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Koruyucu Boyalar&Kaplamalar Uzmani / Protective Coating Specialist

TUCSA TK-4 Yiizey Koruma Komitesi Baskani
TUCSA TK-4 Surface Protection Committee Chair

Kendi-Kendini lyilestiren / Tamir Eden Boyalar ve Kaplamalar

Self-Healing / Self-Repair Coatings

Ozet: Bu yazida 6zetle, enduistriyel, marin, havacilik ve uzay,
otomotiv, konformal ve tekstil boyalari/kaplamalari alanin-
da son derece yeni ve ¢igir acici bir sinif olan Kendi-Kendini
lyilestiren / Tamir Eden Boyalar ve Kaplamalar konusuna ait
genel bilgiler (tarihce, terminoloji gibi) ile birlikte bu tekno-
lojilerin hangi ana tiplerden olustugu ve hangi avantajlar/
dezavantajlara sahip olduklari incelenmektedir.

1. Giris

Kirilma ve cizilme olur, bunu, hayatin bir parcasi olarak di-
stiniiriiz. Ornegin cep telefonunuzu diisiiriip, ekraninini
cizebilir, hatta kirabilirsiniz. Bundan daha vahim olan bir
durum ise, arabanizin boyasinin gizilmesi veya catlamasidir.
Cep telefonu 6rneginde tamir icin harcayacaginiz para ve
zaman nispeten daha diistik iken, aracinizi boyasinin tamiri
icin ayni seyi sdyleyemezsiniz. Bundan daha kotusu ise, kri-
tik ekipman ve yapilarda mekanik bir hasar nedeniyle gozle
gorilemeyen mikro-catlaklarin olusmasi, bunlarin giderek
blylmesi ve sonucu kaza ile biten katastrofik sonuglara
neden olabilen durumlarla karsilasmamizdir. Buna 6rnek
olarak, Cin Havayollarinin 611 sefer nolu ucaginin govde-
sindeki 22 yillik mikro-¢atlaklarin gévdede yirtilmaya sebep
olmasi ve bu ugagin 2002 yilinda Tayvan acgiklarinda denize
diismesi gosterilebilir.

Sekil 1: Mikro-catlaklar ve olumsuz sonuglari

Ekim / October - Kasim / November 2019

Summary: General information (i.e. history, terminology)
along with the main types, trends &new advances and the
advantages/disadvantages about the Self-Healing / Re-
pairing Paints and Coatings, which is a new and ground-
breaking class of paints/coatings in the fields of Industrial,
Marine, Aerospace, Automotive, Conformal and Textile, are
summarized in this article.

1.Introduction

Things like scratching and cracking can happen. We take
them as a part of life! For example, you can drop your mo-
bile phone off the ground and scratch its screen or even
break it. What is even worse is that your car is scratched or
cracked. You can't say the same for repairing your car paint
case since the money and time you will be spending on re-
pairing your cell phone case is relatively low! Even worse
case s, invisible micro-cracks occuring on the critical equip-
ment and structures due to As an example, in 2002 the 22-
year micro-cracks in the hull of the Chinese Airlines 611
flight have break-up the fuselage leading the plane falling
into the sea off Taiwan!

Figure 1: Micro-cracks and its negative consequences




Ancak, nasil ki elinizi hafifce kestiginizde, kana-
yan bolge belli bir siire sonra pihtilasip kendi-
kendini iyilestirir (viicudu tamir eder) ise, ayni
sey Kendi-Kendini lyilestiren / Tamir Eden Bo-
yalar ve Kaplamalar kullanilarak metal, ahsap,
beton, komposit ve hatta tekstil ylizeylerinde
de gorildr. Bu teknoloji Girtinlere kendi-kendine
iyilestirme/tamir etme islevselleri kazandirilabil-
mektedir.

