umv.2

571737 irdadugemaesifinddwihuazdidnnsefing 3(3-0-9)
(Advanced Topics in Electrical and Electronic Ceramics)
Rouly : Tnsmnuiiiuveuvesanuin
nsusssluidedugenueninddiihues didnnsednduszveuuniifedos Falald
naafessazidenlundngasnily shidelunisussorsenidunsidenasimuiludagduuas

Y

aunAn Feegluauaulaveinirgnamingsy dnfnwidesdnmauniunanudelisunviveaady vin

NINAaBY YTeuLaziauenanulututsy sutinsusseisuaginmuinelaetnideiidey

ﬂ?ﬂﬂ?ﬂ%ﬁ&ﬁSL@ﬂ%u

571738 adadugimaesfinddassaig 3(3-0-9)
(Advanced Topics in Structural Ceramics)

Feuly : Tnsmnuifiuveuvesanain
nsussegluifetugesiuesiinddasaisuazvouniiiisados dsldldndrds

eazdunlundngnavill WdelumsusseraziumAdouasimulutiagtuazeunnn Jseglu

anuaulavesnagaamnssy dnAnwifesdnwduaiunanudedouiviugaaty vnisvaaes vin

[

TenuwaziEuananulutuey sudmsussenewarlvesnulaeindendyannnesgeaionuy

571739 ﬁ';%'a%gugammmﬁm%aLL&imﬁn 3(3-0-9)
(Advanced Topics in Magnetic Ceramics)

Reuly : TnsAnafiuseuresanv1in
nsussersluiifedugeduesindusimdnuazveuiaaiiisados Falaildndnnis

swazdualundngnsvinly shdelunisusseisasitiunmsideuasiannluiagiuuazeuian Geegly

mnuavlavesnagaamnssy dnAnwidesinuduaitunaadeidouiiiugaasie shnismaass sh

seruuariiauonanulududou puiimsussssuarlidivinulaeinifefidyannasguas

LDAYU
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umv.2

nauIvIiagwaniues
571740 3AINTIUNWRADS 3(3-0-9)
(Polymer Engineering)
Rouly : Tnsanuiiurouvesev1in
nsdansvuiievends nstewanufeulunssuiunistugunedwes antusndnuay
adugu auditanguuazaudivgunila MaIdRvemediues NRNTINNITTULTINTEUNA AN

NOALUBSLASULSS

1AATITIETY)

1. ASIANISvUANEBILTS (5 F3l314)
2. mtemenudeulunssuiunstugunediues (12 1)
3. annusnAnkazedugy (3 F9la14)
4. audRgavgunazaudivunin (5 4lu9)
5. MTIURYeINeALLeS (3 F9la14)
6. NOANITUNITIULITINTELNN (3 $l519)
7. ANUan (3 F9la4)
8.  NWOAWNBSIASULSS 2 F9la4)
571741 ANPINTLUEVDINOALNDS 3(3-0-9)

(Polymer Rheology)
Feuly : Tnganuiiuveuvesauvin

ngAnssukvuiveteukazueu-meilley aunis constitutive wagnisidaunislunisun
Tandvosasvamedues material functions lumslvauuuidewuuulifinsideuiiangasiy/
liinwn wuudrassandingunile in3esdlouaznsininenszua nouwiseiuluianafsafuandd

neuntinveInafiues

lATITIETY)

1. AUAW/AINASEA/BRTIAIILLATEN (1.5 dla)
2. Usingmsainisivavesvesnainediues (1.5 )
3. Unngnisalanglowvasvasvaniimerieu (6 Falug)
4. veuvarimedsuialy (GNF) (6 Falu)
5. auUAvguniiaiadu (6 Talug)
6. NIINTIVADUAILINGINTLUA (6 Hlu)
7. indesdlendinenseud (6 Hala)
8. nquisziuluanaifeafuauifnguniavesodiues (3 4lu9)
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umv.2

571742 ni:munﬂﬁsj{ugﬂwaama%{?uga 3(3-0-9)
(Advanced Polymer Processing)
Reuly : lnsanuiureuvaEyiin
SnwneiugIuesans n1seenuuLangAIesdnin n1sdainruiidaia nseanuUY
nsgUIUMITugUdmiuIATosdnIauuUansg navuiumstugUdieiidnian nstugyluudfnsiua

nsnesuLa

NlATITIETV)

1. AnuEiugIUYesEns (4 Hla)
2. NNIBONLUUANILATEISATA (11 Fla9)
3. MIgRIRKIUTIEATA (3 Flwa)
4. N15PBNWUUNTFUIUNSTUIUAMTULATOIRIALULANSA (3 Halaw)
5. NIEUIUMsTusUaIeiianIa (9 Flwa)
6. M3vugUluiaifiaiuaznisnesuile (6 ¥alan)
571743 AuUaanelUMUEAEIINTTULAZNITAIUANNTEUIUNNS 3(3-0-9)

gmsudAansnaaiues

(Industrial Safety and Process Control for Polymer Engineers)
Fouly : Tnemnudiureuvesa i

anuvaeadelugpamnssunediues sunsieainaisiaiivazautaends n1srauruln
Induaganuvasnse Laﬂmiﬁﬁau“ammﬂaamﬁﬂLﬁaaﬁuaﬂiLﬁﬁ wwltnAefuanulasnsouasnis
Josfudsuando W‘L‘hLﬁmﬁ’umsmuamszmumswamﬁaai'ﬁmﬂﬂ'%ﬂ' HUUUNINTFIY 6 1 113
7979 ¥ANTFUIUMINEN MTUATIEANTZUIUMINER TunsumIUTUUTINTEUIUNIHED
N1IAIVANNTEUIUNITHER

1AATITIETY)

1. eanudasasislugnamnssunediwes (3 4lu9)
2. dumsiganaIsiaduazaniUasnde (@ F91319)
3. nsmuanbilnduazanutaonsi (a 4lu9)
4. LaﬂmﬁsﬁauuammﬂaaﬂﬁaLﬁ'mﬁumﬁmﬁ (@ 3lu9)
5. wnltdefumuvasndowasnnstosiudannde (3 F9la14)
6. umi'lLﬁ'snﬁ’umimu@umzmumswﬁmﬁaﬁ%mﬂmLﬁmmummygm 64 2 F3lu9)
7. MIATITIANTTUIUNISHER (@ F91319)
8. NTIATILENTTUIUNITHER (@ F9Ta4)
9. %umaumaﬂ%’uﬂa;mwmumiwam (5 Hlu9)
10. NIIAIVANNTLUIUNIINGN (3 F9la14)

N-38



umv.2

571744 A1399NLUUNTITNARBIEINTUIAINTWOFINDS 3(3-0-9)
(Experimental Design for Polymer Engineers)
Reuly : Tnsanafiureuyesanv1in
N15AN¥IAIY AN1sN19adfd1vTuIAING N1TRRNRUUNITNAREIdIMSURRAINNTTY
WOAWDS N159DNUUUNITNAGBILUUNAAALAN Wag WAMLAYEIL TofaTUIN1TBONKUUNITNAGEY

WUUBU N5aANDUAIMUSRUHIUNITEBNWUUNITNARDY Wag MANTIAITUILUUNINT kag I5n1567

A5V ULTINUR?

1mlPTI5985%7

1. AMsmanfansuIAIng (6 Tl19)
2. MSORNKUUNIINAGRIEMSURNAIMNITTUNRADS (3 F3ly4)
3 msaaﬂqumimamuwwn@mﬁm WA NVANLAYAIY (6 FL4)
4. 9aNIITUINITOBNLUUNISNAADILUUDY (3 F3ly4)
5. MIaANaUALUIHUHIUNITRBNKUUNISNARBY UAY MANAINTUIULUUMNT (6 ¥alan)
6. ADNITAINTIIULTINUR? (6 Tla19)
571745 @UN1SNIS0BNRUUAINSUIAINTNOALUDS 3(3-0-9)

(Design Formulas for Polymer Engineers)
Wauly : IngAuiusaUveIaIvIwN
AN way WY @UN15YINsERaIngn aunisauwasiulauniia way n1saneleuniusou

N159ONUUUIUNUNANEFN N150BNWUUIATENEATUTU Uay N1TOBNLUUIATREAIIUY

1A

1. aunsveensElainen (6 F9134)
2. aunsmuwasiulauniia way nsangleuausau (6 F7l34)
3. maaamwu%mmwmaaﬂ 6 %’ﬂm)
4. ﬂ’]iaaﬂl,wum%ﬁm%ugﬂ (6 F71314)
5. M13RENWUUAIBEaLUY (6 F71314)
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571746 NSHANWDALNDILAZNITADNUIIAS

(Polymer Mixing and Compounding)

Wauly : TneA ULy UV UV

umv.2

3(3-0-9)

NANNUFIVVOINITNAN NTHANUUUNTEIBWAZUANGT N1THANTULATITASALULANILAEY

nsuanluaesnIanuvania Mnadlunsswaunguenazaisly aunsalluniswauiuuain we

AwasAauUIfg

1A7lA59578377

1
2
3
q
5.
6
7
8

UNN
ANSHANLUUNTZAY

NIHAULUULANGD

'
a

msmaﬂum‘%mé’m%Lmuaﬂgmm
msnasluiedosdniauuuansg
mswanluaIsswanneuonLaznely
gunsallunsuauwuuade

NOABIABNUIING
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(2 F3la)
(6 F3la)
(6 F3la)
(@ F3la)
(6 F3la)
(3 F3la)
(3 F3la)
(6 F3la)



umv.2

571747 N13LABNHTITANULALNITRBNUUY 3(3-0-9)
(Materials Selection and Design)
Fouly : lnsmnuiureuvosauiann
faquaznssuisnianda dearsfiansuluniseenuuundadug wénfiugruvesian
wAnsILazautRAeIfuNITUIENIHAN MENAFRUeIIAMNTINNITORNULY HaNTENUTBANTAYDS
TankazNITUNIINIINENFRBNITOBNKUU LATYIANANTURIIANRALNTEUIUNTT N15LEONATITER N3

UsgAuAMAIN N1SNAdaULAEN1IRNIINEaY ANUUaandukasAetulundandue wudliuly

BUIARLAY IARNALNY

lAs9TI83Y)

