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bl"iJ''1~tl'1J'::;~U~l'~nn~l'El::;I?I'EllJ (subatomic structure) 
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55 
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.
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l?11~mtl-:J~~'V1mV1~~uu'El'Eln~::;~l?lt''{;'l (octahedral sites) 

Ifil~mtl-:J~~'V1mVl~~UUI.'V1'V1J::;~l?lt''{;'l (tetrahedral sites) 

'VI 
, 

'V1".'j'W'W-:J, 'Vl".'j'W (twinning, twin) 

'V1'El-:J ~'t-1~'El-:J (brass) 

~'V1:W~U'Elf:Wlf~'V1'Wl'Jll?1 (tempered martensite) 

t.l 

Jl ~tl'W~rJn'{;'ll-:J~'l'hl,x~iJ'W~'J~~'J(water as quenching medium) 
" ,
'Ill~'W l.'lJ'W~'Jn'{;'ll-:JVl'Yhl,x~iJ'W~'J~f'J (oil as quenching medium) 

1J 

UUU91'{;'l'El-:J'El:::;~'El:W~'JtJ'V1Nn'{;'l:w~~-n-:J~1:W Bohr (Bohr atomic model)
 

u1mu~'W~ (phase field/region)
 

u1~'Jru~~ 1.~l?1 ~'W~'lJ'El-:J~'t-1~'J ~'Yh,r'W (liquidus boundary)
 
, " 

u1~'J ruVl~ ~~19l ~yj~"IJ'El-:J ~~-n-:J ~'YhiJ'W (solidus boundary) 

~U1'Wvl (bainite) 

u 
~U'Elf~sD'W~1l?ltJ91'W'J'W'El::;~'El:W (atomic percent, at%) 

'/ 
~U'Elf~sD'W~1l?ltJ'Ill't-1iJll (weight percent, wt%) 

~U'Elf~9i'Wvln1JbLUnu~iJ'W (% cold work) 
'lJ 

~U'Elf~sD'Wvln1J'{;'ll?l'{;'l-:J"IJ'El-:J~'W~'t-11Jl~l?l (area reduction, %AR) 

UDmm~~'l'lf1'V1'EltJf?l (eutectoid reaction) 

14 

32 

25 

26 

26 

154 

154 

51 

131 

131 

16 

76 

76 

76 

47 

86 

86 

155 

47 

79 

tJ~mU'{;'lnU1flln 
'lJ 'lJ 

(~ 

tJ~mu~nU1flln 
'lJ 'lJ 

B 

tJ~mu~nU1~n 
'lJ 'lJ 

F 

~~tJ'W1l i31:ll'El-:J'El-:Jr1th 
'" 

~~tJ'W1li3 ~'r'I1:ll1:ll:W Vl~ 
'lJ , 

CCT diagran 

~~tJ'WJli3 n1J~~1J~-:J 1.1 
'lJ 

~~tJ'WJ;] i3 ~ yj ~1J!l-:JJ~1 

~l.tJ'W1li3 ~~~~1J!l-JJ~1 
'lJ 

"" " V'l'{;'l'Nl'Wm::;~l'W (a, 

~'WD::;'i:'{;'l't-1~ (metal 

'W'WD::;U~:WJli3 (pri 
d.9 '" 

"" .. Q 

~'{;'l-:J'Il'WtJl?l~t-I'WtYH 

~~'Elfl~vl (pearlite 

m'Elfl~l?lt-lmu (ce 
~ .. Q 

~~m b~~~::;~'EltJVl 

'i:~Jm'V1f1'V1'EltJ~~l~~ 
'lJ 

'i:~Jm'Vlfl'V1'EltJ;'Jh:w 
'lJ 

~~'Wm~'Elfn1J'elIflU 

~'W1:ll (phase) 

~'WflJI?l (ferrite) 

li1imllu~rlUULlunSslJ5smufl::nlJSLlUULlulI"ifum1i, 
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l:J 

e.J~m'tJ~nU1VlHl (cubic structure) 23 
" " 

e.J~nttJ~nU1Vl\fl BCC (body-centered cubic structure) 23 

e.J~m'tJ~nU1Vl1nFCC (face-centered cubic structure) 24 
" " 

LLe.J'W.l:Jil~'e)-.:J'e)-.:JrltJ~:;n'e)u (binary diagram) 77 

LLe.J'W.I:JijLyj~~J-J~~ (equilibrium phase diagram)	 42 

LLe.J'WJliln11LLtJ~-.:JLyj~~iin11LiJ'W~-.:J'e)rJl-.:Jl?l'e)Lti'e)-.:J (continuous cooling transformation, 
" 
CCT diagram) 112 

LLe.J'W.l:Jijn1nLtJ~-.:Jbyj~~~ru'IA.l:Jijfl-.:J~ (isothermal transformation, IT diagram) 98 

