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ENG71 1001 Materials Structure and Characterization 4(4-0-12)
Prerequisite: None

Structure of metal, ceramic, and polymer materials; Crystal structure and defects in
solids; Diffusion in solids; Materials microstructure and characterization; Phase equilibria and and
phase transitions; Composite materials and nanomaterials; Physical and mechanical properties of

materials, Materials degradation.

Course Outline:

1. Structure of metal, ceramic, and polymer materials (12 hours)
2. Defects and diffusion in solids (4 hours)
3. Materials microstructure and characterization (12 hours)
4.  Phase equilibria and and phase transitions (12 hours)
5. Physical properties of materials (8 hours)

Course Learning Outcomes (CLOs):

1. Describe and classify the structure of engineering materials

2. Select appropriate structural characterization techniques for materials

3. Explain and analyze problems related to phase change of materials

4. Apply knowledge in materials science and engineering. to definde the guideline in designing

materials engineering solutions
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1002 Materials Performance and Design 3(3-0-9)
Prerequisite: None

Theories of materials deformation: elasticity, plasticity, viscoelasticity, rubber
elasticity; Mechanical failure of materials; Brittle-to-ductile transition temperature; Yield and fracture
criteria; Faticue Materials; Materials degradation; Short term and long term performance; Time-

temperature superposition; Materials selection and engineering design; Material informatics.

Course Outline:

1. Theories of material deformation: elasticity and plasticity (6 hours)
2. Theories of material deformation: viscoelasticity and rubber elasticity (6 hours)
3. Material failure and yield criteria, and brittle-to-ductile transition temperature (3 hours)
4.  Yield and fracture criteria (3 hours)
5. Fatigue and material degradation (3 hours)
6. Short-term and long-term performance, and time-temperature superposition (6 hours)
7. Material selection and design (6 hours)
8. Material informatics (3 hours)

Course Learning Outcomes (CLOs):

1. Explain theories of materials deformation

2. Ildentify mechanical failure, and predict brittle-to-ductile transition temperature

3. Predict yield and fracture of materials using related criterion

4. Analyze causes of materials degradation

5. Construct the curve for determining temperature index, and predict retaining performance of
materials for long term in services

6. Construct the curve for predicting retaining modulus at long time using time-temperature
superposition

7. Make decision for material selection and perform engineering design

8. Employ concept of material informatics to develop and design on materials for pertinent

application
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1003 Design Thinking and Scientific Research Methodology 2(1-3-3)
Prerequisite: None

Empathic understanding of the problems; Problem discovery and statement of core
problem based on a human-centered manner; Ideation stage to spark new solutions; Stories and
prototyping: an experimental phase; Evaluation and incorporation of feedback to gain better
understanding; Project pitching with goals, checkpoints and credibility; Incorporation of design
thinking to scientific research methodology for research framing, drafting research or thesis proposal

for high impact or innovative outcomes.

Course Outline:

1. Empathic understanding of the problems in different dimensions (4 hours)
of social, environmental and economical issues by “deep dive” into the
problems to gain profound empathies that lead to key insights

2. Problem discovery and statement of core problem based on (8 hours)
a human-centered manner: by looking through multi-faceted situations,
collecting concrete details that help to imagine solutions to particular problems
or to stimulate free thinking, expand the problem space and break down
complex problems into smaller, easier-to-understand constituents

3. Ideation stage: sparking new solutions through different analytic brainstorming (8 hours)
techniques, i.e., mind mapping, brainwriting, brain-netting, sap filling,
reversed thinking,radical thinking to provide the elements
required to circumvent the core problem

4.  Stories and prototyping: An experimental phase of creating a number of (@ hours)
inexpensive, scaled down versions of the product or specific features
to examine the concept, and identify the best possible solutions

5. Evaluation and incorporation of feedback: Testing the new products/features (4 hours)
or solutions to gain better understanding of the civil/customers/users’ responses
and the conditions of use. Redefine the problem and recreate absolute solutions

6. Project pitching with goals, checkpoints and credibility to (4 hours)
scale up for pilot scale or business purposes

7. Incorporation of design thinking to frame research proposal: (8 hours)
the elements of a research proposal, research design for high impact
or innovative outcome with appropriate tools

8.  Scientific research methodology; problem observation, data collection (8 hours)
and analysis, ethical review, hypothesis construction, experimentation,

result analyzing and validation, drawing conclusions, and dissemination of research results
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Course Learning Outcomes (CLOs):

1.

