
PhD Thesis Summary 

 
PhD Thesis, named “Research concerning the influence of some surface coatings on 

biodegradable metallic alloys used in the medical field” developed by Eng. Bogdan Istrate, 

under the guidance Prof.univ.dr.ing. Corneliu Munteanu had as objectives the development of 

new magnesium alloys, performing some thermal depositions and characterization of their 

properties through microstructural analysis, biocompatibility, corrosion resistance and 

mechanical properties.   

 Thesis first part contains a synthesis of specialized literature, describing preliminary 

concepts regarding Mg-based biodegradable materials with required characteristics for usage in 

the medical field. 

By consulting citations, some general conclusions have been written regarding 

classification of Mg-based biodegradable materials, their use as medical applications, thermal 

coatings for improving biodegradation rate and highlighting the microstructural structure, 

mechanical, corrosion and biocompatibility properties.  

 The experimental part of the thesis starts with description of the technological process 

of developing Mg-Ca-Zr-Si alloys, equipment description of plasma jet deposition, but also the 

methods and equipments used in the characterization of experimental research. Casting of Mg-

Ca-Zr-Si alloys was carried out using an induction furnace with controlled atmosphere. The 

resulted mini-ingots were cut in samples for specific tests from the experimental procedure. The 

resulted samples were supposed to microstructural and mechanical analysis, electrochemical 

behavior and biocompatibility evaluation. 

 Results have highlighted some key conclusions: 

- After optical and scanning electron microscopy, and XRD analysis there has been 

possible to identify alloys constituents, phases of deposited coatings belonging to Mg-Ca-Zr-Si 

system. Also, coatings morphology presents a porous surface, with a few micro-cracks and 

unmolded particles, having a structured form of ZrO2 oxide in tetragonal crystal structure. These 

biodegradable alloys presents a Young modulus between 13 and 27 GPa, values similar with the 

human body, but much lower than well known biomaterials (Co-Cr alloys, Ti-based alloys, etc). 

Coated alloys show better corrosion resistance and corrosion rate than the base materials; 

- Citotoxicity tests using human osteosarcom cells revealed that based alloys show a high 

cellular viability, good biocompatibility, the most appropriate alloy is Mg-0,7 Ca. Coatings 

present a lower viability in comparison with based materials, but satisfactory, because of “alloys 

effervescence”, the release of hydrogen ions that comes into contact with the ceramic coating. 

 Personal contributions of this thesis are the following: 

- A summary of Mg-Ca-Zr-Si biodegradable materials, specific coatings and methods to 

improve their proprieties; 

- Elaboration of  Mg-Ca-Zr-Si system chemical compositions, using a modern method of 

casting in controlled atmosphere, using high purity elements; 

- Plasma deposition coatings were performed containing ZrO2-Y2O3 and ZrO2-CaO oxides 

on the surface of those six based materials, using a modern plasma deposition method; 

- It was performed a complex characterization for both basic materials and thermal 

coatings deposited using modern methods (XRD, SEM, EDS, optical methods, mechanical tests), 

electrochemical behavior tests and biocompatibility tests. 

 This thesis has a strong multidisciplinary character, because of the casting and the 

properties from different domains, such as casting and study of biodegradable alloys, mechanical 

characterization, electrochemical analysis and cell viability. 
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