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Thermodynamics of Materials

426612 GHE A LR IEAL SR TIE Pty 4(4-0-12)
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Advanced Physical Chemistry for Ceramics
426613 Aansaoucvaiuds 3(3-0-9)

Solid State Physics

11



426614 MIBANLULNIINARDIE IR TULTINAN 3(3-0-9)
Experimental Design for Ceramics

426615 mﬁaﬁuw‘%ﬁﬂy’uga 3(3-0-9)
Advanced Inorganic Chemistry

426616 msanelasanasmImaanin 3(3-0-9)
Mass Transport in Ceramics

426617 LailvaInEn 3(3-0-9)
Crystal Chemistry

426620 i'a@]mswﬁnf*ﬂ”'ugd 3(3-0-9)
Advanced Ceramic Materials

426621 mzmumsmamsﬁﬁﬂ{?uga 1 3(3-0-9)
Advanced Ceramic Processing |

426622 mzmumsmamsﬁﬁﬂ{?uga 2 3(3-0-9)
Advanced Ceramic Processing Il

426623 NI 3(3-0-9)
Particulate Engineering

426640 myenziansuzianzluwianTaniag 1: 3(3-0-9)
M3ALwsIEand

Characterization in Material Engineering I: X-ray Diffraction
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17.3.3.1 NI IWARNUALNE 1)

Principle and Theory
SUAIT 2835187371 AWIUNG

426710 SEmsudInduarmMedanIsuain 4(4-0-12)
Finite Element Method in Ceramic Engineering

426711 NANANEAS 3(3-0-9)
Crystallography

426712 AR USVDILT 3(3-0-9)

Solid State Chemistry

12



426713

426714

426715

426716

SUFIB

426521

426522

426523

426524

426525

426720

426721

426722

426723

426724

426725

AoARBYRLAzBUARSINE
Colloids and Interface
noufsnlnislnd

Theory of Spectroscopy
INEINTTURVBITTULERMA
Rheology of Particle System
NAFEASITIRNG

Statistical Mechanics

17.3.3.2 TAQUANILLINNTT

Materials and Processes

28318321

finma IWiuazdildnnsefing
Electrical and Electronic Ceramics
LI ANNIILILAEN

Magnetic Ceramics

LN ANTININ

Bioceramics

rfinigelaseaing

Structural Ceramics
WAUAZULALTNNN NNIAARIRNTIY
Industrial Glass and Glass Ceramics
mﬂiu*[aﬁuﬁaifuga

Advanced Glass Technology
*a"a@p%aﬂizﬂaumaLmsﬁﬁﬂifuqo
Advanced Ceramic Composite Materials
ﬁi"ﬁ@‘l’l’ldﬂizﬂ’)uﬂ’li‘l’l’]dLsﬁi'lﬁﬂ"f?‘l«lag\‘l

Advanced Topics in Ceramic Processing

ﬁ’nTamamﬂ‘[ulaﬁLﬂ%aoﬂuammmﬁuga

Advanced Topics in Whiteware Technology

ﬁ’aﬁamﬁa@%amwﬁuga
Advanced Topics in Biomaterials
ﬁ’aﬁamauﬁﬁuga

Advanced Topics in Glass

13
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426726

426727

426728

426729

426730

426731

SUAIT

426740

426741

426742

426743

ﬁ'ﬁamﬁa@%aﬂszﬂauﬁuga
Advanced Topics in Composite Materials
‘ﬁ'ﬁamaLsﬁmﬁﬂl,%aﬁaﬁ%'u{fuga

Advanced Topics in Functional Ceramics

ﬁ'ﬁamaLsﬁmﬁm%ﬂwﬁﬂLLazSLﬁnmaﬁﬂﬁuga

Advanced Topics in Electrical and Electronic Ceramics

ﬁ'ﬁamaLGﬁiﬂﬁﬂL%aIﬂsaa%waiv’uga
Advanced Topics in Structural Ceramics
ﬁ’lﬁaﬂ’mLTi’]ﬁﬂL%dLL&imﬁﬂ“ﬂzugd
Advanced Topics in Magnetic Ceramics
ﬂﬁﬁ'ﬁmim:mumimaLmiﬂﬁnﬁuga

Advanced Ceramic Processing Laboratory

17.3.3.3 5ﬂﬂm3t%ﬂﬁtltﬂzﬂ’153tﬂi’1$ﬁ

Characterization and Analysis

283518371

m*ﬁLﬂiwzv‘?ﬁﬂwmzLQWWzlu%ﬂ’;ﬂ‘sim"a@; 2:

SNBULANIZLTILA T
Characterization in Material Engineering Il :

Chemical Characterization

m*ﬁLﬂiwzv‘?ﬁﬂwmzLQWWzlu%ﬂ’;ﬂ‘sim"a@; 3:

ANHULLAWIZLTINIEAA

Characterization in Material Engineering Il :

Physical Characterization

m*ﬁLﬂiwzv‘?ﬁﬂwmzLQWWzlu%ﬂ’;ﬂ‘sim"a@; 4:

ANHULLANIZLTIANNTDU

Characterization in Material Engineering IV :

Thermal Characterization

m*ﬁLﬂiwzv‘?ﬁﬂwmzLQWWzlu%ﬂ’;ﬂ‘sim"a@; 5:

&'ﬂwmzw@wwu%aﬁgamsﬂﬁ
Characterization in Material Engineering V :

Microscopic Characterization

17.3.3.4 ANUALATNITIN

Properties and Measurement

14
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SUAIT 283518371 AWING

426750 amﬁT@L%ﬂﬂ’ﬂﬁ@%LL@zL%aﬂMaﬁa@psﬁsﬁﬁﬂ 3(3-0-9)
Thermal and Mechanical Properties of Ceramic Materials

426751 ﬂﬁﬁamﬁmmzmaamﬁaLmiﬁﬁﬂd?uga 1 1(0-3-0)
Advanced Ceramic Measurement and Testing Laboratory |

426752 ﬂﬁﬁamﬁmmzmaamﬁaLmiﬁﬁﬂd?uga 2 1(0-3-0)

Advanced Ceramic Measurement and Testing Laboratory Il

17.3.3.55’1ﬂfiimaﬁumgumufi%’mmzﬁ'aﬂ'aﬁma%‘la

Research Supporting Courses and Interesting Topics
INEIUN B389 w286

102701 mIrudulaya 3(3-0-9)
Information Access

426520 ATmNsuaznmadewnuwidsidunwaingy 3(3-0-9)
Research Methodology and Research Writing in English

426526 MadsznugmwMwuazINaIIuAasuans 3(3-0-9)
Quality Assurance and Laboratory Standards

426760 Watefaanassmawin 1 3(3-0-9)
Selected Topics in Ceramics |

426761 Patefaanassmawidn 2 3(3-0-9)
Selected Topics in Ceramics Il

426762 Watefiaanassmawdin 3 3(3-0-9)
Selected Topics in Ceramics I

426763 Patefaanassmawin 4 3(3-0-9)
Selected Topics in Ceramics IV

426764 msﬁﬂmﬂfymmwm%aaifuqa 3(3-0-9)
Advanced Special Problems

426765 WdaMIANMDRTE 3(3-0-9)

Independent Study

uaﬂmﬂmjuﬁmlﬁaﬂﬁa 5 ﬂaq'afl,u 17.3.3 uan ﬁfﬂﬁﬂmmaaLﬁaﬂ%ﬂuﬂf,jmmﬁmﬂ'aﬁulu 17.3.2

pasminnduizifennafidasldiuaygnannarasdnlinmuazaanisiaansenin
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17.3.4 NN IANAN