Appreciate the idea needs by engaging scientific research to problem solving in diverse social
sustainability perspectives

Define core problem statement in human-centric ways by using appropriate brainstorming
techniques

Ideate new solutions to the problem statement by creative team or self challenging approaches
and work backward to arrive at the technology based solution

Prototype newly developed product or specific features or solution and integrate feedbacks by
testing the product or specific features or idea solution to redefine the problems and recreate
solutions

Practice project idea pitching and business canvas either feasible in a laboratory, pilot or
commercial scale, which can further develop into a technology ready level or to formulate
research methodology for thesis

Incorporate design thinking to scientific research methodology to frame research and draft thesis

proposal for high impact or innovative outcomes

Alignment with the following PLOs:

PLO1 Graduates demonstrate ethical accountability and professional standards in academic and

research in the field and have sustainability awareness in social economy and environment

PLO4  Graduates ideate new concepts and design experiments to solve complex and

unpredictable problems, develop and test methods to find creative solutions
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ENG71 1011 Graduate Seminar | 1(0-3-0)

Prerequisite: None

Research ethics; Literature survey, review, and compilation of materials engineering

knowledge; Oral presentation.

Course Outline:

1.

2
3
a.
5

Research Ethics (6 hours)
Methods of academic presentation (6 hours)
Literature survey, review, and compilation in materials engineering (6 hours)
Oral presentation practice session | (9 hours)
Oral presentation practice session |l (9 hours)

Course Learning Outcomes (CLOs):

1.

2
3.
a

Recognize research ethics
Recognize the significance of pursuing new knowledge
Demonstrate competence in searching, reviewing, and synthesizing research literature

Conduct systematic oral presentations using suitable media

Alignment with the following PLO:

PLO1 Graduates demonstrate ethical accountability and professional standards in academic and

research in the field and have sustainability awareness in social economy and environment

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in

Materials Engineering

PLO6 Graduates disseminate knowledge and concepts through presentation and academic writing

PLO7 Graduates demonstrate dedicated mindset in seeking new knowledge, for expressing

opinions and making decisions
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ENG71 1101 Carbon Footprint 3(3-0-9)
Prerequisite: None

Fundamentals of carbon footprinting; Intemational standards and reporting
frameworks: the green house gas potocal, ISO 14064 series, and other relevant standards for carbon
accounting; Emission sources identification; Data collection and calculation methods; Carbon
footprint analysis; Carbon reduction strategies; Reporting and communication; Case study of carbon

footprinting for net zero targets and carbon reduction strategies for organizations.

Course Outline:

1. Fundamentals of carbon footprinting (3 hours)
2. International standards and reporting frameworks (3 hours)
3. Emission sources identification (6 hours)
4. Data collection and calculation methods (6 hours)
5. Carbon footprint analysis (6 hours)
6. Carbon reduction strategies (3 hours)
7. Reporting and communication (3 hours)
8. Case study of carbon footprinting for net zero targets (6 hours)

and carbon reduction strategies for organizations

Course Learning Outcomes (CLOs):

Explain carbon cycle and greenhouse gases

Discuss current climate change policies in national and international levels
Identify emission sources of carbon footprint

Gather relevant information to calculate and analyse carbon footprint

Develop strategies to reduce carbon emissions

S T A

Present carbon footprint data in a clear and transparent manner

Alignment with the following PLOs:

PLO1 Graduates demonstrate ethical accountability and professional standards in academic and
research in the field and have sustainability awareness in social economy and environment

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1102 Life Cycle Assessment 3(3-0-9)
Prerequisite: None

Introduction to life cycle assessmen (LCA); LCA methodology and the four stages:
goal and scope definition, life cycle inventory analysis, impact assessment, interpretation; Functional
unit and system boundaries; Data collection and analysis methods; Environmental impact categories
(e.g., climate change, resource depletion, wate; air pollution); Life Cycle Impact Assessment (LCIA)
methodologies; LCA reporting and communication; Case studies of LCA applications in different

industries.

Course Outline:

1. Introduction to life cycle assessmen (LCA) (3 hours)
2. LCA methodology and the four stages (3 hours)
3. Functional unit and system boundaries (6 hours)
4. Data collection and analysis methods (6 hours)
5. Environmental impact categories (6 hours)
6. Life Cycle Impact Assessment (LCIA) methodologies (3 hours)
7. LCA reporting and communication (3 hours)
8. Case studies of LCA applications in different industries (6 hours)

Course Learning Outcomes (CLOs):

1. Quantify the environmental impacts of a product

2. |dentify the inputs and outputs of a product

3. Evaluate the potential environmental impacts of those inputs and outputs
q

Assesse options to reduce those environmental impacts

Alignment with the following PLOs:

PLO1 Graduates demonstrate ethical accountability and professional standards in academic and
research in the field and have sustainability awareness in social economy and environment

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in

Materials Engineering
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ENG71 1103 Project Feasibility Study for Materials Engineers 3(2-3-6)
Prerequisite: None

Introduction to strategic plan and a business plan; Planning of feasibility study for
Materials Engineering projects; Cost estimation and revenue forecasting; Economic and operational

feasibility; Feasibility study reports and executive presentation.

