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1-*Heat treatment and Process Principles”, G. Krauss, ASM International, 1990,
2-“Heat treatment of Ferrous Alloys”, Brooks, McGraw-Hill.
3-“Heat treatment Guide”, ASM, 1996.
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(] Steels: Heat Treatment and Processing Principles, George Krauss, ASM
International, 1990.
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Composition (at% C)
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Iron/Carbon Alloy Phase Diagram
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Allotropes of iron WIKIPEDIA

At atmospheric pressure, three allotropic forms of iron exist, depending on
temperature: alpha iron (a-Fe, ferrite), gamma iron (y-Fe, austenite), and delta

iron (&-Fe). At very high pressure, a fourth form exists, epsilon iron (g-Fe,
hexaferrum).
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Metal

1A Key 0
1 59 = Atomic number Nonmetal 7
H Cu =+— Symbol He
1.0080 A 63.54~__ , , [TTA VA VA VIA VIIA | 4.0026
3 2 Atomic weight 5 = 7 5 5 10
Li Be Intermediate B G N 0 F Ne
6.941 | 9.0122 10.811 | 12.011 | 14.007 | 15.999 | 18.998 | 20.180
11 12 13 14 15 16 17 18
Na Mg VIl Al Si P S Cl Ar
22.990 | 24.305 B IVE VB VIB VIIB / N IB B 26.982 | 28.086 | 30.974 | 32.064 | 35.453 | 39.948
19 20 21 22 23 24 26 26 27 28 29 30 31 32 33 34 36 36
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.098 | 40.08 | 44.956 | 47.87 | 50.942 | 51.996 | 54.938 | 55.845 | 58.933 | 58.69 | 63.54 | 65.41 £9.72 7264 | 74922 | 78,96 | 79.904 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 bl h2 63 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sh Te I Xe
85.47 87.62 88.91 91.22 92.91 95.94 (98) 101.07 | 102.91 | 106.4 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.90 | 131.30
55 56 Rare 72 73 74 75 76 77 78 79 80 8l 82 83 &84 85 86
Cs Ba earth Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.91 | 127.34 | series | 178.49 | 180.95 | 183.84 | 186.2 | 190.23 | 192.2 | 195.08 | 196.97 | 200.59 | 204.38 | 207.19 | 208.98 | (209) {210} (222)
87 88 | Acti. | 104 105 106 107 108 109 110
Fr Ra nide Rf Db Sg Bh Hs Mt Ds
(223) (226) series (261) (262) (266) (264) (277) (268) (281)
57 58 59 60 61 62 63 64 &5 66 a7 68 69 70 71
Rare earth series La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho [l Tm Yb Lu
13891 | 140,12 | 140.91 | 144.24 | (145) | 150.35 | 151.96 | 157.25 | 158,92 | 162.50 | 164.93 | 167.26 | 168,93 | 173.04 | 174.97
89 90 91 92 a3 94 95 96 o7 98 99 100 101 102 103
Actinide series Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
(227) | 232.04 | 231.04 | 238.03 | (237) (244) (243) (247) (247) (251) (252) (257) (258) {259) (262)

Callister

Figure 2.6

weights of the most stable or common isotopes.

The periodic table of the elements. The numbers in parentheses are the atomic
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Periodic Table of the Elements

Atomic Number —

Name —»

Electrons per shell —

<— Symbol

<«— Atomic Weight

State of matter (color of name) Subcategery in the metal-metalloid-nonmetal trend (color of background)

GAS LiQUID SOLID UNKNOWN

I Alkali metals
[ Alkaline earth metals
I Transition metals

M Lanthanides
W Actinides

" Metalloids
17 Reactive nonmetals

" Unknown chemical properties

¥ Post-transitionmetals ~ Noble gases

6 7 8 9 10
VIB ViIB viie Vi viie

ne

57-M
Lanthanides

1327

(228
214802809
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Carbide

Aricle  Talk

From Wikipedia, the free encyclopedia

X 48 languages v

Read Edit View history Tools v

For the software development tool targeting the Symbian OS, see Carbide c++ For the metallic compound commonly used in machine tools, see

Tungsten carbide. For the town in West Virginia, see Carbide, Wetzel County, West Virginia

In chemistry, a carbide usually describes a compound composed of carbon and a metal. In metallurgy, carbiding
or carburizing is the process for producing carbide coatings on a metal piece [’

Interstitial / Metallic carbides [edi]

The carbides of the group 4, 5 and 6 transition metals (with the exception of chromium) are often described as
interstitial EDmpCUH{IS.[E] These carbides have metallic properties and are refractory. Some exhibit a range of
sioichiometries, being a non-stoichiometric mixture of various carbides arising due to crystal defects. Some of
them, including titanium carbide and tungsten carbide, are important industrially and are used to coat metals in
cutting tools.F

The long-held view is that the carbon atoms fit into octahedral interstices in a close-packed metal lattice when the
metal atom radius is greater than approximately 135 pm:[!