Lbe.J'WJlijbyj~'lJ'e)-.:J~:;UU Cu-Ni (Cu-Ni phase diagram) 85 
" 

bbe.J'W.I:Jilbyj~'lJ'e)-.:J~:;UU Fe-Fe C (Fe-Fe C phase diagram) 42 
3 3

bLe.J'W.I:J il b'J~l-~ru'IA.l:Jil-n1nbtJ~-.:JLyj~ (time-temperature-transformation, TTT diagram) 105 

bbeJ'W~~U1'Wbfl~-.:J~~1-.:Jb'Y'l'e)fl~1?l(lamellae) 43 

'Y'l~'Nl'Wm':;~'W (activation energy) 63 

"'~'WD:;b~'IA:; (metallic bond) 16 

~'WD:;tJ~J-J.I:J:n (primary bond) 16 

'Y'l~-.:J-.:Jl'W~l?lL'IA'ih.l'J'e):;I?l'e)J-J (bond energy) 19 

b'Y'l'e)fl.rll?l (pearlite) 43 

b~'e)fl~l?lmnu (coarse pearlite) 43 

b~'e)fl~[?r~:;b~t1l?l (fine pearlite) 43 

b~~mYlfl'Vl'e)t1l?1byjfl~1?l (proeutectoid ferrite) 88 
" 

b~~m'Vlfl'Vl'e)t1(?i9hJ-J'W1'Vl1?l (proeutectoid cementite) 90 
" 

bbyjml?l'e)fn1~!l~bbtl'W'lJ'e)-.:J'e):;I?l'elJ-J
 

byj~ (phase)
 

byjf'bl?l (ferrite)
 

(atomic packing factor)	 25 

60 

41 
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~'e)~~~"lJ'e)'ltJ'l (Young's modulus) 

~lfbVl'Lll'1l~ (martensite) 

-=- 6' ... 

'r,j'W(Plb'll'tl'tl"lJ'e)'lJ:;UUI:-J'tln (unit cell) 

tJbVlrlVl'e)tJ~byHh~ (eutectoid ferrite)
~ 

mVlrlVl'e)tJfflbJ-J'W'lVl~ (eutectoid cementite)
~ 

J::;UUn1J91bb'WmJJ::;bJlVl"lJ'e)'lbVl~nn~1(PllJ-Jbb'W'J 

(steel designation systems) 
4 , 

bbNl?I'll?ll?lJ::;Vl'.Jl'1'e):;(Pl'e)~ (attractive force).. 
bbJ'lI:-J~nJ::;VI~l'l'e):;I?l'e)J-J (requlsive force)
 

bbNI:-J~n~'W (driving force)
 

J::;UiJ Fe-Fe C (Fe-Fe C system)

3 3 

';i 

AISI/SAE bb'Cl::; UNS 

J:;r;lU"lJ'1l'lrl'Jl~~M:;l'Wn1n~'e)nfh~,)bblJJ(degree of freedom) 
, , , 

<Qo qq I -<=:II 4 .:::i 

J::;'W1U'V'ib~'jj'VlJ-J'e)::;(Pl'e)~'e)'r,j b'V'itJ'lflNVI'W'l (extra-half plane) 

J:;'Wlu~~~~'Wfin'WJ:;VI~1'l'[(P)N~¥1'l9'tlJll(P)(habit planes)
• 

J'e)tJbbl?lnltll?ll~"lJ'e)Ubm'W (intergranular fracture) 

J:;iJiJ~'1l'l'1l'lf11JJ:;n'e)iJ (binary system) 

bb'tlI?lVl'1ll?llJ-J Bravais (Bravais lattice point)
 

'['ClVl::;e.J~~n~J-JbVl~n (ferrous alloys)
 

'['ClVl:;I:-J~~ Cu-Ni (Cu-Ni alloys)
 

'['tlVl::;e.J~J-J Fe-C, Fe-Fe C (Fe-C, Fe-Fe C alloys)
 
3 3

18 

68 

23 

88 

91 

11 

17 

17 

68 

42 

60 

31 

69 

56 

84 

22 

5 

84 

42 

~Vlm~l~(PlH~~ 

~wmJ'JJ-6~11l, (Me 

rJ~l1l::j~')nJ'JJ-J (en, 

b,)~l (Time) 

, 
~..:::l .v 

~Jll,):;'VlJ-J'\"l'CN~lk 

~~tb:;~'Vlin1J'lJtJ 

~1 J'6'l::;l.'11tJ'11'iNbb'll 

~1 J'tl:;'6'll tJ'lI'1l~bb~ 

~lJ~::;'tlltJ'lI'1l~bbo/J' 

~lJtb::;n'1lub;'lll.'1 
, 

'"' v
b~bltJJ'n')(P)Jl'J (m 

~'J'WI:-J ~~'lI'1l~ b~Z1 

~bYJtJJ'1ltJ'll1ll?1 (sp 

" ~ 
b~'Wm'l (tie line) 

, 
"''' 0

bVI'tlnn~l~~J-J(Pllb 

bVl~nn~l~~J-J (all 

'" " bVl'Clnn'tlltJb'Vlfi'Vl'1l1 
~ 

bVl~nn~l'lemJ'1lftJ.. 
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~'Vlmrall~I?IH~(j), (Materials Science) 

~f'I'dnd~:l-J,y~(j), (Materials Engineering) 