Sekil 2: Kan pihtilasmasi ve derinin kendi-kendini iyilestir-
mesi

Bunu basitce anlatmak gerekirse, boyalarda ve kaplamalar-
da bir ¢izik veya catlak olustugunda, yapitaslan olan poli-
mer zincirinde mikroskobik seviyede bir kopma/yirtiima
olusur. Temel olarak, Kendi-Kendini iyilestiren / Tamir Eden
Boyalar ve Kaplamalar'in yaptigi sey ise, -Otonom veya Yari-
Otonom bir sekilde- bu kopma/yirtilmalar gesitli teknoloji-
ler ve mekanizmalar kullanarak onarmaktir.

Endiistri 4.0 ve Boya / Kaplama Endiistrisi: Otonom ve
Yari-Otonom Tamir Eden Boyalar ve Kaplamalar
Endustri 4.0 cagina girdigimiz su glnlerde, ayni yeni nesil
araclarda oldugu gibi boyalar ve kaplamalarin da otonom
yani hicbir miidahaleye gerek kalmadan veya yari-otonom;
disaridan bir uyari ile (sicaklik degisimleri, 1s1, UV, IR 1simasi
uygulamak ve basing degisimleri gibi) Kendi-Kendini yiles-
tirmesi / Tamir Etmesi beklenebilir.

Bu tir boyalar/kaplamalar, ylizeysel ¢izilmeleri ve mezosko-
pik hasarlari (6rn.mikro-catlaklar ve oyuklar) iyilestirebilir ve
eski haline getirebilir. Bunu yaparken de iki asamali bir yol
izlerler:

1. Bosluk kapatmak,

2. Hasarli bolgeyi iyilestirmek/tamir etmek.

+CH2NCH2H CHQNCHQ%—
A" "
o oJ\L

SH SH

o Oj/
+GH2NCH2HCH1NGH2+
n m

Sekil 3: Boyalarin/Kaplamalarin 2 asamali kendi-kendini iyi-
lestirme ve tamir siireci.

Oxidation

-
Reduction

Farkl tipteki Kendi-Kendini iyilestiren / Tamir Eden Boyalar
ve Kaplamalar farkli teknolojilere sahiptir. Bu farkhliklar 2
asamali kendi-kendine iyilesme siirecinde bazi farkliliklara
neden olmaktadir ve bu yazinin ilerleyen boliimlerinden
biri olan Ana Tipleri paragrafinda 6zetle incelenecektir.

+CH2NCH2HCH2NCHZ+
)\ m n
o o

o OY
+CH2NCH2HCHZNCH2+
n m
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However, just like you gently cut your hand,
the bleeding area will clot and self-heal (repair
the body) after a certain period of time. Using
the same mechanism, Self-Healing / Repairing
Paints and Coatings may bring in self-healing
/ repairing functions to the metal, wood, con-
crete, composite and even textile surfaces.

Figure 2: Blood coagulation and self-healing of skin

Simply put, when a scratch or crack occurs in paints and
coatings, a rupture/tears occurs at the microscopic level in
the polymeric chain, which is the building blocks of them.
Basically, what Self-Healing / Repairing Paints and Coat-
ings do - in an autonomic or semi-autonomic way - is to
repair these ruptures / tears using various technologies and
mechanisms.

Industry 4.0 & The Paint/Coating Industry: Autono-
mous & Semi-Autonomous Repairing Paints & Coatings
In these days we entered the age of industry 4.0, Just like
the new generation of autonomous vehicles, self-healing or
self-repair from the paints and coatings may be expected
in a autonomous way, i.E. Without any intervention or in a
semi-autonomous way i.E. With a warning from the outside
(temperature changes, heat, UV, IR radiation and pressure
changes, etc.)

Such paints / coatings can heal and restore surface scratch-
es and mesoscopic damages (eg micro-cracks and cavities).
In doing so, they follow a two-stage path:

1. Fill the gap,

2. Heal / Repair the damaged area.

Self-healing coating

S
S/

Healing g

e

Figure 3: Two-step self-healing/repair process of paints/
coatings

Different types of self-healing/repairing paints and coat-
ings have different technologies. These differences lead to
some differences in the 2-stage self-healing process and
will be summarized in the following section of the article,
which is the Main Types paragraph.

