
THERMOPLASTIC ELASTOMER NANOCOMPOSITES

Ezerojlu, Fadile
Ph.D., Department of Polyme8cience and Technology
Supervisor: Prof . Dr . i1 ke Yél mazer

SeptembeR013,159pages

In this thesis, there are three goals;simthesize 8&ly(ether/esteg (PEES) based on
Poly(buyleneterephthalate) (PBT) andR(ethylene glycol) (PEGhy changimg the soft
segment / hard segmenbmpositionsand investigatethe influence of hard segment
length onthe structure, to synthesize PEE nanocomposites {sjtunpolymerization and
observethe effects of introduction ofmodified organoclayat different ratios tothe
polymer matrix and thirdly to prepare PEE nanocomposites by melt intercalgdiuch to
compare in situ polymerization and melt intercalation methods in terms of mechanical,
andthermalproperties and morplagy.

First the optimum reawon conditions were determindshsed orthe temperatureand
duration of transesterificatioiPEEs with differentPBT weight ratios varying from 37
wit% to 75 wt%were synthesized according to two different reaction procedures, namely,
constant transesteigation ime and constant volume ratwf methanol collectedThe
procedure with constant volume ratio genigher mechanicalpropertiesand molecular
weight and it was also applied for insitu polymerizationof nanocompositesThe
synthesized polymers weecharacterized by FTHRTR analysis

PEEs with57 wt % PBT and75 wt% PBT showed bettdensile strength and elongation
at fracture, thusnanocomposites dhese polymers containing10s, 0.3% and 0%
modified organoclaywere prepared by botim-situ polymerizationand melt intercalation
methods wereasthe PEE nanocomposites of 37 wt% PBT and 49 wt% PBT were
obtainedonly by melt intercalationThe structureproperties relationships were examined
by mechanical, thermal and morphologicalalyses. Specimens foranalysis were
prepared by injection molding.

For neat PEEs, the increase in weight content of PBT resulted in better mechanical
properties.Melting point of PBTincreased with increasing PBT as observed in DSC
curves, while the glass transititemperature of PEG was reagnificantly affected.



For PEE nanocomposites with 37 %t PBT, mechanical properties were not improved
consideringensle strength and elongation at fracture.

In the case of 49 Wi PBT nanocomposites, additionrabdified organoclay resulted in
lower mechanical properties.

ConsideringPEE nanocomposisevith 57 wt% PBT in both two methodsthe addition
of modified organoclay improved thmechanical properties such tssile strength and
elongationat fracturewith the increase of organoclay wi%nd the best results were
obtainedwith 0.5 wt% organoclay loading.

75 wt % PBT PEE nanocomposites with 0.1 %4 modified organoclay loading which
were synthesized by 4situ polymerization gave better result thidwe neat poymer in
terms of tensile strengtbAmong the nanocomposites which eeprepared by melt
intercalation, the highest telsistrength was obtained RPEE with 0.3 wi% organoclay
loading.

DSC analysi®f PEE nanocomposites with 37, 49 and 5PaRBT showel that with the
addition of organoclay, melting point of PBT decreases due to restricted crystallinity of
PBT. However, it was observed that for PEE nanocomposites of ¥ RBT, addition

of organoclaydoes not hava significant effect othe melting pont of PBT.

In order todiscussthe dispersion of clay particles in the polymersRXy Diffraction,
Scanning Electron Microscopy and Transmission Electron Microscopy were Tused.
results of these analysis indicated thasitn polymerization method isetter than melt
intercalation method in terms of dispersion of silicate layers in REEboth 57 wt%
PBT and 75 weo PBT.

Keywords: Poly(ether/ester) based thermoplastic elastoranocomposite,in-situ
polymerization
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¥Z

POLK(ETER/ ESTER) BAZLI TERMOPLASTKK ELAS
NANOKOMPOZKTLERKN SENTEZK VE KARAKTERKZ

Ezerojlu, Fadile
Doktor a, Pol i mer Bil i mi ve Teknol o]
Tez Y°neticisi: Prof . Dr . 1T ke Yéelm

E y 1291B,15%ayfa

Bu -al exmaneéen é - amac e, y umuk ak segment
deji ktirerek Polibutilenterefitalat (PBT)
(PEE) sentezl emek ve sezretr isnedgenkein te tuke ksnlnuj ud
zaman | € poli merizasyon yontemi vyl eve polirer nanok
matrisine farkIl e oranl amaséenneondi ét kiel eerdiinlim
c-¢é¢nce eol i &k kar é k tPEErEman ayn®orktoemmpio zii It € er i h a
zamanl!l é zpaoslyiome ry °ink ekmdr @ Hteé rema yy° Azemi nkl mel
ile morfolojia - eéséndan incelemektir.

Bu a-éedan, °nce secakl ek Ve tranesterifik
kokul |l aré Adjedrilrdlenani W37 rilixketw ©dbhanrFraséad®B
PEE@r i ki f @rlls& dsahit gansedsteyifikasy ¢ r esi ne ve sabi

or ang‘rae sentezlenmi ktir. Sabit hacim ora
mol ek¢ lkear éagreddre daha i puipr ®» e mahegkompezitledin j i nde |
e kK zahnemazndrél anmas e i .-Semezlehen pdimerldr BTHRER amadiz t & r
ile karakterize edilmiktir

Ajéel ek-a %57 ve %7 gerinkedifenciive earnean dPeE Epdid leerr i n e
daha iyi me k asrntiekr d9 7 @ Inldieknl, e r%0g °1 , %0 . 3 ve %l
i -eren nanokompozitler hem ek zamanl é pol
y°ntemine g°re hazérl|l anméxkter. %37 ve % 49
i se sadece eriyi kr ek ahraézkétrélmaan nyé®knttéermi nYea pge® Vv €
il kki mekani k,anasébkl er imdenfadi ajkicle del rkail tl é
czere numunel er enjeksiyonlu kaleéeplama y“nt
Kat késeéz PEEOG6I erde, &Bdniak ét 2t ekl ioklaemrée amitt m
oranéemans ejaB&AERO NI n eri me sécakl ej énén artte
sécakl éjenéen - ob&Céanalizndg° et eiml enmedi jr .

Vil



% 37 PBT i-eren PEE nanokompo®)adad@&s@mrdan ekme d
mekani k °©zelliklerde bir iTyilexkme sajlanmamécxkter

%49 PBT i-erenpoPiBITI enmmtanak®séndan, kilin ekl enmes
d¢kmesine sebep ol muktur .

%57PBT i -eren PEEdiInkkatke malkatmalgerfgnedirdnai ve

uzama (%) gi bi mekaninkod? zelylei kklielriorané artteék-a her
i yi |l ekveem mi kit s On&d- kat orané ile elde edil miktir
%75 PBT i-eren PEE nanokompozitleri s®z konusu
kil yéekl egmamaw! e peki meri zasyon metodu ile hazeéer|
gerimedi renci ni ver mi Ktir. Eriyik karéekeéem metodu
arasemdygdibneki renci  %0. 3 kil i mekangkanaiEEE nanokomp
sonucu etrde edi |l miKk

% 37, 49 ve 57 oranlar @n@SGadnaeol iPEEs mrawm-olkamproa i

ki ekl enmesi PBT6nin kristall enmesi ni sénérl ande
dée¢Kermegkt ér . Bununl a birlikte, %7 5 PBT i -eren
eklemaninPBTOni n eri Penedddalelt&kjigredasaahi p ol madéejée g°z
Pol i mer i -inde kil par-acéklarenén dajéléeméené t
TEM analizleri kull anél mékt ér . Bu anal i z sonu-
aéséndan hem %57 hem de %75 PBT i-eren PEEOGI er

yentemininmariyyink elma malietnéirkaahrae ti ywit milkdujruna

Anahtar kelimeler: Poli(eter/ester)b az |1 &€ t er mo p | ,aanokonkpoiteelka st omer | er
Z a ma n iédrizagyonl i
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CHAPTER 1

INTRODUCTION

A nanocomposités a multiphae solid material where one of the phases has one, two or
three dimensions of less than Idhometergnm), or structures having nascale repeat
distances between the differenhges that make up the material [1$ince well
dispersion of the nanosized particles providegor improvements in functional and
structural propertieso the nanocomposites when compared with neat polymer or
compositesit has a great relin industry andaicademic area in order to respdndhe
demand for new materials [2].

One of the most commonly usedmectite clay, montmorillonite, is a very soft
phyllosilicategroup d minerals that typically form in microscopieystals[3]. There are
mainly two reasons why they are the materials of choice for polymer nanositespo

The first one is havingich intercdation chemistry. This property allows them to be
chemically modified and be compatible with organic polymers, so that theypean
dispersd on a nanometer scallso, it is greatconveniento getand useahem|[4]. In the
structure of the montmorillonitethere is an octahedral alumina sheet between two
tetrahedr al silica sheets. The crystal str
lateral dimensions of the layers dretween 30m to several microns or larger [$)hen

the behaviour of the mmdmorillonite to water is concerned, it is observed that
montmorillonite has a quite hydrophilic character which means it is incompatible with
many hydrophobic polymers and the layered silicates are not easily dispersed in most
polymers. This problem carelsolved by cation exchange process, a process which is
usedto get organophilic clay.

Organically modified layered silicatere a fast growing area of reseainhpolymer

scienceast hey enhance the polymero6s profgerties.
precursors, the ones with clay and layered silicates have been more widely studied and
researchedsince the starting clay materials are easily accessible and their intercalation
chemistry has beeresearchedor a long time[6]. Due to the nanometaize particles

achieved by dispersion, these nanocomposites show significantly improved thermal,
mechanical, optical and physichemical propertiesomparedto the pure polymer or
conventional (microscale) compositgg. In addition to these, it is alsmsgsible to get

increased strength moduli and heat resistance, decreasgds permeability and
flammability.

Thermoplastic elastomers are important types of block copolymers having unusual
combination of elasticity, reprocessability, low temperature fléibitoughness and
strengthat relatively high temperatures [3]he reason why they have unique proigsr

is mainly due to the existee of physical crosknks binding the polymer chains into an


http://en.wikipedia.org/wiki/Nanometers
http://en.wikipedia.org/wiki/Silicate_minerals
http://en.wikipedia.org/wiki/Crystal

infinite network. In the case of natural rubber and sgtthelastomers, the crosslinks are
covalent chemical bondbut when the thenoplastic elastomers are concain these
crosslinks are replaced by thermally labile tie points whigheld together by physical
forces [9].In other words, thermoplastic etamers combine twamportantand useful
properties, namely an elasticity comparable to that ofleatis crosslinked rubbers and
meltability allowing for processing from the melt quite analogous to normal engineering
plastics[10].

The definition of condnsation polymerizationan be given as a process by which two
molecules join together, resulting loss of small molecules which is often water or
methanaol to form a connecting bondThe type of end product resulting from a
condensation polymerizatiors idependent on the number of functional end groups
functionality of the monomes, i.e. the average number of reactive funotl group per
monomer molecule [11]Monofunctional monomers resulbh low molecular weight
products while bifunctional monomersvg linear polymersPolyesters, polycarbonates,
polyamides, polyurethanes are the types of polymers which can be synthiegized
condensation polymerization [12].

Fakirov et alin 1990 studied the synthesis of poly(ether/ester)s based on poly(butylene
terephthalate) (PBT) and pdethyleneglycol) (PEG) [13]In the study, the aim was to

get information about the influence of the hard segmewtieon the structure ard
examinethe properties of these copolymers at a constant length of the soft segt&&ht (
1000). They usedH and **C nuclear magnetic resonance, infraradd differential
scanning calorimetry measurements in order to prove the block structure of the prepared
samplesThey pointed out that with the increase of the hard segment weighorfract

the coplymers, significant difference in the stresstrain dependences are observed,
namely from that of rubbery materials to typical neck formation.itSmas concluded

that different mechanical properties can be obtained by changing the cawolym
composition. The copolymers having higher weight fraction of PBT show distinctly
higher elastic modulus, yield stress and tensile strength, and lower elongation at yield and
break.

In the light of ttat research, in this study, it was aimed to syntlegialy(ether/ester)
based thermoplastic elastomeanocomposi® by changingthe soft segment / hard
segment / organoclay ratioachcompositions antb investigateandcompare the effects
of introduction of organoclayo polymer matrixat different ratios For this purpose,
firstly, the optimum reaction conditions were determined by chantiegemperature
and duration othe reaction After synthesis of PEEs with differeRBT weight ratios
varying from 37 wt% to 75 wt% at the same reaction conditiomanocomposites &7
wt% PBT and 75 w# PBT polymershaving 0.1 w%, 0.3 wt% and 0.5 weo modified
organoclay were synthesized by using same in situ polymerization procedure. In addition,
nanocomposites of these polymeomtaning 01%, 0.3% and 0% organoclaywerealso
prepared bya cerotating16 mmtwin screw extruderSpecimens for characteation
tests were prepared yjection molding.

The synthesized polymergere characterized by using FTARTR. In order to observe
the dispersion of clay picles in the polymersX-Ray Diffraction, ScanningElectron



Microscopyand TransmissiornElectron Microscopy were used.hE& thermal properties
weredeterminedby using Dfferential ScanningCalorimetry. In addition, the mechanical
behaviour of the syntheed nanocompositewas investigatedbased ontensile tests

while Gel PermeatiorChromatography was used to determthe molecular weight

distributionof the synthesized polymers.






CHAPTER 2

BACKGROU ND INFORMATION

2.1 Nanocomposites

Nanotechnology is a science which deals with the manipulation of matter on an atomic
and molecular scaleThere are wide applicationarea of nanotechnology such ,as
medicine, electronics, food, fuel cells, chemicalsses and sporting goods.

The definition of thenanocomposites can be givenaasew class of composites that are
particlefilled polymers for which at least one dimension of the dispersed particles is in
the nanometerrange.n t oday 6 s t e cufactwdrsqefer,to filn@lgnyers ma n
with particles in order to get improved toughness and stiffness of the materials, to
enhance their barrier properties and their resistance to fire and ignition. In some cases,
this technology is used to redute cost ofthe materialproduced [14].

There are threg/pes of nanocomposites, namely:

1) Isodimensional nanoparticleshere three dimensions are in the order of hanometers
like spherical silica nanoparticlaad semiconductor nanoclustgs]

2) Nanotubes or wikkers, where two dimensions are in the nanometer scale and the third
is larger, forming an elongated structure such as carbon nan¢l@esr cellulose
whiskerq17, 18]

3) Nanocomposites whichre characterized by only one dimension in the nanometer
range like polymetlayered crystal nanocomposites where the filler is present in the form
of sheets of one to a few nanometer thiokhundreds to thousands nanometers long.

2.1.1Montmorillonite

In nanocompositesnontmorillonite is thamostly usedsmetite claywhich is a class of
2:1 phyllosilicatesTherearetwo-dimensional layers iits crystal lattice where a central
octahedral sheet of alumina or magnesia is fugddid external silica tetrahedrdy the
tip. The thickness of the layer is arouhdm while the lateal dimensions of these layers
vary from 300; to several microns depeimg on the particular silicate [19].

The structure o2:1 phyllosilicates is showinm Figure2.1
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Figure 2.1 Structure of 2:1 phyllosilicatg20].

The most videly used layered silicatepontmorillonite hasgottenthis attention due to its
ability to show extensive interlayer expansion or swelling which is related with its
peculiar structure. The efficiency of the MMT in improving the properties of the
polymeiic materials is primarily determined by the degree of its dispersion in the polymer
matrix. However, the hydrophilic nature of the MMT surfgueventshomogerous
dispersion in the organic polymer phase. To overcome this problem, it is often necessary
to make the surface organophilic by ierchange reactions involving the exchange of
organic cationic surfactantwith the interlayer cations. This necessarily results in an
increase in the interlayer separations. The number of surfactant molecules thatrresid
the galleries is determined by the cation exchange capacity of the silicate, and is
measured in meqg/g. The role of organic cation is to reduce the surface energy of the
MMT surface, improving the wetting characteristics with the oigaolymer [2].

2.1.2Nanocomposite Structures

According to the form of the components used (layered silicate, organic cation and
polymer matrix) and the method of preparation, there are three main types of composites
when a layered clay is associated with a polymeesé ar@mamely,

a) Phase separatedif the polymer des not intercalate between thélisate
sheet s, a phase separated composite
properties stay in the same raragethose ofraditional microcomposites.

S
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b) Intercalated: If a single or more than one extended polymer chain is
intercalated between the silicate layers which results in a well ordered
multilayer morphology, intercalated structure is obtained.

c) Exfoliated: If the silicate layers are uniformly and completeigpersed in a
continuous polymer matrix, then an exfoliated or delaminated structure is

obtained.

These structures are shown in Figare2

{ll
\\

./

! VI- ) W, N A Y e -
(a) Phase separated (b) Intercalated (c) Extoliated
(microcomposite) (nanocomposite) (nanocomposite)

Figure 2.2 Scheme of different types of composite (a) phaseseparated microcomposite;
(b) intercalated nanocqsite ad (c) exfoliated nanocomposifa2].

2.1.3Polymer Preparing Methods to Produce Nanocomposit&e

It is well known that polymeclay nanocomposites usually have improved properties
when compared to the neat polymers, suchigiser thermal stality, better mechanical
propertiesreducedyas permeability anthermal expansion edficients [23.

In the light of these informations, sevena¢thodshave been studied to prepare polymer
layered silicate nanocomposites. There are mainlyrfeithodg$24] which can be named
as:

1) Exfoliation - adsorption: In this process, the exfoliation of the layered silicate into
single layerss carried ouby using a solvet in which the polymer is sdble. Due to the
weak forces which bring the layers togethéayered silicates are dispersed in a proper
solvent. Following this step, the polymisr adsorbed o the sheets. As the mixture



precipitates or the solvent is evaporated, the sheets come together again in order to form
an ordered multilayer structure.

2) In situ intercalative polymerization: The swelling of the layered silicate is achieved
within the liguidmonomerso that between the intercalated sheets, polymer formation can
occur. The initiation of the polymerization imostlydone by heat, radiatioor by using a
catalyst. With the progress of polymerization, thepdcing between clay layers increases
gradually and the dispersion state of the clay changesifr@ntalation into exfoliation
[25].

3) Melt intercalation: In this type of preparatiorthe polymer matrix and the layered
silicate are mixed in the molten state. Different from the other techniques, there is no
need forthe solvent. When the layer surfaces are compatible with the polysegf the
polymer can crawl into the interlayer spdoaming either an exfoliated or an intercalated
nanocomposite.

4) Template synthesisThis type of process is generally used for the synthesis of double
layer hydroxidebased nanocomposites [26n this case, the Igiates are formed in situ

in an aqueus solution containing silicate building blocks and the polymer. The polymer
helps the nucleation and growth of the inorganic host crystals and gets trapped within the
layers as they grow.

2.2 Thermoplastic Elastomers

The T (ABy).l type multiblock copotmers which have heterophase structure are named
as thermoplastic elastomers (TPEhese materials, having hard and soft segsnémtm

a processable melt at higher temperatures and transform into a sbkdirlike polymer
upon cooling [2]. The schenmatic termoplastic elastomgrhase structure is given in
Figure 2.3

Domain of hard block
ot hard particles

Soft elastomeric
mattix

Figure 2.3Theschematic termoplastic elastomers phase struf28te



Thermoplastic elastomers have two service temperatures. The lower service temperature
regardghe Tg of the elastmer phase whethe upper service temperatusgardsghe Tg

or Tm, of the hard phase [R%t low temperatures, the hard segmesggregate and form

a three dimensional network with physical crosslinks. If the teatpes is increased
above the Tmof the hard segments, then these crosslinks soften and a melt of the
polymer is obtained. In the light of this information, it can be said that thermoplastic
el astomer6s service temperature range i s
soft rubbery phasand a temperature slightly below the Tg or Tm of the hard segment.