1. UaA3a1svesTankasnIsLIsNSHARUNTRONLUUNEN S et (2 4lu9)
2. vniugiuresiag: ngfnssuuavandiiieatunssaisnissan (a 4lu9)
3. MENEIAYVOIIAINTIUNITODNLUY (4 Hla9)
4. wanszvuvesaudRvesianuaznIsIItMsNanfanITeRNwUY (6 Hlu9)
5. WATUANANIURIIARLASNTEUIUNIT (2 Hlu9)
6. NsERNATTIAN (9 4lu9)
7. MIUTFAUANAIN NMINAFBY WAZNITATIAABY (a 4lu9)
8. mnuvasniouazanudesiulundn i (2 4lu9)
9. wwnlilnlusupsuazJannaunu (3 4lu9)

n-41



umv.2

571748 N1500NUUUNAAAMINAERAN 3(3-0-9)
(Plastic Product Design)
Roula : lnwauiureuvesaivivn
N MseonLUULian1SKAn NSTUIUNITOBNLULLALNITLABNATTTAN NRRNKUUEIY
A19U09TUIY mamuqmumLLazmswmﬁwaﬁmm ANBTINTIVOIFUNTS NATANIT ANULAS

JaymBuasueenuuuiazisuily nsldreuiamesdiglunisenuuuildfing 1AswIuUn1Te9nLUY

Fua

1AlATITIE)

1. umih (3 $9la4)
2. MseenuUULionISWAn (3 F9la4)
3. NIPUIUNITBDNWUULALNISIABNATIIEAN (3 F9la4)
4. NTDDNLUUAIUAN YBITUIL (6 Hla)
5. mimmmmmLLazmsmé’mwﬁmm (3 $9la4)
6. ANULTILIIVOIFUNT (3 la)
7. wAdANSINRALAIE IS UNANERA (3 F9la4)
8 i’]ﬁgmmsaaﬂLLUUG‘??mmLLaz'%%LLf%u (3 Hla9)
9.  nslureuMImesyIsluNIToBALUULLRLN (3 F9la4)
10. TAS4IUNNTOBNLUUTLINL (6 F7la4)

n-42



umv.2

571749 N150DALUULNNNNLAZHAISA 3(3-0-9)
(Mold and Die Design)
Roula : lnwauiureuvesaivivn
dovminlnedaay Yandwiuulfuiuasiiie nsvviunssdanaziadosinanalunisnds
WiRuRIudn wifuinadauazdsdne udRniuuud naEilasiluduiuniseanuuuiiia

ADLNILMBSTIUIUNITONLUULNARLNLALIIITA NSUAN®WN

GCRIGEREREEN )

1. umih (2 F9laa)
2. TapdmTuldfiuinayiige (3 Falug)
3. AszUIUMIHAALaASesdnsnalun1SHAn (6 F7la4)
4. UIRNNIURN CRET
5. WURNWNASRLarLUNLWEIaY (6 F7la4)
6. WifinwuuLn (3 $9la4)
7. wnalaeThluvesniseenwuuiia (3 F9la4)
8.  AIUNILMDITI8TUNITERNUUULLNLNLAZIISA (3 F9la4)
9. AsMUANM (1 $9laa)
571750 1AS965190asINenseUEvIvanalTsdau 3(3-0-9)

(Structure and Rheology of Complex Fluids)
Reowly : lneanuiureuvesaIuiv
AU ILYRIlATIATNYRLTAITITRU LIuALduUATNIY1 N15iAdneINTEua Inen

NI/ NOANTIUNEUNTR/QUNNAFENT/ N INVDIVBANANTITRUA

1A
1. U9unadtou (3 F9l314)
2. WSUazdURINSEN (3 F9l314)
3. MTININEINTTLE (3 F9l314)
4. Inenseua/maAnssuvdgunile/anmvnarans/mainvesseuy
4.1 asazanenedluediienanasnedwesiiinsiuw (6 F7134)
4.1 mmmuaasaymmﬁq (particulate suspensions) (6 Hla)
4.3 ddadularnealesiau (emulsion and blends) (9 F3lu9)
4.4 vaenlanedwes (block copolymer) (6 Hla)

n-43



umv.2

571751 NAANEN3VRINBANBTUY 3(3-0-9)
(Mechanics of Solid Polymers)

Fouly : Tngaafiuyeuvesanv1in
lassadvemediwesluaniuzuds Msdangu ndnnsvesaudfvgunila nsasinuasns

WANTAN WEANIIUNIANIIANATZUNA ANAT

1A7lA5957837

1. lpssas1evesnediuesuda (6 F3lu9)
2. mstiangu (6 lu9)
3. MANNISVINTUGUNA (6 Hlu9)
4. AISATINLAZNITWANIAN (6 Flu9)
5. WOANIIUNITABUAUDISOLIINTLUNN (6 F3lu9)
6. AINAY (6 Flu9)
571752 §uguIng1vaanaaiues 3(3-0-9)

(Polymer Morphology)
Feuly : Tnsanufiuveuvosauiin

AmsmvesdagIing1vemediued lassasanelsveanediuefoduguuaznodmosn
NAN dugnivevemedmesanifeinazaileslan nuiinsifendn navesgumgiivazauiusio
mMaAnnan naAardndanisnininanueIoawagnisive guunamianivesnisueniia
WAIUINIIVOIAUFIUINEIVBINOANOTHAN N15MTIvdvdgIuIne laewmatinlulasalal dugiu
IMgveTEUUNBADTUUUTAEWaLaznodsAoulNEy dugIuInewuutugou

AlAs9TI83Y)

1. umh (a 4lu9)
2. AugIAINeIvsINeaLINan (a Faluy)
3. NQuNSLAANEN (5 Falug)
4. HAYDIRMUNYILATANNAURDNTAAKEN (a 4lu9)
5. mafnnandanienihanaiesauaznisiva (2 Hlu9)
6. QUVINAANANTYBINITUENLNE (2 4las)
7. WAWINTYRIFUINING VDIBABTHEAY (3 4lu9)
8. mMinsasuduguInelaewetalulasalal (3 4lu9)
9. duguINgIveITEUUNDRLUBTRULTAEWE WaznaRiuasAaulndn (6 a9
10. faugnuinenuutudou (3 4lu9)

n-44



umv.2

571753 N15M5298UASIE51909NALIUDS 3(3-0-9)

(Structural Characterization of Polymers)

Wauly : TneA ULy UV UV

untl WATANISUENLAZNTYIUTENS N1snsiaeu/Ansienmematianisanlasalad

N9lAsUNLATNS A eenuseun wazimatianislulasalal

1A7lA5957837

1. uni (1 3lu9)
2. walAnsuenuarnsiuans (2 Hlu9)
3. mveneinsaUnlasalad (14 F3l39)

UV-Visible/ Infrared (IR)/ i&natsdanunsndu (XRD)/ Nuclear Magnetic

Resonance (NMR)

Wnslasulasns i (6 F3la)
Size exclusion chromatography (SEC)/ High pressure liquid

chromatography (HPLC)

ATAATIERNNANSTOU (7 F3la)
MwziuUAlosuTaaunuiinIasTuns (0SC)/ wuumeslunswIum3n(TGAY
WUULTINANaI» (DMA)

masgvnsmaidanalulasalad (5 F3la)
Optical microscopy (OM)/ Scanning electron microscopy (SEM)/

Transmission electron microscopy (TEM)

n-45



umv.2

571754 WAN3NUVDIRIMINGIUADFUTRLAZWOANSSUVEINEADS 3(3-0-9)
(Environmental Effects on Polymer Properties and Behavior)
Rouly : Ingauiiuteuvesavin
frulsnedannden wu mutu asall wawen guvnd 9Aun3s S48 @09 duanseny
seagnediues Yanoraianniudsunlasdnuuzatsuonsuianisidsunlasaudisu o
AIMUsBLIINTEUNN AuuTsussienisde was asdlanalnmnuaiiosuaznsidouaninazii

TSuuImnanIsAIvANng AnsTuveswediuesle

RGeS EN kLY

1. umh (1 4lu9)
2. lassasnvesnediuesiasanuanes (5 4lu9)
3. fulsuazransynuresdanadeudetagwodiues (6 a9
4. nalnanuadiosuazmsidenanmvesiannedmesluanziinden (9 4la9)
5. mehiliagwediesiiadosnmmuniusedandes (6 Hlu9)
6. nsveaevantRvasianeluanImwintey (6 a9
7. sueseEREVNIIIFuNsdoNan e TaRLAYANIAIUAL (3 4lu9)
571755 namansvasiaqilissznauduleduusetuge 3(3-0-9)

(Advanced Mechanics of Fiber-Reinforced Composites)
Feuly : Tnganufiuveuvesauvin
NTIATIEMTIAAIRFARSHazUUIARIRNamansvanduluEtuLstTandwsenau N3
Foutuwuuduledeiios mateudunuudulelideiios nquinsdoutu nguinmadvautfidna

LATLIILAULLBIANNAN ML INA U TUNNTT DU

1A1ATTIETY

1. mMseneiusaduusuesnuuuteuty 3 Falug
2. TupdauszAvnavenduleseidenaiuusauundoudy 5 2l
3. anaudaswesdulodaiionasuusuuudeuty 5 2l
0. melerznidulelidedondunsiuuudouty 5 ol
5. maleneiiandoudu (6 Talug)
6. mInangEmadsauidinanazguiiiieides (6 Hala)
7. usadudesnanwundenlufasdeudy (6 Talug)

N-46



umv.2

571756 "aamnsiumsma%'ugq 3(3-0-9)
(Advanced Rubber Engineering)
Reuly : Tnsanuiiurouvesenv1in
Hevdunlneduay nesuiBnisndeens audivessnssssueAuazersdansed wesly
wanafndaalaied arainddldluninsfonsnauazaafiuusi nszuumstusUenuagnsonnuuy

NANAUN AUURALTING NISNAFDULALNNTIHATITIEN SINEN NISARLAENISANIAVDILEE

GCRIGEREREEN )

