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1- Arthur E. Morris, Gordon Geiger, H. Alan Fine, Handbook on Material and Energy Balance Calculations in Material Processing,
Third Edition, The Minerals, Metals & Materials Society, Wiley, 2011

2- Octave Levenspiel, Chemical Reaction Engineering, 3rd Edition, Wiley, 1999

3- H. Scott Fogler, Elements of Chemical Reaction Engineering (4th Edition), Prentice Hall PTR, 2016
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1- Handbook of Extractive Metallurgy, vol. 2, F. Habashy, Wiley VCH, 1997
2- Extractive Metallurgy of Copper, 4rd Ed. W.G. Davenport et.al., Elsevier Ltd, 2002

3- Treatise on Process Metallurgy. vol. 3 - Industrial Processes, S. Seetharaman, Elsevier Ltd, 2014
4- Principles of Extractive Metallurgy, A. Ghosh & H. S. Ray, New Age International Limited, 1984
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1- Materials and Sustainable Development; Michael F. Ashby; 2016 Elsevier; Chapters 1 to 5.
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1- K. Lu, Materials in Energy Conversion, Harvesting, and Storage, John Wiley & Sons, 2014.
2- C. Daniel and J.0. Besenhard, Handbook of Battery Materials, Wiley-VCH Verlag & Co, 2011.
3- D.W. Bruce, D. O’Hare, R.l. Walton, Energy Materials, John Wiley & Sons, 2011.

(2Sbos LI (o)l B ) )95 5051 0930k (0] o L et G5 T 2edleindiy (2L5)1-0

— Cwgm/ b gl L F

£5



2

ol i s8N (6519l g Dlgo pwiige BSLESND Ve Ao lws U

w55 A

S50l (owdigen 53 (S § SN 10y ()b plye
Bioprocessing in Metallurgical Engineering : ;> S| lsis

Vol sy Jeol = slse (card 1(Sbine) Sl Sobiigs LB iy 1A

SEERPS | R i RS T IO NS % g R C S0 TV icels sl Viely dlas
(ol g ovyd s .Y

(ledl) 5l (Sid 2018 2 25T L) I3l W) (slosia] B 10 bopoundlS 5l So 5,5 Jas p5ilSe g (285 b il )
(o) e (laly g ol 2005 5 aST L) ol slaslone | 5318 slacys (il g abuas Y
(G 5) A5 D (52355 o2y 2 2B L) Sl3ls g 55 5 ¥
PH (silogs 5 o5 dns S aizpST) Sizlgm 20135 2 5o Jalge - o Sy Y
oo 3ol Ol a3 D 5 ol gl S 25 i (6505 5t -

(e cuiS gl oS5 i) s S (gilogs 9 Buebas slasbe) = (o oddy 9 (52)05 oy o Gine

5 (BIOFIIM) (s sloaY pogie) st slocalld o (52,5 - s gl S0 Sl gixbao o3litl 4250 g apoussl8 5,50 (920 —
(Fge Saruslyolo)See (1wt (oSl 5 ng )8 dns L) LnpuadlS 5l Sim (ged Lo

sble b L (53,5 cas p55156) MIC slog) 3 lap il i dosine = csled 0390500 Llod 4y 655l qto Llod 4y ¢ iy blod &) bag pSTl (gipaios -
(Sl iiSly et glomsd iz el S5 (slmoriS s (25 Sl (PH 02500 Lo

(s &Y 090 plowdisn L Obled (s ySk pSojlul glasbyy) ad) (sovie  bas Sk Al St =
(SOB) suiS w5 slas 381 (SRB) cldlgus (g0 008 Ll laspSh— b Ol ytngus Bpune Copuw (65505101 (69 diamild (255 ()99 9Swg o

onl oS 3081 &S clocs S (NRB) 0z g2 008 Lo (slas 55, (cr3ens
(FEOB) ) Sl jB caiBy j18) gy jod M) (5ot (Gispopundll 9 25 CiliSeo Jolyo =

(Se3gmanSee § losd slozll 51 i) MIC oz - (S50 38l 5B ) QU Al 518 ¢ 02150 58

i camilas sla g, (351, slac] ¢ o) Ksgn) MIC & s licamlus Jolge — unstructured — non-segregated model _ylwl y» (¢S Ly (g5l Jio =
(s 35 camen J 35 5 ,20) MIC (rige S Jo)

5 Logsls Gl pilSe sl glg Sn bawgs s Ol (Sldodo - (b 5 rwlone «(53)glliog hmgn) Siundgm dox )b =

36 oyl (Mo o dacly S g ST dasdlgn) (538 Saxe SLS5 cond 4 (2SS -

2 o Pl g PH 86) i) Cla o] b (il Jae 5 St ¢ ol - oroobeolioighul 5 (s oslualigginnl (63SL 93 b Sy~
38y oy ecsildo 3 @ ,8 5 2geSSY slap Sl 3 code Sioliodge 5 Sl
O DS Ry 53 el G5 9 Joko (19,0 398 w3 Y cslesg JWas] 35 uelins 58] 5518 Sl JHosl )3 e (Slap sl -
(P> 45,04 5 Jl 4 yotd liand (sl e 518 (31 5 (o) 0395 (9o colooed oSy doufinne

o gy ¥

1- Shijie Liu; Bioprocessing Engineering, (Kinetics, Sustainability, and Reactor Design); 2013; Elsevier

2- Abhilash, B. D. Pandey, K. A. Natarajan; Microbiology for Minerals, Metals, Materials and the Environment2017; CRC Press
3- Liengen, R. Basseguy, D. Feron, I. Beech, Understanding Biocorrosion: Fundamentals and Applications; T; Elsevier, 2014

4- Brenda J. Little, Jason S. Lee; Microbiologically Influenced Corrosion; 2007; WILEY; 2007

5- Bohumil Volesky; Biosorption of Heavy Metals; 1990 by CRC Press

(o2Shoe L1 (g)luiigs B ) 05550k (0] 0)330ke (90l o L et bl L 2 e0leinin (23,00

- ww/@uﬁgﬁ" N

Y


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Brenda+J.+Little
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Jason+S.+Lee

2

JC SO R T
W A

(555 3 3y i 22515

o33 dobuwlows

U,}b .\.&.’93 Dtiw{lo}i o L;‘»)LB L)‘?"C A
Metals Production Laboratory : ;> S s

(V) ol aJgs Jao!l :(jlinn) Sl ie

Jms T e o35 D5 iz

oBisles X o5, 5T ;L]

ol a1 gaudiwd

hos cg55

Y celo ol Y sy ol

u,u.)].) c]a.m

(2lsl) sl Wiy el 5y (65y5llieg iUl 5 (65 y5lling aum ¢ 5yglliog s «5ygld 5 Lanls sla by, b adsl las Ll )

(99) &)lae
(Gros S ) 8,55 T

SH OS5y il

25551 apuloxs {KCI NH3 HCLHzSO4 (sloJslows) PH 5505141 -4
0% AusS| oy g

Wl ¢loj 580 1S 98l gus Al Joloxo Lausgs o (g3 SIS Siomd A
Al St (gjladde Sl clale (L

256 (s PH 156 (o Jgloro clale 135 < 0pal bogs' s (ygmnliions =)+
Wl B plesly p 558 al

bl sy D2EHPA Lsgi(cdls/ JS5) ppall e M gl 5ol -3
sl dae dulxe @598 Cu g g gl Bl sla ioie (3] Cawd 4 ¢ yiulis

Lol ol (Sl ik 1Y

s0da ash g, ;1 eslizel b pgmsl il lisyS 4y gund] il ladgusr s —VF

By g 55 S Lolojl =)

5P e ey 4 ST &S s -y

reeblita gy & (€S 5 Cuilon) il S LulisY

pilSn (g STy iy S 3 led g Gloj 31 gy — Sl undS5 ¥
STy

€9 9 oSy Cépin w8 lod g loj Bl () — (S9) Mg 4195 —0
Sy 3ol () — Jpame

Jyame g9 (iSly oy S oy —()(dol o) (pal waiians Ll -5

oSH 5l g Lol lokily gy o 0p)S b oy ST Ll =Y

¥ sBea . F

WA ¢S yol imino oSl (65,9)lke g dlgo (cwtite 0aSCily — il jlé 2] Seinl Jguol oliiulojl ds i8> —)
VAD Sl 15 5 o ol S o don i sgSigsy S5 — (ol (55,90 Jpl ¥

(oo, Sdes LI (g5leigs D) 0)90L (y505]

8)930ke (305 L

o L et by B 2 golpiuing (25,040

- ww/@uﬁgﬁ" N

A



by a5 LS A g 59

#4



2

ol i s8N (6519l g Dlgo pwiige BSLESND Ve Ao lws U

w55 A

b lndgr 9 Zobaw (Wi 1) (o)lé lgie )
Surface Engineering and Coatings : > (.Sl e

S0 9 sowdy S jlien) Sl kg S iy 1 g

NCH IS I RN L I VR Jito cpped oM L 2 eSS g0l YA reelo dlass ¥ asly sl

(ol g ovyd s .Y

(lesl) sl gaw (podie 9 3lge (I by b b pe pole (650 )

(s2r03) oo gaw ol d9me sl v Sllee ol 5L oLl ¥
(Grae S ) 8,55 [

SKasl g il s ol s (5w malie Jold paw (wtige Jgol - oS Sl Y

b ()8 o o5 gy o oS Jed J daw (8 cote gacles — oo Gade b o blsyl s (S3)55 5l il (slaaiy o —

izt Sl iyl b i b 8 com (Sl ) o ales S35 5 s ¢ Snlyos o T ec3 slb gy sy s -

il ule g (5 dezle - (Cde 5 (stw) (b Sl ggtie slagsdg) 2 5290 =

by 6 obewd o (i S Y Jols SIU sl Y dbl gba yog, — e Sl g olowida iUl a3 ey —

238 okl yy (e (slo ybgy 5 WA 9 4 by, 038 5 poyS «JSs e 6] (laplas —

9“‘1‘mduﬁlﬁ> » t_sjl‘"‘w% U?"“’l"\““{l Jﬂl“’ Lél"‘“’% l.s‘h') U’M:’y_ u,u.wy uol?}bbbﬁm‘ .))?n L_;L&:Fb &u).xl.lj—

Sl (23 ()39 &) wlaws -

oS Wlag S~

&l &3) Jl}a ‘J] dlﬁwy 9 A.ii) -

o gy ¥

WA pow Cla cciy i taiuo olSiily clylissl ¢ Jgl als ocljls ools yiday ¢ Sb )8 dazeo [V]
[¥] J.R. Davis, Surface Engineering for Corrosion and Wear Resistance, ASM International, 2001

(oo5Shoe L1 (g)luings B ) 05950k (30 ] 8)530ke (90l S oS s U 16wl (23,00

- w”/@oﬁ N4




2

JC SO R T
W A

(555 3 3y i 22515

o33 dobuwlows

P9 IR ey () s )
Powder Engineering : ;> S lgic

oy Voo a3 H(jlinn) ik

ol a1 gaudiwd

s ey

oS ilofl L1 o, D1 wasb L e LI 05 oSS L eSS 3541 TV icebs sl Violy ol
(ol g ovyd s .Y

(lesl) sl
(sie03) )l U
(Broe S ) (5,55 U

S e g s sbaydg ang slatlyp b sl Y

292 55aglke wlabad > isplSomul g (o) ekl Wgr cla g, b ol Y

(g el dadild A (B (Sl &S e slaisg e syl Slo —
she i slaoyS

1ol GBS b v,
B s wab b (i ol ¢ Jal IS (SlaSiSS S g g -

&l
&g bbb Sl clles o SbL Clles -

dl}bbw ‘u"lﬁl)’ vene} 9 )l.: dLhJﬂ?u 4[&70).5> jfs ‘d)L}Lw).:) dlmw -
S olabad (38 oles ( Sl olgs iy 3l SSlSe (oles (g0l
(sablise ol 9 (S0 Sl g ()l (able) Jols

o Slgow Y

e g Llje o)l o S g caons )b

1,35 2wl 5 obarsuwin

o9y 91 Slyd &l o3l x 55 (laylag03 il 031 s ¢ g S diged —
29 I Elgl 9 spdiob w815 bl g ok o (s
sl yoslsT

109 Mgl (s g,

Ol 5 (oland ( londy Sl ¢ Sl gl g, —

13391 143 03101 g w805l gld g,

P 2 (e (295wg S ()98 Gl 9 WlSel i o) —
S GgSug e (oS

13997 (§5lwod puid (gl g,

Ly djlogly) «dB 53 535 (gjlwodyid (sla by, agjlwodpid She =
948 5 kg oSy (ol (S

¥ sBea o F

2- Metals handbook, Vol. 7, Powder Metallurgy, ASM International, 2015

(eoShos T ()l B ) 0,9L (0] 0930k (90)]

cpyes L, 160w Uyl .0

— Cwwgm /sy

\Al



JC SO R T
W A

(555 3 3y i 22515

o33 dobuwlows

Mechanical Properties of Materials Il : > Sl lgic

Y olge (SSlSe olgs i(jLinn) SLi e

D&Qlﬁj O L5 0 L33k O Sligew O B3 u*’%u]“i’ u*’)&"j

ol ds 1 gaudiwd

s reg

FA el dlass Yoy olis

u»)].) ab.w

(lesl) ks B Joul a8 &y 5 (So5psllio 5 SilSo (sl szl 5 48T L Slgo ekl g dotuo ¢ SALELIS 1 el plss b olel )

(29) ol CSid SlSe
(Bros ) 55 U

S (95wg S sl i g b dasudio - o yd Slgiome Y

Wl Sleejille = yule (6) poily (53 ¢ Siud Closo @os Juol = oS

s Sy A5y 9

(N ) dshad jas 9 Sy Ad) C el —

2 S 5 (Sofygllie sbayiahly Sl Sud 4 Coglis il 8l (slady; ~
lge ol 9,18y p ol dayd Jlehid Jlye 5 (ot (B35 porie =
Oy Oyl 42> S s B35 gl

OO e g dulio o i 50 WS Y ales —

(01T 55 2 e Jels g dwmlne) (B35 (ygalseST (5551 -

(cloml 5 (256 55 9 omises jl (36 (253) (055 SleesslSee =

4l 5o & el Slae3lSo g s 50 (3 (S35 o &b jye g 4l il -
ol Sleo3slo g

Slge ()95 Pl (35 5 p )5 CunSll) Cansls gl -

A 35 505 )36 g L S e e pally e Juol -

sy el e Sl Jlme o (G Mol g lndgions) s )5 ()55 =
S5l ol

—l b (135 g (gl dombio 15 Ll -

ol 2 g Jels 9 S5 S Snadly alaio -

©OF 9 pp Cunld (98w Sue (sl A —

255 9. S pillag Sa -

CunSid (oo glgliS 5 (55 g (oo jlSle -

S Koy o s D eS8 g WIS ol —

Foo Jolss g S (Sopler Salejl -

sl 025 ol 2 fgo delog 935 4 o ) s Sl a2 s ool -

(B pln 0 polie slodlll g (a5 sl e 25— Seyge
(ol 2y g ek sleege Ell) (555 22 9wy 1= LSl o S s yoly S —
O B St g G55 Sl el - S

OBF Al 3 (Phb = 4 canglie (I3 oy, s ooy S sty glgl s S -

' P e Sl yilSee - SN iio ¢ St _gsSsg,Sle (glb ais 5 b aasete -

& iy Bg0 g ,Ud Luogili S0 (Sl L3, ol slois S cod  (Sind ol lads cov (Saud -
o s ¥

1-R.
2-G.E.
3-

W. Hertzberg, “Deformation and Fracture Mechanics of Engineering Materials”, 4th Ed., Wiley, USA, 1996
Dieter, “Mechanical Metallurgy”, 3rd Ed., McGraw Hill, USA, 1986

M. A. Meyers, K. K. Chawla, “Mechanical Behavior of Materials”, Cambridge University Press, 2009

(2Shes LI ()l B) 0,91 (903

2)930ke (925!

o jeiee byl Dlsgoleidn (U510

— Cwgm/ oy &

vy



£

o
S el i s8N (65090l g Blge owiige 0SSN uv)b doluw b
(w5 A

© 50 gl U oy 2 ey ()8 e )
Non-Destructive Testing : .,> Sl lsis

el loanlp b okl (liea) sboke Sk sgg 6ok i 2 (g AaLd

SEERPS | R i RS T IO NS % g R C S0 Y sl s Viely dlas

(ol g ovyd s .Y

(colsl) (5Ls (o b g dge Cand (a3l 5 il 55l 5 b g eJsel b sl )

(Lo yo3) sl O sto Sllad G oyl (9031 gy Sl (gl ) & )lae S Y
(Bros ) 55 U

Syl 9o oo glgowe Y

sle Sob ol el Guled (sla o) ooyl sl ST gl iy 5 - 105 il g (y903] el 5 093 2 (61 danio

3kl @2 yo Signl sy o pe (sl 903l b Sglis cpgi) ¢ by e sy

S0 i (39051 ot 903

103,15 ¢l 50 55 gl iy = 13,25 Sy el o oSS Sl gyl i -

1 BlS905 e)] i 90

(3008 ogole) poutiione e (1,550 5 (JS'505) adins (BT 50 5 i = (Sgo labyy oo Sl eslisul o) iy dbgE by, <yl iy =

P JOPPES osn}i 386 ol jl oslil (bg) Lid Col o)y 5 S il ookl b )Lid (555 o3Il b,

Syo S Ion )5 SIS Pon oo iy - 18U @lo (yg05

1,5 by 090 I Codgaome dblse )8 cplol ol po 5l ST glosl iy i —

28 )5 4 b gy e gl 985 s Y90 Jalse cJgol dnd IS iy - b e 8,5 (19051

olled (sl B9 ¢y905] Sle )8 o Cdgazme dilie qubolize )3 glgil ip 5l iy —

eyl izl pilw 9ol cilisee (slo by, (S50

o 5 Sy Cunglio 90l )3 90l = i omblite (o 390!

9 ©lahd (S S8 )3 0B i Sldgesl 53, 5l (B Lo S el ecignf] ciln (glo S8 epjelfn o -

sl 159 2 093]

4l b ()5 pge)] il sla S5 iy Dl i el i -
398 b CueS g Ciyylai ¢ Jo gl Wl b (650055 o8 anidl by ()55 5y ¢ ]
> zriaw

N SR
Oldeol (ginino oSl (AL Sl pgu Clo o Fand Sl g0y (S pung 2 )
2- ASM Handbook, Vol.17 — Nondestructive Evaluation and Quality Control, ASM International, 1989
3- Non-Destructive Testing Handbook, Vol. 10 — NDT Overview, ASNT, 2012
4- Louis Cortz, Non-Destructive Testing, ASM International, 1995
5- R. Halmshaw, Edward Arnold, Non-Destructive Testing, 2" ed., 1991
6- Non-Destructive Testing Handbook, 3" ed. Vol. 1-9, ASNT, 2007

(o,Shoe L1 (g)luiigs B ) 055500k 30 ] 0)330ke (90l RS yoin b3 L 2 golodnin (25,00

— Cwgm/ oy &

\Al



£

o
S el i s8N (65090l g Blge owiige 0SSN uv)b doluw b
(w5 A

5'45).9 .>|9.o o L;.»)Lé Q\y’:— 9
Composite Materials : )5 S g

ol Ve jlier) Sk $hiigy Sl iy 1 apaes
il 1 o, O wojb O e O o5 (oS T 2 eSS 590 Y rcels sl ¥ sl ol
(ol g ovyd s .Y

(Bros S53) 55 U e & R
Sl pur A2y 05 p0 390 ovy? Slyome Y

oAS Coghl 53 g Alyej i bl gty Aed — 1S yo dlgo 2 (6l dodie —

oy b S 0 g0 Ol 43l 5 a0 ey )l —

0diiS Cogh 9 g Ao iz (bl p (g h dud — 1S po dlge Elgil

1S o g0 sl Sroeh 5 Sl (318 sl dinoj b o8 o dlgo iy s =

1S 5o Slgo ol o 5o 3lg0 sy (ol

S8y Gl pmen (Soj el g (Slle olst - I g 2wl sgle el o oyl s -

S 3o dlga 53,5 (SO b o8 0 29

SAS Cogis g5 g dise) e (pobusl (g dd =

o sree o . ¥
Ever J. Barbero, Introduction to Composite Material Design, second edition, CRC Press Taylor & Francis Group, 2011.
F.C. Campbell, Structural Composite Materials, ASM International, 2010.
Composite materials handbook, MIL-HDBK-17-3F, Volume 3 of 5,17 JUNE 2002
Ronald F. Gibson, Principles of Composite Material Mechanics, Fourth Edition (Mechanical Engineering), CRC Press,
2016.
5. Krishan and K. Chawla, Composite Materials: Science and Engineering (Materials Research and Engineering), Springer,
2013.
6. ASM Handbook, Volume 21, Composites, 2001.

N

(o2 Sdos LI (o)legs B ) )93 9051 0930k 09051 L o B pete U5 D1 2 g el (2551 -0

— g/ oy &

(Al


https://www.amazon.com/Principles-Composite-Mechanics-Mechanical-Engineering/dp/1498720692/ref=sr_1_2?s=books&ie=UTF8&qid=1508304890&sr=1-2&keywords=composite
https://www.amazon.com/Principles-Composite-Mechanics-Mechanical-Engineering/dp/1498720692/ref=sr_1_2?s=books&ie=UTF8&qid=1508304890&sr=1-2&keywords=composite
https://www.amazon.com/Composite-Materials-Science-Engineering-Research/dp/0387743642/ref=sr_1_10?s=books&ie=UTF8&qid=1508304890&sr=1-10&keywords=composite
https://www.amazon.com/Composite-Materials-Science-Engineering-Research/dp/0387743642/ref=sr_1_10?s=books&ie=UTF8&qid=1508304890&sr=1-10&keywords=composite

2

ol i s8N (6519l g Dlgo pwiige BSLESND Ve Ao lws U

w55 A

3992 9 dge RIS ol Lol 2 p0)s () lgie oY
Materials Forming and Powder Laboratory : ;3 .Sl s

dge (2SS Jool i(jlimn) Sbigie (o ig9 (L] iy 1A iind

o8 lo] S s O e O ppped oS O 2 eSS 550 VY el ol Y taslg olass
_ (ol g ovyd s .Y

(s2009) 5)leo alle s S dLmuigLo)'] ol g Mo oUj)l 5 et 3 (gdiaslyl o 2O IS (gladi]yd 4y Y
(Grae S ) 5,55 2P S5l 9 (BISS slagygejl (g IS 2 ©ylee Sl Y
FLD g se (235 05031 = o9 3d Sy Y

2o 3 o3lul @jgi g S pSoll igall = SN Ses gy b i 2,5 L oie ey 5 (650 ST LES 0] -

P pb J& el (g0l - oo 25,5 Lulyd )3 )Lib g0l -

P I oxSo3ll gail = e M g 55558 ] el ¢y (B Clileie 5 olSid Lol —

oyl gy & JHISS (i 5 B (S0l ow‘" - el alam gy e ) § JSU5 yis dilaie g 030 dllate ol

PR o0l T e e el dwsbre o] B Lol 5 s IS 0] -

R 05"’5! Tl Ui pshe ook 2 0 2058 el oY oy dsle 09 (90l -

P O JSb 5 Siedse (cwyn 9ol = 3

e oy A5 i) Gtalejl )3 B Ll sy ISS opgeil b il -

‘Br9 Sl JSs 2o Jol

@9 B Slalaio b L_;YLU*J 9 0MZ > 798 Oys)‘] -

o gy ¥

(oSbos B (g)lusgs B ) 05550 (4505 0)990ke ogejl L o L et b)) 10 pday (25,10

ool 39240 )39 (65y90lie g dlge (23 S (sl slBisloj] pleal I olitsloj] oyl i gn/ g 97 &

Yo



2

JC SO R T
W A

(555 3 3y i 22515

o33 dobuwlows

@)‘P QLzlo.C Om‘l&)’]' oMy Ls«.:)ls u‘}»& A
Heat Treatment Laboratory : ,.,> .Sl lsc

&l Sldes :Glipe) S

il B o5 O a0 e O e o5 O

shoe 155

VY el oloss

Ls)l.:b‘ VORI N CEY VoW

Y rasly olaws

koSS B 90]

UM)L) a.la.u

(ebsh oste O
(259) &)k
(o S ,0) 55,5

L’”)é ‘SLQJM.Y
iy Slles dlao g 5l ol iz b )5 450 g sl —)
Al yoled o 33l Sl Olles slads » 3l 4,50 5 sanlin =Y