Thermoplastic elastomers were labed in the 1960s [30Since they have showfast
growth, TPEs have been thebgect of many studies, symposia aswhferencef31] and
have found widepplications in many industrial branchée engineering materialas
they have excellent mkarical and physical properties [BZThey are encountered in
commercial and industrial fields, as welliagpplied and academiesearch [3]3

In order to lakl the block elastomers as TPE, their internal structure must have two
following conditions[34]:

1) The soft phase which is responsible for the elastic properties must have a
relatively small elasticity modulus and a relatively low glass transition
temperé&ure andlow density. For that reasorthis phase must have weak
intermolecular interactions, and a large capability for motion and rotation of the
short sequences tfe chairs (small cohesion energy) ;

2) The hard phase which is responsible for the machbhand processing properties
must have a relatively large modulus of elasticity, a high glass transition
temperature and also a relatively reghdensity The blocksshould have a
tendency towardsggregation with the samenki of segments so thatrong
intermolecular interactionsanoccur. The intermolecular interactions tife hard
blocks influence the stabilisation of the phase structure of the entire polymeric
system. The hard blocks have be characterised by a considerably larger
cohesive energylensity of matter than the flexible blocks, thereby a higher
thermodynamic potential. The potential difference involves the driving force for
the formadion of a heterophase structure .35

In the case ofhermoplastic elastomerhe melt to solid transith is reversibleso,some
properties of thermoplastic elastomers like, solvent resistance, compression set and
resistance to deformation at elevatedgenatures, are generally not@gmod as the ones

of the vulcanized rubbers. In this view, thermoplastastomers are uddn the areas
where these propies are not so impantlike adhesives and footwear [36

In terms of propertgtructure relationships, there are four imporefects, namely37];

1) Molecular weght: When homopolymers of sirail mokcular weight are
compared with TPE block copolymers, block olymers have very high melt
viscosities which increase with increasing molecular weight. The reason is due to
the persistence of the twahase domain structure in the meafid theextra energy
required to disturlhis structure during flow.



2) Proportion of hard segmerAs the proprtion of hard sement of thermoplastic
elastomeincreases, the modulus increades. example in this studysdahe PBT
content increases, the final product changemfa very weak, soft, rubberlike
materialto a strong material

3) Elastomer segment: The choice of elastomer segment has a great effect on the
properties of TPEs.

4) Hard segment: The choice of hard segment determines the upper service
temperature and alsofiuences the solvent resistance.

2.2.1 Poly(etherester) Based Thermoplastic Elastomers

Poly(etherester)s (PEE) are segmented block copolymers which have a thermoplastic
elastomer behaviour since they consist of alternating sequences of mobile goayeth
rigid polyester segments [B8

The phase separation of the polyester and polyether segments grelddmeric
properties for these block copolymers. When the rigid to soft segment ratio changes, the
materialschangingfrom soft elastomers to rdieely hard plastics can be obtained. In
some studies, these kimdf thermoplastic elastomers are mentioned as nanocomposites
by themselves as they have an amorplptase and crystalline lamellae [39

2.2.2Main Methods of Thermoplastic Elastomer Pre@ration
There are seven nieds for preparing TPEs, namely [40

1) Living anionic polymerization

2) Living cationic poymerization

3) Controlled radical polymerization

4) Polycondensation and polyaddition
5) Chemical modification and grafting
6) Preparation by blending

7) Preparation by dynamic vulcanization

Among these methodsthe mostly used ones are condensation and addition
polymerization.

2.2.21 Condensation $tep Reaction) Polymerization
Condensation polymerization occurs between two polyfunctional molecules tocprod
one larger polyfunctional moleculeThe chain growth occurs in a slow and stepwise

manner. For that reason, it is possible to say that the average molecular weight of the
polymer increases slowly and a period of time is needed in order t@ gk nolecular
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weight polymer [4]1 In this processeach molecule has a reactive functional group, so
that polymerization occurs by the reaction between these functional ddfjpand
during the polymerization, there is an elimination of a small molecule asietater or
methanolhich meangondensation polymers generally have fewer atoms in the polymer
than in the reactantsSome important condensation type polymers are, polyamides,
polyurethanes, polyureas, polyesters, polyethers, polycarbonates, polyaasydr
polysulfides, polysiloxanes, pher@rmaldehyde resins and polyphosfhaand
polyphosphonate esters [43

2.2.22 Addition (Chain Reaction) Polymerization

Addition polymerizationis performed by a rapid addition of olefin molecules to a
growing dain end in other words the monomer polymerizes in the presence of
compounds which are named #® initiator. The growth centers, generated by the
initiator, can either be ionic (anionic or cationic), free radical or coordinational which
depends on thgype of initiabr systermused in the reaction [§4During this process, the
concentration of the monomer decreases steadily and it is possible to observe both
monomer and high molecular weight polymer at any stage of the reaction mixsuae.
differencefrom condensation polymerization, in this process, a high molecular weight
polymer can bebtainedrapidly.

2.3Previous Studies
2.3.1 Studies on Synthesis #foly(ether-ester) Basedrhermoplastic Elastomers

In a study of SzymczyK45] in 2008, novelpoly(trimethylene terephthalatb)ock-
poly(tetramethylene oxide) (PTRFTMO) segmented block copolymers wsymthesized

by transesterification. The process was carried out in the melt of dimethyl terephthalate,
poly(tetramethylene oxide) glycol (PTMO, 1@@/mole) and 1,3 propanediol in order to
get multiblock copolymers with flexible PTM®locks varying from 20 to 80 ¥4 and
investigate the influence of flexible segment content on the resulting mechanical and
thermal propertiesin terms of mechanical pperties the study showed that the tensile
strength and yield strength are decreased with thiedse otheflexible segment content
since the degree of crystallinity decreas@s the other hand, in terms of thermal
properties, it was proved that theaheapacity values at Tg increases with increasing
rigid segment content, meanitigat thedegree of phase separation increases as PTMO
segments content incCress.

In another study (2009) made by Szymci¥K], which was aimedto observe the
influence ofthe PEO flexible segment content on Rblbck-PEO copolymers properties,
like phase structure, thermal and mechanical properties, a series oeb-PHO
copolymers with varying composition of rigid PTT and flexible PEO segments were
synthesized by using pdkthylene glycol) (PEG, Mn = 1000 g/mol), dimethyl
terephthalate (DMT) and X:@opanediol (PDO). The reaction was carried out by a two
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stage process involving transesterification and polycondensation in the melt. The weight
fraction of flexible segmenta/as varied between 20 and 70 %t In the paper, it was
mentioned that according to the analyBis X-ray, DSC and DMTA, there are four
different phaseshat existin PTT-b-PEO copolymers: crystalline PTT, amorphous PTT,
amorphous PEO, and amorphous PEDI Pniscible blend. In addition, it wadaimed

that crystalline PEO was observed only at temperature bel@wfdy the sample
containing the highest concentration of PEO segment. Lastly, it was concluded that the
melting and crystallization temperatarand the dgree of crystallinity decreases the
flexible PEO segment content increases.

In 2011, Szymkczyk etl [47] published another study concerning two series of
multiblock poly(ethetester)s namelypoly(trimethylene terephthatle) (PTT) as the rigid
segmentand poly(tetramethylene oxide) (PTMO) as the flexible/soft segments in which
soft segment ratio inhe polymer chainlangefrom 20 to 80 wt%. In thatstudy, the
mainly focused topic is the effect of sofigegnent length with starting PTM@olecular
weight at 1000 and 2000 g/mol in terms of phase strucamet thermal and mechanical
properties of the syhesized copolymerslt was concluded that the copolymers
containing longer soft segment have enhanced phase separation and the onesOhaving
80 wt % of soft segment shoelasticbehavior,while the copolymers having 30 and 40
wt % of long PTMO soft segant have the best elastic properties.

2.3.2 Studies on Synthesis of Poly(ethessters Based on
Poly(buthyleneterephthalate) and Poly(ethylene glycoElastomers

Fakirov et al [48], in 199Q studied the structurproperties relationships of
poly(etheréster)s based on poly(buthyleneterephthalate) and poly(ethylene glycol). Two
series of PEEs were prepared by changing the length of the soft segmargs
monomers withmolecular weightof 600, 1000 and @00. The first set of samples was
produced with constant mole ratioof PBT:PEG (the PBT block length being
approximately tB same) and the second set afmples wasynthesizedvith constant
weight ratio PBT:PEG (different PBT segment length). In order to prove the block
structure, 'H nuclear magnetic resance and differential scanning calorimetry
measurements were performékthe stresstrain curves for the first set reselt in a
gradual changi the mechanical propertié®m thoseof engineering plastics to those of
rubbery materiawith the increas of the polyether segment lengét constant length of

the PBTblocks. The sessstrain curves for the second set skdwegligibé differences.

The differences we observednainly in the modulus, tensile strength and elongation at
break. In other woigl the lendt of the soft segment influersthese characteristics.

In the same year, Fakirov et 9] researched the annealed drawn and undrawn bristles
of poly(ether/ester)s based on poly(tetramethylene terephthalate) (PTMT) and
poly(ethyleneglycol) PEG 1000 (in various ratios) by means of differential scanning
calorimetry and smathngle Xray scattering. Inthe end of the experiments, it sva
observed that the samples having the lowest PTMT content show on abrupt increase of
the scattering intensitand the long spacing with increasing annealing temperature, this
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increase becoming less pronounced with increasing fractiotmeohard segmentin
addition to these, DSC data suggelsa dependence of the thermal behaviour on the
chemical composition,rgentation and annealing temperature. They also showed that the
characteristics of the undrawn samples are similar to those of the homopolymer PTMT
and the copolymers based on PTMT and poly(tetramethgbade).

In paralel wih these studies, Fakiv etal [50] studied the scattering behaviour of PEE
sampleswith or without external stress by using the SAXS tecnique. Samples with
destroyed structure were prepared by additional drawing and those with regenerated
structure were prepared by means of thggr@aches, namely; crystallization, solid state
condensation and exchange reactions as well as chemical crosslinking to investigate
different deformation conditions by SAXS measurements.

Another study made by Fakirov et §b1] in 1992 dead with thermglastic elastomers

with different PBT to PEG wt% ratioand different lengthof the soft (glycol) segments
(PEG 600, 1000, 200@ompared tahe ones used in the previous studies (PEG 1000).
SAXS measurements of the samples with or without applicatiaxtefnal stress were
performed in order to investigate the effect of the chemical composition and block length
on the deformation behaviour.

2.3.3Studies on Synthesis dilanocompositedy In-Situ Polymerization

In a studyby Chang et al.[52], synthess of poly(butylene terephthalate) (PBT)
incorporated between the montmorillonite layers was performed from dimethyl
terephthalate and tjgutane diol by the method of in situ interlayer polymerization in
order to get intercalated nanocomposites. In thdys firstly, the modified clay and %,4
butane diol were stirred for 30 mites at room temperatureinizthyl terephthalate and
isopropyl titanateghat had been mixed in a separate tulvas added tahe butanedio
organoclay mixture. The temperature o€ tfeaction mixture was raised to 19D and

kept at this temperature for an hodhen the temperature was increased to Z3Gnd

was maintained there for 2 h. In this st side product of the reaction, methanol was
obtained. In order to finalize ¢hrea&tion, the mixture was heated 260°C and stirring

was continued for additional 3 hours at a pressure of 1 Torr. The synthesized polymer
nanocomposite was obtained after cooling to room temperature, washing with water and
drying under vacuum at 7C for 1 day.

In a paralel study pesfmed by Chang et db3], by using the same procedure discussed
in reference[52], a series of polytrimethylene terephthalate) (PY nanocomposites
which containan organically modified montmorillonite ((PPRMMT) were synthesized
by in situ intercalation polymerization from dimethyl terephthalate (DMT) and 1,3
propanediol (PDO). It was the goal of the study to investidptthermal and mechanical
properties of PTT nanocomposites which were sglin at differenbrganoclay contents
and different draw ratio©Rs) to produce monofilaments.
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2.3.4 Studies onSynthesis ofThermoplastic Elastomer Nanocomposites by In-Situ
Polymerization

In 2012, Szymczykb4] published a new study dealing with nanocomposites whieh ar
based on poly(trimethylengerephthalateplock- poly(tetramethylene oxide) (PTT
PTMO) segmented copolymer and CO@kictionalized singlevalled carbon nanotubes
(SWCNTSs) by using in situ polymerization methtthe study, it wasbservedhatthe
nana@omposites having low SWCNTs (8wt %) showuniform dispersion of CNT in

the matrix. In addition, it was mentioned that according to tensile tests, the tensile
strength of the m@composites with 0.09.3 wt %loading of SWCNTs are better than
that ofneat PTT-PTMO copolymer without reductian elongation at break.

In the same year, a new stutty Szymczyk[55] et al was performed in order to
investigate poly(trimethylene terephthalatdock-tetramethylene oxide) (PTPTMO)
copolymer/organoclay nanocgasites which are prepared by in situ polymerization.
was obsergd that silicate layers do noffect the glass transition temperatwé the
PTMO-rich soft phase, melting temperature of PTT hard phase, and degree of
crystallinity of the nanocompositeAlso, it was mentioned that tensile modulus and yield
stress increasewithout decreasing elasticitgs the organoclay ratian ithe polymer
matrix increases
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CHAPTER 3

EXPERIMENTAL SECTION

3.1 Materials

The PEE basegolymers and nanocompositesere synthesizedoy using commercial
grade materials. In the experimgdimethyl terephthalate (Fluka, USA),4-Butanediol
(SigmaAldrich, USA) and poly(ethylene glycol) with different number average
molecular weight (600, 1000,2000) (SigmaAldrich, USA) were useds received. The
catalyst was isopropyl titanate (Sigmkdrich, USA), while the antioxidant washe
tetrakis(methylene(3;8it-butyl-4-hydroxyphenylhydrecinnamate))methane (Irganox
1010, CibaGeigy, Switzerland)For the preparation and synthesis of nhanocomposites,
two different clays were used, namely, Cloisite 30 B and Modified @#yisite 30 B
was obtained from Southern Clay Products whiledified clay wasobtained from
Kocaeli University which wasynthesized Y using the procedure in the study of Ozkoc
et. al.[56].

3.2 Synthesis of PEEsand PEE NanocompositesBased on Bly(butylene
terephthalate) andPoly(ethylene glycol)

The synthese of PEEs and PEE nanocomposite@sre performed according to the
reactiongivenin Figure 3.1

H_,_c-o+ﬁ—©—ri-o-c1-|3+ HO=CHy=CH=CHo=CHo=0H + H-{-D-CHz-CHzt OH

La] Q
dimethyl terephthalate 14 - butanediol a-hydro-w-hpdropoly-
{OMT) {1£-80) foxyethylene) (PEG]

*

n—c-@—c-—a—cr-r CHo=CH,~CH 0-C ¢40-CHsCH ﬂ-
‘[’ g ;!. g CHy=CHy 21’ ..... ]—@— I‘f 7~ CHar
x ¥

Q 0
hard segment soft segment

PaT)
where n=12-45 (mol. wt. 600, 1000, 2000)
x=1-20 (nmol.wt. 2264400)
y=1 (mol.wt. 720,112Q 2120

Figure 3.1Reaction Pocedureof the Synthesis of PEE and PEE Nanocomposites
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During the reaction process, Me@¢obtained as ade product.

Experimental set up is given in Figure 3.2

Figure 3.2Experimental Set Up

3.2.1Synthesisof PEEs Which are Obtained at Different Reaction Conditions with
the Same PBT wt%

All of the synthesized PEE#hrougtout the thesisare given inthis part Most of these
synthess were performed in order to determihe optimum reaction conditions. In the
discussion part, only the ones which were synthesitétte same reaction conditions are
dealt with andhe results @ compared.

In Tables 3.43.9, for the calculation of duration of transesterificati@it), the time at
which methanol releasgasobserve was accepted as the starting point. In other words,
it is the period between the time at which methamas started tobe collecied in the
graduated tube and the time atigththe temperatureras seto 260°C. For the duration
of polycondensatiofPC), the calculatios were made according to time passed at which
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the temperature of the reaction mixture was at and abov€Q@6@ some cases, the
temperature was further raised to 2680

Through the thesiREE refers to poly(ether/ester) based thermdéplatastomelin the
labels The numbers after abbreviation show the molecular weight of PEG and weight
ratio of PBT in PEE, respectively. Lastlprder of the experiment as outlined in
Appendix Ais given in paranthesel the case of nanocompositespialer to show melt
intercalation method (+) is used, whil¢ i§ used for irsitu polymerization method.

Table 3.1Reaction Conditions d?EEs with 37 wéo PBT

Temp. of Duration Temp. of Duration Duration at

Sample Name TE(EC) of TE PCCPC) of PC 280°C

(min.) (min.) (min.)
PEE/1000/37 wt%PBT(1) 175 29 260-275 240 -
PEE/1000/37 wt%PBT (2 175 25 260 255 -
PEE/1000/37 wt%PBT(3) 175 45 260-280 195 121
PEE/1000/37t%PBT(4) 175 69 260-280 189 121
PEE/1000/37 wt%BT(5) 175220 173 260-280 195 49

Table 3.2 Reaction Conditions d®?EEs with 49 wo PBT

Temp.of Duration Temp.of Duration Duration
Sample Name TE p- of TE P of PC at 280°C
(°C) . PC(C) X .
(min.) (min.) (min.)
PEE/1000/49 wt%BT(1) 175 16 255275 240 -
PEE/1000/49 wt%PBT(2) 175 21 260275 240 -
PEE/1000/49 wt%PBT(3) 175 17 260275 165 -
PEE/1000/49 wt%PBT(4) 175 27 260-275 240 -
PEE/1000/49 wt%PBT(5) 175 16 260275 240 -
PEE/1000/49 wt%PBT(6) 175 45 260-280 195 115
PEE/1000/49 wt%PBT(7) 175 45 260-280 195 121
PEE/1000/49 wt% PBT(8) 175220 165 260280 195 52
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Table 3.3Reaction Conditions d?EEs with 57 wéo PBT

Temp. of Duration Temp. of Duration Duration
Sample Name o, of TE : of PC at280°C
TECC)  (min)y  PCCO (i) (min.)
PEE/1000/57 wt%PBT(1) 175 26 260275 240 -
PEE/1000/57 wt%PBT(2 175 45 260-280 195 116
PEE/1000/57 wt%PBT(3) 175220 118 260-280 195 52
Table 3.4Reaction Conditions d?PEEswith 75 wt% PBT
Temo. of Duration Tem of Duration Duration
Sample Name b of TE b. of PC at 280°C
TE (°C) . PC (°C) . :
(min.) (min.) (min.)
PEE/100075 wt%PBT(1) 175 159 260-280 258 60
PEE/1000/75 wt%PBT(2 175 54 260-280 191 30
PEE/1000/75 wt%PBT(3 175 45 260-280 195 116
PEE/1000/75 wt%PBT (4 175 85 260-280 184 102
PEE/1000/75 wt%PBT(5 175220 135 260-280 195 46
Table 3.5Reaction Conditions d?EEs with 57 wéo PBT
Temp. of Duration Tem of Duration Duration
Sample Name b of TE b, of PC at280°C
TE(°C) . PC(°C) X :
(min.) (min.) (min.)
PEE/600/57 wt%PBT(1 175 45 260-280 180 106
PEE/600/57 wt%PBT (2 175 45 260-280 195 122
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Table 3.6Reaction Conditions d?PEEs with 67 wéo PBT

Temp. of Duration Tem of Duration Duration
Sanple Name b of TE b, of PC at 280°C
TE(°C) . PC(°C) : .
(min.) (min.) (min.)
PEE/600/67 wt%PBT(1) 170 37 255 165 -
PEE/600/67 w0 PBT(2) 175 45 260-280 173 103
PEE/600/67 wt%PBT(3) 175 45 260-280 195 113
Table 3.7Reaction Conditions ®®EEs with 41 wo PBT
Temp. of Duration Tem of Duration Duration
Sample Name b of TE P. of PC at280°C
TE(°C) . PC(°C) . X
(min.) (min.) (min.)
PEE/2000/41 wt%PBT(1) 175 74 260-280 171 100
PEE/2000/41 wt%PBT(2), 175 45 260-280 180 108
Table 3.8Reaction Conditions d?EE with 57 w&o PBT
Temp. of Duration Temp.of Duration Duration
Sample Name o of TE : of PC at280°C
TECO)  (miny  PC(C) (min.) (min.)
PEE/2000/57 wt%PBT(1, 175 45 260280 195 120
Table 3.9Reaction Conditions d?EE with 75 w6 PBT
Temp. of Duration Temp. of Duration Duration
Sample Name o of TE : of PC at280°C
TE(C)  (min) PCCO (min.) (min.)
PEE/2000/75 wt%PBT(1) 175 45 260-280 195 121

3.2.1.1Synthesis of PEEs Based on Poly(butylene terephthalatand Poly(ethylene

glycol) at Constant Transesterification Time

The reactants, 1;Butane diol, polyethylene glycol, dimethyl terephthalaatalyst and
stabilizng agent were mixedn a 150 ml reaction vessel and heate 175 °C.
Transesterification time was held constant as 45 minutes (aftdingtdo collect
methanol) forthe synthesis and then the temperature was increased t6C2&0 the

polycond@sation step. The reaction mixture was stirred at this temperature for one hour
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and then the temperature wasreased t@80°C. When the temperature reached 280
vacuumwas applied andhe pressure wadecreased t0-2.5 mbar in 6670 minutes.
Since the weight ratios of PBT/PEG and molecular weight of PEG were different in the
synthesized PEEs, in order to compare PEEs, polycondensation time was held
constant as 195 minutésstead ofachieving aconstant torqueDuring the reactin, the
stirring rate was kept constant at 50 rpm.