Course Outline:

1. Introduction to strategic plan and a business plan (@ hours)
2. Planning of feasibility study for Materials Engineering projects (6 hours)
3. Cost estimation and revenue forecasting (6 hours)
4. Economic and operational feasibility (6 hours)
5. Feasibility study reports and executive presentation (2 hour)
6. Workshop on materials engineering project feasibility study (36 hours)

Course Learning Outcomes (CLOs):

1. Understanding and analysis skill ability on the project feasibility study for their future business
starting up

2. Distinguish between advantages and disadvantages between two designed feasibility study
reports

3. Have good logical selection on the most optimal and suitable industrial project feasibility study
result

4. Have report writing and presentation skills on feasibility study to the executive board and

colleagues

Alignment with the following PLO:
PLO6  Graduates disseminate knowledge and concepts through presentation and academic writing
PLO7 Graduates demonstrate dedicated mindset in seeking new knowledge, for expressing

opinions and making decisions
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(Advanced Materials Characterization)
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ENG71 1104 Advanced Materials Characterization 4(3-3-9)
Prerequisite: None

This advanced course provides an in-depth exploration of the various techniques
and methodologies used to characterize materials at the microscopic and atomic levels; Theoretical
foundations and practical applications: hands-on experiments and data analysis to understand the
properties and behaviors of new and advanced materials; Principles of advanced characterization
techniques such as Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM),
Atomic Force Microscopy (AFM), and X-ray Diffraction (XRD); Characterization for the development
of innovative materials for applications in nanotechnology, electronics, biomaterials, and more; Data
analysis and interpretation; Case studies highlighting the significance of advanced characterization in

real-world materials research and development.

Course Outline:

1. Introduction to Materials Characterization: Overview of the importance (6 hours)
of material characterization, Types of materials such as metal, ceramic,
and polymer materials as well as composite and their applications

2. Microscopy Techniques: Scanning Electron Microscopy (SEM), (12 hours)
Transmission Electron Microscopy (TEM), Atomic Force Microscopy (AFM)

3. X-ray Techniques: Fundamentals of X-ray diffraction (XRD), (12 hours)
Phase identification and crystallography, X-ray fluorescence (XRF),
X-ray photoelectron spectroscopy (XPS), X-ray absorption spectroscopy (XAS),
and Synchrotron light

4. Spectroscopy Methods: Fourier Transform Infrared Spectroscopy (FTIR), (12 hours)
Raman Spectroscopy, Ultraviolet-Visible (UV-Vis) Spectroscopy

5. Thermal characterization: Thermal analysis methods (12 hours)
(e.g., Differential Scanning Calorimetry (DSC), Thermogravimetric Analysis (TGA))

6. Case Studies and Applications: Review recent advancements in (18 hours)
materials characterization for dissemination, analysis, discuss, and conclusions

to explore the next experiments

Course Learning Outcomes (CLOs):

1. Explain characterization technquies and demonstrate comprehensive knownledge of advanced
materials characterization techniques, including microscopy, spectroscopy and X-ray techniques

2. Select and utilize appropriate characterization methods to analyze the physical and chemical
properties of different materials across various applications

3. Analyze and interpret complex data obtained from various characterization methods, utilizing

statistical and computational tools to derive meaningful conclusions
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4. Design and conduct experiments effectively, develop hypotheses and employ methodologies
that address specific research questions related to material characterization

5. Evaluate and discuss real-world case studies or dissemination related to advanced materials
characterization, illustrating the relevance and impact of these techniques in emerging
technologies and research areas

6. Communicate technical information effectively through written reported and oral presentations,
articulating findings and implications of characterization results to both technical and non-

technical audiences

Alignment with the following PLOs:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials
Engineering

PLO3 Graduates are able to critically review, analyze, and give broad and deep critique in Materials
Engineering associated with research, identify core problems or find challenging academic

issues
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ENG71 1105 Electronic Materials 3(3-0-9)
Prerequisite: None

Introduction to material science and engineering of electronic materials; AC and DC
voltage; Electrical properties of materials and test methods; Electronic devices, conductors,
dielectrics insulators and fabrication; Semiconducting materials, P-N junction, bipolar junction, and
metal semiconductor junctions; Ceramic conductors, dielectrics, and insulators; Piezoelectric and
pyroelectric materials electro-optic materials and their application; Plastic electronics and

fabrication, organic light emitting diode, organic thin film transistor; Magnetics materials.