« When the metal atoms are cubic close-packed, (ccp), then filling all of the octahedral interstices with carbon
achieves 1:1 stoichiometry with the rock salt structure ™

« When the metal atoms are hexagonal close-packed, (hcp), as the octahedral inferstices lie directly opposite
each other on either side of the layer of metal atoms, filling only one of these with carbon achieves 2:1
stoichiometry with the Cdl, structure

Lattice structure of titanium carbide &4

Y —

Tungsten carbide end mills &

43



Coouns £ 95 ¢l 31 B, oo 35 Jgomo .ailovuzmn (550l Al slyl0 I 09,8 slaus,ls

|

325 S90S b ojlgon a5 (il oo byl oolw 5yel asuis I 69,5 s F5g alox
| 95°9)

J sl s eainl sladu )5 VU s slales Bz 0sls o> 3l s S0 oo jle
Sl A3 aST ey, S sbaau )8 5 oo Ols o 1) LAu,S ol sy o0l 51 dal o
33 adais gl b )5 elad bl e &S {..U}_ﬁi{_r»‘_}.a-u:.h_;;m’l 53 ;:L..»d_f «Wals

Al il ey S slada 8wl oy 5 glad)lS el ol 5o Ll VL e

J oo cnal gUlg 3 Lol s Ik Jav g couianl 53 bad,lS DDl L i

;I -i._.|:,.._| '__5'-;,. L i 3 adome -.;.:.:....-i 33 .'-:JJS- -.;.:J""_,-L:- - |JﬂJﬁJ j.-f"'iu..f'. l-_-,..ﬂl_'.'i'lll_.:_.d Lﬁ_j ._jJJS-

MyCr d )8 Cmi A Sh 203 352 s MC 5 MiC MCr 1S ¢ 55 4 i |
AL MC 5 MiC slad o )5 S s 53 053 s Jom il 53 (CRCr @305 (510)
Ll dal g 3L aas | Olomaa (gaslly 5 280 slaa)lS



<oy 595 3T olis 51

ool oal slaesl sla 4 gl slagdt 0ud il L W el s (5UT usle ISl
Wit opal 3l gline Glislo 5 —edl o3l B 5l 3 ole oS Sl ) 3 ed
al g )5 s S 1) ol 5k 4K 8 e 1 al Slas] gl 4 oS a3
&MJHiﬁdl&MﬁQJL&Jqﬁ.M:JﬁﬁIJ l'_ﬂqi:...b;:ﬁ'lil_?ud..?..:ﬂj:r_;sla
Sam el xiy 35 08 ST 3 s ol el el ek il 2 ST e ]
LS 1 el oS szl sl el ) plad 5l S VRN plad oS (5 ole
Al il el ol plad 1 2t gl o) plad oS (5 mlie (K03 b ) s

ey o Jmldl ]y el oSl

uLmSJ S g GM ,oLSz’J.w‘ ‘p.a.Lw.: P&M| olo o uo‘gé S9) 6)UT )..ob.c ‘Sl.b).ﬂ

.
o Gt
*

45



, 30 Jab ool doys ofeW (5l ey S r—’d

‘E_ 25

@ 20 -—ll"-_

s //’f

_{ I"H 15:_! H H

L o

3 10 68 F(20C)

0
0 .00l 0002 2003 0.004 0.005

S iy Aeasd

[V#] 361 gles 2 W yiﬁufmtjgﬁgad,im;ﬁ;gd},”mﬁ £y S

240
'fFl' Si /ﬂn
220—
200 II! } / .
17 57
180 =
160 f/// :.:I‘" ] &l
A & —
_l']l:-:, 140 }‘ 4" ’//'; __'1:0.'_._..-"""—:_.‘_,..
E 120 // r /ﬁ/ g""ﬁﬁf# |
/ f”/'f T
100 ’/I#”_?‘J#‘
80 %éﬁ
0O 2 4 6 8_10 12 14 16 18 20 22

=4 ] J-,....:ll._..l'-'-' ...'L..,_l)."

(o B ey

[V8] e g9 A ol o Jglows O e 4 s Jolie Il gla J1AV-Y IS

<o 58 595 ST polie ol 1

46



2 Oygar S S (59 (Jokre ilite 5T polie sl il !5 i i L
.M 9 W ‘}&Q ¢ K“"“. c&wsﬁ ‘M’QU‘B 6"’.~«MS-Q“ oo 6P)S :C..A.MJ

Sy yok 1) Cupd wpd a4 Cuoglie 1w g i (ST (yoadgo L
Jiowd slod gl 1 b 5o Jobo 5LIT polie so 1 o iptee adozr 511
.ww! (Ductile-Brittle Transition Temperature) o s 4 5 5 Consl

30 1y B pan (p 45 i a5 (Cr, Ni, Mo, Si, Mn, W) o5UT paie i oy yo U
&S Iy paie (pl Sl oo ais Ul byl o 5 03,Ib JSS i yle (g 3lwoY g8
oSl fod slod cwdd 0 gl 38l (6 Sy ok 1) Co 8 pliinl g (S
ol 1) o¥g8 a1pd 4 Cunglile JSb (uiired (o0 2l 55 1) o5 4y 0
.&0‘5.03

o138l kg JB g2 4 1) plminnl 45 (3L olis p b 45 cal (Jl> 50 (!
(Mn 5 Si M) wds (0 bl ol a1y o 8 4138 (5551 i (0

47



(44T o A b o e ) (€ G 69V [(28 65 9] canw o Gho o L) )0 4S5) 5 D)

% B e o /}W/
e {aas Fa Wy La 2gdl
a8 daxd fpa L La agdl

Cawgd ol 3l ccawlo g a5 o pa <Ll

Lol 59381 39y Cnidgo g (oMl (59,1 L
# 00l ) Zaouw Sgoxo JISS ¥

m_sameezadeh@sbu.ac.ir

48