Sl Sliles sloodls b g 455 5 Gialojl plsl 5 (b aUlg Y

e 5l 5 Sl Sllas 318 sl OIS 13 Sl S 5 0 -F

2 0P8 il glod g loj ey 028 diitis] )l Slibes—F
i 5la Sl Lolgd by sl b)) saalio g 3Ygs 5L

035 0095 Jold oo oS 5 e b (e (95 e Sldae -V
plo> 5 (2lowdly (B3 (g S plos 5 (galilows dm > (o
ooy s g o 05 s &Y (6565 )] 5 esnlie .S
0l Cous Y Gos p oo

ool 5 (6l (s Gas 65 o3Il g Vs > sle (ig0il A
R (P Bos 2 oo

2 s gy 2 g ptsegll (S o Sy )l Sldes A

2 Sy led g loj oy Pl § (B wile (Sl (pols
SEle ol

B g il sl bl odalie leise ()l Sllee =V

4 3k o2 s el olss )l Slles (b S (s39lsh g0
Nslogsy U g b (e (gl WS Le 2 peed g (88 3p0 E55 31 Julle
b ol (Sl olss

S iy el sl anlia g s alidls claglll )l cllas —))
Ll sy

ol il e )l lles 5 US54l o U1 )l @lles VY
SIUBTS

o0 $lgxo ¥

(Sl Sldes cla 065 ¢ 5yl Slles il wligos b olksl-)

Il gy « slod J S )3 0,985 83 0,98 bl w0)o8” (slacydgione

9 g (S5 le by i lugyy odalie s 0)sS 3 olo)S 482 (35
et o5 5 S5 ol 55 o (5o 3 s 2
Sl Slbes (o (B)IF (K5 5 il

5 5 ednline ol dYed  ituw g )lidlujyy p odiiS Dy lams S1-Y
@ b jlslo (unde do 5Y98 )0 bajlisl 5 sl g5 5 mjsi 2 (A
o (5 xS 0jll aglite A5 3 sla F5 0 CCT gla pl 51> oS
o Shles ] S 5L g3 o L5

oloj g ed glegm (Sl Sllos slo ad 2 ol ole 93 () Y

@ 625 b slod g gl (035 oamliie ad¥gh Jlslufy) p il
Sl olgs b osel Cawdy (gl lislo gy bLs ) g ] )b ol 3 oy
opd 55l g (e Ao

ke bl salie o iy gld 0¥ 98 K5 5l0g 0l )l clles —F
slod 9 gloj il s 9 (P 9 0 S5l Koyl 2 (59,5 Custion
Calhoww (13905 (59,5

Bged (595 by g 3430yl ¢ b3l Jolis (3,5 Usl 5l ldas—d
sl cpl g ddol dyw )5 Jlade g o g Lod (31 5 o 3 )8 sl
Jy sl g oy Sl 05 jasets

o0 e o F

52,503yl raliases VYA e S oo 1yl il 1 )l e olKitlegl Slo g gl -

ool (o olKuisly el Lim) bwg YA Jlo ,d o )

ul> 9039 )l_\xlf L!LCM ):l L&a.)\/}S Lf)l)> uL.Lo.C .)).g)ls 9 Jyo‘ ULS -y

1-A laboratory Manual for Trainees in Heat Treatment, MIR Publisher, 1985
2-Steel: Heat Treatment and Processing Principles, ASM International, 1990

(oSbos B (g)lusgs B ) 055500 (4505 0)930ke 09ejl

O

S oo b L 2 o0y (U 5,1.0

\id



2

ol i s8N (6519l g Dlgo pwiige BSLESND Ve Ao lws U

w55 A

O350 gl (SR oy 1 g Bge Jlail ol Lol 203 (aoys lgie oY
Materials Joining and Non-Destructive Testing Laboratory : ;> .Sl lge

Age Jlail 5 )39 :(inn) sl sl g9 Sl A s

oSt loj oS b O e O oy oS T 2 eSS 590 Y rcels sl Y ely dlas
(ol g ovyd s .Y

(ledl) 5l g w9 HSPe Jloo 5 Olee oS slaailp a5 400 )
(s2r03) oo oo sgeil )3 5 S g belSied b il Y
(Groe S5) 4,55 O CPepd swyn 5 SISber Slles (SIS 53 O)les Y
w9 )SSer ploj 9ySll Bpae (fie 3 & 5 U (o ) o Slgew Y

$) g dbogyo sla g5 5l odlital L ()89 Jlail otz y905] -

5 o ST oy g Y A o & (55 S35 slaaVsh (g Kbgr 1) 386 glo S eolizl b (225 ge3] ¥
A 151y S L o Sl 5, Mg Jlail B8 gle 051 ¥

2l 50 G S 9 (o5 elsS 2 badlowe S5 Lailyd )3l g VY gz JUal bt 03 ol (9] -
GMAW ¢, Ss> 290 (5 530y lo @ld puds g oanlio —0

P b e g €8y i e dlal p 6)Kbgr bl 3 sy WY 3kl 20 slo Sl sl ozl b Sgld pgesl sla Sl 35 0l F
GTAW () igs 1], Syl 3ol a4 )b VLl 5 (536 (gl )9 (0 -V

2 sy okl 5 G o s E5 0 5SBsn Lulyd S ey SV D3 Gher (Rl I 52 Ce g g (6 RBsr Gt 5 (0 A
d 395U ai] b olizel SBlol ¢)Sie

st 29580 13 3 g (6l 2 (5B Jelse U oy -0 Sl 53 Uher Lol (s9y 2 Alad Slasuie g jhuedl 95 30 oy A
Ol (S )53

iy sbas . F

1- ASM Handbook, Vol. 6A (Welding Fundamentals and Processes), ASM International, 2011.
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Amirkabir University of Technology
(Tehran Polytechnic)

Bachelors of Science Curriculum & Course Description

Materials and Metallurgical Engineering



Course Structure:

The courses in the Materials and Metallurgical Engineering program include general humanities

and languages (22 units), basic science courses (27 units), core courses (58 units), program

specific courses (20 units) and elective courses (15 units).

The total number of courses in the BSc program is 140 (students who pass 22 general
humanities and language courses should pass 142 course for graduation). Table 1 shows the
structure of the courses, descriptions and the number of units in each category.

Table 1 — Course structure for the Materials and Metallurgical Engineering program.

Theme (23 units)

Manufacturing Processes Theme (24
units)

Materials Science and Engineering
Theme (23 units)

Course type Number of Description Table
units No.

General humanities and | 22 Based on the Amirkabir University of 2
languages Technology program

Basic science 27 23 lecture units and 4 practical units 3
Core 58 50 lecture units, 3 practical units, 2 units | 4

of internship and 3 units BSc research

Program specific * 20 25 lecture units and 3 practical units 5
Elective ** 15 Materials Production and Synthesis 6

* The total number of courses in this category is 28. Students should pass a minimum of 20

units from this category. Extra units from this category will account for elective courses.

** Students should select one group from the three specified themes. Students should pass a

maximum of 15 units from one theme (the number of available units in each theme varies).

Student may take extra courses from Table 5 instead of elective courses.




Table 2 — Basic Science Courses

Basic Sciences Course List

No Course Title Credits Prerequisite Courses
Lecture Practical (Co-requisite Courses)

1 Mathematics | 3 -

2 Mathematics Il 3 Mathematics |

3 Differential Equations 3 Mathematics Il

4 Computer Programming 3 Mathematics |

5 Numerical Computations 2 Computer Programming

6 Physics | 3 -

7 Physics Laboratory | 1 (Physics 1)

8 Physics Il 3 Physics |

9 Physics Laboratory Il 1 (Physics 1)

10 | General Chemistry 3 -

11 | General Chemistry Laboratory 1 General Chemistry

12 | General Workshop 1 -

Total 23 4




Table 3 — Core Courses

Core Courses List

No Course Title Credits Prerequisite Courses
Lecture Practical (Co-requisite Courses)
1 Engineering Mathematics 3 Differential Equations
2 Industrial Drawing 1 1 -
3 Statics 3 Physics |
4 Mechanics of Materials 3 Statics
5 Fun.dame.ntals of Electrical 3 Physics I
Engineering
Introduction to Materials 1
6 ) . -
Engineering and Metallurgy
7 Crystallography 3 (General Chemistry)
8 | Transport Phenomena 3 (Differential Equations)
9 Physical Chemistry of Materials 3 Physics | - (Mathematics )
10 | Thermodynamics of Materials 3 Phy5|cfa1l Chemistry of
Materials
11 | Physical Metallurgy | 3 Crystallography
12 | Metallography Laboratory 1 Physical Metallurgy |
13 | Physical Metallurgy Il 2 Physical Metallurgy |
14 | Solidification of Metals 2 Tran‘sport Phenomena -
Physical Metallurgy |
15 Mechanical Properties of 3 Mechanics of Materials -
Materials | Physical Metallurgy |
Mechanical Properties of 1 Mechanical Properties of
16 ) .
Materials Laboratory Materials |
17 | Materials Chemistry 3 General Chemistry
18 | Materials Physics 2 Physics Il
. . 3 Thermodynamics of
19 | Electrochemistry and Corrosion .
Materials |
3 Physical Chemistry of
20 | Kinetics of Materials Materials - Transport
Phenomena
91 Materl.als Char?cterlzatlon and 3 80 Credits
Analysis Techniques
22 | Internship 2 80 Credits
23 | Bachelors of Science Project 3 100 Credits
Total 50 ]




Table 4 — Program Specific Courses

Program Specific Course List - Materials and Metallurgical Engineering

No Course Title Credits Prerequisite Courses
Lecture Practical (Co-requisite Courses)

1* | Principles of Metal Production | 3 Thermodynamics of Materials

2* | Introduction to Manufacturing 3 Mechanical Properties of
Processes Materials |

3 Advanced Materials 3 Materials Physics

4 Heat Treatment 2 Physical Metallurgy Il

5 Principles of Materials Forming 3 Mechanical Properties of

Materials |
6 Casting 3 Industrial Drawing — Transport
Phenomena

7 Welding and Joining of Materials 3 Physical Metallurgy |

8 Design and Selection of Materials 3 100 Credits

9 Recycling of Metallic Materials 2 Principles of Metal Production |

10 | Engineering Calculations 1 Computer Programming
Workshop

11 | Materials Characterization and 1 Materials Characterization and
Analysis Technique Laboratory Analysis Technique

12 | Corrosion and Coating 1 Electrochemistry and Corrosion
Laboratory

Total 25 3

* Rows 1 and 2 from the program specific courses list is mandatory.
- Completing minimum of 20 credits from 28 credits of specific courses list is mandatory.

- Completing minimum of 3 credits of laboratory/workshop from courses in Tabled 4 to 7 is
mandatory



Table 5 — Elective Package - Materials Production and Synthesis Theme

Elective Package List - Materials Production and Synthesis

No Course Title Credits Prerequisite Courses
Lecture Practical (Co-requisite Courses)
1 Principles of Metal Production Il 3 Principles of Metal Production |
2 Non-Ferrous Metal Production 3 Principles of Metal Production |
3 Iron and Steel Making 2 Principles of Metal Production |
4 Sustainable De\{elopment in 2 100 Credits
Metals Production
5 Process Control 3 Engineering Mathematics
6 Synthesis for Advanced Energy 2 Materials Chemistry - Principles of
Materials Metal Production |
Bioprocesses in Metallurgical 2 I .
7 . . Principles of Metal Production |
Engineering
8 Metals Production Laboratory 1 Principles of Metal Production |
9 Scientific Language 2 80 Credits
10 Engineering Economy and 2 30 Credits
Management
11 Res.e.arch Method and Report 2 60 Credits
Writing
Total 23 1




Table 6 - Elective Package - Manufacturing Processes Theme

Elective Package List - Manufacturing Processes

No Course Title Credits Prerequisite Courses
Lecture Practical (Co-requisite Courses)
1 Surface Engineering and Coatings 3 Electrochemistry and Corrosion
2 Powder Engineering 2 100 Credits
Mechanical Properties of Mechanical Properties of
3 ) 3 .
Materials - Il Materials - |
4 Non-Destructive Testing ) Introduction to Manufacturing
Processes
5 Composite Materials 2 100 Credits
6 Materials Forming and Powder 1 Principles of Materials Forming
Laboratory
7 Heat Treatment Laboratory 1 Heat Treatment
8 Materlal§ Jmmng and Non- 1 Welding and Joining of Materials
Destructive Testing Laboratory
9 Solidification and Casting 1 Casting
Laboratory
9 Specific Language 2 80 Credits
10 Engineering Economy and ? 30 Credits
Management
11 Res.e.arch Method and Report ) 60 Credits
Writing
Total 19 4




Table 7 - Elective Package - Materials Science and Engineering Theme

Elective Package List - Materials Science and Engineering

No Course Title Credits Prerequisite Courses
Lecture Practical (Co-requisite Courses)
1 Computétiongl Material Science 3 100 Credits
and Engineering
2 Principles of Polymer Engineering Materials Chemistry
3 Principles of Ceramics 3 Materials Chemistry — Materials
Engineering Physics
4 Biomaterials 2 Materials Chemistry
5 Modern Physics in Engineering 3 Materials Physics
6 Nanomaterials 2 100 Credits
7 Materials Chemistry Laboratory 1 Materials Chemistry
8 Specific Language 80 Credits
9 Engineering Economy and ) 80 Credits
Management
10 Res.e.arch Method and Report ) 60 Credits
Writing
Total 22 1
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Course Title: Statics

Course Goals:
1- Introduction to Calculation of Force and Moment Resultants Using Equilibrium Equations to
Determine Stability or Stationary Condition of Rigid Objects

Syllabus:

Introduction, Scalar and Vector Quantities and Vector Operations

- Unit vector, orthogonal components of a vector, direction cosines

- Vector components and vector decomposition

- Addition, multiplication and subtraction of vectors with Cartesian expression

Types of Forces, Force Equations and Resultant of Forces

- Definition of force and its types, resultant of a force system

- Equilibrium of a particle and equilibrium equations of forces applied on it

- Types of force supports

Types of Moments, Moment Equations and Resultant of Moments

- Moment relative to a point, Moment relative to an axis

- Couples and, types of supports, reactive moment applied on a body

Equilibrium of a Rigid Object

- Expression of equilibrium equations of force and moment applied on an object

- Different modes of resultants

Friction and its Concepts

- Types of friction, application of dry friction and its equations

- The principle of virtual work

Surface and Surface Profile of Objects at Equilibrium under Moment

- Restricted and planar surface, statical moment of a restricted and planar surface relative to an axis
- Determination of geometrical center of a surface, Pappus-Guldinus theorems and applications
- Polar moment of inertia of a restricted and planar surface relative to a point

- The parallel axis theorem, polar gyration radius of a surface

- Product moment of inertia of a restricted and planar surface relative to two orthogonal axes, the
parallel axis theorem

- Principle members of inertia, Mohr’s circle and inertia

Truss and Loading Analysis

- Fixed and non-fixed planar truss, node method and cross section method in truss analysis
- Truss Analysis Training Softwares

Beams and Loading Analysis

- Stresses (internal forces and moments) on beams

- Equations and diagrams of stresses in beams

- Beam Analysis Training Softwares

Cables and Loading Analysis

- Determination of support response, checking tensile force in a cable with concentrated loads
- Parabolic cable with extended load, application of cables

Frames and Loading Analysis

- Stresses, equation of stresses in frames

- Plotting stress graph and its application

Arches and Loading Analysis

- Fixed static arcs

- Stresses in arches, equations of stress, plots and applications

References:
1- “Statics”, J. L. Meriam, L. G. Kraige; John Wiley, 7" Ed. 2011
2- “Engineering Mechanics: Statics”, R. C. Hibbeler; Pearson, 13th Edition, 2013




Course Title: Mechanics of Materials

Course Goals:

1- Familiarity with Types of Stress, Strain and Load Along with Determination of Fundamental Equations
of Mechanics of Materials

2- Ability to Apply Fundamental Equations to Determine Strength of Engineering Materials Under
Different Loads

Syllabus:

Stress and Strain

- Introducing stress and its types

- Introducing strain and its types

- Application of stress and strain engineering in 2D and 3D space

Simple Tensile Test

- Ductile material and brittle material

- Resilience and toughness of material

- Elongation of bars under axial force

Mechanical Properties of Materials Discussed in Mechanics of Materials

- Elasticity coefficient (E), Poisson's coefficient (u), Rigidity coefficient (G), Hooke's general and simple
law

- Volumetric stress and volumetric strain, Volume elasticity coefficient (K), isotropic and anisotropic
material, homogeneous and heterogeneous material

Static Indeterminate Systems

- Systems with rigid members

- Systems with rigid members under axial force

Thermal Stress in Simple and Composite Rods

Torque and Equation of Torque

- Twisting angle and equation of twist angle in members under torsion, torsion in rods with circular
cross-sections

- Torsional shear stress equation, twisting angle, torsional shear strain.

Normal Stress Caused by Applied Force

- Normal stress equation, neutral axis

- Drawing diagram of normal stress variation perpendicular to the neutral axis of the cross-section.
Simple bending and oblique bending, off-center load

Tangential Stress Caused by Applied Force

- Tangential stress resulting from bending

- Drawing diagram of tangential stress variation perpendicular to the neutral axis

Internal Moments and Forces of Beams

- Equations, forces in beams

- Drawing their diagram over the beam

- Linear (deflection) and angular (slope) deformations caused by transverse loads in beams, deflection
equations, slope in beams

- Drawing their diagrams over the beam, relationship between deformation equations and efforts
(internal forces and moments) in the beams

Stresses and Strains in Thin Walled Tanks

- Spherical thin-walled tanks under uniform pressure

- Cylindrical thin-walled tanks under uniform pressure

- Safety criteria of tank leakage or explosion

Two-Dimensional Stress State and Mohr’s Stress Circle




- General equations for normal and tangential stresses applied on an optional plane passed through a
given point, principal stresses and calculations, principal planes, positioning principal stress axes at a
given point of plane stress state.

- Drawing Mohr’s stress circle for plane stress state, specifications and applications of this circle

- Maximum shear stress within the plane

Three-Dimensional Stress State and Mohr’s Stress Circles

- Stress matrix, Stress constants 11, 12 and I3, stress characteristic equation, principal stresses 21, @2, 3
and their calculation, principal planes and positioning principal stress axes at a given point.

- Drawing Mohr’s stress circuits for three-dimensional stress modes, application cases.

- Octagonal planes, normal and tangential stresses, and resultant of stresses applied on octagonal
planes

- Maximum shear stresses (1, B2, B3 and their calculation, principal shear stress planed for three-
dimensional stress state

Three-Dimensional Strain and Mohr’s Stress Circles

- Strain matrix, principal strain constants J1, J2, J3, principal strains 21, B2, @3 and their calculation,
positioning direction of principal strains

- Maximum shear strains @1, B2, B3 and their calculation

- Mohr’s strain circle for plane strain state, drawing procedure and specifications

Strain Gauges and Stress-Strain Conversion Relations in Engineering Applications

- Orthogonal arrangement, delta and 45-degree strain gauges

- Three-dimensional strain conversion relations

Strain Energy

- Resistance criteria (definitions of relations and diagrams) of Rankine, Tresca, von Mises, Moher, Saint-
Venant

References:

1- F.P. Beer Johnstone & J.T. Dewolf, “Mechanics of Materials”, McGraw-Hill, 2001
2- E. Popove, Prentice-Hall, “Mechanics of Materials”, 2" edition, 1976

3- R.R. Craig, “Mechanics of Materials”, 3" Ed. John Wiley, 2011
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Course Title: Fundamentals of Electrical Engineering

Course Goals:

1- Introduction to Principles and Applications of Electrical Engineering including Electrical Circuits,
Electric Machines and Control Equipment

2- Introduction to Theoretical Principles of Continuous and Alternating Currents in Electric Devices

Syllabus:

Introduction

- Magnetism and electromagnetism, the governing equation, Ampere law, hysteresis, and magnetic
saturation, permanent magnets, Faraday's law, eddy currents and eddy current loss, electromagnetic
force and torque

Electric Machines: DC Motors and Generators

- Geometry, fields, voltage and current

Transformers

- Specifications, ideal transformers, equivalent circuit of transformer, nominal power and dissipation,
open circuit test and closed circuit test, current and voltage transformers, single phase and three phase
transformers, connection types of three phase transformer, autotransformers

Induction Machines (Alternating Current Motors)

- Description, performance principles, generating torque, performance of induction motors near
synchronous speed, leakage inductance, working characteristics, starting of an induction motor
Synchronous Motors

- Design and performance principles, Sliding rotor, permanent magnet rotors, equivalent circuit

- Single phase motors and servomotors

- Industrial Electronics

Control Systems

Automatic switches and relays in control circuits

References:

1- Electric Machinery Fundamentals, Stephen Chapman, 5" Ed. 14" Edition, 2011
2- A.E. Fitzgerald, Basic Electrical Engineering, 2014

3- Vincent Del Toro, Basic Electrical Machines, Prentice Hall, 1990
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Course Title: Introduction to Materials Engineering and Metallurgy

Course Goals:

1- Getting Familiar with The World of Materials Science and Engineering and Understanding its Position,
Branches and Subdisiplines

2- Becoming Aware of Domestic and Foreign Industrial Capacity and Labor Market of Materials Science
and Engineering

3. Creating Motivation and Awareness and Providing Intellectual Support for Conscious Pursuit of
Academic Program in Materials Science and Engineering

Syllabus:

Introduction and Background

- Introducing the course, asking questions regarding the field of study

- How did humans become civilized? timeline of human civilization, role of engineering materials in the
periods of human civilization, identification of present age and human innovations during the last
century

The Nature of Materials

- Background and origin of the universe, how were materials in the beginning of universe? How did this
endless variety in engineering world evolved from limited table of elements? genesis of materials in the
world

Engineering Materials

- Timeline of engineering materials development, alchemy and metallurgy development, engineering
materials and metals production, a look at periodic table of elements

Evolutionary Process of Metallurgy

- Brief description of production and extraction process of metals, iron and steel in different ages,
evolution of iron and steel production in Iran and the world, evolution of non-ferrous metal production
in Iran and the world

Introduction to Engineering and The Role and Responsibilities of an Engineer:

- What is Engineering? Who is an engineer? How is engineering? Getting familiar with engineering
disciplines and position of materials science and engineering, how did engineering disciplines originate?
position of materials science and engineering

Materials Engineering:

- What is materials engineering? What is materials science? What is pyramid of materials?
Understanding the role and importance of materials structure

Pyramid of Materials Science and Engineering:

- Materials structure and materials properties, materials structure and materials behavior during
manufacturing processes, relationship between properties and structure of materials, Initial familiarity
with material standards

What are Manufacturing and Production Processes of Engineering Materials?