Paint&Surface
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Kisa Tarihge

Bilinen en eski kendi-kendini iyilestiren/tamir eden malze-
menin, Romalilar zamaninda kullanilan bir cesit kire¢ harci
oldugu tarihceler tarafindan belirtiimektedir. Ginlim{izde-
ki anlamiyla Kendi-Kendini lyilestiren / Tamir Eden Boyalar
ve Kaplamalar konusunda ise ¢ok sayida makale ve sunum
1980’lerin ortalarindan beri yapilmaktadir. Bu teknoloji-
nin ilk basarilh 6rnekleri 21.yy basinda Amerika, Avrupa
ve Avustralya'daki teknik Universitelerin laboratuvarlarin-
da Uretilmeye baslanmistir. Bu teknoloji 2010'dan sonra-
ki yillarda ise, cesitli sektorlerde kendine ticari olarak yer
bulmustur. Bu konuda giderek artan calismalarin ve ticari
atihmlarin en cok asagidaki alanlarda/sektorlerde oldugu
g6zlemlenmektedir.

Hangi Sektorlerde Kullaniliyor?

Kendi-kendini tamir eden boyalar/kaplamalar en sik olarak
otomotiv ve OEM sektdrlerinde (6zellikle arabalarin metalik
veya plastik ytizeylerdeki boya ciziklerini giderilmesi gibi)
gorilmektedir. Diinya Gzerinde stiregelen farkh tlkelerdeki
calismalar araciligi ile bu teknolojilerin, akilli telefonlar, ha-
vacilik ve uzay, savunma ve askeri ekipmanlar, endustriyel
yapisal celik hatta tekstil (Bknz. Referanslar bolimi) Griinle-
rinde de kullanilabilecegi ispatlanmistir.

2. AnaTipler

Kendi-kendine tamir eden kimyasallarin Gretim yontemleri-
ni, 5 ana baslkta inceleyebiliriz:

. Mikro-kapsulleme (Microencapsulation)

Il Isi ile aktiflesen Thermoplastik Polimer (Heat-activated
Thermoplastic Polymers)

1. Mikro-damarli ag (Micro-vascular network)

IV. Tersinir kimyasal reaksiyonlar (Reversible chemical reac-
tions)

V. ici-bos fiber yaklasimi (Hollow-fiber approach)

Ancak, Kendi-Kendine Tamir Eden Boyalar/Kaplamalarin
Uretiminde, Mikro-Kapsiilleme ve isi ile aktiflesen Termop-
lastik Polimer 6ne ¢ikan yontemler olarak gosterilmektedir.
Simdi gelin bu iki teknolojiye biraz daha yakindan bakalim.

Mikroenkapsiilleme (Microencapsulation)
lyilestirme/tamir ajanlari-kimyasallari bu tip boyalar ve kap-
lamalarin icine mikro ve hatta nano Olcekte kapsiller olarak
g6milmektedir. Bu kapsiiller, boya veya kaplama icinde bir
nevi cep islevi gdérmekte; disaridan bir etki (darbe, cizilme,
yirtilma gibi) geldiginde, bu kapsiiller delinerek dis ortama
yapistirici benzeri iyilestirici kimyasallar ve ajanlar salmak-
tadir. Sonrasinda, disaridaki diger katalizor kimyasallar ile
tepkimeye girerek hacimce daha biyik ve daha saglam bir
kopolimer olusturmaktadirlar. Boylelikle, o bolgedeki cizik/
yirtik/delinmeyi tamir ederek boya ve kaplamayi iyilestir-
mektedir. Tabii ki tim bu tepkimeler, bir géz kirpmasi su-
resi icinde, gdziimuzilin gdremeyecedi 6lcekte, mikroskobik
hatta nano 6lcekte gerceklesmektedir.

Ekim / October - Kasim / November 2019

Brief History

Some type of a lime mortar in ancient Roman times was re-
ported to be reported as the oldest self-healing material by
historians. In our modern times, although several articles,
papers, and presentations have been published after mid
80’s worldwide, it was the 215 century that the first success-
ful Self-Healing / Self-Repair paints and coatings were pro-
duced in the laboratories of technical universities located
at mainly USA, Canada, Europe and Australia. After years
following 2010, these paints and coatings have found com-
mercial use in various industries.Following paragraph sum-
marizes the most popular fileds/sectors that the ever-in-
creasing studies are carried out and commercial start-ups
are established.