Seminar
SUAIT 283518371
426870 SN HAAANTN 1

Graduate Seminar |
426871 UL IMAAANEN 2

Graduate Seminar |
426872 SUUWIITY

Research Seminar

17.3.5 nﬁjmm%ﬁ%ﬂuaz%mﬁwuﬁ‘

Thesis
SUAIT 2835187371
426980 ANIANUTURIL AN WU N 2

Master Thesis Plan A Scheme A2

426990 Inenfinubqujindia uuy 1 (HdrdnsautTygiln)
Doctoral Thesis | (For Master Degree holders)

426991 Inenfinubqujindia uuy 2 (HdrdnsautTygiln
Doctoral Thesis Il (For Master Degree holders)

426992 Ineniinusquindia wwy 2 (fiidnsauliygies)

Doctoral Thesis Il (For Bachelor Degree holders)
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17.5 @185 U18518381

102701 NM3FuARTOYA 3(3-0-9)
Imdeaunan : Ll

mIdIdayanvingman ‘ﬁﬁagjiLLaz"‘s%'mmTﬁﬁﬁTagammﬁu

v a
1@lA393189%7
1. Toyaluraiaya 5 139
a & £

2. LANEINIIINLEENT 6 T3
3. WASILNAALD 2 113
4. wudoya 3 Talug
5. mﬁuﬁuﬁa;&amaﬁtﬁnmaﬁnﬁ 5 139
6. ITNIFUA 6 T4
7. MNIDNIDILASLBNRIIDNIDS 3 7139
8. lasswdsliams 6 Talas
102701 Information Access 3(3-0-9)

Prerequisite: None
This course explores the area of what scientific information is available and how to access

Course Outline

1. Information in libraries (5 hours)
2. Scientific literature (6 hours)
3. Abstract sources (2 hours)
4. Databases (3 hours)
5. Electronic data access (5 hours)
6. Searching strategies (6 hours)
7. Citations and references (3 hours)
8. Project workshops (6 hours)
426520 35M5I9uaznITdenewIduiunsdenge 3(3-0-9)

Bowly : Tasanufiurauvessuidmienssuesnin
ATTLIMNTITLURADNMIMIAINIINAFAS  VOUWANIITY mnﬁui@ga LLazmﬁmezv‘i’%gaﬂﬁ
'?JﬂmsLLrTﬂfymmﬁ@miLﬁmﬁuﬂ’agaLLazgﬂLLuuﬁmm:aﬂumiL%wmumﬁmmwmam%
ilasesedzn
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1.4 msdnmauitynn
2. APMILLWINWIY 24 139
24 @IEAAY WAAINEN LITBNUNIN LAz NI8N984
2.2 mﬁ@ms‘ﬁagal,l,a:iaﬁ@ﬁ%LLETG
2.3 MIBVULTLI NNTRONLALL LAY EﬂLLUU“IJE]\‘m’]SL“iUu
Aad A & @ o @ A
2.4 gnIIsnsdganen ezl TIduatunwlow
2.5 18U

426520 Research Methodology and Research Writing in English 3(3-0-9)
Condition: Consent of the School
Basic research process and engineering method. Frameworks of analysis.Data orrection and
analysis. Problem solving. Organization of material and styles appropriate for engineering writing.
Course Outline
1. Research methodology (12 hours)
1.1 Research process and engineering method
1.2 Frameworks for analysis
1.3 Data collection and data analysis
1.4  Problem solving
2. Research writing (24 hours)
2.1 Focus, sources, bibliography, and citation
2.2 Information organization and argument
2.3 Paraphrase, plagiarism, and writing styles
2.4  Proofreading strategies and improvement of drafts

2.5 Research paper

426521 wsdnns Il uazdidnnsaing 3 (3-0-9)
Bawly : Tasanufiurauvesmuidmienssuesniin
nejuaznsdgndlinuvasiaguaniin lumilwihuszBidnniading sutianug sz
IBMINTTLIUMING® mamqwmiﬁaﬁaﬁ'] INAllaEUaIUMIINATIIN UAZUHUZININIIETIAN
lasesedzn
1. ddnlnswndn 18 T2l

1.1 @ Wt in

1.2 lodann3nd Suanivasuazauiu

1.3 Alodiann3nioin

1.4 Taq wlsBiEnnin

1.5 Blanlnseaniinissiin

1.6 N1IYINNT
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426521 Electrical and Electronic Ceramics

Condition: Consent of the School

18 52114

3(3-0-9)

Theories and applications of ceramic materials in electrical and electronic fields are discussed.

Basic properites and processing methods such as semiconductor IC packaging technology and

ceramic substrates are also covered.

Course Outline

1. Electroceramics

1.1
1.2
1.3
1.4
1.5
1.6

Ceramic conductors

Dielectrics, Relaxors and Insulators
Piezoelectric ceramics

Pyroelectric materials

Electro-optic ceramics

Fabrication

2. Semiconductor

2.1
2.2
2.3
24
2.5
2.6

Intrinsic semiconductors and Impurity semiconductors

Hall effect and Magnetoresistance

Excess carriers in semiconductors

Materials Technology and the measurement of Bulk Properties
Theory of Semiconductor p-n junctions

Unipolar, Bipolar and Photonic Devices

426522 1 HEIIRNNIIUALHREAN

Wanly : lauanuAnrauYaI&1 NI TIIAINTTULEIAN

(18 hours)

(18 hours)

3 (3-0-9)
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426522 Magnetic Ceramics

Condition: Consent of the School

2 42 lag
6 T2 lua
5 42139
5 42139
8 2 lus

10 2114

3(3-0-9)

Fundamental and advanced topics in magnetic ceramics are discussed to give a more in-depth

understanding about magnetism and magnetic ceramic materials. Topics covered include electronic

magnetic moments, quantum theory of magnetism magnetic properties, magnetic domains, magneto-

optic phenomena, magnetic measurements and types of magnetic ceramic materials (soft and hard

ferrites, garnets and ferrites for microwave applications).

discussed in relation to specific applications.

Course Outline

1.

o o &~ w

Magnetism and magnetic materials ;

Historical developments and present role in industry and technology
Magnetic field, terms and related units; type of magnetism,
ferromagnetic domains

Ferrites for non-microwave applications

Microwave ferrites

Permanent magnets

Ferrite preparation ; powder preparation, compact forming,

sintering and machining

426523 1 BAANTINN

Howly : laganuRura Uy eI I TIIAINIINEGINNN

Manufacturing methods will also be

(2 hours)
(6 hours)
(5 hours)
(5 hours)

(8 hours)
(10 hours)

3(3-0-9)
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3. wwniinffigniusimeBiniw leasendusih Indofiadiausiu iiowiu 14 12104
maaRauidslaasenduathing JaqiBadszney uazBuuddmiunszgn

v A £ <
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v A _da £ <
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426523 Bioceramics 3(3-0-9)

Condition: Consent of the School

Ceramic materials for biological applications including processing and control, material  selection,
variables that control compatibility and performance of bioceramics such as physical and chemical
properties,corrosion or solubility, fatigue and interfacial histochemical changes.