- Metal production processes (Multimedia)

- Forming, casting, coating, welding and heat treatment processes (Multimedia)

Characterization, Selection and Design of Material:

- How are engineering materials identified and investigated? (Multimedia)

- How are engineering materials designed and selected? (Multimedia)

Labor Market

- Definition of business, what is a job? Where is labor market for materials science and engineering?
What industries and countries provide job opportunities for us? Can | build my own business in this
field? Can | create wealth? Familiarity with labor market, industries and research centers of materials
science and engineering

- Visiting laboratories and workshops of the department, lecture by industrialists, invited professor,
pioneers and entrepreneurs

References:
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1- Askeland, The Science and Engineering of Materials 6th ed., 2011

2- Reardon, Metallurgy for Non-metallurgists, 2nd ed., AFS

3- R.F. Tylecote, A History of Metallurgy, 2nd ed., The Institute of Materials, 1992

4- Metallurgy Theory and Practice, D. K. Allen, Translated by Akbar Qari Niat, Azmoon Press, 1998
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Course Title: Crystallography

Course Goals:

1- Introduction to Crystal Structure of Materials

2- Ability to Calculate and Understand Geometry Structure of Materials
3- Application of Crystallography and Diffraction in Materials Engineering

Syllabus:

Introduction to Materials Science and Engineering

- Thomas tetragonal to explain interaction of mechanical behavior of materials with other factors
- Structural scales of materials

- Introduction to electronic structure of materials, primary and secondary bonds, and relationship
between force-distance diagram and material properties

Macroscopic Symmetries

- Definition of symmetry, main elements of symmetry including mirror symmetry, central symmetry,
rotation symmetry and rotoinversion symmetry

- Representation of symmetry elements by stereographic symbols

Crystalline and Non-Crystalline Materials

- Importance of arrangement type of atoms, short-range and the long-range order

- Isotropy of non-crystalline materials properties and anisotropy of crystalline materials properties
- Natural and artificial single crystals, solidification and formation of polycrystalline materials

2-D and 3-D Crystal Systems

- Space lattice

- Unit cell, geometry of a unit cell, primitive unit cell

- Four 2-D systems, Wigner-Seitz unit cell, seven 3-D systems, lattice parameters

2-D and 3-D Crystal Lattices

- Five 2-D crystal lattices, fourteen 3-D Bravias lattices

- Symmetry in Bravias lattices, motif

- Structure of NaCl, ZnS and HCP

Crystal structures

- Point coordinates, coordination number, relation between lattice parameter and atomic radius
- Face-centered cubic, body-cenetred cubic and hexagonal close-packed structures, unit cell volume
- Atomic packing factor, theoretical density of crystalline materials, allotropic transformations
Crystallographic Directions and Planes

- Miller and Miller—Bravais indexing of directions

- Linear density and linear packing factor, family of directions

- Miller and Miller—Bravais indexing of planes

- Planar density and planar packing factor, family of planes

- Close-packed crystal structures

- Definition of crystal planes, interplanar distance, relation between plane indices, density and
interplanar distance, interplanar angle, interface of two planes, zonal plane

- Crystal formation by close-packed planes arrangement; ABAB hexagonal closed packed (HCP) and
ABCABC face-centered cubic (FCC) arrangements

Interstitial sites in crystals

- Tetrahedral and octahedral interstitial positions, interstitial sites in FCC, BCC and HCP lattices

- Interstitial sites between two close-packed planes of AB positions

- Carbon solubility in FCC and BCC structures

Crystal Structure of Ceramics, Crystal Lattice Defects

- Important crystal structures in ceramics, spinel and inverse spinel structure

- Piezoelectric effect, thermoelectric phenomenon

- Density and ionic packing factor, crystal structure of covalent materials

14




- Point, linear, planar and volumetric crystal defects and principles of precipitation hardening heat
treatment

Stereographic Image

- Reference cube, drawing and applications of stereographic image, Wulff net

- Placing a pole on a standard stereographic image

- Measuring the angle between the planes, standard stereographic image

- Indicating crystallographic directions and zone in stereographic image

- Indexing planes in stereographic image

Introduction to Application of X-ray and Electron Beam Diffraction in Crystallography

- X-ray generation, scattering and diffraction, Bragg's law, determination of diffraction angles
- Application of X-ray and electron beam diffraction in studying crystal structure of materials
Microscopic Symmetries, Point Group and Space Group

- Translational symmetry, elements of macroscopic symmetry

- 32 point groups

- Symmetries of seven crystal systems, elements of microscopic symmetry

- Sliding symmetry plane, torsional symmetry axis, formation of space groups

Polymer Crystallinity and Liquid Crystals

- Polymers, polymers crystallinity, polymer crystals, liquid crystals

- Liquid crystal displays and thermometer

References:

1- Marashi, Pirooz, Majid Puranvari, Masih Rezaei, DorsaSadat Safanama, Crystallography in Materials
Engineering, Amirkabir Press, 2016.

2- Callister, William D., Jr., David G. Rethwisch, Materials Science and Engineering, An Introduction,
Eighth Edition, John Wiley and Sons, 2009.
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Course Title: Transport Phenomena

Course Goals:

1- Introduction to Mass, Energy and Momentum Conservation Laws

2- Introduction to Mass, Momentum and Heat Transport Mechanisms

3- Solving Engineering Problems Related to Mass, Momentum and Heat Transfer by Applying
Conservation Laws

Syllabus:

Introduction

- Application of transport phenomena in engineering

- Mass, energy and momentum conservation laws; analogy between phenomena

Part I: Momentum Transfer (Fluid Dynamics)

Introduction to Fluid Statics

- Pressure at a point, Pressure variation in a static fluid, Buoyancy force

Momentum Transfer in Laminar Flow

- Newton’s law of viscosity and the concept of viscosity

- Calculating gas viscosity using kinetic theory of gases, viscosity of metallic, covalent, ionic and van der
Waals liquids

- Shell Momentum Balance in Laminar Flow: Couette flow, flow of a falling film, flow through a circular
tube (Hagen Poiseuille Equation)

Continuity and Momentum Conservation Equations in Fluid Dynamics

- Continuity equation, Navier-Stokes and special cases

- External flows: creeping flow around a sphere

An Introduction to Turbulent Flow

- Reynolds experiment

- Definition of friction factor, empirical equations for flow in tubes (Moody diagram) and external flows
- Flow in packed bed (Darcy equation and Ergun equation)

Macroscopic Mechanical Energy Balance

- Macroscopic equilibrium of mechanical energy, Bernoulli's equation and head loss

- Solving engineering problems using Bernoulli’s equation: Draining a tank, Pitot tube and Venturi meter
Part Il: Heat Transfer

Steady State Heat Conduction

- Fourier's law of heat conduction and concepts of thermal conductivity coefficient and thermal
diffusivity, thermal conductivity in gases, liquids and solids

- Heat conduction through flat and composite walls under steady state condition

- Thermal conductivity with heat generation

- One dimensional general equation of heat conduction

Transient Heat Conduction

- lumped capacitance model (Newtonian cooling)

- Cooling in semi-infinite system

- Transient heat conduction general solution (Heisler charts)

- Industrial and engineering applications: metal solidification

Convective Heat Transfer

- General equation of energy transfer, forced and free heat convection

- Concept of heat transfer coefficient, boundary layers and empirical equations for convective heat
transfer

Radiative Heat Transfer

- Electromagnetic waves and nature of radiation, Planck's law for black-body radiation

- Stefan-Boltzmann law, gray bodies and emissivity

- View factor and electric analogy in solving engineering problems of radiation

Part lll: Mass Transfer

16




Mass Diffusion and Mass Transfer Mechanisms

- Molecular mass transfer and Fick’s first law

- Mass transfer by convection and overall flux of mass transfer

- Gas diffusion coefficient, liquid diffusion coefficient theories

- Shell mass balance and boundary conditions, diffusion through a stagnant gas film

References:

1- David Gaskell; An Introduction to Transport Phenomena in Materials Engineering, 2™ Ed. 2013

2- R.R. Bird, W.E. Stewart, E.N. Lightfoot; Transport Phenomena, Wiley; 2" Ed. 2001

3- Poirier and Geiger; Transport Phenomena in Materials Processing, TMS, Min., Met., & Mat. Society,
2016
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Course Title: Physical Chemistry of Materials

Course Goals:
1- Introduction to Physical Laws Governing Chemical Systems
2- Introduction to Basic Thermodynamics Laws

Syllabus:

Basic Concepts, Definitions and Agreements:

- Atom, molecule, matter, states of matter (gas/liquid/solid), phase

- Measurement quantities, force, energy, heat, physical transformation and chemical change

- Physical chemistry structure (thermodynamics, kinetics, quantum chemistry, statistical mechanics)
Gases:

- Empirical basics and history of extraction perfect gas law (Boyle-Mariotte’s law, Gay-Lussac’s law,
Charles’s law, Dalton’s law and Amagat’s law)

- Kinetics theory of perfect gas (molecular speed, collision frequency, mean free path)

- Real gases (van der Waals equation, compression factor (Z), virial equation of state)

The First Law of Thermodynamics

- Concepts and definitions (work, heat and energy), thermal equilibrium principle (the zeroth law of
thermodynamics) Caloric theory and Lavoisier’s definition of heat, relation between work and heat
(Joule’s experiment), definition of heat and work, types of work (mechanical work, electrical work,
surface work, etc.), the first law of thermodynamics

- Reversibility concept, maximum work for reversible change, definition of infinitesimal change

- Enthalpy, heat capacity, nature of heat capacity, fluctuation-dissipation theorem, Joule-Thomson
experiment

The Second Law of Thermodynamics

- Quality of energy, analyzing steam engine limitations and investigating efficiency improvement,
Carnot and Rankine cycles

- Expression of second law by William Thomson and Clausius

- Concept of entropy, entropy of system, entropy of environment and entropy of universe

- Concept of spontaneity and formulation of the second law

- Origin of entropy and the third law of thermodynamics

- Gibbs and Helmholtz energies, maximum work for expansion and non-expansion works

Combining The First and Second Laws

- Internal energy, Maxwell relations

- Properties of Gibbs energy, Gibbs-Helmholtz equation, relation between Gibbs energy and maximum
non-mechanical work, Nernst heat theorem

Introduction to Equilibrium Concept

- Phase stability concept in one-component systems, phase diagram of one-component systems, phase
boundaries, normal boiling point, normal melting point, sublimation point, triple point

- Phase diagrams of water, carbon dioxide and helium

Physical Chemistry of Interfaces

- Liquid surfaces: macroscopic and microscopic images of surface, surface tension, Young and Laplace
equations

- Wetting phenomenon and contact angle: Young’s equation, linear tension, wetting and important
wetting geometries

- Solid surfaces: definition of crystalline surfaces, thermodynamics of solid surfaces, surface tension and
surface stress, surface energy

References:

1- Atkins and Julio de Paula, Physical Chemistry: Thermodynamics, Structure, and Change, 10th Ed.
Oxford University Press, 2014.

2- David R. Gaskell, Introduction to the Thermodynamics of Materials, 6th Ed, CRC Press, 2018.

18




3- Hamid Omidvar and Milad Rezaei, Physical Chemistry of Materials, Amirkabir University Press, 2014.
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Course Title: Thermodynamics of Materials

Course Goals:

1- Application of Thermodynamic Rules and Functions to Predict Physical and Chemical Behavior of
Materials

2- Predicting Equilibrium Conditions in Reactive Systems in Materials Engineering Processes

Syllabus:

Concepts and Terms

- Definition of system (isolated, open, closed) and environment

- Microscopic and macroscopic state of the system, intensive and extensive quantities, thermodynamic
variables

A review on Basic Thermodynamics Laws

- Overview of concepts of work, heat, internal energy, mass and energy and conversion of them to each
other

- Enthalpy and entropy change with temperature, volume, and pressure

- Thermochemistry and application of the first law of thermodynamics

- The second law of thermodynamics and chemical reactions

- Maximum expansion work and maximum non-expansion work, concept of spontaneous and non-
spontaneous work

- Mixing entropy, statistical interpretation of entropy, overview of the third law of thermodynamics
Equilibrium in Single-Component Systems

- Definition of Gibbs energy and its relationship with work and universe entropy

- Chemical potential, equilibrium in heterogeneous systems, molar and integral quantities

- Phase equilibrium in single component systems, Gibbs energy change with temperature at constant
pressure, Gibbs energy change with pressure at constant temperature

- Clapeyron and Clausius-Clapeyron equations and extracting vapor pressure equations

- Application of Clausius-Clapeyron equations for calculating enthalpy and entropy changes of melting
and evaporation, specific heat capacity change at constant pressure, and calculating temperature and
pressure of triple point

Equilibrium in Multicomponent Systems without Reaction (Thermodynamics of Solutions)

- Reminder of ideal gases and gas mixtures, concept of activity, solutions behavior, Rault's and Henry's
laws, components activity in binary solutions

- Gibbs-Duhem equation and its application in determination of activity and coefficient of activity, Gibbs
energy of solution formation (mixing), non-ideal solution and its comparison with ideal solution, regular
solutions, introducing alpha function (a), excess quantities

- Two-component phase diagrams, Gibbs energy and activity, Gibbs energy of formation of regular
solution, criterion of phase stability in regular solutions, solid and liquid standard states, obtaining two-
component phase diagrams based on thermodynamic calculations

Equilibrium in Multicomponent Systems with Reaction

- Chemical thermodynamics, equilibrium in systems of reactive gases (SO,//SOs, CO//CO,, H,O//H,
systems)

- Equilibrium in systems consisting of condensed phases and gaseous phase

- Equilibrium in condensed reactive systems (equilibrium criteria, standard states, Gibbs phase rule)

References:

1- David R. Gaskell and David E. Laughlin, Introduction to the Thermodynamics of Materials, 6th Ed, CRC
Press, 2018.

2. Chemical Thermodynamics of Materials: Macroscopic and Microscopic Aspects, by Svein Stglen, Tor
Grande, John Wiley & Sons, 2004.

3- Problems in Metallurgical Thermodynamics and Kinetics, Translated by Eskandar Keshavarz Alamdari,
Amirkabir University of Technology Press, Third Edition, 2017.
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4. Chemical Thermodynamics of Materials, Translated by Davood Haghshenas, Seyed Hadi Tabaian and
Mohammad Reza Qaani, Amirkabir University of Technology Press, 2012.
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Course Title: Physical Metallurgy |

Course Goals:

1- Introduction to the Atomic Structure and Defects of Metal Crystal Lattices

2- Understanding the Relationship between Structure and Properties of Materials and Phase
Transformations

3- Introduction to Equilibrium Phase Diagrams and Developing Skills in Computations of Phase diagram,
and its Application, and Plotting Phase Structure of Materials

Syllabus:

Basic Definitions

- Introduction to materials science and engineering, z

- Gibbs’ phase rule and degree of freedom in phase determination, introduction to metal solidification:
definition and types of solidification, homogeneous and heterogeneous nucleation and growth, and
factors affecting grain structure of metals

- Types of solid phases, definition of metal alloys, solid solutions (single phase and multiphase),
intermetallic phases and compounds

Equilibrium and Non-Equilibrium Phase Diagrams

- Equilibrium phase diagrams and their sketching, complete and limited solubility in binary systems in
melt and solids. Types of binary diagrams (isomorphous, eutectic, peritectic, monotectic, eutectoid,
etc.)

- Lever rule and application of phase diagrams for determining type, number, amount and distribution
of equilibrium phases at each equilibrium concentration and temperature, schematic drawing of phase
structures of alloys during solidification using phase diagrams

- Introduction to ternary phase diagrams

Phase Diagram of Iron-Carbon (Steels)

- Iron / carbon equilibrium diagram, types of ferrite phases (equilibrium and Widmanstatten),
martensite, bainite, austenite and pearlite and how to stabilize phase structure by equilibrium and non-
equilibrium solidification in simple carbon steels

- Properties of steels based on microstructure and industrial application of steels, introduction to alloy
steels and effect of alloying elements

Phase Diagram of Cast Irons

- Cast irons, types of cast iron and their structural analysis (ledeburit, pearlite, graphite, cementite and
austenite) using phase diagram of cast irons

- Investigation of cast iron structure based on the type and shape of graphite and carbon such as gray
cast iron, white cast iron, malleable cast iron, spherical graphite cast iron, mottled cast iron, etc.

- Properties and industrial applications of cast irons

Phase Diagram of Nonferrous Alloys

- Aluminum and its alloys, review of microstructure and applications

- Copper and its alloys, review of microstructure and applications

- Nickel system and its alloys, review of microstructure and applications

Application of Phase Diagrams and Metal Properties

- Precipitate, secondary phase and relationship of resulting microstructures with mechanical properties
- Alloying and its effect on strength of metals

- Application of phase diagrams in identifying materials properties, such as: castability, fluidity,
segregation defects, effect of alloying elements on strengthening mechanisms

- Introduction to the process of heat treatment and relationship between microstructure and properties
in this process

References:
1- Avner, Introduction to Physical Metallurgy, McGraw-Hill, 2" ed, 2001
2- Cottrel, An Introduction to Metallurgy, Askeland, The Science and Engineering of Materials
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3- Callister, William D., Jr., David G. Rethwisch, Materials Science and Engineering, An Introduction, 8
ed, Wiley, 2009

4- Reed-Hill, Abbaschian, Physical Metallurgy Principles, PWS-Kent Pub, 1992

5- Engineering Physical Metallurgy, Y. Lakhtin, Translated by Afsaneh Rabiei, Hosseinian Technical Press,
1986

Course Title: Metallography Laboratory

Course Goals:

1- Experience and Skill in Preparing Metallographic Samples

2- Observing and Acquiring Skills in Optical Microscopy Study of Metallurgical Structures
3. Identifying and Analyzing Metallurgical Structures of Metals

4- Skills in Reporting Metallographic Results

Syllabus:

Familiarity with Metallographic Equipment, Tools and Materials

- Method of using metallographic optical microscopes

- Sample preparation method: (Cutting, Mounting, Sanding, Replica, Polishing and Etching),

- Sanding and polishing: Manual sanding, sand disc, sand machine, abrasive particles, electro-polish

- Optical microscope: identification of microscope components, how to operate optical microscope,

- Sampling, setting objective lens, ocular lens, depth of field, analog and digital imaging

Macroscopic Metallography

- Macro-etching, observing macrostructure of cast aluminum specimens, observing grain structure
Microscopic Metallography

- Micro-etching, observing microstructure of cast aluminum specimens, observing gas and shrinkage
cavities, observing dendrites, etchant solutions, electro-etch

- Identifying metallographic errors: sand lines, over-etching effect

Quantitative Metallography

- Determining grain size according to ASTM standard method, structure tomography

Observing and Understanding Structure of Engineering Alloys:

- Carbon steels and Alloy steels, Cast iron, Aluminum alloys, copper alloys

Image Analysis:

- Metallographic image analysis, image processing, scaling, image analysis using Clemex software, phase
fraction calculation, grain size calculation

Method of Reporting Microscopic Structures of Materials:

- Report structure, image preparation, image scaling, image brightness and contrast, image marking,
image captioning and image discussion

References:
1- ASM Handbook, Vol.9 Metallography and Microstructures,
2- Vander Voort, Metallography, Principles and Practice, ASM International, 1984
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Course Title: Physical Metallurgy Il

Course Goals:

1- Introduction to Phase Transformations in Metals, Diffusion in Solids and Precipitation

2- Gaining Skills and Experience in Determining Phase Structure of Metals to Achieve Engineering and
Functional Properties.

3. Understanding Basics of Heat Treatment Processes for Engineering Applications

Syllabus:

Basic Definitions

- Thermodynamic equilibrium and Gibbs free energy

- Types of equilibrium states, definition of phase transformation and kinetics of phase transformation
- Atomic mobility and energy distribution among atoms in analysis of kinetic behavior
Phase Transformation

- General classification of phase transformations

- Atomic mobility in phase transformations and determination of its mechanism
Introduction to Solidification of Metals

- Definition of nuclei, mechanism of nucleation of molten metals

- Homogeneous and heterogeneous nucleation in molten metals

- Driving and free energy of homogeneous and heterogeneous nucleation in molten metals
- Definition of growth and its mechanism in molten metals

Nucleation and Growth in Solids

- Nucleation in solid metals and mechanisms of nucleation in solids

- Types of nucleation (homogeneous and heterogeneous) and growth in metallic solids

- Critical radius in various nucleation types of solids and effective factors on it

- Rate of homogeneous and heterogeneous nucleation and growth and effective factors on them
- Kinetics of homogeneous nucleation and Avrami equation (JMA)

- Effective factors on solid-state phase transformation

Diffusion in Solids

- Mechanisms of diffusion in solids, diffusion in ideal solution

- The first and second Fick’s law

- Atomic mobility under stable and unstable conditions

- Kirkendall effect, Darken’s equations and measurements of diffusion coefficient

- Solution of Fick’s second law by Matano, thin layer and Grube methods

- Surface hardening, nitriding, carbonitriding, and decarburization

- Self-diffusion, effective factors on diffusion coefficient

- Diffusion in grain boundaries and free surfaces, lattice and grain boundary diffusion
Precipitation Hardening (Age Hardening) of Metal Alloys

- Secondary phase, precipitate dispersion, age hardening and precipitation hardening

- Interface of metastable precipitates and GP zones, alloys capable of age hardening

- Activation energy and mechanisms of age hardening and its effect on metal strength, its industrial
applications

Spinodal Decomposition

- Uphill diffusion, activity and phase separation

- Mechanisms and equations governing spinodal decomposition

- Alloys susceptible to spinodal decomposition and its effect on metal strength

Recovery, Recrystallization and Grain Growth in Metal Solids

- Introduction to cold working and phenomena of recovery, recrystallization and growth in annealing
process

- Recovery process, its driving force and mechanism
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- Recrystallization process, its driving force and mechanism, governing equations and effective factors
on it, difference between static and dynamic recrystallization and empirical characteristics, industrial
applications

- Growth of recrystallized grains, mechanism and governing equations, industrial applications, solute
drag effect and pinning by secondary phase particles

Diffusional Transformations

- Introduction to heat treatment, CCT and TTT diagrams, their application in determining the
microstructures of metals and their relation to mechanical properties of metals.

- Pearlite phase transformation: types of equilibrium and non-equilibrium pearlite, interlamellar
spacing, and its relation with strengthening

- Diffusion mechanism and equations governing nucleation and growth of perlite layers, effective
factors (heat and alloying elements)

- Types of pearlitic and ferritic-pearlitic steels and effect of perlitic structure on hardness and
mechanical properties of metals

Diffusionless Transformations

- Crystal lattice and crystallography of martensite, diffusionless transformation mechanism of
martensite, Bain distortion

- Morphologies of martensite, effects of stress, strain and alloying elements on martensitic
transformations, metals capable of martensitic transformation and its effect on metal strengthening
Bainite Transformations

- Bainitic transformation, comparison of martensitic and bainitic transformation, upper and lower
bainite and effective factors on bainitic phase transformation, relationship between microstructure and
mechanical properties of bainite

References:

1- Porter, Easterling, Phase Transformations in Metals and Alloys, 3rd Edition., Chapman and Hall, 2009
2- Reza Abbaschian, Lara Abbaschian, Robert E. Reed-Hill, Physical Metallurgy Principles, 4*" Edition,
Cengage Learning ,2009

3- Materials Science and Engineering; a First Course, V. Raghavan, 6" Edition, Prentice Hall of India
Learning, Private Limited, 2015

4- Materials Science and Engineering; an Introduction, W. D. Callister, 9" Edition, John Wiely & Sons,
2009

5- Solid State Phase Transformations, V. Raghavan, Prentice Hall of India Learning, Private Limited, 2015
6- Ashby, Jones, Engineering Materials 2, an Introduction to Microstructures, Processing and Design,
4t ed, Elsevier, 2013

7- Physical Properties of Materials, Ahmad Razagian, 5" EditionNegaresh Olum Press, 2014
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Course Title: Solidification of Metals

Course Goals:

1- Introduction to Solidification Process and Understanding Structure and Properties Resulting from
Solidification

2- Introduction to Mechanism of Nucleation and Growth in Pure Metals, Ability to Solve Governing
Equations and Industrial Applications

3- Introduction to Solidification of Alloys including Nucleation, Growth and Segregation Phenomenon,
Skill in Solving Diffusion Equations and Industrial Applications

Syllabus:

Introduction

- Understanding the process of solidification in pyramid of materials science and engineering, its
relation with structure, its impact on mechanical and physical properties of metals, solidification
transformations, kinds of solidification transformations based on the phase diagrams, definition and
descriptions of liquid structure from different point of views including fluid mechanics and rheology,
physical chemistry of condensate gases, and X-ray aided materials engineering

- Atomic structure of molten metals near melting point, short-order and long-order atomic range, solids
structure and crystalline lattice, liquid and crystalline structure

- Thermodynamic and physical properties of molten metals, thermal undercooling in solidification of
pure metals, equilibrium and non-equilibrium solidification and temperature-time curves (T-t)
Solidification of Pure Metals (Nucleation)

- Atomic interactions in liquid and nucleation, classical theory of nucleation in solidification, constrained
and unconstrained nucleation mechanism

- Equations governing nucleation and nucleation rate, critical radius and maximum radius of nuclei

- Effective factors, driving force of nucleation and effect factors, inoculation procedure and its
application in industry, homogeneous and heterogeneous nucleation rate and governing equations on
the nucleation kinetics and its effective factors

Solidification of Pure Metals (Growth)

- Definition of growth and solid fracture, constrained and unconstrained growth mechanisms, effect of
temperature gradient (positive and negative) in liquid on growth mechanism

- Liquid/solid interface during growth, interface instability and non-equilibrium (dendritic) structures,
preferred crystalline growth orientations and atomic growth rate in dendrites

- Grain types (Equiaxed and columnar) with dendritic or flat grain boundaries, equations governing on
the directional and unidirectional growth rates, effect of grain structure (size, number, shape, grain
type) on mechanical properties and industrial applications

Solidification of Single-Phase Metal Alloys

- Definition of alloy, solubility limit and solid solution, equilibrium and non-equilibrium solidification
during temperature reduction from liquidus line to below solidus line, nucleation and growth
mechanism in alloys and its comparison with pure metals

Diffusion and Segregation Phenomenon in Alloys

- Mass diffusion mechanism in molten and solid alloys, expression of segregation phenomena, mass
Partition coefficient and mass diffusion coefficient in alloy solidification, lever rule and equilibrium
solidification, types of segregation during non-equilibrium solidification

Normal Concentration Segregation (Schelling’s model)

- Schelling's model of segregation in the presence of liquid mixing, mass balance law in solidification
front and obtaining governing equations for determination of liquid and solid concentration in
solidification front

- Effect of segregation coefficient on segregation pattern (k> 1, k <1), plotting concentration-solid
fraction and temperature-solid fraction profiles

Segregation with boundary Layer (Saturation)
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- Segregation with concentration saturation layer model without mixing in liquid, definition of
concentration undercooling and segregation coefficient, solving Fick Il equations and obtaining
equations to determine liquid and solid concentration in solidification front

- Determination of segregation layers on surface and core of ingots, effect of segregation coefficient on
segregation phenomenon in ingots

- Determination of equations characterizing undercooling at solidification front, determination of
temperature profile of liquid alloy in saturation layer at solidification front, drawing concentration-
distance and temperature-distance profiles at solidification front

Factors Affecting Segregation Control in Alloys

- Effect of temperature gradient (G) in liquid and growth velocity (V) on segregation and grain structure
of alloys, control of morphology of solidification front using (G/V) parameter and drawing G,V versus
grain morphology in alloys

- Application of (G/V) in welding and casting industry to achieve desired mechanical properties
Segregation of Boundary Layer with Partial Mixing in Liquid

- Segregation model with partial mixing in liquid, solving governing equations and obtaining equilibrium
to determine liquid and solid concentration of solidification front and its effective factors.

