Korozyon;

Metallerin iginde bulunduklari ortam ile kimyasal ve elektrokimyasal reaksiyonlara girerek metalik
ozelliklerini kaybederek glirimeleridir.

Metaller dogada saf olarak bulunmazlar, oksit halinde bulunurlar. Oksitleri saf metale dondirmek

bir takim iglemlere ihtiya¢ duyulur ve bunun sonucunda da kimyasal olarak saf metal elde edilir.

Saf metaller dengesizdirler.

iletken bir ortamda ;su altinda veya atmosferde metal buna tepki verir ve dogal hali olan oksite
déner. Ornek olarak gelik ise pasa doniisiir. Sadece bakir ve degerli metaller ( altin, giimis,platinyum)

sabit kararliliklari sebebiyle dogada metal olarak kalirlar.

Corrosion

Chemical corrosion is the process of deterioration of metal components when exposed to an
aqueous environment (water).

It requires energy to convert oxides into pure metals and as a result they are chemically unstable. In
the presence of water, either underwater or in the atmosphere the metal will react and return to its
natural state - an oxide. Steel for example will degrade (oxidize) back to rust. Only copper and

precious metals (gold,silver,platinum) exist as metals in nature due to their relative stability.

Elektrokimyasal Korozyon

Ylzeydeki metal atomlari eriyerek suya yani bir elektrolite ( iletken bir sivi ) karisir. Elektronlarini suya
verirler ve pozitif yukli iyonlara donustrler. Su molekdllerinin (H20) kiigtik bir yuizdesi -H+ ve OH-
yuklu iyonlarina boltinurler. Metal ylzeydeki ufak gesitlilikler farkh kosullar olusturur ve elektronlar
asinma bolgesinden sudaki iyonlarla birlestikleri baska bolgelere giderler. Bu gogunlukla hidrojen
iyonlarinin ve oksijenin su ve bir tir hidrojen gazi haline gelmelerinin tepkisidir. Pozitif metal iyonlari
suda dolasarak metalin hidroksitini olugturan ters yone akan negatif iyonlarla birlesir. bu tepkimeler
sonucu oksit olusumunun ilk agamasidir.

Yani, goruyorsunuz ki elektrik akiminin metal yiizeyindeki belirli noktalara kurulu olmasiyla anodik

bolgelerde metal kaybina (asinmaya) sebep oluyor.

Electrochemical Corrosion

The metal atoms at the surface dissolve into the water, which is an electrolyte (a liquid that can
conduct electricity). They give up electrons and turn into positively charged ions. A small percentage
the water molecules H20 break down into charged ions - H + and OH- . Slight variations in the

metal surface generate different conditions and the electrons flow through the metal from the
corrosion area to other areas,close by,where they combine with the ions in the water. This is mainly
a reaction with hydrogen ions and oxygen forming water and some formation of hydrogen gas. The
positive metal ions flow through the water and combine with the negative ions flowing in the
opposite direction forming the hydroxide of the metal - this is the first stage towards forming the

oxide during a series of reactions.



So, you can see that an electric current is set-up between localized areas on the surface of metal,
resulting in metal loss (corrosion) at the anodic areas. At the cathodic areas, only electrons are given

up so no metal is lost in these areas.

Neden Bazi Metaller Digerlerinden Fazla Aginiyor ?
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Tum metaller suda oksitlenir (altin harig), bazilari ise digerlerinden daha kolay oksitlenir.

Bu oranlar Galvanik potansiyel Serileri olarak gosterilir. Galvanik potansiyel serileri, metallerin deniz
suyuna koyuldugunda tek baslarina ulastigi gerilimin bir 6lgegidir.

Metal suya ne kadar atom kaybederse, metalde o kadar fazla elektron kalir ve daha dusuk gerilim
elde edilir. Diger bir deyisle metal daha gabuk aginir. Bu gerilim giimus ve gimis klorid (Ag/AgCl) gibi
standart bir yarim hucre kullanilarak 6lgllebilir. Daha pozitif kalan metaller asinmaya daha az

egilimlidir.

Why Do Some Metals Corrode More than Others ?

All metals tend to be oxidized (corrode) in water (except gold), some more easily than others. The
relative rate can be plotted on the GALVANIC SERIES.

This is a measure of the voltage reached by the metal alone when it is immersed in seawater.

The more the metal gives up atoms to the water, the more electrons are left in the metal and lower
the voltage achieved.In other words the metal is corroding quickly ( dissolving easily). This voltage
can be measure using a standard half cell such as a silver/silver chloride (Ag/AgCl) cell. Metals that

remain more positive are less prone to corrosion.