Course Outline

1. Introduction (2 hours)
2. Bioinert ceramics (4 hours)
3. Bioactive ceramics ; (14 hours)

Dense and pororus hydroxyapatite, hydroxyapatite coating,

composites and bone cement

4. Bioactive glasses (2 hours)
5. Bioactive glass-ceramics (4 hours)
6. Design of bioactive ceramic and polymer systems (3 hours)
7. Characterization of bioceramics (3 hours)
8. Regulation of medicine devices (2 hours)
9. ASTM standards for bioceramics (2 hours)
426524 \ 53 ANLBIlATIATI 3(3-0-9)

Howly : lauaURARTaLaIEUNITIAINTINLTTIAN
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426524 Structural Ceramics 3(3-0-9)
Condition: Consent of the School
Review of processing and control of structural ceramics, oxide and non-oxide systems, designs and
applications, advantages and limitations, properties and evaluation of materials.
Course Outline
1. Introduction ; overview of structural applications of ceramic materials (2 hours)
2. Structural ceramics ; materials, processing and properties (16 hours)
2.1 Oxide base materials
2.1.1  Aluminosilicates
2.1.2 High alumina
2.1.3 Zirconia
2.1.4 Other oxide ceramics
2.2 Non-oxide base materials
2.21 Silicon carbide
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5.

2.2.2 Silicon nitride
2.2.3 Sialon
2.2.4 Boron nitride and carbide
2.3 Composites
Important mechanical properties , methods of evaluation and control
3.1 Hardness and wear resistance
3.2 Strength and elastic properties
3.3 Toughness
3.4 Fatique under cyclic loading

3.5 High temperature mechanical properties and creep

. Case study in design and application of structural ceramics

4.1  Ceramic cutting tools

4.2 Wear parts and industrial applications

4.3 Adiabatic diesel engines

4.4 Advanced gas turbines

4.5 Aerospace and defense-related applications

4.6 Heat exchanger

Paper(s) and presentation(s) base on application of structural ceramics
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426525 Industrial Glass and Glass Ceramics 3(3-0-9)
Condition: Consent of the School

Overview of the development of industrial glass and glass-ceramic products in terms of
compositions, process design, properties, and applications. The interrelation of glass composition
and manufacturing processes will be described based on chemistry and physics. Future development
of glass and glass-ceramics is discussed.

Course Outline

1. Industrial glass development (2 hours)
2. Special glasses ; properties and composition relations (8 hours)
3. Glass-ceramics ; processes, properties and applications (8 hours)
4. Functional glasses ; porous glass, photosensitive glass, photochromic glass, (10 hours)

solder glass etc., and their applications

5. lon-exchange processing (3 hours)
6. Sol-gel processing (3 hours)
7. Possibilities of the development of industrial glass and glass ceramics (2 hours)
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426526 Quality Assurance and Laboratory Standards 3(3-0-9)

Condition: Consent of the School

Fundamental target(s) and strategy in management systems. Management for quality assurance
and safety system in laboratory. Methods, policy and quality assurance for qualified standard of
laboratory. Procedures and practices for certification of ISO and other standards.

Course Outline

1. Fundamental targets and strategy of quality control management systems (3 hours)
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2. Laboratory management systems (6 hours)
3. Laboratory safety systems (3 hours)
4. Methods, policy and quality assurance for qualified standard laboratory (6 hours)
5. Requirements for quality systems (3 hours)
6. Procedures and practice for certification of ISO standards (10 hours)
7. Applications to management of materials engineering laboratory (5 bhours)
426610 35m a1 Beadiadans iniggeaaiuazddinssndans 4(4-0-12)

Hanly : lauauAnTauYaI& NI TIIAINTTULEIAN

a a @ 2 [ 4

a 6
aunNnIaNILaT ﬂ’]il,muw“iwi

U

L o ¢ a A 2 6
ﬂumuauumaaagnmauum ﬂSQNNNQMﬂ'}Eﬂ% a%ﬂi&lw‘]imi

6

Ko o wn A a o A & o a \ ¢ A a &
WLULRDTIAY  aNUATaIaRnIaNILYS ﬂauhgmu maulasnsies ﬂtymm“uauagmagaaa
% Qs a a e 1 Q Qo a v t& Q a s
WIRnTULURLTR miamu@maaaumnma%wufﬂaﬂau@uaaaLml,ausmﬁml,tﬂsammaam FUNTT
L%aamgﬁuﬂmwaﬂuﬁn FUNIANNTAN  #UNRAUAN  MTuUadsUas FNNNTITINAENS NNY

a 6 I~ 1 a 6 =
LLﬂawjiLmLmumwuw miLLﬂmw‘jswmummm

ielasesedzn

1. numusndAvataynINaiud 3 alua
2. Uipiinagumalu 4 Flug
3. aunwuied 4 Flug
4. BunnTaniios mumuﬂﬁmﬁmmam%"ﬁa sutiduesduiinTanios 6 T lua

ﬂauiaﬁ%u msuﬂawj’%uﬁ

5. Ugmdnvauagiu-agiad 3 7 lud
6. WINTULURLTA 4 Flug
7. msé]"mﬁmaaawmﬂ%aa%ﬁufﬂaﬂé"mi”uaaol,%mﬁu%aﬁﬁ'sLL&Jiszaaaé’a 2 lya
8. sumuBsaunuslawailudn 2 lya
9. RNNMIANNTOU 2 lya
10. gun30aUdn 2 lya
11. mudassdans 7 Flua
12. FUMILTINAG 1 219
13. mmﬂaaﬂﬁmﬁmmﬁwma 6 Tlua
14. ﬂ’mLﬂaw\IﬁLm’me’mL%a 2 lya
426610 Mathematical Methods in Material Science and Engineering 4(4-0-12)

Condition: Consent of the School

Review of properties of infinite series. Inner product spaces. Fourier series. Fourier integrals, the
exponential Fourier representation, properties of Fourier integral, convolution, Fourier transforms.
Sturm-Liouville boundary value problems. Bessel function. Classification of linear second order partial

differential equations with two independent variables. Hyperbolic differential equations. The heat
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equation.

Fast Fourier transforms

Course Outline

1.

2
3.
4

5
6
7.
8
9

10.
11.
12.
13.
14.

Review of properties of infinite series

Inner product spaces

Fourier series

Fourier integrals, the exponential Fourier representation,
properties of Fourier integral, convolution, Fourier transform
Sturm-Liouville boundary value problems

Bessel function

Classification of linear second order partial differential equation
Hyperbolic differential equations

The heat equation

Elliptic equation

Laplace transform

Difference equations

Discrete Fourier transform

Fast Fourier transforms

426611 QLANAAEASVDITHN
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Elliptic equations. Laplace transform. Difference equations.

Discrete Fourier transform.

(3 hours)
(4 hours)
(4 hours)
(6 hours)

(3 hours)
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(2 hours)
(2 hours)
(2 hours)
(7 hours)
(1 hour)

(6 hours)
(2 hours)

3(3-0-9)

wnfaNugIuNgUmManirasadndsnTauagungda 1, 2 uaz 3 vadgmwwamaaiuaznly

NuN9iEg Nosdransazany uaznIENgaIgne nsudaripne Bianlnaed uazlofedidn

Invlad uazmsuddymaugamigunnaia

1.
2.

v a
@1lA393189%7
UNIN UAZFAEINAANNTBIEANTAN o 2 11139
nyden 1 maaqm%wama@% ANNIBULATIN WD UMD UAZANNIANUTD 4 139
ANuTaudIrIuNINaia AnuTauiwIVU TN
nyden 2 maaqm%wama@% aulnsl waznmslfouudssvmeiialnsen 6 T3
' 6 | a 5 o ¢

YBINTILIUMITANS 9 WerTuiawlnstudase FIUANNFUNUTINY
qm‘ﬂwama@‘imznﬁuﬂaﬁa;&amoaﬁa

U d‘ 6 L% <
nydan 3 vesguwwamans LLa:miﬂsw“ﬂm"lmm 4 139
mm&'&nﬁ'ufsmdwqm%wai’mwzauﬁamaﬂﬁﬂi 6 T3
wassmdaszaasl Jiseuuuliiduiadeanu 3 Falas
F1INAY 3 7139

o Aa I ' <

suaaIgManilasALnaueng o 2 T3
WRIWIRIZVBITLULUNT 2 a9disznau 2 7139

© © N o o &

28



6 ' v A <
10. Ezmv&Wﬂﬂqﬁ@limaﬂjzﬁ?qﬁﬁqu'J 2 TQI&N
11. ']Jﬂﬁﬂl:ﬁ U')ﬁlﬂﬁflﬁﬁiulﬂiﬂﬁ%ﬁﬂ Nﬁﬂ Nﬁﬂ"ﬂ E]G'ﬁ'l@lLLa$ﬁf]3ﬂ5$ﬂaU 2 %’QING

426611 Thermodynamics of Materials 3(3-0-9)

Condition: Consent of the School

Basic thermodynamic concepts of solids cover first, second and third laws of thermodynamics and

their applications to materials, solution theory, phase equilibrium,phase transformation, electro—

chemistry and solid electrolytes, and advanced thermodynamic problem solving.

