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431511 Physical Metallurgy of Steels 3(3-0-9)
Prerequisite : Consent of the school
Properties of high purity iron; Interstitial and substitutional atom in alpha iron; Interactions
between solute atoms in iron; Carbon steels; High-strength low alloy steels; Stainless steels; Heat treated
steels; Thermomechanical treatments of steels; Advanced high strength steels; Steels for magnetic and
electrical applications; Special assignment of selected topics on physical metallurgy of steels
Course Outline

1.  Properties of high purity iron (3 hours)
2. Interstitial atom in alpha iron (3 hours)
3. Substitutional atom in alpha iron (3 hours)
4. Interactions between solute atoms in iron (3 hours)
5.  Carbon steels (3 hours)
6. High-strength low alloy steels (3 hours)
7.  Stainless steels (3 hours)
8. Heat treated steels (3 hours)
9.  Thermomechanical treatments of steels (3 hours)
10. Advanced high strength steels (3 hours)
11. Steels for magnetic and electrical applications (6 hours)
12. Special assignment of selected topics on physical metallurgy of steels
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431521 Gas-Metal Reactions for Heat treatment 3(3-0-9)
Prerequisite : Consent of the school
Metallurgical thermodynamics; review of the calculations of some basic thermodynamic
functions, chemical potential and chemical equilibrium; Furnace atmospheres; gas reactions in the furnace
atmosphere, classifications of prepared atmospheres, composition of atmospheres inert to heated steels;
Furnace atmosphere control; Surface hardening of steels by gas-metal reactions; Control of surface carbon
content in heat-treated steels and process control in gas carburizing; Special assignment of selected topics on
gas-metal reactions for heat treatment
Course Outline
1. Metallurgical thermodynamics (8 hours)
1.1 Review of the calculation of Metallurgical thermodynamics
1.2 Chemical potential
1.3 Chemical equilibrium
2. Furnace atmospheres (20 hours)
2.1 Furnace atmosphere gas reactions
2.2 Classifications of prepared atmospheres
2.3 Composition of atmospheres inert to heated metal (steel)
Furnace atmosphere control (2 hours)
Surface hardening of steels by gas-metal reactions (8 hours)
4.1 Gas carburizing
4.2 Carbonitriding
4.3 Gas nitriding
4.4 Gaseous nitrocarburizing
5. Control of surface carbon content in heat treating of steels (8 hours)
5.1 Control of carbon potential
5.2 Process control in gas carburizing
6.  Special assignment of selected topics on gas-metal reactions for heat treatment
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431522 Green Technology for Metal Industry 3(3-0-9)
Prerequisite : Consent of the school
Survey of selected modern processes for the production of metals, Thermodynamics and chemical
metallurgy; The treatment of wastes; Recycling and refining processes of irons, steels, aluminium, lead, zinc
and tin; Process studies with respect to raw materials, chemical reactions energy consumption, process
intensity yield; Environmental impact by metallurgical plants; Special assignment of selected topics green
technology for metal industry

Course Outline

1.  Thermodynamics and chemical metallurgy (6 hours)
2. Review of extractive metallurgy process (6 hours)
3. Recycling and refining processes (18 hours)

3.1 Iron and steel industry
3.2 Recycling in the aluminum industry
3.3 Recycling of lead, zinc, and tin
4. Environmental impact by metallurgical plants (6 hours)

5. Special assignment of selected topics green technology for metal industry
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431523  Advanced Chemical Metallurgy 3(3-0-9)
Prerequisite : Consent of the school
Thermodynamics of roasting, calcinations, and metal reduction; Predominance area diagrams for
metal - sulfur - oxygen system at elevated temperature; Metal production from metal oxides, metal sulphides,
or metal halides; Properties of slags and molten salts; Oxidizing refining of metals; Refining of metals by
sulfur; Leaching techniques and selection of leaching solution and condition; Recovery of metal from
solution by cementation, gaseous reduction and chemical precipitation; Electrolytic process including
electrowinning and electrorefining of metals; Special assignment of selected topics on advanced chemical
metallurgy
Course Outline
1. Thermodynamics of roasting, calcinations, and metal reduction (4 hours)
2. Predominance area diagrams for metal - sulfur - oxygen system (4 hours)

at elevated temperature

Theory of metal production from metal oxides, metal sulfides, or metal halides (4 hours)
4. Equilibrium diagrams of binary oxide and ternary oxide systems (4 hours)
for slags and molten salts
5. Theory and calculation of oxidizing refining of metals (4 hours)
6. Theory and calculation of refining of metals by sulfur (4 hours)
7. Leaching techniques and selection of leaching solution and condition (4 hours)
8.  Recovery of metal from solution by cementation, gaseous reduction (4 hours)
and chemical precipitation
9. Theory and calculation of electrolytic process including electrowinning (4 hours)

and electrorefining of metals
10. Special assignment of selected topics on advanced chemical metallurgy
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431531 Failure Analysis in Engineering Materials 3(3-0-9)

Prerequisite : Consent of the school

Failure analysis in engineering applications; deformation, fracture mechanics. Fracture modes,
brittle fracture, ductile fracture, intergranular fracture, fatigue failure, corrosion failure, high temperature
failure; Factors affecting failure modes in materials, influences of temperature and environment on failure
analysis of engineering materials, Procedure of failure analysis, tools and techniques for the analysis of
fracture in engineering applications; Case study of failure analysis in engineering materials; Special
assignment of selected topics on failure analysis in engineering materials

Course Outline

1. Failure analysis in engineering applications (6 hours)
2. Failure modes in materials (6 hours)
3. Factors affecting failure modes in materials (6 hours)
4.  Procedure of failure analysis, tools and techniques (6 hours)
5. Case studies of failure analysis in engineering materials (12 hours)
6.  Special assignment of selected topics on failure analysis in engineering materials
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431541 Computer Aided Metallurgical Engineering 3(3-0-9)
Prerequisite : Consent of the school
Introduction to finite element analysis; Solution of system of linear equation systems; Finite
element model (preprocessor) for structure, heat, and fluid flow; Analysis the problem (analysis) and analysis
of FEM results (postprocessor) for structure, heat, and fluid flow; Application of FEM analysis software

Course Outline

1. Introduction to finite element analysis (6 hours)
2. Solution of systems of linear equations (6 hours)
3. Finite element modeling (preprocessor) (12 hours)
4. Analysis the problem (analysis) and analysis of FEM results (postprocessor) (6 hours)
5. Application of FEM analysis software (6 hours)
6.  Special assignment of selected topics on computer aided metallurgical engineering
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431551 Cast Iron Technology 3(3-0-9)
Prerequisite : Consent of the school
Classification, basic metallurgy and solidification characteristics of cast irons; Metallurgy and
properties of gray irons, ductile irons, compacted graphite irons, malleable irons, high-alloy white irons, and
high-alloy graphitic irons; Casting processes and foundry practice for cast irons; Heat treatment of gray
irons, ductile irons, and malleable irons; Casting defects and failure analysis of cast irons; Special
assignment of selected topics on cast iron technology