Which Fields/Sectors ?

Although self-repairing paints / coatings often show up
in the automotive and oem sectors (especially removing
paint scratches on metallic or plastic surfaces on cars), it is
aknown fact as a result of the current studies from different
countries in the world that it can be also be used in smart
phones, aerospace, defense and military equipment, indus-
trial structural steel surfaces or even textile (see reference
section) products.

2. Main Types

We can review the production methods of Self-Healing /
Self Repair paints&coatings in 5 main types:

I. Microencapsulation

Il. Heat-activated Thermoplastic Polymers

Ill. Micro-vascular network

IV. Reversible chemical reactions

V. Hollow-fiber approach

However in the production of self-repairing paints / coat-
ings, Micro-encapsulation and Heat-activated Thermo-
plastic Polymers are shown as prominent methods. Now
let’s take a closer look at these two technologies:

Microencapsulation

Self-Healing / Self Repair Agent Chemicals micro or even
nano scale capsules are embedded inside in these types of
paint and coatings. These capsules serve as a kind of pocket
in paint or coating; when an external stimuli (such as im-
pact, scratching, tearing) happens, these capsules open up
and release adhesive-like healing chemicals & agents to its
surroundings. Subsequently, the external catalyst reacts
with the chemicals to form a copolymer that is larger and
more robust by volume. In this way, repairing scratches /
tears / punctures in that area heals the paint and coating.
Of course, all these reactions take place on a scale that can-
not be seen by our eyes, in microscopic or even nano scale.
(The relationship of this technology with nanotechnology
will be explained in the next section.)
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(Bu teknolojinin nanoteknoloji ile
olan iliskisi, bir sonraki bolimde
aciklanacaktir.)

Sekil 4: Mikroenkapsiilasyon esasli
Kendi-kendini lyilestiren / Tamir-
eden boyalar ve kaplamalarin basit
calisma mekanizmasi

Microcapsules ruptured sy
by damage

Isi ile Aktiflesen Termoplastik Polimerler
Mikroenkapsiilleme

(Heat-activated Thermoplastic Polymers)

Bu tipteki Kendi-Kendini Iyilestiren/Tamir Eden Boyalar Ve
Kaplamalar 2 alt sinifa ayrilamaktadir:

1. Sekil-Hafizali Polimerler - SHP (Shape Memory Polymers
-SMPs)

2. Tersinir Polimerler (Reversible Polymers)

1. Sekil-Hafizali Polimerler (Reversible Polymers)
Bircogumuz Sekil-Hafizali malzemeleri glnlik hayatimiz-
da sikca kullaniriz ancak farketmeyiz. Ornegin Nitonoldan
(Nikel-Titanyum) yapilmis gozliklerimizin, ne kadar egsek
biksek de eski formuna/sekline geri geldigine sahit olmu-
suzdur. Genellikle, Sekil-Hafizali Polimerler cok daha karma-
sik (ve son derece ilging) sekilde calismaktadirlar. Ancak biz
bu detaylara girmeyecegiz. (Merak edenler yazi sonudaki
linki inceleyebilir'.)

Burada 6nemli olan, bu tiir Sekil-
Hafizali Polimerlerin yapisi geregi
esnek olmalari ve hasar-6ncesi du-
ruma gelebilmeleri icin mutlaka
bir 151 veya enerji kaynagina ihtiyag
duymalaridir. Ornegin, bircok oto-
motiv ana Ureticisi ve bu Ureticiler
icin boya Ureten tedarikci firmalar,
bu teknolojiye sahip boyalar arag
Gizerindeki boya sisteminin sonkati
olan Vernik-Kat (Clear-coat) icerisin-
de kullanmaktadir. Boylelikle, boya
cizildikten sonra basit bir is1 verici
cihaz ile bu ciziklerin giderilmesi
mumkiin olmaktadir.