Course Outline

1. Introduction and definition of terms (2 hours)

2. The first law of thermodynamics ; (4 hours)
Heat and work, enthalpy and heat capacity, heat of formation heat of reaction

3. The second law of thermodynamics ; (6 hours)
Entropy and change of entropy during reaction processes, free energy function,

summary of thermodynamic relations, statistical interpretation of entropy

4. The third law of thermodynamics and applications (4 hours)
5. Relationship between thermodynamic and physical properties (6 hours)
6. Free energy of heterogeneous reactions (3 hours)
7. Solutions (3 hours)
8. Equilibrium between phases of variable composition (2 hours)
9. Free energy of binary systems (2 hours)
10. Thermodynamics of interfaces (2 hours)
11. Introduction to defects in crystals ; elemental crystals and compounds (2 hours)
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426612 Advanced Physical Chemistry for Ceramics 4(4-0-12)

Condition: Consent of the School

Theory of thermodynamic equilibrium. Phase equilibrium in pure substances. Systems of variable
compositions. Chemical equilibrium. lonic solution. Debye-Huckel theory. Electrochemical cells.
Electric potential at interfaces. Empirical treatment of reaction rates. Experimental methods and
treatment of data. Complex reaction. Reaction in solution.

Course Outline

1. Theory of thermodynamic equilibrium (5 bhours)
2. Phase equilibrium in pure substances (5 bhours)
3. Systems of variable compositions (6 hours)
4. Chemical equilibrium (4 hours)
5. lonic solution (4 hours)
6. Debye — Huckel theory (2 hours)
7. Electrochemical cells (3 hours)
8. Electric potential at interfaces (4 hours)
9. Empirical treatment of reaction rates (5 hours)
10. Experimental methods and treatment of data (3 hours)
11. Complex reaction (4 hours)
12. Reaction in solution (3
hours)
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426613 Solid State Physics 3(3-0-9)
Condition: Consent of the School
The microscopic origins of the physical properties of solids are discussed. First part of the course
includes atomic lattices and associated mechanical, thermal and dielectric properties. The second
part focuses on energy band structure ; the electronic properties of metals, semiconductors and
insulators . magnetic properties ; optical properties ; superconductivity ; and the dielectric,
ferroelectric and piezoelectric properties of insulators.
Course Outline
1. Crystallinity and the Form of Solids (6 hours)
1.1 Crystal Structure and Binding
1.2 Structural Defects
1.3 Amorphous Structures
1.4 Liquid Crystals
2.  Phonons: Crystal Vibrations and Thermal Structures (9 hours)

2.1 Vibrations of crystals
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2.2 Quantization of Elastic waves
2.3 Phonon momentum
2.4 Inelastic Scattering by Phonons
2.5 Phonon Heat Capacity
2.6 Thermal Conductivity
3. Energy Bands (9 hours)
3.1 Nearly Free Electron Model
3.2 Bloch Function and Kronig-Penny Model
3.3 Bragg Reflection and Energy Gap
3.4 Brillouin Zones for Multi-Dimensional Solids
3.5 Metals, Insulators and Semiconductors
4. Dielectric, Ferroelectrics and Magnetic Properties of Solids (12 hours)
4.1 Macroscopic and Microscopic Views of Dielectric Response
4.2 Ferroelectric Behavior
4.3 Piezoelectric and Electrostriction
4.4 Magnetic Dipole Strengths
4.5 Forms of Magnetism: Diamagnetism, Paramagnetism, Ferromagnetism,
Antiferromagnetism and Ferrimagnetism

4.6 Magnetic Resonance
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426614 Experimental Design for Ceramics 3(3-0-9)
Condition: Consent of the School

This course emphasizes problem solving methods for manufacturing and research applications. The
techniques can be used to design efficient experiments, distinguish differences in materials/
processes/machines, identify key variables, develop equations which quantify cause-effect
relationships and optimize a process or material property. Several classes are conducted in a
computer lab where computer programs are applied to design experiments and solve problems.

Course Outline

1. Introduction; Common Distributions; Testing Data for Normality (2 hours)
2. Differences in Sample Mean: t-test (1 hour)
3. Paired Comparisons; Confidence Intervals; Sample Size (2 hours)
4. Differences in Sample Variance: F-test (1 hour)
5. Analysis of Variance (ANOVA) (3 hours)
6. Computer Lab 1: t-tests, F-tests, Confidence Intervals Analysis (1 hour)

of Variance: Model Adequacy Checking
7. Analysis of Variance: Model Adequacy Checking & Comparisons (2 hours)
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10.
11.

12.
13.
14.
15.
16.
17.
18.

Among Means

Computer Lab 2: ANOVA; Random Effects ANOVA
Regression Models: Calculating Coefficients, Variable & Model
Significance, & Model Error

Computer Lab 3: Regression Models

Regression Models: X & Y Transforms for Non-linear Effect &
Interactions

Computer Lab 4: Models for Non-linear Effects & Interactions
Regression Models: Other Check & Diagnostics

Model Techniques for Material Properties

Computer Lab 5: Models for Non-linear Effects & Interactions
Computer Lab 6: Model Predictions & Plots

ANOVA in Regression Analysis

Regression Models: Prediction, Response Surfaces, & Contour Plots

hour)

19.
20.
21.
22.
23.
24.
25.
26.

Coding vs. Not Coding Data in Regression Modeling
Models with Discrete Variables

Computer Lab 7: Models with Discrete Variables
Background on Experimental Designs

D-optimal Designs

Computer Lab 8: D-optimal designs

Mixture Experiments & Models

Screen Experiments: 2k Fractional Factorial Designs

hours)

27.