Course Outline

1. Classification and basic metallurgy of cast irons (3 hours)
2. Solidification characteristics of cast irons (3 hours)
3. Metallurgy and properties of cast irons (14 hours)
4.  Casting processes and foundry practice for cast irons (4 hours)
5. Heat treatment of cast irons (6 hours)
6. Casting defects and failure analysis of cast irons (6 hours)
7. Special assignment of selected topics on cast iron technology
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431552 Casting Technology 3(3-0-9)
Prerequisite : Consent of the school
Foundry raw materials and molding processes for metal casting; Melt preparation, reaction of melts
with environment; Energy and material balance in Cupola; Fluid mechanics and gating design; Heat transfer and
solidification of metals and alloys; Die casting; Squeeze casting; Semi-solid casting; Lost wax casting, lost foam
casting; Analysis of casting defects; Special assignment of selected topics on casting technology
Course Outline

1.  Foundry raw materials and molding processes for metal casting (3 hours)
2. Melt preparation, reaction of melts with environment (3 hours)
3. Energy and material balance in Cupola (3 hours)
4. Fluid mechanics and gating design (3 hours)
5. Heat transfer and solidification of metals and alloys (6 hours)
6. Die casting (3 hours)
7. Squeeze casting (3 hours)
8.  Semi-solid casting (3 hours)
9.  Lost wax casting, lost foam casting (3 hours)
10. Continuous casting (3 hours)
11. Analysis of casting defects (3 hours)
12. Special assignment of selected topics on casting technology

10
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431553 Lightweight Alloys 3(3-0-9)
Prerequisite : Consent of the school
The significance of lightweight alloys for advanced engineering applications, Classification of
lightweight alloys; Metallurgy and properties of lightweight alloys in relation to its engineering applications;
New processing technology for important lightweight alloys, aluminium alloys, titanium alloys, magnesium
alloys, intermetallics and other significant lightweight alloys; Special assignment of selected topics on
lightweight alloys

Course Outline

1. The significance of lightweight alloys for advanced engineering applications (1 hour)
2.  Classification of lightweight alloys (2 hours)
3. Metallurgy, properties, applications and processing of aluminium alloys (9 hours)
4.  Metallurgy, properties, applications and processing of magnesium alloys (8 hours)
5. Metallurgy, properties, applications and processing of titanium alloys (7 hours)
6. Metallurgy, properties, applications and processing of intermetallics (3 hours)
7. Metallurgy, properties, applications and processing of other lightweight alloys (6 hours)
8.  Special assignment of selected topics on lightweight alloys

11



431554  lavnzgwanlFnugarigiiga 3(3-0-9)
(High Temperature Alloys)
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431554  High Temperature Alloys 3(3-0-9)
Prerequisite : Consent of the school

The significance, classification and applications of high temperature alloys; High temperature ferrous alloys;

Aluminium based alloys and bronze; Titanium based alloys; Cobalt based and nickel based alloys;

Intermetallics; High-temperature composites; Control of properties, coatings and lubrications for high

temperatures services; Special assignment of selected topics on high temperature alloys

Course Outline

1. Introduction to high temperature alloys (3 hours)
2. High temperature ferrous alloys (3 hours)
3. Aluminium based alloys and bronzes (6 hours)
4.  Titanium based alloys (6 hours)
5. Cobalt based and nickel based alloys (6 hours)
6. Intermetallics (3 hours)
7. Composites for high temperature applications (6 hours)
8.  Property control for high temperature services (3 hours)
9.  Special assignment of selected topics on high temperature alloys

12



431555 JanInenlarizHavaurian

(Ferrous Powder Metallurgy)
v v < a
INTAUAH : 1AsANUTHUFIVVOIEIVIIN

3(3-0-9)

o a a < < Vv a 1
‘]J‘VIIHTQW’N’IEHTﬁW%NQ ﬂﬁZ‘]J'J’L!ﬂWNﬁGWNL‘HﬁﬂLLﬁ%L‘VmﬂﬂﬁH NMIVIANHUSUVDIMN LWﬂUﬂﬂ1§%u

2 1 9 1 2 [ 4%’ =3 2 J < < Y
gﬂ%uﬁﬂuiﬁﬁ%iut}ﬁﬁTﬁﬂiiu maunwmﬂu%mmemugﬂ mixmwuﬂ%umumammzmaﬂﬂaﬂaw

a a A o o &£ J <} a o
'J‘VIEHTTCTHZPN ﬂizmummﬁﬂguamimumumanﬂﬁ’ﬂamwaﬂamm Tﬂiﬂﬁ%ﬁ\i ﬁuummzmﬂ%’ﬁm

< a o Qﬁl 1 o [ a a
vouranna larimen lavizma vemiialumseonuuusudindmsulaminen Tanzwa Taninen Tarznavod

<] YNy A a wua a = 9 9 v 9 a <]
L‘Viﬁﬂﬂﬁﬂiﬁull ﬂ;]mmimaeﬂammﬂamm ﬂﬁﬁﬂ}ﬂ'ﬂu'ﬂ’Jﬂ‘H‘H’.]"lJE]Iﬁ“ri’J“I/IEJﬂﬁW%NQ‘U@Qmaﬂ

Y a
1MIA39518311

A S O O I A

e =
I

pni lanInen TanizHa
a <3 <3

ATLUIUMIHAARUMANLAZIYANNAT
ANYUZUDING

= g Qy 1
malamMsvugUsuaulanemalugaainnssy
Y U Lgl [ tg
YounnsesluyuusaIugl

=< £ 2 3 v a
MIENHNFUTIUHANLAZIHANNA1 larInen lang g
Y
a A o v A 1 < a
nszUIUMINAegid s usudImannd lanane Tanzng
Y o Y Qy 1 I F) a
Tnsaa319 auiia uarms I FNUFUEIIMannNal laninegl lansng
Y

Yot lumseenuuuruaudmsulaniner lanema

a <3 a
TavImen Tavizwavounanna 13 aiiu
Ugiiamsnaasalaniner lanzm

= F) Y v Y a <
M3ANEIAUAIN TUITITe TavInel lanenavoauvan

13

3 #2109
3 #21u9)
3 #21u9)
3 #21u9)
3 #21u9)
6 2 109)
3 $21u9)
3 H21u9)
3 H21u9)
3 H21u9)
3 H21u9)



431555 Ferrous Powder Metallurgy 3(3-0-9)
Prerequisite : Consent of the school
Introduction to powder metallurgy; Iron and steel powder production; Powder characteristics;
Industrial powder consolidation techniques; Defects in green compact and examination; Sintering of ferrous
alloys; Secondary processes of ferrous powder metallurgy parts; Structure, properties and application of
ferrous powder metallurgy parts; Design consideration for ferrous powder metallurgy part production;
Powder metallurgy of stainless steel; Powder metallurgy laboratory; Special assignment of selected topics on
ferrous powder metallurgy
Course Outline