,y~i?Jlf'1'dnn:l-J (engineering materials) 5 

b'd'i:'ll (Time) 148 

, , 
~lll'd~YlJ:J~~'J'Jl'Wl?h~(j) (ground state) , 13 

~:l-JtJ~~~hltn1~"lJmtll?1'd'Vll'Jf1'dl:l-J¥'EI'W (coefficient of thermal expansion) 19 

~l~'i:'l~'i:'llt1"lJ'EI'Jbb-lJ'J (solid solution) 34 

~1~'i:'l~'i:'l1t1"lJ'EI'J bb-lJ'J bb'IJ'IJ bb'VlJn~ (interstitial solid solution) 37 
, 

~l~'i:'l~'i:'llt1"lJ'EI'Jbb-lJ'Jbb'IJ'lJbb'Vl'WYl (substitutional solid solution) 35 

~ldtJd~n'El'IJb~'J'lm)j~ (intermetallic compounds) 34 

b~DtJd-n'df1~'l'd (metastable) 42 

~:l-Jn1~ Avarami (Avarami's equation) 63 

~'d'We.J~:l-J"lJ'EI'Jb~~ (phase composition) 84 

~b~tJd'Eltll(j)t9l (spheroidite) 49 

84 

bVl~nn~l (steels) 6 

bVli1nn~1f11f'IJ'EI'Wfidd:l-J(j)1 (plain carbon steels) 8 
, 

bVli1nn~1f11f'l.J'eJ'W1?11 (low-carbon steels) 8 

bVli1nn~1f11f'IJ'EI'WtJl'Wn'i:'l1'J (medium-carbon steels) 9 

bVl~nn~l(Pnf'IJ'EI'W~'J (high-carbon steels) 10 
, 

bVI~nn~1e.J~:l-J1?11bbl9lbb·li'Jbbd'J:l-Jln (high-strength, low-alloy steels, HSLA) 8 

bVli1nn~le.J~:l-J (alloy steels) 10 

bVl~nn~lm'Vlf1'Vl'Eltl~ (eutectoid steels) 
'lJ 

86 

bVl~nn~11mtJ'ElffJb'Vlf1'Vl'Eltl~ (hypereutectoid steels) 90 
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bVH~nn'K11e:Jlu~b'Vlfl'Vl'f)tJr?1 (hypoeutecoid steels) 

bV1~mb'f)'C1yh (a-Iron) 

" 
~b~nl?lJ''f)'W-n'W'W'f)n'Cl~"lJ'f)~'f)~l?l'f)~ (valence electron) 

q 

~ b~n l?lJ''f)'W~ b'lJ'Wbbn'W1'W'f)~l?l'f)~ (core electrons) 

~b~nl?lJ''f)'W~M~ (free electrons) 

~b~nl?lJ''f)'W1:lJu'j'~91~ (delocalized electrons) 
, 
~ I Q,..' 

'f)~l?l'f)~ bb'VlJ'n'Vl'j'~WJ1~'f)~~l'f)~V1'C1 n (i nterstitials/interstitialcy) 

~ruv1,lJ~n1dl?lne-J~n1V1:lJ (recrystallization temperature) 

'Ei'l?lJ'In1nbU'C1~b'V'l'Cl (rate of phase transformation) 

'f)~l?l'f)~~'C1Vi'W (impurity atom) 

'f)~l?l'f)W;m'C1~'C11tJ (solute atoms) 
'lJ 

'f)~l?l'f)~vll'C1~'C11tJ (solvent atoms)
 

~ruV1JJ~',)n~l?l (critical temperature)
 

~ruV1JJi:Jn1nU~tJ'W91mV1'WmbtJ'Wbun::; (ductile-brittle transition temperature)
 

'f)~y;fuJ'::;n'f)U (component)
 

'ell?lJ'In1ntJ'W'C1~',)n~l?l (critical cooling rate)
 

'f)'f)'Clb'Vl1'W111 (austenite)
 

'tl'tl'Clb'Vl1'W111bV1~'tl~I~ (retained austenite)
 

'tl'tl'Clb'Vl~bU'tl1~ (austempering)
 

'tl'tl'Cl'V'l'tlf~iJ~ (ausforming)
 

'tl1n1f'lbtJ'W!?T'Jn'C11~~'r'h1~b~'WI?1'Jb~'J (air as quenching medium)
 

87 

41 

16 

16 

17 

16 

32 

153 

63 

34 

34 

34 

83 

56 

60 

115 

41 

165 

161 

174 

162 
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~.f'l. 2534-2536 
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~V11~'Vlm~m'Vl"l1 

" ~'Jt.J~1'j'~::;l:11t.1 ( 

bb1A-,j'llI~ (NRCT) 

iP1ru~nl1ru~'WEl-,jbb 
q 

"" '" bV'1J''tl-,jm'J9'JbiP1'J1 

bfltJ1~fml'l~f1'll 

'" '" '" J'1'l'J'i'l'Wnb'IltJ'W1JYl 

bfltJ dJ'W'Clm~ n'Il'fJ 

bb1A'l'tlb~1'n1bVlU'fJ 

2524 l?l1~qm::;'j'I'l 

~.V'I. 2546 

... ~ _..... • c::_ 
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