Computer Lab 9: Design Expert program demo for 2k designs
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426615 Advanced Inorganic Chemistry 3(3-0-9)
Condition: Consent of the School
The properties and structure of inorganic compounds based on the theory of chemical bond and the
molecular structural theory including oxidation and reduction reactions and their applications
Course outline
1. Quantum theory and atomic structure (12 hours)
1.1.  Quantum theory and its experiment
1.2. Structure of atom and quantum theory-l and Il
1.3. Hydrogen atom
2. Structure of molecules and chemical bond (12 hours)
2.1. Chemical bond in solid
2.2. Structure of simple inorganic compounds
2.3. Complex compounds and others

3. Oxidation and reduction reactions and their applications (12 hours)
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426616 Mass Transport in Ceramics 3(3-0-9)

Condition: Consent of the School
Review of diffusion controlled phenomena in glass and ceramics such as oxide, non-oxide and
special glass compositions. Atomistic and mathematical approaches to diffusion processes will be
emphasized.
Course Outline
1. Fundamental of diffusion processes (4 hours)

1.1 Diffusion and Fick’s laws

1.2 Diffusion as an activated process

1.3  Types of diffusion coefficients
2. Atomic theory of diffusion (4 hours)

2.1 Mechanisms of diffusion

2.2 Random walk diffusion

2.3 Thermal activated diffusion, temperature dependence of

diffusion coefficients

3. Diffusion in ceramic materials (8 hours)

3.1 Diffusion in crystalline oxides

3.2 Diffusion in liquid and glasses

3.3 Boundary and surface diffusion

3.4 Grain boundary diffusion and grain growth

36



3.5 Diffusion in ionic solids, diffusion and ionic conduction
3% Diffusion in semiconductors
4. Nucleation, crystal growth, and solid state reactions
4.1 Kinetics of hetergenous reactions
4.2 Nucleation and crystal growth
4.3 Precipitation from glasses
4.4 Crystal growth from solid matrix
4??&15 Solidification of melts
4.6  Reactions with solids
5. Mass transport in sintering processes
5.1 Solid state sintering
5.2  Sintering kinetics
5.3 Liquid phase sintering and vitrification
5.4 Sintering related processes, ie. hot pressing, HIP etc.
6. Phase equilibrium and high temperature reactions
7. Reactions in ceramic material systems

8. Report(s) and presentation(s) based on mass transport in ceramics

426617 LANYDINAN
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426617 Crystal Chemistry 3(3-0-9)
Condition: Consent of the School

This course emphasizes the interplay between crystallography, bonding, and properties. In particular
the physical number of properties, including thermal expansion, thermal conductivity, the refractive
index, and a variety of piezoelectric, magnetic and electrical properties will be discussed. Moreover,
many of the fundamentals crystal chemistry will be introduced such as Pauling’s rule, bond valence
sums and crystal field theory. Throughout the course the lecture material will be augmented by
crystal structure building to demonstrate the concepts.

Course Outline

1. Outline of course, interatomic binding forces and atomic structure (2 hours)
2. The ionic bond and some ionic crystal structures (2 hours)
3. The covalent bond and some covalent crystal structures (2 hours)
4. The metallic bond and the structures of some metallic elements (1 hour)
5. The Hydrogen and Van der Waals bonds (1 hour)
6. Review of symmetry, coordination, Neumann'’s law (3 hours)
7. Thermal properties (3 hours)
8.  Electrical conductivity and energy bands (3 hours)
9. Dielectric, Piezoelectric, and Ferroelectric properties (5 hours)
10. Optical properties (4 hours)
11. Mechanical properties (3 hours)
12. Magnetic properties (4 hours)
13. Conclusion (3 hours)
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426620 Advanced Ceramic Materials

Condition: Consent of the School

4 2la

3(3-0-9)

Review of advanced ceramic materials including structural, electrical ,magnetic , electronic, thermal,

chemical, nuclear, optical and biological ceramic materials,

properties in design and selection for engineering applications.

Course Outline

1. Introduction to advanced ceramic materials

2. Classification of advanced ceramic materials

3. Processing and properties of advanced ceramic materials :

3.1
3.2
3.3
3.4
3.5
3.6

Structural ceramics

Electrical, electronic and magnetic ceramics
Thermal, chemical and nuclear ceramics
Optical ceramics

Bioceramic and composites

Smart materials

raw materials and processes, key

(3 hours)
(3 hours)
(26 hours)

4. Report(s) and presentation(s) on topics based on advanced ceramic (4 hours)

materials
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426621 Advanced Ceramic Processing | 3(3-0-9)

Condition: Consent of the School

State-of-the art industrial processes in ceramics with emphasis on theoretical fundamentals and
controls. The course is designed to give insight to all relevant issues concerning the processing and
sintering of advanced ceramic materials including advanced powder preparation and characterization,
colloidal and sol-gel techniques, powder consolidation and forming, sintering theory and practice,
microstructure evolution.  Also emphasize on the important of each step and the critical
interconnection among the steps, in the overall advanced fabrication processes of ceramics.

Course Outline

1. Introduction to advanced ceramic processing (2 hours)
2. Processing parameters and process control (2 hours)
3. Synthesis , preparation methods, properties and (4 hours)

characterization of starling materials and active powders
4. Casting process for plastic and non-plastic materials , (4 hours)
controls and applications
4.1 Rheology of ceramic powder-liquid suspension
4.2 Mechanisms of particle-additive interactions
4.3 Electrical double layer theory and zeta potential
5. Tape casting process , controls and applications (4 hours)
5.1 Equipments and controlled parameters

5.2 Compositions and effect of additives
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6. Dry pressing process for technical ceramics, controls and applications (4 hours)
6.1  Theory of particle packing
6.2 Granulation techniques
6.3 Equipments and controlled parameters

7. Cold isostatic pressing, controls and applications (4 hours)
7.1 Equipments and controlled parameters
7.2 Wet bag versus dry bag processes

7.3 Mold materials and effect of pressure on properties

8. Sintering theory and controls (6 hours)
9. Report(s) and presentation(s) on topics in advanced ceramic processing (6 hours)
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426622 Advanced Ceramic Processing Il 3(3-0-9)
Condition: Consent of the School
State-of-the art industrial processes in ceramics with emphasis on theoretical fundamentals,
processing parameters and controls. Topics covered injection molding, hot pressing, hot isostatic
pressing, coating processes and thermal processing of technical ceramics.
Course Outline
1. Overview of processing techniques in ceramics (3 hours)
2. Theoretical fundamentals, processing parameters, controls and applications (27 hours)
2.1 Injection molding process in ceramics
2.2 Hot press and hot isostatic press
2.3 Coating processes

2.4 Thermal processing of ceramics
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3. Report(s) and presentation(s) based on topics in advanced ceramic processing (6 hours)

426623 IAINTINDWAA 3(3-0-9)
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426623 Particulate Engineering 3(3-0-9)

Condition: Consent of the School

Introduction to particulate engineering, Advanced powder processing of metals and ceramics,
Theoretical and experimental advances in powder processing, Particle size reduction and
enlargement, Characterization of mechanical and physical properties of powders, Blending of solid
particles, Granulation and scale up, Nanoparticle engineering.

Course Outline
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Introduction to particulate engineering

Advanced powder processing of metals and ceramics

21

Powder synthesis techniques

2.2 Composite powder synthesis techniques

Theoretical and experimental advances in powder processing

Particle size reduction and enlargement

4.1

Mechanism of size reduction

4.2 Energy for size reduction

4.3 Methods of operating crushers

Characterization of mechanical and physical properties of powders

5.1

Single particles

5.2 Measurement of particle size

5.3 Particle shape analysis

5.4 Surface characterization

5.5 Bulk powder behavior

Blending of solid particles

6.1

The degree of mixing

6.2 The rate of mixing

Granulation and scale up

Nanoparticle engineering

a ¢ o a s
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426640 Characterization in Material Engineering | : X-ray diffraction 3(3-0-9)

Condition: Consent of the School

Advanced analytical and characterization techniques for research and development of ceramic

materials with emphasis on structural and phase analysis by x-ray diffraction.

