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Tanim

_ Stiren  cH,=CH
Polimerler; ¢cok sayida ayni
veya farkli atomik
gruplarlarin kimyasal
baglarla, az veya ¢ok
dUzenli bir bicimde Polistiren
baglanarak olusturdugu
uzun zincirli-yuksek
molekul agirlikl
bilesiklerdir. Polimerler
“monomer” denilen
birimlerjn bir araya Kimyasal yapi —~CHz—CH-n
gelmesiyle olusmaktadir.
Buna basit bir ornek olarak

“Polistren” verilebilir A

# Mg A
'&L '&' ﬁ'\ﬂ',ﬁf'&'\'&'f’&'\'&'

A is 5 Monomer umit

—CHy—CH—CHy—CH—CHy—CH—CHy—CH—

— represents & covalent kond



Yaygin olarak kullanilan bazi polimerlerin formulleri

_[_CHE_CHE _jl_ 11

Polietilen Etilen
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(A) Part of a Linear Polyethylene Molecule
—(—CH, —CH—)—n CH, =
Polifwinil ko), FWC Winil k
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FPolitetrafl oroetilen (teflon) Tetrafl
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(B) Part of a Branched Polyethylene Molecule



Some Common Addition Polymers

|
Name(s) Formula Monomer Properties Uses
Polyethy@iene ethylene : : .
low densly (LDPE) —(CH,-CH,) — CH,=CH, soft, waxy solid film wrap, plasti€ bags
Polyethyllene ethylene - . electrical insulation
high den (HDPE) —(CH,-CH,) — CH,=CH, rigid, translucent solid bottles, toys
Polypropylene _[CH,-CH(CH.)] - propylene atactic: soft, elastic solid similar to LDPE
(PP) different grades 2 3/n CH,=CHCH, isotactic: hard, strong solid | carpet, upholstery

Poly(vinyl chloride)

vinyl chloride

(PVC) —(CH,-CHCI) - CH,=CHClI strong rigid solid pipes, siding, flooring
Poly(vinylidene chloride) 3 i B vinylidene chloride — . . ,
(Saran A) (CH,-CCl,), CH,=CCl, dense, high-melting solid seat covers, films
Polystyrene _[CH.-CH(C.H.)].- styrene hard, rigid, clear solid toys, cabinets

(PS) 2 6 '8/ n CH,=CHCH, soluble in organic solvents | packaging (foamed)
Polyacrylonitrile _(CH,-CHCN) — acrylonitrile high-melting solid rugs, blankets

(PAN, Orlon, Acrilan) 2 n CH,=CHCN soluble in organic solvents | clothing
Polytetrafluoroethylene 3 3 tetrafluoroethylene . . non-stick surfaces
(PTFE, Teflon) (CF-CF,), CF,=CF, resistant, smooth solid electrical insulation

Poly(methyl methacrylate)
(PMMA, Lucite, Plexiglas)

—[CH,-C(CH,)CO,CH,] -

methyl methacrylate
CH,=C(CH,)CO,CH,

hard, transparent solid

lighting covers, signs
skylights

Poly(vinyl acetate)
(PVACc)

~(CH,-CHOCOCH,) —

vinyl acetate
CH,=CHOCOCH,

soft, sticky solid

latex paints, adhesives

cis-Polyisoprene
natural rubber

—[CH,-CH=C(CH,)-CH,] —

isoprene
CH,=CH-C(CH,)=CH,

soft, sticky solid

requires vulcanization
for practical use

Polychloroprene (cis + trans)
(Neoprene)

—[CH,-CH=CCI-CH,] —

chloroprene
CH,=CH-CCI=CH,

tough, rubbery solid

synthetic rubber
oil resistant




[Polimerlerin siniflandiriimasi ]

= Kaynagina gore siniflandirma
Dogal polimerler

Yari sentetik

Sentetik



Proteins are composed of 20 amino acids
(only difference is in the side chains R")

There are L- and D-forms

Aspartic Acid
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[ Polysaccharides

Non-reducing end Reducing end

@de, acetal linkage




Yaplya gore siniflandirma
Heterozincir polimerler
lomozincir polimerler




Yapilarina gore siniflandirma

Bir polimer tek bir monomer biriminin tekrarlanmasindan olusuyorsa
buna “homopolimer” denir. Ornek olarak, etilenden elde edilen
polietilen ve strenden elde edilen polistren verilebilir.

Eger polimer molekulu iki farli monomerin birlesmesinden olusuyorsa
buna “kopolimer” denir. Kopolimerlerin ¢esitlerini Uge ayirabiliriz.

1. Ardasik kopolimer _ 4 B _ A B A B —A-B —
2. Blok kopolimer _A_PB BB _PF A A A

3. Duzensiz kopolimerler A A _B-B P& B4



Graft kopolimerler
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Polimer zincirler ister homopolimer ister kopolimer olsun, U¢
farkl formda bulunabilirler.