1. umih (1 $9la4)
2. AITUITNTHANYN (2 $9laa)
3. ANURYBIYISTIUYIRLALYNFUATIZA (5 F9la4)
4. weslunaanndanalawes (6 F7la4)
5. gsdildlunsedousnuazan sy (5 F9la4)
6 mmumsﬁugﬂmﬂ LAENSORNLUUNARS W (5 F9la4)
7. auUAeNa NSVAERULAENITIATIZA (5 F91a14)
8.  #19NaAY (5 F9la4)
9.  NTAALAENISAIAVDIEY (2 F9laa)

n-a7



umv.2

571757 msé’ﬂms%amﬁawmaan%uga 3(3-0-9)
(Advanced Plastics Waste Management)
Rouly : Tneruiuseuvesavdan
AsRensanvesdeiuvecuds deanssunaznisdanisvesdevewds veudonaradin
Tag923: p9AUsEnaU YSunal wagldon1sndn nsunveadenarafnuildanulud nsdinaiafinusay
yilnnldenln mseuvnvesanadin Sandaudenlmifliifusunesreduindon nsnannamy

PNVOALEY

1lAsITIE3Y)

1. umhvewendefidureuds (1 $9laa)
2. ASIANTVBUALVDINY (8 F7laq)
3. MsIansveadsnaladntuaiu @ulsenau USuiad Lagisnisnan (3 F9la4)
4.  msivesdenanannuilalug (8 F7laq)
5. msianlelnlvesanadinusasuiin (@ F9Ta9)
6. NIAAYAIULIAIVDINANAFN (@ F9Ta9)
7. Sandwiundndueinhidusunmededundon (a 4lu9)
8. NANIUINVDIEY (@ F9Ta9)
571758 Wadefidanassmsinssunadiues 1 3(3-0-9)

(Selected Topics in Polymer Engineering )
Reouly : lngpnuiugeuvesavinn
ns@nwituidenidenassluveulnanienidmnssunediwes meldanuguavedaou

139971915 NLAY

571759 Wadaiidenassmeianssunadiues 2 3(3-0-9)
(Selected Topics in Polymer Engineering )

Reuly Tnsauifiureuvesanvian
nsnuiluhdedidenasslureuaianizynaimnssunediues neldrnuguavesdiaou

Y39919150NLAY

N-48



nguinaquazmaluladtuge

571760 lanzuazlanzuaulaseasiaunly
(Nanostructured Metals and Alloys)

Rouly : Tngeuiivseuvasavidan

umv.2

3(3-0-9)

nszvIuMsHanlaveuazlavenaulasas 1ty anvarlanainnania audidnanayaiy

whesInuiou navedlaswEanrvnaulundseaudfidanauazeinnsuseds nalnnsudsgy

nannskasteg M seenuuuTanlassas 1 luiioaudfanana by

AlATITIETY)

nszvIuNMNanlansuaslavenaulasasauly
anwuglATNEsanIe

anUAdnawazANLEDeTRNTa
naveslassadgamarnnluiifiroaudRiBnanazslinnisuseds
nalnn1sudssy

A T

nanMswaziiegeNsRRNkUUTanlAssEs e IlueauUAwnanaE ey

n-49

(9 F3la)
(3 F3la)
(6 F3la)
(6 F3la)
(9 F3la)
)

(3 Hlalg



umv.2

571761 lanngnlansus 3(3-0-9)
(Powder Metallurgy)
Rouly : Ingauiiuteuvesavin
nqufidugeveslavinelonzus nqufosmeulueduuarnisufoflugnamnssy nquins
Jugunslave ngefinsesdnuasnsufoilugnamnssy meslulaunfindvesussenmanisinadn
faninansenszuaunislavinglaness MseenuuunszUIUNITHartulanivelavens 4o
filslunseenuuuiiondndudlaninelanens nsudsnaainlasiadnanialundnfusicnin
nsldieTesdioinsgidugdlunulainelansns nsdiAnwluaulavinglanens Wannnslnily

ASEUIUNNS AN Lanea

1A1lATI5I83%7

1. yuitugevedanivelanzng (3 4lu9)
2. vgufjerauluwiuwaznisufialugnainnssy (3 F9la4)
3. ngquinistugundany (3 4lu9)
4. gefmswninuaznisufURlugnanssy (3 F9la4)
5. waslulaudndvuesussennIAnISIKTN (3 F9la4)
6. Yaniudnsenszuiumslaninelangss (3 Falug)
7. msoRnuUUNsTUIUMSsLastuulainelavens (3 F9la4)
8. damislunisesnuuutitenantudiulavinelanses (3 F9laa)
9.  misuUsualasasisanialundnioeiuiain (3 Falag)
10. mﬂ?’fméaﬁa‘iLﬂiﬂzﬁ%uqaiuﬂwuiawiwaﬂiauzm (3 F9l314)
11. nsalAnwlunulaminelaneug (3 F91314)
12. dWawnstudlunseuiunislanineilansns (3 F9l314)

n-50



umv.2

571762 Yaqudssznauiiulane 3(3-0-9)
(Metal Matrix Composite)
Reuly : Tnsanuiiurouvesenv1in
unidianidsuseneu Useian 5aQL%ﬂUizﬂaUﬁuia%z Lﬁaﬁuiamuaﬁa@m%mm
NaFNanTUeTanTIUTENOULESULTINANIUALILALATULIIIEBYNIA BaNaRnTR Jaladanasin
TanueUsznaulatuusimegiduly Janlislsenoulasuusswigaunanaz Jandslsenauslingngu
N3EUIUNTTTUTULAENITDDNLUY MInndauautiviana nenm Iifluazied mslesedn
Feove madeuanimuagnalaifeaudemelutagdaisznaviiulavy wafanisoanuuuiiie

nslianuasslAa

A1lAsNTIETY)

1. umiianauszneu Ussam (3 Falug)
2. \ioiulanzuarTaniaiuuse (3 4l
3. NAMERSYRITARLTIIUTE N UL LS ITIAN AR ILALIETUL IR ILOUNIA (9 4lug)
4, msmumiﬁﬁugﬂLLasmsaame (9 FTa)
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(High Performance Metals and Alloys)
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(Metallurgical Design of Steels)
Waulw : InuAuiusaUVDIEIvINN

umv.2

3(3-0-9)

ANBUETDUNANNAT ANWALTUFIUTDINGANTTUNINAVBUNANNAT N15aBUgUTeY

wannal wavesarunauniuail nseenuuuluddamingwiiendsmudnviinmg o NMiraula wu

MANNAIAURTNTIGIAMTUNITHARTOBUS LHANNATATIATI9ANLTIUTIET Lrannan ey

gumnglias wianndamanewa wiannanTuguasiivay wandmsussuusg

1A1lAsITIEIY)

Snvnuzitugrueamdnndd

WOANTIUNNNARAZNTFL FUVBUNANNET

mswdsugUlumdnndn
AnuduiuSTesduNaLNBATideauTRTewENNAT
nseenuuuddansiilonanuanndimnuudausgedmiunssansaoud
nseenuuuidslanzilonanmanndlassaiismuudausegs
nseenuuudslanziflonanmdnndldaugumnias
nseenuuuddansiilonanmanndivansia

W o N o AR LN

nsoenuuUdlanzilondnannauugUgafivay
10. Mseenuuudslaneiiendnmannard miussuusuazyiindu q Mhaula

n-53

(3 1)
(6 F3la)
(3 F3la)
(3 F3la)
(3 1)
(3 F3la)
(3 F3la)
(3 F3la)
(3 F3la)
)

(3 Hlalg



umv.2

571765 walulagn1sslufalane 3(3-0-9)
(Technology of Metal Recycling)
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(Advanced Steel Rolling Technology)
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(Surface Technology)
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(Laser Materials Processing)
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(Analysis of Die Casting Processes)
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(Particulate Engineering)
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(Advanced Ceramic Composite Materials)
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(Advanced Electrical and Electronic Ceramics)
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(Advanced Magnetic Ceramics)
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(Advanced Bioceramics)
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(Advanced Structural Ceramics)
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(Advanced Industrial Glass and Glass Ceramics)
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(Advanced Glass Technology)
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(Advanced Topics in Metallurgical Engineering )
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(Advanced Topics in Ceramic Engineering 1)
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Core Courses
571601 Structure and Transformation of Materials 3(3-0-9)
Condition : Consent of the School

Review on classification of materials such as metals, ceramics and polymers as well
as their engineering applications; Atomic structures and bonding; Crystal structures of metals
and ceramics, polymer structures, Polycrystalline and defects in solid, Structure

Characterization; Diffusion; Phase diagrams and transformation of materials

Course Outline

1. Classification of materials and applications (3 hours)
2. Atomic structures and bonding (3 hours)
3. Crystal structures of metals and ceramics (3 hours)
4. Polymer structures (3 hours)
5. Polycrystalline and defects in solid (3 hours)
6. Structure Characterization (6 hours)
7. Diffusion (3 hours)
8. Phase diagrams and transformation (12 hours)
571602 Materials Properties and Designs 3(3-0-9)

Condition : Consent of the School
Properties, processing and designs of materials including metals, ceramics and
polymers. Important material properties including mechanical properties, thermal properties,

electrical properties, magnetic properties, optical properties and degradations of materials

Course outline

1. Mechanical properties of materials (3 hours)
2. Thermal and optical properties of materials (3 hours)
3. Electrical and magnetic properties of materials (3 hours)
4. Degradations of materials (3 hours)
5. Material processings (9 hours)
6. Principle of engineering design (6 hours)
7. Effects of material properties and manufacturing process on design (6 hours)
8. Materials selection (3 hours)
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571603 Experimental Design for Materials Engineering

Condition : Consent of the School

applications.

umv.2

2(2-0-6)

This course emphasizes problem solving methods for manufacturing and research

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
2
3,
a.
5
6

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Introduction; Common Distributions; Testing Data for Normality

Differences in Sample Mean: t-test

Paired Comparisons; Confidence Intervals; Sample Size
Differences in Sample Variance: F-test

Analysis of Variance (ANOVA)