Course Outline
1.  Introduction (2 hours)
2. X-ray diffraction analysis for ceramics
2.1 Characteristics of x-radiation and properties of x-rays (2 hours)
2.2 The crystalline state and geometry of crystals (6 hours)
2.3 X-ray diffraction theory ; origin of diffraction pattern (6 hours)
Bragg law, location and intensity of diffraction lines
2.4 Instrumentation : sources, detectors, alignment and maintenance (6 hours)
2.5 Experimental techniques,
Laue photographs, powder photographs, diffractometer and (6 hours)
spectrometer measurements
2.6 Applications for ceramic analysis ; (8 hours)
2.6.1  Single crystal , orientation and quality
2.6.2  Structure of polycrystalline ceramics and glasses
2.6.3 Crystal structure determination
2.6.4 Phase diagram determination
2.6.5 Order-disorder transformation
2.6.6 Phase analysis, qualitative and quantitative
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426710 Finite Element Method in Ceramic Engineering 4(4-0-12)

Condition: Consent of the School
Introductory course on general finite element technology. Application of finite element method to
analysis of stress state, heat transfer, and cracks in ceramic materials.

Course Outline

1. Introduction to mathematical models in ceramic engineering (6 hours)
2. Methods for solving boundary value problems (BVP)-an overview (2 hours)
3. General finite element formulation (8 hours)
4. Finite Element Approximation (4 hours)
5. Finite element solution of elliptic problems (6 hours)
6. Time dependent problems (4 hours)
7. Two (and Three) dimensional element calculations (6 hours)
8. Finite element programming (8 hours)
9. Software - an overview (4 hours)
426711 HANAEAT 3(3-0-9)
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426711 Crystallography

Condition: Consent of the School

6 T3
5 2139

3(3-0-9)

Crystallographic and crystal structure including group theory, space symmetry, crystal, lattice defects

and diffraction theory

Course Outline

1. Introduction to classical crystallography, X — ray spectra,

and optical properties

1.1
1.2

Vectors, matrices, tensors, and their algebra

Point symmetry

2. Group theory and space symmetry

2.1
22
2.3
24
2.5

The 32 crystallographic point groups
Stereographic projections

Lattice symmetry and Laue groups
The 17 plane groups

The 230 space groups

3. Crystal and lattice defects

4. Diffraction theory

4.1
4.2
4.3
4.4
4.5

The reciprocal lattice
Miller indices
Crystal forms
Laue and Bragg laws

The structure factor
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426712 Solid State Chemistry 3(3-0-9)
Condition: Consent of the School
Thermodynamics, kinetics, and mechanisms of solid state reactions, phase transformations and
solidification in ceramic material systems.
Course Outline
1. Synthesis and characterization (4 hours)
2. Structure (12 hours)
2.1 Crystal structure
2.2 Descriptive crystal chemistry
2.3 Crystal defects and nonstoichiometry

2.4  Solid solution

3. Solid state reaction and industrial applications (8 hours)
4. Complex crystal structures : (12 hours)
4.1 Silicates
4.2 Titanates
4.3 Ferrites

4.4  Superconductors

6 4
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426713 Colloids and Interface

Condition: Consent of the School

Colloidal state. Kinetic properties.Optical proerties. Liquid-gas and liquid-liquid interfaces.

Solid-gasinterfaces. Charged interfaces. Colloid stability. Emulsions and foams.

Course Outline

1.

2
3
4.
5

Colloidal state

Kinetic properties

Optical properties

Liquid-gas and liquid-liquid interfaces

Solid-gas interfaces

hours)

6.

7
8.
9

Solid-liquid interfaces
Charged interfaces
Colloid stability

Emulsions and foams
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426714 Theory of Spectroscopy 3(3-0-9)
Condition: Consent of the School
The interaction between particles, charged particles, electron and electromagnetic wave and
materials is discussed based on quantum theory. The group theory is also introduced to interpret
these spectra on the basis of structure and symmetry.
Course outline
1. Group theory (8 hours)
1.1 Definition and theorem of group theory
1.2 Molecular symmetry and symmetry group
1.3 Representation of groups
1.4  Application of group theory
2. Interaction between f particles, charged particles, electron and (8 hours)
electromagnetic wave and materials
2.1 Quantum theory
2.2 Interaction between electromagnetic wave and electron and materials
2.3 Fundamentals of spectroscopy based on quantum theory
3. Optical spectroscopy, theory and instrumentation (8 hours)
3.1 VUV, UV- VIS spectroscopy
3.2 IR and Raman spectroscopy
4. X-ray spectroscopy, theory and instrumentation (8 hours)
4.1  Generation of X-ray, XRF spectroscopy
4.2 X-ray absorption spectroscopy, XANES, EXAFS
5.  Electron spectroscopy, theory and instrumentation (8 hours)
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5.1 X-ray photoelectron spectroscopy (XPS)
5.2  Auger—electron spectroscopy (AES)

6. Magnetic spectroscopy, theory and instrumentation (4 hours)
6.1  Electron spin resonance (ESR) spectroscopy

6.2 Nuclear magnetic resonance (NMR) spectroscopy
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426715 Rheology of Particle System 3(3-0-9)

Condition: Consent of the School
Introduction to rheology. Different of non-Newtonian fluid behaviour under shear. Review of

continuum nechanics : stress tensor, motion and deformation, conservation of mass, momentum
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and energy, constitutive relations. Viscometer and elongation flows. Continuum-derved therories
and experimental data. Rheology therories for dilute and concerntrated fuilds. Application of
rheological analysis to some ceramic processing operations.
Course Outline
1. Introduction to rheology (3 hours)
2. Descriptions of non-Newtonian fluid behaviour ; (3 hours)
2.1 Time independence
2.2 Time dependence
2.3 Viscoelasticity
3. Review of continuum mechanics ; (6 hours)
3.1 Stress
3.2 Motion and deformation
3.3 Conservation of mass,momentum and energy
3.4 Constitutive relations
4. Viscometric and elongational flows ; (6 hours)
4.1 Kinematic of viscometric flows
4.2  Stresses in steady viscometric flows
4.3 Unsteady shearing flows

4.4  Elongational flows

5. Continuum — derived theories (6 hours)
6. Dilute and concentrated fluid theories (6 hours)
7. Applications of rheological analysis to ceramic processing (6 hours)
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426716 Statistical Mechanics 4(4-0-12)
Condition: Consent of the School

Some basic ideas. The Boltzmann distribution and related topics. The approach to gases. The
Maxwell-Boltzmann distribution for monoatomic and diatomic gases. Fermi-Dirac gases. Bose-
Einstein gases. Solids. Liquids

Course Outline

1.  Some basic ideas (5 hours)
2. The Boltzmann distribution and related topics (7 hours)
3. The approach to gases. (4 hours)
4. The Maxwell-Boltzmann distribution for monoatomic and diatomic gases (8 hours)
5. Fermi-Dirac gases (6 hours)
6. Bose-Einstein gases (6 hours)
7. Solids (6 hours)
8. Liquids (6 hours)
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426720 Advanced Glass Technology 3(3-0-9)

Condition: Consent of the School

Basic and theoretical consideration of thermodynamics and kinetics of glass formation, crystallization
and phase separation,glass transformation behavior.The properties and composition relations of
glass, and their applications.Advanced instrumental techniques for the determination of glass
structure.