1. Introduction to powder metallurgy (3 hours)
2. lron and steel powder production (3 hours)
3. Powder characteristics (3 hours)
4. Industrial powder consolidation techniques (3 hours)
5. Defects in green compact and examination (3 hours)
6.  Sintering of ferrous alloys (6 hours)
7. Secondary processes of ferrous powder metallurgy parts (3 hours)
8.  Structure, properties and application of ferrous powder metallurgy parts (3 hours)
9.  Design consideration for ferrous powder metallurgy part production (3 hours)
10. Powder metallurgy of stainless steels (3 hours)
11. Powder metallurgy laboratory (3 hours)
12. Special assignment of selected topics on ferrous powder metallurgy
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431556  Surface Engineering

Prerequisite : Consent of the school

3(3-0-9)

Scope and definition of surface engineering; Surface characteristics; Tribology and degradation of

material surfaces; Various techniques of surface engineering technology; Thermal hardening, Mechanical

hardening; Thermochemical treatments; Vapour deposition processes; lon implantation, Surface engineering

by laser beam and electron beam; Coating processes; Characterization of surface engineered materials, case

studies of surface engineered materials; Special assignment of selected topics on surface engineering

Course Outline

© ©® N o bk w NP

e
N o

Scope and definition of surface engineering

Surface characteristics

Tribology and surface degradations

Thermal hardening

Mechanical hardening

Thermochemical treatments

Vapour deposition processes

lon implantation

Surface engineering by laser beam and electron beam
Coating processes

Characterisation and case studies of surface engineered materials
Special assignment of selected topics on surface engineering
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(Aluminium Technology)
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431557  Aluminium Technology 3(3-0-9)
Prerequisite : Consent of the school
Metallurgy of aluminium alloys; Melting technology of aluminium alloys; Treatments of
aluminium melt; Casting technology of aluminium alloys; Mechanical processing of aluminium alloys; Heat
treatment and surface treatment of aluminium alloys; Relationships between microstructure, mechanical and
corrosion properties of aluminium alloys; Special assignment of selected topics on aluminium technology

Course Outline

1.  Metallurgy of aluminium alloys (8 hours)
2. Melting technology of aluminium alloys (6 hours)
3. Treatments of aluminium melt (6 hours)
4.  Casting technology of aluminium alloys (6 hours)
5. Mechanical processing of aluminium alloys (3 hours)
6. Heat treatment and surface treatment of aluminium alloys (4 hours)
7. Metallurgy-property relationships of aluminium alloys (2 hours)
8. Aluminium recycling (1 hour)
9.  Special assignment of selected topics on aluminium technology
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431558 Steel Rolling Technology

Prerequisite : Consent of the school

3(3-0-9)

Metallurgical backgrounds of steels and alloys for rolling technology; melting and casting of

steels into flat sheets; Aspects of plastic deformation; rolling parameters, heat transfer and tribology in

rolling processes; Dimensional controls of rolling mills and gauging system; Special assignment of selected

topics on steel rolling technology

Course Outline

© ©® N o gk~ w NP
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Metallurgy of steels and alloys

Principles of metallurgical design of steels
Making and casting of steels for flat products
Theory of plastic deformation

Calculation of rolling parameters

Tribology in the rolling process

Heat transfer in rolling mills

Metallurgical aspects of the rolling process
Rolling mills for flat products

Geometry of flat products

Gauge and width control

Strip profile and flatness control

Special assignment of selected topics on steel rolling technology
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431559 Composite Materials 3(3-0-9)
Prerequisite : Consent of the school
Classification of composite materials; Matrices and reinforcing materials; Mechanics of
composites; Fabrication, joining and design of composite materials; Fiber-reinforced composites;
Mechanical assessment of composites; Failure analysis, degradation and damage mechanisms of composites;
Special assignment of selected topics on composite materials

Course Outline

1. Introduction to composite materials (3 hours)
2. Matrices and reinforcing materials (6 hours)
3. Mechanics of composite materials (9 hours)
4. Fabrication, joining and design of composite materials (6 hours)
5.  Fiber-reinforced composites (6 hours)
6. Mechanical assessment of composites (2 hours)
7.  Failure analysis, degradation and damage mechanisms of composites (4 hours)
8.  Special assignment of selected topics on composite materials
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(Thermodynamics and Phase Equilibria)
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431601 Thermodynamics and Phase Equilibria 4(4-0-12)

Prerequisite : Consent of the school

Structure of thermodynamic systems and laws of thermodynamics; Thermodynamic variables and
relations; Equilibrium in unary systems and multicomponent systems; Thermodynamic stability and critical
phenomena; Thermodynamics of phase diagrams and phase diagram constructions; Thermodynamics of
multi-component systems; Effects of capillarity on equilibrium of thermodynamic systems; Statistical
thermodynamics; Applied electrochemistry
Course Outline

1. Structure of thermodynamics and laws of thermodynamics (2 hours)
2. Thermodynamic variables and relations (2 hours)
3. Equilibrium in thermodynamic systems (4 hours)
4.  Equilibrium in unary systems (4 hours)
5. Equilibrium in homogeneous binary and multi-component systems (8 hours)
6.  Thermodynamic stability and critical phenomena (4 hours)
7. Thermodynamics of phase diagrams (8 hours)
8. Thermodynamics of multi-component systems (4 hours)
9. Effects of capillarity on equilibrium of thermodynamic systems (4 hours)
10. Statistical thermodynamics (4 hours)
11. Applied electrochemistry (4 hours)
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431602 Advanced Physical Metallurgy 4(4-0-12)
Prerequisite : Consent of the school
Structure and bonding of atoms; crystallography e.g. crystal structures, symmetry in crystals, etc.;
Electrons in metals and alloys, formations of intermetallic phases, ordering in alloys; defects in crystals;
Applications of themodynamics, crystallography, and defects in crystals for explanations of metallic
materials behaviors e.g. theory of dislocations and plastic deformation, strengthening mechanisms in metals
and alloys, solidification of metals and alloys, formations of defects during the growth of crystals and their
effects on the morphology of crystals, and solid state transformations, etc.; Microstructural evolution in some
metals and alloy systems i.e. iron and steels, aluminum alloys, and copper alloys.
Course Outline

1. Structure and bonding of atoms; crystallography (4 hours)
2. Theory of metallic phases and ordering in alloys (4 hours)
3.  Defects in crystals (4 hours)
4.  Theory of dislocations (4 hours)
5.  Dislocations and plastic deformation (4 hours)
6.  Grain boundaries and interphase boundaries (4 hours)
7.  Role of defects on the strengthening mechanisms (4 hours)
8.  Solidification of metals and alloys (6 hours)
9. Solid state transformations in metals and alloys (6 hours)
10. Microstructure evolutions in some metals and alloy systems (8 hours)
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431603 Transport Phenomena 4(4-0-12)