- Industrial applications, types of macro, micro and reverse segregations, which segregations can be
resolved in the industry and which are rejected

Types of Solidification of Two-Phase Alloys (Eutectic)

- Types of needle, rod, spherical and lamellar eutectic, morphology and characteristics of eutectics,
formation conditions during solidification

Types of Single Crystal Growth

- Bridgman, Czochralski and Chalmers methods, advantages and limitations

- Zone refining and purification methods to reach high purity in ingots

References:

1- D.A. Porter and K.E. Easterling, Phase transformation in metals and alloys (Section: solidification:
chapter 4)

2- G.J. Davies, Solidification and casting

3- W.C. Wingard, An introduction to the solidification of metals

4- B. Chalmers, Principles of solidification

5- M.C. Flemings, Solidification processing
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Course Title: Mechanical Properties of Materials |

Course Goals:

1. Understanding Mechanical Behavior of Materials Based on Their Microstructure

2. Introduction to Strengthening Mechanisms of Materials by Analyzing Atomic, Crystalline and Phase
Structures

3. Introduction to Failure and Fracture Mechanisms of Materials

Course Content

Concepts of Stress - Strain

- A review of stress and strain, principal stresses, and Mohr’s circle

- Material behavior under tension, compression and shear, types of stress-strain curves, interatomic
forces in crystalline solids and their strength

- Elastic and plastic behavior of materials, determining material properties using stress-strain curves,
including strain, upper and lower yield stress, ultimate tensile stress, toughness, elasticity coefficient,
elastic modulus, etc.

- Effect of temperature, strain rate and other factors on tensile behavior and deformation of materials
Dislocation Theory and Plastic Behavior of Materials

- Definition of perfect and imperfect crystal lattice in crystalline materials

- Types of crystalline defects: vacancies, dislocations, line defects, interfacial defects, volume defects,
grain types and grain boundaries

- Effect of interaction of crystalline defects on properties of materials, analyzing strength of perfect
crystals, whiskers and crystals with lattice defects

- Edge and screw dislocations and their nature, dislocation movement and slip under stress, lattice
resistance against dislocation motion (Peierls-Nabarro force)

- Observing dislocations, elastic properties of dislocations, intersection of dislocations and their climb,
multiplication of dislocations and concept of work-hardening

Crystallography of Slip

- Partial dislocations, slip systems (slip planes and directions), dislocation climb, slip geometry,
dislocation motion and slip behavior in response to normal and shear stresses, determining critical
resolved shear stress in slip

- Twinning and twin types (mechanical and thermal), effect of twinning on mechanical properties
Mechanical Strengthening Mechanisms of Metals

- Work-hardening in single crystalline and polycrystalline metals, mechanism of work-hardening and
plastic deformation of metals

- Ductile to brittle transition under work-hardening, factors affecting work-hardening, effect of work-
hardening on mechanical properties

- Mechanism of solid solution strengthening, dislocations interlocking by alloying elements

- Precipitates and secondary phase, interaction of dislocations with precipitates (bypassing and cutting),
effect of distribution, size and type of secondary phase on strength of materials, effect of age hardening
(precipitation hardening) on strength of materials

- Effect of grain boundary on mechanical behavior and strengthening mechanism, types of grain
boundary and their nature, fine-graining and metals strength, effect of grain boundary on
nanomaterials and single crystals, introduction to texture and its relation with mechanical behavior of
metals

Strengthening using Composites

- Strengthening using fibers (composite fabrication), types of composite (metal, ceramic and polymer
matrix composites) and their mechanical properties

- Factors affecting strength of composites, fabrication methods

Introduction to Ceramics and Their Mechanical Behavior

- Mechanical behavior of ceramic materials based on the theory of dislocations, structural properties

- Crystalline and amorphous structures in ceramics, applications and limitations.
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Introduction to Polymers and Their Mechanical Behavior

- Mechanical behavior of polymers based on the theory of dislocations

- Structure and type of polymers, crystalline and amorphous polymers, deformation mechanism of
polymers

Fracture and Failure of Materials

- Introduction to fracture caused by fatigue - definition, concept and effective factors

- Introduction to fracture caused by high temperature creep, definition, concept and effective factors
- Introduction to brittle and ductile fracture, nucleation and growth mechanism of cracks, concepts and
effective factors

References:

1- G.E. Dieter, Mechanical Metallurgy, 3" Ed. McGraw Hill, USA, 1986

2- Deformation and Fracture Mechanics of Engineering Materials, Hertzberg, Volume | (Plastic
Deformation and Material Strengthening Mechanisms), Translated by AliAkbar Ekrami, Sharif University
Press, 2013

3- Mechanical Behavior of Materials, Volume I, Mark Meyers et al., Translated by Jamshid Aghazadeh
et al., Amirkabir University Press, 2012

4- Introduction to Mechanical Properties of Materials, Melvin Eisenstadt, Translated by Ali Haerian
Ardakani, Academic Publishing Center
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Course Title: Mechanical Properties of Materials Laboratory

Course Goals:
1- Practical Acquaintance with Measuring Strength and Mechanical Properties of Materials
2- Developing Skills in Reporting the Mechanical Properties of Materials

Syllabus:

Tensile Test

- Description of tensile test, familiarity with ASTM E8, operation of hydraulic tensile devices and
extensometer device and how to work with them, preparation of dumbbell tensile test specimens with
flat and circular cross section in accordance with the ASTM ES8.

- Performing uniaxial tensile test on steel, cast iron, non-ferrous metal and polymer material, drawing
force-distance and stress-strain diagrams and extracting information and mechanical properties.
Pressure Test

- Description of pressure test, familiarity with ASTM E9 and preparation of pressure test specimens
according to the ASTM E9

- Performing uniaxial pressure test on metallic (preferably cast iron) and non-metallic samples,
comparing cast iron behavior under tensile and pressure, plotting force-displacement and stress-strain
diagrams and extracting information and mechanical properties of tested material

Hardness Test

- Description of Brinell, Rockwell, Vickers, Knoop and Miro-hardness, familiarity with standards of
hardness measurement: ASTM E10, ASTM E92 and ASTM E18

- Brinell hardness test: ASTM E10 test conditions, device operation, data reading, calculations, error of
data and reporting the results

- Rockwell hardness test: ASTM E18 test conditions, device operation, data reading, calculations, error
of data and reporting the results

- Vickers and Knoop hardness test: test conditions according to ASTM E92 standard, device operation,
data reading, calculations, error of data and reporting the results

Bending Test

- Description of bending test, familiarity with ASTM E290 standard, preparation of three point bending
test specimens according to the standard

- Performing three-point bending test on ribbed rebar and ceramics, comparing bending behavior of
soft metals and brittle ceramics

- Plotting force-displacement diagrams and calculating tensile strength of brittle materials in bending
test

Impact Test

- Description of impact test, familiarity with ASTM E23, preparation of impact specimens according to
the ASTM E23

- Performing impact test by Charpy method on specimens with FCC and BCC structures at three different
temperatures

- Plotting temperature-absorption energy and comparing absorption energy obtained at different
temperatures

Creep Test

- Description of creep test, familiarity with ASTM E139, preparation of creep test specimens according
to the ASTM E139

- Performing creep test on solder wire (tin and lead alloy), and polymer

- Comparing creep behavior at different temperatures and stresses applied on solder wire and polymer
- Plotting strain-time curve and calculating creep/strain rate

Fatigue Test

- Description of fatigue test, familiarity with ASTM E466, preparation of fatigue specimens according to
the standard, familiarity with servo-hydraulic fatigue devices

- Performing tensile test and extracting required points from stress-strain curve for fatigue test
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- Performing fatigue test at 6 points extracted from the stress-strain curve and 2 repetitions
- Plotting S-N diagram given the number of cycles tolerated at each stress

References:

1- G.E. Dieter, Mechanical Metallurgy, Mc.Graw Hill, 1986

2- ASTM E8, ASTM E9, ASTM E10, ASTM E92, ASTM E18, ASTM E384, ASTM E290, ASTM E23, ASTM
E139, ASTM E466, ASTM International, West Conshohocken, PA, 2016
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Course Title: Materials Chemistry

Course Goals:

1- Introduction to Principles of Quantum Chemistry and its Application in Describing Atomic and
Molecular Structure of Materials and Properties

2- Understanding the Relationship between Chemical, Structural, and Molecular Characteristics of
Engineering Materials and their Macroscopic Properties

3. Introduction to Organic Chemistry, Polymers and Biomaterials with Emphasis on Materials
Engineering Applications

Syllabus:

Introduction

- Definitions; Importance of material chemistry in materials science and engineering

Atomic Structure from a Quantum Mechanics Perspective

- Introduction: Energy Quantization and electromagnetic radiation, atomic spectra, wave-particle
duality, photoelectric effect, photon

- Dynamics of microscopic systems: wave functions and Schrédinger equation, uncertainty principle

- Quantum mechanics in practice: a particle in the box, radial and angular wave functions, energy levels
of quantum numbers, probability density and atomic orbitals, electron spin, ionization energy and
electron affinity

Molecular Interactions and Structure

- Review of covalent bond, Lewis structure, Valence Shell Electron Pair Repulsion (VSEPR) model,
Introduction to valence-band theory, hybridization

- Theory of molecular orbitals: electronic arrangements of homonuclear and heteronuclear diatomic
molecules, orbitals in polyatomic molecules, polar bonds

Structure of Simple Solids

- Molecular Solids, network solids, metallic solids, ionic solids

- lonic Solids: Lattice energy and Born-Mayer equation, Born-Haber cycle and effects of lattice energy
on properties of ionic solids

- Electrical Properties of Molecules: electric dipole moment, molar polarization and polarizability,
interaction of partial charges

- Conductor and Semiconductor Materials: electronic structure of solids, metallic bonding, band
structure formation, fermi surface and density of states, conductivity in semiconductors, optical
properties of metals, semiconductors and insulating materials, application of semiconductor materials,
superconductors, magnetic materials

Glasses and Ceramics: molecular structure, network formers and modifiers, properties of engineering
glasses

Introduction to Hydrocarbons

- Aliphatic hydrocarbons (saturated and unsaturated hydrocarbons); IUPAC systematic naming; cyclic
hydrocarbons;

- Structural isomers, spatial isomers (geometric isomers and optical isomers); Chiral compounds and
optical activity; Physical properties of aliphatic hydrocarbons and its relationship with the bond type

- Reactivity of aliphatic hydrocarbons (substitution reactions, elimination reaction, electrophilic
addition); mechanisms of reactions and the role of catalysts;

- Aromatic compounds (Arenes); benzene and its family, naming; reactivity (electrophilic substitution)
in Arenes and reaction mechanisms;

- The role of functional group on benzene ring in the rate of electron-substitution reactions
Introduction to Polymers and Biomolecules

- Functionalized Hydrocarbons (haloalkanes, alcohols, ethers, phenols, ketones and aldehydes,
carboxylic acids, esters, amines, amino acids and amides) and their systematic naming
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- Addition reactions in polymers production; Plastics and their monomers (with general formula of CHx
= CH,); Radical reaction mechanism in addition reactions; Importance of Ziegler-Natta; Isoprene as an
interesting example of polymer production by addition method

- Condensation reactions for production of polymers; polyesters and polyamides; Nylons as an
interesting example of polymer production by condensation method; Determination of polymers and
monomers formulation; Copolymers;

- Properties of polymers; role of polymer chain length and governing intermolecular forces on density,
melting point, viscosity and mechanical strength;

- Crosslinking of polymer chains and vulcanization process; Thermoplastics and thermostats;

- Conductive polymers and method of engineering and design of single and double bonds in polymer
chain (electrical conductivity)

- Introduction to biomolecules (proteins, carbohydrates and nucleic acids)

Introduction to Coordination Compounds

- ligands, naming, structure and geometry of complexes, isomers, group d metal complexes

Methods of Chemical Synthesis of Materials

- Introduction to co-precipitation, hydrothermal, sol-gel, chemical and physical vapor deposition
methods, and nanomaterial synthesis methods

References:

1- Peter Atkins, Loretta Jones, “Chemical Principles - The Quest for Insight”, 5th Edition, 2010
2- Shriver and Atkins “Inorganic Chemistry” W. H. Freeman 5" ed. 2009

3- Peter Atkins and Julio de Paula, Physical Chemistry, Part 2 “Structure”, 10* Ed., 2014

4- Moore, Elaine A. Smart, Lesley, “Solid state chemistry - an introduction” CRC Press 2012
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Course Title: Materials Physics

Course Goals:

1- Understanding Behavior of Electrons in Solids

2) Understanding Basic Concepts of Thermal, Electrical, Optical and Magnetic Properties of Materials
3) Understanding Relationship between Properties and Atomic Structure of Materials

Syllabus:

Introduction

- Reminder of crystal structures and atomic bonds, crystallinity, relationship between structure and
properties of materials, pyramids of materials, practical examples

Electrical Properties of Materials

- Band theory and energy bands in solids, Fermi energy, conduction through bands and atomic bonding
models (metals, insulators and semiconductors), electron mobility

- Intrinsic semiconduction, concept of semiconduction, non-intrinsic semiconduction (N-type and P-
type),

- Factors affecting carriers mobility, Hall effect, Semiconductor devices (p-n junction, diode, transistor,
MOSFET, solid state memory and microelectronic circuits)

- Conduction in ionic materials, conductivity of polymers, dielectric behavior (polarization and its types,
dielectric displacement, frequency effect on dielectric constant, dielectric materials)

- Superconductivity and piezoelectricity

Thermal Properties of Materials

- Heat capacity and heat absorption methods, Heat capacity models (Dulong-Petit law, Einstein model
and Debye model),

- Thermal expansion (metals, ceramics and polymers)

- Thermal expansion and thermal expansion diagram

- Thermal conductivity and its mechanisms (heat diffusion, vibration of crystalline, electronic, etc.
network),

- Thermal shock and thermal stress

Magnetic Properties of Materials

- Reminder of basic concepts (magnetic field strength, magnetic induction, flux density and
permeability)

- Diamagnetism, paramagnetism, ferromagnetism, antiferromagnetism, ferrimagnetism

- Domains and hysteresis, magnetic anisotropy, soft and hard magnetic materials and their applications,
magnetic storage, superconductivity

Optical Properties of Materials

- Electromagnetic radiation, light interaction with solids

- Atomic and electronic interactions, refraction, reflection, transfer, absorption mechanisms

- Color (metallic luster, color of semiconductors), opaqueness and translucency of insulators,
luminescence, applications, optical conductivity, lasers, optical fibers

References:

1- Callister, Rethwisch, “Materials Science and Engineering, An Introduction”, 8" ed, Wiley, 2009
2- Mary Anne White, “Physical Properties of Materials”, 2" Ed., CRC press, 2012

3- Hummel Rolf E., “Electronic Properties of Materials”, 4™ Ed., Speringer, 2011

4- Solymar L., Walsh D., “Electrical Properties of Materials”, 8" Ed., Oxford, 2010
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Course Title: Electrochemistry and Corrosion

Course Goals:

1- Introduction to Thermodynamics and Kinetics Aspects of Electrochemistry

2- Investigation of Corrosion and Oxidation Processes from Theoretical and Technological standpoints
3- Corrosion Prevention Methods

Syllabus:

Introduction

- Definition and importance of corrosion, corrosion cost

Electrochemistry

- Concepts of potential, electromotive series, anodic and cathodic reactions

- Thermodynamics of electrochemical reactions, Nernst equation

- Polarization (activation, concentration, ohmic)

- Tafel and Butler-Volmer equations

- Polarization resistance and Stern-Geary equation

- Wagner theory (mixed potential theory)

- Metal and alloy passivation

- Applications of mixed potential theory

- Electrochemistry in materials engineering including electrowinning, electroplating, electrorefining,
batteries and electrochemical cells

- Pourbaix diagrams (general and partial)

Types of corrosion

- Uniform corrosion, Galvanic corrosion, Crevice corrosion, Pitting corrosion, Selective corrosion (De-
alloying), Inter-granular corrosion, Erosion corrosion, Fretting corrosion, Cavitation corrosion, Stress
cracking corrosion, Corrosion fatigue, Hydrogen damages (blistering, embrittlement, decarburization
and hydrogen corrosion)

Protection

- Cathodic protection (thermodynamic and kinetic principles)

- Cathodic protection by impressed current and sacrificial anode

- Anodic protection

- Corrosion inhibitors

Oxidation

- Gas phase oxidation, n-type and p-type oxides

- Kinetics of high temperature oxidation

- Selective, catastrophic and internal oxidation

References:

1- N. Perez, "Electrochemistry and Corrosion Science", 2nd Ed., Springer, 2016

2- Fundamentals of Electrochemical Corrosion, by E.E. Stansbury, R.A. Buchanan, ASM Int., 2000

3- Corrosion Engineering, 3rd edition, by M.G. Fontana, McGraw-Hill, 1987

4- E. McCafferty, "Introduction to Corrosion Science", Springer, 2010

5- R.W. Revie, H.H. Uhlig, "Corrosion and Corrosion Control: An Introduction to Corrosion Science and
Engineering", 4th Ed., John Wiley & Sons, 2008

6- Progress in Corrosion Science and Engineering, Su-ll Pyun, Jong-Won Lee, Springer, 2012

7- Handbook of Corrosion Engineering, 1st edition, by P.R. Roberge, McGraw-Hill, 2000
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Course Title: Kinetics of Materials

Course Goals:

1- Understanding the importance of Rate in Materials and Metallurgical processes

2) An introductory to Rate Laws in Chemical and Physicochemical Transformations and Ability to
Estimate Rate Law

3) Mechanisms behind Transformations and Ability to Kinetic Modelling of Materials and Metallurgical
Processes

Syllabus:

Introduction to Kinetics of Materials

- Definition of kinetics and description the role of kinetics as a complement to thermodynamics,
chemical reactions and fundamental concepts in kinetics, homogeneous and heterogeneous reactions
in materials and metallurgical processes, role of chemical reaction and mass transport in rate of
materials and metallurgical processes

Chemical Kinetics (Kinetics of Single Phase Reactions)

- Introducing reversible, irreversible, series and parallel reactions

- Elementary (simple) reactions and complex reactions

- Effect of concentration on chemical reaction rate:

- Mass action law, introducing reaction degree and rate constant of chemical reaction, graphical
methods for estimation of reaction degree and rate constant: integral method and differential method
- Proposing a mechanism for some complex reactions using mathematical form of rate law
(intermediate complex, steady state approximation)

Effect of temperature on chemical reaction rate:

- Effect of temperature increase on normal chemical reactions, explosive reactions, biological reactions,
rate constant relationship with temperature (Hood empirical relationship, Van’t Hoff isotherm,
Arrhenius relationship), activation energy relationship with temperature (Maxwell-Boltzmann
distribution), chemical transformation from a quantum perspective (collision theory, absolute rate
theory)

- Effect of catalyst on chemical reaction rate

- Description of catalyst role in terms of reaction path and energy barrier reduction (Maxwell-
Boltzmann distribution), homogeneous and heterogeneous catalysts, properties of a catalyst,
introducing effective steps in a catalytic reaction (heterogeneous), introduction to adsorption and
heterogeneous reactions

Chemical Kinetics (Kinetics of Heterogeneous Reactions)

- Adsorption phenomenon

- Definition and distinction between adsorption and absorption phenomena

- Introduction to surface: introducing surface defects, description of active sites, and dangling bonds

- Types of adsorption based on energy (physisorption and chemisorption)

- Introducing adsorption models; using concepts of homogeneous reaction kinetics in modeling
adsorption rate

- Kinetic modeling of desorption rate: extraction of Langmuir isotherm, Langmuir hypotheses on
adsorption isotherm development, competitive adsorption: Langmuir adsorption isotherm in a two-
adsorbate system, Freundlich adsorption isotherm

- Kinetic modeling of solid-phase reactions

- Explaining distinctions between single-phase chemical reactions and solid-phase chemical reactions:
importance of surface and topochemical characteristics, importance of mass transfer

- Empirical models: parabolic model, first-order rate model

- Geometric models: shrinking volume model, shrinking surface model

- Introduction to mass transfer in chemical systems under diffusion control

- Overview of the first and second Fick’s laws, definition of mass transfer coefficient
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- Correlation relationships for mass transfer coefficient determination: dimensionless numbers (Re, Sh,
Sc, Gr, Pe)

- Mass transfer theories: film theory, penetration theory, surface renewal theory

- Kinetic modeling of solid-phase reactions

- Solid particle-fluid reactions: shrinking core-constant particle size model, effect of temperature and
particle size, integration of resistors

- Solid-particle-fluid reactions: shrinking particle model, effect of particle size on mass transfer
coefficient

References:

1- Ryan O’Hayre, “Materials Kinetics Fundamentals Principles, Processes, and Applications”, Wiley,
2015

2- Octave Levenspiel, “Chemical Reaction Engineering”; Third Edition; Wiley, 1999

3-E.L. Cussler, “Diffusion Mass Transfer in Fluid Systems”, 3rd Edition; Cambridge University Press; 2007
4- James E. House, “Principles of Chemical Kinetics” Academic Press, 2007
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Course Title: Materials Characterization and Analysis Techniques

Course Goals:

1- Introduction to The Principles and Basics Governing Analysis Methods
2- Introduction to Analysis and Characterization Methods

3- Ability to Choose Appropriate Method of Analysis

Syllabus:

Introduction to Material Analysis and Characterization

- Importance and position, definition of analysis science

- Safety in laboratory work

- Taking notes in laboratory work

- Classification of analysis methods (quantitative and qualitative, physical and chemical)

- Analysis process (sampling, sample preparation, analysis, data collection, calculation and reporting
the results)

- Analysis technique vs. analysis skills (difference between instrumental analysis techniques and
performing tests in accordance with common standards and protocols, advantages and limitations of
instrumental analysis techniques)

An Introduction to Statistics

- Definitions and agreements (mean, median, mode, standard deviation, variance, errors, data
distribution, confidence level, data rejection or acceptance criterion)

- Accuracy, precision and calibration

- Reporting numbers using tables and charts, types of charts

- Introduction to reporting

Mass Measurement

- Mass, weight, scale (types of balance)

- Importance of calibration and maintenance of balance

Introduction to Titration

- Position, definitions and introducing necessary tools, solution preparation

- Stoichiometric calculations in titration reactions

- Standardization using a standard solution

- Analyte percentage calculations

- Quadruple titrations in the form of practical examples, limitations (limit of detection, interferences)
Introduction to Instrumental Analysis

- General principles of analysis using electronic tools (standard sample, calibration curve, electronic
instrument, electronic signal reading)

- Sensors, signal processor, reading and power supply

- Analysis tool calibration

- Linear correlation relationships, least squares method, correlation coefficient

Overview of Spectrochemical Methods

- General principles of analysis using electronic tools (standard sample, calibration curve, electronic
instrument, electronic signal reading)

- Spectrochemical methods; methods based on optical absorption and optical emission spectroscopy

- Light properties (wavelength, speed, frequency, energy and wave number), electromagnetic spectrum
- Refractometry principles, absorption, emission, and transmission of light, Beer's law, effect of
concentration on the spectrum

UV-Vis Spectroscopy and Molecular IR

- Tools and equipment of UV-Vis spectroscopy, source, wavelength selection (absorption filters,
monochromators), sample part (single-beam spectrophotometer), detectors, cuvette selection,
interferences, deviations and their eliminations

- Instruments and equipment of IR and FTIR spectroscopy, sampling (liquid state, solid state), KBr
tablets, reflection methods, simple basics and bases for interpretation of IR spectra
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Atomic Absorption Spectroscopy

- Comparison with UV-Vis spectrometry

- Flame atomic absorption: flame and flame process, spectral lines sources, premix burner, optical path,
technical issues and applications (spectral lines and slits, standard linear and nonlinear curves, lamp
adjustment), interferences, safety and maintenance

- Atomic absorption with graphite furnace: advantages and limitations

- Inductive coupled plasma

- Sensitivity and limit of detection

X-ray Fluorescence and Elemental Analysis in Electron Microscopes

- Position and purpose of the analysis

- Reminder of quantum numbers, selection rules, allowed electronic transmission

- EDS and WDS detectors

- Important applicable points of XRF analysis and electron microscopes

- Extractable information from elemental analysis in electron microscopes

X-ray

- Position and purpose of the analysis, a review of naming crystal planes, family of planes and zonal
plane

- X-ray diffraction spectroscopy, Bragg equation, Scherrer equation, structure factor and unauthorized
reflections

- Devices and applications, reciprocal lattice

- Electron diffraction

- Extractable information from diffraction, limitations

Microscopy

- Position and purpose of microscopy

- Resolution and depth of field, lens aberrations

- Types of optical microscopes and comparison with other types of microscopes

- Transmission Electron Microscopy (TEM)

- Scanning Electron Microscopy (SEM)

- Scanning Probe Microscopy (SPM)

- Extractable information, distinctions, limitations

Thermal Analysis

- Position, basics and principles

- Differential Thermal Analysis (DTA), Differential Scanning Calorimetry (DSC) and Thermogravimetric
Analysis (TGA)

- Tools, equipment and instrumental principles

- Extractable information from curves

Surface Analysis

- Position and purpose of the analysis

- Principles and basics

- Porosity, specific area (BET)

Particle Size Measurement

- Microscopic methods (optical microscopy, electron microscopy)

- Screening analysis

- Settlement techniques (Stokes Law)

- Laser scattering techniques (laser diffraction analysis, photon correlation spectroscopy)

- Comparison of methods, applications, limitations and advantages

References:
1- John Kenkel, Analytical Chemistry for Technicians, 4th ed., CRC Press, 2014
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2- Pirooz Marashi, Saeid Kaviani, Hossein Sarpooleky, Alireza Zolfaghari, Principles and Applications of
Electron Microscopes and New Methods of Materials Analysis, Nanoscience Characterization Tools, Iran
University of Science and Technology Press, 3™ Edition, 2012

3- F. Golestani Fard, M. Bahrevar, A. Salahi, Materials Characterization and Analysis Methods, Iran
University of Science and Technology, 2004

Resources for further reading:

4- B. D.Cullity, S. R. Stock, Elements of X-Ray Diffraction, 3rdEd., Pearson Education International, 2001.
5- P. J. Goodhew, J. Humphreys, R. Beanland, Electron Microscopy and Analysis, Taylor and Francis,
2001.