Experimental detailfor the synthesigre given iMAppendix A

Table 3.10PEEs with Different wt %PBT Ratios Which are y@thesizedat Constant
Transesterification ime Reaction ©nditions

Sample Name Duration _of TE Step Duration _of PC Step
(min.) (min.)

PEE/1000/37 wt%PBT(3) 45 195
PEE/1000/49 wt%PBT(7) 45 195
PEE/1000/57 wt%PBT(2) 45 195
PEE/1000/75 wt%PBT(3) 45 195
PEE/600/57 wt%PBT(2) 45 195
PEE/600/67 wt%PBT(3) 45 195
PEE/2000/41 wt%PB(2) 45 195
PEE/2000/57 wt%PBT(1) 45 195
PEE/2000/75 wt% PBT(1 45 195

3.2.1.2Synthesis of PEEs Based on Poly(butylene terephthalatand Poly(ethylene
glycol) at Constant Collected Methanol Volume Ratio

Firstly, 1,4butane diol, polyethylene glycoldimethyl terephthalatecatalyst and
stabilizng agent were added into1®0 ml reaction vesselThe temperature was set to
175°C in order to starthetransesterificatiostep When 75% of the methan@lalculated
according to theotizal volume of Me® by usingDMT amounj was collected in the
graduated tuhethe temperature wagaduallyincreased to 2208C. The reaction mixture
stayed at this temperature until the volume regimched38-92 %, and then the reaction
mixture was heated to 260C. It stayed & this temperature for one hour, latecuum
was applied. In 600 minutes, the pressure was decreased2® Znbar and when full
vacuum was reached, the temperature was increased once more 9. 280in the
previous procedure, the polycondeimatime was kept constant as 195 minub&sring
the reaction, the stirring rate was kept constant at 50 rpm.

Experimental details for the siyresis are given iAppendix A
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Table 3.11 PEEs with Different wt % PBT Ratios Mth are Synthesized ino@sant
VolumeRatio Reaction ©nditions

Sample Name MeOH_ Volume Duration o_f Duration o_f
Ratio (%) TE Step (min.) PC Step (min.)
PEE/1000/3t%PBT(5) 87.7 173 195
PEE/1000/49 wt%PBT(8) 88.6 165 195
PEE/1000/57 wt%PBT(3) 91.6 118 195
PEE/1000/75 wt%PB| 88.3 135 195

3.2.2 Preparation of PEE Nanocomposites

In the study, two methods weperformed to get PEE nanocomposites, hamebhgijtin
polymerization and melt intercalation.

3.2.21 Synthesisof PEE Nanocompositedy in-situ Polymerization

Narmocomposites of PEE synthesized in the study are showalile3.12.As in thecase
of synthesis of PEEs, mab of the nanocomposite syntheseere performed for the
purpose of determination of optimum reaction conditidi® calculation of duration of
transesterification and duration of polycondensatizais donein the same manneas
mentioned in the previous part.

Table 3.12PEE Nanocompost with 49 wt% PBT ntaining 05% and 1%Cloisite
30B

Temp. of Duration Temp.of Duration Duration at

Sample Name TE( EC) of TE PC(E,"C) of PC 280°C

(min.) (min.) (min.)
PEE/1000/49 wt%PBD.5%(1) 175 45 260-280 195 114
PEE/1000/49 wt%PBTL%(1) 175 22 260-275 171 -
PEE/1000/49 wt%PBTL%(2) 175 20 260275 240 -
PEE/1000/49 wt%PBTL%-(3) 175 23 260-275 240 -
PEE/1000/49 wt%PBTL%(4) 175 45 260-280 195 114
PEE/1000/49 wt%PBTL%(5) 175 45 260-280 195 117
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Table 3.13PEE Nanocompotgs with 57 wt% PBT Containing 0.1%, 0.3% and 3%
TBHDP-MMT

Temo. of Duration Temo. of Duration Duration at
Sample Name TE( E(':) of TE PC(E,’(':) of PC 280°C
(min.) (min.) (min.)
PEE/1000/57 wt%PBD.1%(1) 175 108 260-280 195 46
PEE/1000/57 wt%PBD.3%(1) 175 98 260-280 195 47
PEE/1000/57 wt%PBD.5%/(1) 175 162 260-280 195 47

Table 3.14PEE Nanocomposisewith 75 wt% PBT Containing 01%, 0.3% and 6%
TBHDP-MMT

Temp. of Duration Temp. of Duration Duration at
Sample Name TE( E’)C) of TE PC(E’)é) of PC 280°C
(min.) (min.) (min.)
PEE/1000/75 wt%PBD.1%(1) 175 123 260280 195 47
PEE/1000/75 wt%PBT0.3%(1) 175 143 260280 195 62
PEE/1000/75 wt%PBD.5%(1) 175 126 260280 195 48

3.2.2.1.1 Synthesis of PEE Nanocomposites Based on Poly(butylene terephthajate
and Poly(ethylene glycol) at Constant Trasesterification Time

For the synthesis, firstly PE@smelt) and organoclay wereup into the reaction vessel
and mixed in the ultrasonic bath for 3 hours af®0The otherreactants, 14butane diol,
dimethyl terephthalatesatalyst andstabilizng agent were addedand heated to 17%C.
Transesterification timavas held constant as 45 minutis all the nanocomposite
synthesis and then the temperature was increased to°@6fdr the polycondesation
step The reaction mixture was stirred at this temgture for one houand then the
temperature was séb 280 °C. When the temperatuneached 28C0C, vacuumwas
applied andthe pressure waglecreased to -2.5 mbar in 6670 minutes. The
polycondensation time was held stent as 195 minute3he stirrirg rate was kept
constant at 50 rpm during reaction.

Experimental details for the preparation of nanocomposites are givgpéendix A
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Table 3.15 PEE Nanocomposites with 49 wt ®BT Ratios Which are ydthesizedat
Constant Transesterification Time d&ion Mnditions

Sample Name Duration of TE Step Duration of PC Step

(min.) (min.)
PEE/1000/4%t% PBT-0.5%(1) 45 195
PEE/1000/49 wt% PBT1%(4) 45 195
PEE/1000/49 wt% PBT%(5 45 195

3.2.2.1.2Synthesis of PEE Nanocomposites Based on Poly(butyteterephthalaté
and Poly(ethylene glycol) at ©nstant Collected Methanol Volume Ratio

1,4-butane diol was put into reaction vessatd thenthe organoclay(TBHDP-MMT)
was addedAt room temperature, the mixtureasmixed in the ultrasonic bath for hah
hour in order to dispersthe organoclay. Next, the other reactamtere added into the
vessein addition to catalyst and antioxidaartd theconstant volume ratiprocedure was
carried out in order tproduce thenanocomposites.

Detailed informatiorabout the synthesis of nanocomposites are givéppendix A

Table 3.16 PEE Nanocomposites with 57 wt BBT Ratios Which are y@thesizedat
Constant Volume Ratio Reactioro@itions

MeOH Volume  Duration of Duration of

Sample Name Ratio(%)  TE Step (min.) PC Step (min.)

PEE/1000/57 wt%PBD.1%(1) 91.7 108 195
PEE/1000/57 wt%PBD.3%(1) 90.7 98 195
PEE/1000/57 wt%PBD.5%(1) 90.7 162 195

Table 3.17 PEE Nanocomposites with 75 wt ®BT Ratios Which are y®thesizedat
Constant Volume Ratio Reaatidonditions

Sample Name MeOH_ Volume Duration qf Duration of
Ratio (%) TE Step (min.) PC Step (min.)
PEE/1000/75 wt%PBD.1%(1) 85 123 195
PEE/1000/75 wt%PBD.3%(1) 85 143 195
PEE/1000/75 wt%PB1D.5%(1) 87 126 195
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3.2.2.2 Prepaation of PEE Nanocomposites by Melt htercalation

Polyetherester basedanoomposites were prepared by melt intercalation in a twin screw
compounder (15 cc Microcompounder, DSM Xp)orEor compoundingthe process
temperaturewas set 15°C higher than Tm values whiciwere determined by DSC
analysisand mixing time was constant at 1.5 minui#se screw speedaskept @nstant

at 200 rpm.The molten product obtained from the barrel wésctedusingthe injection
molding instrument.

3.3Characterization Experiments

The mechanical behaviowf the synthesized nanocompositeaswvaluated by tensile
properties (tensile strength, GebRermegabos modul
Chromatography was used to determitiee molecular weightdistribution of the

syntesized polymersThe synthesized polymers were characterized by using-BTR

analysis. DSGanalyse were carried out to study the thermal properties. litiaddfor

the purpose of investigating the dispersion of clay particles in the polymdRay X

Diffraction, Scanning Electron Microscopy and Transmission Electron Microscopy were

used.

3.3.1 Mechanical Analysis
3.31.1 Tensile Tests

One of the most informative mechanical experiments in order to observe property
enhancement of the polymer is tthetermination of its stresstrain curve in tension. This

is usually done by measuring continuously the force developed as the sample is elongated
at constant rate of extension.

Tensile tests were performed at room terapge according to ASTM D559vith

Instron 5567 universatesing machine which is shown in Figure 3.Z&t Kocaeli
University, Chemical Engineering Department. Gauge length, crosshead speed and strain
rate were 25 mm, 5 mm/min, aBdnin.* respectively.
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Figure 3.3Instron 5567 Tengl Test Machine

3.32 Molecular Weight Determination

3.32.1 Gel Permeation Chromatography(GPC) Analysis

GPC is a type o$ize exclusion chroatographywhich is used for separation ahalytes

on the basis of size. Polymers can be characterized by a variety of definitions for
molecular weight including the number average molecwaight M,) the weight
average molecular weight (M the size average molecular weight,JMr the viscosity

molecular weight (M.

GPC Analyses were performed Kordsa Global R&D Center and the weight average
molecular weight (M) are given througkhe thesis.

3.3.3 Spectroscopic Analysis

3.33.1 Fourier Transform Infrared Spectroscopy i Attenuated Total Reflectance
(FTIR-ATR) Analysis

FTIR-ATR is a chemical analyticatechnique whichmeasures the infrared intensity
versus wavelength (wavenumben) light. The method relies on the detection of the
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vibration characteristics of chemical functional groups in a sample, so that it provides
sufficient information about the characterization of the polymer.

FTIR-ATR at Chemical Engineering Departmeimt METU was used in order to
characterize the polymer samples.

3.34 Thermal Analysis
3.34.1 Differential Scanning Calorimeter (DSC) Analysis

Differential scanning calorimetryDSC, is a thermoanalyticaltechniquein which the
difference in the amount dieatrequired to increase themperatee of a sample and
reference is measured as a function of temperature. The sample and reference are held at
nearly the same temperature during the experiment. When the sample undergoes a
thermal transition, the power to the two heaters is adjusted totheiepemperaturethe

sameand a signal proportional to the power difference is plotted.

This techniqueenablesne to measure the heat of transition and also to calculate Tm and
Tg values of the polymer sample. By this way, it is possible to detertmérifferent
phases of the polymer samples.

In this thesisstudy, differential scanning calorimetry analysis was performedhat

METU Central Laboratory. Measurements were carried out in the temperature range of

100 AC to 260 AC wi®d hAQ/ nhienatu mdge rinartdéeet roogen at mo
to compare the thermal properties of PEEs and PEE nanocomposites, double run was

done and Igss transition tempature and melting temperaturef the samples were

determinedhccording to second heating of eesamples ithese analyses.

3.35 Morphological Characterization
3.3.51 X-Ray Diffraction (XRD) Analysis

X-Ray Dfifraction (XRD) is a techniqueused in order tocharacterize intercalated
structuresin the case of XRD analysi since the multilayestructure is preserved in the
intercalated structures, the interlayer spacing is determimgdvhen the composite has
an exfoliated structure, no more diffraction peaks are visible in the XRD diffractograms.
It can alsobe a conclusion of large spacibgtween the layer®or in some cases, the
nanocomposite does not present ordering anymore sodpatls can be observed the
diffractogramg 2].

X-ray diffraction (XRD) patterns of organoclays and nanocompositescaeried outat

the Central Labortuary of METU which generates a voltage of 4% and current 40 mA
from Cu KUradiation sourc¢ &= 1.5418). The diffraction angle@as scanned from 1A
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to40 A wit hraeofan/nminng and a sThe distarsebetweenctiie 0 .
silicate layersvere calculated by usirgr a g g 6 swhiehdsgigeh asp n

ne= 2d sind

whe e |, n i s de griswavetegthdis thefintedager sparing, addes the
measured diffractiomngle For the purpose of ;Ray analysistensilebars were used
while the analyseof the orgaroclayweredone in powder form.

3.3.52 Scanning Electron Microscopy (£M) Analysis

SEM analysis is another method which is used to get information about theohogsph

of the nanocomposites. Thisethod can be basicallgxplained ashe scanning of a fine

beam of electrons across the surface of an opaque specimen to which a light conducting
goldfilm has been applied by evaporation.

For this study, alow voltage scanning lectron microscope at th&ETU Central
Laboratuarywas used fothe SEM analysis.

3.35.3 Transmission Electron Microscopy (TEM) Analysis

In order to confirm the mphology of the nanocomposites, TEM anab/seere
performedsince t yields information on thénternal structureof materials. TEM is a
microscopytechnique whereby a beam electronsis transmitted throgh an ultra thin
specimen, interacting with the specimen as it passes through. An image is formed from
the interaction of the electrons transmitted through the specimen; the image is magnified
and focusedonto an imaging device, such asflaorescentscreen, on a layer of
photographic film or to be detected by a sensor such &C® cameraViews of the

defect structure through direct visualization abnadit dimensions, polymeslay
interaction and distribution of the various phases can be understood by TEM Analysis.
For the preparation of the samples, fistiltra thin sectionsvith 100 nm in thickness

were cryogenically cut with a diamond knife ateanperature ofl 0 0. Afie€Cthat,the
samplegpreparedvere examined at an acceleration rate of 80 kVNAM .

3.40rganoclays

For the preparatiomnd synthesi®f nanocompositeswo different clays were used,
namely,Cloisite 30 B andodified Clay:.

Modified claywas synthesized by usitige procedure in the study of Ozkoc et[%8] at
Kocaeli University.As surfactant, Tributylhexadecylphosphonium bromidgHeBrP)
was used
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CHAPTER 4

RESULTS AND DISCUSSION

In this thesistwo different procedures were performed for the purpose of syntbksis
PEEs and PEE Nanocomposites. Before discussing the effect of soft segment length and
hard segment length on PE&sdaddition of organoclajnto polymers, the details of the
determination of redon conditions will be given.

4.1 Determination of Reaction nditions for Synthesis of Poly(ether/ester)s Based
on Poly(butyl ene terephthalate) and Bly(ethylene glycol)

For the purpose of determii@t of optimum reaction conditionstemperature of
transesterification and polycondensation were stulitistd

4.1.1Determination of Transesterification Temperature

The transesterification tempereguwas determined by observing the reaction mixture
during the experimentn the beginningthe temperature was det145°C as mentioned
inFaki r ov[IF butsttwascksgen that at this temperature only DMT starts to melt
and transesterification does raitcur no matter how much tinedapsed So,in order to
determine the temperaturé, was gradually increased andhe temperature at which
transesterificatin startswas observe. A few experiments were carried out and it was
concluded that 175C is a suitable temperature for the transesterificatorce it is
possible to observe thelease ofhe side produgtmethanol, from the reaction mixtuaé

this temperaturelhe graph of Temperatures. Volume of Methanoivhich was obtained
during the synthesis of PEE/1000/75 wt% RRYis shownFigure 41.
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Figure 4.1 Temperature vsVolume of Methanol Collected in the Synthesisf
PEE/1000/75 wt% PBT2)

4.12 Determination of Polycondensation Emperature

In the beginning of théhesis the polycondensation temperature was decatb0 °C
which was declared ifF a k i r o v [@3F andfewusgnthese were performed at this
temperature The mechanical properties of the polymesdich were synthesized
according to the procedunsere low, so in order toinvestigatethe effect of higher
temperatue in the polycondensation step, the temperature of the reaction mixture was
graduallyincreasedand it was observed that at 280 the torque of the reaction mixture
increagd dramaticallydue to increase in molecular weight and viscosityen it was
decided to have two polycondensation temperatimmehe reactiorprocedureas 260°C

and 280°C, respectively. At 260C, the polycondensation step began and the reaction
mixture stayedat this temperature for abobaone hour. Wen thevolume d the excess
1,4-BD which wascollected in the graduatedbe did not changeor when the desid
amount of methanol volume wasached the temperature of the reaction mixtuse
increasedo 280C andit stays at this temperature until the end of the readtioRigue

42 ATemper atTwrreg u & & .was hobseried during the synthesis of
PEE/1000/7®t% PBT (3) shows the effect of 28T in terms of increasi torque
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Figure 4.2 Temperature vslorque Gaph of PEE/1000/75wt% PB(B)

4.1.3 Determination of Tr ansesterification and Polycondensation ifne

In the literature[13, 46], since transesterification time is not mentioned, it was
ascertainedby performing a series of experiments at different reaction itond,
namely, the transesterification timeThrough the reactions, it was observed that the
molecular weights of polymers which had 45 minubédransesterification time were
higher so that for the first procedure, 45 minutes were chosdhedsansesterification
time.

For the second procedure, ingteaf constant transesterification time, constant volume
ratio oftheside product which is methanwhs determined as &R %.

4.2 Determination of Reaction Conditions br the Synthesis of Poly(ether/ester)
NanocompositeBased on Rly(butylene terephthdate) and Poly(ethylene glycol)

Sinceone ofthe ains of this study is to discuss the effect of introduction of organoclay
into polymer matrix, the synthesef the nanocomposites were perfornydusing the
samereaction conditiongxceptfor the organolay addition.

4.2.1 Determination of Organoclay

In order to obtain the nanocomposites without thermal degradation during the processing,

it is important to use a thermally stable organoclay. In this thesis, two different
organoclag, CloisiteE B @ndaModified Clay werestudiedoy TGA analysis.
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Figure 4.4 TGA Analysis of Modified ClafTBHDP-MMT)

In both figures, there are two characteristic peaks. In the case of CROStethe
degradation tempatures are 274.9€C and 355.47C, respectively. When modified clay
is concernedit is obviously clear thathere is a significant increase in terms of
degradation temperatures, namely 468®@2nd 516.34C.

In theresearchof Ozkoc[56], thermal stallity of Cloisite 30 B and modified organoclay
were studied by TGA analysiandit wasobserved thatumulative %weight loss at 280

°C for Cloisite 30 B and modified organoclase 7% and 1%, respectively.

As mentioned in the previous parts, the highesperatureralueduringthe synthesis of
PEE nanocompositeis 280 °C. Since thistemperaturevalue is higher than the first
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degradation temperature and very close to the second degradation temperature of Cloisite
30B, for the synthese modified clay s prefered.

4.3 Synthesis of PEEs Based on Bly(butylene terephthalate) and Poly(ethylene
glycol) and Influence of Hard Segment Lengthon Structure

In the study,two different procedures were used in order to get PEEsconstant
transesterificatin time and constawbllected methanololume ratio.In the beginning of

the study all PEEs weresynthesizedt constant transesterification time and mechanical
properties were studietHowever,since the results wernot good, a second procedure
was heded and was applied as mentioned in the previous parts. After the synthesis has
been completed, first mechanical propert@esl molecular weight determinatiavere
studied andincethe results were better compared to the first gréarghe second group
thermalanalyss wereperformedn addition to spectroscopimalysis

As mentioned in the experimental part, for each group having different hard segment
lengths, more than two experiments were performiedt in this section,he onesthat

were synthesied at the same reaction conditions, namely at constant transesterification
time and constamhethanololume ratio, are discussed.

4.3.1 Synthesis of PEEs with 37 wéo PBT
PEE/1000/37 wt % PBT (3) labeled ptymer was synthesized at constant

transestefication time whereasPEE/1000/37wt % PBT (5) labeled polymer was
synthesizedt constanmethanololume ratio.