Computer Lab 1: t-tests, F-tests, Confidence Intervals Analysis

of Variance: Model Adequacy Checking

Analysis of Variance: Model Adequacy Checking & Comparisons

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

Computer Lab 7: Models with Discrete Variables

D-optimal Designs

Computer Lab 8: D-optimal designs

Screen Experiments: 2¢ Fractional Factorial Designs

Computer Lab 9: Design Expert program demo for 2° designs

(1 hours)
(1 hours)
(1 hours)
(1 hours)
(1 hours)
(

1 hours)
(1 hours)

(1 hours)
(1 hours)

(1 hours)
(1 hours)

(1 hours)
(1 hours)
(1 hours)
(2 hours)
(1 hours)
(1 hours)
(1 hours)
(1 hours)
(1 hours)
(1 hours)
(2 hours)
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Elective Courses
Metallic Material Courses
571701 Thermodynamics and Phase Equilibria 3(3-0-9)
Condition : Consent of the School

Definition of terms; Laws of thermodynamics; Thermodynamic variables and relations;
Behavior of solution; Thermodynamics equilibria; Phase equilibria; Phase diagrams; Statistical

thermodynamics; Applied electrochemistry

Course outline

1. Definition of terms and laws of thermodynamics (3 hours)
2. Thermodynamic variables and relations (3 hours)
3. Behavior of solutions (3 hours)
4. Thermodynamics equilibria (6 hours)
5. Phase equilibria and phase transformation (6 hours)
6. Thermodynamics of phase diagrams (9 hours)
7. Statistical thermodynamics (3 hours)
8. Applied electrochemistry (3 hours)
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571702 Advanced Physical Metallurgy 3(3-0-9)
Condition : Consent of the School

Structure and bonding of atoms; Crystallography e.g. crystal structures, symmetry in
crystals, etc.; Electrons in metals and alloys, formations of intermetallic phases, ordering in
alloys; Defects in crystals; Applications of themodynamics, crystallography, and defects in
crystals for explanations of metallic materials behaviors e.g. theory of dislocations and plastic
deformation; Inteface between marix and precipitate; Strengthening mechanisms in metals and
alloys; Solidification of metals and alloys, formations of defects during the growth of crystals
and their effects on the morphology of crystals; Solid state transformations; Order paremeter;
Cahn-Hilliard Equation

Course outline

1. Structure and bonding of atoms; crystallography (4 hours)
2. Theory of metallic phases and ordering in alloys (3 hours)
3. Defects in crystals (3 hours)
4. Theory of dislocations (3 hours)
5. Dislocations and plastic deformation (3 hours)
6. Grain boundaries and interphase boundaries (3 hours)
7. Role of defects on the strengthening mechanisms (3 hours)
8. Solidification of metals and alloys (4.5 hours)
9. Solid state transformations in metals and alloys (6 hours)
10. Cahn-Hilliard Equation (4.5 hours)
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571703 Transport Phenomena 3(3-0-9)
Condition : Consent of the School

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

transport phenomena principles

Course outline
1. Transport phenomena equations (7.5 hours)
2. Applications of transport phenomena equations for (7.5 hours)

metallurgical engineering

3. Viscosity (3 hours)
4.  Thermal conductivity (3 hours)
5. Diffusion coefficient (9 hours)
6. Applications of transport phenomena principles (6 hours)
571704 Phase Transformation in Metals and Alloys 3(3-0-9)

Condition : Consent of the School

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

transformations, Cahn-Hilliard kinetic; Diffusionless transformations; Landau theory

Course outline

1. Thermodynamics and phase equilibriums (3 hours)
2. Diffusions in solids (6 hours)
3. Interfaces (3 hours)
4. Solidification of metals and alloys (6 hours)
5. Solid state transformations (3 hours)
6. Diffusional transformations (6 hours)
7. Second order transformation (3 hours)
8. Diffusionless transformations (3 hours)
9. Landau theory
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571705 Advanced Techniques for Materials Characterization 3(3-0-9)
Condition : Consent of the School

Concepts of physical and chemical analysis of materials; Vacuum technology and
principle of detectors; Diffraction analysis of crystal structure; X-ray diffraction; Optical
microscopy; Electron microscopy and microanalysis; Surface chemical analysis; X-ray

fluorescence technique; Atomic absorption spectrometry

Course outline

1. Concepts of physical and chemical analysis of materials (3 hours)
2. Vacuum technology and principle of detectors (3 hours)
3. Diffraction analysis of crystal structure (3 hours)
4. X-ray diffraction technique (3 hours)
5. Optical microscopy technique (1.5 hours)
6. Scanning electron microscopy technique (4.5 hours)
7. Transmission electron microscopy technique (6 hours)
8. Microanalysis in electron microscopy (3 hours)
9. Surface chemical analysis (3 hours)
10. X-ray fluorescence technique (3 hours)
11. Atomic absorption spectrometry (3 hours)
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571706 Electron Microscopy and Diffraction Techniques 3(3-0-9)
Condition : Consent of the School

Scanning Electron Microscopy; Transmission Electron Microscopy; Electron-Specimen
Interaction: Scattering and Diffraction; Lattice Geometry, Reciprocal Space and Miller Indices;
Stereographic Projection; Crystal Structures; Selcted Area Diffraction Patterns; Indexing Electron

Diffraction Patterns; Kikuchi Diffraction Patterns; Electron Backscattered Diffraction

Course Outline

1. Fundamental Principles of Electron Microscopy

1.1 Scanning Electron Microscopy (3 hours)
1.2 Transmission Electron Microscopy (6 hours)
1.3 Electron-Specimen Interaction: Scattering and Diffraction (3 hours)

2. Crystallography

2.1 Lattice Geometry, Reciprocal Space and Miller Indices (3 hours)
2.2 Stereographic Projection (6 hours)
2.3 Crystal Structures (3 hours)
3. Electron Diffraction Techniques
3.1 Selcted Area Diffraction (3 hours)
3.2 Indexing Electron Diffraction Patterns (3 hours)
3.3 Kikuchi Diffraction Patterns (3 hours)
3.4 Electron Backscattered Diffraction (3 hours)

N-78



571707 Kinetics in Metallurgical Processes

Condition : Consent of the School
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3(3-0-9)

Chemical reaction rate: effect of concentration, rate of reaction, effect of temperature;

Catalysis in chemical reactions; Determination of the order of reaction; Theories of reaction

kinetics; Chemical-controlled reaction; Diffusion-controlled reaction; Reaction between two

fluids; Kinetics of nucleation and growth; Non-isothermal kinetics

Course Outline

1.

N A

Chemical reaction rate, effect of concentration, effect of temperature,
catalysis

Determination of the order of reaction

2.1 Integration method

2.2 Half-life method

2.3 Van’t Hoff’s differential method

Theories of reaction kinetics

3.1 Collision theory

3.2 Absolute reaction rate theory

Chemical-controlled reaction and Diffusion-controlled reaction
Reaction between two fluids

Kinetics of nucleation and growth

Non-isothermal kinetics

n-79

(6 hours)

(6 hours)

(6 hours)

(9 hours)
(3 hours)
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(3 hours)
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571708 Physical Chemistry of Iron and Steel Manufacturing 3(3-0-9)
Condition : Consent of the School

Iron and Steel Manufacture: Raw Materials, Blast Furnace Ironmaking, Alternative
Ironmaking, Basic Oxygen Steelmaking, Electric Steelmaking, Secondary Steelmaking,
Continuous Casting; Physicochemical Fundamentals: Thermodynamics of Solutions, Kinetics of
Chemical Reactions; Slag Metallurgy of Iron and Steelmaking;, Treatment of Liquid Steel:
Desiliconisation, Dephosphorization, Decarburisation, Deoxidation, Desulphurisation; Degassing

of Molten Steel; Concept of Clean Steel Processing

Course Outline
1. Ironmaking (3 hours)
1.1  Raw Material
1.2 Blast Furnace
1.3 Alternative Ironmaking
2. Steelmaking (3 hours)
2.1 Basic Oxygen Steelmaking
2.2 Electric Steelmaking
2.3 Secondary Steelmaking
2.4  Continuous Casting
3. Chemical Reaction of Iron and Steelmaking (6 hours)
3.1  Thermodynamics of Solutions, Dilute Solutions
3.2 Kinetics of Chemical Reactions
4. Slag Metallurgy (9 hours)
4.1  Fundamentals of Slag System
4.2  Interaction of Slag and Liquid Steel
4.3 Refining Slag
5. Treatment of Liquid Steel (9 hours)
5.1  Desiliconisation
5.2  Dephosphorization
5.3  Decarburisation
5.4  Deoxidation
5.5  Desulphurisation
5.6  Degassing of Molten Steel

6. Concept of Clean Steel Processing (6 hours)
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571709 Gas-Metal Reactions for Heat Treatment 3(3-0-9)
Condition : Consent of the School

Metallurgical thermodynamics; review of the calculations of some basic
thermodynamic functions, chemical potential and chemical equilibrium; Furnace atmospheres;
gas reactions in the furnace atmosphere, classifications of prepared atmospheres, composition
of atmospheres inert to heated steels; Furnace atmosphere control; Surface hardening of
steels by gas-metal reactions; Control of surface carbon content in heat-treated steels and
process control in gas carburizing; Special assignment of selected topics on gas-metal reactions

for heat treatment

Course Outline
1. Metallurgical thermodynamics (8 hours)
1.1 Review of the calculation of Metallurgical thermodynamics
1.2 Chemical potential
1.3 Chemical equilibrium
2. Furnace atmospheres (10 hours)
2.1 Furnace atmosphere gas reactions
2.2 Classifications of prepared atmospheres
2.3 Composition of atmospheres inert to heated metal (steel)
3. Furnace atmosphere control (2 hours)
4. Surface hardening of steels by gas-metal reactions (8 hours)
4.1 Gas carburizing
4.2 Carbonitriding
4.3 Gas nitriding
4.4 Gaseous nitrocarburizing
5. Control of surface carbon content in heat treating of steels (8 hours)
5.1 Control of carbon potential

5.2 Process control in gas carburizing

n-81



571710 Practical Heat Treatment for Metals and Alloys

Condition : Consent of the School
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3(3-0-9)

Strengthening in metals and alloys; Principle of phase transformation including

recrystallization, precipitation, allotropy; Principle of heat treatment in steels and heat

treatment processes; Heat treatment in aluminum and other alloys; Surface hardening: thermo

treatment and thermochemical treatment; Furnace atmosphere controlling; Vacuum Heat

treatment; Furnace technology; Quality control; Seminar.