Prerequisite : Consent of the school

Transport phenomena equations; Applications of transport phenomena equations for metallurgical
engineering; Viscosity; Thermal conductivity; Diffusion coefficient; Applications of transport phenomena
principles

Course Outline

1.  Transport phenomena equations (8 hours)
2. Applications of transport phenomena equations for metallurgical engineering (8 hours)
3. Viscosity (6 hours)
4. Thermal conductivity (6 hours)
5.  Diffusion coefficient (12 hours)
6.  Applications of transport phenomena principles (8 hours)
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(Phase Transformation in Metals and Alloys)
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431711 Phase Transformation in Metals and Alloys 3(3-0-9)

Prerequisite : Consent of the school

Thermodynamics and phase equilibriums; Diffusions in solids, Interfaces; Solidification of metals
and alloys, nucleation rate, growth rate according to Onsager relationship; Solid state transformations,
Johnson—Mehl-Avrami-Kolmogorov (JMAK) equation; Diffusional transformations; Diffusionless
transformations; Landau theory.

Course Outline

1.  Thermodynamics and phase equilibriums (3 hours)
2.  Diffusions in solids (6 hours)
3. Interfaces (3 hours)
4. Solidification of metals and alloys (6 hours)
5. Solid state transformations (3 hours)
6. Diffusional transformations (6 hours)
7.  Diffusionless transformations (6 hours)
8. Landau theory (3 hours)
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431712 Tpssadamazanianmamen e iag 3(3-0-9)
(Structure and Physical Properties of Materials)
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431712  Structure and Physical Properties of Materials 3(3-0-9)

Prerequisite : Consent of the school

Atomic structures and crystal structures; Electron theory; Electrical conduction in materials;
Semiconductors; Insulators and dieletric properties; Magnetism; Optical properties of materials; Thermal
properties of materials

Course Outline

1. Atomic structures and crystal structures (3 hours)
2. Electron theory (9 hours)
3. Electrical conduction in materials (3 hours)
4.  Semiconductors (6 hours)
5. Insulators and dieletric properties (3 hours)
6. Magnetism (6 hours)
7.  Optical properties of materials (3 hours)
8.  Thermal properties of materials (3 hours)
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(X-Ray Diffraction)

U Y

a o < a
IPIUNAUNOY : Tﬂﬂﬂﬂ?ulﬂu%@ﬂﬂ]ﬂﬂﬁﬁﬂ’)%?

J v A

aa I v v v ad o 2 o = A o
AUIAVDITITONT  MITAIUALNITATIVUSITONT  NMTIAYUVUVDITITONE IUNAN  1ATDIIANT
1 o g o 1 o 1 ¢
Laﬂﬂlﬂuﬂl@ﬂiﬂ%mﬂ"ﬁ ﬂmﬁmmummaﬁﬂwmﬂwﬁmmzmifﬁmmummaaﬂ ﬂ13§3uﬂ1ﬂllﬁgiﬂiﬂﬁ%}n

a Id a a o o @ Y o
Nﬁﬂ MAANTIZHMAFIUT I ﬂ?i?tﬂi?%ﬁ?ﬁﬂﬁﬁWﬂWﬁﬂlmgﬂ133ﬂllu’)ﬂ1§ﬁm!§ﬂ\1ﬁ3‘ﬂﬂ\1Wﬁﬂ NI13IA

v v a ~ o =2 A
ANMAUANANLULATNANINNITLIIINIVDINANLAYD

' a
1mlns9518311

wa v ad 9 v v Aad o &

1. @ulinveasad@ond nMsasaaymingdusIdond @ ¥11u9)

2. syyumanuazIaseadanan (3 ¥ 1u9)
Y v

3. Mo uluFU I NEULNANI (3 ¥ 119)
Y v

4. my@euuluFen Ut YIS T (3 1 119)
4 '

5. ms@enuuluwan (1.5 ¥219)
A ] cgl v ad 4 @

6.  1ATBIIANMIAYNVUYITITIONY (4.5 $1T319)
4 o 4 ¢ J

7. MIREADUUDITTANAIONANIAYNTIAEAUUYDIADY @B ¥11u9)

8. mIszywiiavesmauazanyae Insedsenan (4.5 51 119)
a r'd Aa 3

9. MIIATIZHAIAUFITU (1.5 ¥21319)
a o ] ] @ <

10. M3 IATIEHIAQHAGHANLAZNITIALUINTIAG BIAIVOIHAD (B ¥2119)

11. MITAANUAUANAIA (3 %1 1319)

12. M3IANANIINMISEIAIVINANAY) (3B ¥2119)

27



431713 X-Ray Diffraction

Prerequisite : Consent of the school

3(3-0-9)

Properties of X-rays; Generation and detection of X-rays; Diffraction in crystals; Diffractometer;

Powder diffraction and Laue diffraction; Phase identification and determination of crystal structures;

Quantitative phase analysis; Analysis of polycrystalline aggregates and texture measurement; Measurements

of residual stress; Measurements of single crystal orientation

Course Outline

© ® N o g Bk~ w DN P

I
N

Properties of X-rays, production and detection of X-rays
Geometry of crystals

Diffraction : geometry

Diffraction : intensities

Diffraction in crystals

Diffractometer

Powder diffraction and laue diffraction

Phase identification and determination of crystal structure
Quantitative phase analysis

Analysis of polycrystalline aggregates and texture measurement
Measurements of residual stress

Measurements of single crystal orientation
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431714 YeunnsodluveINds 3(3-0-9)
(Defects in Solids)
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431714  Defects in Solids 3(3-0-9)

Prerequisite : Consent of the school

Defects in crystals, classification of defects in crystals; 0-dimensional defects; 1-dimensional
defects or dislocations, characteristics of dislocations, elasticity theory and energy of dislocations, forces on
dislocations and dislocation interactions; 2-dimensional defects, grain boundaries, phase boundaries; Roles
of defects on physical properties and mechanical properties of solids; Defect investigation

Course Outline

1.  Perfect crystals and defects in crystals, classification of defects in crystals (3 hours)
2. 0-dimensional defects (6 hours)
3. 1-dimensional defects or dislocations (9 hours)
4.  2-dimensional defects (9 hours)
5. Roles of defects on physical and mechanical properties of solids (6 hours)
6. Investigation of defects in solids (3 hours)
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431715 nAlATUgIEnIHIUMIINEN BRI Tag) 3(3-0-9)
(Advanced Techniques for Materials Characterization)
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431715 Advanced Techniques for Materials Characterization 3(3-0-9)

Prerequisite : Consent of the school

Concepts of physical and chemical analysis of materials; Vacuum technology and principle of
detectors; Diffraction analysis of crystal structure; X-ray diffraction; Optical microscopy; Electron
microscopy and microanalysis; Surface chemical analysis; X-ray fluorescence technique; Atomic absorption
spectrometry; Thermal analysis
Course Outline