Galvanik Korozyon

iki farkli gesit metal bir araya geldiginde, elektronlar daha fazla negatif yiiklii metalden daha fazla
pozitif yikli metale gider. Baska bir deyisle, anottan katoda dogru akar.
Bakir ve gelik arasinda olusan gerilim 0.3 volttur. Devre tutyadaki pozitif yikli iyonlarin elektrolite

kaybiyla ve negatif yuklu iyonlarin eksi uca hareketiyle tamamlanir.

Bu kiglk pargaciklarin suya birakilisi tek bir metalinkinden ¢ok daha g¢abuktur ve bu 6rnek geligin

asinip bitmesiyle sinirlidir. Eksi uglu madde ( Bakir) korunur.
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Galvanic Corrosion

When two different metals (copper and steel in the example) are in contact, electrons will flow from
the more negatively charged metal to the more positively charged metal. The voltage generated
between copper and steel would be 0.3 volts. The circuit is completed by the lostt of positively
charged ions from the anode into the electrolyte and the movement of negatively charged ions to
the cathode. This release of small particles into the water is much more rapid than with one metal

alone, and in this example is limited to the corrosion of the steel. The cathode material is protected.

Metalin korunmasi ve Tutya:
Eger iki farkli metali de korumak istiyorsaniz, araya tglincl bir aktif metal koymalisiniz. Genel olarak
kullanilan metal ginkodur ancak magnezyum ve alliminyum da kullaniimaktadir.

Zn veya Al iki metal igin de tutya olur. Cinko veya aliiminyum diger iki metali korumak igin kendini

feda eder yani; eriyip yok olur.
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Sacrifical Anode

If you want to protect both types of metal you must add a third more active metal. The traditional

metal is zinc although magnesium and aluminum are also used.

This active metal becomes the anode for both metals. The zinc or aluminum sacrifices itself to

protect the other two metals, hence the term "sacrifical anode".



Asinmayi Hangi Etkenler Etkiler?

Not: Bu etkenlerden bazilari metal ylizeyinde mikroskobik olarak gesitlilik gésterebilir.

Sivinin iletkenligi - deniz suyu iyi bir iletken , tatl su ise kéti bir iletkendir yani deniz suyunda asinma

daha fazladir.

Oksijen Miktari - Genellikle, aginma orani sudaki oksijen oranina bagl olarak artar.

Ancak, ¢atlaklar ve yariklar ile civata baglari da oksijeni gektikleri igin anodik olurlar ve aginirlar.

Sudaki kirlilik orani - aginmayi arttirir.

Sicaklik - Daha yiiksek su sicakligl aginma oranini arttirir - yaklasik her 10 derecede ikiye katlanir

Basing - Baski altinda ki metal asinmayla beraberken basing catlaklari sebebiyle ani bir yetmezlige

sebep olabilir.

What Factors Affect Corrosion?

Note: Some of these factors can vary microscopically at the surface of the metal.

Conductivity of electrolyte - seawater is a good conductor and freshwater a bad conductor, so

corrosion is worse in seawater.

Amount of oxygen - Generally, corrosion rates increase in proportion to the amount of oxygen in the

water.

However cracks and crevices, which are starved of oxygen, become anodic and corrode also e.g.

under barnacles or boltheads.

Presence of pollutants - increases corrosion.

Flow Rate - will increase corrosion rates. Pitting in stainless steel is reduced however.

Temperature - Higher water temperature increases corrosion rates - approximately doubling for

every 10 C (18 F).

Stress - Metal under tensile stress in combination with corrosion can suffer sudden failure due to

stress cracking.



Presence of bio-organisms - There are various types of microorganisms that can contribute to

corrosion , either by removing protection or causing a corrosive environment.

Tutyalarin Alan ve Agirliklar

Tutyalarin ylizeyinin alani; ne kadar koruma saglayacagini, agirligi ise ne kadar sire ile galisacagini

gosterir. Her tutyanin agirligina karsi Amper saat ile olgulebilen farkl kapasiteleri vardir.

Area and Weight of Anodes

The surface area of the sacrifical anodes determines how much protection you get. The weight
determines how long they will last. Different anodes have different capacities measured in Amp

Hours per Pound.