Table 4.1Reaction Conditions dPEEs with 37 wbo PBT

Temp. of Duration Temp. of Duration  Duration
Sample Name b of TE b of PC at 280°C
TE(°C) . PC(C) . ;
(min.) (min.) (min.)
PEE/1000/37 wt%PBT(3) 175 45 260-280 195 121
PEE/1000/37 wt%PBT(5, 175220 173 260-280 195 49

In Table 4.1, the first significant differencetise duration of transesterificatioime, the
first one is 45 minutes while the second one is 173 minlesng the synthesis of
PEE/1000/37 wt% PBT (3), when the temperature was set to 2€) the ratio of
methanol collected in thgraduated cylinder to the thetdoal volume of methanolvas
67.5%. In the case d?EE/1000/37 web PBT (5), that ratio was37.7 %, nearly 20%
higher.
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Another difference between the reaction conditionghis duration at 280°C. The
duration of polycondensation time was kept constant bu?Ekt/1000/37 wéo PBT (3),
duration at 280°C is 121 minuteswhile the duration at 280°C is 49 minutesfor
PEE/1000/37 W&o PBT (5).

The effects of these two parameters were investigated in terms of mechanical properties
and molecular weight determination in orde dedéde whether it is worthio synthesize
PEE nanocomposites or not.

4.3.11.Tensile Tests

Since #ressstrain curves provide infmation about the response of polymer to an
applied stress, tensile strestgain curveof PEEs with different PBT Wi are dfferent
from ead other as shown in Figusd.5-4.30.

Stressvs. Percentage Strain grapfor PEE/1000/37 wéo PBT (3) and PEE/1000/37 wt
% PBT (5) aregivenFigure 4.5and Figure 4.6
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Figure 4.5 Stress vsPercentage Strai@raph ofPEE/1000/3Wt % PBT (3)
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Figure 4.6 Stress vsPercentage Strai@raphof PEE/1000/37 w¥ PBT (5)

As shown in Table.2, two PEE samples have very close mechanical properties in terms
of Youngdés modul us and t e n%PBT(® sampleg mrgt h
higher exension value.

Table 4.2Mechanical Properties of PEEsating 37 wt% PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/37 wt%PBT(3 78 9.3 338
PEE/1000/37 wt%PBT(5 7.0 8.8 412

4.3.12 GPC Results

Table 4.3 gives the weigth average molecular weight resulBE&fs Having 37 wto
PBT.

Table 4.3Weight AverageéMolecular Weight Rsults ofPEEs Hiving 37 wit% PBT

Sample GPC Result (Mw)
Name

PEE/1000/37 wt%PBT(3) 495x10"
PEEN000/37 wt%PBT(5) 1.23x10°
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When the molecular weight is concerned, the one synthesized at constant volume ratio
has betr results as shown in Table 4.3Bhis result is relatedo the duration of
transesterificationstep As the ratio of methanol volumeollected inthe graduated
cylinder increaseghe molecular weight increases. For the other parameter, duration at
280 °C, it is difficult to give a general conclusiohbut it is obvious that the effect of
duration of transesterification is greater thia@duration at 280C.

For PEE having 37 wt% PBT,it is clear thatboth procedures resulted ipoor
mechanical propertied hese results can be attributed to the low content PBT in IPEE.
should be mentioned that when the ratio of hard segment istlawifficult to obtain
thermoplastic elastomer with good mechanical properties as discusted studies in
the literaturg13].

4.3.2Synthesis of PEEs with 49 wi PBT
For this group of PEEs, PEE/1000M®©% PBT (7) poylmer was synthesized atnstant

transesterification time and PEE/100®/wt % PBT (8) polymer was synthesized at
constanmethanololume ratio.

Table 4.4 Reaction Conditions d?EEs with 49 wo PBT

Temn. of Duration Temp. of Duration  Duration
Sample Name P of TE b of PC at 280°C
TE(°C) . PC(C) . ;
(min.) (min.) (min.)
PEE/1000/49 wt%PBT(7) 175 45 260-280 195 121
PEE/1000/49 wt% PBT(8 175220 165 260-280 195 52

When the two reaction conditiongre compared, the first significant diffence isthe
duration of transesterification timéhe first one is 45 minuteswhile the second one is
165 minutesFor thesynthesis oPEE/1000/49t % PBT (7), when the temperature was
set to 26(°C, the ratio of methanol collected in the graduatdihdgr tothe theorécal
volume of methanol waé5.1 %. In the case oPEE/1000/49wt % PBT (8), that ratio
was88.6%, nearly 2% higher.

In addition, the duratiors at 280 °C are distinctly different The duration of
polycondensation time was kept camdtas in the case of other synthedmsit for
PEE/100049 wt% PBT (7), the duration at 28CC is 121 minutes while théuration at
280°C is52 minutes forPEE/1000/49vt % PBT (8).

The effecs of these two parameteree@nalyzedin terms of mechanicglroperties and
molecular weight determination
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4.3.21 Tensile Tests

Tensile test results are given in Figure 4.7 and 4.8.
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Figure 4.7 Stress vsPercentage Strai@raph of PEE/100049 wt% PBT (7)
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Figure 4.8 Stress vsPercentage Strai@raphof PEE/1000/49 w PBT (8)
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Table 4.5Mechancal Roperties of PEEs &liing 49 wt% PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/49 wt%PBT(7) - 4.2 8.33
PEE/1000/49 wt% PBT(8) 1195 1377 488

From the Bble4.5 it is clear thaPEE/1000/49 w6 PBT (8) which wassynthesized at
constant volume ratio has better mechanical propestes)compared tdPEE/1000/49
wt % PBT(7). The effect of duration of transesterification is obviguslear for PEEs
having 49 wt% PBT.

4.3.2.2GPC Results

Table 4.6 gives weight akege molecular weights of PEEs witB wt% PBT.

Table 4.6Weight Average Molecular WeighteRultsof PEEs Hiving 49 wt% PBT

Sample GPC Result
Name (Mw)
PEE/1000/8 wt%PBT(7) -
PEE/1000/49 wt% PBT(8) 3.955x1d

The mechanical properties ¢fEE/1000/49 wt% PBT (7) was very poorthus the
molecular weight determination was damdy for PEE/1D00/49 wt% PBT (8).
4.3.3Synthesis of PEEs with 57 wéo PBT

Similar to other synthesjsalthough more than two reactions had been performed, only

two samples, namehREE/1000/57 w€b6 PBT (2), at canstant transesterification time,
andPEE/1000/57 w# PBT (3), at constanvolume ratioare discussed in this part.
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Table 4.7 Reaction ©nditionsof PEEs Hving 57 wt% PBT

Temp.of Duration Temp. of Duration Duration
Sample Name or of TE : of PC at 280°C

TECC)  (miny  PCO) (iny (min.)
PEE/1000/57 wt%PBT (2 175 45 260-280 195 116
PEE/DD00/57 wt%PBT(3) 175220 118 260-280 195 52

In terms of duration of transesterification time, there is a significant difference between
thetwo synthesg, 45 min. and 118 min., respectiveljor PEE/1000/57 wbbo PBT (2),

the ratio ofmethanol collect# to the theottical volume of methanol was 64% while it
was 91.6% for PEE/1000/57 wt% PBT (3). As in the other synthesis, the
polycondensation time was kept constdnit the duration at 288C is longer for the
synthesis at constant transesterificatiame thanthe synthesis at constant volume ratio.

4.3.31 Tensile Tests
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Figure 4.9 Stress vsPercentage Strai@raph ofPEE/1000/57 w6 PBT (2)
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Figure 4.10Stress vsPercentage Strai@raphof PEE/1000/57 w¥o PBT (3)

In the tensile analsis of PEE/1000/57 webo PBT (3), the samples slipped out from the
gaps for two times, siine mechanical properties are not given in Table 4.8

Table 4.8Mechanical Popertiesof PEEs Hving 57 wit% PBT

Sample Young's Tensile Percentage

Name Modulus Strengh Elongation at
(MPa) (MPa) Fracture (%)

PEE/1000/57 wt%PBT(2) 1266 1238 212

4.33.2 GPC Results
Although the mechanical analysis resultsREE/1000/57 wo PBT(3) could not be

obtained, from Table 4.9, it is clear that molecular weaH?EE/1000/57 wto PBT(3)
is approximately 2.5 times higher than PEE/1000/5%vRBT(2).

Table 4.9Weight Average Molecular WeighteRultsof PEEs Hwving 57 wt% PBT

Sample GPC Result
Name (Mw)
PEE/1000/57 wt%PBT§2 5.357x10
PEE/1000/57 wt% PBT{3 1.40x16
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4.34 Synthesis of PEEs with75wt % PBT

For this group of PEEPEE/100075 wt % PBT (3) polymer isthe one which is
synthesized at constant teasterification time whereasPEE/100075 wt % PBT (5) is
the one synthesized at constarhanolvolume ratio. The reactioconditions are given
in Table4.10

Table 410Reaction ®nditionsof PEEs with 75 wo PBT

Temp. of Duration Temp. of Duration  Duration
Sample Name b of TE b of PC at 280°C
TE(°C) . PC(C) ) :
(min.) (min.) (min.)
PEE/1000/75 wt%PBT(3 175 45 260-280 195 116
PEE/1000/75 wt%PBT(5 175220 135 260-280 195 46

In Table 4.10 when the two reaction conditins ae studied, the first significant
difference ighe duration of transesterificatn time,thefirst one is 45 minuteshile the
second one is 135 minutd3uring the synthesis of PEE/1000/#% % PBT (3), when the
temperature was set to 28D, the ratio of methanol collected in theduated cylinder to
the theoretial volume of methnol was72.30%.In the case oPEE/100075 wt % PBT
(5), that ratio wa$88.3%.

Another difference between the reaction conditionghis duration at 280°C. The
duration of polycondensation time was kept constauttfor PEE/100075 wt % PBT (3),
the duration at 280°C is 116 minutes whereas theluration at 28CC is 46minutes for
PEE/100075 wt % PBT (5).

The effects of these two parameters were investigated in terms of mechanical properties
and molecular weight determination in order to decale the synthesis ofPEE
nanocomposites.

4.3.41 Tensile Tests

Figure 4.11 and 4.12 shdBiress vs. Strai(?o) curves and test results are given in Table
4.11.
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Figure 4.11Stress vsPercentage Strainr@phof PEE/1000/75 w¥ PBT(3)
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Figure 4.12Stress vsPercentage Strain GraphREE/1000/75 w¥ PBT(5)

Table 4.11Mechanical Properties 6fEEs Hving 75 wt% PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/75 wt%PBT(3) - 12.8 20
PEE/1000/75 wt%PBT(5) 1949 32.4 672
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In terms of mechanical behaviouREE/1000/75 wlo PBT (5) has superior properties
compared tdPEE/1000/75 web PBT (3). Quite obvious is the difference in the tensile
strength and elongation at fracture data whenpawed with the ones in the study of
Fakirov[13]. In that studythetensile strength (in MPa) and the elongation at fracture (in
%) are 27.8 and 499, respectively. FBEE/1000/75 w6 PBT (5), the strength is 32.4
MPa and elongation at fracture is 672%.

4.34.2 GPC Results
Table 4.12 gives the weight average molecular weigbtiltsof PEEs having’5 wt %

PBT.

Table 4.12Weight Average Molecular WeighteRultsof PEEs Having5 wt % PBT

Sample GPC Result
Name (Mw)
PEE/1000/75 wt%PBT{3 4.88x1d
PEE/1000/75 wt% PBT{5 1.12x16

4.35 Influence of Hard Segment Length on Structure of Poly(ethetester) Based
Thermoplastic Elastomers

In order to discuss theffect of hard segment length,series of poly(etherster)s based

on poly(butylengerephthalate) and poly(ethylene glycol) were synthesized according to
the two different reaction conditions which veediscussed ithe previous partsin the
synthesis, the soft segment lengths were kept constant by using PEG with molecular
weight of 1@0 gr/mole while the contentef hard segment were variém 37 to 75 wt

%.

4.3.5.1Mechanical Properties

4.35.1.1 Tensile Tests

For PEEs which are synthesized at constant transesterification time, the effect of hard
segment lenght is as expectstt it is obviously clear that as the length of hard segment,

in other words wt % of PBT, increases, tensilergfite increasesbut in the case of
PEE/1000/49 w&6 PBT (7), there is an unexpected decrease as shown in Figure 4.13.
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Figure 4.13TensileStrength ofPEEs Having Different Hard Segmergrigth
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Figure 4.14Elongation at Fracturef PEEs Having Different Hard Segmergrigth

With the increase of PBT v, % elongation at fracture decreasbat there is a sharp
decrease whiclis not exgcted.This obvious difference can be explained by very low
tensilestrength of PEE having 49 W& PBT.

When the second procedumnstanimethanolvolume ratio,was appliedthe trend was
in the same mannes inthe studies oSzymczyk[47] and Fakire [13]. In other words,
the studyshowed that tensile strengthluesincreasedvith the increase of hard segment
conteng sincethe degree of crystallinity increasas shown latedn addition, it should be
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mentioned that weigtdverage molecular weigbf PEEs increase significantly when the
second procedure was used.
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Figure 415 Tensile Strengtlof PEEs Having Different Hard Segmergrigth

The tensile strength of PEE with 75 % PBT has a value &2.3 MPa which is about
3.5 timeshighe than he one with 37 wd PBT.
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Figure 4.16 Elongation at Fracturef PEEs Having Different Hard Segmergrgth
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In the studythe decrease of elongation at fracture was expected with the increase of PBT
wt%as di s cus s esuidy[18].Hdwavkrjthe differénge in elongation data is
obvious.From Figure 4.16, it is clear that as the percentage of PBT increases, elongation
at breakalso increasesThis result may be explained in terms thfe degree of
crystallinity.

When mechanical analysis resute compared wit the ones in Falo v 8tiedy [13, it
is seen that the tensile strength of PEE having 75 wt% PBT is greater and in terms of
elongationat breakthe percentage Isettersinceti i s 499 study. Faki rovds

4.35.2 Thermal Analysis

4.3.5.21 DSC Analysis

The first cooling and second heating scans were used to determine the melting and
crystallization peaks.

In the study ofFakirov [13, in order to study thermal properties of PEEs, DSC analysis
wasdone and DSC traces ajiven inFigure4.17.
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Figure 4.17 DSC traces of the homopolymers and poly(ether/ester)s synthesized with
different contents of wt% PBT: 0(A); 24% (B); 49% (C); 57% ;(I0%% (E); 79% (F);
100% (G) [13.
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Table 4.13DSC Dateof SynthesizedPEEs

Sample Tg (PEG) Tm (PEG) Tg(PBT) Tm (PBT)
Name C) °C) °C) (°C)
PEE/1000/37 Wt%PBT (5) 473 73 - 1752
PEE/1000/49 wt% PBT (8)  -48.0 - - 1919
PEE/1000/57 Wt%PBT (3) 4638 - - 2086
PEE/1000/75 wt %PBT (5)  -363 ; ; 2130

From Table 4.13, although the vakifor 37 wi% PBT and 49 w¥% PBT are very close,

it is possible to observe the shift of glass transition temperatures of PEG towards higher
values. This result can be explained by the increase of soft amorphous phase of
amorphous PBT segmentssulting in a restriction of the polyether segment mobility
[13]. Another reason for the decrease can be the increase of the crystalline PBT fraction.
In other words, théeat capacity values at Tigcreaseas hard segment conténicreases

since the degree of phaseparation increases when PBT segment content incré&$es [

The only melt temperature of PEG was observed ifD®€ curve of the PEE with 37 wt
% PBT as 7.3C. Since the melt temperature of pure PEG iB413, it is in the
accepted range. On tlmther DSC curves, no melting pealas detectedor PEG This
resultindicated that PEG units cannot aggregate to form crystallinerreg they were
present in lowconcentration.

As the PBT segment length increases, melting point of PB€ases dramiaglly owing
to higherdegree of crystallization.

4.3.5.3Spectroscopic Analysis
4.3.5.3.1FTIR-ATR Analysis

The synthesized PEEs were characterized by TR measurementshe signals at
2900 cm™ are due to the presence of methylene bonds aod e length of PEG was
kept consint, intensities of the spectsethe nearlythe same Absorption bands at 1718
cm® are attributed to carbonyl groups in the structure. The multiplets in the region
between 1300 and 1100 ¢nare assigned to skeletalbrations of ester and ether
fragments.The bands afl520 cni are due to stretching vibrations of carkmarbon
bonds of terephthalic benzene ring. The aromatic cahnlgdrogen bonds are observed at
1000 cnf.

In the studiesof Fakirov [13 48], it was chimed that théncreaseof PBT content in the
structures results in abrupt increase in the intensity of bands at 1520 and 1080d¢m
wasadded that the change could be used to prove the presence of hard segment fraction
in the structure. The change the intensities of bands at 1000 tareobservedhere as

well, but the changes in 1520 €rnan not be detected in Figure 4.18.
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Figure 4.18ATR Spectraof PEEs with Dfferent PBT wt%

4.4 Synthesisand Preparation of PEE Nanocomposites Based on di/(butylene
terephthalate) and Roly(ethylene glycol)

4.4.1 PEE Nanocompaites with 37 wt% PBT

For PEEs having 37 wio PBT, insitu synthesis of anocomposites was not performed
insteadjts nanocomposites were prepacedy by melt intercalation.

In order to get nanocomposites ¢TEE/1000/37 wt% PBT (5), polymer and
predetermined raount of modified organoclagTlBHDP-MMT), 0.1%, 0.3% and 6%

(all wt %), respectively, were mixeavith a twin-screw extruder and then injection
molded. The results of thensile tests on these materials are shown in Figure 4.19
through 4.21.
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44.1.1Tensile Tests
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Figure 4.19 Stress vsPercentage Straisraph of PEE/1000/37 w& PBT (5) +01%
TBHDP-MMT
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Figure 4.20 Stress vsPercentage Straisraph of PEEL1000/37 wt% PBT (5) +03%
TBHDP-MMT
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Figure 4.21 Stress vsPercentage Straisraph of PEE/1000/37 w# PBT (5) +05%
TBHDP-MMT

4.4.2PEE Nanocompaiteswith 49 wt % PBT
Since tensile test results ®EE/1000/49 wto PBT (8) were not so good, only nel

intercalation method was used to obtain PBBEatomposites having 49 ¥ PBT and
the efects of addition of organoclay are discussed.

44.2 1Tensile Tests
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Figure 4.22 Stress vsPercentage StraiGraph of PEE/1000/49 w¥ PBT (8) + 01%
TBHDP-MMT
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Figure 4.23 Stress vsPercentage StraiGraph of PEE/1000/49 w# PBT (8) + 03%
TBHDP-MMT
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Figure 4.24 Stress vsPercentage StraiGraph of PEE/1000/49 w# PBT (8) + 05%
TBHDP-MMT

4 4.3PEE Nanocomposites ldving 57 wt% PBT

PEE/1000/57 wéo PBT (3) gave better results than the other two grouesPEES with

37% and 49% so, for this group of PEE, both -gitu polymerization and melt
intercalation methaglwereused in order to get PEE nanocomposites.
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4.4.3.1Synthesis of PEE Nanocomposites &l/ing 57 wt% PBT

Synthesis of PEE nanocomposites were peréal by using the same procedure of
PEE/1000/57 wéo PBT (3) excepffor the addition othe organoclay. Different from the
neat polymer synthesis, in the beginning of the experimenBR,4nd @ganoclay were
mixed atroom temperature for 30 minutes in the ultrasonic bath in order to digperse
organalay. Then, the other reactants were addedtasime procedure was followed to
synthesize theanocomposites.

The reaction conditiornare show in Table4.14

Table 4.14Reaction ©nditionsof PEE Nanocompositesading 57 wt% PBT

Temo. of Duration Temo. of Duration Duration at
Sample Name P of TE P of PC 280°C
TE(°C) . PC(°C) . ;
(min.) (min.) (min.)
PEE/1000/57 wt%PB™D.1% 175 108 260-280 195 46
PEE/1000/57 wt%PBD.3% 175 98 260280 195 47
PEE/1000/57 wt%PBD.5% 175 162 260-280 195 47

For the synthesis d?EE/1000/57 w% PBT-0.1 %, when the temperature was set to 260

°C in order to begin polycondensation sté tatio of volume of methanabllectedto

the volume of theoretical one was 91,7%hereasit was 90.7% for the case of
PEE/1000/57 wt% PBT-0.3%. When these two ratios are taken into consideration,
duration of transesterification tireéor two nanocompsites werenot so differentbut it
should be mentioned that for the nanocomposite having 0.5% organoclay, with the
increase of organoclagontent duration of transesterification increases significantly
because the same ratio of methanol wakectedfor PEE/1000/57 wt% PBT-0.5%
(90.7%) nearly one hour later compared to th&BE/1000/57 w¥ PBT-0.3%.