1.  Concepts of physical and chemical analysis of materials (3 hours)
2. Vacuum technology and principle of detectors (3 hours)
3. Diffraction analysis of crystal structure (3 hours)
4. X-ray diffraction technique (3 hours)
5. Optical microscopy technique (1.5 hours)
6.  Scanning electron microscopy technique (3 hours)
7. Transmission electron microscopy technique (4.5 hours)
8.  Microanalysis in electron microscopy (3 hours)
9.  Surface chemical analysis (3 hours)
10. X-ray fluorescence technique (3 hours)
11. Atomic absorption spectrometry (3 hours)
12. Thermal analysis (3 hours)
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431721 B aMeMnvesvaIrasladlumalarinen 3(3-0-9)
(Physical Chemistry of Melts in Metallurgy)
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431721 Physical Chemistry of Melts in Metallurgy 3(3-0-9)

Prerequisite : Consent of the school

Structure and Kinetic properties of liquid metals, ionic melts, polymeric melts; Thermodynamics
of metal solutions, salt melts, polymeric melts, slags and mattes; Heterogeneous equilibria and free-energy
diagrams; Chemical and transport kinetics; Interfacial phenomena; Reactions between liquid metals and
gases, liquid metals and slags or salts
Course Outline

1. Structure and kinetic properties of melts, ionic and polymeric melts (6 hours)
2. Thermodynamics of metal solutions (3 hours)
3. Thermodynamics of salt melts (3 hours)
4. Thermodynamics of polymeric melts (3 hours)
5. Thermodynamics of slags and matts (3 hours)
6. Heterogeneous equilibria and free-energy diagrams (4 hours)
7. Chemical and transport kinetics (8 hours)
8. Interfacial phenomena (2 hours)
9. Reactions between liquid metals and gases, liquid metals and slags or salts (4 hours)
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431722 myrilanglviuigns

(Refining of Metals)
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431722  Refining of Metals

Prerequisite : Consent of the school

6 2 T219)

@ 2 T09)
@ 2109
(6 2 T19)
(6 2 T19)
(6 2 T19)
3 2109

6 2109

3(3-0-9)

Thermodynamics and transport properties; Pyrorefining, refining kinetics, refining slags, slag-

metal reactions, metal-metal equilibria, metal-gas reactions, removal of inclusions; Electrolytic extraction

and refining; Refining and recycling metallurgy

Course Outline

1.
2.

Thermodynamics and transport properties
Pyrorefining

2.1 Partition ratios; Refining kinetics
2.2 Refining slags

2.3 Slag-metal reactions

2.4 Metal-metal equilibria

2.5 Metal-gas reactions

Electrolytic extraction and refining

Refining and recycling metallurgy
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431723 nszvaumamanilllihvesiag 3(3-0-9)
(Electrochemical Processing of Materials)
Iniafuney : TasanuMiLreUVIA V1IN
o s @ o o o g ¢
nanmsvousaaadl Wi nszuelihlugni Iidhdelsey dndvesinlvih gunnamansues
s ' ag o o2 g ¢ " a )
waa nszuaumsoeleulumisazatedan aslan saumaasnan liihuazdsingmsaiszninemmih

a o A o = A o = = (,ﬂ' a
WlﬂUﬂﬂﬁ’m‘VlfﬂﬁﬁJLﬂith/\lﬁ1 ﬂi$‘]J’J‘L!ﬂﬁGluq@ﬁWﬁﬂiiiJVlﬂWﬁﬂLﬂN"lWﬁW LUUANDILUASLFAALTBDINEN

' a
1MlA593183%1
1. nszualihludni Trldhdaeilse (1.5 12 T9)
9 '
2. sinduead v (1.5 %2 T314)
4 4 @
3. QUUNAMANIVOUNAT (3 ¥21)
4. aszvrumsneleulumsazansdidnlaglasi (3 ¥ 1u9)
v 9 i 1
5. saumansii lwihuazilsingmssinisesee (6 ¥219)
6. manamstanerdaad T (6 ¥2139)
7. nszuaumslugaamnssuiendond lvvh CERLET)
G 4&’ a <
8. HUAIABILATIFARIFBINGS 3 ¥2119)
431723  Electrochemical Processing of Materials 3(3-0-9)

Prerequisite : Consent of the school

Principles of electrochemical cells; Electric current in ionic conductors; Electrode potentials
Thermodynamic of cells; Transport process in electrolytic solutions; Electrode Kinetics and interfacial
phenomena; Electrochemical measurement techniques; Industrial electrochemical processes; Batteries and fuel
cells
Course Outline

1. Electric current in ionic conductors (1.5 hours)
2. Electrode potentials (1.5 hours)
3. Thermodynamics of cells (3 hours)
4. Transport process in electrolytic solutions (3 hours)
5. Electrode kinetics and interfacial phenomena (6 hours)
6. Electrochemical measurement techniques (6 hours)
7. Industrial electrochemical processes (9 hours)
8. Batteries and fuel cells (6 hours)
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431724 MInanIeUVRIlanzIUg
(Advanced Corrosion of Metals)
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431724  Advanced Corrosion of Metals 3(3-0-9)

Prerequisite : Consent of the school

Engineering aspects of corrosion and its control; Classification of electrochemical corrosion cells;
Types of corrosion damage, simplified mechanisms of corrosion and methods for combating corrosion;
Pourbaix diagrams; Electrode kinetics; Potentiostatic studies and applications to engineering designs;
Environment aspects of aqueous corrosion; Prevention of aqueous corrosion; Oxidation-dry corrosion;
Fundamentals of mechanochemistry for corrosion

Course Outline

1. Classification of electrochemical corrosion cells (3 hours)
2. Types of corrosion damage (3 hours)
3. Pourbaix diagrams (3 hours)
4.  Electrode Kinetics (8 hours)

4.1 The electrical double layer

4.2 Exchange current density

4.3 Thermodynamic irreversibility and polarization
4.4 Type of polarization

4.5 Potential-current diagram

4.6 Passivity and anodic

5. Potentiostatic studies and applications to engineering designs (3 hours)
6.  Environment aspects of aqueous corrosion (4 hours)
7.  Prevention of aqueous corrosion (4 hours)
8.  Oxidation-dry corrosion (4 hours)
9.  Fundamentals of mechanochemistry for corrosion (4 hours)
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431725  IANBIMYNINVBIMTHAMIHANIAZIANNN 3(3-0-9)
(Physical Chemistry of Iron and Steel Manufacture)
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431725 Physical Chemistry of Iron and Steel Manufacture 3(3-0-9)
Prerequisite : Consent of the school
Iron and steelmaking; Chemistry of blast furnace process; Chemistry of direct reduction and
smelting processes; Thermochemical and transport properties of gases; Physicochemistry of molten steels
and slags; Equilibrium data on liquid steel-slag reactions; Oxygen steel making; Kinetic reactions in electric
arc furnace; Steel refining in the ladle furnace; Reactions during steel solidification
Course Outline
1. Iron and steelmaking (6 hours)
1.1 Thermodynamics for iron and steelmaking
1.2 Rate phenomena
1.3 Properties of molten irons and molten steels
1.4 Properties of molten slags
1.5 Ironmaking reactions
1.6 Steelmaking reactions