Course Outline:

1. Introduction to material science and engineering of electronic materials (3 hours)

2. AC and DC voltage, and electrical properties of materials and test methods (6 hours)

3. Electronic devices, conductors, dielectrics and insulators and fabrication (6 hours)

4. Semiconducting Materials, P-N junction, bipolar junction, (3 hours)
metal semiconductor junctions

5. Ceramic conductors, dielectrics, and insulators (3 hours)

6. Piezoelectric and pyroelectric materials electro optic materials and their application (6 hours)
7. Plastic electronics and fabrication, organic light emitting diode, (6 hours)
organic thin film transistor

8. Magnetics materials (3 hours)

Course Learning Outcomes (CLOs):

1. Explain materials applied in electronic devices in various aspects, including electrical properties
and test methods

2. Gather information on materials and relatively analyze the obtained information for assigned
electronic devices project

3. Propose solutions to improve performance of electronic devices in term of material properties
and ability to fabricate

4.  Perform oral presentations and write academic short report on the assigned project
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1106 ns3Asedeyanledoneein 3(3-0-9)
(Statistical Data Analysis)
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ENG71 1106 Statistical Data Analysis 3(3-0-9)
Prerequisite: None
Statistics for diagnosis and prediction; Hypothesis testing; analysis of variance;

correlation and regression analysis; Statistics for quality analysis; Practice in statistical analysis.

Course Outline:

1. Data management and analytical statistics for data diagnostic. (3 hours)
2. Hypothesis and statistical method for hypothesis testing. (3 hours)
3. One population and two population hypothesis testing. (9 hours)
4. Analysis of variance according to data characteristics or affecting factors (9 hours)
5. Correlation analysis and regression. (6 hours)
6. Application of software to present data, to test hypotheses and to analyze data. (6 hours)

Course Learning Outcomes (CLOs):

1. Manage and diagnose data by analytical statistics
2. Able to apply one population and two population hypothesis testing for data analysis
3. Analyse variance according to data characteristics or affecting factors

4. Analyse correlation and regression

5. Able to present, testing, and analzing data by appropriate software

Alignment with the following PLO:
PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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(Thermodynamics and Phase Equilibria)
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ENG71 1107 Thermodynamics and Phase Equilibria 4(4-0-12)

Prerequisite: None

Thermodynamics terminology; Laws of thermodynamics; Thermodynamics

variables and their relations; Solutions and behavior of solutions; Reaction equilibrium; Phase

equilibria; Phase equilibrium diagram; Statistical thermodynamics; Electrochemistry.

Course Outline:

O N o R W=

Thermodynamics terminology and laws of thermodynamics (4 hours)
Thermodynamics variables and their relations (8 hours)
Solution and behavior of solutions (8 hours)
Reaction equilibrium (8 hours)
Phase Equilibria and thermodynamics of phase transformation (4 hours)
Phase equilibrium diagram (8 hours)
Statistical thermodynamics (4 hours)
Electrochemistry (4 hours)

Course Learning Outcomes (CLOs):

1.
2.

O N o U B W

Describe key thermodynamic definitions, terminology, and fundamental laws

Describe essential fundamental equations and relationships between thermodynamic
variables

Define and describe solution behavior from a thermodynamic perspective

Perform calculations involving chemical equilibrium parameters

Describe phase rules and phase transformation principles

Describe phase equilibrium diagrams from a thermodynamic perspective

Describe statistical thermodynamic principles

Apply and describe thermodynamic principles in electrochemistry

Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1108 Materials for Innovation and Sustainability 4(4-0-12)

Prerequisite: None

Classification and properties of materials; Materials selection; Materials product

design with consideration for recyclability; Basic product life cycle assessment; Smart material

technology and innovation.

Course Outline:

AN A e

Classification and properties of materials (@ 3Tu)
Materials selection (8 1)
Materials product design with consideration for recyclability (8 Gfib’ﬂm)
Basic product life cycle assessment (8 Gfib’ﬂm)
Smart material technology and innovation (20 F3lw9)

Course Learning Outcomes (CLOs):

1.

2
3.
a.
5

Explain the types and properties of various materials correctly

Analyze and select materials suitable for use considering environmental impacts
Apply product design principles that facilitate recycling

Describe the basic product life cycle assessment

Describe the fundamentals of various smart material technologies and innovations

Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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(Materials Entrepreneurship: From Lab to Market)
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ENG71 1109 Materials Entrepreneurship: From Lab to Market 3(2-3-6)
Prerequisite: None

Exploring the path from scientific discovery in materials science to successful
commercialization. The principles of materials entrepreneurship, the challenges and opportunities
in moving from lab-based research to real-world market applications, and the critical aspects of
technology transfer, business development, intellectual property, and scaling up innovations in
materials science. Through a mix of lectures, case studies, and hands-on exercises, an understanding
of the entrepreneurial ecosystem surrounding materials innovations and how to navigate the

business, financial, and legal landscapes to bring new materials to market.