Sekil 5: Arag Uzerinde cizilen boyanin izerine 1s1 uygulana-
rak boyanin kendi-kendini iyilestirmesi / tamir etmesi

2, Tersinir Polimerler (Reversible Polymers)

Bu tipteki kendi-kendine iyilestirebilen boyalar/kaplama-
larda Isil-Tersinir (Thermoreversible) kimyaya sahip Furan
ve Maleimide fonksiyonel gruplari gibi polimerler kullanilir.
Bir hasar sonrasinda ylizeye uygulanacak isi veya isi Urete-
bilecek enerji ile, Diels-Alder (DA), retro-Diels-Alder (RDA)
gibi 6zel tersinir kimyasal tepkimeler sayesinde, bu tersi-

Ekim / October - Kasim / November 2019

Healing agent
released to damage site

Figure 4: Micro-encapsula-
tion-based  Self-Healing/Self-
Repair Paints and Coatings and
the simple operation mecha-
nism

=) Healing agent polymerizes
and heals damage

Self-healing / repairing paints and coatings of this type are
divided into 2 subclasses:

1. Shape Memory Polymers-SMPs

2. Reversible Polymers

Many of us use Shape-Memory materials frequently in our
daily lives, but we really do not notice. For example, our
glasses made of Nitonol (Nickel-Titanium), you may have
witnessed that it is returning to its former form / shape
no matter how much twisted or bend! Generally, Shape-
Memory Polymers work in a much more complex (and ex-
tremely interesting) manner. However, we will not go into
these details’. What is important here is that such Shape-
Memory Polymers are inherently flexible and require a heat
or energy source to be able to return to its initial undam-
aged state. For example, many automotive manufacturers
and suppliers that produce paints for these manufacturers
use the paints with this technology in Clear-Coat, which is
the last layer of the paint sys-
tem on the vehicle, and after
scratching the paint, these
scratches are healed with a
simple heat transmitter.

Figure 5: Self-healing / re-
pairing of the paint by ap-
plying heat to the scratched
paint on the vehicle

2. Reversible Polymers

Polymers with thermoreversible chemistry,such as furan
and maleimide functional groups, are used in this type of
self-healing paints / coatings. These reversible polymers can
be returned to their original Un-Damaged state by means
of special reversible chemical reactions such as Diels-Alder
(DA), retro-Diels-Alder (RDA) with energy that can generate
heat or heat to be applied to the surface after a damage.
The most important feature of these polymers is that the
ends of their polymeric structures are very active; In case
polymers are damaged with a mechanical damage coming
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nir yapiya sahip polimerler eski orijinal
hasarsiz durumlarina dénebilmektedir.
Bu polimerlerin en buyuk 6zelligi, Poli-
merik yapilarinin uglarinin oldukea aktif
olmasidir; polimerler disaridan gelecek
bir mekanik hasar ile parcalara ayrilsa

dahi, eski hallerine donmek igin mikna- .

tis gibi birbirlerini cekme potansiyelleri-

ne sahiptir. —a--

Epoxy Amine

form outside, they have
the potential to attact
each other to revert their-
selves into original forms
like magnets!

Dicls-Alder
12 -5\_,4\— Figure 6: Shape-memory

Polymers (SMPs) and the
b B Diels-Alder (DA) / retro-
Diels-Alder reactions

retro » 4
Dicls-Alder j
reaction

—
_—

[
DA Epoxy

Sekil 6: Sekil-hafizali Polimerler (SHP) ve
Diels-Alder (DA) ve retro-Diels-Alder reaksiyonlar