1. Dogrusal

—A-—A-A-A-A-A-A-A F[§§qm
2. Dallanmig

%\m b
B-B-B-B-B-B-B-B - D

| | |
B B B

3. Capraz Bagh

B B Figure 2: Types of molecular configuration: (a) Linear chain. (b) Branched molecule. (c) Cross-
linked network: molecules are liked through covalent bonds; the network extends over the whole
| | sample which 15 a giant macromolecule.
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a.)Homopolimer
b.)Duzenli kopolimer
c.)Ardisik kopolimer
d.)Blok kopolimer

{a)
(b}
icl
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Kisa-zincirli dallanmis:

W

(kristal ozelligi azalir)
Uzun-zincirli dallanmis:

(Reolojik ozelligini degistirir)

e e i o o D

(Dayaniklilik ve termal
kararllik saglar)




Kimyasal bilesimlerine gore siniflandirilabilirler

Organik polimerler: Yapilarinda C,H,O,N ve halojen atomlari icerirler

Inorganik polimerler: Ana zincirde C atomu yerine , periyodik cetveldeki IV-VI
grup elementleri yer alir.

I I
—5 05 R R

| I Alumina I ! Polisiloksan

o Al U o —Si__0_S —
| . Silikat | |
_Sli — 05 _Sli _ R R

= Sentez yontemlerine gore siniflandirilabilirler

= Isiya veya cozulere karsi gosterdikleri
davranisa gore siniflandirilabilirler

Termoplastikler: Isi ve basing altinda yumusar, akarlar ve boylece c¢esitli
formda sekillendirilebilirler.
Termosetler: Cozinmez ve erimez polimerlerdir.



= Fiziksel durumlarina gore siniflandirilabilirler

(b)Kristalik
polimerler,
daha serttir.

(a)Amorf
polimerler,
dusuk
sicaklikta kati
ve parlayan
(camsi) ozellik
gOsterirler.

Yuksek
sicaklikta
yumusak ve
sekil verilebilir
(plastikimsi)dir.

Figure 4: (a) Amorphous polymer (observe the entanglements among the polymer chains) and (b)
semicrystalline polymer.



Figure 6-9. Single crystals or linear polyethylene. [D. H. Reneker
and P. H. Geil, J. Appl. Phys., 31, 1916 (1960).]
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Figure 6-25. Boundary region between spherulite grown at 95 °C. in Branch point
a polyethylene fraction, Mw = 726.000. [H. D. Keith, 1
F. J. Padden and R. G. Vadimsky, J. Polymer Sci., 4, Loose chain end
A-2, 267 (1966).] J : ; i - A
Figure 6-10. Model of fold plane illustrating chain folding with

imperfections which may occur in the structure.



Polimerlerin Sentezi

= Serbest Radikal ile Zincir Polimerizasyonu

Zincir polimerlesmesinin radikaller Gzerinden yuruyen taraddr. Serbest
radikal polimerlesmesi U¢ asamadan olusur:

Baslangicta monomer molekulleri ¢esitli yontemler kullanilarak radikal
haline donusturultr. Radikal olusumu, 1s1, fotokimyasal, radyasyon
veya cesitli baslaticilar tarafindan saglanir. Bu amacla ortamda
radikal olusturmak icin en yaygin yontem ortama disaridan bir
baslatici eklemektir. Baslaticl, radikal olusturarak vinil grubundaki cift
baga atak yaparak polimerizasyon islemini baslatmig olur.

Baslatici olarak cesitli peroksitler, diazo bilesikleri ve redoks ciftleri
kullanilir. Peroksit baslaticilardan en yaygin kullanilani benzil
peroksittir. Bu baglatici isi ile kolaylikla parcalanarak serbest radikal
olusturmaktadir. Asagidaki sekilde benzil peroksit isi etkisi ile
parcalanarak iki tane serbest radikale donusmektedir.
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Daha sonra baslama asamasinda olusan radikaller monomer

molekulundeki ¢ift baga atak yaparak polimerizasyonu baglatirlar.
Sekilde baslaticidan olusan radikaller etilen molekulundeki cift
bagdan birini kirip yeni bir radikal olustururken boylece
polimerizasyon reaksiyonu da baslatmig olmaktadir

Olusan yeni radikaller ortamda bulunan monomerler ile reaksiyona girerek

polimer zincirinin bUyumesine neden olurlar.
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Polimerizasyon ilerledik¢e polimer zinciri bayur ve molekdl
agirligr artar. Polimerizasyonun bu agsamasinda artik
ortamda monomer sayisi azalmistir. Bu nedenle ortamdaki

radikaller soniUmlenmeye baglar
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Ortamdaki radikaller ¢esitli yollar ile (dallanma yeni gift bag
olusturma veya bir baska radikal ile reaksiyona girerek)
sonumlenir ve polimerizasyon islemi tamamlanir.
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Kondenzasyon Polimerizasyonu