Course Outline:

1. Introduction to materials entrepreneurship (3 hours)
2. The innovation ecosystem and technology transfer (3 hours)
3. Understanding and practice intellectual property (IP) and patents (6 hours)
4. Market research and business models (6 hours)
5. Financing a materials startup (6 hours)
6.  Scaling up and manufacturing challenges (6 hours)
7. Regulatory and legal considerations in materials entrepreneurship (6 hours)
8. Preparing a business plan and pitch (12 hours)
9. Case studies and industry expert guest speakers (6 hours)
10. Final project presentations and course wrap-up (6 hours)

Course Learning Outcomes (CLOs):

1. Apply principles of technology transfer to effectively navigate the journey from academic
discovery to entrepreneurial ventures in materials science

2. Evaluate the commercial viability of a materials-based technology by assessing market demand,
competitive landscape, and potential barriers to entry

3. Apply and practice intellectual property (IP) laws and practices relevant to the protection and
commercialization of materials innovations, including patenting, licensing, and trade secrets

4. Critically assess and address the challenges of scaling materials innovations from a lab
prototype to full-scale production, focusing on manufacturing, cost management, and logistics

5. Recognize the regulatory and ethical challenges in materials entrepreneurship, including
environmental impact, safety standards, and industry compliance

6. Create a comprehensive business plan and pitch for a materials innovation, demonstrating an
ability to effectively communicate technical ideas to non-technical stakeholders and potential

investors
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Alignment with the following PLOs:

PLO4 Graduates ideate new concepts and design experiments to solve complex and
unpredictable problems, develop and test methods to find creative solutions

PLO7 Graduates demonstrate dedicated mindset in seeking new knowledge, for expressing

opinions and making decisions
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ENG71 1201 Tawinendugevasmsniamannid 4(4-0-12)
(Advanced Metallurgy of Steelmaking)
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ENG71 1201 Advanced Metallurgy of Steelmaking 4(4-0-12)

Prerequisite: None

Introduction to steel production; Basic physical chemistry of steel production; Slag

in steel production process; Chemical reactions of elemental components in molten steel; Material

and energy balance in steel production process.

Course Outline:

1.

2
3.
a4
5

Introduction and overview of steel production processes and technologies (@ hours)

Fundamental of physical chemistry theory essential for steel production processes (8 hours)

Slag systems and slag property control in steel production processes (12 hours)
Chemical reactions for removing elements and impurities in molten steel (12 hours)
Mass and energy balance calculations in steel production reaction furnace (12 hours)

Course Learning Outcomes (CLOs):

1.
2.
3.

Identify the key chemical reactions for removing unwanted elements in steel refining
Calculate the removal of unwanted elements in steel refining

Calculate basic material and energy balance in the steel production process

Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1202 Electrochemistry in Metal and Material Processing 4(4-0-12)
Prerequisite: None

Electrochemical ~ concept and thermodynamics;  Electrochemical  cells;
Thermodynamics of aqueous solution; Electrochemistry in extractive metallurgy; Electrochemical

energy storage; Electrochemical sensors.

Course Outline:

1. Electrochemical concept and thermodynamics (8 hours)
2. Electrochemical cells (8 hours)
3. Thermodynamics of aqueous solution (8 hours)
4.  Electrochemistry in extractive metallurgy (12 hours)
5. Electrochemical energy storage (8 hours)
6. Electrochemical sensors (4 hours)

Course Learning Outcomes (CLOs):
1. Describe fundamental principles of electrochemistry in metal and material processing

2. Apply electrochemistry in metal and material processing and related applications
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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(Kinetics of Metallurgical Processes)
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ENG71 1203 Kinetics of Metallurgical Processes 4(4-0-12)
Prerequisite: None

Fundamentals of metallurgical kinetics; Chemically controlled reaction; Diffusion
through product layer; Analysis of kinetic data for practical applications; Kinetics in pyrometallurgy

and hydrometallurgy.

Course Outline:

1. Fundamentals of metallurgical kinetics (12 hours)
2. Chemically controlled reaction (8 hours)
3. Diffusion through product layer (8 hours)
4. Analysis of kinetic data for practical applications (8 hours)
5. Kinetics in pyrometallurgy and hydrometallurgy (12 hours)

Course Learning Outcomes (CLOs):
1. Explain fundamental kinetics related to metallurgical processes

2. Calculate reaction rates under specified conditions
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1204 Metallurgy of Metal Recycling 4(3-3-9)
Prerequisite: None

Introduction to metal recycling processes; Fundamentals of extractive metallurgy for
metal recycling; Recycling process of interested metal from household and industrial waste;
Recycling process of precious metal; Recycling process of rare-earth metal; Recycling processes and
technologies for critical metals of current interest; Laboratory practice in metal recycling from waste

using metallurgical processes.