6- Y. Leng, Materials Characterization, Introduction to Microscopic and Spectroscopic Methods, 2™
Edition, Wiley-VCH, 2013
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Course Title: Internship

Course Goals:

1- Acquaintance with the work environment and Job Description of an Engineer, and Experience of
them

2- Achieving Skills of Professional Communication with Human Resources

3- Experience and Building Attitude toward Problem Solving in the work environment

Syllabus:

Location and Registration Requirements

Students can apply for internships from the summer of the third year. Registration of the course in the
portal is required. One or more industrial units are designated as candidates, and one internship unit is
selected and approved after the consolation with a professor in charge of the internship. The type of
activity of the traineeship must be in accordance with materials engineering and preferably in areas
such as manufacturing, research, engineering, executive or service affairs.

The Procedure of Registration

The bureaucratic office process begins with a visit to the professor in charge of the internship, five
months before the internship. The following steps should be performed:

1- Determining the unit of the internship. Each year the college receives quota from companies that
the students can take advantage of these quotas either.

2- Visiting professor in charge of the internship for receiving the initial introduction letter.

3. Submitting the introduction letter to the determined unit and receiving an acceptance confirmation
letter.

4. Submitting the confirmation letter to the professor in charge of the internship and receiving final
introduction letter for internship initiation. At this stage, a specialized professor is also appointed.

5- Enrolling in college education office to receive internship course and register the course in the portal.
6- Referring to the internship unit, submitting the final introduction letter and initiating the course.

7- Receiving a confirmation letter from the internship unit regarding internship accomplishment by
mentioning its duration and filling other forms after internship course termination.

8- Submitting reports and other forms to the professor in charge of the internship.

9- Evaluating report and performance during the course by the specialized and in charge professors.
Tips and Questions

The following points should be considered in this course:

1- Product of industrial unit (product map, efficiency and materials).

Process flow chart.

2- Production capacity, number of personnel, equipment and management / QA.

Describe the trainee's duties and communication with the supervisor.

3. Standards and methods of quality control.

4. Challenges and problems of the industrial unit.

5. Suggesting ideas to solve existing problems.

Reporting

Two types of reports should be prepared during this period:

1- "Daily Report" written by hand in trainee notebook. This notebook is provided by the industrial
liaison office of the university and is delivered at the beginning of the course.

2. "Final Report" prepared by using daily reports in accordance with the internship report writing
procedure. Therefore, this procedure should be studied before starting the internship.

References:

1- Reza Safabakhsh, Research and Presentation in Engineering, Amirkabir University of Technology
Press, 2013

2. Procedure of Internship Report Writing.

41




Course Title: Bachelors of Science Project

Course Goals:

1- To achieve Knowledge and Skills for Effective Participation in Industrial and Research Projects

2- To get Experience and Skill in Searching and Reviewing in the Scientific Literature, Targeted Study on
the Subject, Documentation and Reporting Scientific Documents

3- To get Knowledge and Experience in Problem identification and project planning, Scheduling, and
Research Methodology

Syllabus:

Phase Zero: Project Identification

- Consultation with professors, selection of supervisor(s), study of procedures and educational
regulations

- Identification of need and general purpose, consultation and visit, preliminary studies
- Overall planning the project, feasibility and overall research method

- Documentation (Proposal Draft)

- Approval of the subject and the title, administrative procedure and support

Phase One: Project Design

- Problem identification, quantitative goal (objective), known and unknown, geometry, physics and
materials, assumptions

- Research method: identification of parameter, design of number of samples and experiments, design
of analysis method, design of evaluation method

- Executive planning, work packages list, checklist, Gantt chart, estimation
Documentation (Executive Proposal)

Proposal approval (Proposal) and regulations

Phase Two: Project Implementation

- Searching and studying the literature

- Documentation (Chapter 2 of the Thesis: Literature Overview)

- Sampling and modeling

- Running Experiments and simulations

- Data processing

- Documentation (Chapter 3 of the Thesis: Research Method)

- Extracting the results and discussion

- Documentation (Chapter 4 of the Thesis: Results and Discussion)

Phase Three: Project Evaluation

- Checklist of evaluating workflow and the results

- Documentation (Chapter 5: Summary and Chapter 1: Introduction)

- Editing thesis, seminar slides and final reports

- Thesis defense and referee, publication

- End of the project

Notice:

Registering the Course: The bachelor project course can be consummated after the prerequisites are
met, under the guidance of one or two supervisors and for a maximum of two semesters. It is
mandatory to read and follow the guidelines and/or procedure announced by the Department of
Education in order to obtain the course and procedures.

Important Dates: Important project dates (start date, end date, approval deadline, and defense
deadline) should be identified, considered and managed to be met.

Course Content: The course content of the project (apart from educational regulations), as introduced,
would consist of four general sections (four phases). According to the supervisor and depending on the
subject, by keeping the goals, the overall structure of the project may vary, although the four general
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phases mentioned and the stages of work are usually independent of the subject and are similarly
followed in most projects.

Subject: The subject and the title of the project are identified and designed according to the supervisor
advice.

Output: The output of the bachelor project consists of two sections: Skills and Documentation.
According to the stated goals, the skills and experience obtained by the student and his/her bachelor
thesis are prioritized. Project subjective and objective results are not a priority in evaluation and
assessment of the project output, although good scientific results are appreciated.

Evaluation: Evaluation of the undergraduate project is done by the rubric method, according to the
attached table.

References: NA
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Program Specific Courses



Course Title: Principles of Metal Production |

Course Goals:

1- Pyrometallurgical and Hydrometallurgical Principles of Production, Refinement and Recycling of
Metals and Metal Compounds

2- Introduction to Metal Production Technologies

Syllabus:

General Content

- Overview of metal production: history and position, market of metals and metal compounds,
environmental impact of metal production, flow sheets of metal production

- Reminding the practical concepts of chemistry, thermodynamic principles (equilibrium) and kinetic
principles (rate and mechanism) required in production processes

- Introduction and classification of metal production reactors, basic principles of heat and mass balance
and stoichiometry

- Familiarity with mineralogy of important metal compounds

Charge Preparation Processes

- Physical pretreatments: introducing concentration techniques and charge preparation and
agglomeration processes

- Chemical pretreatments: calcination and roasting processes-chemical pretreatment:

technological and thermodynamic considerations (stability diagrams)

Pyrometallurgy

- Thermal reduction: technology and thermodynamic principles, Ellingham-Richardson diagrams
Boudouard reaction, carbothermic reduction, metallothermic reduction and reduction by hydrogen

- Matte making and conversion, application and technology, thermodynamic principles

- Physical and chemical properties of slags

- Thermal refinement and metal production: metal/slag, gas/metal, and metal/metal reactions in metal
refinement

Hydrometallurgy

- Leaching as a separation process: thermodynamic/kinetic considerations, implementation methods

- Refinement / concentration / purification of aqueous solutions: chemical deposition, cementation

- Refinement / concentration / purification of aqueous solutions: solvent extraction, activated carbon
Electrometallurgy

- Electrowinning

- Electrorefining

Practical Examples

- Flow sheet of iron production by direct reduction and blast furnace methods, steel production
(converter and electric arc furnace)

- Flow sheet of copper production and refinement by pyro- and hydro-metallurgy methods

- Flow sheet of aluminum production by Bayer method

- Flow sheet of zinc and lead production by pyro- and hydro-metallurgy methods

- Innovational methods in metal production

References:

1- Principles of Extractive Metallurgy, Terkel Rosenqvist, McGraw-Hill, 1983,

2- M. Shamsuddin, Physical chemistry of metallurgical processes, Wiley 2016

3- Alain Vignes, “Extractive Metallurgy, Vol 3. Processing Operations and Routes”, Wiley, 2011

42




Course Title: Introduction to Manufacturing Processes

Course Goals:

1- Introduction to Manufacturing Processes of Engineering Components

2- Introduction to Manufacturing Processes from Materials Science Point of View

3- Introduction to and Understanding of the Application of Materials Pyramid (Performance, Properties,
Composition and Structure, Processing) in Manufacturing of Engineering Components

Syllabus:

Section 1: Introduction to Design and Manufacturing Methods

Introduction:

- What is production? What is product design? What is concurrent engineering? What is conceptual
design of the component? What is reverse engineering? Introduction to design and manufacturing
methods of components

An Overview of Manufacturing Steps:

Shaping:

- Primary shaping (definitions and methods, ingoting, profiling, sheeting), secondary shaping (types and
methods, casting and forming, sheet working, forging, powder methods, rapid prototyping)
Machining:

- Machining methods, tolerances

Joining:

- Methods of joining components, permanent and temporary joints, joining processes (welding,
soldering, mechanical joining, chemical joining, etc.), comparison of methods, cost of joining methods,
joints life, joints economy

Finishing:

- Finishing techniques and technology, surface technology, surface roughness, friction, wear,
lubrication, surface treatment, cladding, heat treatment, coatings

Overview of Design Method:

- Component Design (industrial design, mechanical design, material design, process design)

- Materials Selection (efficiency, screening, rating and optimization, evaluation)

- Process Selection (identification, screening, ranking and optimization, evaluation)

- Process Design for Structure (materials pyramid: performance, properties, structure, process)
Section 2: Manufacturing Processes

Casting:

- Introduction, casting processes, design considerations (advantages and limitations), casting
equipment and tools, introduction to model design and casting mold, introduction to design of casting
runner and riser, polymers and ceramics casting

Forming:

- Processes (rolling, forging, extrusion, drawing, sheet forming), geometrical considerations, flat rolling
process (roller force and rolling torque and power, rolling defects), rolling process of sections, forging
process (types, open mold and closed mold, forging capability of metals, forging defects, forging
economy), extrusion (cold and hot types, pressure force and material flow, extrusion defects,
equipment, design considerations), drawing (processes, mold, drawing force, equipment, defects,
design considerations),

- Sheet forming (cutting and punching, punching mold, bending, bending force, deep drawing,
economic considerations), powder forming (equipment, cold and hot press, powder forming
engineering materials, powder metallurgical economics considerations), rapid prototyping (processes,
modeling, prototyping, assembly, advantages and limitations), manufacturing tools (familiarity with
die, die components, punch and matrix, bending die, cutting die, drawing die, forging die, extruding die,
familiarity with die design)

Machining:
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- Basics of machining, map reading, tolerances, machining and cutting, machining force, tools,
machining capability, cut, piercing, drilling, sawing, grinding, advanced CNC machining, considerations
Welding:

- Fusion welding (flame welding, arc welding, resistance welding, laser welding, etc.), solid state welding
(friction welding, friction-stir welding, explosive welding, diffusion welding), design and selection of
welding method, welding qualitative tests, welding economy

Surface Engineering and Heat Treatment:

- Surface roughness, surface structure, abrasion, blasting, heat treatment principles, processes,
hardenability, TTT and CCT diagrams, heat treatment cycles

Section 3: Process Selection, Cost and Quality

Process Selection:

- Process selection methods, process for properties, selection criteria of manufacturing method, multi-
criteria decision making, systematic process selection (identification, screening, rating and
optimization, evaluation)

- Process selection based on the lowest cost of production, optimization

Metrology Engineering:

- Component defects in manufacturing

Quality Management:

- Introduction to QA, QC and TQM, quality assurance (QA), total quality management (TQM), ISO 9000
and QS standards on component quality, quality concepts and statistical methods, calibration, non-
destructive testing

- Industrial automation (automation in manufacturing and production, managing and handling of
materials, numerical control, sensor technology, industrial methods for temperature control,
computer-aided manufacturing, integrated production systems using computers

Estimation of Process Cost:

- Business cost management in manufacturing (introduction to business plan, financial estimation of
manufacturing processes, financial comparison of forming methods of components

References:

1- Kalpakjian, Schmid, Manufacturing Engineering and Technology, 7" ed., Pearson, 2014.

2- M.F. Ashby, Materials Selection in Mechanical Design, 4" ed., 2011

3- R. Creese, “Introduction to Manufacturing Processes and Materials”, CRC press, 1999

4- Beddoes, M.J. Bibby, Principles of Metal Manufacturing Processes, Elsevier, 1999.

5- H.N. Gupta, R.C. Gupta and Arun Mittal, Manufacturing Processes, 2™ Ed., New Age International
Publisher, 2009.

6- Mikell P. Groover, “Introduction to Manufacturing Processes”, Wiley, 2012

7- D. C. Montgomery, 6 ed. Introduction to Statistical Quality Control
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Course Title: Advanced Materials

Course Goals:

1- Introduction to Advanced Materials, Manufacturing Processes, and Applications of Advanced
Materials with an Emphasis on Optical, Electrical, and Magnetic Properties

2- Becoming Familiar with Properties of Advanced Materials for Material Selection in a Particular
Application

Syllabus:

Introduction

Introduction to advanced materials, classification, manufacture methods and applications

Electronic Materials

- Introduction, classification of electronic materials, semiconductor materials, dielectric materials,
ferroelectric, piezoelectric, pyroelectric materials, properties and applications

Magnetic Materials

- Introduction to magnetic properties, classification, diamagnetic materials, paramagnetic materials,
superparamagnetic materials, ferromagnetic materials, antiferromagnetic materials, hard and soft
magnetic materials, properties and applications

Composite Materials:

- Types of classification, reinforcing materials, matrix materials, reinforcement mechanisms,
manufacturing processes, physical and mechanical properties and applications, cermets

Cellular Materials

- Introduction and classification of cellular materials, fabrication methods of cellular materials,
characterization and properties of cellular materials, metal foams and applications of cellular materials
Biomaterials

- Introduction and classification, structure, synthesis, properties and applications of metallic
biomaterials, polymeric biomaterials, ceramics biomaterials and biocomposites

Nanomaterials

Introduction, synthesis, classification and types of nanomaterials, introduction of nanostructures and
production methods, characterization and properties of nanomaterials, some applications of
nanomaterials

Superalloys

- Introduction and classification of superalloys, Nickel and Cobalt based superalloys, Iron-Nickel based
superalloys, strengthening mechanisms, effects of chemical composition, identification of phases and
applications

Carbon Materials

- Introduction and classification, structure and bonds in carbon materials, graphite, diamond, fullerene,
nanotubes, graphene, types of carbon fibers, properties and applications

Metallic Glasses

- Introduction, principles of crystallization behavior, glass-forming capability of alloys, manufacturing
methods, properties and applications

Fibers

- Introduction and classification of fibers, pitch-based and PAN-based carbon fibers, glass fibers, Boron
fibers, organic fibers and ceramic fibers, properties, manufacturing methods and applications

Hard Materials

Hardmetals, tungsten carbides, structure, properties, synthesis and applications

Smart Materials

- Introduction of smart materials, memory effects, superelasticity, NiTi alloys, applications of memory
alloy

References:
1- Advanced Structural Materials: Properties, Design Optimization and Application", Edited by Winston
0. Soboyejo and T.S. Srivatsan, Taylor & Francis, 2006.
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2- "Advanced Materials", Mohammad Ebrahim Ebrahimi, Hamed Kipour, Danesh Pooyan Javan Press,
2014,

3- "Electronic, Magnetic, and Optical Materials", P. Fulay and J. K. lee, Taylor & Francis Group, 2017.
4- "The Superalloys: Fundamentals and Applications"”, R. C..Reed, Cambridge University Press, 2008.
5- "Handbook of Cellular Metals: Production, Processing, Applications", H. P. Degischer, B. Kriszt, Wiley-
VCH, 2002.

6- "Introduction to Biomaterials", D. Shi, Tsinghua University Press, 2006.

7- "Bulk Metallic Glasses", C. Suryanarayana and A. Inoue, Taylor & Francis Group, 2011.

8- "Fibers and Composites", P. Delhaes, Taylor & Francis, 2003.

9- "Carbon Materials for Advanced Technologies", T. D. Burchell, Elsevier Science Ltd, 1999.

10- "Nanomaterials: Synthesis, Properties and Applications”, A. S. Edelstein and R. C. Cammarata. 1998.
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Course Title: Heat Treatment

Course Goals:

1- Introduction to Types, Applications and Processes of Heat Treatment in Producing Metal
Components

2- Developing Skill in Applying Isothermal and Continuous Cooling Curves (TTT and CCT) and Relating
Microstructure to Properties of Metals

3. Developing Basic Skill in Designing Heat Treatment Cycles to Improve Properties of Metal
Components

Syllabus:

Introduction

- Iron-carbon diagram, types of phases and phase structures in steels

- Types of solid-state phase transformation and examination of structures and their formation,
including: eutectoid, pre- and post-eutectoid, perlite, martensite and its types, ferrite and its types,
bainite and its types, sorbit and trostite transformations

Time-Temperature-Transformation Phase Diagrams (TTT and CCT)

- Isothermal transformation (IT) diagrams, drawing principles and practical application, examples

- Non-isothermal (CT) diagrams, drawing principles and practical application, examples

- TTT diagrams of eutectoid, pre- and post-eutectoid carbon steels, TTT diagrams of alloy steels,
application of CCT diagrams based on cooling rate of components, effect of cooling rate on formation
of equilibrium and non-equilibrium structures

Heat Treatment Processes for Formation of Equilibrium Structures

- Concentration homogenization and grading, annealing (isothermal and complete) and normalization,
sphericalization in steels, tempering

- Stress relieving, recovery, recrystallization, mechanical properties and microscopic structure of steels
and cast iron

Hardness and Hardenability

- Martensite hardness, hardenability capability, hardness distribution in heat treated components,
effective parameters on hardenability

- Jominy test for hardness determination, hardness quantity, design of hardenability depth,
hardenability application in industry

Austenite and Martensite in Steels

- Austenite formation, grain size control of austenite, residual austenite, effect of alloying elements and
Schaeffler diagram, austenite properties, effect of austenite phase on mechanical properties,
austempering treatment, effect of stresses resulting from austenite transformation, technical notes on
producing austenitic structure and austenitic steels by means of CCT diagrams

- Martensite, tempered martensite, effect of carbon and alloying elements, effect of martensite phase
on mechanical properties of steels and cast irons, embrittlement phenomenon, secondary
embrittlement, thermal embrittlement, nitride embrittlement, martempering, quenching methods for
producing martensitic structure and related technical-engineering tips, role of martensitic
transformation stresses on properties of components, design of martensitic structure using CCT
diagrams

Surface Hardening

- Hardening by changing chemical composition of component surface: carbonization, nitriding,
carbonitriding, surface hardening of steels, surface hardening environments and baths, effect of
alloying elements, design of surface hardening depth and surface hardening inhibitors

- Hardening without chemical composition change, casehardening steels, induction hardening, flame
hardening and laser hardening methods

Practical Points in Heat Treatment Process

- Heating environments, baths, working atmospheres, types of heat treatment furnace, controlling
cooling and heating rates, multi-cycle processes

47




- Cooling environments, technical notes on heat treatment of alloy steels and tool steels, review on
additional symbols on heat treated steels, heat treatment of bulky and thin-walled components,
solutions for thermal stress and buckling reduction of components, common defects in heat treatment
and prevention procedures

Introduction to Heat Treatment of Cast Irons

- Types of cast iron, cast irons susceptible to heat treatment, common heat treatment cycles of cast
iron, advantages, limitations and potential defects

- Design of graphite structure and matrix phase of cast irons using CCT diagrams, conversion of non-
equilibrium structures to equilibrium structures and its effect on mechanical properties of cast irons,
effect of microstructure relationship and heat treatment cycle on mechanical properties of cast irons

References:

1- M. A. Golozar, Heat Treatment of Steels and Cast Irons, Isfahan University of Technology Press, 1993
2- G. Krauss, Heat Treatment and Process Principles, ASM International, 1990

3- Heat Treatment Guide, ASM International, 1996

4- Anil Kumar Sinha, Ferrous Physical Metallurgy, McGraw-Hill, 2003
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Course Title: Principles of Materials Forming

Course Goals:

1- Introduction to Principles and Methods of Analyzing Metal Forming Processes

2- Using Energy and Equilibrium Equations in Analyzing Materials Deformation Processes
3- Introduction to Deformation Behavior of Materials

Syllabus:

Introduction

- Introducing different manufacturing processes, comparing forming method, advantages and
limitations, introduction to forming methods, classification of forming methods based on stress modes,
force applying tools: press and hammer, advantages and disadvantages

Theory of Plastic Deformation

- Definition of stress tensor, principle stresses, hydrostatic and reduced stresses and related
relationships, true and engineering strain, Tresca and van Mises yield criteria in 2D and 3D states, yield
planes, role of hydrostatic stress and reduced stresses in yield, Prandtl-Reuss and Levy-Mises equations
Plastic Instability

- Plastic deformation instability in uniaxial tension, balanced biaxial tension, thin-walled sphere under
internal pressure, thin-walled cylinder under internal pressure, Bulge test

Forming tests

- Definition of standard tests, tensile test, true and engineering curves, uniaxial compression test,
compression test in plane-strain state, Bulge test

Introducing Methods for Analyzing Metal Forming Processes

- Ideal working method, slab method, upper limit, slip line field, visioplasticity, numerical methods such
as finite element method

Metallurgy of Materials Forming

- Work hardening, Effect of temperature and strain rate, cold, warm and hot forming, static and
dynamic recrystallization and recovery

Forging

- Types of forging, forging machines and molds, flow pattern and force and pressure analysis, design
principles of forging, defects of forging

Extrusion

- Types of extrusion, metal fluidity in extrusion, force and pressure analysis in extrusion, defects of
extrusion

Drawing

- Types of drawing (wire, strip, tube, ...), force and pressure analysis in wire drawing process, different
methods in tube drawing, force analysis in tube and strip drawing, friction and extra work, defects of
drawing

Rolling

- Types of rolling, rolling equipment and lines, mathematical analysis of rolling, force and pressure
analysis in flat rolling, rolling defects and rolling products, rolling of sections

Modern Metal Forming Processes

- Explosive shaping, laser shaping, etc.