Kondenzasyon polimerleri benzer veya farkli yapidaki poli-
fonksiyonel monomerlerin, genellikle kiicuk bir molekul ¢ikararak
reaksiyona girmesiyle elde edilir. Burada en oOnemli kosul
mono-merlerin poli-fonksiyonel olusudur. OH, COOH, NH2, gibi
fonksiyonel gruplardan en az iki tane tasiyan monomerler
ester-lesme, amidlesme, vb. gibi reaksiyonlarla, kuctuk molekuller
cikararak, kondenzasyon polimerlerini olusturular. PolitGretanlarin
elde edildigi uretan olusumu ve naylon 6' nin elde edildigi
kaprolaktam halka acgilmasi gibi, kuguk molekul c¢ikisi olmadan
dogrudan monomerlerin katiimasi sek-linde yurayen
polimerizasyon reaksiyonlari da genellikle bu grup icinde
degerlendirilir.



Examples of Condensation Polymers

Polyester
heat .
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Polimerizasyon Islemleri

= Yigin Polimerizasyonu

Proseste, polimerizasyon sonucu olugan urun, uretim
sonrasl ayirma, saflagtirma, vb. gibi prosesleri
gerektirmez, dogrudan satisa sunulabilir (saf).

Ayrica, diger proseslere gore daha ucuz makina ve
techizat gerektirdiginden, basit ve ekonomik bir
proses olarak degerlendirilir.

Bu prosesin en onemli dezavantaji ortaya ¢ikan isinin
ortamdan kolay kolay uzaklagtirilamayisi,
dolayisiyla sicaklik kontrolunun guc olmasidir. Bu
hususa ozellikle radikal polimerizasyonunda dikkat
edilmelidir.



Figure 5.2 A sampling of the diverse morphologies afforded by neat ABC triblock copoly-
mers through systematic variation of molecular parameters such as interblock incompatibil-
ity, molecular weight and composition. (Reprinted with permission from Bates, F. S. and
Fredrickson, G. H. Phys. Today 52, 32, 1999. Copyright (1999) American Institute of
Physics.)



= Suspansiyon Polimerizasyonu

Bu polimerizasyonu sonucu polimerizasyon sartlarina bagl olarak 10um-
10mm gozenekli veya gozeneksiz partikiller elde edilir. Stspansiyon
polimerizasyonunda iki faz vardir.

Reaksiyon sonucunda her monomer damlasi bir polimer partikule
donusur.

Suspansiyon polimerizasyonunda karsilasibilecek en buyuk sorun
partikullerin birbirlerine yapisarak birikmesidir. Bunu eklemek igin
dagitma fazina partikulleri stabil olarak ortamda tutabilecek stabilizor
maddeler eklenir.



= Emiulsiyon Polimerizasyonu

Emulsiyon polimerizasyonunda birbiri ile karismayan iki faz s6z
konusudur. Monomer fazi dagitma fazi icinde emusyon
halinde dagitilmistir. Stispansiyon polimerizasyonundan farkl
olarak burada baslatici dagitma fazinda ¢ozUnmustur. Cesitli
emulsiyon yapict maddeler kullanilarak monomer fazi dagitma
fazi icinde emulsiyon halde stabil olarak tutulur. Bunlardan en
yaygin kullanilan sodyumdodesilsulfattir. Tek duze kuresel

partikuller elde edilir.
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[2] Boddour, R.F., and Timmins, R. S., Eds.

(1967), The application of plasmas to
chemical processing, MIT Press,
Cambridge, MA.

ASMA POLYMERIZATION TECHNIQUE

J

A plasma which can be regarded as
the fourth state of matter is
composed of highly excited atomic,
molecular, ionic, and radical species.

‘Cold plasma’ is typically obtained
when gases are excited into
energetic states by radio frequency
(rf ), microwave, or electrons from a
hot filament discharge.

A plasma is a highly unusual and
reactive chemical environment in
which many plasma-surface
reactions occur [2]



What is the plasma polymerisation
technique used for?

Pf&sma-surface modification (PSM) is an effective and economical surface
treatment technique for many materials and of growing interests in
biomedical engineering, textiles, sensors [3] .

It is possible to change the chemical composition and properties such as
wettability, metal adhesion, dyeability, refractive index, hardness, chemical
inertness, lubricity, and biocompatibility of material surfaces.

Biomaterials

Electronics, automotive industry

Optics

Drug delivery and packaging system
Sterilization of materials , modification of
membranes in seperation techniques, and

sensor applications)

[3] Yasuda, H., 1984, Plasma polymerization for protective coatings and composite
membranes, Journal of Membrane Science, 18, 273-284.