Teknenin tutya ihtiyac:

Bir teknede kullanilacak tutyanin agirligini hesaplamak karmasiktir. iki adet tutya gereksinimi vardir:

1- lyi bir koruma saglamak icin yeterli yiizey alani

2- ihtiyag duyulan zaman kadar calismasi icin yeterli agirlik

Yiizey Alani - En iyi sekilde tutyalari yerlestirmeden 6nce "Govde Potansiyelini" 6lcerek buna karar

verilir.

R-106

Tutyalar baglama sistemine eklendigi zaman 6lgilen gerilim azalir. Eger gerilim 200-250 mV arasi
dustyorsa bu teknenizin uygun sekilde korundugu anlamina gelir. Ek olarak ginko veya aliminyum
tutya fazla koruma problemi olmadan arttirilabilir. Magnezyum tuyalari eklerken ise daha dikkatli
olmak gereklidir.

Agirlik - Sudaki zaman iginde yeteri kadar stire boyunca koruyucu bir akim saglamak igin yeterli agirlik
gereklidir. Bu ticari gemiler igin bir veya daha fazla sene iken kisisel teknelerde bir sezondur. En sik

kullanilan formdl séyledir.



Agirlik Hesaplama:

Sac¢ ve Aluminyum karinal tekneler, asagidaki formdal ile kullaniimasi gerek toplam tutya miktari

(Libre birimindeki Adirlik olarak) hesaplanabilir.

Tutya Agirh@i (Ibs) = [(Teknenin Su alti Yizey Alani) x (Akim Yogdunlugu) x (Suda Kalis)]

[(Kapasite) x (1000 mA/Amp)]

Teknenin Su alti Islak Ylzey Alani (sg-ft):

Karinanin Gergek veya Yaklasik Su altindaki Yiizey Alani

Akim Yogunlugu (sg-ft bagina mA ):

1.5 — 5.0 Boyal Sac Karina igin
0.2 — 3.0 Boyali Aliminyum Karina igin

Suda Kalig (saat):

Tutya degisim araligindaki toplam SAAT
(1 yil 8766 saat'tir)

Kapasite (Libre agirlik basina amp-saat):

Mil-Spec Zn tutyalar icin 368,
Mil-Spec Al tutyalar icin 1108, Mg tutyalar igin
500 dr.

Sualti Islak Yuzey Alaninin Hesaplanmasi:

=1.0 LWL x (Beam + Draft) Motoryat ve yelkenliler icin

=0.75 LWL x (Beam + Draft) Orta Deplasmanli Tekneler icin

=0.50 LWL x (Beam + Draft) Hafif Deplasmanli Tekneler icin

Kaynak: ABYC Korozyon Sertifikasyon Calisma Kilavuzu (ABYC Corrosion Certification Study Guide)




Anodes Required

Calculating the weigh of anodes to use on a boat is fairly complicated. There are two requirements of

anodes :

- Enough surface area to provide good protection.

- Enough weight to last the required period of time.

Surface Area - Ideally this can be determined by measuring the "hull potential" before and after
installing the anodes. Hull potential is measured using a digital voltmeter between a Ag/AgCl half cell

and the boat's negative ground to the bonding system.

When anodes are added to the bonding system the voltage measured reduces. If the voltage is
lowered by 200 - 250 mV the boat is considered to be adequately protected. In practice additional
zinc or aluminium anodes can be added without any problems of overprotection. More care is

needed when adding magnesium anodes.

Weight - Sufficent weight is needed to supply a protecting current for the required time in the water.

This is usually one or more years for commercial vessels and one season for recreational craft.

Anode Weight = Area x Current Density x Seawater Immersion

Amp hrs/Ib x 1000mA/amp

Where:

Area = wetted surface area

Current Density is given in mA/sq ft

Seawater Immersion = factor x hours per year of intended service.

Amp hours per |b of anode material = 1108 (aluminum) , 368 (zinc), 500 (magnesium)

Wetted surface area can be calculated quickly with the follow formulae :
1.0 x LWL x (beam + draft) - motor yachts full bodied sailing vessels
0.75 x LWL x (beam + draft) medium displacement

0.5 x LWL x (beam + draft) light displacement

Source : ABYC Corrosion Certification Study Guide



Sahil baglantisinin korozyona etkisi:
Sahile baglanmak sizi komsu teknelere de baglar. Eger komsu tekneler uygun tutyalarla

korunmuyorlarsa, onlari da siz korumus olursunuz . Bu da tutyalarinizin cabuk yipranmasina sebep

olur.
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Galvanic Corrosion Via The Ground Wire

Connecting into shore power connects your ground to the neighboring boats. If they are not

protected by suitable anodes, you will protect them — causing rapid wearing of your anodes.