References:

1- W.Hosford and R.Caddell, Metal forming, Mechanics and Metallurgy, 2011
2- G.Rowe, Principles of Industrial Metalworking Processes, 1977

3- K.Lange, Handbook of Metal Forming, 1985

4- G.Dieter, Mechanical Metallurgy, 1988
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Course Title: Casting

Course Goals:

1- Introduction to Casting Equipments, Methods and Processes
2- Introduction to The Principles and Methods of Casting Design
3- Developing Skills in Detail Design of Casting

Syllabus:

Background and Situation of Casting Processes in Manufacturing

- Background, definitions and Situation of casting processes in engineering, importance of casting in the
pyramid of materials science and engineering, familiarity with casting processes as a metal production
method

- Common terms in casting industry and various units of a casting workshop, Process Flow Diagrams,
ingot and continuous casting, shape casting, pattern, mold, and pattern and mold separation surface
Types of Casting Methods

- Types of casting in sand molds, including: wet and green sand mold casting, CO, sand casting, precision
casting, ceramic shell casting, plaster casting, cement casting, stencils casting, LFC/EPC sacrifice model
casting, vacuum casting (V-process), etc.

- Types of casting in metallic molds, including: centrifugal casting, die casting, LPDC and HPDC, cold and
hot chamber, low pressure casting, gravity metallic mold casting, squeeze casting, semi-solid casting, up-
casting, hollow shell casting, pig-casting (batch) and continuous casting

Preparation of Melt and Melting Furnaces

- Types of melting furnaces, melt preparation and melt treatment operations, including: melt gas removal
(suction, vacuum, degasser, etc.), using modifiers and melt inoculation for fine-graining or phase
deformation to enhance casting part quality, slagging and slag making, melt alloying and charge
calculation, charge optimization

Moulding Materials in Casting and Tests

- Types of casting sands and sources, properties and application of sand casting and mold sand
requirements, types of adhesives (inorganic, organic, natural) and their properties, catalysts

- Sand tests, including: sieve tests and analysis, mesh number, fineness number, sand grain- size and grain
distribution diagrams, sand morphology, specific surface area, coefficient of angularity COA, Darcy's law
and sand permeability test, sand drop test, sand core strength test (shear, bending, tensile), sand
moisture and soil content, sand refractoriness test

Detail Design of Casting

- Heat flow during metal casting, calculation of casting modulus, Chvorinov’s rule and calculating
solidification time, definition of riser, types and tasks of risers

- Riser design, Riser requirements, Risering based on solidification time, contraction and shrinkage during
casting, relationship between part and riser modulus, different methods of determining the number,
dimensions, and location of risers, efficiency and performance of riser

- Gating system design, including: laws of fluid mechanics in casting, calculation of pouring time,
definition of gating system, types and components (sprue and runner and gate), Types of gating system,
selection and design of gating system, calculation of cross-sectional area of gating components, mold
drawing with riser, gating and other requirements

Quality Control of Casting Parts Defects

- Types of defects in casting parts and structures, defects with melt origin, defects with moulding
materials origin, defects with solidification origin, defects with post-solidification cooling origin,
familiarity with coding casting defects according to the American Founders Association (AFS)

- Cause and effect analysis of casting defects, strategies to resolve casting defects.

References:

1- Richard W.; Carl R. Loper, & Philip C. Rosenthal Heine,” Principles of Metal Casting and Practice, 2003,
2nd ed. McGraw-Hill

2- R.W. Ruddle., K. Strauss “The solidification of casting”, Applied science in the casting of metals.
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3- Morad Salimi, Advanced Principles of Casting Models and Molds Design, Casting Society Press

4- Moulding Materials for Metal Casting, Mohammad Hossein Fathi, Isfahan Industrial Press

5- ASM Handbook Vol: 15, Castings. ASM ¢ Casting Design and Performance, ASM International

6- Baghani, Bahmani, Mirbagheri and Davamii "Simulation in Casting Processes" - 2017, Tehran AmirKabir
Press
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Course Title: Welding and Joining of Materials

Course Goals:

1- Introduction to the Joining Methods of Materials (Mechanical, Metallurgical and Chemical)
2- Introduction to the Principles of Metallurgical Processes (Fusion, Solid State and Soldering)
3. Introduction to the Fusion Welding and Different Joining Methods of Ceramics and Polymers

Syllabus:

Introduction

- History of Joining

- Importance of joining

Joining Methods of Materials

- Mechanical joints (screws, pins, rivets, punches, etc.)

- Adhesive bonding (adhesive components, types of adhesives, applying procedures and applications)
- Welding (Definition, evolution, classification of welding processes and its principles)

- Comparison of the three methods (advantages and disadvantages)

Fusion Welding Processes

- Principles (types of electrodes, welding protection principles, heat source intensity or energy density)
- Qxy-fuel (flame) welding processes

- Arc welding processes (arc definition, SMAW, GMAW, FCAW, SAW, GTAW)

- Resistance welding processes (RSW, RSEW)

Solid-State Welding Processes (FRW, DFW, CW, USW)

Brazing and Soldering

Principles of Welding Metallurgy

- Heat transfer and heat cycles

- Weld microstructural zones

- Solidification in molten weld pool

- Recrystallization, grain growth, precipitation, precipitate growth in the heat-affected zone

- Welding defects (cracks, cavities, inclusions, lack of melting and diffusion, inappropriate shape) and
how to avoid them

Welding Metallurgy of Metals and Alloys

- Introduction to steel

- Problems and solutions of steel welding

- Introduction to aluminum alloys

- Welding metallurgy of aluminum and its alloys and solutions

Joining of Non-Metallic Materials

- Joining of ceramics and glasses (types of mechanical, adhesive, soldering and welding methods and
their comparison)

- Joining of polymers (general methods, joining of thermostats and thermoplastics)

References:

1- Weman K., Welding Process Handbook, Abington, 2003.

2- Messler R. W., Principles of Welding, Wiley-VCH, 2004.

3- ASM, Metals Handbook, Vol. 6.

4- AWS, Welding Handbook, Vol. 2 and 4.

5- Lancaster J. F., Metallurgy of Welding, 6th Ed., Abington, 1999.
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Course Title: Design and Selection of Materials

Course Goals:

1- Introduction to The Types of Engineering Materials and Extracting Their Properties from Standard
Sources

2- Introduction to Standard designation of Materials, Material Selection Charts and Calculation Skills of
Engineering Materials Selection

3- Developing Attitude and Understanding of Materials Design for Manufacturing Engineering
Components Based on the Standard Concept

Syllabus:

Classification and Properties of Engineering Materials

- Different groups of engineering materials based on, physical, mechanical, chemical, thermal,
electronic and optical properties

- How to extract properties of engineering materials from references, standard sources and related
websites.

Design in Engineering Materials Selection

- Definition of engineering component and its concepts, definition of design and its concepts, how to
design an engineering component, design methods in engineering, identification cycle, conceptual
design, accurate design, design steps, direct and reverse engineering techniques in materials design
and selection

- Design with the help of the pyramid of materials science and engineering (manufacturing processes,
materials, structure, properties and performance)

- ldentifying design constraints and requirements for selecting engineering materials along with
examples, applications and materials selection software

Engineering Materials Selection Methods

- Identification of material properties and determination of material indices based on the application
of engineering components

- Familiarity with material selection charts, material indices, dimensionless material price, how to work
with material selection charts and optimizing selections based on requirements and constraints.

- Introducing and teaching the use of materials selection software, examples and industrial applications.
Familiarity with Different Metal Groups and Their Engineering Applications

- Ferrous Metals: Reminder of iron-carbon diagram, definitions, classification and applications

- Steels: non-alloy and alloy steels, standard designation of steels (DIN, ASTM, AlSI, etc.), determining
properties and application scope of steels using related standards and softwares, limitations and
requirements for steels selection

- Cast Irons: Identification and classification of non-alloy and alloy cast irons, standard designation of
cast irons, determining properties and engineering application scope of cast irons using related
standards and softwares, limitations and requirements for cast irons selection

- Nonferrous Metals: light metals (magnesium, aluminum, etc.) and heavy metals (copper, tin, lead,
nickel, gold, etc.), standard designation, engineering properties and applications, limitations and
requirements for nonferrous metals selection

Familiarity with Non-Metal Groups and Their Engineering Applications

- Ceramics: Types of ceramics (oxide ceramics, nitride ceramics, silicon ceramics), standard designation,
engineering properties and applications, limitations and requirements for ceramics selection

- Polymers: Classification of polymers (thermosets, thermoplasts, elastomers), standard designation,
engineering properties and applications, limitations and requirements for polymers selection

- Hybrid Materials: wood, composites (MMC, PMC, CMC) and cermets, standard designation,
engineering properties and applications, limitations and requirements for hybrid materials selection
Introduction to Advanced Engineering Materials

- Electronic Materials: Introduction, types, properties and applications

- Electroceramics: Introduction, types, properties and applications
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- Future Materials: Types, properties and applications

References:

1- M.F. Ashby, Materials Selection in Mechanical Design, 4th ed., 2011

2- Mahmoud M. Farag, Materials and Process Selection for Engineering Design, Third Edition - CRC Press
Book

3- Myer Kutz, Handbook of Materials Selection, John Wiley & Sons, 2002

4- Askeland, The Science and Engineering of Materials, 6th ed, 2006

5- Bruce P. Bardes, Metals Handbook, Vol. 1: Properties and Selection- Irons and Steels, 9th Edition,
2003

6- ASM Handbook Volume 2: Properties and Selection: Nonferrous Alloys and Special-Purpose
Materials, 10th Edition,2008

7- Budinski, Engineering Materials, Properties and Selection, 8th ed., Prentice Hall, 2005
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Course Title: Recycling of Metallic Materials

Course Goals:

1- Introduction to Technologies and Types of Metallic Secondary Resources for Recycling and
Refinement

2- Acquaintance with Importance and Position of Metal Recycling in Metal Production Chain and
Sustainable Production

Syllabus:

Introduction

- Position of recycling of metallic materials in production chain, energy consumption and environment
protection, waste management (waste decreasing, reuse, recycling, energy recovery, landfill), waste
classification

Sustainable Material Production

- Life cycle analysis, calculating metal recycling efficiency at the end of the life cycle

Types of Secondary Resources in Material Recycling

- Scrap, municipal waste, industrial tailing, slag, chip, dust, sludge, wastewater, filter cake, ash,
intermediate product

Theory and Technology of Physical Separation/Recycling Processes

- Particle size, velocity of particles in fluid, pulp rheology, sampling, release, preparation, crushing and
grading, gravitational separation processes (shaking table, jig, classifier, spiral separator, heavy
intermediate), magnetic separator (high and low intensity magnetic separator, magnetic fluid
separator), electrostatic separator (eddy current), plough systems, froth flotation

Recovery of Metals and Metal Compounds:

Steel Recycling

- Raw materials, scrap classification and availability, scrap processing, zinc and tin separation from steel,
tramp elements in refinement, slag and dust in the refinement process, recycling of super-alloy
elements from stainless steel

Copper Recycling

- Raw materials (scrap, slag, dust, electronic scrap materials), secondary smelting processes, slag
processing, recycling copper from printed circuit boards and electronic scrap

Aluminum Recycling

- Recycling methods, raw materials (scrap, by-products), separation, coating removal, recovery from
chips, secondary refinement and smelting

Lead Recycling

- Raw materials (scrap, tailings and by-products), segregation and separation techniques, battery
breaking and recycling battery paste, smelting and refining process of batteries

Nickel and Cobalt Recycling

- Recovery from super-alloy scrap, recovery from spent catalysts

Zinc Recycling

- Recovery of zinc oxide from dross, recovery of zinc from dust of electric arc furnace steel making,
recovery of zinc from dust of copper industries

Recycling of Precious and Rare Earth Metals

References:

1- Resource Recovery and Recycling from Metallurgical Waste, S.R. Rao, Elsevier, 2006

2- State-of-the-Art Handbook of Recycling for Practitioners, Analysts, and Scientists, Ernst Worrell; M A
Reuter, Elsevier, 2014
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Course Title: Engineering Calculations Workshop

Course Goals:

1- Developing Experience and Skill in Data Processing Using Spreadsheet

2- Developing Experience and Skill in Data Processing and Programming with MATLAB

3. Introduction to Computer-Aided Design (CAD) and Computer-Aided Engineering (CAE)

Syllabus:

Basic Concepts

- What is data processing? What is spreadsheet? What is Pre-processing, Processing and Post-
processing?

Data Processing Using Spreadsheet

- Reading data files in Excel spreadsheet (Example: processing of tension test data, calculation of stress-
strain)

Introduction to MATLAB

- Elementary workshop of MATLAB academy, application of MATLAB in engineering problems,
programming with MATLAB, (Example: algorithm of stress calculation based on the grain size),
introduction to MATLAB toolbox

Post-Processing (Drawing Charts):

- Drawing stress-strain plot; drawing logarithmic chart, vector and graphic plots, plotting with MATLAB,
post processing software, introduction to types of engineering charts, x-y scatter chart, column chart,
contour map, vector map

Curve Fitting

- Curve fitting on tensile test data, calculation of material properties using curve fitting, calculation of
mechanical properties of tensile sample, prediction of creep life using curve fitting

Image Processing

- Principles of engineering digital graphics, image formats, histograms, imaging and mapping, graph-to-
image conversion, image-to-data conversion, engineering graphics, chart preparation for scientific
reporting, quantitative metallography and calculation of secondary phase fraction, grain size
calculation, introduction to metallographic image and material structure processing softwares

Solving Equations Using Spreadsheet

- Solving algebraic equation, numerical integration: calculation of toughness (example of the area under
stress-strain curve), decision matrix (example of material selection), solving linear equation system
(example of mass equilibrium of furnace charge), linear programming and optimization (example of
optimizing furnace charge for lowest price, example of material selection)

Computer Aided Design (CAD)

- Introduction to geometric design and modeling softwares, technical drawing of a flange part,
preparing technical map of a part

Computer Aided Engineering (CAE) Analysis

- Introduction to engineering analysis softwares and their application, mechanical analysis (example of
stress concentration in pitted sheets), thermal analysis (example of heat transfer in casting mold), flow
analysis (example of flow simulation in melt transfer channel), multi-physics analysis, introduction to
casting simulation softwares, steps of engineering analysis (geometric modeling, meshing, loading,
processing and post processing)

Thermodynamic Calculations

- Introduction to ThermoCalc and thermodynamic software, example of phase diagram drawing, alloy
phase calculation, example of calculating thermodynamic properties

Design of Experiment

- Example of design of experiment Minitab

- Which software to learn? Review of engineering softwares, What are the skill requirements of an
engineer in a job position?

References:
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1- Larsen, Engineering with Excel, 4" ed., Pearson, 2012
2- MatlLab Academy, https://matlabacademy.mathworks.com/
3- Getting Start with MatLab, Math works, 1998
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https://matlabacademy.mathworks.com/

Course Title: Materials Characterization and Analysis Technique Laboratory

Course Goals:
1- Introduction to Main and Important Techniques and Instruments for Physical and Chemical
Characterization of Materials for Materials and Metallurgical Engineering

Syllabus:

Introduction to Safety Regulations, Reporting, and Taking Notes

Calorimetry, Volumetric, Densitometry

- Introducing balances and volumetric glassware, calculations needed for working with solution/liquid
materials (density and purity), calculations needed for working with solid materials (molar mass of
composition and purity), Archimedes method, Pycnometer

Size of Solid Particles

- Screening analysis; basics and principles; particle size distribution (cumulative diagrams); dso
estimation

- Titration for the concentration measurement of metal cations and anions (sulfate, sulfide, chloride,
nitrate), introducing titrants, reagents, basics and reactions of complexation

- Spectrophotometry technique for the concentration measurement of metal cations and anions

- Principles (Beer-Lambert's law), preparation of calibration solutions, obtaining calibration curves,
estimation of unknown sample concentration

Atomic Absorption Spectroscopy

- Basics and Principles, Standard Solutions, concentration measurement of 2 component/3 component
solutions of metal cations and anions, estimation of unknown sample concentration

Wet Analysis

- (dissolving solid sample in aqua regia) and using atomic absorption spectroscopy technique for
determining weight percentage of sample’s elements

X-ray (Elemental and Phase Analysis)

- Unknown sample; Xpert software; work with standard cards; phase identification; grain size
determination; lattice parameter determination

Scanning Electron Microscopy (SEM) and Microanalysis

- Sample preparation, particle morphology, elemental distribution; particle size estimation and
histogram; Imagel software

- Thermal analysis

- Devices, equipment and instrumental principles, extractable information from curves

Surface Analysis

- densitometry, porosity, specific area (BET)

References:

1- John Kenkel, Analytical Chemistry for Technicians, 4" ed., CRC Press, 2014

2- B. D. Cullity, S. R. Stock, Elements of X-Ray Diffraction, 3™ ed., Pearson Education International, 2001.
3- P. J. Goodhew, J. Humphreys, R. Beanland, Electron Microscopy and Analysis, Taylor and Francis,
2001.
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Course Title: Corrosion and Coating Laboratory

Course Goals:

1- Developing Skills in Determining Uniform Corrosion Rate

2- Developing Skills in Evaluating Pitting Corrosion

3- Identifying Engineering Parameters of Applying Metal Coatings

Syllabus:

Experiment 1) Sample Preparation:

- Pickling, degreasing, drying and polishing for subsequent coating

Experiment 2) Immersion Test:

- Measurement of corrosion rate by weight loss method and salt spray test

Experiment 3) Potentiometry:

- Introduction to reference electrodes, corrosion potential measurement and galvanic series
Experiment 4) Potentiodynamic Polarization Test

- Three-electrode test and Tafel extrapolation

Experiment 5) Pitting and/or Crevice Corrosion

- Transition from active to passive state, pitting corrosion and test of chemical pitting of metals
Experiment 6) Electroplating of Metals

- Nickel electroplating using Watts bath, decorative chromium electroplating and copper or gold
electroplating

Experiment 7) Conversion Coatings

- Iron phosphating and aluminum anodizing

Experiment 8) Effect of Corrosion Inhibitors

- Thiourea (adsorption inhibitor) and Chromates (passivating inhibitor)

Experiment 9) Hot-Dip Galvanizing and Its Evaluation

Experiment 10) Cathodic Protection

Experiment 11) Anodic Protection

Experiment 12) High Temperature Oxidation

References:

1- Corrosion Engineering, 4th chapter: Corrosion Testing, 3rd edition, by M.G. Fontana, McGraw-Hill,
1987

2- Fundamentals of Electrochemical Corrosion, chapter 4, 5, 6, by E.E. Stansbury, R.A. Buchanan, ASM
Int., 2000

3- Metals Coating (Volume 1), Third Edition, M. Ghorbani, Sharif University of Technology Scientific
Publishing Institute, 2012

4- Laboratory tests of Corrosion and Protection, M.A. Golozar, Isfahan Arkan Publications, 2001
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Elective Courses —

Materials Production and Synthesis
Theme



Course Title: Principles of Metal Production Il

Course Goals:
1- Introduction to Principles of Material and Energy Balance and Its Application in Metal Production
2- Introduction to The Basics of Metal Extraction Reactors

Syllabus:

Introduction

- Introduction to the Materials balance, energy balance, and reactor design in the metal manufacturing
industry, design from mass transfer point of view, energy transfer point of view and reaction rate point
of view, design from materials selection for mechanical applications point of view, corrosion resistance
point of view, etc.

Material Balance

- Mass balance principles in non-reactive systems, simple systems, systems in series, reversible and
bypass systems, examples of beneficiation, metal refining, and precipitation systems

- Stoichiometry concepts: extent of reaction progress, reaction fraction, recovery, efficiency

- Mass balance in reactive systems, dependent and independent reactions, solving independent
equation systems, examples of combustion reactions, metal compounds reduction and aqueous
reactions

Energy Balance

- Application of the first law of thermodynamics to energy balance, simultaneous balance of mass and
energy

- Energy balance in non-reactive systems, energy recovery and efficiency

- Energy balance in reactive systems, thermal constraints on material balance, uncoupled system
balances, combustion reactions, adiabatic processes, aqueous systems and electrolysis

Statistical Topics Used in Measurement and Sampling

- Basic statistical concepts and descriptive tools, distribution of random variables, basic applications of
inferential statistics to measurement and design of experiments

Introduction to Reactor Design

- Batch reactors, mixed flow reactors, plug flow reactors, calculation of reactor dimensions based on
the required residence time, reactor design for single reaction, dimension comparison, multi-reactor
systems, design of parallel reactors, reversible reactor, production rate

Design of Fluid-Fluid Reactors

- Selection of contactors, crossflow-piston flow contact system, contact systems in mixed flow reactors,
example of mixer and settler system in solvent extraction process

Design of Fluid-Particle Reactors

- Solid plug flow/uniform gas composition reactor, particle mixing flow/uniform gas composition,
calculation of fluidized bed reactor dimensions, examples of reduction, roasting and leaching reactors
in metallurgical processes

References:

1- Arthur E. Morris, Gordon Geiger, H. Alan Fine, Handbook on Material and Energy Balance Calculations
in Material Processing, Third Edition, The Minerals, Metals & Materials Society, Wiley, 2011

2- Octave Levenspiel, Chemical Reaction Engineering, 3rd Edition, Wiley, 1999

3- H. Scott Fogler, Elements of Chemical Reaction Engineering (4th Edition), Prentice Hall PTR, 2016
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Course Title: Non-Ferrous Metal Production

Course Goals:
1- Process and Technology of Copper, Aluminum, Lead and Zinc Metals Production by
Hydrometallurgical Methods

Syllabus:

Copper Production Processes

- Properties and applications of copper, copper ores, ore beneficiation methods, flow diagram of copper
production, thermal processes, matte melt and related furnaces, matte-to-blister copper conversion,
copper thermal refining, anode casting, electrolysis refinement, by-products and related processes,
hydrometallurgical methods, dissolution, cementation, solvent extraction, electrowinning,
thermodynamic, kinetic, mass and energy balancing and design related issues

Aluminum Production Processes

- Properties and applications of aluminum, aluminum ores, flow diagram of aluminum production,
alumina production from bauxite by Bayer method, aluminum production by electrolysis of Hall—-
Héroult molten salt, other aluminum extraction methods, thermodynamic, kinetic, balancing and
design issues

Lead Production Processes

Properties and applications of lead, lead ores, flow diagram of lead production, roasting and reduction
method, roasting and interaction method, thermal refinement of lead, byproducts, alternative
processes, thermodynamic, kinetic, balancing and design issues

Zinc Production Processes

- Properties and applications of zinc, zinc ores, flow diagram of zinc production, thermal methods,
hydrometallurgical methods, dissolution, solution refinement, electrowinning, by-products,
thermodynamic, kinetic, balancing and design issues

References:

1- Handbook of Extractive Metallurgy, vol. 2, F. Habashy, Wiley VCH, 1997

2- Extractive Metallurgy of Copper, 4rd Ed. W.G. Davenport et.al., Elsevier Ltd, 2002

3- Treatise on Process Metallurgy. vol. 3 - Industrial Processes, S. Seetharaman, Elsevier Ltd, 2014
4- Principles of Extractive Metallurgy, A. Ghosh & H. S. Ray, New Age International Limited, 1984
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Course Title: Iron and Steel Making

Course Goals:
1- Introduction to Production Methods of Pig Iron, Cast Iron, Sponge Iron, Steel and Alloy Steel
2- Introduction to Thermochemical and Kinetic Principles of Iron and Steel Making

Syllabus:

- History and introduction to iron and steel making, flow sheet of iron and steel making

Charge Preparation

- Concentration methods, and agglomeration processes

Blast Furnace Iron Production

- structure of the furnace, raw materials, reactions, mass balance

An Overview on Thermodynamics and Kinetics of Iron Ore Reduction:

- Equilibrium diagrams of iron-oxygen and iron-carbon, equilibrium in carbon-oxygen, carbon-oxygen-
iron, and hydrogen-oxygen-iron systems

Direct Reduction of Iron

- HYL3, Midrex and new methods

Introduction to Steelmaking

- Physical chemistry of iron refinement reactions (decarburization, desulfurization, dephosphorization,
desiliconization, manganese removal)

Steelmaking Technology

- Steelmaking by basic oxygen process (BOP) method

- Steelmaking by electric arc furnace and induction furnace

- Ladle Metallurgy and final refinement, alloying, inclusion control, stainless steel making

An Overview to iron and steel market in Iran and the world

References:

1- A. Ghosh, Iron and Steel Making, Theory and Practice, 2010.