3. Nanoteknoloji ile iliskisi

Nanoteknoloji, yani metrenin milyarda biri (1/1,000,000,000
metre) olan nanometre Ol¢lslinde icra edilen bilim, mihen-
dislik ve teknolojiler, gliniimiizde ila¢ sanayinden ingaata
hemen hemen tiim sektérleri etkilemektedir. Ozellikle mik-
roenkapstilasyon yoluyla retilen Kendi-Kendini lyilestiren/
Tamir Eden Boyalar ve Kaplamalar sinifinda, nanoteknoloji-
nin kullanimi zorunludur. Zira, nano 6lcekteki kapsdillere ko-
nulmus 6zel formiiliize edilmis kimyasallar, siradan bir boya-
y1, disaridan bir darbe aldiginda icindeki kimyasali kontrollii
bir bicimde salacak bir Kendi-Kendini lyilestiren / Tamir Eden
boyaya donustirebilmektedir. Bununla beraber, yukarida
bahsedilen Sekil-Hafizali-Polimerler’in Gretiminde de nano-
teknoloji yogun bicimde kullanilmaktadir.

Sekil 8: Sekil-hafizali polimer yoluyla kendi-kendini iyilestirme
Figure 8: Self-healing via shape-memory polymers

4. Problemler ve Dezavantajlarn

Ana tiplerini inceledigimiz bu teknolojik boya ve kaplamalar
ile ilgili en sik karsilasilan problemler ve dezavantajlari 4 ana
maddede Ozetlenebilir:

l. Cogu mikrokapstil, sadece mekanik hasar nedeniyle olus-
mus kusurlari tamir edebilmektedir, metallerin korozyon
gibi dogal paslanma suirecine karsi aciktir. Henliz bu boyalar/
kaplamalar korozyon gibi elektrokimyasal suirecleri 6nceden
tespit edip, buna gore 6nlem alamamaktadir.

Il. Mikroenkapstlasyon yontemi sirasinda kullanilan kapsul-
ler cok kuiclik (nanometre boyutunda, daha buyuk olursa
boya kimyasal yapisinda zayifliklara neden olabiliyorlar) ol-
duklar icin, tastyabilecekleri iyilestirme ajanlari/kimyasallari
sinirldir. Bu nedenle, cogu zaman bu kapsiiller ayni yerde
hasar olusturugunda sadece bir veya birkac kez iyilestirme
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3. Correlation With Nanotechnology

Nanotechnology, which is the science, engineering and tech-
nology, dealing with nanometers measuring one billionth of a
meter (1/1,000,000,000 meters), is revolutionising every aspect
of our lives from from pharmaceutical industry to construction.
Especifically for self-healing / repairing paints and coatings
produced by microcapsulation, the use of nanotechnology
is mandatory! Because, standart paints and coatings can be
transformed into Self-Healing / Self-Repair paints and coating
by the use of nano scale capsules that contains special healing
chemicals. Besides, nanotechnology is also extensively used in
the production of the above-mentioned shape-memory poly-
mers.
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Sekil 7: Mikrokapsiiller yoluyla kendi-kendini iyilestirme
Figure 7: Self-Healing via microencapsultion

4. Problems ve Drawbacks

The most common problems and drawbacks associated with
these technological paints and coatings, of which the main
types have been examined, can be summarized in 4 main items
below:

I. Most microcapsules are vulnerable to the natural corrosion
process of metals such as corrosion; can only repair defects
caused by mechanical damage. These paints / coatings cannot
detect electrochemical processes such as corrosion in advance
and take precautions accordingly.

Il. Since the capsules used during the microencapsulation
method are very small (nanometer size, they can cause weak-
ness in the paint chemical structure if they are larger), the heal-
ing agents / chemicals they can carry are limited. Therefore,
most of the time, these capsules are able to repair & repair only
once or a few times times when they cause damage in the same
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Makale / Article

ve tamir edebilmektedirler. (iyilestirme glicleri son derece
sinirhidir denebilir.)

lll. Mikroenkapsiilasyon yodntemi sirasinda iyilestirme icin
gerekli olan katalist ve iyilestirme ajani kimyasallarinin cogu
zaman ayri ayr saklanmasi ve sonrasinda boya igine iyice
kangtinlmasi gerekmektedir. Hasarin nerede olusacagr 6n-
ceden bilinmediginden, eger bu iki farkli malzeme yeterince
homojen olarak karistirilmamis ise, birbirlerine yeterince ya-
kin olamayacaklari icin iyilestirme etkisi gostermeyebilir.