Advantages

extremely thin layer (A)
good adhesion to the substrate
= pin-hwsSr's S wice

struc modification of just the outer most

atomic layers of a substrate
m mecmle because
of theighiahl br@pchad and crass-linked

strucl selection of desired functional group

= They accept a largie amount of biological

comp |
antib minimization of thermal degradation

0 the

surface of the fiIII_ because of their

bioco rapid treatment time .
E AN eCUnMUMTGRaHGESHeT T rerereerial

processing technique



The Modiification of Glass Fibres by
Plasma Rolymerization for Composite §
Glass Fifjre/Acrylic Resin [4]

A Novel Approach for Improvement of Interfacial £ L e Interfaci
Binding of Ceramics for Dental Materials Part I: Yo SN SRR - -
Chemical Treatment and Oxygen Plasma Etching [5] T MG Ve blndlng

Of ceramic

B ri
Plasma Polymerization Technique to Overcome acteria
Cerebrospinal Fluid Shunt Infections, submitted to Surface anti-fOU“ng
and Coating Technology [6]

surfaces
[4] Cokeliler, D., Erkut, S., Zemek, J., Biederman, H., Mutlu, M., The Modification of Glass Fibres to

Improve Reinforcement Properties by Plasma Polymerization Technique, Dental Materials, Received 19
April 2005; accepted 05 Jan 2006, in press.

[5] Cokeliler D, Erkut S, Akdogan E, Shard A G, Ozden N, Imirzalioglu P, Mutlu M, A Novel Approach for
Improvement of Interfacial Binding of Ceramics for Dental Materials Part I: Chemical Treatment and
Oxygen Plasma Etching, submitted to Dental Materials (May, 2006)

[6] Cokeliler D, Caner H, Zemek J, Choukourov A, Biederman H, Mutlu M, Plasma Polymerization
Technique to Overcome Cerebrospinal Fluid Shunt Infections, submitted to Surface and Coating
Technology (April, 2006)



[YUzey Modifikayon Yontemlers

Overcoat

Surface gradient

SAM

Surface active bulk additive
Surface chemical reaction
etching



[1 . Silanizasyon



POLIMERIK
BIYOMALZEMELER

Biyobozunur Polimerik
Biyomalzemeler

Biyobozunur Olmayan Polimerik
Biyomalzemeler

Hidrojeller



Chemical

Hydrolysis, Oxidation

Biological

Enzymes

Physical

radiation, etc.



[A. Biyobozunur Polimerler ]

SR—

= Dogal = Sentetik

Biyobozunur Biyobozunur
Biyomalzemeler Biyomalzemeler
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_[S hellfish wastesl from food processing
\

Decalcification in difwte aquesns AT solufion

Deprotemation in dlute aquenus NaOH salution

Decolorization in 0.5% RM1Cy ag. and Ovalic acid aq. or sunshine

NHAG NHAG NHAG NHAG

Deacetylation ia fint concentrated NaOH solufion (40-30%)

( Chitosan )
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poliortoesterler,
polianhidritler,
poliesteramidler,
poliiminokarbonatlar,
polifosfonezler, alifatik
poliesterler ve
poli(alkil-2-
siyanoakrilat)’lar



Nondegradable

POLYETHYLENE
POLYPROPYLENE
POLYTETRAFLUOROETHYLENE
POLYVINYLCHLORIDE
POLYAMIDES
POLYURETHANES
POLYACRYLATES

SILICONES, ETC.



PE

H H

(|?=([‘ Ethylene monomer

H H
A
: | - ||
-—C[.‘—(lf——- ;f“(l‘“(“—w +7~C~C—- Ethylene
H H H H H B R
units

= Katilma
polimerizasyonu

= Yuksek M.A.

= Dusuk islem
sicaklig!






Low Density PE ‘ Packaging, etc.
High Density PE q Tubings as drains, catheters, etc.

Ultra High Molecular Weight PE 1

Orthopedic implants: total hip and knee joints



[Poliakrilatlar ]

" Ry H #

—{CH,—C)y— Polymethylacrylate (PMA
, R,: CH, y ylacrylate ( )
COOR,
R4 CH;

Polymethylmethacrylate (PIMIMA
R,: CH,4 ‘ 4 d viate | )



Hard contact lenses; filling
material; bone cement,
etc.



PHEMA EGDMA

.
_(CHz—(l:)n—“ CH2:C—COO(|3H2
COOCH,CH CH,=C—COOCH,

ih,

Polyhydroxyethylemethacrylate (PHEMA)
forms hydrogels by crosslinking usually with
ethylene glycol dimethacrylate (EGDMA)
with different water uptakes (swellabilities)

Soft contact lenses; carriers for affinity
sorbents; wound dressings; etc.