Course Outline

A e R N A e

—
= O

Strengthening in metals and alloys

Principle of phase transformation: recrystallization, precipitation, allotropy
Principle of heat treatment in steels and heat treatment processes

Heat treatment in aluminum and other alloys

Surface Hardening: thermo treatment and thermochemical treatment
Furnace atmosphere controlling

Vacuum heat treatment

Furnace technology

Quality control

. Seminar: development industrial technology for heat treatment

. Seminar: Quenching Technology and Distortion

N-82

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



571711 Advanced Corrosion

Condition : Consent of the School
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3(3-0-9)

Engineering aspects of corrosion and its control; Classification of electrochemical

corrosion cells; Types of corrosion damage, simplified mechanisms of corrosion and methods

for combating corrosion; Pourbaix diagrams; Electrode kinetics; Potentiostatic studies and

applications to engineering designs; Environment aspects of aqueous corrosion; Prevention of

aqueous corrosion; Oxidation-dry corrosion; Fundamentals of mechanochemistry for corrosion

Course outline

1. Classification of electrochemical corrosion cells

2. Types of corrosion damage

3. Pourbaix diagrams

4. Electrode kinetics

4.1 The electrical double layer

4.2 Exchange current density

4.3 Thermodynamic irreversibility and polarization
4.4 Type of polarization

4.5 Potential-current diagram

4.6 Passivity and anodic

Potentiostatic studies and applications to engineering designs
Environment aspects of aqueous corrosion
Prevention of aqueous corrosion

Oxidation-dry corrosion

W o N o U

Fundamentals of mechanochemistry for corrosion

n-83

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

(6 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
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571712 Electrochemical Processing of Materials 3(3-0-9)
Condition : Consent of the School

Principles of electrochemical cells; Electric current in ionic conductors; Electrode
potentials Thermodynamic of cells; Transport process in electrolytic solutions; Electrode kinetics
and interfacial phenomena; Electrochemical measurement techniques; Industrial

electrochemical processes; Batteries and fuel cells

Course outline

1. Electric current in ionic conductors (1.5 hours)
2. Electrode potentials (1.5 hours)
3. Thermodynamics of cells, electrolyte, and Debye-Huckel theory (3 hours)
4. Transport process in electrolytic solutions (3 hours)
5. Electrode kinetics and interfacial phenomena (6 hours)
6. Electrochemical measurement techniques (6 hours)
7. Industrial electrochemical processes (9 hours)
8. Batteries and fuel cells (6 hours)
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571713 Mechanical Behavior of Metals and Materials 3(3-0-9)
Condition : Consent of the school

Review of continuum mechanics, stress-strain analysis; Yield criteria and plastic
deformation in materials; Standard mechanical properties assessment, micro-macro-nano
hardness, compression, tension, torsion, bending, impact, creep and rupture tests, standard
test methods, interpretation of test parameters; Fracture mechanics, LEFM-EPFM, application
of fracture mechanics for engineering design; Fatigue life assessment and fatigue crack growth,
theory and factors affecting fatigue properties; Damage mechanisms and design against

mechanical failure

Course Outline

1. Reviews of continuum mechanics (3 hours)
2. Yield criteria and plastic deformation in materials (3 hours)
3. Standard mechanical properties assessment (9 hours)

3.1 Standard test methods
3.2 Interpretation of test parameters
4. Fracture mechanics for engineering materials (6 hours)
4.1 Linear-Elastic Fracture Mechanics (LEFM)
and Elastic-Plastic Fracture Mechanics (EPFM)
4.2 Application of fracture mechanics for engineering design
5. Fatigue properties (12 hours)
5.1 Theory of fatigue
5.2 Fatigue life assessment
5.3 Fatigue crack growth
5.4 Factors affecting fatigue properties

6. Damage mechanisms and design against mechanical failure (3 hours)
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571714 Advanced Metal Forming 3(3-0-9)
Condition : Consent of the School

Advanced mechanical metallurgy for metal forming; Plastic deformation in
polycrystalline materials; Ideal work and actual work in metal forming; Friction in metal
forming; Analysis of metal behavior during metal forming process; Problem analysis on metal

forming and its solutions; Development of new metal forming technologies

Course Outline

1. Advanced mechanical metallurgy for metal forming (9 hours)
2. Plastic deformation in polycrystalline materials (3 hours)
3. Ideal work and actual work in metal forming (3 hours)
4.  Friction in metal forming (3 hours)
5. Analysis of metal behavior during metal forming process (6 hours)
6. Problem analysis on metal forming and its solutions (6 hours)
7. Development of new metal forming technologies (6 hours)
571715 Failure Analysis in Metals and Materials 3(3-0-9)

Condition : Consent of the School

Failure analysis in engineering applications; deformation, fracture mechanics. Fracture
modes, brittle fracture, ductile fracture, intergranular fracture, fatisue failure, corrosion failure,
high temperature failure; Factors affecting failure modes in materials, influences of temperature
and environment on failure analysis of engineering materials, Procedure of failure analysis,
tools and techniques for the analysis of fracture in metals and materials; Case studies of failure

analysis in metals and materials

Course Outline

1. Failure analysis in engineering applications (6 hours)
2. Fracture modes in materials (6 hours)
3. Factors affecting failure modes in materials (6 hours)
4. Procedure of failure analysis, tools and techniques (6 hours)
5. Case studies of failure analysis in metals and materials (12 hours)
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571716 Science and Engineering of Casting Solidification 3(3-0-9)
Condition : Consent of the School

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; Rapid solidification; Solidifications in metal processing

Course outline

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

n-87



umv.2

571717 Sciences and Technology of Welding 3(3-0-9)
Condition : Consent of the School

Development of joining process; Definition of Welding; Types of Welding; Welding heat
sources characteristics; Heat and mass transport in welding process; chemical reactions in
welding; Distortion, residual stress, and crack; Phase transformation in welding; Weld

degradation; Welding design under standards

Course outline

1. Development of joining process (3 hours)
2. Definition of welding and Types of welding (2 hours)
3. Welding heat sources characteristics (4 hours)
4. Heat and mass transport in welding process (6 hours)
5. Chemical reactions in welding (3 hours)
6. Distortion, residual stress, and crack (3 hours)
7. Phase transformation in welding (5 hours)
8. Weld degradation (1 hour)
9. Welding design under standards (9 hours)
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571718 Nonferrous Process Metallurgy

Condition : Consent of the School
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3(3-0-9)

The processes , operations, technologies and processing routes of extractive

metallurgy, i.e. the extraction of metals from ores, concentrates, scraps and wastes and their

refining; Case studies

Course outline

1.

A e e A

—_
= O

Principle of ore dressing ; Physical separation and

recovery of metals from scraps and wastes

Process metallurgy of tin

Process metallurgy of lead

Process metallurgy of antimony

Process metallurgy of zinc

Process metallurgy of copper

Process metallurgy of nickel

Process metallurgy of aluminium

Process metallurgy of gold, silver and Platinum Group Metals (PGMs)

Process metallurgy of niobium, tantalum and rare metals

. Case studies
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(6 hours)

(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
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571719 Tribology of Engineering Materials 3(3-0-9)
Condition : Consent of the School

Tribology: terminology, scope and engineering significance; Tribological surfaces and
contact mechanics; Friction and lubrication; Wear mechanisms and testing; Surface engineered
materials and coatings, properties and characterization; Case studies, problem solving for

Industrial tribology and design against tribological failure

Course Outline
1. Tribology : terminology, scope and engineering significance (3 hours)
2. Tribological surfaces and contact mechanics (6 hours)
2.1 Tribological surfaces and statistical nature
2.2 Contact between surfaces
2.3 Tribological loading
3. Friction and lubrication (6 hours)
3.1 Kinematic and static friction: stick-slip effects
3.2 Friction measurement and friction coefficient
3.3 Friction and lubrication conditions
3.4 Rheology and chemistry of lubricants
4. Wear (9 hours)
4.1 Wear mechanisms
4.2 Surface fracture and wear products
4.3 Wear tests and paremeters
5. Surface engineered materials and coatings (9 hours)
5.1 Tribological properties of engineered surfaces and coatings
5.2 Characterization and evaluation of engineered surfaces and coatings
5.3 Design guidelines for the selection of engineered surfaces and coatings
6. Case studies (3 hours)
6.1 Problem solving for Industrial tribology

6.2 Design against tribological failure)

N-90



umv.2

Ceramics Material Courses
571720 Advanced Physical Chemistry for Ceramics 3(3-0-9)
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 (3 hours)
2. Phase equilibrium in pure substances (4 hours)
3. Systems of variable compositions (4 hours)
4. Chemical equilibrium (4 hours)
5. lonic solution (3 hours)
6. Debye - Huckel theory (2 hours)
7. Electrochemical cells (3 hours)
8. Electric potential at interfaces (3 hours)
9. Empirical treatment of reaction rates (3 hours)
10.Experimental methods and treatment of data (3 hours)
11.Complex reaction (2 hours)
12.Reaction in solution (2 hours)
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571721 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 (@ 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
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571722 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

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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571723 Thermodynamics of Materials

Condition : Consent of the School

umv.2

3(3-0-9)

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.
2.

Introduction and definition of terms
The first law of thermodynamics ;

Heat and work, enthalpy and heat capacity, heat of formation heat of reaction

. The second law of thermodynamics ;

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

5. Relationship between thermodynamic and physical properties
6.
7
8
9

Free energy of heterogeneous reactions

. Solutions
. Equilibrium between phases of variable composition

. Free energy of binary systems

10.Thermodynamics of interfaces

11.Introduction to defects in crystals ; elemental crystals and compounds
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(2 hours)
(4 hours)

(6 hours)

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



571724 Mathematical Methods in Material Science and Engineering

Condition : Consent of the School

umv.2

3(3-0-9)

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 equation, Elliptic equations. Laplace transform. Difference

equations. Discrete Fourier transform. Fast Fourier transforms

Course Outline

1.