Course Outline:

1. Introduction to metal recycling processes (6 hours)
2. Fundamentals of extractive metallurgy for metal recycling (6 hours)
3. Recycling process of iron (3 hours)
4. Recycling process of copper (3 hours)
5. Recycling process of zinc (3 hours)
6. Recycling process of tin (3 hours)
7. Recycling process of precious metal (3 hours)
8. Recycling process of rare metal (3 hours)
9. Recycling process of valuable metal from End-of-Life Li-ion batteries (6 hours)
10. Laboratory practice in the recovery of metal using metallurgical processes (36 hours)

Course Learning Outcomes (CLOs):

1. Describe fundamental principles of extractive metallurgy applied to metal recycling processes
2. Identify appropriate metallurgical processes for recycling of different types of metal

3. Demonstrate basic laboratory skills in metal recovery from selected waste streams using

extractive metallurgical processes
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1205 Surface Technology and Tribology in Metals 4(3-3-9)
Prerequisite: None

Scope and engineering significance of tribology, efficiency and economical issues;
Tribological surfaces and contact between surfaces: statistical nature and calculation basis; Friction
measurement and lubrication condition; Wear mechanisms; Surface damage and wear products;
wear tests, Surface engineered materials and coatings; Guidelines for the selection of engineered
surfaces and coatings; Solutions to overcome tribological failure; material selection, surface

engineering, choice of lubrication and component design.

Course Outline:
1. Scope and engineering significance of tribology; efficiency and economic issues (3 hours)
2. Tribological surfaces and contact between surfaces: statistical nature (6 hours)

and calculation basis

3. Friction measurement and lubrication condition (3 hours)
4. Wear mechanisms; Surface damage and wear products; wear tests (12 hours)
5. Surface engineered materials and coatings; Guidelines for the selection (6 hours)

of engineered surfaces and coatings

6. Solutions to overcome tribological failure; material selection, (6 hours)
surface engineering, choice of lubrication and component design

7. Workshops (36 hours)

Course Learning Outcomes (CLOs):

1. Classify types of tribological surface contacts for the calculation of force or pressure and friction
in relation to contact between surfaces

2. Apply appropriate surface technology to achieve desirable surface properties/characteristics,
i.e., surface coating by means of electroplating on ferrous or non-ferrous alloys

3. Gain practice on wear/tribological tests, interpret wear parameters for the evaluation of
particular wear phenomenon/performance in engineering applications

4. Distinguish wear/tribological failures and identify mechanisms of wear in engineering
applications using electron microscopy and X-ray techniques

5. Select appropriate solutions to overcome tribological failures based on materials selection,

surface technology and choice of lubrication for each engineering work

Alignment with the following PLO:
PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1206 Metal Nanoparticle Synthesis and Nanotechnology 4(3-3-9)
Prerequisite: None

Root cause analysis of fatisue failure, background information and mapping;
Structural analysis including stress analysis and metallurgical factors in engineering parts; Monitoring
instrumentation, i.e., data acquisition and non - destructive testing for the evaluation of fatigue —
life; Stress and strain based approaches for fatigue - life assessment; The implication of fracture
mechanics, LEFM and EPFM for the determination of fatigue crack growth rate and fatigue life

prediction.

Course Outline:

1. Introduction to nanoparticle synthesis: type of nanomaterials, applications, (3 hours)
scientific and environmental issues

2. Bottom-up and top-down approaches using physical, chemical, and (9 hours)
biological techniques, e.g., lithographic, mechanical milling, sputtering,
chemical etching, thermal evaporation, pulsed laser ablation, photoreduction,
sol-gel chemistry, chemical vapor deposition (CVD), co-precipitation,
microemulsion, pyrolysis, hydrothermal, solvothermal, radiation-induced,
electrodeposition, and green synthesis using plants and microbes

3. Case study on synthesis of various metal nanoparticles, i.e., (9 hours)
copper, silver, gold, and metal oxides

4.  Characterization of metal nanoparticles, e.g., FE-SEM+EDS, XRD, (9 hours)
FT-TR, TEM, zetasizer, anti-microbial test

5. Nucleation and growth mechanisms: LaMer mechanisms, Ostwald ripening (3 hours)
and digestive ripening

6. Safety for metal nanoparticles (3 hours)

7. Workshops (36 hours)

Course Learning Outcomes (CLOs):
1. Give benefits and precautions of nanoparticles
Describe synthesis route for metal nanoparticle of interest

2
3. Select appropriate metal nanoparticle characterization based on properties and applications
4. Practice on synthesis and characterization of metal nanoparticles of interest

5

Identify nucleation and growth mechanisms of synthesized metal nanoparticles
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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ENG71 1207 Metal Matrix Composites for Automotive and Aerospace 4(4-0-12)
Prerequisite: None

Definition, classification and engineering significance of metal matrix composites
(MMCs); Matrices and reinforcing materials, composite architecture, fibre-reinforced and particulate
reinforced composite; Mechnanics of composite materials and interfacial bonding; Manufacturing of
composite materials; Characterization techniques; Properties assessments; mechanical, thermal and
electrical; Damage mechanism and failure analysis; Future trends, design principal and applications;

Metal matrix composites for automotive and aerospace; Case study and laboratory visit.

