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OZET

YUKSEK LiSANS TEZi

i [){UZEY. PURUZLULUGU FARKLI METALiK _
YUZEYLERIN YESIL YAKLASIMLA SENTEZLENEN CINKO OKSIT
NANOYAPILARLA KAPLANMASI VE OZELLIKLERININ iINCELENMESI |

[Tugc;e DiLBEN

Istanbul Universitesi-Cerrahpasa
Lisansiistii Egitim Enstitiisii
Metalurji ve Malzeme Miihendisligi Anabilim Dah

Metalurji ve Malzeme Miihendisligi, Tezli Yiiksek Lisans Programi

[Damsman: Doc. Dr. Nuray BEKOZ ULLEN \

]Ti6A14V alasimi, gii¢lii korozyon direnci, miikkemmel mekanik 6zellikleri, kemik benzeri
elastikiyet modiilii, diisiik yogunlugu ve alerjenik potansiyeli nedeniyle tibbi alanlarda metalik
implant ve protez malzemesi olarak kullanilmaktadir. Viicut sivilar1 ve organlar arasindaki
etkilesimlerle, implantlarin yiizeyinde korozyon, yorulma ve asinma olabilir. Implant
uygulamalarinda yiizey modifikasyon islemleri, implantlarin biyouyumlulugunu ve
islevselligini gelistirmek i¢in etkili yontemlerdir. Metal esasli implantlarin yiizey biitiinlig,
kalitesini, performansini, giivenilirligini ve kullanim Omriinii etkilemektedir. Implant
malzemesinin mekanik O6zellikleri, tasarimi, yiik iletimi ve biyouyumlulugu yiizey
plrtizliliginden etkilenmektedir. Metal ve metaloksit esasli nanopartikiiller (NP'ler) ile
implant yiizeyinin kaplanmasi; ylizey oOzelligini iyilestirmek, korozyon dayanimini ve
biyouyumluluk 6zelliklerini gelistirmek i¢in kullanilmaktadir. Bu NP'ler arasinda ¢inko oksit
(Zn0O), mikemmel yari1 iletken, piezoelektrik ve fotokatalitik 6zellikleri nedeniyle ©ne
cikmaktadir. NP’lerin metal esash yiizeylere kaplanabilirligi ve uyumu implant yiizeyinin

plirtizliliigiinden de etkilenmektedir.
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Bu tez ¢alismasinda, zencefil bitki 6ztinden hazirlanan bitkisel ve PEG’den olusan polimer
organik matris i¢erisinde ZnO inorganik katkili hibrid NP’lerin (Zencefil/PEG-ZnO NP) yesil
sentezi yapilmistir. Talagh imalat yontemiyle farkli piiriizlilik degerlerinde hazirlanan
Ti6Al4V alasimi metalik parcalarin yiizeyi, sentezlenen Zencefil/PEG-ZnO NP ile daldirma
yontemiyle kaplanmistir. Zencefil/PEG-ZnO NP’lerin yapisin1 ve 6zelliklerini belirlemek i¢in
UV-Vis, TEM, SEM-EDX, XRD, FTIR ve antioksidan kapasitesini lgmede DPPH y6ntemleri
kullanilmistir. Yiizeyi Zencefil/PEG-ZnO NP’ler ile kaplanmis farkli yiizey piirtizliiliigline
sahip Ti6Al4V alagimli pargalarin 6zelliklerini belirlemek i¢in; SEM, yiizey piiriizliiliik analizi,
Stereo Mikroskop, mikro sertlik 6l¢iimleri, temas agis1 Slgtimleri ve numunelerin hiicre canliligi
analizini belirleyen MTT testleri yapilmistir. ZnO NP'lerinin Zencefil/PEG biyopolimer
karisim matris i¢ginde homojen dagilim sergilemistir. ZnO NP’ler ¢ogunlukla kiiresel olan nano
boyutlu pargaciklardan olustugu ve ortalama pargacik boyutlarinin yaklasik 50 nm’den kiigiik
oldugu belirlenmistir. DPPH teknigi ile yapilan antioksidan aktivite dl¢limlerine gére ZnO
NP'lerin kabul edilebilir antioksidan aktiviteye sahip oldugu tespit edilmistir. Farkli yiizey
ptrtizlilik degerlerinde Ti6Al4V alasim ylizeylerinin elde edilmesinde kullanilan torna
isleminde ilerleme hizinin arttirilmasiyla ortalama yiizey piirtizliilik degerlerinde belirgin
artislar gergceklesmistir. Artan ylizey puriizliiliikk degeriyle mikrosertlik degerlerinde de artis
gozlenmistir. Kaplama sonrast mikro sertlik degerlerinde belirgin artiglar tespit edilmistir.
Kaplama sonrasi temas agis1 6l¢lim sonuglarina gore tiim numunelerin ytizeyinde 6l¢iilen temas
acilart 90°°den kiigiiktiir. Ti6Al4V alasiminin kaplama 6ncesi artan yiizey piirlizliilik degeri
ile ylizey temas agis1 azalmistir ve yayilim artmistir. MTT testlerinden elde edilen sonuglara
gore, kaplamali ve kaplamasiz Ti6Al4V alasimlarinin hepsinde %70 tizerinde hiicre canliligi