Rl A

Review of properties of infinite series

Inner product spaces

Fourier series

Fourier integrals, the exponential Fourier representation,

properties of Fourier integral, convolution, Fourier transform

5. Sturm-Liouville boundary value problems
6. Bessel function

1.
8
9

Classification of linear second order partial differential equation

. Hyperbolic differential equations

. The heat equation

10.Elliptic equation

11.Laplace transform

12.Difference equations

13.Discrete Fourier transform

14.Fast Fourier transforms
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(2 hours)
(3 hours)
(3 hours)
(4 hours)
(2 hours)
(4 hours)
(2 hours)
(2 hours)
(1 hours)
(2 hours)
(4 hours)
(1 hour)
(4 hours)
(2 hours)
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571725 Advanced Ceramic Materials 3(3-0-9)
Condition : Consent of the School

Review of advanced ceramic materials including structural, electrical, magnetic,
electronic, thermal, chemical, nuclear, optical and biological ceramic materials, raw materials

and processes, key properties in design and selection for engineering applications

Course Outline

1. Introduction to advanced ceramic materials (3 hours)
2. Classification of advanced ceramic materials (3 hours)
3. Processing and properties of advanced ceramic materials: (26 hours)

3.1 Structural ceramics
3.2 Electrical, electronic and magnetic ceramics
3.3 Thermal, chemical and nuclear ceramics
3.4 Optical ceramics
3.5 Bioceramic and composites
3.6 Smart materials
4. Report(s) and presentation(s) on topics based on (@ hours)

advanced ceramic materials
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571726 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

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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571727 Advanced Ceramic Processing I 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

3. Report(s) and presentation(s) based on topics in advanced ceramic processing (6 hours)
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571728 Characterization in Material Engineering I: X-ray diffraction

Condition : Consent of the School

umv.2

3(3-0-9)

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. X-ray diffraction analysis for ceramics

2.1
2.2
23

24
2.5

2.6

Characteristics of x-radiation and properties of x-rays

The crystalline state and geometry of crystals

X-ray diffraction theory ; origin of diffraction pattern

Bragg law, location and intensity of diffraction lines
Instrumentation : sources, detectors, alignment and maintenance
Experimental techniques,

Laue photographs, powder photographs, diffractometer and
spectrometer measurements

Applications for ceramic analysis ;

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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(2 hours)

(2 hours)

(6 hours)

(6 hours)

(6 hours)

(6 hours)

(8 hours)



571729 Characterization in Material Engineering Il: Physical Characterization

Condition : Consent of the School

umv.2

3(3-0-9)

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. Particle size, particle shape and diameters

3. Distribution of particle size ;
Histograms, normal ( Gaussian ) , log-normal and Rosin-Rammler
Distributions

4. Practical work ;
Characterization of powder using hydrometer, laser diffraction,
optical microscopic and electron microscopic techniques

5. Specific surface area by gas adsorption and methods for determining
surface area

6. Practical work ;
Characterization of powder and consolidated materials using
BET equation and BET equipment

7. Density, porosity, pore size and distribution

8. Practical work ;

Characterization of pore size and distribution by mercury porosimetry
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(2 hours)
(2 hours)
(@ hours)

(8 hours)

(4 hours)

(4 hours)

(6 hours)
(6 hours)



571730 Characterization in Material Engineering lll : Thermal Characterization

Condition : Consent of the School

umv.2

3(3-0-9)

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 dilatometer.

discussed. Instrumentation and limitation of each technique will be covered

Course Outline

1.

Introduction to instrumental methods for thermal characterization
in ceramic materials research ;
Principles in measurement of heat, energy and temperature as

related to thermal properties of materials

. Diiferential thermal analysis (DTA) and differential scanning

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

. Thermogravimetric analysis (TGA) ;

Priciples and instrumentations, calibration, effect of operation parameters,

experimental concerns, manipulation of data

. Dilatometry and interferrometry ; Linear and volume expansion coefficient,

theoretical origin of thermal expansion,

instrumentations, calibration , experimental concerns

. Review of other instrumental methods for thermal analysis ;

General principles , instrumentations and application for ; thermal

conductivity, thermal stresses, viscosity of glass

. Student assignment(s) ; Case study in the applications of thermal analysis

for ceramic materials research and development
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Other related thermal analysis methods will also be

(3 hours)

(10 hours)

(5 hours)

(6 hours)

(6 hours)

(6 hours)



571731 Characterization in Material Engineering IV:
Microscopic Characterization

Condition : Consent of the School

umv.2

3(3-0-9)

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. Optical microscopy

2.1 Principles and instrumentation

2.2 lIsotropic crystals, uniaxial and biaxial crystals

2.3 Applications in ceramic research and development
3. Scanning electron microscopy (SEM)

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)

4.1 Principles and instrumentation

4.2 Sample preparation techniques

4.3 Applications in ceramic research and development
5. Student assignment(s) ;

Case study in the application(s) of microscopic analysis for ceramic

materials research and development

(2 hours)
(12 hours)

(10 hours)

(8 hours)

(4 hours)
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571732 Characterization in Material Engineering V: Chemical Characterization

Condition : Consent of the School

umv.2

3(3-0-9)

Advanced analytical and characterization techniques for research and development

of ceramic materials with emphasis on chemical analysis 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

characterization in ceramic materials research

. The evaluation of the reliability of data ;
Basic statistics mean, median, precision, accuracy, errors,

Deviation, confidence intervals, significant figure, rejection of data

Principles of measurements, instrumentations, correction for

. Atomic absorption and flame emission spectroscopy ;

Interferences, sensitivity and detection limits

. Atomic emission spectroscopy ;
Optical emission spectrophotometry (OES), excitation by inductively
coupled plasma (ICP), ionization by arc, spark or electronic

impact, spectral lines, simultaneous and sequential instruments

. X-ray fluorescence spectrometry ;
General principle, x-ray fluorescence spectrum, excitation modes,

x-ray absorption, sample preparation, types of instruments, accuracy

and detection limits

General principles and instrumentations for ; gas-, liquid-, ion-
chromatography ; nuclear magnetic resonance (NMR), infrared

spectroscopy (IR), and ultraviolet - visible absorption spectroscopy;

mass spectrometry

. Review of other instrumental methods for chemical analysis ;
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(2 hours)

(6 hours)

(6 hours)

(6 hours)

(8 hours)

(8 hours)
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571733 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

571734 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 slasses, optical waveguides,
bioglasses, nitrided ¢lasses, 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

571735 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

571736 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 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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571737 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

571738 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

571739 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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Polymeric Material Courses
571740 Polymer Engineering 3(3-0-9)
Condition : Consent of the School

Handling of particulate solids, Heat transfer in polymer processing, Crystalline and
amorphous state, Elasticity and viscoelasticity, Creep and stress relaxation, Four-parameter
model, Time temperatue superposition, Failure of polymers, Impact behavior, Static and

dynamic fatigsue, Reinforced polymers.

Course Outline

1. Handling of particulate solids (5 hours)
2. Heat transfer in polymer processing (12 hours)
3. Crystalline and amorphous state (3 hours)
4. Elasticity and viscoelasticity (5 hours)
5. Failure of polymers (3 hours)
6. Impact behavior (3 hours)
7. Fatigue (3 hours)
8. Reinforced polymers (2 hours)
571741 Polymer Rheology 3(3-0-9)

Condition : Consent of the School
Newtonian versus non-Newtonian behavior, Constitutive equations and their use in
solving polymer fluid problems, Steady/unsteady shear/shearfree flow material functions,

Viscoelastic models, Rheometers and rheological measurements, Molecular theories.

Course Outline

1. Review of stress/strain/rate of strain tensor (1.5 hours)
2. Flow phenomena in polymeric liquids (1.5 hours)
3. Review of basic transport phenomena (Newtonian) (6 hours)
4. Generalized Newtonian fluids (GNF) (6 hours)
5. Linear viscoelasticity (6 hours)
6. Rheological characterization (6 hours)
7. Rheometry (6 hours)
8. Molecular theories for viscoelasticity of polymer (3 hours)
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571742 Advanced Polymer Processing 3(3-0-9)
Condition : Consent of the School
Basic screw geometry, Extruder screw design, Extrusion through die, Process Design for

twin screw extruder, Post die processing, Molding and forming.

Course Outline

1. Basic screw geometry (4 hours)
2. Extruder screw design (11 hours)
3. Extrusion through die (3 hours)
4. Process design for twin screw extruder (3 hours)
5. Post die processing (9 hours)
6. Molding and forming (6 hours)
571743 Industrial Safety and Process Control for 3(3-0-9)

Polymer Engineers
Condition : Consent of the School
Safety in polymer industries chemical hazard and safety, Fire control and safety,
Material safety and data sheet, Trend in safety and environmental protection, Control by six

sigma, Process measurement, Process analysis, Process improvement, Process control.

Course Outline

1. Safety in polymer industries (3 hours)
2. Chemical hazard and safety (4 hours)
3. Fire control and safety (4 hours)
4. Material safety and data sheet (4 hours)
5. Trend in safety and environmental protection (3 hours)
6. Process control by six sigma (2 hours)
7. Process measurement (4 hours)
8. Process analysis (4 hours)
9. Process improvement (5 hours)
10. Process control (3 hours)

n-107



umv.2

Elective Courses : Polymer Engineering

571744 Experimental Design for Polymer Engineers 3(3-0-9)
Condition : Consent of the School

Study of statistical methods for engineers, Design of experiment for polymer industries,
Full and fractional factorial 2 DOEs, Other DOE consideration, Variability reduction through

DOE and Taguchi consideration, Respond surface methodology

Course Outline

1. Statistical Methods for Engineers (6 hours)
2. Design of Experiment for Polymer Industries (3 hours)
3. Full and Fractional Factorial 2 DOEs (6 hours)
4. Other DOE Consideration (3 hours)
5. Variability Reduction Through DOE and Taguchi Consideration (6 hours)
6. Respond Surface Methodology (6 hours)

571745 Design Formulas for Polymer Engineers 3(3-0-9)
Condition : Consent of the School

Study and understanding formulas of rheology, Thermodynamic and heat transfer
formulas, Designing plastics parts, Designing for extrusion machine, Designing for injection

machine.