Except fortheduration of transesterification time, the other reaction conditions are nearly
kept constant for the synthesis of nanocomposites ierota discuss #n effect of
organoclay contertress vs. Strain (%) curves for this set of samples are shown in
Figures 4.25 through 4.27.

44.3.1.1Tensile Testsof Synthesized PEE Nanocomposites

Tensile analysis results of PEE nanocomposites ar@e giveugh Figure 4.25, 4.26 and
4.27.
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Figure 4.25 Stress vs.Percentage StraiGraph of PEE/1000/57 wt% PBT-0.1 %
TBHDP-MMT
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Figure 4.26 Stress vs.Percentage StraitGraph of PEE/1000/57 w% PBT-0.3%
TBHDP-MMT
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Figure 4.27 Stress vs.Percentge Strain Graph of PEE/1000/57 w¥ PBT-0.5%
TBHDP-MMT

44.3.2 Preparation of PEE Nanocomposites ldving 57 wt % PBT by Melt
Compounding

PEE/1000/57 webo PBT (3) and predetermined amount of organoclayl%, 0.3% and

0.5%, were mixed by usingpetwin-screw extrudein order toobserve the effects of melt
compoundingvs. insitu polymerization. The results of the tensile tests on melt
compounded materials are displayed in Figures 4.28 through 4.30. These results are
compared later.

44.3.2.1Tensile Tests ofMelt Compounded PEE Nanocomposites

Tensile analysis results of PEE nanocomposites are given through Figure 4.28, 4.29 and
4.30.
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Figure 4.28 Stress vsPercentage Straidraph of PEE/1000/57 wéo PBT (3) +01%
TBHDP-MMT
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Figure 4.29 Stressvs. Percentage StraiGraph of PEE/1000/57 wéo PBT (3) +0.3%
TBHDP-MMT
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Figure 4.30 Stress vsPercentage Straisraph of PEE/1000/57 wéo PBT (3) +05%
TBHDP-MMT

4.4.4PEE Nanocomposites having 75 wk PBT

As shown in the previous part, mechanjgalperties of EE/1000/75 w&b6 PBT(5) gave
goodresults soas in thecase of PEEs having 57 wt P8T, both insitu polymerization
and melt intercalation methedvere used in order tmbtain PEE nanocompositesnd
comparethe effecs ofthe process method

4.4.4.1Synthesis of PEE Nanocomposites having 75 W PBT

Synthesis of PEE nanocomposites were perfomed by applying the same procedure of
PEE/1000/75 wt% PBT (5) exceptfor the organoclay addition. Before starting the
experiment, 14D and organoey were mixed at room temperature for 30 minutes in
the ultrasonic bath in order to dispetkeclay. Then, the other reactants were added and

thesame procedure was followed to et PEE nanocomposites.

The reaction conditions are shown in the Talblé.
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Table 4.15Reaction ©nditionsof PEE Nanocompositesading 75 wt% PBT

Temp. of Duration Temp. of Duration Duration at
Sample Name b of TE b of PC 280°C
TE(°C) . PC(°C) . X
(min.) (min.) (min.)
PEE/1000/75 wt%PBD.1% 175 123 260280 195 47
PEE/1000/75 wt%PBT0.3% 175 143 260280 195 62
PEE/1000/75 wt%PB™D.5% 175 126 260-280 195 48

For the synthesis dPEE/100075 wt % PBT-0.1% and PEE/1000/7%t % PBT-0.3%
when the temperature was set to 260n order to begin@ycondensation step, the ratio
of volume of methanotollectedto the volume of theoretical one was 85%hereast
was 88.3% for PEE/10018 wt % PBT-0.5%.

Except for duration of transesterification tintke other reaction conditions veenearly

kept constant for the synthesis of nanocomposites in orderotoparethe effect of
organoclay ratiosThe results of the tensile tests on these samples are shown in Figures
4.31 through 4.33. The results are compared later.

44.4.1.1Tensile Tests of Synthsized PEE Ninocomposites

45
40 -
35 -
< 30 -
= 25 -
20 -
15 -
10 -

Stress (MP.

0

100 200 300 400 500 600 700 800
Percentage Strain (%)

Figure 4.31 Stress vs.Percentage Strain r&ph of PEE/1000/75 wit% PBT-0.1%

TBHDP-MMT
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Figure 4.32 Stress vs.Percentage Strain Graph &EE/1000/75 wt% PBT-0.3%
TBHDP-MMT
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Figure 4.33 Stress vs.Percentage Strain r&ph of PEE/1000/75 wt% PBT-0.5%
TBHDP-MMT

44.4.2 Preparation of PEE Nanocomposites tving 75 wt % PBT by Melt
Compounding

PEE/100075 wt % PBT (5) and predetermined amount of organogl@yl%, 0.3%or
0.5%, were mixed by usinthe twin-screw extrudeard then injection moldeah order to
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compare the effects of process method. The sstess curves of the materials are
displayed in Figures 4.34 through 4.36. The results are compared later.
4.4.4.2.1Tensile Testof Synthesized Nanocompositesaving 75 wt % PBT

Tensile analysis results of PEE nanocomposites are given through Figure 4.34, 4.35 and
4.36.

Stress ( MPa)
N
o

0

0 100 200 300 400 500 600 700 800

Figure 4.34 Stress vsPercentage Strainr&ph of PEE/1000/75 wt%PBT (5) + 0.1%
TBHDP-MMT
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Figure 4.35 Stressvs. Percentage Strainr@h of PEE/1000/75 wi%o PBT (5) + 0.3%
TBHDP-MMT
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Figure 4.36 Stressvs. Percentage Strainr@h of PEE/1000/75 wfo PBT (5) + 0.5%
TBHDP-MMT

4.4.5 Influenceof Organoclay Content on the Structure of Poly(ether-ester) Based
Thermoplastic Elastomers

4.4.5.1 Mechanical Analysis
4.45.1.1 Tensile Tests

As in the study ofSzymczyk[55], in 2012, it was expected that the polymers having
different organoclay ratiosvould show better results in terms of Tensile Strength
compared to that of neat polymers but in fhresentstudy, with the increase of
organoclaythe tensile strength deeased as shown in Table 4.16 and Figures 4.37 and
4.38.

Elongation at fracture datade¢o a conclusion which is not surprisifithere is a gradual
decreasén elongation at fracterdecrease witlthe increase of organoclay content
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Table 416 Mechanical properties dflelt CompoundedEE Nanocompositesading 37
wt % PBT

Sample Young's Tensile Percentage
Name Modulus  Strength Elongation at
(MPa) (MPa) Fracture (%)

PEE/D00/37 wt%PBT(5) 7.0 8.8 412
PEE/1000/37 wt%BT(5) + 01% 6.7 8.2 346
PEE/1000/37 wt%PBT(5) + 8% 6.0 7.7 380
PEE/1000/37 wt%PBT(5) + 5% 6.18 76 369
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Figure 4.37 Tensile Strength of PEE anklelt CompoundedPEE Nanocomposites
Having 37 wi% PBT
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Figure 4.38 Elongation at Fracture (%) of PEE andelt CompoundedPEE
Nanocomposites Having 37 Wi PBT

Table 4.17Mechanical Poperties oMelt CompoundedPEE Nancomposites ldving 49
wt % PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/49 wt% PBT(8) 1195 13.7 488
PEE/1000/49 wt% PBT(8) + D% 1158 12.5 361
PEE/1000/49 wt% PBT(8) + 8% 1115 11.8 257
PEE/1000/49 wt% PBT(8) + 8% 8.31 8.8 222

According to Table 4.17when the organoclay content increases, tensile strength
decreases. Considering the elongation at fracture, as the orgacmulegtincreases, the

elongation at fracturdecreases as expectdthese results are displayed in Figures 4.39
and 4.40.
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Figure 4.39 Tensile Strength of PEE and PEE Nanocomposites Having 49RBT
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Figure 4.40 Elongation atFracture(%) of PEE and PEE Nanocomposites Having 49 wt
% PBT

The mechanical properties for-&itu polymerized PEE nanocomposites having 5®4avt
PBT are bown in Table 4.18, and Figures 4.41 and 4.42.
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Table 4.18Mechanical properties fdn-Situ Polymerized®EENanocomposites &ling
57 wt% PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/100087 wt%PBT0.1% 1406 24.0 843
PEE/1000/57 wt%PBD.3% 1210 27.1 980
PEE/1000/57 wt%PBD.5% 1211 28.9 991

As shown in Table 4.18with the increase of organoclagontenf tensile srength
increases as expected.s@irprising result was obtained whtre elongation at fracture
datawere comparediecause contrary to the other results of nanocompaosites prepared by
melt intercalation, nanocomposites of PEEs having 5PowWPBT displayedimproved
results. When the organoclay ratio was increased from 030%86, elongation of the
nanocomposite is slightly influencetiut the change from 0.1% to 0.3%dld¢o an
important difference.
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Figure 441 Tensile Strength dh-Situ Polymerized®EE Nanocomposites Having 57 wt
% PBT
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Figure 4.42 Elongation atFracture (%) of In-Situ PolymerizedPEE Nanocomposites
Having 57 wt% PBT

Table 4.19Mechanical Poperties ofMelt CompoundedPEE Nanocompositesading 57
wt % PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/57 wt%PBT(3)+0.1% 1494 22.6 879
PEE/1000/57 wt%PBT(3)+0.3% 1452 25.1 947
PEE/1000/57 wt%PBT(3)+0.5% 1385 25.8 965

As shown in Table 49 and Figures 4.43 and 4. Athere is a slight increase between
PEE/1000/57 wfo PBT+ 03 % andPEE/1000/57 web PBT+ 0.5% in terms of tensile
strength and elongatiphut when the nanocomposites having 0.1% and 0.3% organoclay
are concerned, a significant difference is observed.
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Figure 443 Tensile Strength oMelt CompoundedEE Nanocompaositddaving 57 wt
% PBT
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Figure 4.44 Elongation atFracture (%) of Melt CompoundedPEE Nanocomposites
Having 57 wt% PBT

Table 4.20 and Figures 4.45 and 4.46 display the results on mechanical properties of in
situ polymerized PEE nanocomposites havingW¥% PBT.
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Table 420 Mechanical Properties dh-Situ Polymerized®EE Nanocompositesaiing
75 wt% PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/75 wt%PBT(5) 19.5 32.4 672
PEE/100075 wt%PBT0.1% 19.9 38.7 687
PEE/1000/75 wt%PBD.3% 16.7 30.0 758
PEE/1000/75 wt%PBD.5% 20.3 30.3 629

It is obvious that in terms of tensile strength and elongation at break, there is not a general
trend. Considering the tensile strendg#tE/100075 wt % PBT-0.3% and PEE/1000/75

wt % PBT-0.5% have nearlyhe same valuesand they are lower than that of neat
pol ymer 6s. T h €6 PBECELY h&nOcOmMpdshe isvitte only one which has
higher tensile strengththan that of the neat polymeAs show in the Table 4.20
PEE/1000/75 wtb PBT-0.3% has the highest elongatiahfracturewhile PEE/1000/75

wt % PBT-0.5% has théowest

Tensile Strength (MP
N
o

15 -

10 -

5 -

O -
PEE/1000/75 PEE/1000/75 PEE/1000/75 PEE/1000/75
wt%PBT(5) wt%PBT-0.1% wt%PBT-0.3% wt%PBT-0.5%

Figure 445 Tensile Strength of PEE and-Situ PolymerizedPEE Nanocomposites
Having 75 wt% PBT
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Figure 4.46 Elongation at Fracture (%pf PEE andIn-Situ Polymerized PEE
Nanocomposites Having 75 64 PBT

Table 4.21 and Figures 4.47 and 4.48 display the results on mechaopeatips of pee
and melt compounded nanocompositagiing 75 wit% PBT.

Table 4.21 Mechanical Poperties of PEEand Melt CompoundedNanocomposites
Having 75 wt% PBT

Sample Young's Tensile Percentage
Name Modulus Strength Elongation at
(MPa) (MPa) Fracture (%)
PEE/1000/75 wt%PBT(5) 19.5 324 672
PEE/1000/75 wt%PB(b)+0.1%(1) 20.6 36.0 710
PEE/1000/75 wt%PB(b)+0.3%(1) 19.2 386 795
PEE/1000/75 wt%PB(b)+0.5%(1) 18.7 379 757

The nanocomposites &fEE/1000/75 weo PBT (5) which are prepared by mattixing

havehi gher tensile strength val usgroup bfan that o f
nanocomposites, it is clear that with the increase of tensile strength, elongation at fracture

also increases.
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Having 75 wt% PBT
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Figure 448 Elongation at Fracre (%) of PEE andMelt Compounded PEE
Nanocomposites Having 75 wt% PBT
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4.4.5.2 Thermal Analysis
4.4.5.2.1 DSC Analysis
4.4.5.2.1.1 PEE and PEE Nanocomposites Having 37 wt% PBT

Considering thermal behaviours, it was concluded that silicateslajehe organoclays
do not affect glass transition temperatarel melting temperaturef the PEGrich soft
segment$5].

In the case of melting temperature of the PBT hard segment, the neat polymer and
nanocomposite having 0.1¥BHDP-MMT showed approxnately the same Tmvalue

but as shown in Table 4.2 is obvious thathe melting point of hard segment deases

as the content of organoclay increasesrhis result indicates that the addition of
organoclaydisturbs the crystallinity of PBT hard segrhand decreas¢he Tm value.

Table 422 DSC Dataof PEE andMelt Compounded®EE Nanocomposites Having 37 wt
% PBT

Sample Tg (PEG) Tm (PEG) Tg (PBT) Tm (PBT)
Name °C) °C) (°C) °C)
PEE/1000/37 Wt%PBT (5) 473 73 - 1752
PEE/1000/37 wt%PBT (5)0.1%  -46.9 8.2 - 173.3
PEE/1000/37 Wt%PBT (5)0.3%  -48.2 7.5 - 163.8
PEE/1000/37 Wt%PBT (5)0.5%  -46.9 8.2 - 1630

4.4.5.2.1.2 PEE and PEE Nanocomposites Having 49 %tPBT

The glass transition temperature due to PEG demealghtly with increasig
organoclay content as shown in Table 4.ZBese changeare essentially caused by
increasing contribution of organoclagntentsincethe organoclayestrics the motion of
the PEG soft segment.

When the melting taperature of PBT hard segment is cemed, a decreasg observed
as expectedsince crystallinity of PBTdecreasewith the addition of organoclayOn the
other hand, the Tm of PBT increases with increasing PBT contat Table 4.22 and
Table 4.23 are compared.
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Table 423 DSC Datasof PEE andMelt Compounded®EE Nanocomposites Having 49
wt % PBT

Sample Tg (PEG) Tm (PEG) Tg (PBT) Tm (PBT)
Name (°C) CC) C) (°C)
PEE/100049 wt%PBT (8 -48.0 - - 191.9
PEE/100049Wi%PBT (§ +0.1%  -49.0 - - 1890
PEE/100049Wt%PBT (§ +0.3%  -49.4 - - 186.5
PEE/100049 Wi%PBT (§ +0.5%  -49.9 - - 186.7

4.4.5.2.1.3 PEE and PEE Nanocomposites Having 57 ¥%tPBT

As shown in Tables 4.24 and 4.2%tlb for melt intercalation andgitu polymerization,
DSC curves did not show significant differeade terns of Tg temperaturef PEG in
PEE nanocomposites with different organoclay ratgisce thePEG contentvas low it

was not possible to observe melting temperaturéhfoPEG segment.

In terms of melting temperature tife PBT hard segment, ¢hsame result wasbserved

due to the addition of organoclay which restricts the crystallizatitimed?BT segment.

Table 424 DSC Dataof PEE andMelt CompoundedEE Nanocomposites Having 57 wt
% PBT

Sample Tg (PEG) Tm (PEG) Tg (PBT) Tm (PBT)
Name °C) (°C) °C) °C)
PEE/100067 wt%PBT (3 -46.7 - - 208.6
PEE/100067 wWt%PBT (3+0.1%  -45.5 - - 1980
PEE/100087 Wi%PBT (3+0.3%  -45.8 - - 196.4
PEE/100087 Wt%PBT (3+0.5%  -46.4 - - 1950

Table 425 DSC Dataof PEE andn-Situ Polymerized®EE Nanocomposites Having 57
wt % PBT

Sample Tg (PEG) Tm (PEG) Tg (PBT) Tm (PBT)
Name °C) °C) °C) (°C)
PEE/100067 Wt%PBT (3 -46.7 - - 208.6
PEE/100087 Wt%PBT (3-0.1%  -45.7 - - 1950
PEE/100087 Wt%PBT (3-0.3%  -45.7 - - 194.0
PEE/100067 Wt%PBT 8) -0.5%  -44.7 - - 194.9
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4.4.5.2.1.4 PEE and PEE Nanocomposites Having 75 %tPBT

The DSC results of the nanocomposites having 7%wWRBT are shown in Table 4.26
and 4.27 For both melt intercalation and -gitu polymerization methods, the
nanocompsitewhich has lower glagsansitiontemperature than the neat polymePEE
with 0.3% organoclay contenftor others, it is possible to say that silicate layers of the
organoclays do not affedhe glass transition temperaturdhe Tg values of these
nanocomposites are the highest owing to the lowest PEG content.

In the case of melting temperaturetb& PBT segment, a significant difference was not
observedn contrastto the other PEE nanocomposites with lower PBPwIThis result
may be due to thePBT content In other words, theffect of organoclay became of
secondary importance compared to the effect of PBT hard segmoet&nt For this
reason,the mechanical properties of Hee group materials daot decrease with
increasing organoclay content.

Table 426 DSC Dataof PEEandMelt CompoundedPEE Nanocomposites Having wt
% PBT

Sample Tg (PEG) Tm (PEG) Tg (PBT) Tm (PBT)
Name (°C) °C) (°C) °C)
PEE/100075Wt%PBT (5 -36.2 - - 213.6
PEE/100075Wt%PBT (5 +0.1%  -34.6 - - 214.3
PEE/100075 Wi%PBT (5 +0.3%  -38.1 - - 213.6
PEE/100075Wt%PBT (5 +0.5%  -35.2 - - 212.6

Table 427 DSC Dataof PEE andn-Situ Polymerized®EE Nanocomposites Having 75
wt % PBT

Sample Tg (PEG) Tm (PEG) Tg (PBT) Tm (PBT)
Name (°C) (°C) (°C) (°C)
PEE/100075wt%PBT (5 -36.2 - - 2136
PEE/100075Wt%PBT (5 -0.1%  -35.0 - - 213.4
PEE/100075Wt%PBT (5 -0.3%  -454 - - 2120
PEE/100075Wt%PBT (5 -0.5%  -37.0 - - 213.6

4.4.5.3 Morphological Analysis
4.4.5.3.1 XRD Analysis
XRD analysis is an important db for nanocomposite research studies since it gives

valuable information about the dispersion of the organoclay into the polymer matrix.
With the help of XRD analysjst is possible to determine intercalated and exfoliated
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structures by dealing with th@osition, shape and intensity of the basal reflections from
the silicate layers of the organoclay.

As mentioned in the introduction patiere are three main types of composites when a
layered clay is associated with a polymenamely, phase separateédtercalated and
exfoliated structures.

In the case of phase separated compositese the polymer matriis not present in the
clay galleries, basal spacing shows no difference in the XRD patterns.

When intercalated composites are concerned, sinlgenpo matrix flows into the clay
platelets the platelets are periodically aligned and a reflection from the clay platelets is
observed. As the number of polymer chains in the clay galleries increase, interlayer
spacing incrases and this results as a ghiff the clay peak to lower angles.

For exfoliated nanocompositesp clay peak is determined in XRD patterns as polymer
matrix forces the clay galleries to disarrange and cause random dispersion of clay
platelets.

As mentioned in the previous partsnnaomposites of PEEs having 37%tPBT and 49
wt % PBT were prepared by melt intercalation and PEEs having 5@ RBT and 75 wt
% PBT were prepared bolly melt intercalation and #situ polymerization.

XRD analyse were carried out for alhesamples n t he angl-40°XRD range
patterns of both-10°and 40° are shown in the current study since in some cases it is
difficult to determine small peaks in the anglé&range of 110°.

4.4.53.11 XRD Analysis of Modified Clay

Modified clay (TBHDP-MMT) has f our di ffracti ohé %pre aBk8s

28& =189 . 7268 =°2vith. basal spacing of,d2.22, d,=1.12, = 0.45 d,=0.37 nm,
respectivelyFigure4.49 shows the XRay diagram of the modified clay.
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Figure 449 XRD Patterns oTBHDB-MMT Clay

The interlaye spacing results of organoclaye in accordance witthé data obtained
from thepreviousstudy[56].