Course Outline

1. Thermodynamics and kinetics of glass formation and phase separation (12 hours)
2. Glass transformation behaviors (8 hours)
3. Properties and composition relations of glasses and their applications (10 hours)
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4. Advanced instrumental techniques for the determination of glass structure (6 hours)
426721 'S'ziql,%aﬂsznaumamsna‘inffuga 3(3-0-9)
Bawly : laganuiuseuaassandsdemnssuain
18QLB9sznauITIdn LLazﬂ'liﬂSZQﬂ@ﬂfd'lu LﬂﬂIuIﬂﬁ“f?ugﬂuﬂ'liNa@lLLa‘:ﬂiziJ’Juﬂ’li aauaEu
lumsaaugu ﬁug'mmﬁmﬁua:mmmﬂmaqa ANUFUNUTLTINNNALAZIAN AN LA AYDI IR
L%aﬂizﬂaﬂumsaammuLLazms‘fugﬂ MUt Mnlszilusuiauszdaiinavesiag
lasesedzn
1. WATadNTUUAZERMAGasNUATa A TIANLAZ Iaq T zna 10 T2l
1.1 awﬁ'a%a%uﬁ'umiwuaa%ui'a@]‘mﬁﬁﬂ
1.2 auﬂ'ﬁmaﬁaqL%&ﬂszﬂamﬁmﬁﬁnﬁlﬂua% Fsiutusudsiaduves
INTHUAZEUNNA
1.3 Namaamiuua:a%mﬂmauﬂaL‘fmﬂamaﬁaql,%dﬂszﬂauﬁqm%gﬁga
2. auUATINavaNEqIznay 8 Tlua
2.1 i'a@]‘L%aﬂs:ﬂauLmiwﬁnﬂizmwLa‘%ﬂmaa%’wﬁamé?ulmmuma@imﬁm
2.2 i'aqL‘fmﬂszﬂamﬁmﬁﬁnﬂszm‘nLa‘%uiﬂiaa%ﬂaﬁuﬂLﬁulﬂgu LHLAT LA
UNBTWIALEN
3. mYleTiuszanITnuzraiagididiznaudszinniatuly 10 T2l
3.1 Léfuslml,azms%ugﬂi'aqL%&ﬂi:ﬂau
3.2 wqamimaﬁa@)‘L%aﬂizﬂaﬂumia:"?mmwaal,éfulﬂ
3.3 mﬁmsw:ﬁi’a@)}%aﬂiznauﬂimﬂLﬂu%u
3.4 ﬁaﬁa%ugwaﬁa@]‘L%aﬂi:nauﬂimwta‘%ul,é?ula
35 awsmuzvedlaqdvlenaudinniaiuly A msTuusanszunn
URZHAGIRNIIZUINNDY
3.6 mﬁmm:ﬁé’nmmzmmﬂﬂmms"n@aawaai’aql,%aﬂiznammﬁﬁﬂ
4. Tequisdsznavdszianfiloioniin 8 T lua
4.4 JanUszsAnanuaznITaanuuy
4.2 ﬂszm‘nmaai’aql,a'%ml,aznm,%amiamaa‘[mmﬁ”ﬂd
4.3 mzmumi"fugﬂLLazmﬂ%\ﬁu

426721 Advanced Ceramic Composite Materials 3(3-0-9)
Condition: Consent of the School

Ceramic matrix composites and applications, advanced manufacturing technology and processes,
control parameters, atomic and molecular background, relationships of macro-microstructure to
properties of composites in design and fabrication. Also discussed is the methods for property
evaluations and material limitations.

Course Outline

1. Grain and particle effects on ceramic and ceramic composite properties (10 hours)
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1.1 Grain dependence on monolithic ceramic properties
1.2 Dependence of ceramic, especially particulate, composite
Properties on grain and particle parameters
1.3 Particle and grain effects on mechanical properties of
Composites at elevated temperature
2. Mechanical properties of ceramic matrix composites (8 hours)
2.1 Continuous fiber-reinforced ceramic-matrix composites
2.2 Whisker-,ligament-, and platelet-reinforced ceramic-matrix composite
3. Analysis and performance of fiber composites (10 hours)
3.1 Fiber matrices and fabrication of composites
3.2 Behaviour of unidirectional composite
3.3 Analysis of laminated composite
3.4 Advanced topics in fiber composite
3.5 Performance of fiber composites ; fatique, impact and environmental effects
3.6 Experimental characterization of ceramic composites
4. Piezoceramic composites (8 hours)
4.1 Principal objective and design
4.2 Type of composites and connectivity

4.3 Fabrication and applications
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426722 Advanced Topics in Ceramic Processing 3(3-0-9)
Condition: Consent of the School

Advanced topics in ceramic processing and related fields which are not covered in details in the
general curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest. Students are required to do up-to-date literature survey,
experiments, report(s), and class presentation(s). Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426723 Advanced Topics in Whiteware Technology 3(3-0-9)

Condition: Consent of the School

Advanced topics in whitewares and related fields which are not covered in details in the general
curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest. Students are required to do up-to-date literature survey,
experiments, report(s), and class presentation(s). Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426724 Advanced Topics in Biomaterials 3(3-0-9)
Condition: Consent of the School

Advanced topics in biomaterials and related fields which are not covered in details in the general
curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest. Students are required to do up-to-date literature survey,
experiments, report(s), and class presentation(s). Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426725 Advanced Topics in Glass 3(3-0-9)

Condition: Consent of the School

Advanced topics in glass and related fields which are not covered in details in the general
curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest such as chalcogenide glasses, optical waveguides, bioglasses,
nitrided glasses, advanced structure analysis of glass, glass to metal seals, glass matrix composites,
etc.. Students are required to do up-to-date literature survey search , experiments, report(s), and

class presentation(s). Lectures and discussion with invited researchers will also be arranged.
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426726 Advanced Topics in Composite Materials 3(3-0-9)
Condition: Consent of the School

Advanced topics in composite materials and related fields which are not covered in details in the
general curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest. Students are required to do up-to-date literature survey,
experiments, report(s), and class presentation(s). Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426727 Advanced Topics in Functional Ceramics 3(3-0-9)
Condition: Consent of the School
Advanced topics in functional ceramics and related fields which are not covered in details in the

general curriculum will be discussed. The topics will be of current or future areas of research and
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development for industrial interests in chemically functional, electrical and electronic, magnetic,
optical, thermal and biological ceramics. Students are required to do up-to-date literature survey,
experiments, report(s),and class presentation(s).  Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426728 Advanced Topics in Electrical and Electronic Ceramics 3(3-0-9)
Condition: Consent of the School

Advanced topics in electrical and electronic ceramic materials and related fields which are not
covered in details in the general curriculum will be discussed. The topics will be of current or future
areas of research and development for industrial interest. Students are required to do up-to-date
literature survey,experiments, report(s), and class presentation(s). Lectures and discussion with

invited researchers from government and private sectors will also be arranged.
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426729 Advanced Topics in Structural Ceramics 3(3-0-9)
Condition: Consent of the School

Advanced topics in structural ceramic materials and related fields which are not covered in details in
the general curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest. Students are required to do up-to-date literature survey,
experiments, report(s), and class presentation(s). Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426730 Advanced Topics in Magnetic Ceramics 3(3-0-9)
Condition: Consent of the School

Advanced topics in magnetic ceramic materials and related fields which are not covered in details in
the general curriculum will be discussed. The topics will be of current or future areas of research and
development for industrial interest. Students are required to do up-to-date literature survey,
experiments, report(s), and class presentation(s). Lectures and discussion with invited researchers

from government and private sectors will also be arranged.
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426731 Advanced Ceramic Processing Laboratory 1(0-3-0)

Condition: Consent of the School
Experiments in advanced processing of technical ceramics including tape casting, cold isostatic pressing,
granulation techniques and dry pressing, thermal processing and sintering control parameters.