IV. lyilestirme kimyasal ajanlan son derece kararsizdir; su
ve oksijen ile hemen tepkimeye girebilirler. Bu ylizden, raf
omuirleri oldukga kisadir ve depolama kosullarina dikkat edi-
mesi geremektedir.

5. Yeni Gelismeler ve Trendler

Yukarida bahsedilen problemler ve dezavantajlari ortadan
kaldirmak icin, dlinya Uzerinde ¢ok sayida Uiniversite ve aras-
tirma merkezinde calismalar siirmektedir. Ornegin, BATTEL-
LE Memorial Institute arastirma merkezindeki bilim insanlari,
korozyon olusumunu 6nceden tespit-edebilecek ve iyiles-
tirebilecek tek-bilesenli akilli bir tanecik Uzerinde calismak-
tadir. (Battelle Smart Corrosion Detector® bead) Bu kiiresel
taneciklerin 30 ila 50 mikron ¢apinda kurecikler olup, kitle
halinde beyazimsi toz gibi goriindiigu belirtiimektedir. Boy-
lelikle, metal yiizeylerinde olusacak korozyon olugumlari icin
erken uyari sinyali vererek, kendi-kendine iyilestirme/tamir
islemine baslanmasi 6ngdrilmektedir. Mikroenkapstilasyon
teknigi ile bakteri ve mikroplar hedefleyen dis-uyaricilara
tepki veren boyalar ve kaplamalar gelistirilmesi de s6zko-
nusudur. Mikrokapsdller tarafindan tespit edilen bakteri ve
mikroplarin Gizerine kapstllerin icerisindeki zehirli kimyasal
ajanlarin goénderilmesi hedeflenmektedir. Tetikleme me-
kanizmasi olarak ornegin bakterilerin hiicre duvarlarindaki
spesifik bir proteinin uyaran olarak kullanilabildigi, litera-
turde belirtilen bir teknik gergektir. Son donemde popliler
olan bir diger yaklasim da, yukarida ana tipleri anlatilan tek-
nolojik metotlarin birlikte kullanilarak melez kendi-kendini
tamir eden boyalar/kaplamalarin Gretilme calismalandir.
Ornegin hem mikroenkapstilasyon hem de tersinir kimyasal
reaksiyonlar teknolojilerine sahip dual-aksiyonlu (hatta diger
teknolojilerden biri de kullanilirsa triplex- aksiyonlu) Kendi-
Kendini Tamir Eden Boyalar/Kaplamalar Gretilmesi, tizerinde
calisilan konulardan biridir. Bu teknoloji her ne kadar boya
ve kaplamalarin iskeletini olusturan polimer yapilarda daha
kolay uygulanabilmekteyse de, metal, seramik, ¢cimento ve
hatta asfalt malzemelerinde de inovatif ¢coziimler gelistirmek
icin diinya Uzerindeki farkli tilkelerde calismalar yiritilmek-
tedir. Bu konuda daha genis bilgileri su linkteki makaleden
okuyabilirsiniz*
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location. (Their healing powers are extremely limited.)

Ill. During the microencapsulation method, the catalyst and
curing agent chemicals required for curing often need to be
stored separately and then thoroughly mixed into the paint.
Since it is not known where the damage will occur, if these two
different materials are not mixed homogeneously enough,
they may not have a healing effect since they cannot be close
enough to each other.

IV. Healing chemical agents are extremely unstable; they can
react with water and oxygen immediately. Therefore, shelf life
is very short and storage conditions need to ve carefully moni-
tored.

5.Trends and Recent Advances

In order to eliminate the aforementioned problems and draw-
backs, studies are going on in many universities and research
centers around the world. For example, scientists at the BAT-
TELLE Memorial Institute research center are working on a one-
component intelligent particle that can predict and improve
the formation of corrosion. (Battelle Smart Corrosion Detec-
tor® bead) These beads are spheres of 30 to 50 microns in di-
ameter and appear to be whitish powder in bulk. Thus, giving
early warning signals of corrosion in the metal surfaces, self-
improvement / repair process is expected to begin.