Course Outline:

1. Definition, classification and engineering significance of (@ hours)
metal matrix composites (MMCs)

2. Matrices and reinforcing materials, composite architecture, fibre-reinforced (8 hours)
and particulate reinforced composite

3. Mechnanics of composite materials and interfacial bonding (8 hours)

4. Manufacturing of composite materials, liquid, solid, and semi solid state (8 hours)
Processing, powder metallurgy and additive manufacturing

5. Characterization techniques, i.e., SEM, TEM, XRD (4 hours)

6. Property assessments: mechanial properties i.e. tensile, compressive, (@ hours)
Modulus, fatigue, creep and wear: thermal and electrical propertites

7. Damage mechanisms and failure analysis (@ hours)

8.  Future trends, design principal and applications (4 hours)
Metal matrix composites for automotive and aerospace

9. Case study and laboratory visit (4 hours)

Course Learning Outcomes (CLOs):
Classify metal matrix composites based on its matrices, reinforcements and architecture
Explain the mechanisms of strengthening in metal matrix composites and interfacial bonding
Select appropriate manufacturing techniques for metal matrix composites of interest

1.
2.
3
4.  Discuss mechanical, thermal and electrical properties of metal matrix composites of interest
5. Identify damage mechanisms of the selected metal matrix composites

6

Apply design principles for metal matrix composites
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering

n-a7



ENG71 1208 nsvadaunazusedina1gn1sldanuiiasnnnanuan

(Fatigue Life Assessment)

AyrUsAunauy: il

UAe.2

4(3-3-9)

N157LATILVA UADALNG WHIANUFEMELTBIIINAMIUGT NTILATIBNLATIAT198Y

Neallasiumsliesgianuaularlady Msesaaeudmiliazanudemenienieils wu gunsal

Nudyaamaznisveaeusuulidvihans msdszdiuongnisldnuiesnnauddendnisnsvagey

1A89IFENANITNITANUAULALANULAT IR NISIENAFMERTNITWAN (LEFM kag EPFM) @15Un1s11omsn

mislevessaguaniiiasnnanuaiierinugeen1sldnuy Mssenwuuiedesiurmnudemaneuan

1% a
LANIASI518UN

1.

mIlATEsiFumeanig s AseLlesanANLAn

foyadesiu uarmadouwuiadoulos
MsleneilasassdufondesiumiessianudusasJade
Tududnimnss 1wy Fudumulueiesding mesall ormaeuuadissli
msnrRaeUimiuazaudemermenieslo wWu gunsaliudna
waznaaukuUllvinany
mMsUsziiuorgnslinuiesnenudmendnisnmeaey
1E9IABNENIBNIAUAULAZAIULATLA

nsldnarmansnisien (LEFM way EPFM) ds5Unsmensnnsiavessosnnn
iesnarudiiievinuneengmsldnu
nseenuuuietlosfiupnudemnannanudn fevdneenuuunsiday
ANAdEYY annseenwuulidsyneegiswasnsie nannisesniuulngayyn
Tfisvild Wy annsdfnuiluededng smeud el wazenniaey
MISeUSIBUURNT

HAANSN358U3NAIANTITEAUTIEIV

(3 d7l9)
(6 Flat9)
(3 4lat9)
(12 $l39)
(6 Fla19)

(6 F7la9)

(36 F2laa)

1. SEUEWAAUNDYBIAIEENEIIBRINATLAIINYENTIUURIINNTIATIEAILESINER Y

wrdakazizosoTiniumslangianuiulassa ey Ussnulgmaulawine

Usediuengn1sldauilosnInanLaIn e nan oIS ANUALLAL AIUATER

AITIVADUMNENTINITIAVBITOLUANILDAINANUAEFMTUNTYINUNERIENIST TN UTBIINATILAN

Ussendlinanuuifnuazniseaniuuiivetine1gnsldnuiiawinanuan

ANNSURRYaURANANSNSITBUS VR mANg RS

PLO2 Unidimaninsauszandlianusluidendnuasngu]iinentedlunmsuntaymnidiemnssuan

N-48



UAe.2

ENG71 1208 Fatigue Life Assessment 4(3-3-9)
Prerequisite: None

Root cause analysis of fatisue failure, background information and mapping;
Structural analysis including stress analysis and metallurgical factors in engineering parts; Monitoring
instrumentation, i.e., data acquisition and non - destructive testing for the evaluation of fatigue —
life; Stress and strain based approaches for fatigue - life assessment; The implication of fracture
mechanics, LEFM and EPFM for the determination of fatigue crack growth rate and fatigue life

prediction.