44.5.3.1.2XRD Analysis Results of PEE Nanocomposites &l/ing 37 wt% PBT

Since the mechanical properties of PEE synthesizeradtant transesterification time

were poor, hanocomposites of PEE synthesized at comatthinolvolume ratio were
prepared by melt intercalationethodandanalyzed.
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Figure 4.9 and 4.51give the X-Ray diffradion curves of pure PEE and PEE/1000/37 wt
% PBT nanocomposites with 0.5 wt%organoclay loading. The curves show no

characteristic organocl!l 8y, inpther Wwads, ithe peakhe r ange of
corresponding to thbasal spacing havdisappeared, meaninibatthe exfoliation of the
organoclay occurred in the PEE matrix.

4.45.3.1.3XRD Analysis Results of PEBNanocomposites having 49 wi PBT

As in the case of 37 wt%®BT, nanasomposites of PEEs having 49 @t PBT were
obtained by melt intercalation.

From Figure 4.8 and 4.53 it is possible to say thaharacteristic peaks of organoclay
have disappeared witiéndicates the exfoliation of the organoclay.

Both PEEnanocompositesvith 37 wt % and 49 wt% PBT were poor in terms of

mechanical properties, so the organoclay dispersion in PEE were not crosschecked further
by performing SEM and TEM analysis.
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40000 = PEE/1000/49 wt% PBT(8)+0,3% MC
= PEE/1000/49 wt% PBT(8)+0,5% MC
35000 -

30000 - r\

20000 / \
15000 - \

5000 -

45000 -

Intensity (Au)
N
ul
o
o
o
\
/

Figure 4.52 XRD Patternsof Melt CompoundedNanocomposites of PEE/1000/49 4t
PBT
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Figure 4.53 XRD Patternsof Melt CompoundedNanocomposites of PEE/1000/49 %t
PBT

4.45.3.1.4XRD Analysis Results of PEE Nanocomposites having 57 44 PBT

PEE nanocomosites having 57 w¥ PBT were prepared by two methods namely by
melt intercalatiorand by insitu polymerization.

In Figure 454 and Figure 4.55or PEE with 0.10.5 wt% organoclay loadingsmall d,
peals which wereshiftedto the rightare observed t 2 ®d=0.9Bnm) a t8.72°¢ =
(d=1.01n m) and 74P (d=2.@+xm),8respectively. Tree resuls indicate that
agglomeration of a small part of the clay has occurred in the PEE nidigx.eason of
the agglomeration may be stacking of orgaapdalleries during the injection molding.
In addition, t is more obvious in Figure 4.5Bbat as the ratio of organoclay increases, the
shape of the peak changes from sharp to broad. Broader peaks réier several
intercalated structures witfifferert interlayer spacingthat were formed uting the melt
blending process.

Figure 4.56and 4.57 showthe X-Ray diffraction curves of pure PEE and PEE
nanocomposites with 0:A.5 wt % organoclay loading which we synthesized by igitu
polymerization. For lte one with 0.1 wit%, characteristic peaks of organoclay has
disappeared which implies the exfoliation of organoclay in the PEE matrix. When PEE
nanocompositewith 0.3 and 0.5 web are considereca smalld, peak was deteéed at

2 & =6(d2241 nmyand a2 & = 6 (d=2.43 nm) respectivelyrefering to intercalated
structures, but since only XRD patterns are not persuasive enough to characterize the
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structure of nanocomposgeSEM and TEM analysis weralso performed for PEE
nanocomposites which are prepd by different methods, namely, melt intercalation and
in-situ polymerization.
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4.45.3.15 XRD Analysis Results of PEE Nanocomposites having 75 %4 PBT

In case ofPEE nanocomposites having 75 wtPBT which were preparetboth by melt
intercaldion and insitu polymerization, characteristic organoclay peaks disappeared as

shown in Figure 4.584.61

Altough the lack of organoclay peaks in XRD patterefers to exfoliated sictures in
Figure 4.58 and 80, it is known that an immisicible or disordered samples may also give
a XRD pattern without any peakor that reason, TEM analysis of these nangmusites
wasalso performedo provide a qualitativenderstanding of the internal structure.
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Figure 4.58 XRD Patternsof Melt CompoundedNanocanposites of PEE/1000/75 Wb
PBT
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Figure 4.61 XRD Patternsof In-Situ PolymerizedNanocanposites of PEE/1000/75 W
PBT

4.4.5.3.2 SEM Analysis

It is well known thatXRD is most usefutool for the measurement of thesgacing of
orderedintercalated polymer nanocomposites with dag] but SEM and TEM analyse
are needed to see the whole picture.

For this purpose, first SEM analysaveredone onfractured surfaces of neat polymers
and nanocomposites to discuss the morpholagyther words, the dispersion of the
modified organoclay. The fractured surfaces were preparedaaking the samplessing
liquid nitrogen for allthe samples. SEM micrographs of all the samples are shown in the
thesis with magnification of x1000 and .

4.4.5.3.2.1PEE and PEENanocomposites with 3 wt % PBT

Figure 462 shows the micrographs of neat PEE/1000/5%6MRBT (3). Smooth surfaces
are observed with few crack propagation lines.
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Figure 4.62 SEM Micrographs of PEE/1000/57 Wb PBT(3) (a) x1000 magnification
(b) x10000 nagnification
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Figure 463 SEM Micrographs © In-Situ PolymerizedPEE Nanocompositega)
PEE/1000/57 wkb PBT-0.1 x1000 magnification (b) PEE/1000/57 w&o PBT-0.1 %
x10000 nagnification (c) PEE/1000/57 wt% PBT-0.3 % x1000 magnification (d)
PEE/1000/57 wo PBT-0.3 % x10000 magnification (e) PEE/Q0/57 wt% PBT-0.5 %
x1000 magnification, (fPEE/1000/57 w&o PBT-0.5% x10000 magnification

84



In Figure 4.63 &), fractured surfaces eafanocompsites with different organoclay ratios
which are synthesized bg-situ pelymerizatiorare shownFrom the &M images, it can
be concluded that modified nanoclays are ramlgiodispersed irthe polymer matrix
since the smooth surfacieglicatethe dispersed clay particles].

In addition, it is possible to olesve some domains in Figure 4.@3 and (d) which
shows the presence of hard blocks in polymer matrix.

Fractured surfaces of nanocomposites which are prepared by mellatiercare shown
in Figure 464 (af). The micrographs of Figure 4.6%) and (d) containing 0.1% and
0.3% show smooth surfaces it indicates the dispersion of clay baotthe case of
Figure 464 (f), it is difficult say that there is a homog®us dipersion of clay in the
polymer matrix.
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Figure 4.64 SEM Micrographs of Melt CompoundedPEE Nanocompositega)
PEE/1000/57 wt% PBT(3)+ 0.1 % x1000 magnification (b) PEE/1000/57 wt%
PBT(3)+01% x10000 nagnification (c) PEE/1000/57 wt% PBT(3)10.3% x1000
magnification (d) PEE/1000/57 w# PBT(3)+0.3 % x 10000 magnification (e)
PEE/1000/57 wt% PBT(3)+ 0.5% x1000 magnification, (f)PEE/1000/57 wt%
PBT(3)+0.5% x10000 magnificatin.
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4.4.5.3.2.PEE and PEE Nanocomposites with 75 w PBT

Figure 4.65SEM Micrographs of PEE/100056 wt% PBT(5) (a) x100Gnagnification
(b) x1L0000 nagnification

In Figure 4.65aDb), the fractured surfasef neat polymegareshown whileFigure 4.66

(af) representhe fracturedsurfaces of PEEs with organoclay loading varying from 0.1%
to 0.5% which are obtained by igsitu polymerization.Homogeneity ofthe surface
disappeared due tpoor organoclay dispersion. Agglomerates of organoclay were not
observed in the imageBracturedsurfaces of melt compounded PEE nanocomposite
shown in Figure 4.67f), showing the same trend as in situ nanocomposites.
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Figure 4.66 SEM Micrographs of In-Situ PolymerizedPEE Nanocompositega)
PEE/1000/75 wfo PBT-0.1 % x1000 magnification(b) PEE/1000/75 w#6 PBT-0.1 %
x10000 nagnification (c) PEE/1000/75 wi% PBT-0.3 % x1000 magnification (d)
PEE/1000/75 wéo PBT-0.3 % x10000 magnification (e) PEE/1000/75 %6tPBT-0.5%
x1000 magnification, (fPEE/1000/75 w& PBT-0.5% x10000 magnification
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Figure 4.67 SEM Micrographs of Melt CompoundedPEE Nanocompositega)

PEE/1000/75 wt%BT(5)+0.1% x 1000 magnification(b) PEE/1000/75 w¥6 PBT(5)+

0.1% x10000 nagnification(c) PEE/1000/75 wt%BT(5)+ 0.36 x1000 magnification
(d) PEE/1000/75 Wi PBT(5)+0.3% x 10000 magnification (e) PEE/1000/75 %tPBT

(5)+ 0.3 x 1000 magnification, (f)PEE/1000/75 wt% PBT (5)+ 0.5% x10000
magnification
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4.4.5.3.3 TEM Analysis

TEM studies were conducted in order to discuss the precise dispersion of modified
organoclayayers within the polymer matrix.

4.4.5.3.3.1PEE and PEE Nanocomposites with 57 wk PBT

In Figure 4.68(a), the PBThardsegments are observed as a bunch of grapegellas
single domains.

Figure 4.68 (b-d) shows the TEM micrographs ofMelt Companded PEE
nanocomposites with 57 w#% PBT loading 0.1 wi%, 0.3 wt% and 0.5 wt% |,
respectively. The dark lines refer to silicate layers while gray/white areas are polymer
matrix. Considering the XRD patterns, agglomeration was detected itheathree
nanocomposites and it was concluded that the degree of agglomeration decreases, as the
ratio of organoclay increases. TEM images also supported these agslitt$-igure 4.68

(c) and (d) partial intercalatiomf silicate layers werdetected in TEM micrgraphs.
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0.2 pm

Figure 4.68 TEM Micrographs of Melt CompoundedPEE Nanocompositega)
PEE/1000/5%t % PBT(3), (b) PEE/1000/57 w6 PBT(3+0.1% (c) PEE/1000/5Wt %
PBT(3)+Q3% (d) PEE/1000/5Wt % PBT(3)+0.5%6
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20 nm

Figure 4.69 TEM Micrographs ofIn-Situ Polymerized PEE Nanocompositega)
PEE/1000/5%t % PBT-0.1%, (b) PEE/1000/5%t % PBT-0.3% (c) PEE/100@7 wt %
PBT-0.5%

Figure 4.69 (ac) shows the TEM micrographs of PEEI00/57 wt % PBT
nanocomposites which are synthesized bgiin polymerizationln these figures, both
intercalated and exfoliated structures are detected. XRilysis results implied that PEE
nanocomposite with 0.1 wt % organoclay loading showed better organoclay dispersion
compared to 0.3 wi and 0.5 w&b organoclay loading, howeverom TEM imagesit
apparenthat good dispersion of organlay was achievealso for PEE/1000/5Avt %
PBT-0.3% and PEE/1000/5¥t % PBT-0.5%.
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4.4.5.3.3.2PEE and PEE Nanocomposites with 75 wk PBT

Figure 4.70(a) shows the neat polymer, PEEh 75 wt% PBT, while (b), (c) and (d)
show melt compounded®EE nanocomposisewith 0.1 wt %, 0.3 wt% and 0.5 wit%
organoclay loading, respectively.

20 nm

Figure 4.70 TEM Micrographs of Melt CompoundedPEE Nanocompositega)
PEE/1000/75t % PBT(5), (b) PEE/D00/75 wt% PBT(5)+01 % (c) PEE/1000/7%vt %
PBT(5)+0.3% (d) PEE/1000/7%t % PBT(5)+0.5%
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From XRD analysisit is difficult to understandvhetheran exfoliated or phase separated
structure was obtainedince there was npeak in the patterndut considering TEM
micrographsin Figure 4.70Q it is obvious that exfoliation of sdate layers wasot
achieved. Among the nanocomposites with diffetelmrganoclay ratios, the best
intercalationand partial exfoliation werebserve in the micrograph ofanocomposite
with 0.3 wt % organoclay which also explains the mechanical propert@s the
nanocompositesince the tensile strength increasethe order of 0.3 Wi, 0.5 wt % and
0.1 wt%.

Figure 471 TEM Micrographs of In-Situ Polymerized PEE Nanocompositega)
PEE/1000/75 w#6 PBT-0.1% (b) PEE/1000/75t % PBT-0.3% (c) PEE/1000/78t %
PBT-0.5%
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In Figures 4.71(a-c), TEM micrographs oPEE/1000/3 wt % PBTnanocomposites with
different organoclagontens which are synthesized by-gitu polymerization are given.

In the case of PEE/1000/75 % PBT-0.1 %, it is possible to observe intercalated silicate
layersin addition to partially exfoliated @swhich supports the XRD analysis. For PEE
with 0.3 wt% organoclay, the exfoliateghd intercalated silicate layerse clearly
observed however, a small agglomeration was also detected in the micrograph. Maybe,
this agglomeration led tdhe decrease inthe tensile strengthin addition to the
intercalated andxoliated silicate layers, itsialso possible to olse hard domaing

Figure 4.71(c).

4.5 Influence of Nanocomposite Preparation Methods on PEES

As mentioned in the experimentaarp two dfferent methods for the preparation of
nanocomposites were performed; namehgita polymerization and melt intercalation.

In this part, these two methods will be compared only in terms of mechanical and
morphological properties since characterizatnd thermalanalysis detailsra given in

the previous parts.

4.5.1Mechanical Properties

The mechanical properties are shown in Figures 4.72 throughRb7®EEs with 57 wt

% PBT, mechanical properties of nanocomposites which are synthesizedshy in
polymerization gave better resuiitsterms of tensile strengthan nanocomposites which

are obtained by melt intercalation. The results are rodifberent but from Figure 4.72

it is clear that as the ratio of organoclagreases, the differenceciaseskor both two

series, with the wt% of organoclay increase, tensile strength becomes better as expected,
however, it should be mentioned thae possibility of stacking organoclay galleries
during melt intercalation increases as tinganoclay comntincreases which can be the
reason of this gap in tensile strength.
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Figure 4.72 Tensile Strength of In-Situ Polymerized and Melt Compoundd&rEE
Nanocompositeblaving 57% PBT
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Figure 4.73 Elongation at Fracture &f-Situ Polymerized and Melt Cqrounded PEE
NanocompositeBlaving 57%PBT
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In Figure 4.73 it is observed thamh terms of elongatioat fracture except for 0.1 w6
organoclay, the ones which are synthesized bgitin polymerization showed better

results.

a
o
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1 1 1 1 1
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Figure 4.74 Tensile Strength of In-Situ Polymerized and Melt Compounded PEE

Nanocompositeblaving 75% PBT

In nanocomposites with 75 Wb PBT,as seen ifrigure 4.74, xcept for PEE with 0.1 wt
% organoclay loading, ith the increase dPBT wt%, nanocomposites prepared by imel
intercalationgave better resudtin terms of tensile strengtRigure 4.75 shows thatn i
case ofelongationat fracture the datashowed thathe nanocompsites prepared by melt
intercalation have bettetastomeric character.
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Figure 4.75 Elongationat Fracture (%) ofn-Situ Polymerized and Melt Compounded
PEE Nanocompositd3EEs Having 7586 PBT

4.5.2 Morphology of the Nanocomposites

In order to discuss the dispersion of organoclay, XRD, SEM and TEM analysis were
performed for PEE and PEE nanogaosites. In the end of the analysis, it was concluded
that better dispersion of organoclay was achieved{sjtinpolymerization.

In the case of hsitu polymerization, organoclay and ddtane diol were mixed in
ultrasonic bath for 30 minutes prior @actionso thatthe swelling of layered silicates in

the 1,4 butane diol was achieved. As observed in XRD patterns and TEM micrographs,
for nanocomposites synthesized bysitu polymerization, eépacing between clay lags

were greater thad-spacing 6 nanocompsites prepared by melt intercalation.
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CHAPTER 5

CONCLUSIONS

For the synthesis of PEEs with different PBT weight rati@mying from 37 wt% to 75
wt %, two different proceduresere used antd wasconcluded that the transestarétion
time andthe volume of methanol which is collected as a side product play greatorole
obtain polymers wh better mechanical properties and higher molecular weights.

In terms of mechanical propertidacreasingtensile strength and elongatianfracture
was observed witincreasingwt % PBT, and the best results wesbtainedfor PEE with
75 wt% PBT, as32.35 MPa and 672%, respectiveGonsidering the thermal behavjor
DSC analysis showed thas the PBT segment length increases, melting @sifBT
increases dramatically dueligherdegree of crystallization.

Nanocomposites based on PEH wt % and 49 wt% PBT) and modified organoclay
(0.1, 0.3 and 0.5 wt %)ere preparedonly by melt intercalationMechanical properties

did not increaseavith the addition of organoclaywhen the thermal analysis is concerned,
the results indicate that the addition of organoclay disturbs the crystallinity of PBT hard
segment and causes the daseof Tm value at these PBT contents.

PEE nanocomposite with 57 wt % PBT and75 wt % PBT were obtained by two
different methods used namely;siu polymerization and melt intercalation.

For PEE/1000/57 w6 PBT nanocomposites, the mechanical analysis indicated that as
the wt% of organoclay ratio increases, $éa strength and elongation (%) increase for
both methodsHowever, nanocomposites synthesized bgiin polymerization showed
better mechanical properti€ghe addition of organoclay did not afféhe glass transition
temperature of PECGbut resulted n decrease othe melting point of PBT since the
organoclayrestrics the crystallization in PEEFrom morphological analysis, it was
concluded that wsitu polymerization method provides better dispersion of organoclay
silicate layers within the PEE# addition, with the contribution of XRD and SEM
analysis, TEM analysis proved therostg relatioship between morphologicahnd
mechanical properties ofhe nanocomposites.Especially in the case of -situ
polymerization, the dispersion of organoclay tiglh PEE had significant effexcon the
mechanical behaviour

In the case of 75 wib PBT, for the nanocomposites which mesynthesized bin-situ
polymerization, 0.1 w¥ organoclay addition improved tiensile strength significantly
compared tdhat ofneat PEEbut as the wt % of organoclay was increasedjehsile
strength decrease@he highest tensile strength was obtained in the mechanical analysis
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of PEE with 0.3 wt% organoclay loading fothe melt intercalation methodn thermal
analysis different from the other serieie addition of organoclay did not decrease the
melting point of PBT, probably due to thimcrease of BT content in PEE
nanocomposites. This was observed for both methods of preparasion the case of
PEE/1000/57 we6PBT,the results of XRD, SEM and TEM analysis showed that better
dispersion of organoclay is achieved wiitlein-situ polymerization method.
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APPENDIX A

EXPERIMENTAL DETAILS FOR THE SYNTHESIS OF
PEEsand PEE NANOCOMPOSITES

1. Synthesis of PEE/1000/ 37 v PBT (1)

The reactants, 1,BD (0.30 mole, 27.00 gr), PEG (0.06 mole, 6] ®MT (0.24 mole,

46.56 gr), catalyst (@16 gr, 21 Ol ) and s t120Myi) weresnixedgn 450ge nt (
ml reaction vessel and heated to 1%%. 25 minutes later, the temperature was sef’@60

and after one hour, thecuumwas applied anthe pessure wadecreased to 2.7 mbar in

95 minutes. The duration time at 26C was 182 minutes and accordingly, the
temperature was set 27&. Thereaction mixture stayed at these conditidas 43

minutes to gethetarget polymer.

2. Synthesis of PEE/100@B7 wt% PBT (2)

The reactants, 1;BD (0.30 mole, 27.00 gr), PEG (0.06 mole, 60 gr), DMT (0.24 mole,

4656 gr), caalyst (0116 gr,21 Ol ) and s t120Myi) weresnixedgn 450ge nt (
ml recation vessel and heateml 175°C. When the temperate raised175 °C, reflux

started.25 minutes later, the temperature wastee260 °C. The reaction mixture was

stirred and heated at this temperature for 255 minutes to get the desired compound. The
vacuumwas appliedafter 35 minutes andhe pressure wadecreased to 3 mbar in 115

minutes.

3. Synthesis of PE/1000/ 37 wt% PBT (3)

The reactants, 1;BD (0.275 mole, 245 gr), FEG (0.055 mole, 55 gr), DMT (0.22 mole,
42.68 gr), catalyst (@067 gr, L1 Ol ) and s t128hgi) wéresniixedyira a g e n t
150 ml rexction vessel and heated up to 1%5. After stirring for 61 minutes at this
temperature (after 45 minutes from refluxing), the temperature was 280 °C and the

ratio of thevolume of MéH collectedo theoretical total volume of M&H was67.49%.