2- Iron Production - Ali Saeedi, Nader Sotoudeh, University of Isahan Jahad Daneshgahi Press, 2006.
3-Y.K. Rao, Stoichiometry and Thermodynamics of Metallurgical Processes, 1985.

4- E.T. Turkdogan Fundamentals of steelmaking, The institute of Materials, 2010.

5- Alain Vinges, Extractive Metallurgy Vol. 1-3 1, John Wiley & Sons, 2011.
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Course Title: Sustainable Development in Metals Production

Course Goals:

1- Understanding The Relationship Between Materials, Energy and Concept of Sustainable
Development

2- Understanding The Multidisciplinary and Interdisciplinary Nature of Challenges Facing Sustainable
Development and Importance of Metal Production Interaction and Relation with Other Areas of
Engineering

3. Developing Basic Skills in Life Cycle Analysis of Materials in Metal Manufacturing Industries

Syllabus:

Introduction to Materials and Energy and Concept of Sustainable Development

- A history of sustainable development; material and energy crisis; interaction between resources,
consumption and population

Materials and Materials Cycle

- Natural resources and classification of materials, materials cycle analysis, materials recyclability,
assessment of materials cycle (energy and material balances, material flow analysis), waste
management; pollutant control, contaminants and waste incineration, landfill, zero pollution and the 7
Rs rule [reduction, reuse, recycle, recovery, re-thinking, renewal, regulations]; life cycle analysis and
manufacturers' responsibility extension, cradle-to-cradle concept

Sustainable Development

- Sustainability definition and description; Sustainable development definition and description;
Terminology

Identifying The Steps to Achieve Sustainable Development

- Facing complex systems; step-by-step approach to achieve sustainability; summarizing the steps and
presenting initial design

Tools, Emergencies and Prioritization

- Identifying main goal-setting; analyzing conditions; fact finding; informed conclusion; reflect on
alternative plans

Risk of Materials Supply Chain

- Emergence of constraints in resources and applications of materials; price change risk; resource
monopoly and geopolitical risk; conflict risk; rules and regulations; abundance risk; changing
expectations regarding corporate accountability; management risk

Energy Consumption in Raw Material Production

- Direct and indirect energy and total energy required, total energy required and global warming
potential (pyrometallurgy vs. hydrometallurgy), global greenhouse gas production, energy
sustainability indicators

Role of Water in Metals Production:

- Water resources, water content involved in metals, water sustainability indicators

Waste Management in Metal Manufacturing Industries

- Solid, liquid and gas waste management, scrap materials options (recycling, reuse, re-production),
recycling advantages and limits, recycling rate of useful metal wastes, energy consumption in metal
recovery, a case study of iron and steel industry; a case study of aluminum casting units

Access and Demand for Metals and Minerals in The Future:

- Long-term metal supply indicators, potential mineral resources, long-term metal demand indicators,
alternative materials and technologies, reduction of consumables per dematerialization

References:

1- Materials and Sustainable Development; Michael F. Ashby; 2016 Elsevier; Chapters 1 to 5.

2- William John Rankin, Minerals, Metals and sustainability: meeting future material needs, CSIRO 2011
3- Sustainable Industrial Design and Waste Management Cradle-to-cradle for Sustainable
Development; Salah M. El-Haggar; 2007 Elsevier; Chapters: 1, 2 and 10
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Course Title: Process Control

Course Goals:
1- Introduction to The Concepts of Control in Materials Engineering Processes Such as Melting
Furnaces and Design of Hydrometallurgical Reactors

Syllabus:

- Description of the importance and role of control in metallurgical processes along with examples

- Method of solving control problems using Laplace transform

- Displaying system by conversion function and box diagram

- Open circuit linear systems: the answer to first order systems

- The answer to first order systems in series

- Systems with orders higher than one

- Closed circuit systems, control system, transient response, stability of control systems

- Providing various problems in the scope of metallurgical processes such as melting furnaces,
refinement, forming and hydrometallurgical reactors

References:

1- Process Systems Analysis and Control, Steven E. Leblanc, Donald R. Coughanowr, McGraw-Hill
Higher Education, 2008

2- Process Control: A Practical Approach, Myke King, Wiley, 2010

3- Principles of Process Control in Chemical Engineering, Manouchehr Nick Azar, Amirkabir University
of Technology (Tehran Polytechnic), 2016

4- Dynamics and Process Control, Mehdi Rafizadeh, Amirkabir University of Technology (Tehran
Polytechnic), 2013
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Course Title: Synthesis for Advanced Energy Materials

Course Goals:

1- Introduction to Advanced Energy Converter and Storage Devices and Properties of Materials Used in
Them

2- Introduction to Chemical Synthesis Methods of Materials for Application in Advanced Energies

Syllabus:

- Introduction to advanced and renewable energies

Advanced Materials Used in Energy Converters

A review on Synthesis Methods of Materials, including:

- Chemical and electrochemical methods, polyol, sol-gel, physical methods (sputtering, vapor
deposition, laser, etc.), thermal methods, polymerization and synthesis of carbon materials

Solar Cells (Photovoltaic)

- Introducing different solar cell types (1st to 4th Generation)

- Materials used in solar cells and their synthesis methods, such as silicon crystals, thin films (silicon and
gallium-arsenide), Dye-sensitive solar cell (DSSC), quantum dots, perovskite materials and organic
(polymeric) materials

Batteries

- A review on batteries and their performance

- Lithium batteries

- Special purpose batteries, such as silver-oxide battery, vanadium redox battery, thermal battery, etc.
- Synthesis methods of electrolyte and separator

- Synthesis methods of electrode materials and electrocatalysts

Supercapacitors

- A review on supercapacitor

- Types of dielectric materials

- Materials used in supercapacitor electrodes

Fuel cells

- A review on fuel cell types and their performance

- Materials used in fuel cell components including electrolytes, electrodes, electrocatalysts, gas
diffusion layer, etc. and their synthesis methods

Hydrogen Storage

- Metal hydrides and their synthesis methods

- Carbon-based hydrogen absorbers

Methods for Evaluating Quality of Materials Used in Advanced Energies

References:

1- K. Lu, Materials in Energy Conversion, Harvesting, and Storage, John Wiley & Sons, 2014.

2- C. Daniel and J.0. Besenhard, Handbook of Battery Materials, Wiley-VCH Verlag & Co, 2011.
3- D.W. Bruce, D. O’Hare, R.l. Walton, Energy Materials, John Wiley & Sons, 2011.
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Course Title: Bioprocesses in Metallurgical Engineering

Course Goals:

1- Understanding the Role and Mechanisms of Microorganisms in Metal Extraction Processes with
Emphasis on Leaching Process

2- Purification and Separation of Metallic lons from Aqueous Solutions (Adsorption and Desorption)

3. Microbial Induced Corrosion (MIC) of Metals

Syllabus:

- Introduction to industrial biotechnology (role of microorganisms in dissolution of metal resources,
corrosion and absorption phenomena)

- A historical introductory to industrial usage of microorganisms; classification of microorganisms
(bacteria, fungi and algae)

- Classification of bacteria (based on respiration, energy source, temperature range, pH range)

- Kinetics of bacterial growth and growth curves (bacterial counting methods, optical microscopy,
weighing, optical density, measurement of substrate or oxygen consumption rate)

- Different stages in non-continuous growth curve of bacteria (lag phase, growth acceleration phase,
log phase, growth deceleration phase, stationary phase, death phase)

- Modeling of bacterial growth based on unstructured - non-segregated model (Monod kinetic model)
- History of bioleaching (advantages and disadvantages)

- A look at the chemistry of metallic compounds (sulfides, oxides and carbonates, solubility limit)

- Characteristics of Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans bacteria

- Effective mechanisms involved in dissolution of metal sulfides (direct mechanism, indirect mechanism,
effective chemical reactions)

- Factors affecting bioleaching process (bacterial activity, adaptation, pH, dissolved oxygen)

- Adaptation methods pf bacteria (single step culture, sequential culture)

- Microbial induced corrosion (concept of biofilms and the effective microorganisms)

- Mechanisms behind MIC (ennoblement mechanism, concentration cells, inactivation of corrosion
inhibitors, creation of new chemical components, biochemical reactions in biofilms)

- Sulfate ion reducing bacteria (SRB), sulfur oxidizing bacteria (SOB), nitrate ion reducing bacteria (NRB),
iron oxidizing bacteria (FeOB)

- MIC diagnosis (a combination of chemical and microbiological analyzes)

- Sensitization factors of MIC (welding, stagnant Water), MIC prevention methods (reduction and
control of bacterial population)

- Introduction to metal uptake by microorganisms, mechanism of metal cations and anions uptake

- Equilibrium, kinetics and modeling of biosorption processes (influence of pH and ionic strength on
adsorption thermodynamics, application of Langmuir and Freundlich isotherms in modeling,
investigation of mass transfer event, diffusion layer, intracellular diffusion and chemical reactions
involved in biofilm and metal ion interaction, pseudo first and second order chemical models)

References:

1- Shijie Liu; Bioprocessing Engineering, (Kinetics, Sustainability, and Reactor Design); 2013; Elsevier

2- Abhilash, B. D. Pandey, K. A. Natarajan; Microbiology for Minerals, Metals, Materials and the
Environment, 2017; CRC Press

3- Liengen, R. Basseguy, D. Feron, |. Beech, Understanding Biocorrosion: Fundamentals and
Applications; T; Elsevier

4- Brenda J. Little, Jason S. Lee; Microbiologically Influenced Corrosion; 2007; WILEY; 2007

5- Bohumil Volesky; Biosorption of Heavy Metals; 1990 by CRC Press
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Course Title: Metals Production Laboratory

Course Goals:
1- Learning practical skills related to the Methods of Ore Concentration, Pyrometallurgy,
Hydrometallurgy and Electrometallurgy Used in The Production of Metals and Compounds

Syllabus:

- Crushing and screening test

- Concentration of oxide ore by shaking table method

- Concentration of iron ore (hematite and magnetite) by magnetic method

- Calcination of lime — investigating the effect of time and temperature on reaction progress,
investigating the reaction kinetics

- Roasting of zinc sulfide — investigating the effect of time and temperature on the reaction progress
and product type, investigating the reaction kinetics

- Indirect iron reduction (solid state) — investigating reaction progress, product type, effect of
temperature and carbon content on reduction.

- Reduction of lead oxide with carbon —investigating reduction efficiency and fluxing effect

- Measurement of pH (H,SO4, HCI, NH; and KCI solutions), Calculation of proton activity and activity
coefficient

- Leaching of copper oxide ore by sulfuric acid solution — investigating the effect of time, pulp density,
and acid concentration, kinetic modeling of the process

- Cementation of copper by iron — investigating the effect of copper solution concentration and pH,
investigating the effect of ferric iron ion on process efficiency

- Solvent extraction of copper/iron (nickel/cobalt) by D2EHPA — investigating the separation factor,
obtaining extraction curves and distribution coefficient, calculating extraction number

- Electrowinning of precious metals

- Conversion of strontium sulphate to strontium carbonate by soda ash method

References:

1- Metal Extraction Laboratory Handbook - Faculty of Mining and Metallurgy Engineering of Amirkabir
University of Technology

2- Principles of Extractive Metallurgy - Terkel Rosenqvist, Translated by M. Karaminejad, Academic
Publishing Center, 2006
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Elective Courses — Manufacturing
Processes



Course Title: Surface Engineering and Coatings

Course Goals:
1- Introduction to the Science of Coating and Surface Engineering
2- Introduction to the Surface Treatments to Improve Surface Properties

Syllabus:

- Costs of corrosion and its relationship with coating

- Classification of metallic, organic, ceramic, conversion and diffusion coatings

- Overview of the various methods of applying a coating (traditional and modern methods)

- Electrochemical and electroless coatings

- Copper, nickel, chromium and silver plating baths

- Anodizing: baths used and coating properties

- Phosphating

- Chromating

- Organic paints and coatings, pigment materials

- Principles of surface engineering including concepts of surface hardness, wear, tribology and friction
- Surface hardening operations such as carbonization, nitriding, flame hardening, induction hardening,
laser hardening, stir-friction processes

- Shot-blasting and sandblasting

- Methods of thin films formation, including physical and chemical vapor phase deposition, sputtering
method and laser-based methods.

- Plasma coatings including plasma oxidation in different baths and plasma nitriding

References:

1- Mohammad Ghorbani, Coating Metals, Volume |, Sharif University of Technology Press, 3™ Edition
2012

2- J.R. Davis, Surface Engineering for Corrosion and Wear Resistance, ASM International, 2001
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Course Title: Powder Engineering

Course Goals:

1- Introduction to Properties of Powder Materials

2- Introduction to Preparation Processes of Metal and Non-Metal Powders

3- Introduction to Production Methods of Powder Parts and Strengthening of Powder Metallurgy Parts

Syllabus:

- History, properties, applications, advantages and disadvantages

Characterization and Identification of Powders:

- Sampling, determination of grain size, grain size distribution graphs of powder particles,
determination method of powder specific surface, compressibility, powder flowability, types of powder
density, agglomeration

Powder Production Methods

- Mechanical, electrochemical, chemical and spray methods

Measuring Methods of Powder Particle Size

- Sedimentation methods, light reflection, light absorption, microscopy, X-ray based, electron
microscopy

Powder Compression Methods

- Principles of compression, methods of powder compression molding, lubricants, Heckel, Balshin,
Walker, Panelli and Filho equations

Sintering

- Theoretical principles, driving forces of sintering, Grain Growth, sintering atmospheres, sintering
furnaces

Complete Consolidation Methods

- Disadvantages and features, complete condensation techniques, including activated sintering, liquid
phase sintering

- Finishing and heat treatment of powder parts

Properties of Powder Parts

- Microstructural characteristics, property of cavities, open and closed porosities, permeability,
mechanical properties test methods, microstructure effect on mechanical properties, physical
properties of powder components including thermal conductivity, electrical conductivity, and magnetic
properties

References:

1- Powder Metallurgy Science, Randall German, Translated by Mojtaba Naserian and Ali Haerian,
Ferdowsi University of Mashhad, 2008

2- Metals Handbook, Vol. 7, Powder Metallurgy, ASM International, 2015
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Course Title: Mechanical Properties of Materials Il

Course Goals:
1- Introduction to The Mechanisms of Failure, Damage and Fracture of Materials with Emphasis on
Mechanical and Metallurgical Aspects and with The Help of Fracture Mechanics

Syllabus:

Fracture

- Types of fractures (ductile and brittle fractures), theoretical strength of materials

- principles of defect population, stress concentration and stress concentration factor

- Griffith's theory (limitations and corrections), energetic criterion of fracture, analysis of energy
reduction rate

- Plane stress and plane strain states

- Crack tip plastic zone and its effective factors

- Microscopic aspects of ductile and brittle fracture

- Micro-mechanisms of ductile and brittle fracture

- Crack nucleation mechanisms, types of fracture modes

- Stress intensity and stress intensity factor, fracture toughness

- Fracture toughness test and its effective factors

- Impact test, ductile to brittle transition temperature and its effective factors, metallurgical
embrittlement

- Polymers fracture, ceramics fracture

Fatigue

- Fatigue: Types of cyclic stress and fatigue parameters

- Macroscopic characteristics and aspects of fatigue, S-N curve

- Fatigue under constant stress, fatigue under constant strain

- Microscopic features and aspects of fatigue

- Principles of fatigue damage accumulation, random loading (Miner's rule)

- Nucleation and growth mechanisms of fatigue crack

- Calculation of crack growth rate and component life under fatigue

- Methods of increasing fatigue resistance, effect of metallurgical and mechanical parameters on
fatigue

Creep

- Concept of creep, creep diagram and creep stages, effect of temperature on material behavior and
properties, creep types based on the temperature and stress composition

- Equations governing creep, calculation of creep rate

- Activation energy of creep (calculations and factors affecting activation energy)

- Creep mechanisms (diffusion creep and dislocation creep)

- The role of grain and grain boundaries in creep, grain boundary sliding and its mechanisms, grain
boundary migration and its mechanisms

- The role of alloying elements on creep and creep-resistant alloys

- Effect of sediment on creep (types of sediments resistant to heat)

- Types of creep cracks and creep fracture

- Ways to increase creep resistance

- Design against creep

- deformation mechanism maps

Mechanical Behavior of Nanostructured Materials and Advanced Materials

References:

1- R.W. Hertzberg, “Deformation and Fracture Mechanics of Engineering Materials”, 4th Ed., Wiley,
USA, 1996

2- G.E. Dieter, “Mechanical Metallurgy”, 3rd Ed., McGraw Hill, USA, 1986

3- M. A. Meyers, K. K. Chawla, “Mechanical Behavior of Materials”, Cambridge University Press, 2009
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Course Title: Non-Destructive Testing

Course Goals:

1- Understanding of the Principles, Methods and Technologies of Non-Destructive Inspection and
Testing of Materials and Industrial Parts

2- Developing Basic Skills Required for Selection of Non-Destructive Tests for Industrial Parts

Syllabus:

Introduction to The Necessity and Importance of Non-Destructive Tests

- Definition, causes of development, necessity, differences with destructive tests, definition of
discontinuity

Visual Inspection

- Definition, types, auxiliary equipment, types of borescopes, applications

Leak Testing

- Definition, types, immersion technique, soap foam technique, acoustic techniques, pressure
measurement using gauges and evaluation of pressure drop, penetrant liquid technique

Penetrant Liquid Testing

- Definition, types of detectors, performance steps, applications, advantages, limitations

Magnetic Particle Testing

- Definition, mechanism, types of magnetic particles, advantages, limitations, applications, physical
principles, different techniques

Magnetic Field Testing

- Definition, mechanism, different techniques, types of detectors

Radiography Testing

- Definition, types of beam, beam absorption, different techniques, X-ray radiography, Gamma-ray
radiography, neutron particle radiography, definitions and quantities, penetrometers

Ultrasonic Testing

- Definition, principles, inspection techniques, display methods, probe types, standard reference blocks
Acoustic Emission Testing

- Definition, types of acoustic emission, principles, applications

Thermography Testing

- Definition, direct thermography (thermocolor), indirect thermography (infrared)

Holography Testing

- Definition, steps, optical holography, acoustic holography

Eddy Current Testing

- Definition, applications, principles, factors influencing the depth of penetration, types of coils used in
the test, methods of display

Other Non-Destructive Tests

- Laser test, electrical resistance test, etc.

Some Applications of Non-Destructive Tests for Quality Control of Parts and Joints

References:

1- H. Tuyserkani, Non-Destructive Inspections, 3™ Edition, Isfahan University of Technology Press
2- ASM Handbook, Vol.17 - Nondestructive Evaluation and Quality Control, ASM International

3- Non-Destructive Testing Handbook, Vol. 10 - NDT Overview, ASNT

4- Louis Cortz, Non-Destructive Testing, ASM International, 1995

5- R. Halmshaw, Edward Arnold, Non-Destructive Testing, 2nd ed., 1991

6- Non-Destructive Testing Handbook, 3rd ed. Vol. 1-9, ASNT
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Course Title: Composite Materials

Course Goals:

1- Introduction to Composite Materials (Metal, Polymer and Ceramic Matrix Composites)
2- Familiarity with Structure and its Relationship with Properties of Composite Materials
3- Raw Materials for Manufacturing of Composite Materials

4- Manufacturing Processes of Composite Materials

5- Mechanical Aspects and Design Criteria of Composite Materials

6- Applications of Composite Materials in Production of Engineering Components

Syllabus:

Introduction to Composite Materials

- Definitions, background and philosophy of emergence

Types of Composite Materials

- Classification, composite materials having metal, ceramic and polymer matrixes
Manufacturing Processes of Composite Materials

- Solid-, liquid-, liquid-solid- and gas-state processes

Metal-based Composite Materials

- Classification based on matrix material and reinforcement type

Ceramic-based Composite Materials

- Classification based on matrix material and reinforcement type

Polymer-based Composite Materials

- Classification based on matrix material and reinforcement type

Structure of Composite Materials

Properties of Composite Materials

- Mechanical properties and physical properties (such as thermal and electrical properties)
Applications of Composite Materials

References:

1- Ever J. Barbero, Introduction to Composite Material Design, second edition, CRC Press Taylor &
Francis Group, 2011.

2- F.C. Campbell, Structural Composite Materials, ASM International, 2010.

3- Composite materials handbook, MIL-HDBK-17-3F, Volume 3 of 5,17 JUNE 2002

4- Ronald F. Gibson, Principles of Composite Material Mechanics, Fourth Edition (Mechanical
Engineering), CRC Press, 2016.

5- Krishan and K. Chawla, Composite Materials: Science and Engineering (Materials Research and
Engineering), Springer, 2013.

6- ASM Handbook, Volume 21, Composites, 2001.
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Course Title: Materials Forming and Powder Laboratory

Course Goals:

1- Experience with Equipment and Devices Used in Metals Forming and Powder Metallurgy

2- Experience in Forming Processes, Ability to Detect and Evaluate Problems and Errors in Metal
Forming Experiments

3- Developing Skills in Reporting Forming And Powder Metallurgy Tests

Syllabus:

- Uniaxial pressure test and plotting stress-strain curves with Cook-Larke method

- Pressure test under plane strain state

- Identification of extrusion molding machine and accessories, observation of extrusion and flow of
material, identification of dead zone and deformation zone and plotting of force-displacement curves

- Drawing wire test and identification of the molds, calculation of surface reduction per each pass

- Rolling test, calculation of the force required for rolling in each pass, the concept of lateral spread in
rolling

- Familiarity with formability test, mold identification in the dome height test, plotting complete curve
of sheet formability limit

- Gear forging test and introduction to forging mold accessories

- deep drawing test, FLD chart

- Particle measurement and powder particle size distribution test

- Powder apparent density measurement test

- Crude density measurement test

- density and porosity measurement by Archimedes method

- Powder press test

- Sintering test

- Examination of morphology and shape of powder particles

References:

1- William F. Hosford; Robert M. Caddell; Metal Forming, Translated by Mohammad Reza Afzali, Sharif
University of Technology, Tehran, 1998

2- German Randall; Powder Metallurgy and Particulate Materials Processing, Translated by Ali Haierian
Ardakani, Amirkabir University of Technology, Tehran, 2008
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Course Title: Heat Treatment Laboratory

Course Goals:

1- Becoming Familiar with Heat Treatment Equipment, Tools and Materials

2- Working Experience on the Effect of Heat Treatment Cycles on Structure and Properties of Metals
3- Ability to Design and Perform Heat Treatment Data Analysis and Testing

4- Developing Experience and Skills in Reporting Heat Treatment Processes and Material Structure

Syllabus:

- Acquaintance with heat treatment equipment, heat treatment tools, heat treatment furnaces, limits
of furnace, furnace selection, furnace precision in controlling temperature, implementing heat cycle
using furnaces, observing microstructure by metallography before and after heat treatment, measuring
mechanical properties before and after heat treatment and reporting heat treatment results.

- The effect of cooling environment on microstructure and hardness of steels including observing the
effect of cooling rate on distribution and type of phases and structures in steels, predicting the
structures using CCT diagrams at different cooling rates, hardness measurement and its relation with
various structures resulted from heat treatment

- Investigating two main factors of heat treatment cycles namely, the effect of annealing temperature
and annealing time on microstructure of steels. Observing secondary embrittlement and soft to brittle
transition temperatures in these processes and relationship of the obtained microstructures with
mechanical properties such as hardness and impact energy.

- Spheroidizing heat treatment of paerlitic steels and observing the effect of spherical cementite
structure on toughness, impact energy and hardness. Optimizing time and temperature for
sphericalization of cementite.

- Performing annealing heat treatment including recovery, recrystallization and growth on cold-worked
samples and investigating the effect of temperature, time, and amount of initial cold work on these
processes. Diagnosing the difference between soft annealing and normal annealing

- Austenitizing heat treatment. Investigating the effect of austenitizing time and temperature on steel
structure and observing the relation between structure and mechanical properties such as hardness.

- Performing surface hardening operations by changing chemical composition, including surface
carburization in the cementation box and salt bath, plasma nitriding, and salt bath. Observing and
measuring surface hardened layer and investigating parameters affecting depth of hardened layer.

