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Semester: 9  Core   Elective   Specialization  X 

 

Title: 

 
METALLIC MATERIALS SCIENCE AND ENGINEERING 

 

Aim: The aim of the course is to introduce the fundamental principles, structure and properties of 

metals and alloys, as well as the applied treatments/processes in order to induce the desired 

properties according to the field of application of these materials. After completing the 

course the student should be able to: 

• comprehend the connection between the structure and the properties of these materials,  

• correlate the applied process with their end use,  

• get familiar with contemporary treatment processes and characterization techniques 

• develop skills in choosing the appropriate metal and treatment process in respect to 

their applications. 

 

Content: • INTRODUCTION. Chemical bonds, crystalline structure of metals, defects in 

crystalline structure. 

• PHYSICAL PROPERTIES OF METALS. Thermal, electrical, magnetic properties 

• MECHANICAL PROPERTIES-TESTS. General principles, elasticity, plasticity, 

fracture, tensile test, compressive test, bending test, brittleness, creep, fatigue 

• MECHANICAL PROCESSES FOR SHAPING METALS. Metal rolling, extrusion, 

drawing, stretch forming. 

• SURFACE PROPERTIES. Surface roughness, friction-wear. 

• CORROSION. Oxidation and Protection of Metallic Materials. 

• EQUILIBRIUM PHASE DIAGRAMS. Solid solutions-phases and intermetallic in 

equilibrium phase diagrams, thermodynamic interpretation of  phase diagrams, 

equilibrium phase diagrams of binary and ternary systems. 

• STUDY OF Fe-C PHASE DIAGRAMS. Development of microstructures in Fe-C 

alloys, effect of alloying elements on the Fe-C diagram. 

• PHASE TRANSFORMATION. Fundamental phenomena, structure transformations 

in liquid state, structure transformations in solid state. 

• METALLURGICAL PROCESSES. Extractive Metallurgy (Raw material 

purification, mining, ore enrichment, metallurgical process), Pyrometallurgy (Ellingham 

Diagrams, Bouduard Equilibrium and Chaudron Curves, mass balances of Blast 

Furnaces), Electrolytic production of pure metals and alloys, Metals Recycling and 

application of metalworking processes in metal wastes, nano-metallurgy (physical and 

chemical behavior of metallic elements, inter-metallics and their mixtures in nanoscale). 

• PROCESSES FOR HARDENING OF METALLIC MATERIALS. Strengthening 

by Grain Size Reduction, strain hardening, solid solution formation aging precipitation.  

• THERMAL PROCESSES. General thermal treatments, Steel thermal treatments. 

• METAL SURFACE TREATMENTS. Hardening, passivation, corrosion inhibition 

and oxidation inhibition surface treatments. 

 



• INDUSTRIAL ALLOYS. Steels, cast iron, copper alloys, light metals (Al, Mg), 

titanium alloys, Super alloys, Zinc alloys, Lead alloys, Materials choice-standards. 

• MATERIALS CHARACTERIZATION METHODS. Destructive test methods, non-

destructive test methods, field characterization. 

 

Hours per 

semester: 
LECTURE 24 EXERCISES - 

LABORA-

TORY 
16 

HOME-

WORK 
135 TOTAL HOURS: 175 

 

Student 

performance

/evaluation: 

Final written examination: 60% of the final grade.  

Assigned Projects: 10% of the final grade.  

Laboratory grade: 30% of the final grade. 

Prerequisite: Grade of the written examination ≥ 5.  

Conduction of ALL the laboratory exercises and of ALL the reports. 

 