The reaction mixture stirred at this temperature for one hour and then the temperature was
setto 280°C. Theratio of the total volume of Me® and excess 1;BD collectedto the
theoreical total volume of Me® and excess 1-BD was 76.2 %when t was seto 280

°C. After 14 minutes, the temperatunes increased to 286C and thevacuumwas
appliedThe pressurevas decreased to 2.4 mbar in 44 minutes. The reaction mixture was
stirred at this temperature for 121 minutes and when the reactiorverasre ratio of the
volume collectedo the theoretical oneas 86%.
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4. Synthesis of PEE/1000/ 37 W6 PBT (4)

The reactants, 1;BD (0.275 mole, 24.75 gr), PEG (0.055 mole, 55 gr), DM2Z@nole,

42.68 gr), catalyst (@067 gr, L 1 Ol ) siny égers (La8bgr) Wére mixed in a

150 ml rexction vessel and heated 175 °C. After stirring for 67 minutes at this
temperature (after 40 minutes from refluxing), the temperature was 585 °C and the

ratio of the total volume of M@H collectedto the theoretical volume of MeOtas 36

%. The reaction mixture was stirred at this temperature for 22 minutes and then the
temperature was st 260°C when theatio of the total volume of M@H collected was

63% andt stayed at this temperature for Imihutes. The reaction mixtumasstirred at

this temperature for one hour and then the temperature Was28&°C. Theratio of the

total volume of M®H and excess 1-BD collectedto the theor&cal total volume of
MeOH and excess 1;BD was 74.32 %when it was set 286C. After 8 minutes, the
temperatureeached280°C and thevacuumwas appliedThe pressurevas decreased to

2.8 mbar in 44 minutes. The reaction mixture was stirred at this temperature for 121
minutes and when the reaction was oveg thtio of the volume collected to the
theoretical one was 874 %.

5. Synthesis of PEE/100@7 wt% PBT (5)

1,4BD (0.3 mole, 27 gr), PEG (0.06 mole, 60 gr), DMT (0.24 mole, 46.56 gr) catalyst
(0.116 gr, 1210) and the stabilizing agent (0.139 gr3% DMT) were mixed in 450

ml glass reaction vessel and the mixture was constantly stirred and gradually heated to
175°C. The temperature was kept constani @b °C for 133 minutes and it was set to
210°C. After stirring for 49 minutes at this tempéaree, the temperature was increased to
260°C when the ratio of the total volume of K&l collectedto the theoretical volume of
MeOH was87.7%. When the ratiof the total volume of M@H and excess 1-BD
collectedto the theorical total volume of Me® and excess 18D was 71.8%, the
vacuum was applied and the pressure was decreased to 2.4 mbar in 69 fmimaites.
temperature was kept constant at 260or 129 minutes and when the ratio tife total
volume of M&®H and excess 1;BD collectedto the thecetical total volume of Me@

and excess 1;BD was 75.1%0, it was set to 288C. The reacthn was stopped after
stirring 49minutes at this temperature to get the tamgehpound with volume ratio of
75.3%.

6. Synthesis of PEE/1000/ 49 vt PBT (1)

1,4BD (0.0824 mole, 7.418 gr), PEG (0.0105 mole, 10.50 gr), DMT (0.0619 mole, 12.00
gr) catalyst (@ 3 g rl),and 3h6 staBilizing agent (0.00359 gB3%. DMT) were mixed

in a 75 ml glass reaction vessel and the mixture was constantly stirred and gradually
heated to 175C. It stayed at 175C for 24 minutes and then the temperature wasoset
255 °C. 50 minutes later, theacuumwas applied gradually anthe pressure was
decreased to @ mbar in one hour. The mixture was heated to Z7and stayed at this
temperature for 80 minutes.
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7. Synthesis of PEE/1000/ 49 vét PBT (2)

1,4BD (0.0824 mole, 7.418 gr), PEG (0.0105 mole, 10.50 gr), DMI6@® mole, 2.00

gr) catalyst (@ 3 g rl),and 3he stabilizing agent (0.00359 gi3%. DMT) were mixed

in a 75 ml glass reaction vessel and the mixture was constatithed and gradually
heatedto 175°C. The mixture stayed at this temperature for 25 minutes and then the
temperature was st 260°C. After onehour,vacuumwas applied anthe pressure was
decresed to & mbar in 70 minutes. The mixture stayed at Z6Gor 123 minutes and
then the temperature was $8275°C and stayed at this temperature for 110 minutes to
get the desired compound.

8. Synthesis of PEE/1000/ 49 v@t PBT (3)

1,4BD (0.0824mole, 7.418 gr), PEG (0.0105 mole, 10.50 gr), DMT (0.0619 mole, 12.00
gr) catalyst (@ 3 g rl),and 3he stabilizing agent @359 gr, 0,3% DMT) were mixed

in a 75 ml glass reaction vessel and the mixture was constatithed and gradually
heatedo 175°C. After staying 25 minutes at this tempera, the mixture was heatéal

260 °C. The mixture stayed at this temperature for half an hour andvdmmum was
applied In 67 minutes, the pressuweas decreased to 2.mbar and the heating and
stirring continued. After temperature has reached 260 the mixture stayed at this
temperature for 95 min and then the temperature wa® 8§65 °C. After one hour, the
reaction was stopped in order to get the polymer.

9. Synthesis of PEE/1000/ 49 vé PBT (4)

1,4BD (0.329 mole, 29.61 gr), PEG (0.042 mole, 42.00 gr), DMT (0.247 mole, 47.92 gr)
catalyst((L 2 gr , 120 Ol ) an.d43tgh®% BMTaweie mixerlinng age
a 150 ml glass reaction vessel and the mixture was constantly stirred andaltyradu

heated to 175C. The mixture stayed at this temperature for 25 minutes and accordingly,

it was raisedto 260°C. After one houryacuumwas applied and in 90 minutethe

pressure was decreased td thbar. For 177 minutes, the mixture was stirred6@°C

and then the temperature wastse275°C. The reaction was stopped after 43 minutes to

get the desired compound.

10. Synthesis of PEE/1000/ 49 v PBT (5)

The reactants, 1,4 BD (0.329 mole, 29.61 gr), PEG (0.042 mole, 42 gr), DMT (0.247
mole,4792 gr), catalyst @0 OI ) and s t143F gr) were iminegl iné5e nt (O
ml reaction vessel and heated to 175. After stirring for 25 minutes at this temperature,

the reaction mixture was heated to 260and stayed at this temperature for b¥idutes.

Meanwhile, after first one houthe vacuumwas applied anthe pressure wedecreased

to 26 mbar in 90 minutes. The temperature was set to°@7&nd after reaching this
temperature, the reaction mixture stayed at this temperature for 50 sniouget the

desired compound.
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11. Synthesis of PEE/1000/ 49 véto PBT (6)

The reactants, 1,BD (0.329 mole, 29.61 gr), PEG (0.042 mole, 42 gr), DMT (0.247
mole, 4792 gr), catalyst2 0 OI ) and s t143F gr) were iminegl ina5pe nt ( O .
ml reaction vessel and heated to 175. After stirring 66 minutes at this temperature
(after 45 minutes from refluxing), the temperature wass@60 °C when 64% of the
theordical volume of Mé&H was collected. The reaction mixture stirred at this
temperaturdor one hour and then the temperature wasos280°C. Theratio of the total
volume of M&H and excess 1-:BD collectedto the theortcal total volume of Me®

and excess 1;BD was 71.6 %when it was setb 280°C. When the temperature was 280
°C, the vaccumwas applied anthe pressure wadecreased to 2.5 mbar in 44 minutes.
The reaction was stopped after stirring the reaction mixture for 115 minutes aatiadhe
of the total volume of M@H and excess 1;BD to the theortcal total volume of Me®

and excess 18D was 86.1%.

12. Synthesis of PEE/1000/49 Wi PBT (7)

The reactants, 1,4 BD (0.329 mole, 29.61 gr), PEG (0.042 mole, 42 gr), DMT (0.247
mole, 4792 gr), catalyst{ 20 Ol ) and stabilising 1&@ent (0, 1437
ml recationvessel and heated to 176. After stirring 62 minutes at this temperature
(after 45 minutes from refluxing), the temperature wags260 °C and theratio of the

total volume of M®H collectedto the theoretical volume of MeOttas 6513 %. The
reactionmixture stirred at this temperature for one hour and then the temperature was set
to 280 °C. Theratio of the total volume of MBH and excess 1;BD collectedto the
theordical total volume of Me® and excess 1-BD was 6516 %when it was setb 280

°C. After 14 minutes, the temperatureached80 °C and thevacuumwas appliedThe
pressuravas decreased to2mbar in 79 minutes. The reaction mixture was stirred at this
temperature for 121 minutes and when the reaction was over, the ratio of the volume
collectedto the theortcal total volume of Me® and excess 1,BD was 8065 % and

the pressure was 2.6 mbar.

13. Synthesis of PEE/1000/49 Wi PBT (8)

The reactants, 1,BD (0.329 mole, 29.61 gr), PEG (0.042 mole, 42 gr), DMT (0.247
mole, 47.92 gr)catalyst (0121 gr, 25 Ol ) and st B4B7igr) weeeimixed agent ( O.
in a150 ml rexction vessel and heated to 1%5. The temperature was kept constant at
175 °C for 165 minutes and it was set to 22Q. After stirring for 42minutes at this
temperatire, the temperature was increased to Z6@hen the ratio of the total volume

of MeOH collectedto the theoretical volume of MeOH w88.6%. When the ratiof the

total volume of M®H and excess 1-BD collectedto the theortcal total volume of

MeOH ard excess 18D was 72.2, the vacuum was applied and the presswuas
decreased to 2.3 mbar i thinutesThe temperature was kept constant at Zsfor 126
minutes and when the ratio tife total volume of M@H and excess 1-BD collectedto

the theorécal total volume of Me® and excess 1;BD was 76.%, it was set to 281T.

The reaction was stopped after stirring 52 minutes at this temperature to get the target
compound with volume ratio of 774.
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14. Synthesis of PEE/1000/ 57 vits PBT (1)

The reatants, 1,4 BD (0.371 mole, 33.39 gr), PEG (0.035 mole, 35 gr), DMT (0.271

mole, 52.49 gr), catalyst @B1 gr, B5 Ol ) and s tla78 griwiere mired age n't
in 2150 ml rexction vessel and heated to 175. After the temperature has reached 175

°C, it was setto 260 °C andthe reaction mixturestayed at this temperature for 188

minutes. After first one hour, theacuumwas applied anthe pressure wadecreased to

2.3 mbar in 101 minutes. The temperature of the reaction mixture was increased@o 275

and after 43 minutes, the reaction was stopped.

15. The synthesis of PEE/1000/ 57 Wb PBT (2)

The reactants, 1;BD (0.371 mole, 33.39 gr), PEG (0.035 mole, 35 gr), DMT (0.2706
mole, 52.49 gr), catalyst @B1 gr, B5 Ol ) and s t1s78 gr)lwers imired age n't
in a 150 ml rexction vessel and heated to 176. After stirring 60 minutes at this
temperature (after 45 minutes from refluxing), the temperature was 280 °C and the

ratio of the total volume of M@H collectedto the theoretical slume of MeOHwas

64%. The reaction mixture stirred at this temperature for one hour and then the
temperature was st 280°C. Theratio of the total volume of M@H and excess 1;BD
collectedto the theortcal total volume of Me® and excess 1-BD was74.4 %when it

was seto 280°C. After 19 minutes, the temperature increased to’288nd thevacuum

was appliedThe pressuravas decreased to 2.6 mbar in 44 minutes. The reaction mixture
was stirred at this temperature for 116 minutes and when tbgoreavas over, the ratio

of the volume collectetb the theortical total volume of Me® and excess 1;BD was
90.9%.

16. The syrthesis of PEE/1000/ 57 w6 PBT (3)

The reactants, 1;BD (0.371 mole, 33.39 gr), PEG (0.035 mole, 35 gr), DMT (0.2706
mole, 52.49 gr), catalyst @1 gr, B5 Ol ) and s tla78 griwiere mired age n't
in a150 ml rexction vessel and heated to 1%5. The temperature was kept constant at
175 °C for 87 minutes and it was set to 210. After stirring for 17 minutes athts
temperature, the temperature was increased td@6¢hen the ratio of the total volume

of MeOH collectedto the theoretical volume of MeOH w84.6%. When the ratiof the

total volume of M®H and excess 1-BD collectedto the theortcal total volune of

MeOH and excess 1;BD was 76.7%, the vacuum was applied and the pressure was
decreased to 2.6 mbar in 69 minufEise temperature was kept constant at Zsfbr 131
minutes and when the ratio tife total volume of M@H and excess 1-BD collectedto

the theoretical total volume of MéQand excess 1;BD was 83.2%, it was set to 280.

The reaction was stopped after stirring 52 minutes at this temperature to get the target
compound with volume ratio of 85.6%.

17. Synthesis of PEE/1000/ 75 v PBT (1)

The reactants, 1;BD (0.478 mole, 43.02 gr), PEG (0.02 mole, 20 gr), DMT (0.332 mole,
64408 gr), catalysf0.161gr, 7 0 Ol ) and s tlady)iweré mixedhima5& gent (
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ml reaction vessel and heated to 1%5. After 109 minutes, wherhé 5% of the total
volume of M&H was collected, the temperature waste@20°C. The reaction mixture
was stirred for 31 minutes at this temperature, when58% of the total volume of
MeOH and excess 1;BD were collected, the temperature wastse60°C. 58 minutes
later, 72% of the totalolume of M&H and excess 1-BD were collected and the
temperature was st 270°C. When the temperature was reached this value and the ratio
increased to 75%, theacuumwas applied anthe pressure wadecreasetb 2.8 mbar in

50 minutes. After 50 minutes, the temperature wats2t5°C andaccordingly, after 15
minutes the temperature was 88280 °C. When the reaction mixture was reached this
temperature, shearing was observed. The reaction was stoppeonafteour, when the
ratio of the totavolume of M&®H and excess 1-:BD to the theoretical total volume of
MeOH and excess 1-BD was 88.9%.

18. Synthesis of PEE/1000/ 75 v PBT (2)

The eactants, 14D (0.478 mole, 43.02 gr), PEG (0.02 mole, 2Q YT (0.332 mole,
64.408 gr), catalyst (@61 gr, 7 0 Ol ) and s tlady)iweré mixedigas5a g e nt
ml reaction vessel and heated to 175. After 51 minutes, wherhé 71% of the total
volume of Mé&H was collected, the temperature waste@60°C. After one hour at this
temperature, when the ratio tfe total volume of M@H and excess 1;BD to the
theoretical total volume of Md@® and excess 1.BD was 71.6%, thevacuumwas
applied andhe pressure wadecreased to 2.1 mbar in one hour. Thectien mixture
stayed at 260C for 136 minutes and then the temperature wasose80 °C. After 25
minutes, théemperature reached this value and shearing was obsanvée. énd of 30
minutes, when theaatio of the total volume of M@H and excess 1-BD to the
theoretical total volume of Me@and excess 1;BD was 85%¢the reaction was stopped
to get the target compund.

19. Synthesis of PEE/1000/ 75 wito PBT (3)

The reactants, 1;BD (0.478 mole, 43.02 gr), PEG (0.02 mole, 20 gr), DMT (0.332 mole,
64.408 gr), catalyst (@61 gr, 7 0 Ol ) and s tlady)iweré mixedigasa g e nt
ml reaction vessel and heated to 175. After stirring 58 minutes at this temperature
(after 45 minutes from refluxing), the temperature wags260 °C and theratio of the

total volume of M®H collectedto the theretical MeOH volumaas 72.30%. The
reaction mixture stirred at this temperature for one hour and then the temperature was set
to 280 °C. Theratio of the total volume of M@H and excess 1;BD collectedthe
theordical total volume of Me® and excess 1-BD was 76.88 %vhen it was setb 280

°C. After 19 minutes, the temperatusached280°C and thevacuumwas appliedThe
pressuravas decreased to 2.3 mbar in 49 minutes. The reaction mixture weg atithis
temperature for 116 minutes and when the reaction was over, the ratio of the volume
collectedto the theostical total volume of Me® and excess 1;BD was 9322 %.
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20. Syrthesis of PEE/1000/ 75 w PBT (5)

The reactants, 1;BD (0.478 mde, 43.02 gr), PEG (0.02 mole, 20 gr), DMT (0.332 mole,
64.408 gr), catalyst @61 gr, 7 0 Ol ) and s tlady)iweré mixedigas5d g e nt
ml reaction vessel and heated to 1% The temperature was kept constant 25 °C for

73 minutes and it as set to 216C. After stirring for 38 minutes at this temperature, the
temperature was increased to 28D when the ratio of the total volume of Kdél
collectedto the theoretical volume of MeOH wa&8.3%. When the ratiof the total
volume of M&H and exess 1,488D collectedto the theorécal total volume of Me®l

and excess 1;BD was74.2%, the vacuum was applied and the pressure was decreased to
3.5 mbar in 69ninutes. The temperature was kept constant af@®&0r 130 minutes and

when the ratio ofthe total volume of MOH and excess 1-BD collectedto the
theoretical total volume of Me@® and excess 1;BD was &.3%, it was set to 28%C.

The reaction was stopped after stirri®§ minutes at this temperature to get the target
compound withvolumeratio of 83.5%.

21. Synthesisof PEE/600/57 wt% PBT (1)

The reactants, 1,4 BD (0.375 mole, 33.75 gr), PEG (0.054 mole, 32.4 gr), DMT (0.286

(

mole, 55.48 gr), catalyst B9 gr, # 4 Ol ) and s tlG6lyi) weresnixedgn a g e n't

a 150 ml rexction vesseland heated to 175C. After stirring 56 minutes at this
temperature (after 45 minutes from refluxing), the temperature was 280 °C and the

ratio of the total volume of M@H collectedto the theoretical MeOH volumeas 66 %.

The reaction mixture stied at this temperature for one hour and then the temperature was
setto 280°C. Theratio of the total volume of M@H and excess 1-BD collectedto the
theoktical total volume of Me® and excess 1;BD was 64.15 %when it was setio 280

°C. After 14 minues, the temperatureached280 °C and thevacuumwas appliedThe
pressuravas deceased to 2. mbar in 48 minutes. The reaction mixture was stirred at this
temperature for 106 minutes and when the reaction was over, the ratio of the volume
collectedto the theorg&cal total volume of Me® and excess 1-BD was 7464 %.

22. Synthesis of PEE/600/ 57 Wt PBT (2)

The reactants, 1,4 BD (0.375 mole, 33.75 gr), PEG (0.054 mole, 32.4 gr), DMT (0.286
mole, 5548 gr), catalyst (@39 gr, # 4 Ol ) a g agens(€LG6IYN) Were snixad in

a 150 ml rexction vessel and heated to 176. After stirring 62 minutes at this
temperature (after 45 minutes from refluxing), the temperature was 280 °C and the

ratio of the total volume of M@H collectedto theordéical volume MeOHwas 3894 %.

The reaction mixture stirred at this temperature for one hour and then the temperature was
setto 280°C. Theratio of the total volume of M@H and excess 1-BD collectedto the
theoretcal total volume of Me® and excess 4-BD was 49.1 %when it was seto 280

°C. After 13 minutes, the temperatureached80 °C and thevacuumwas appliedThe
pressure was decreased 6 @bar in 69 minutes. The reaction mixture was stirred at this
temperature for 122 minutes and when tbaction was over, the ratiof the volume
collected to the theotieal total volume of Me® and excess 1;BD was 6192 % and

the pressure was 1.4 mbar.
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23, Synthesis of PEE/600/67 wio PBT (1)

Firstly, 1,4BD (0.0847 mole, 7.623 gr), PEG (0.008 mal& g), DMT (0.0618 mole,
11.989 gr) catalyst (0.2 9 9 glrand th@ Btabifizing agent (0.00359 gr3%. DMT)

were mixed in &5 ml glass reaction vessel and the mixture was constantly stirred and
gradually heated to 17AT. After staying at 176C for 37 minutes, the temperature was
setto 255 °C and during the temperature elevation (23 minutes), transesterification step
occured. After the first 30 minuteshe vacuum wasapplied and the pressure was
gradually decreased. Througte reaction, mssuravas in a range between 248 mbar.
Heating and stirring were continued for 165 minutes during the polycondensation step to
yield the desired compound.

