OZET/ABSTRACT

Metallerin deniz suyu ortaminda gergeklesen es zamanli asinma ve korozyonu (tribokorozyonu) denizcilik endustrisi igin
onemli bir problemdir. Bu problemin Ustesinden gelebilmek igin yiiksek fiyatlarina ragmen Ustiin mekanik ve korozyon
dayanimlarindan dolayi paslanmaz celikler tercih edilmektedir. Bu galismanin amaci denizcilik endUstrisi igin asinma ve
korozyon direnci artirilmis, uygun maliyetli makine ve ekipmanlarin gelistiriimesine katki saglamaktir. Bu galismada
denizcilik endustrisinde gesitli makine pargalarinin yapiminda kullanilan, paslanmaz celiklerle benzer mekanik 6zelliklere
sahip, gorece olarak ucuz AISI 4140 karbon cgeligi kullaniimistir. AISI 4140 celiginin ylzey o6zelliklerini gelistirmek igin
plazma nitrirll ve nitrirsiz érneklerine katodik ark Fiziksel Buhar Biriktirme (FBB) ydontemiyle nitriir esasli seramik
ince film kaplamalar (CrN, TiN ve AITiN) yapiimistir. Altlik malzeme ve tim kaplamalarin alimina (Al203) bilyaya karsi
kayma temasl tribokorozyon davraniglari oda sicakliginda %?2,38 NaCl oranina sahip dodgal deniz suyu ortaminda
incelenmistir. Calismanin verimliliginin kontrol edilebilmesi amaciyla ayni sartlar altinda AISI 316 paslanmaz gelik
Uzerinde de tribokorozyon deneyleri gergeklestirilerek karsilastirmali degerlendirmeler yapilmistir. Kaplamalarin yapisal
ozellikleri taramali elektron mikroskopu (SEM), X isinlari kirinimi (XRD), enerji dagihimli izgedlgimi (EDS) ve optik
mikroskop kullanilarak belirlenmistir. AISI 316, AISI 4140 malzemelerin ve plazma nitrtrlt/nitrirsiz CrN, TiN, AITiN
kaplamalarin dogal deniz suyu ortamindaki asinma, korozyon ve tribokorozyon davraniglari 2,5 N ve 5 N yukler, -1V,
0,3 V ve acik devre potansiyelleri (OCP) altinda incelenmistir. -1 V ile 2 V gerilimler arasinda 1 mV/s tarama hizinda
tim malzeme ve kaplamalarin potansiyodinamik polarizasyon testleri gergeklestirilmistir. Deneyler ileri-geri hareket
yapan disk Uzerinde kayan bilya (ball-on-disk) tipinde asinma cihazina entegre edilmis potansiyostatla birlikte
yapilmistir. Agik devre potansiyeli altinda gergeklestirilen tribokorozyon deneylerinden elde edilen elektrolitlerin
elementsel igerigi Iindiiktif Eslesmis Plazma-Optik Emisyon Spektroskopisi (ICP-OES) ydntemiyle analiz edilmistir.
Asinma izinden gergeklesen malzeme kayiplari optik mikroskop yardimiyla belirlenmistir. Yapilan deneyler ve analizler
sonucunda, kaplama 6ncesi yapilan plazma nitrirlemenin ve tim kaplamalarin AISI 4140 malzemenin asinma,
korozyon ve tribokorozyon davranislarini iyilestirdigi tespit edilmistir. Yuk artisiyla birlikte tiim potansiyellerde asinma
oraninin arttigi ve korozyon potansiyelinin azaldigi belirlenmistir. Anodik potansiyel (0,3 V) altinda gukurcuk korozyonu
olusumu artmistir. Bununla birlikte kaplamalarda yorulma kaynakli mikro gatlaklar, tabakal kirilmalar gibi mekanik
hasarlarin yaninda, mikro gatlaklara Cl iyonu sizmasi sonucu ortaya cikan korozyon hasarlari da tespit edilmistir.