Microscopic View

Sekil 9: BATELLE Akilli Korozyon Detektori Tanecikleri
Figure 9: BATELLE Smart Corrosion Detector Beads

It is also possible to develop paints and coatings that react to
external stimuli targeting bacteria and microbes by microen-
capsulation technique. Once Microbes and Bakteria detected, it
is aimed that toxic chemicals inside microcapsule are released
onto them. As an example of a trigger mechanism, a specific
protein in the cell walls of bacteria can be used as stimulus and
it is a well-known fact in the literature. Another popular ap-
proach in recent years is the production studies of Hybrid Self-
Repairing Paints / Coatings using the 2 or more technological
methods together described above in the main types. For ex-
amples, one of the topics studied is producing dual action (or
even triple action) self-healing / self repair paints having micro-
encapsulation and reversible chemical reactions and/or other
technologies mentioned above. Although this technology
can be applied more easily in polymer structures that form the
backbone of paints and coatings, studies are being carried out
in different countries around the world to develop innovative
solutions for metal, ceramic, cement and even asphalt materi-
als. You can read more about this in the following article’.



6. Sonucg

21.yy'da yasanan endistriyel ve teknolojik gelismelere bagli olarak, yenilik-
ler stirekli olarak hayatimiza girmektedir. Kendi-Kendine lyilesen/Tamir eden
Boyalar/Kaplamalar, 21.yy'da yasanan endistriyel ve teknolojik gelismelere
bagli olarak hayatimiza girmekte olan inovatif yeniliklerden biri olarak karsi-
miza ¢ikmaktadir. Akademik alandaki bilim-insanlari, arastirmaci akademis-
yenler ve endstriyel Ar-Ge merkezi uzmanlari aslinda, biz insanlar gibi yasa-
yan organizmalarin, Kendi-Kendini Tamir Etme Mekanizmalarini taklit ederek
daha uzun siire dayananacak inovatif boya ve kaplamalari gelistirmektedir ve
boylelikle bu boya ve kaplamalar koruduklar zeminlerin hizmet émiirlerini
giderek arttirmaktadir. Heniiz bebek adimlarini atan bu inovatif teknolojide,
Biomimimetics olarak da bilininen canli organizmalarin yasamsal islevleri or-
nek alinarak, daha yiiksek performansli ve daha az dezavantaja sahip gelismis
tiplerin Gretilmesi mimkiin olacaktir. Giderek akillilasan teknolojilerle cevrili
21. ve 22. yuzyll diinyamizda, Kendi-Kendini Tamir Eden Boyalar/Kaplamalar
kavrami strekli gelisen bir teknoloji olacaktir. Bu teknolojiyi ileride daha da
stk duyacagimiz ve giinliik hayatta daha cok kullanacagimiz su gotiirmez bir
gercektir.

As a result of the industrial and technological developments in the 21 century,
innovations are constantly entering our lives. Self-Healing / Repairing Paints and
Coatings is one of the innovative innovations that come into our lives due to in-
dustrial and technological developments in the 21 century. The aim of scientists,
researchers, research academics, and industrial R&D center experts in this field is,
in fact by mimicking the Self-Healing/Self-Repair mechanisms of living organ-
isms like us human-beings. Hence, more durable innovative paints and coatings
can be applied onto the surfaces and thus the service life of the substrates they
protect will be gradually increased. This innovative technology, which is still tak-
ing baby steps, will be able to produce advanced types with higher performance
and less drawbacks by taking the vital functions of living organisms, also known
as Biomimimetics.In our 215 and 22" century worlds surrounded by technologies
getting increasingly smarter, the concept of Self-Healing / Self-Repairing Paints /
Coatings is a constantly evolving technology, and it is an indisputable fact that
we will hear about these materials more and more frequently in the future!

1.http://www.bilimgenc.tubitak.gov.tr/makale/sekil-hafizali-yeni-polimerler )
2.https://www.rvo.nl/sites/default/files/bijlagen/282975_ANL_V2011-10%20AgentschapNL%20/0P%20Self-
healing%20materials%20A5%20C.pdf
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