tespit edilmistir. \

Subat 2025 ,

107/ sayfa.

Anahtar kelimeler: ZnO NP, yesil sentez, Ti6Al4V alagimi, nanokaplama, yiizey piiriizliilik |
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ABSTRACT

M.Sc. THESIS

’COATING OF METALLIC SURFACES WITH DIFFERENT SURFACE
ROUGHNESS WITH ZINC OXIDE NANO-STRUCTURES SYNTHESIZED WITH A
GREEN APPROACH AND INVESTIGATION OF THEIR PROPERTIES ]

[Tugc;e DiLBEId

Istanbul University-Cerrahpasa
Institute of Graduate Studies
Department of Metallurgy and Materials Engineering

Programme of Metallurgy and Materials Engineering

]Supervisor: Assoc. Prof. Dr. Nuray BEKOZ ULLEN \

]Ti6A14V alloy is used as a metallic implant and prosthetic material in medical fields due to its
strong corrosion resistance, excellent mechanical properties, bone-like modulus of elasticity,
low density and allergenic potential. With interactions between body fluids and organs,
corrosion, fatigue and wear can occur on the surface of implants. Surface modification
processes in implant applications are effective methods to improve the biocompatibility and
functionality of implants. The surface integrity of metal-based implants affects their quality,
performance, reliability and lifetime. The mechanical properties, design, load transmission and
biocompatibility of the implant material are affected by surface roughness. Coating the implant
surface with metal and metal oxide-based nanoparticles (NPs) has been used to improve surface
properties, corrosion resistance and biocompatibility. Among these NPs, zinc oxide (ZnO)
stands out due to its excellent semiconductor, piezoelectric and photocatalytic properties.
Coatingability and compatibility of NPs on metal-based surfaces are also affected by the

roughness of the implant surface.
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In this thesis, green synthesis of ZnO inorganic doped hybrid NPs (Ginger/PEG-ZnO NP) in a
polymer organic matrix consisting of vegetable and PEG prepared from ginger plant extract
was carried out. The surface of Ti6Al4V alloy metallic parts prepared with different roughness
values by machining method was dip coated with synthesized Ginger/PEG-ZnO NPs. UV-Vis,
TEM, SEM-EDX, XRD, FTIR and DPPH methods were used to determine the structure and
properties of Ginger/PEG-ZnO NPs and to measure the antioxidant capacity. SEM, surface
roughness analysis, Stereo Microscope, microhardness measurements, contact angle
measurements and MTT tests were performed to determine the properties of Ti6Al4V alloy
parts with different surface roughness coated with Ginger/PEG-ZnO NPs. ZnO NPs exhibited
homogeneous distribution in the ginger/PEG biopolymer blend matrix. ZnO NPs were mostly
spherical nano-sized particles with an average particle size of less than 50 nm. According to the
antioxidant activity measurements by DPPH technique, ZnO NPs were found to have
acceptable antioxidant activity. Significant increases in the average surface roughness values
were realized by increasing the feed rate in the lathe process used to obtain Ti6Al4V alloy
surfaces with different surface roughness values. An increase in microhardness values was also
observed with increasing surface roughness values. Significant increases in microhardness
values were detected after coating. According to the contact angle measurement results after
coating, the contact angles measured on the surface of all samples are less than 90°. With
increasing surface roughness value of Ti6Al4V alloy before coating, surface contact angle
decreased and diffusivity increased. According to the results obtained from MTT tests, cell

viability above 70% was detected in all coated and uncoated Ti6Al4V alloys. |
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