Course Outline:

1. Root cause analysis of fatigue failure, background information and mapping (3 hours)

2. Structural analysis including stress analysis and metallurgical factors (6 hours)
in engineering parts, i.e., rotating machinery and parts, railway,
aerospace and power plants

3. Monitoring instrumentation, i.e., data acquisition and (3 hours)
Non - destructive testing for the evaluation of fatigue - life

4. Stress and strain based approaches for fatigue - life assessment (12 hours)
The implication of fracture mechanics, LEFM and EPFM for the determination (6 hours)
of fatigue crack growth rate and fatigue life prediction

6. Fatigue design, i.e., infinite - life design, fail — safe design and (6 hours)
defect - tolerance design on case study in machines, automotive,
railway and aerospace

7. Workshops (36 hours)

Course Learning Outcomes (CLOs):
1. Ildentify root cause analysis of fatigue failures based on indicative evidence from failure analysis
and monitoring instruments incorporated with structural stress analysis and metallurgical issues
2. Evaluate fatigue-life according to stress and strain based approaches
Examine fatigue crack growth rate for fatigue — life prediction

4. Implement fatigue design concepts to for fatigue - life enhancement in service
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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UAe.2

ENG71 1210 nsiwasuwlavaslansluganuzvaands 3(3-0-9)
(Solid State Phase Transformation in Metals)
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ENG71 1210 Solid State Phase Transformation in Metals

Prerequisite: None

UAe.2

3(3-0-9)

Thermodynamics of phase transformation; Defects and Diffusion in Solids; Interhase

inteface; Nucleation and Growth in solid-state; Diffusion and diffusionless phase transformation;

Continuous versus discontinuous phase transformation.

Course Outline:

L N o kR WD

Thermodynamics of phase transformation
Diffusion in Solids, Fick’s law

Defects in crystal and interphase interface
Nucleation and rate of nucleation in solid state
Growth and growth rate

Diffusion phase transformation

Diffusionless phase transformation

Continuous versus discontinuous phase transformation

Course Learning Outcomes (CLOs):

1.

2.
3.
q

Describe and predict equilibrium phase transformation

Calculate diffusion problems in phase transformation

(3 hours)
(6 hours)
(3 hours)
(3 hours)
(6 hours)
(9 hours)
(3 hours)
( )

3 hours

Explain and analyze problems related to solid-state phase transformation of materials

Explain phenomena and analyse factors related to solid-state phase transformation

Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering

n-51



UAe.2

ENG71 1211 AneneansuaziAanssunisudsiavadlans 3(3-0-9)
(Science and Engineering of Casting Solidification)
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UAe.2

ENG71 1211 Science and Engineering of Casting Solidification 3(3-0-9)
Prerequisite: None

Study and solve problem regarding thermodynamics of solidification; energy,
momentum and mass transfer during solidification; numerical modelling of solidification;
morphological instability of a solid/liquid interface; Cells and dendrites; Eutectic and peritectic

solidifications; Directional solidification and solute redistribution; Solidifications in metal processing.

Course Outline:

1. Thermodynamics of solidification (6 hours)
2. Energy, momentum and mass transfer during solidification (9 hours)
3. Numerical modelling of solidification (9 hours)
4.  Morphological instability of a solid/liquid interface Cells and dendrites (3 hours)
5. Eutectic and peritectic solidifications (3 hours)
6. Directional solidification and solute redistribution (3 hours)
7. Solidifications in metal processing (3 hours)

Course Learning Outcomes (CLOs):

1. Give driving forces and influence paramaters of casting solidification

2. Calculate the solidification of castings

3. Establish mathematical models for solute redistribution in castings

4.  Establish mathematical models for energy transfer during solidification
5

Apply mathematical models for research works
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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(Electron Microscopy and Diffraction Techniques for Materials Characterization)
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UAe.2

ENG71 1212 Electron Microscopy and Diffraction Techniques for 4(3-3-9)
Materials Characterization
Prerequisite: None
Lattice geometry; Reciprocal space; Miller indices; Crystal structures; Crystal
symmetry; Stereographic projection; Electron microscopy; Electron scattering and diffraction;
Selected area electron diffraction (SAED); Interpretation of SAED patterns; Convergent beam electron
diffraction (CBED); Kikuchi band diffraction patterns; Backscattered electron diffraction (EBSD).

Course Outline:

1. Lattice geometry, Reciprocal space, Miller indices (3 hours)
2. Crystal structures, Crystal symmetry (6 hours)
3. Stereographic projection (6 hours)
4. Electron microscopy (3 hours)
5. Electron scattering and diffraction (3 hours)
6. Selected area electron diffraction (SAED), Interpretation of SAED patterns (9 hours)
7. Convergent beam electron diffraction (CBED) (3 hours)
8. Kikuchi band diffraction patterns, Backscattered electron diffraction (EBSD) (3 hours)
9. Practicing Electron Microscopy Techniques (36 hours)

Course Learning Outcomes (CLOs):

1. Explain the description of a crystal structure in terms of atom positions, unit cells, and crystal
symmetry

2. Demonstrate the ability to analyze various types of electron diffraction patterns

Interpret electron diffraction patterns of materials of interest
Alignment with the following PLO:

PLO2 Graduates apply general knowledge of core topics and theory to solve problems in Materials

Engineering
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