Malzeme kayiplarinin katodik potansiyelden anodik potansiyele gittikge arttigi belirlenmistir. Farkli potansiyeller altinda
gerceklestirilen tribokorozyon deneyleri sonucunda ortaya cikan malzeme kayiplari dederlendirildiginde plazma
nitrirlenmis CrN kaplamalar her kosulda en basarili sonuglara sahip olmustur. Plazma nitrirlenmis TiN kaplamalarin
deniz suyu ortaminda kullanimi ikinci derecede uygun bulunurken, AITiN kaplamalarin kullanimi uygun bulunmamistir.
Sonug olarak deniz suyu ortaminda plazma nitriirlenmis ve dogru seramik ince filmle kaplanmis AISI 4140 celigin
paslanmaz celiklerin yerine kullaniminin teknik ve ekonomik acidan miimkin oldugu tespit edilmistir.

The simultaneous wear and corrosion (tribocorrosion) of the metals in the sea water environment is a major problem
for the marine industry. In order to overcome this problem, stainless steels are preferred because of their superior
mechanical and corrosion resistance despite their high prices. The aim of this study is to contribute the development of
cost-effective and wear and corrosion resistance increased machinery and equipment for the marine industry. In this
study, relatively inexpensive AISI 4140 carbon steel used for the construction of various machine parts in the marine
industry with similar mechanical properties to stainless steels was employed. Nitride-based ceramic thin film coatings
(CrN, TiN and AITiN) were made by cathodic arc Physical Vapor Deposition (PVD) method to improve the surface
properties of plasma nitrided and non-nitrided samples of AISI 4140 steel. Tribocorrosion behaviors of substrate
material and the coatings in sliding contact against with the alumina (Al203) ball were investigated in a natural
seawater environment with a ratio of 2,38% NaCl at room temperature. In order to be able to control the efficiency of
the study, tribocorrosion tests were performed on AISI 316 stainless steel under identic conditions and comparative
evaluations were made. The structural properties of the coatings were determined using scanning electron microscopy
(SEM), X-ray diffraction (XRD), energy-distributed spectroscopy (EDS) and optical microscope. Wear, corrosion and
tribocorrosion behavior of AISI 316, AISI 4140 materials and CrN, TiN, AITiN coatings of plasma nitrided/non-nitrided
were investigated under 2,5 N and 5 N loads, -1V, 0,3 V and Open Circuit Potentials (OCP) in natural seawater
environment. Potentiodynamic polarization tests of all materials and coatings were carried out between 1 V and 2 V
voltages and 1 mV/s scanning rate. The experiments were carried out with the reciprocating ball-on-disc type
tribometer integrated with potentiostat. The elemental content of the electrolytes obtained from tribocorrosion
experiments under open circuit potential (OCP) was analyzed by Inductive Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES) method. Material losses from wear track were determined by optical microscope. As a result of
the experiments and analyzes, it was determined that plasma nitriding before the coating and all coatings
implimentation improved the wear, corrosion and tribocorrosion behaviors of AISI 4140 material. It was determined
that the wear rate increased and corrosion potential decreased in all potentials with load increase. The formation of
pitting corrosion under anodic potential (0,3 V) increased. In addition to mechanical damages such as fatigue-induced
micro cracks and delamination fractures, corrosion damage caused by the leakage of Cl ion into micro cracks was also
determined. It was determined that material losses were increased from cathodic potential to anodic potential. Plasma
nitrided CrN coatings were observed to have the most successful results under all conditions when the material losses
resulting from the tribocorrosion tests under different potentials were evaluated. The use of plasma nitrided TiN
coatings in the seawater environment was found to be suitable in the second degree, while AITiN coatings was not
found to be suitable. As a result, it was determined that the use of AISI 4140 steel with plasma nitrided and coated
with correct film instead of the stainless steels is technically and economically feasible in sea water environment.