Course Outline

1. Introduction (3 hours)
2. Tape Casting (6 hours)
3. Granulation Techniques (6 hours)
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4. Dry Pressing (6 hours)
5. Cold Isostatic Pressing (6 hours)
6. Sintering Controls (6 hours)
7. Data presentations and analysis (3 hours)
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426740 Characterization in Material Engineering Il: Chemical Characterization 3(3-0-9)
Condition: Consent of the School
Advanced analytical and characterization techniques for research and development of ceramic
materials with emphasis on chemical anlysis techniques including atomic absorption , flame
emission, atomic emission, x-ray fluorescence spectrometry. Other related chromatographic,
spectroscopic and spectrometric techniques in chemical analysis will also be introduced.
Instrumentations will be discussed. Accuracy and limitation of each technique will be described in
terms of statistical parameters.
Course Outline
1. Introduction to instrumental methods for chemical (2 hours)
characterization in ceramic materials research
2. The evaluation of the reliability of data ; (6 hours)
Basic stattistics, mean, median, precision, accuracy, errors,
deviation,confidence intervals, significant figure, rejection of data
3. Atomic absorption and flame emission spectroscopy ; (6 hours)
Principles of measurements, instrumentations, correction for
Interferences, sensitivity and detection limits
4. Atomic emission spectroscopy ; (6 hours)
Optical emission spectrophotometry (OES), excitation by inductively
coupled plasma (ICP), ionization by arc, spark or electronic
impact, spectral lines, simultaneous and sequential instruments
5. X-ray fluorescence spectrometry ; (8 hours)
General principle, x-ray fluorescence spectrum, excitation modes,
x-ray absorption,sample preparation, types of instruments, accuracy
and detection limits
6. Review of other instrumental methods for chemical analysis ; (8 hours)
General principles and instrumentations for ; gas-, liquid-, ion-
chromatograpy ; nuclear magnetic resonance (NMR), infrared

spectroscopy (IR), and ultraviolet - visible absorption spectroscopy; mass spectrometry
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426741 Characterization in Material Engineering lll: Physical Characterization 3(3-0-9)
Condition: Consent of the School

Advanced analytical and characterization techniques for research and development of ceramic
materials with emphasis on powder, and consolidated product characteristics which included i.e.
particle characteristics, porosity and distribution, surface topography and area, and other important
properties related to industrial or research field.

Course Outline

1. Introduction ; processing and characterization of powder (2 hours)
2. Particle size, particle shape and diameters (2 hours)
3. Distribution of particle size ; (4 hours)

Histograms, normal ( Gaussian ) , log-normal and Rosin-Rammler
Distributions
4. Practical work ; (8 hours)
Characterization of powder using hydrometer, laser diffraction,
optical microscopic and electron microscopic techniques
5. Specific surface area by gas adsorption and methods for determining (4 hours)
surface area
6. Practical work ; (4 hours)
Characterization of powder and consolidated materials using
BET equation and BET equipment
7. Density, porosity, pore size and distribution (6 hours)
8. Practical work ; (6 hours)

Characterization of pore size and distribution by mercury porosimetry
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426742 Characterization in Material Engineering IV: Thermal Characterization 3(3-0-9)
Condition: Consent of the School

Advanced analytical and characterization techniques for research and development of ceramic
materials with emphasis on thermal characteristics analysis techniques using differential thermal

analysis, thermogravimetric analysis, differential scanning calorimetry, thermal expansion by
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dilatometer. Other related thermal analysis methods will also be discussed. Instrumentation and

limitation of each technique will be covered.

Course Outline

1. Introduction to instrumental methods for thermal characterization (3 hours)
in ceramic materials research ;
Principles in measurement of heat, energy and temperature as
related to thermal properties of materials

2. Diiferential thermal analysis (DTA) and differential scanning (10 hours)
calorimeter (DSC) ;
Priciples and instrumentations, thermodynamic data from DTA and
DSC, calibration, applications to materials i.e. transformations,
specific heat determination, effect of operation parameters,
experimental concerns, manipulation of data

3. Thermogravimetric analysis (TGA) ; (5 hours)
Priciples and instrumentations, calibration, effect of operation parameters,
experimental concerns, manipulation of data

4. Dilatometry and interferrometry ; (6 hours)
Linear and volume expansion coefficient, theoretical origin of thermal expansion,
instrumentations, calibration , experimental concerns

5. Review of other instrumental methods for thermal analysis ; (6 hours)
General principles , instrumentations and application for ; thermal
conductivity, thermal stresses, viscosity of glass

6. Student assignment(s) ; (6 hours)
Case study in the applications of thermal analysis for ceramic

materials research and development
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426743 Characterization in Material Engineering V: Microscopic Characterization 3(3-0-9)
Condition: Consent of the School
Advanced analytical and characterization techniques for research and development of ceramic
materials with emphasis on powder and microstructural characteristics and phase analysis using
optical and electron microscopic techniques.
Course Outline
1. Introduction to microscopic methods of analysis (2 hours)
2.  Optical microscopy (12 hours)
2.1 Principles and instrumentation
2.2 Isotropic crystals, uniaxial and biaxial crystals
2.3 Applications in ceramic research and development
3. Scanning electron microscopy (SEM) (10 hours)
3.1 Principles and instrumentation
3.2 Sample preparation techniques
3.3 EPMA system
3.4 Applications in ceramic research and development
4. Transmission electron microscopy (TEM) (8 hours)
4.1 Principles and instrumentation
4.2 Sample preparation techniques
4.3 Applications in ceramic research and development
5. Student assignment(s) ; (4 hours)
Case study in the application(s) of microscopic analysis for ceramic

materials research and development
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426750 Thermal and Mechanical Properties of Ceramic Materials 3(3-0-9)
Condition: Consent of the School

Thermal and mechanical properties of ceramic materials, theory, mechanism and methods for
evaluation including thermal conductivity, thermal expansion, thermal stress, high temperature creep
mechanism, fracture mechanics, Griffith’s flaw theory, mechanism of fatigue under cyclic loading,

Wiebull Statistic for property evaluation.
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Course Outline

1.

Thermal properties of ceramics (18 hours)
1.1 Introduction

1.2 Heat capacity

1.3 Density and thermal expansion of crystals

1.4 Density and thermal expansion of glasses

1.5 Thermal expansion of composite bodies

1.6 Thermal conductivity of crystals

1.7 Thermal conductivity of glasses

1.8  Thermal conductivity of multiphase bodies

1.9 Thermal stresses and thermal shock resistance

1.10 Thermal tempering and annealing of glass

1.1

High temperature plastic deformation, viscous flow and creep mechanisms

1.12 Techniques for measurement and evaluation

2. Mechanical properties of ceramics (18 hours)
2.1 Introduction
2.2 Elasticity and strength of ceramics, effect of microstructure
2.3 Brittle fracture, microcrack and fracture mechanics of ceramics
2.4  Griffith’s flaw theory , crack growth and propagation
2.5 Fatique of ceramics and creep fracture
2.6 Fracture toughness and toughening mechanisms
2.7 Composite materials
2.8 Evaluation techniques for design application and lifetime predictions
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426751 Advanced Ceramic Measurement and Testing Laboratory |

Condition: Consent of the School

Measurement and testing methods for property evaluation of ceramic materials
engineering applications including thermal and mechanical properties.

Course Outline

1. Introduction

Heat capacity and thermal conductivity

Thermal expansion, thermal stresses and thermal shock

High temperature load resistance

Hardness and Impact Resistance

Strength and Elastic Modulus

N o o b~ 0w DN

Data presentations and analysis
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426752 Advanced Ceramic Measurement and Testing Laboratory Il

Condition: Consent of the School

3 72l
6 72l
6 72l
6 72l
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6 72l
3 72l

1(0-3-0)

Measurement and testing methods for property evaluation of ceramic materials in special engineering

applications including electrical, magnetic and optical properties.
Course Outline

1. Introduction

Electrical Resistivity of Ceramic Materials

Capacitance of Ceramic Materials

Magnetic Hysteresis Loop for Hard and Soft Ferrites

Color Measurement for Ceramic Materials

2 T

Reflectance, Transmission and Absorption of Glasses
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