Course Outline

1. Study and understanding formulas of rheology (6 hours)
2. Thermodynamic and heat transfer formulas (6 hours)
3. Designing plastics parts (6 hours)
4. Designing for extrusion machine (9 hours)
5. Designing for injection machine (6 hours)
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571746 Polymer Mixing and Compounding 3(3-0-9)
Condition : Consent of the School

Basic mixing mechanism, Distributive and dispersive mixing, Mixing in single screw
extruder, Mixing in twin screw extruder, Mixing in internal and external mixer, Static mixing

devices, Polymer compounding.

Course Outline

1. Introduction (2 hours)
2. Distributive Mixing (6 hours)
3. Dispersive Mixing (6 hours)
4. Mixing in Single Screw Extruder (4 hours)
5. Mixing in Twin Screw Extruder (6 hours)
6. Mixing in Internal and External Mixer (3 hours)
7. Static Mixing Devices (3 hours)
8. Polymer Compounding (6 hours)
571747 Materials Selection and Design 3(3-0-9)

Condition : Consent of the School

Material and manufacturing consideration in product design, Fundamentals of
materials: their behavior and manufacturing properties, Element of engineering design, Effect
of material properties and manufacturing process on design, Economics of materials and
process, Materials Selection, Quality assurance, Testing and inspection, Safety and product

liability, Future trends and materials substitution.

Course Outline

1. Material and Manufacturing Consideration in Product Design (2 hours)
2. Fundamentals of Materials: Their Behavior and Manufacturing Properties (4 hours)
3. Element of Engineering Design (4 hours)
4. Effects of Material Properties and Manufacturing Process on Design (6 hours)
5. Economics of Materials and Process (2 hours)
6. Materials Selection (9 hours)
7. Quality Assurance, Testing and Inspection (4 hours)
8. Safety and Product Liability (2 hours)
9. Future Trends and Material Substitution (3 hours)
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571748 Plastic Product Design 3(3-0-9)
Condition : Consent of the School

Review of design practices, Designing for manufacturing, The design process and
material selection, Part design features, Part dimension control and shrinkage, Strength of
shape, Finishing techniques for plastics, Part design problems and solutions, Computer assisted

mold design, Design project.

Course Outline

1. Introduction and Review of Design Practices (3 hours)
2. Designing for Manufacturing (3 hours)
3. The Design Process and Material Selection (3 hours)
4. Part Design Features (6 hours)
5. Part Dimension Control and Shrinkage (3 hours)
6. Strength of Shape (3 hours)
7. Finishing Techniques for Plastics (3 hours)
8. Part Design Problems and Solutions (3 hours)
9. Computer Assisted Mold Design (3 hours)
10. Design Project (6 hours)
571749 Mold and Die Design 3(3-0-9)

Condition : Consent of the School
Course overview. Mold and die materials, Manufacturing and machining processes,
Injection molds, Compression and transfer molds, Blow molds, General aspects for die design,

Computer-assisted mold and die design, Case study.

Course Outline

1. Introduction (2 hours)
2. Mold and Die Materials (3 hours)
3. Manufacturing and Machining Processes (6 hours)
4. Injection Molds (9 hours)
5. Compression and Transfer Molds (6 hours)
5. Blow Molds (3 hours)
7. General Aspects for Die Design (3 hours)
8. Computer Assisted Mold and Die Design (3 hours)
9. Case Study (1 hour)
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571750 Structure and Rheology of Complex Fluids 3(3-0-9)
Condition : Consent of the School

Fundamentals of complex fluids, basic forces, and rheological measurements.
Rheology/ Viscoelasticity/ Thermodynamics/ Dynamics of complex fluids: dilute polymer

solution, entangled polymer, particulate suspensions, emulsion and blends, block copolymers.

Course Outline

1.  Complex Fluids (3 hours)
2. Basic Forces (3 hours)
3. Rheological Measurements (6 hours)
4. Rheology/Viscoelasticity/Thermodynamics/Dynamics of
4.1 Dilute Polymer Solutions/Entangled Polymer (6 hours)
4.2 Particulate Suspensions (6 hours)
4.3 Emulsion and Blends (9 hours)
4.4 Block Copolymers (6 hours)
571751 Mechanics of Solid Polymers 3(3-0-9)

Condition : Consent of the School
Structure of solid polymers, Elasticity, Principle of viscoelasticity, Yield and Fracture,

Impact behavior, Fatigue.

Course Outline

1. Structure of Solid Polymers (6 hours)
2. Elasticity (6 hours)
3. Principle of Viscoelasticity (6 hours)
4. Yield and Fracture (6 hours)
5. Impact Behavior (6 hours)
6. Fatigue (6 hours)
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571752 Polymer Morphology

Condition : Consent of the School

umv.2

3(3-0-9)

Overview of polymer morphologies, Chain structure of amorphous and semicrystalline

polymers, Morphologies of polymer single crystals and spherulites, Theories of crystallization,

Effects of temperature and pressure on crystallization, Strain and flow induced crystallization,

Thermodynamics of phase separation, Phase morphology development in polymer blends,

Morphology characterization by microscopy techniques, Phase morphology of multiphase

polymer systems and polymer composites, Complex phase morphologies.

Course Outline

Introduction

Morphologies of Polymer Crystals

Theories of Crystallization

Effect of Crystallization Temperature and Pressure
Strain and Flow Induced Crystallization
Thermodynamics of Phase Separation

Phase Morphology Development in Polymer Blends
Morphology Characterization by Microscopy Techniques

W o N o kAL

Phase Morphology of Multiphase Polymer Systems and
Polymer Composites

10. Complex Phase Morphologies
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(4 hours)
(4 hours)
(5 hours)
(4 hours)
(2 hours)
(2 hours)
(3 hours)
(3 hours)
(6 hours)
(3 hours)
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571753 Structural Characterization of Polymers 3(3-0-9)

Condition : Consent of the School

Introduction, Separation and purification techniques, Spectroscopic techniques,

Chromatographic methods, Thermal analysis, Microscopy Techniques.

Course Outline

1.
2.
3.

Introduction (1 hour)
Separation and purification techniques (2 hours)
Spectroscopy Techniques (15 hours)

UV-Visible/ Infrared (IR)/ X-ray diffraction (XRD)/ Nuclear Magnetic
Resonance (NMR) Spectroscopy

Chromatographic Methods (6 hours)
Size exclusion chromatography (SEC)/ High pressure liquid

chromatography (HPLC)

Thermal Analysis (7 hours)

Differential scanning calorimetry (DSC)/ Thermogravimetric analysis (TGA)/

Dynamic mechanical analysis (DMA)

Microscopy Techniques. (5 hours)
Optical microscopy (OM)/ Scanning electron microscopy (SEM)/

Transmission electron microscopy (TEM)
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571754 Environmental Effects on Polymer Properties and Behavior 3(3-0-9)
Condition : Consent of the School

Environmental factors, such as ambient moisture, chemicals (liquid or vapor), exposure
to sunlight, high temperatures, hot water and/ or steam, bacterial/ fungi ( underground
conditions), and irradiation all tend to attack polymeric materials. Materials may not only
change appearance, but have a significant decrease in properties, such as impact and tensile
strength. Stability and degradation mechanisms offer the means to better control polymer

behavior.

Course Outline

1. Introduction (1 hour)
2. Polymer Structure and Stability (5 hours)
3. Environmental Factors and Their Effects on Polymeric Materials (6 hours)
4.  Environmental Stability and Degradation Mechanisms of Polymeric

Materials (9 hours)
5. Stabilization of Polymeric Materials against Environmental Effects (6 hours)
6. Environmental Weathering Tests (6 hours)
7. Industrial Aspects of Material Degradation and Its Control (3 hours)
571755 Advanced Mechanics of Fiber-Reinforced Composites 3(3-0-9)

Condition : Consent of the School
Mathematical analysis and modeling of fiber-reinforced composites: continuous fiber-
reinforced lamina, Discontinuous fiber-reinforced lamina, Laminating theories, Failure theories,

Environmentally induced stresses in laminates.

Course Outline

1. Lamina Stress-Strain Analysis (3 hours)
2. Effective Moduli of a Continuous Fiber-Reinforced Lamina (5 hours)
3. Strength of a Continuous Fiber-Reinforced Lamina (5 hours)
4. Analysis of a Discontinuous Fiber-Reinforced Lamina (5 hours)
5. Analysis of Laminates (6 hours)
6. Analysis of Failure and Theories (6 hours)
7. Environmental Induced Stresses in Laminates (6 hours)
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571756 Advanced Rubber Engineering 3(3-0-9)
Condition : Consent of the School

Course overview, Perspective in rubber manufacturing, Properties of natural and
synthetic rubber, Thermoplastic elastomers, Rubber chemicals and additives, Rubber
processing and product design, Mechanical properties, Testing, and analysis, Rubber blends,

Waste reduction and disposal.

Course Outline

1. Introduction (1 hour)
2. Perspective in Rubber Manufacturing (2 hours)
3. Properties of Natural Rubber and Synthetic Rubber (5 hours)
4. Thermoplastic Elastomers (6 hours)
5. Rubber Chemical and Additives (5 hours)
6. Rubber Processing and Product Design (5 hours)
7. Mechanical Properties, Testing, and Analysis (5 hours)
8. Rubber Blends (5 hours)
9. Waste Reduction and Disposal (2 hours)
571757 Advanced Plastics Waste management 3(3-0-9)

Condition : Consent of the School

Perspective on the solid waste, Engineering with solid waste management, Plastic waste
overview; composition, quantities and disposal alternatives, Plastic waste recycling, Recycling
of individual plastics, Plastic aging, Alternative materials for environmental friendly products,

Energy from waste.