2. Chemistry of blast furnace process (3 hours)
3. Chemistry of direct reduction and smelting processes (3 hours)
4.  Thermochemical and transport properties of gases (4 hours)
5. Physicochemistry of steels (2 hours)
6.  Physicochemistry of molten slags (2 hours)
7. Equilibrium data on liquid steel-slag reactions (4 hours)
8.  Oxygen steel making (5 hours)
9.  Steel refining in the ladle furnace (5 hours)
10. Reactions during steel solidification (2 hours)
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431731 WHANITNFINAVRIIAY 3(3-0-9)

(Mechanical Behavior of Materials)
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431731 Mechanical Behavior of Materials 3(3-0-9)

Prerequisite : Consent of the school

Continuum mechanics, responses of materials to external loading; analysis of stress-strain relation;
Structure and deformation in materials; Plastic deformation and yield criteria; Strengthening mechanisms in
materials; Engineering aspects of fracture, mechanisms of deformation and fracture in engineering materials;
Assessment and analysis of material mechanical properties, analysis of the influences of material
microstructure on mechanical behaviors of materials; Fracture mechanics and fatigue crack growth; Review
of selected topics on mechanical behavior of materials

Course Outline

1. Overview of continuum mechanics (3 hours)
2. Structure and deformation in materials (3 hours)
3. Plastic deformation and yield criteria (6 hours)
4.  Strengthening mechanisms in materials (6 hours)
5. Engineering aspects of fracture (3 hours)
6. Assessment and analysis of material mechanical properties (6 hours)
7. Fracture mechanics and fatigue crack growth (6 hours)
8.  Review of selected topics on mechanical behavior of materials (3 hours)

39



431732 pasm@nsMsuANURaIag 3(3-0-9)
(Fracture Mechanics of Materials)
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431732 Fracture Mechanics of Materials 3(3-0-9)

Prerequisite : Consent of the school

Theories of brittle fracture in materials; Fracture mechanics; Linear-elastic fracture mechanics;
Elastic-plastic fracture mechanics; Factors affecting fracture toughness of materials; Fracture analysis of
engineering materials; Applications of fracture mechanics in engineering material designs

Course Outline

1.  Brittle fracture in materials (6 hours)
2. Fracture mechanics (6 hours)
3. Linear-elastic fracture mechanics (LEFM) (6 hours)
4.  Elastic-plastic fracture mechanics (EPFM) (6 hours)
5. Factors affecting fracture toughness of materials (6 hours)
6.  Fracture analysis of engineering materials (3 hours)
7. Applications of fracture mechanics in engineering material designs (3 hours)
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431733 ANNMvRITag 3(3-0-9)

(Fatigue of Materials)
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431733 Fatigue of Materials 3(3-0-9)

Prerequisite : Consent of the school

Theory of fatigue; Stress-life approach and strain-life approach; Fatigue crack propagation;
Factors affecting fatigue properties in metals; Design against fatigue failures, thermal fatigue, corrosion
fatigue; Analysis of fatigue failures in engineering service conditions
Course Outline

1. Theory of fatigue (3 hours)
2.  Stress-life approach and strain-life approach (6 hours)
3.  Fatigue crack propagation (6 hours)
4.  Factors affecting fatigue properties in metals (12 hours)
5. Design against fatigue failures (3 hours)
6.  Analysis of fatigue failures in engineering service conditions (6 hours)
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431734 m3vuglaviziugs 3(3-0-9)

(Advanced Metal Forming)
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431734  Advanced Metal Forming 3(3-0-9)

Prerequisite : Consent of the school

Advanced mechanical metallurgy for metal forming; Plastic deformation in crystalline; Ideal work
and actual work in metal forming; Friction in metal forming; Analysis of metal behavior during metal forming
process; Problem analysis on metal forming and its solutions; Development of new metal forming technologies
Course Outline

1. Advanced mechanical metallurgy for metal forming (9 hours)
2. Plastic deformation of crystalline (3 hours)
3. ldeal work and actual work in metal forming (3 hours)
4. Friction in metal forming (3 hours)
5. Analysis of metal behavior during metal forming process (6 hours)
6. Problem analysis on metal forming and its solutions (6 hours)
7.  Development of new metal forming technologies (6 hours)
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(Numerical Methods and Computer Programming)
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431741 Numerical Methods and Computer Programming

Prerequisite : Consent of the school

3 2 T219)
6 2 T219)
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6 219
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3(3-0-9)

Error analysis; Roots of nonlinear equations; Approximation of functions; Numerical integration

and differentiation; Solution of linear equation systems; Finite difference method

Course Outline

Error analysis

Roots of nonlinear equations
Approximation of functions

Numerical integration and differentiation
Solution of linear equation systems

© ok~ w b E

Finite difference method
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(3 hours)
(6 hours)
(6 hours)
(6 hours)
(6 hours)
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(Finite Element Analysis for Metallurgical Engineering)
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431742  Finite Element Analysis for Metallurgical Engineering 3(3-0-9)

Prerequisite : Consent of the school

Introduction to finite difference analysis; Introduction to finite element analysis; Finite element
equation: direct method; Finite element equation: variable method; Finite element equation: weighted
residual method; Element interpolation and numerical matrix integration; Finite element analysis: solid
problems; Finite element analysis: heat transfer problems; Applications of finite element analysis in
metallurgical engineering

Course Outline

1. Introduction to finite difference analysis (3 hours)
2. Introduction to finite element analysis (3 hours)
3. Finite element formulation: Direct method (3 hours)
4. Finite element formulation: Variable method (3 hours)
5. Finite element formulation: Weighted residual method (3 hours)
6. Element interpolation and numerical matrix integration (3 hours)
7.  Finite element analysis: solid problems (6 hours)
8.  Finite element analysis: heat transfer problems (6 hours)
9.  Applications of finite element analysis in metallurgical engineering (6 hours)
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(Selected Topics in Computer Aided Metallurgical Engineering)
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431743  Selected Topics in Computer Aided Metallurgical Engineering 3(3-0-9)

Prerequisite : Consent of the school

Select a specific topic on the application of computer software aided for thermodynamic
calculations or finite element analysis or mathematical analysis. Analytical calculation on a selected topic;
Algorithm for computer software calculation; Solving of problems using the selected computer software;
Programming of auxiliary programs for the selected computer software
Course Outline