- Performing Jominy test on steels and measuring hardenability depth and parameters affecting
hardenability depth

- Precipitation hardening heat treatment of aluminum alloys and investigating the effect of
precipitation hardening on mechanical properties such as hardness and strength. Investigating the
effect of time and temperature of precipitation hardening on mechanical properties

- Heat treatment of cast irons. Observing structure of different cast irons and investigating the effect of
graphite morphology during heat treatment on cast irons properties. Conversion of white cast iron into
malleable cast iron, the effect of cooling rate and tempering on the ledeburit structure of cast irons and
the effect of microstructure on the mechanical properties of cast iron.

- Heat treatment of memory alloys and observing the effect of their structure on ductility behavior

- Heat treatment of nickel based alloys and rejuvenation heat treatment of super alloys

References:

1- Majid Karimian, Mohammadamin Shahrokhian Dehkurdi, Principles and Basics of Heat Treatment
Laboratory, Shahbazi Press

2- Mohammad Ali Golzar, Principles and Application of Heat Treatment: Steels, 1% edition, Isfahan
University of Technology Press, 2000.

1-A Laboratory Manual for Trainees in Heat Treatment, MIR Publisher, 1985

2-Steel: Heat Treatment and Processing Principles, ASM International, 1990
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Course Title: Materials Joining and Non-Destructive Testing Laboratory

Course Goals:

1- Developing Workshop Experience in Welding Processes, Developing Skills in Metallographic Analysis
of Welding Defects

2- Acquaintance with Devices and Developing Experience in Non-Destructive Testing

3- Ability to Report Welding Operations and Non-Destructive Testing

Syllabus:

- Investigating the effect of groove type on electrode consumption, welding time and welding cost

- Multilayer welding of stainless steels, chemical and microstructure analysis of weld using Schaeffler
diagram

- Investigating the effect of protective gas conditions on quantitative and qualitative properties of weld
in GMAW welding process

- Investigating the effect of welding conditions on weld dimensions, weld dilution and weld hardness in
GTAW welding process

- Investigating the effect of welding conditions on deposition rate, weld depth and deposition efficiency
in manual electrode process

- Investigating the effect of various factors on arc stability in manual electrode process

- Investigating the effect of atmosphere type and flame characteristics on weld properties in
oxyacetylene welding process

- Investigating the effect of welding speed and tool rotation speed on weld properties in stir-friction
welding process

- Visual testing of welding joint using appropriate gages

- Leakage testing using liquid penetrant

- liquid penetrant testing of welding joint

- Magnetic particle inspection of welding joint

- Viewing and interpreting existing radiographic films

- Calibrating ultrasonic test probes using standard reference blocks

- Examining metal sheets and welding joints by ultrasonic test

References:

1- ASM Handbook, Vol. 6A (Welding Fundamentals and Processes), ASM International, 2011.

2 - ASM Handbook, Vol. 17 (Nondestructive Evaluation and Quality Control), ASM International, 1994
3 - Nondestructive Testing Handbook, Vol. 10 (Nondestructive Testing Overview), 2nd Ed., ASNT, 1996
4- Hossein Tuyserkani, "Non-Destructive Investigations", Third Edition, Jahad Daneshgahi of Isfahan
University of Technology, 2012

5- R. L. O'Brien, "Jefferson's Welding encyclopedia”, 18th Ed., AWS, 1997
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Course Title: Solidification and Casting Laboratory

Course Goals:

1- Practical Learning of Different Types of Sand Based Moulding Materials Tests, Mastering Sand
Molding Processes, Types of Casting Processes

2- Observing and Learning the Influence of Affecting Parameters on Grain and Phase Structure of Metals
During Equilibrium and Non-Equilibrium Solidification

Syllabus:

Sand tests

- Measurement of sand moisture

- Measurement of sand clay percentage

- Measurement of sand of finesse number

- Measurement of sand permeability

- Measurement of shear and compressive green strength of sand

- Measurement of shear and compressive dry strength of sand

- Measurement of the effect of clay moisture and clay on maximum sand strength

- Measurement of the compressibility of sand molding materials

Molding skill

- Molding and casting of 5 samples with different partition (line) surfaces and core setting
Solidification tests

- The effect of nucleant on the structure and properties of material test

- The cooling rate (mold type) on metal grading (undercooling) test

- Wedge test and the effect of cooling rate and chemical composition change on the phase structure of
castiron

- Fluidity of pure metals and alloys using spiral mold test

- Effect of superheat on the grain size and morphology

- Effect of dynamic vibration on the size and morphology

- Effect of degassing on elimination of casting defects

Physical Modeling Observations

- Investigating the fluid flow pattern in gating systems and transparent mold chambers using aqueous
models and investigating the influence of affective parameters on fluid flow pattern in order to
compare the results obtained with the results of melt flow simulation softwares (CFD)

References:

1- Sarat C. Panigrahi and Brij K. Dhindaw 1987 "Testing, Evaluation and Measurements in Metal Casting"
1987, Oxford & IBH Publishing Co. PVT. LTD, New Delhi

2- Solidification and Casting Laboratory, Afsaneh Rabiei, Jazil Press.

3- Principles and Methods of Metal Casting, Ramin Raiszadeh, Hormozgan University Press
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Elective Courses — Materials Science
and Engineering Theme



Course Title: Computational Material Science and Engineering

Course Goals:

1- Developing Experience and Skills in Data Processing, Post-Processing and Computational Thinking
Using Spreadsheet and Matlab in Engineering Problems

2- Developing Experience and Skill in Problem Solving Using Simplification, Numerical Simulation and
Finite Difference Method in Computational Materials Engineering

3- Introduction to Principles of Mathematical Modeling and Computational Materials Science

Syllabus:

- Familiarity with the course, familiarity with calculations

Problem Solving Using Numerical Modeling

- Simplification in expressing engineering problems (Example: Refractory wall of furnace)

- Solving heat transfer problems and 1D steady state diffusion (Example: Refractory wall of furnace)

- Application of spreadsheet in solving heat transfer and diffusion problems

- Solving heat transfer problems in cylindrical coordinates (Example: wall of furnace)

- Solving transient heat transfer problems (Example: Warming of metal rod)

- Solving 2D steady state heat transfer problems (Example: Continuous Casting Mold)

- Discretization of differential equations by finite difference method

- Post Processing, Introduction to TecPlot

Numerical Modeling and Simulation

- What is modeling and simulation?

- What is computational materials engineering (CME)? What is computational material science (CMS)?
- Problem identification method (geometry, physics, materials, known/unknown/assumptions)

- Numerical simulation steps (problem identification, mathematical modeling, numerical discretization,
numerical processing, post-processing)

- Introduction to FEM/FVM/FDM discretization methods

- Understanding scale and unit in computations, characteristic parameters and dimensionless numbers
Computational Materials Engineering (CME)

- Introduction to modeling and simulation in computational materials engineering

- Integrated modeling (process, structure, properties) in materials engineering and unknowns of each
part

- Mathematical principles governing each part (conservation equations, thermodynamics and kinetics,
flux laws & constitutive equations)

- Mathematical relation between process quantities (temperature and composition), structure (phase
fraction) and properties (temperature, composition, speed, etc.) in an integrated computational
material engineering (ICME) model

- Overview of field equations in engineering and its application in materials engineering

- Simulation of materials structure, familiarity with dynamic dislocation, cellular automation and phase
field along with examples

- Solving CME problems (Numerical simulation of Jominy test and prediction of hardness and structure
of Jominy steel sample)

- Introduction to optimization in materials engineering problems, mass balance matrix, standard linear
programming (Example: charge calculation for melting furnace)

Computing Materials Science (CMS)

- Introduction to simulation methods for molecular and atomic scale, CMS applications

- Principles of molecular dynamics (MD), computation algorithm of MD (Example: applying shear force
on dislocation motion using LAMMPS)

- Introduction to modeling the interaction of particles and material potential functions, LJ function

- Monte Carlo (MC) simulation principles, calculation algorithm of MC

- Principles of DFT simulation, calculation algorithm of DFT, quantum mechanics, Schrodinger equation
and its application in computational material science
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Technology Press, 2016
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Course Title: Principles of Polymer Engineering

Course Goals:

1- Introduction to Polymer classifications

2- Introduction to Physical and Mechanical Properties of Polymers
3- Introduction to Synthesis Methods and Application of Polymers

Syllabus:

- Introduction to polymers and their application

- Thermoplastics, elastomers, and thermostats

- Molecular structure, molecular mass, molecular mass dispersity and its measurement method, spatial
configurations of polymer chains, molecular configurations

- Types of copolymers including random, block, graft and alternate

- Crystal structure and crystallinity in polymers, structure of amorphous polymers

- Polymerization and synthesis techniques of polymers

- Melting phenomenon, glass transition temperature, viscoelastic properties of polymers

- Ideal rubber structure, entropy, elasticity, elastic behavior in polymer network, stress-strain
relationship - Viscoelastic behavior, creep, stress release, dynamic response, physical aging, Maxwell
models, release time distributions, temperature effect

- Plastic deformation, volume deformation, tensile and shear flow, temperature effect, yielding and
crazing

- Production methods of polymer parts including extrusion, injection molding, thermal forming,
compression and transfer molding, blow molding, casting

- Identification and analysis of polymers through X-ray diffraction, optical and electron microscopy,
spectroscopic and thermal methods

- Importance of recycling, its economic aspects, different methods of recycling thermoplastics,
thermostats and rubber

References:

1- N. G. McCrum, C. P. Buckley, and C. B. Bucknall, Principles of Polymer Engineering, 2nd ed. Oxford:
Oxford University Press, 1997.

2- L. H. Sperling, Introduction Physical Polymer, 4th ed. Pennsylvania: John Wiley & Sons, 2006.

3- F. W. Billmeyer and J. Wiley, Textbook of Polymer, 3rd ed. New York: John Wiley & Sons.

4- 1. M. Ward and J. Sweeney, Mechanical Properties of Solid Polymers, 3rd ed. West Sussex: Wiley,
2013.

86




Course Title: Principles of Ceramics Engineering

Course Goals:

1- Introduction to Properties, Application and Structures of Ceramic Materials

2- Introduction to Production Method of Ceramic Materials

Syllabus:

Introduction to Engineering Materials and Advanced Ceramics
- History of human and materials, definition of advanced materials
- The structure-properties-application relationship in engineering materials

Structure of Ceramic Materials

- Chemical bonds of ceramic materials

- Crystal structure of ceramic materials

- Phase diagrams of ceramic materials

- Structural defects and non-crystalline structures
Properties of Ceramic Materials

- Mechanical properties

- Thermal properties

- Electrical and magnetic properties

- Optical properties

- Chemical properties and corrosion

Applications of Ceramic Materials

- Applications based on thermal properties

- Applications based on mechanical properties

- Applications based on electrical and magnetic properties
- Applications based on optical properties

- Applications based on chemical properties and corrosion
Manufacturing Processes of Ceramic Products

- Raw materials

- Ceramics forming processes

- Powder processes

- Heat treatment and finishing

- Quality assurance

Design using Ceramics

- Materials selection

- Design considerations and attitudes

References:

1- D.W.Richerson, Modern Ceramic Engineering, properties, processing and use in design, CRC Taylor

and Francis, 3™ Ed. 2006

2- M. Barsoum, Fundamentals of ceramic Engineering, McGraw-Hill, 1997
3- W.D. Callister and D.G. Rethwisch, Materials Science and Engineering, An introduction, 9" Ed. 2014
4- Yet-Ming Chiang, Dunbar P. Birnie, W. David Kingery, Physical Ceramics: Principles for Ceramic

Science and Engineering, Wiley, 1997
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Course Title: Biomaterials

Course Goals:
1- Introduction to the Application of Materials in Biomedical Engineering
2- Introduction to the Biocompatibility Properties of Biomaterials

Syllabus:

Introduction to Biomaterial Engineering

- Background, biomaterial classification, performance
Metallic Biomaterials

- Structure, properties and fabrication methods
Ceramic-based Biomaterials

- Structure, properties and fabrication methods
Polymeric Biomaterials

- Structure, properties and fabrication methods
Composite and hybrid biomaterials

- Structure, properties and methods of fabrication
Interaction of Biomaterials and Living System

- Biocompatibility of biomaterials with tissue and blood, biochemistry, proteins, chemical degradation
Determination of Surface and Bulk Properties of Biomaterials
- Surface modification and analysis

- Biological tests

Application of Biomaterials

- Soft tissue replacement

- Hard tissue replacement

- Application in drug delivery systems

- Application of biomaterials in tissue engineering

References:

1- Park and Bronzino, Biomaterials principles and application, CRC press, 2002
2- Park and Lakes, Biomaterials, an introduction, Springer, 2007

3- Chen and Thouas, Biomaterials: a basic Introduction, CRC Press, 2014
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Course Title: Modern Physics in Engineering

Course Goals:

1- Introduction to Topics, Concepts and Perspectives of Modern Physics Regarding Matter and Energy
2- Introduction to Quantum Techanics and Building Minimum Scientific Base Needed for Computational
Materials Science

3- Developing A Deeper Attitude and Understanding Toward Atomic Materials and Structure
(Compared to Classical Newtonian Attitude)

Syllabus:

Classical Transformations

- Review of classical mechanics, classical space-time transformations, velocity and acceleration, classical
Doppler effect, classic principle of relativity.

Basic Concepts of Einsteinian Relativity

- Einstein's postulates of special relativity, time interval comparisons, simultaneity and clock
synchronization, time dilation paradox

Transformations of Relativistic Kinematics

- Relativistic spatial transformations, relativistic temporal transformations, relativistic velocity
transformations, relativistic acceleration transformations, relativistic frequency transformations
Transformations of Relativistic Dynamics

- Relativistic mass, relativistic force, relativistic kinetic and total energy, relativistic momentum, energy-
mass correlation, relativistic momentum and energy transformations

Quantization of Matter and Electromagnetic Radiation

- Historical perspective, cathodic and anodic rays, measurement of specific charge of electrons, electron
charge and size, modern model of atom, properties and origin of electromagnetic waves, intensity,
pressure and power of electromagnetic wave, diffraction of electromagnetic waves, momentum and
energy of electromagnetic radiation, photoelectric effect, quantum explanation of photoelectric effect,
guantum explanation of Compton effect, relativistic Doppler effect

Quantization of One-Electron Atoms

- Atomic spectra, classical model of the one-electron atom, Bohr model of the one-electron atom,
reduced mass and modified Bohr’s model, Wilson-Sommerfeld quantization rule, quantization of
angular momentum for Bohr electron, quantum numbers

Introduction to Quantum Mechanics

- Equation of motion for a vibrating string, normal models of vibration of a stretched string, traveling
waves and classical wave equation, De Broglie’s hypothesis, Matter waves, group, phase and particle
velocities, Heisenberg’s uncertainty principle

Schrodinger's Quantum Mechanics

- one-dimensional time dependent Schrédinger equation, three-dimensional time-dependent
Schrédinger equation, time-independent Schrédinger equation, probability interpretation of wave
function, conservation of probability, free particle and a constant potential, free particle in box (infinite
potential well), wave functions in position and momentum representations, Dirac delta function,
expectation values, momentum and position operators, momentum eigenvalue for a free particle in a
box, energy operators, Hamiltonian operator, correspondence between quantum and classical
mechanics, free particle in three-dimensional box

Classical Statistical Mechanics

- Phase space and microcanonical ensemble, thermodynamic probability, most probable distribution,
significance of the partition function, monoatomic ideal gas, equipartition of energy, classical specific
heat

Quantum Statistical Mechanics

- Formulation of quantum statistics, thermodynamic probabilities in quantum statistics, Maxwell-
Boltzmann statistics revisited, Bose-Einstein statistics, Fermi-Dirac statistics, most probable
distribution, Bose-Einstein distribution, Fermi-Dirac distribution, specific heat of a solid

89




References:
1- Marshall L. Burns, Modern Physics for Science and Engineering -2012- Tuskegee University

90




Course Title: Nanomaterials

Course Goals:

1- Introduction to The Basics of Materials Behavior in Nanoscale, Applications of Nanoscale Materials,
Classification of Nanoscale Materials

2. Introduction to The Synthesize and Characterization Methods of Nanomaterials

Syllabus:

- Introduction to Nanotechnology and Nanomaterials

- Advent of nanotechnology, types of nanotechnologies and nanomachines, bottom-up and top-down
approaches, challenges in nanotechnology

Physical Properties of Nanomaterials

- Melting point and lattice constants, (mechanical properties, optical properties: surface plasmon
resonance, quantum size effects, electrical conductivity: surface scattering, electronic structure change,
quantum transfer, microstructural effect, ferromagnets and dielectrics, effect of nanostructure on
magnetic properties, nanomagnets dynamics, super paramagnetic, acoustic properties, surface
properties, surface energy, chemical potential as a function of surface curvature, dependence of
properties on size)

electrochemical stability, surface charge density, electric potential at the proximity of solid surface, Van
der Waals attraction potential, interactions between two particles (DLVO theory)

Classification of Nanomaterials and Effects of Size and Surface-to-Volume Ratio

Zero-Dimensional Nanostructures

- Nanoparticles (homogeneous nucleation, growth of nuclei, synthesis of metallic nanoparticles, synthesis
of semiconductor nanoparticles, synthesis of oxide nanoparticles, introduction to sol-gel processing,
hydrolysis, vapor phase reactions, solid state phase segregation, heterogeneous nucleation, confined
synthesis of nanoparticle, synthesis inside micelles, aerosol synthesis, growth termination, spray
pyrolysis, template-based synthesis, epitaxial synthesis, mechanical milling, core-shell nanoparticles
One-Dimensional Nanostructures

- Nanowires and nanorods (spontaneous growth, fundamentals of evaporation, evaporation-
condensation process, template-based synthesis (electrochemical and electrophoretic deposition),
template filling (electrospinning, lithography)

Two-Dimensional Nanostructures

- Thin films (fundamental of film growth, vacuum science, physical vapor deposition (PVD): evaporation,
sputtering, chemical vapor deposition (CVD): reaction kinetics, CVD methods, atomic layer deposition
(ALD), superlattices, self-assembly, electrochemical deposition, sol-gel films)

- bulk nanostructured materials (solid disordered nanostructures, synthesis methods, common fracture
mechanisms, nanostructured multilayers, nanocomposite and nanoporous materials)

Special Nanomaterials

- Fullerenes and nanotubes, fullerene-derived crystals, graphene, aerographene, nanopores, micro and
mesoporous materials, ordered and random mesoporous structures, crystalline microporous materials:
zeolites, core-shell structures, organic-inorganic hybrids, nanocomposites and nanograined materials

- structures fabricated by physical techniques, photolithography, phase-shifting photolithography,
electron beam lithography, nanomanipulation and nanolithography

Characterization of Nanomaterials

- Structure characterization, SEM, TEM, SPM, XRD, SAXS, gas adsorption, chemical characterization,
optical spectroscopy, electron spectroscopy and ionic spectrometry, infrared and Raman spectroscopy,
X-ray spectroscopy, magnetic resonance, atomic force microscopy, nanotweezers, luminescence)
Applications of Nanomaterials

- Electromagnetic applications, catalytic applications, biological applications, optical and laser
applications

References:
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Course Title: Materials Chemistry Laboratory

Course Goals:

1- Acquiring Skills in Chemical Synthesis of Materials

2- Introductory to Chemical/Electrochemical Applications of Materials
3- Techniques in Evaluating Materials Properties

Syllabus:

- Introduction to the principles of safety in chemistry laboratories

- Synthesis of graphene oxide (GO) by modified Hummer method

- Crystallization of copper sulfate

- Polymerization of Bisphenol A

- Synthesis of gold nanoparticles by chemical reduction using sodium borohydride and sodium citrate
- Synthesis of magnetite nanoparticles (Fes04) by co-deposition chemical method

- Synthesis of hydroxyapatite by sol-gel method: sol preparation, aging and gel formation; drying and
calcination, evaluating product composition

- Combustion synthesis of TiB, by reduction of titanium oxides and boron oxide with the use of
magnesium thermite

- Synthesis of silver and copper nanostructures by polyol method, investigation of SPR phenomenon in
silver spherical nanoparticles

- Spray pyrolysis process for the production of perovskite particles, precursor preparation, spray
preparation and pyrolysis in cylindrical furnace, investigation of product microstructure and chemical
composition

- Aluminum/Titanium Anodizing, investigating the effect of electrolyte and time

- Electrochemical synthesis of copper nanoparticles on graphite surface, measurement of specific
surface area of nanoparticles

- Electrochemical synthesis of palladium nanoparticles on graphite surface, measurement of hydrogen
adsorption and desorption on the surface of nanoparticles

References:

1- M. Edrisi, Manufacture and Application of Nanomaterials, Jahad Daneshgahi of Amirkabir University
of Technology Press, 2014

2- B.D. Fahlman, Materials Chemistry, 2nd Ed., Springer, 2008
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Common elective courses from Tables 5 to 7

Course Title: Scientific Language

Course Goals:
1- Acquaintance with Specialized Texts and Terms in The Field of Materials and Metallurgy
2- Implementation of the Rules of Writing Scientific-Engineering Texts and Presentation in English

Syllabus:

Studying Excerpt from English Books and Articles on Materials Engineering and Metallurgy
- Developing ability to read and comprehend texts quickly

- Becoming familiar with specialized vocabulary and terms

- Translating specialized text

Rules of Writing Scientific/Engineering Texts in English:

- Writing thesis, article, and technical report in English.

- Practicing report writing as a semester project

- Writing a research in the field of materials engineering and metallurgy in English

Rules of Oral Presentation in English

- Slide design, expression technique, preparations for presentation, question and answer
- Oral presentation of the article and project in English

- Practicing oral presentation as a semester project

- Writing a research in the field of materials engineering and metallurgy in English

References:

1- English for Students of Metallurgy, Mohammad Fallah Moghimi, SAMT Press

2 - Selection of Books and Articles on Materials Engineering and Metallurgy in English
3- Royds Irmak, Beginning Scientific English —1975
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Course Title: Engineering Economy and Management

Course Goals:
1- Introduction to Theoretical and Practical Principles of Economic and Engineering Economic
2- Introduction to Principles of Industrial Management with A Material Engineering Approach

Syllabus:

- Management (definition, main tasks of a manager, planning, organizing), concept of organizing and
types of organizations

- Role of human resources in management (human factors in management (motives, etc.))

- Management in the materials and metallurgical engineering industries, a management problem
statement in materials and metallurgy industry

- Production Factors

- Definition of supply and demand, demand sensitivity

- Definition of supply, factors influencing supply, balance between supply and demand

- Types of production costs and its analysis

- Methods of pricing in relation to the degree of monopoly

- Depreciation and its calculation

- Income, difference between income and capital, inflation

- Price components of a manufactured product and calculating prime cost of a product, method of
identifying product final price reduction

- Economics in selection of engineering materials

- Supply and demand in steel industry

- Analysis of engineering materials market

- Introduction to metal exchange

- Methods of ordering goods and related issues

References:

1- Engineering Economics, Oskunejad, Amirkabir University of Technology Press, 2010.
2- Principles of Economics, Tahmaseb Mohtasham Dolatshahi, Khojaste Press, 2015.
3- Principles of Management, Ali Rezaian, Samt Press, 2016.
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Course Title: Research Method and Report Writing

Course Goals:
1- Introduction to Research Principles and Scientific Method of Research
2- Developing Skills in Planning, Gathering and Presenting Oral and Written Reports

Syllabus:

Introduction

- Importance of research and presentation of scientific documents

- Definition of research and its differences in various sciences

Basic Concepts in Research

- Definitions including science, hypothesis, development, creativity and innovation
- Types of research

- Research method in materials engineering

Principles of Research Method

- Problem selection

- Setting goals, questions, assumptions and variables

- Scientific sources, literature review and information gathering

- Classical (books, etc.) and modern (databases, etc.) gathering information tools

- Research methods for problem solving (analytical method, descriptive method and design of
experiment)

- Processing, analyzing and interpreting information and validating results and familiarity with
capabilities of existing softwares

- Research Ethics

- Scheduling and budgeting

Reporting

- Rules of writing a scientific report in Persian language

- Common templates for editing a scientific report

- Orally representation of research results

- Letter Writing

- Preparation of Resume (Biography)

- Familiarity with reporting softwares and tools

Conducting a Scientific Research, Presenting Oral and Written Report

References:

1- Reza Safabakhsh, Research and Presentation in Engineering, Amirkabir University of Technology
Press, 2013

2- Mohammad Javad Ketabdari, Mohammad Saghi, Basics and Principles of Engineering Research,
Amirkabir University of Technology Press, Third Edition, 2012

3- D. Beer, D. McMurry, A Guide to Writing as an Engineer, 4th Ed., Wiley, 2013

4- M. Alley, The Craft of Scientific Research, 4th Ed., Springer, 2018
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