Course Outline:

1. Introduction: Perspective on The Solid Waste (1 hour)
2. Engineering with Solid Waste Management (8 hours)
3. Plastic Waste Overview: Composition, Quantities and Disposal Alternatives (3 hours)
4. Plastic Waste Recycling (8 hours)
5. Recycling of Individual Plastics (4 hours)
6. Plastic Aging (4 hours)
7. Alternative Materials for Environmental Friendly Products (4 hours)
8. Energy from Waste (4 hours)
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571758 Selected Topics in Polymer Engineering | 3(3-0-9)
Condition : Consent of the School
Study of selected topics in particular areas of polymer engineering under supervision

of teaching staff or inviting staff(s).

571759 Selected Topics in Polymer Engineering Il 3(3-0-9)
Condition : Consent of the School
Study of selected topics in particular areas of polymer engineering under supervision

of teaching staff or inviting staff(s).

Advanced Materials and Technology
571760 Nanostructured Metals and Alloys 3(3-0-9)
Condition : Consent of the School

Processing bulk nanostructured metals and alloys;, Microstructures; Mechanical
Properties and thermal stability; Influence of nanoscale microstructures on mechanical
property and failure modes; Deformation mechanisms; Principles and examples of

nanostructured materials designing for superior mechanical properties

Course outline

1. Processing of bulk nanostructured metals and alloys (9 hours)
2. Microstructures (3 hours)
3. Mechanical Properties and thermal stability (6 hours)
4. Influence of nanoscale microstructures on mechanical property

and failure modes (6 hours)
5. Deformation mechanisms (9 hours)

6. Principles and examples of nanostructured materials designing

for superior mechanical properties (3 hours)
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571761 Powder Metallurgy

Condition : Consent of the School

umv.2

3(3-0-9)

Advanced theory of powder metallurgy; Atomization theory and industrial practice;

Consolidation theory of metal powders; Sintering theory and practices; Thermodynamics of

sintering atmosphere; Powder metallurgy materials; Design of powder metallurgy processes

and parts; Design consideration for the production of powder metallurgy parts; Metallographic

interpretation of sintered products; Advanced analytical method for powder metallurgy; Case

studies in powder metallurgy; New developments in powder metallurgy processes

Course outline

W o N o kAL
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11.
12.

Advanced theory of powder metallurgy
Atomization theory and industrial practice
Consolidation theory of metal powders

Sintering theory and industrial practices
Thermodynamics of sintering atmosphere

Powder metallurgy materials

Design of powder metallurgy processes and parts
Design consideration for the production of powder metallurgy parts
Metallographic interpretation of sintered products
Advanced analytical method for powder metallurgy
Case studies in powder metallurgy

New developments in powder metallurgy processes

(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
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571762 Metal Matrix Composites 3(3-0-9)
Condition : Consent of the School

Introduction to composites, metal matrix composites, Metal matrices and reinforcing
materials; Mechanics of unidirectional and particulate composites, elasticity, viscoelasticity,
fiber-reinforced, particulate and porous composites, Fabrication and design; Property
assessment, mechanical, physical, electrical and chemical properties; Failure analysis,
degradation and damage mechanisms of metal matrix composites; Concept of materials design

and recycling

Course Outline

1. Introduction to composites, classification (3 hours)
2. Metal matrices and reinforcing materials (3 hours)
3. Mechanics of unidirectional and particulate composites (9 hours)
4. Fabrication and design (9 hours)
5. Property assessment (6 hours)
6. Failure analysis, degradation and damage mechanism (3 hours)
7. Concept of materials design and recycling (3 hours)
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571763 High Performance Metals and Alloys 3(3-0-9)

Condition : Consent of the School

Classification and applications of high performance metals and alloys for extreame

environment, elevated temperature mechanical properties, corrosion and oxidation; High

performance alloys; Superalloys; Refractory metals and materials; Intermetallics and metal

aluminides; Forming technology and coating; Property control for extreame service conditions

and case studies

Course Outline

1.

Classification and applications of high performance metals and alloys (3 hours)
for extreame environment

High performance alloys (12 hours)
2.1 High performance steels

2.2 High performance stainless steels

2.3 Titanium alloys

2.4 Nikel-copper and nikel-chromium alloys

Superalloys (9 hours)
3.1 Iron-based supperalloys

3.2 Nikel-based supperalloys

3.3 Cobalt-based supperalloys

Refractory metals and materials (3 hours)
4.1 Refractory metals (molybdenum, tungsten, niobium, tantalum and rhenium)

4.2 Intermetallics and metal aluminides

Forming technology and coating (3 hours)

Property control for extreame service conditions and case studies (6 hours)
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571764 Metallurgical Design of Steels 3(3-0-9)
Condition : Consent of the School

Characteristic of Steels; Basic sspects of mechanical behaviors of steels;, Phase
transformation in steel; Effect of alloying element; Metallurgical design of interested steels:
High strength steel for automotive application, High strength structural steels, High temperature

steels, Multi-phase steels, Special deep-drawing steels, Rail steels and others interested steels

Course Outline

1. Main Characteristic of Steel (3 hours)
2. Mechanical Behavior and Deformation of Steel (6 hours)
3. Phase Transformations in Steel (6 hours)
4. Relation of Alloying Element on Properties of Steel (3 hours)
5. Metallurgical Design of High strength steels for automotive application (3 hours)
6. Metallurgical Design of High Strength Structural Steels (3 hours)
7.  Metallurgical Design of High Temperature Steels (3 hours)
8. Metallurgical Design of Multi-Phase Steels (3 hours)
9. Metallurgical Design of Special Deep-Drawing Steels (3 hours)
10. Metallurgical Design of Rail and Others Interested Steels (3 hours)
571765 Technology of Metal Recycling 3(3-0-9)

Condition : Consent of the School
Wastes in industrial metal processing; Control, elimination and treatment of pollutions
and wastes industrial metal processing; Study on metal manufacturing processes for

environmental; Study on recycling of metals

Course Outline

1. Emission, pollutions and hazardous wastes in industrial metal processing (6 hours)
2. Control and treatment of wates from industrial metal processing (9 hours)
3. Review of extractive metallurgy (6 hours)
4. Recycling and refining processes (15 hours)

4.1 Iron and steel

4.2 Aluminum

4.3 Copper

4.4 Lead, zinc and tin

4.5 Other interested metals
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571766 Advanced Steel Rolling Technology

Condition : Consent of the School
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3(3-0-9)

Fundamental characteristics of steel; Theory of plastic deformation; Calculation of

rolling parameters, tribology and heat transfer in rolling processes; Metallurgical aspect of

rolling of steel: structural changes, strengthening mechanism and thermomechanical

treatment; Rolling mills-operation and control

Course Outline

Theory of plastic deformation
Calculation of rolling parameters
Tribology in the rolling process
Heat transfer in rolling mills
Microstructural change

Strengthening mechanism

W o N oy kAL Do

Thermomechanical treament

10. Rolling mills-operation and control

Ironmaking and steelmaking, steel rolling processes

Fundamental of physical metallurgy of steel
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(3 hours
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(3 hours
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(6 hours)



571767 SurfaceTechnology

Condition : Consent of the School

umv.2

3(3-0-9)

Scope and definition of surface technology; Surface characteristics; Tribology and

degradation of material surfaces; Various techniques of surface technology; Thermal hardening,

Mechanical hardening; Thermochemical treatments; Vapour deposition processes; lon

implantation; Surface engineering by laser beam and electron beam; Coating processes;

Characterization of surface engineered materials, case studies of surface engineered materials;

Special assignment of selected topics on surface technology

Course Outline

W o N o kAL
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Scope and definition of surface technology

Surface characteristics

Tribology and surface degradations

Thermal hardening

Mechanical hardening

Thermochemical treatments

Vapour deposition processes

lon implantation

Surface engineering by laser beam and electron beam

Coating processes

. Characterisation and case studies of surface engineered materials
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(1.5 hours)
(3 hours)
(3 hours)
(3 hours)

(1.5 hours)
(6 hours)
(6 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
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571768 Laser Materials Processing 3(3-0-9)
Condition : Consent of the School

Fundamental of laser; Interaction of laser and matter; Thermal processes in laser-
materials Interactions; Plasma phenomena in laser materials processing; Mechanism during

laser materials processing; The development of laser materials processing for future

Course outline

1. Fundamental of laser (6 hours)
2. Interaction of laser and matter (6 hours)
3. Thermal processes in laser-materials Interactions (6 hours)
4. Plasma phenomena in laser materials processing (6 hours)
5. Physical mechanism during laser materials processing (6 hours)
6. The development of laser materials processing for future (6 hours)
571769 Friction Stir Welding Technology 3(3-0-9)

Condition : Consent of the School
Introduction to friction stir welding (FSW) process; FSW process parameters; FSW process
modelling; Microstructure evaluations in FSW joints; FSW joint properties; FSW characteristics in

engineering materials; Applications and Development of friction stir processing (FSP)

Course outline

1. Introduction to friction stir welding (FSW) (2 hours)
2. FSW Process parameters (4 hours)
3. FSW Process modeling (2 hours)
4. Microstructure evaluations (6 hours)
5. FSW joint properties (6 hours)
6. FSW characteristics in various engineering materials (6 hours)
7. FSW applications (6 hours)
8. Development of friction stir processing (FSP) (4 hours)
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571770 Analysis of Die Casting Processes 3(3-0-9)
Condition : Consent of the School

Overview of die casting processes; die casting machine systems; P-Q2 analysis; process
control in die casting; gating design and analysis; design of die casting dies; melting and
metallurgical control; die casting defects; numerical modeling of die casting processes;

simulation of die castings

Course Outline

1. Overview of die casting processes (3 hours)
2. Die casting machine systems (3 hours)
3. P-Q?% analysis (6 hours)
4. Process control in die casting (3 hours)
5. Gating design and analysis (6 hours)
6. Design of die casting dies (3 hours)
7. Melting and metallurgical quality control (3 hours)
8. Die casting defects (3 hours)
9. Numerical modeling of die casting processes (3 hours)
10. Simulation of die castings (3 hours)
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571771 Particulate Engineering

Condition : Consent of the School
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3(3-0-9)

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

1.
2.

Introduction to particulate engineering
Advanced powder processing of metals and ceramics

2.1 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

(3 hours)
(5 hours)

(4 hours)
(6 hours)

(6 hours)

(5 hours)

(3 hours)
(4 hours)
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