1. Analytical calculation on a selected topic (12 hours)
2. Algorithm for computer software calculation (9 hours)
3. Solving of problems using the selected computer software (9 hours)
4. Programming of auxiliary programs for the selected computer software (6 hours)
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(Advanced Structural and Tool Materials)
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431751 Advanced Structural and Tool Materials 3(3-0-9)

Prerequisite : Consent of the school

Concepts of the development of advanced materials for structural applications and manufacturing
processes; Thermodynamics and physical metallurgy of amorphous alloys; Advanced materials for structural
applications, amorphous alloys, high temperature materials, shape memory alloys, and functional grade
materials; Advanced ceramics for abrasive and cutting tools
Course Outline
1.  Concepts of the development of advanced materials for structural (3 hours)

applications and manufacturing processes

2. Thermodynamics of amorphous alloys (3 hours)
3. Physical metallurgy of amorphous alloys (3 hours)
4.  High temperature materials and their physical metallurgy (6 hours)
5. Shape memory alloys and their physical metallurgy (6 hours)
6. Functional grade materials (6 hours)
7. Advanced ceramics for abrasive and cutting tools (9 hours)
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(Biomaterials and Bio-Devices)
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431752 Biomaterials and Bio-Devices 3(3-0-9)

Prerequisite : Consent of the school

Concepts of the development of biomaterials; Mechanical properties, physical properties and
surface properties of materials; Biology and biochemical of cells and tissue; Host reaction to biomaterials
and compatibility assessment; Degradation of biomaterials; Applications of biomaterials and designs of bio-
devices in medicine and biology; Standard regulations and ethics in the development of biomaterials and bio-
devices

Course Outline

1. Concepts of the development of biomaterials (3 hours)
2. Mechanical properties, physical properties and surface properties of materials (6 hours)
3. Biology and biochemical of cells and tissue (6 hours)
4. Host reaction to biomaterials and compatibility assessment (6 hours)
5. Degradation of biomaterials (3 hours)
6.  Applications of biomaterials and designs of bio-devices in medicine and biology (9 hours)
7. Standard regulations and ethics in the development of biomaterials and bio-devices (3 hours)
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431753 Electronic and Magnetic Materials 3(3-0-9)

Prerequisite : Consent of the school

Concepts of the development of materials for electronic devices e.g. transistors, diode, and
actuator; Electrical properties, magnetic properties, optical properties and other physical properties of
materials; Electronics materials, semiconductors, piezoelectric materials, ferromagnetic materials, and
photonic materials; Electronic devices and memory architecture; Processing of electronic materials and
devices

Course Outline

1.  Concepts of the development of electronic materials (3 hours)
2. Electrical properties of materials (3 hours)
3. Magnetic properties of materials (3 hours)
4.  Optical properties and other physical properties of materials (6 hours)
5. Electronics materials: semiconductors, piezoelectric materials, (6 hours)

ferromagnetic materials and photonic materials
6.  Electronic devices and memory architecture (6 hours)

7. Processing of electronic materials and devices (9 hours)
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431754  Solidification Processing 3(3-0-9)

Prerequisite : Consent of the school

Heat transfer, solute redistributions, and capillarity effects; Solidification models; Solidification of
metals and alloys, atomic transfer at the solid/liquid interfaces, morphological instability of a solid/liquid
interface; Cells and dendrites; Eutectic and peritectic solidifications; Directional solidification and solute
redistribution; Rapid solidification; Solidifications in metal processing
Course Outline

1. Heat transfer, solute redistributions, and capillarity effects (3 hours)
2. Solidification models (3 hours)
3. Solidification of metals and alloys (6 hours)
4.  Morphological instability of a solid/liquid interface (3 hours)
5. Cells and dendrites (3 hours)
6. Eutectic and peritectic solidifications (3 hours)
7.  Directional solidification and solute redistribution (3 hours)
8. Rapid solidification (3 hours)
9. Solidifications in metal processing (9 hours)
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431755 Taringnlanss 3(3-0-9)
(Powder Metallurgy)
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431755 Powder Metallurgy 3(3-0-9)

Prerequisite : Consent of the school

Advanced theory of powder metallurgy; Atomization theory and industrial practice; Consolidation
theory of metal powders; Sintering theory and practices; Thermodynamics of sintering atmosphere; Powder
metallurgy materials; Design of powder metallurgy processes and parts; Design consideration for the
production pf powder metallurgy parts; Metallographic interpretation of sintered products; Advanced
analytical method for powder metallurgy; Case studies in powder metallurgy; New development in powder
metallurgy processes
Course Outline

1.  Advanced theory of powder metallurgy (3 hours)
2. Atomization theory and industrial practice (3 hours)
3. Consolidation theory of metal powders (3 hours)
4. Sintering theory and industrial practices (3 hours)
5. Thermodynamics of sintering atmosphere (3 hours)
6. Powder metallurgy materials (3 hours)
7.  Design of powder metallurgy processes and parts (3 hours)
8.  Design consideration for the production of powder metallurgy parts (3 hours)
9.  Metallographic interpretation of sintered products (3 hours)
10. Advanced analytical method for powder metallurgy (3 hours)
11. Case studies in powder metallurgy (3 hours)
12. New development in powder metallurgy processes (3 hours)
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431756 viapMIMIYeNAelane 3(3-0-9)
(Principles of Metal Welding)
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431756  Principles of Metal Welding 3(3-0-9)

Prerequisite : Consent of the school

History and definition of welding; welding technology; Phase transformation during welding;
Transport phenomena concerning with welding; Mechanical phenomena concerning with welding; Welding
problems as well as welding standards; Applications of theoretical background for the development of new
welding technologies

Course Outline

1. History and definition of welding (1 hour)
2. Welding technology (8 hours)
3. Phase transformation during welding (6 hours)
4. Transport phenomena concerning with welding (6 hours)
5. Mechanical phenomena concerning with welding (6 hours)
6.  Welding problems as well as welding standard (6 hours)
7. Applications of theoretical background for the development of (3 hours)

new welding technologies
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431757  MISENRIIN 3(3-0-9)
(Sintering)
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431757 Sintering 3(3-0-9)

Prerequisite : Consent of the school

Advanced sintering theory; Thermodynamic and kinetic theory of solid state sintering of blended
powders and mixed powders; Thermodynamic and Kinetic theory of liquid phase sintering; Thermodynamic
and kinetic theory of pressure assisted sintering; Sintering equipments; Sintering measurement techniques;
Sintering atmosphere; Defects in sintering, causes and solutions; Advanced sintering techniques and future
directions
Course Outline