24, Synthesis of PEE/600/67 Wit PBT (2)

The reactants, 1,4 BD (0.4236 mole, 38.12 gr), PEG (0.64,n24 gr), DMT (@309
mole,59.946 gr), catalyst (0150 gr, 56 Ol ) and s t1Z9mi) Weresniixedg agent (0.
in a 150 ml rexction vessel and heated to 176. After stirring 79 minutes at this
temperature (after 45 minutes from refluxing), the tentpeeavas seto 260°C and the

ratio of the total volume of M@H collectedto the theoretical volume of MeOWas 56

%.The reaction mixture stirred at this temperature for one hour and then the temperature
was seto 280°C. Theratio of the total volume df1eOH and excess 1;BD collectedto

the theoretical total volume of MéDand excess 1-BD was 74.34 %wvhen it was seto

280°C. After 10 minutes, the temperatueached280 °C and thevacuumwas applied.

The pressurevas decreased to 3,6 mbar in 4suates. The reaction mixture was stirred

at this temperature for 103 minutes and when the reaction was over, the ratio of the
volume colleted was 8R1 %.

25, Synthesis of PEE/600/67 Wi PBT (3)

The reactants, 1,4 BD (0.4236 mole, 38.12 gr), PEG (6K, 24 gr), DMT (0.309
mole, 59.946 gr), catalyst @0 gr, 56 Ol ) and s t1Z9mi) Weresnixedg agent (0.
in a 150 ml rexction vessel and heated to 176. After stirring 66 minutes at this
temperature (after 45 minutes from refluxing), the tempee was seb 260°C and the

ratio of the total volume of Me@H collectedto the theoretical volume of MeOWas

6087 %. The reaction mixture stirred at this temperature for one hour and then the
temperature was st 280°C. Theratio of the total volme of MeOH and excss 1,4BD
collected to the theoretical total volume of Mé@nd excess 1;:BD was 697 % when it

was seto 280°C. After 22 minutes, the temperatueached®80°C and thevacuumwas
applied.The pressurgvas decreased 32 mbar in 70minutes. The reaction mixture was
stirred at this temperature for 113 minutes and when the reaction was over, the ratio of th
volume collected was 8& %and the pressure was 1.7 mbar.

26. Synthesis of PEE/2000/41 Wi PBT (1)

The reactants, 1,4 BI[D.2965 mole, 26.69 gr), PEG (0.028 mole, 56 gr), DMT (0.216
mole, 41.90 gr), catalyst @48 gr, D9 OI ) and s tl25khgi) Weresnixedg agent (0.
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in a 150 ml rexction vessel and heated to 176. After stirring 79 minutes at this
temperature (afters4minutes from refluxing), the temperature wastseit85°C and the

ratio of the total volume of M@H collectedo the theoretical volume of MeOH was 35.

%. The reaction mixture was stirred at this temperature for 20 minutes and then the
temperature wasetto 260°C when the ratio of the totablume of Mé&H collected was
573%. The reaction mixture stirred at this temperature for one hour and then the
temperature was st 280°C. Theratio of the total volume of M@H and excess 1;BD
collectedto thetheoretical total volume of Me@and excess 1;BD was 72.3 %when it

was seto 280°C. After 11 minutes, the temperature became®28and thevacuum was
applied. The pressukeas decreased to 4.5 mbar in 52 minutes. The reaction mixture was
stirred atthis temperature for 100 minutes and when the reaction was over, thef thgo
volume collected was %.

27. Synthesis of PEE/2000/41 Wi PBT (2)

The reactants, 1,4 BD (0.2965 mole,6%gr), PEG(0.028 mole, 56 gr), DMT (0.216
mole, 41.90 g, catalyst (A1048gr, D9 Ol ) and s t125i) Weresniixedg a gen
in a 150 ml rexction vessel and heated 175°C. After stirring 91 minutes at this
temperature (after 45 minutes from refluxing), the temperature was 280 °C and the

ratio d the total volume of M@H collectedto the theoretical volume of MeOlWas

2636 %. The reaction mixture stirred at this temperature for one hour and then the
temperature was st 280°C. Theratio of the total volume of M@H and excess 1;BD
collectedto the theoretical total volume of Mé&Cand excess 1-BD was 64.90 %when

it was setto 280 °C. After 12 minutes, the temperatureached280 °C and thevacuum

was appliedThe pressure was decreased ®rbar in 51 minutes. The reaction mixture
was stired at this temperature for 108 minutes and when the reaction was over, the ratio
of the volune collected was 815 %.

28. Synthesis of PEE/2000/57 w# PBT (1)

The reactants, 1,4 BD (0.39 mole, 35.1 gr), PEG (0.0195 mole, 39 gr), DMT (0.273 mole,
5296 gr), catalyst138 Ol ) and s t1&® gr) we imixed indenh t (0.
reaction vessel and heated to 1%5. After stirring 79 minutes at this temperature (after

45 minutes from refluxing), the temperature wastse&60 °C and theratio of the otal
volume of Mé&H collectedto the theoretical volume of MeOWas 57 %. The reaction
mixture stirred at this temperature for one hour and then the temperature Wwa28et

°C. Theratio of the total volume of M@H and excess 1;BD collectedto the theretical

total volume of Me®l and excess 1-BD was 9081 %when it was seto 280 °C. After

15 minutes, the temperatureached280 °C and thevacuumwas appliedThe pressure

was decreased to33.mbar in 65 minutes. The reaction mixture was stirred iat th
temperature for 120 minutes and when the reaction was over, the ratio of the volume
collected was more than 96 %dathe pressure was 1.5 mbar.
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29. Synthesis of PEE/2000/75 wi PBT (1)

The reactants, 1,4 BD 26 mole, 3%4 gr), PEG (0.009 me] 18 gr), DMT (0.27 mole,

52.38 gr), catalyst (@31 gr, B6 Ol ) and s t1%7tyn) Weresnixeddn 450g e n t
ml reaction vessel and heated to 175. After stirring 84 minutes at this temperature
(after 45 minutes from refluxing), the temperatwas seto 260°C and the ratio fothe

total volume of MO®H collectedto the theoretical volume of MeOttas 8.5 %. The
reaction mixture stirred at this temperature for one hour and then the temperature was set
to 280 °C. Theratio of the total volume oMeOH and excess 1;BD collectedto the
theoretical total volume of Me@and excess 1-BD was 2246 %when it was seib 280

°C. After 14 minutes, the temperature reacR8@ °C and thevacuumwas appliedThe
pressuravas decreased to 2,4 mbar in 67 nb@xsu The reaction mixture was stirred at this
temperature for 121 minutes and when the reaction was over, the ratie wbltme
collected was 3B2 %and the pressure was 1.0 mbar.

30. Synthesis of PEEL000/49 wt% PBT-0.5% (1)

Firstly, PEG (0.042 me, 42 gr) and 0.5% MC (@625 gr) were mixed in 450 ml
reaction vessel and stirred for 3 hours in ultrasonic bath &iC60rhen,the other
reactants, 1,4 BD (0.329 mole, 29.61 gr), DMT (0.247 mol€Q24gr), catalyst (  gr,

120 Ol ) an djens(®143B gr)l wiers addegl and heated to 4Z5After stirring

65 minutes at this temperature (after 45 minutes from refluxing), the temperature was set
to 260 °C and theratio of the total volume of M@H collectedto the theoretical volume

of MeOHwas 5%. The reaction mixture stirred at this temperature for one hour and then
the temperature was 2et280°C. Theratio of the total volume of M@H and excess 1,4

BD collectedto the theoretical total volume of MéDand excess 1:BD was 17,42 %

when it wa setto 280 °C. After 21 minutes, the temperatureached280 °C and the
vacuumwas appliedThe pressure was decreased frBbar in 74 minutes. The reaction
mixture was stirred at this temperature for 114 minutes and when the reaction was over,
the raio of the volume collected was 30.97&nd the pressure was 2.2 mbar.

31 Synthesis of PEE/1000/ 49 vits PBT-1% (1)

1,4BD (0.0824 mole, 7.418 gr), PEG (0.0105 mole, 10.50 gr), DMT (0.0619 mole, 12.00
gr) cath y st (0. 03 g BOB (029 gr,a% )of, the ®taloaimauint bfestarting
compounds) and the stabilizing ageni0@B59 gr, 8% DMT) were mixed in &5 ml

glass reaction vessel and the mixture was constantly stirred and gradually heated to 175
°C. The reaction mixture stayed at this tenapere for 25 minutes and then it was heated

to 260°C. After 30 minutes, thgacuumwas applied anthe pressurevas decreased to

2,3 mbar in 70 minutes. The mixture stayed at 2B80for 127 minutes and then the
temperature was séb 275°C and stayed ahis temperature for 33 mireg to get the
desired compound.
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32. Synthesis of PEE/1000/ 49 vétb PBT-1% (2)

1,4BD (0.0824 mole, 7.418 gr), PEG (0.0105 mole, 10.50 gr), DMT (0.0619 mole, 12.00
gr) cath y s t (0. 03 gr30 (029Dgr, ™ Pthe tatal amownti of starting
compouml) and the stabilizing agent (0.00359 gi3%.DMT) were mixed in &5 ml

glass reaction vessel and the mixture was constantly stirred and gradually heated to 175
°C. After 25 minutes, hte reaction mixture was heatéol 260 °C and stayed at this
temperature for 130 minutes. Thiacuumwas applied after staying half an hour at this
temperature andhe pressure wadecreased to 2.mbar in 70 minutes. Heating and
stirring continued for 130 minutes at this temperaturethad it was seto 275°C. The
reaction was stopped after 95 minutes to get the target compound.

33. Synthesis of PEE/1000/49 vt PBT-1% (3)

1,4-BD (0.329 mole, 29.61 gr), PEG (0.042 mole, 42.00 gr), DMT (0.247 mole, 47.92 gr)
catalyst (012 gr, 2 0 ) tBd stabilizing agent (0437gr, 0.3% DMT) and Cloisitd0B
(1.195 gr, 1% of the total amount of starting compounds) were mixed.fif.anl glass
reaction vessel and the mixture was constantly stirred and gradually heated°®. 175
After stirring 33 mhutes at this temperature, the temperature wasos#$0 °C when
5261% of the total volume of M8H was collected. The reaction mixture stirred at this
temperaure for one hour and then the vacuwas applied. Theatio of the total volume

of MeOH and exess 1,48BD collectedto the theoretical total volume of MéDand
excess 1BD was 7580%. The pressure was decreased to 2.7 mbar in 30 minutes. The
temperature was increased to 2Z5after stirring the reaction mixture for 180 minutes.
The reaction mixtre stayed at this temperature for 54 minutes and then the reaction was
stopped to get the desired compound.

34. Synthesis of PEE/1000/49 w PBT-1% (4)

Firstly, PEG (0042 mole, 42 gr) and 1% MC @R5 gr) were mixed in 450 ml reaction

vessel and stied for 3 hours in ultrasonic bath at ®0 Thenthe other reactants, 1,4 BD
(0.329 mole, 29.61 gr), DMT (0.247 mole, 82.gr), catalystX 20 Ol ) iamd st atk
agent (01437 gr) were added and heated to 2@5 After stirring 60 minutes at this
tempeature (after 45 minutes from refluxing), the temperature wa 280 °C and the

ratio of the total volume of M@H collectedto the theoretical volume of MeOlWas

4609 %. The reaction mixture stirred at this temperature for one hour and then the
tempeature was seb 280°C. The raticof the total volume of MBH and excess 1;BD
collectedto the theoretical total volume of Mé&Cand excess 1-BD was 4194 %when

it was setto 280 °C. After 21 minutes, the temperatureached280 °C and thevacuum
wasapplied.The pressurgvas decreased to8®mbar in 72 minutes. The reaction mixture

was stirred at this temperature for 114 minutes and when the reaction was over, the ratio
of the volume collected was 73 &d the pressure was’nbar.
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35. Synthesisof PEE/1000/49 wi% PBT-1% (5)

Firstly, PEG (0.042 mole, 42 gr) and 1% MC9@b gr) were mixed in 450 ml reaction
vessel and stirred for 3 hours in ultrasonic bath 8050 hen, the other reactants4 BD
(0.329 mole, 29.61 gr), DMT (0.247 mol€7.892 gr), catalyst (@792 gr, 0 Ol ) and
stabilising agent (0437 gr) were added and heated to A75After stirring 72 minutes at

this temperature (after 45 minutes from refluxing), the temperature wes266°C and
theratio of the total volumef MeOH collectedto the theoretical volume of MeOhWas

57 %. The reaction mixture stirred at this temperature for one hour and then the
temperature was st 280°C. Theratio of the total volume of M@H and excess 1;BD
collectedto the theoretical tat volume of Me® and excess 1;BD was 6774 % when

it was setto 280 °C. After 18 minutes, the temperatureached280 °C and thevacuum

was appliedThe pressuravas decreased to3Bmbar in 83 minutes. The reaction mixture
was stirred at this temperagufor 117 minutes and when the reaction was over, the ratio
of the volume collected was 85.81 % and the pressure Rastar.

36. Synthesis ofSynthesis ofPEE/1000/57 wi% PBT-0.1% (1)

To begin, 1,4 BD (@71 mole, 33.39r) and 01% MC (0.09469r) were mixed in a 150
ml reaction vessel and stirred for 30 minutes in ultrasonic bath %&.3then, the other
reactants PEG (0.035mole, 35 gr), DMT (02706 mole, 52.49 gr), catalyst (0.131gr,
13501) and st d974 dr)i veeie nmdded aagdecaet to (105.°C. The
temperature was kept constanfl@b °C for 74 minutes and it was set to 20 After 30
minutes, the temperature was set to 26@vhen the ratio of the total volume of Ké
collectedto the theoretical volume of MeOH w84.7 %. After 60 minutes the vacuum
was applied and the pressure was decreased to 3 mbar in 66 minutes. The temperature
was kept constant at 26Q for 126 minutes and when the ratio tbg total volume of
MeOH and excess 1-BD collectedto the theoretical total voloe of MeQH and excess
1,4-BD was 85%, it was set to 280. The reaction was stopped after stirrdgminutes
at this temperature to get the target compound wiih o&87.4%.

37. Synthesis ofSynthesis ofPEE/1000/57 wt%o PBT-0.3% (1)

1,4 BD (0371 nole, 33.39 grand 03% MC (0.284gr) were mixed in a 150 ml reaction
vessel and stirred for 30 minutes in ultrasonic bath &iC30 hen, the other reactants
PEG (0.035mole, 35 gr), DMT (02706 mole, 52.49gr), catalyst (0.13gr,1 3501 ) and
stabilisingagent (01574 gr) were added anHeated to 175C. The temperature was kept
constant atL75°C for 69 minutes and it was set to 2AD. After stirring 23 minutes at
this temperature, when the ratio of total volume ofNecollectedto the theoretical
volume of MeOH was 90.7%, it was set to 280 After 60 minutes the vacuum was
applied and the pressure was decreased to 3 mbar in 66 mifluegemperature was
kept constant at 26T for 126 minutes and when the ratiotbé total volume of M&H

and exces 1,4BD collectedto the theoretical total volume of Mé{Oand excess 1-BD

was 79.1%, it was set to 28D. The reaction was stopped after stirring 47 minutes at this
temperature to get the target compound with volume ratio of 80.9 %.
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38. Synthesis ofSynthesis ofPEE/1000/57 wt% PBT-0.5% (1)

First, 1,4 BD (0371 mole, 33.39 grand 05% MC (0.473gr) were mixed in a 150 ml
reaction vessel and stirred for 30 minutes in ultrasonic bath & .30hen, the other
reactants PEG (0.035mole, 35 gr), DMT (02706 mole, 52.49 gr), catalyst (0.131gr,
13501) and s t 4974 d¢r)i velie nadded aagdecated to( 195°C. The
temperature was kept constantl@b °C for 128 minutes and it was set to 2D After
stirring 39 minutes at this tempéuge, when the ratio of total volume of K&l collected

to the theoretical volume of MeOH was 90.7%, it was set td’@68fter 60 minutes the
vacuum was applied and the pressure was decreased to 3 mbar in 64 miihetes.
temperature was kept constan280 °C for 124 minutes and when the ratiotbé total
volume of Mé&H and excess 1-BD collectedto the theoretical total volume of M&D
and excess 1;BD was 80.6.%, it was set to 280. The reaction was stopped after
stirring 47 minutes at this tempéuee to get the target compound with volume ratio of
84.7 %.

39. Synthesis ofSynthesis ofPEE/1000/75 wit% PBT-0.1% (1)

1,4 BD (0.478 mole, 43.02 gand 01% MC (009 gr) were mixed in a 150 ml reaction
vessel and stirred for 30 minutes in ultrasorathbat 30°C. Then, the other reactants
PEG (0.02 mole, 20 gr), DMT (0.332 mole, 64.408 gatalyst (0.161r,1 67 . 7 Ol )
stabilising agent (@437 gr)were added anbeated to 175C. The temperature was kept
constant atL75°C for 79 minutesand itwas set to 210C. After stirring 41 minutes at
this temperaturewhen the ratio ototal volume of M®H collectedto the theoretical
volume of MeOH was 85%it was set to 260C. After 35 minutes the vacuum was
applied and the pressure was decreasé2anbar in 64 minutes. The temperature was
kept constant at 26T for 134 minutes and when the ratiotbé total volume of M@H

and excess 1-BD collectedto the theoretical total volume of Mé{Oand excess 1-BD
was 76.4%, it was set to 28D. The rection was stopped after stirring 47 minutes at this
temperature to get the target compound withumeratio of 79.2%.

40. Synthesis ofSynthesis ofPEE/1000/75 wt% PBT-0.3% (1)

To begin, 1,4 BD (0.478 mole, 43.02 gr) and 0.3% MC (0.2697 gr) werelrimxa 150
ml reaction vessel and stirred for 30 minutes in ultrasonic bath %&.3Dhen, the other
reactants PEG (0.02 mole, 20 gr), DMT (0.332 mole, 64.408 ggtalyst (0.161gr,
167.7 Ol) and $4B7ad)iwereé added gndheae to 75 °C. The
temperature was kept constamfl75°C for 75 minutes and it was set to 210 After 24
minutes, since the volume of collected methanol in the graduated cylinder did not change
significantly, the temperature was increased to 220t was seto 260°C when the ratio
of the total volume of M@H collectedto the theoretical volume of MeOH was 85%.
After 35 minutes the vacuum was appliethd thepressurevas decreased to 2.5 mbar in
61 minutes The temperature was kept constant at Z6€r 100 minutes and when the
ratio of the total volume of M@H and excess 1:BD collectedto the theoretical total
volume of Me® and excess 1;BD was 84%, it was set to 28C. The reaction was
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stopped after stirring 62 minutes at this temperature to géartipet compound with ti@
of 86.5%.

41. Synthesis ofSynthesis ofPEE/1000/75 wit% PBT-0.5% (1)

1,4 BD (0.478 mole, 43.02 ggnd 0.8 MC (04496gr) were mixed in a 150 ml reaction
vessel and stirred for 30 minutes in ultrasonic bath aiC30 hen, tle other reactants
PEG (0.02 mole, 20 gr), DMT (0.332 mole, 64.408 gaalyst (0.16gr,16 7. 7 Ol ) and
stabilising agent (@437 gr)were added anbeated to 178C. The temperature was kept
constant al75°C for 88 minutes and it was set to 210 After stirring for 15 minutes at
this temperature, the temperature was increased tdQ6then the ratio of the total
volume of M&H collectedo the theoretical volume of MeOH was

88.7%. After 60 minutes the vacuum was applied and thressurevas decreas to 28
mbar in59 minutes. The temperature was kept constant at’@d@r 119 minutes and
when the ratio ofthe total volume of M@H and excess 1-BD collectedto the
theoretical total volume of Me®and excess 1;BD was 8P4, it was set to 28T. The
reaction was stopped after stirrifgt minutes at this temperature to get the target
compound with ratio 080.8%.
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APPENDIX B

FTIR-ATR ANALYSIS

100

80
70
< 60
3
§ 50
S 40
[72])
€ 30
= 20
10
0 T T T T T
4500 3750 3000 2250 1500 750

Wavenumber cm?)

Figure B.1 PEE/1000/37 wt%PBT5)
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Figure B.2 PEE/1000/37 wt%PBT5) + 0,1% TBHDP-MMT
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Figure B.3 PEE/1000/37 wt%PBT5) + 03% TBHDP-MMT
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Figure B.4 PEE/1000/37 wt%PBT5) + 05% TBHDP-MMT
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Figure B.5 PEE/1000/49 wt% PBT8)
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