1.  Advanced sintering theory (3 hours)
2. Thermodynamic and Kinetic theory of solid state sintering of blended powders (6 hours)
3. Thermodynamic and kinetic theory of solid state sintering of mixed powders (6 hours)
4. Thermodynamic and kinetic theory of liquid phase sintering (3 hours)
5. Thermodynamic and kinetic theory of pressure assisted sintering (3 hours)
6.  Sintering equipments (3 hours)
7. Sintering measurement techniques (3 hours)
8.  Sintering atmosphere (3 hours)
9. Defects in sintering: causes and solutions (3 hours)
10. Advanced sintering techniques and future directions (3 hours)
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431758 ulwnalulag 3(3-0-9)
(Nanotechnology)
a VY < a
INTIAUNOU : TAANNAUFDUYRIAIUIIF)
o = o Jo J = o
vmbhinTumalulag  msduaneidaguily TuwanaasinTumalulas  wadaquily

mfvoumnTuinf Faqunlulwiadind Yaqurlueowdnd wilud@nnsednd mssvgndldunTu

malulaglueuina
' a

1MIps9518311

1. umhwnlumalulad (6 ¥21319)
2. msduanziiaqunlu (6 32 1319)
3. TwanaafunTumalulad (6 2 T19)
4. wadagulu (3 ¥ 19)

14 a 4 EA

5. A15UBUU IUNI (3 ¥ 19)
6. Jaaululviniing 3 2 T19)
7. Jaqulusewndnd 3 2 T19)
8. wnludidnnyeiind 3 2 T19)
9.  msdszgnalrnunlumaluladlueuina (3 ¥ 19)
431758 Nanotechnology 3(3-0-9)

Prerequisite : Consent of the school

Introduction to nanotechnology; Synthesis of nanomaterials; Molecular nanotechnology;
Nanopowders and nanomaterials; Carbon nanotubes; Photonic nanomaterials; Optical nanomaterials;
Nanoelectronics; Future applications of nanotechnology
Course Outline

1.  Introduction to nanotechnology (6 hours)
2. Synthesis of hanomaterials (6 hours)
3. Molecular nanotechnology (6 hours)
4.  Nanopowders and nanomaterials (3 hours)
5. Carbon nanotubes (3 hours)
6.  Photonic nanomaterials (3 hours)
7. Optical nanomaterials (3 hours)
8.  Nanoelectronics (3 hours)
9.  Future applications of nanotechnology (3 hours)
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431761

431761

HidefanuTugamaInInssularns 1 3(3-0-9)
(Advanced Topics in Metallurgical Engineering I)
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Advanced Topics in Metallurgical Engineering | 3(3-0-9)
Prerequisite : Consent of the school

Study of advanced topics or new technology development in various fields of metallurgical

engineering and materials

431762

431762

WadeAnTugImIaInssnlanns 2 3(3-0-9)
(Advanced Topics in Metallurgical Engineering 1)

a Y < a

Jdanunen : 1agaNuAUSe VYA IUVIIN

=2 o Y A 2 @ a 1 3 A a a o
ANHINIVDLIDY “]f\‘]ﬂh!')ﬂﬁﬂﬂ?ii'ﬂll 9 uamﬂumﬁuiﬂmmﬂﬁﬂawmmammmimﬁ@]

Advanced Topics in Metallurgical Engineering 11 3(3-0-9)
Prerequisite : Consent of the school

Study of advanced topics or new technology development in various fields of metallurgical

engineering and materials

431763

Waivednruamziseamadnanssulanms 1 3(3-0-9)
(Selected Topics in Metallurgical Engineering 1)
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431763

Selected Topics in Metallurgical Engineering | 3(3-0-9)
Prerequisite : Consent of the school

Study of selected topics in particular fields of metallurgical engineering under supervision of

faculty in charge of the program
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(Selected Topics in Metallurgical Engineering I1)
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431764  Selected Topics in Metallurgical Engineering 11 3(3-0-9)
Prerequisite : Consent of the school
Study of topics in selected fields of metallurgical engineering under supervision of faculty in

charge of the program

431765  ayrindimemadsnssularms 1 3(3-0-9)
(Special Problems in Metallurgical Engineering I)
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431765 Special Problems in Metallurgical Engineering | 3(3-0-9)
Prerequisite : Consent of the school
Analytical study and problem solving in industrial related fields of metallurgical engineering and

materials under supervision of faculty in charge of the program

431766  tayrndimemadsnssularms 2 3(3-0-9)
(Special Problems in Metallurgical Engineering I1)
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431766  Special Problems in Metallurgical Engineering |1 3(3-0-9)
Prerequisite : Consent of the school
Analytical study and problem solving in industrial related fields of metallurgical engineering and

materials under supervision of faculty in charge of the program

431767  tvemsfAnEIDaTE 3(3-0-9)
(Independent Study)
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431767 Independent Study 3(3-0-9)

Prerequisite : Consent of the school

Self study in metallurgical related fields under supervision of faculty in charge of the program
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431768 Tasenudsnssulanmsszavumiadia 6 HiHIENA
(Metallurgical Engineering Master Project)
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431768 Metallurgical Engineering Master Project 6 credits
Prerequisite : Consent of the school
Study of mater projects in advanced areas of metallurgical engineering and materials under

supervision of faculty in charge of the program

431871  uandunadne 1 1(0-3-4)
(Graduate Seminar )
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431871 Graduate Seminar | 1(0-3-4)
Prerequisite : Consent of the school
Practices in literature review, oral presentation and academic report writing in recent topics of

metallurgical engineering and materials by invited academic speakers

431872 duanvanafdnm 2 1(0-3-4)

(Graduate Seminar I1)
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431872 Graduate Seminar 11 1(0-3-4))
Prerequisite : Consent of the school
Weekly presentations of innovative/advanced topics in metallurgical engineering and materials by

invited academic speakers, discussion in concerning issues
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431873  duNMIDMNRAANE 3 1(0-3-4)
(Graduate Seminar I11)
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431873  Graduate Seminar |11 1(0-3-4)
Prerequisite : Consent of the school
Report writing, presentations and discussion of recent research topics in metallurgical engineering

and materials and related fields
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431981 Master Thesis Al 48 credits
Prerequisite : Consent of the school
Original research work leading to the preparation of a master thesis in the fulfillment of the master

degree requirement

431982  ImentinusszauiSaanuviiladin uuy n 2 18 AN
(Master Thesis A 2)
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431982 Master Thesis A 2 18 credits
Prerequisite : Consent of the school
Original research work leading to the preparation of a master thesis in the fulfillment of the master

degree requirement
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431991 Doctoral Thesis 1.1 60 credits
Prerequisite : Consent of the school
Original research work leading to the preparation of a doctoral thesis in the fulfillment of the

doctoral degree requirement (for master degree holders)
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(Doctoral Thesis 2.1)
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431992 Doctoral Thesis 2.1 45 credits
Prerequisite : Consent of the school
Original research work leading to the preparation of a doctoral thesis in the fulfillment of the
doctoral degree requirement (for master degree holders)
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(Doctoral Thesis 2.2)
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431993 Doctoral Thesis 2.2 60 credits
Prerequisite : Consent of the school
Original research work leading to the preparation of a doctoral thesis in the fulfillment of the

doctoral degree requirement (for honor bachelor degree holders)
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