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Metal alloys

Metal Alloys
Ferrlous Nonferrous
| |
Steels Cast Irons

<1.4wt%C 3-45wt%C
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Adapted from Binary Alloy Phase Diagrams, 2nd edition, Vol. 1, T. B. Massalski (Editor-in-Chief), 1990. Reprinted by
permission of ASM International, Materials Park, OH.
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Plain-carbon steel (Fe + C) -

Alloy steel (Fe + C + Ni, Cr, Mo, Mn, V, Ti, ...
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L(steel) SOl 7t BEO| M AF=EICE (Carbon ~ 0.4 wt%)
L

Martensite X 2|0f Ht-S S} X| =L}

Microstructure(O| M| T+ =)= T £ Ferrite+Pearlite
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HSLA: High Strength Low-Alloyed
carbon steel — addition of Cr, V, Ni, Mo.
= N &2 (plain low-carbon steel)Of|
H|SH hard, strong. L 54! 0|
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Sty

Medium-carbon steel; EtA~ ©F9 2F0| 0.25~0.60 wt%
PSPl gn| BSE

Austenitizing (2 AH|LIO|E &2 2 HE) - 'd2F S 2|/ HE | A2 HEFE)
Quenching (& & — martensite ‘&4 d
. . o o
Tempering (martensite2| F/d2 Z31, A1} 214 Z =0[= EH2)
C ." : R S
. . = El_ A 9' Ol E|_ = AISI/SAE UNS (wt% of AIIo'v'?l;ZpI‘;’,;;ltlltoe:;ts ;;:Iie:ldition to C)?
E_Ialn medlum_carbon Steel (_l L - - — Designation® Designation Ni Cr Mo Other
%I‘%— _OIL'I _+_ giE % El_l-_AL 7ol-)9_ 7O:| —?— —?—l 9_ 10xx, Plain carbon G10xx0
(x| _— -] L L 11xx, Free machining G11xx0 0.08-0.33 S
= x-I El 7|- -H-— E O-” % al- Ol-O:I l_ El- |—|- I:l- 12xx, Free machining G12xx0 0.10-0.35 S,
LH £ 7t X| tempered martensiteS 24 7| - —— e
ol L . L. = o C 3xx v13xx .60-1.9
-|—| OH A‘I — pea r||te/ba|n|te nose= E—‘I = -rl = 40xx G40xx0 0.20-0.30
.S Ol _ . L= RyS ) 41xx G41xx0 0.80-1.10 0.15-0.25
Shlft = = 9‘ Cr’ N l Mo o= 0 |- 43xx G43xx0  1.65-2.00 0.40-0.90 0.20-0.30
L 46xx G46xx0  0.70-2.00 0.15-0.30
Hardenability (%' 2'-3 7 H IE=||) 48xx Ga8xx0  325-375 0.20-0.30
51xx G51xx0 0.70-1.10
61xx G61xx0 0.50-1.10 0.10-0.15 V
86xx G86xx0  0.40-0.70 0.40-0.60 0.15-0.25

92xx G92xx0 1.80-2.20 Si




= LHOrR2-40] R E M (wearability)
T & (tool steel), C}O| & Z(die steel)
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FO| Martensite or Austenite or Ferrite; [LF2FA] ==l AFO]| [OF2f
stainless A| &7 =2 L& o= QUL

Austenite stainless steelO| 7}2f S5} A| BY0| M QICH Ni & K 18-8 (Cr,
Ni wt%); |2 Ni 7} 259 2 TN sTs 7 @ T+ =ICt

Austenite stainless steel= At 0| Qi L}




Review on nomenclature (North America)

Nomenclature for steels (AISI/SAE)

10xx Plain Carbon Steels

11xx  Plain Carbon Steels (re-sulfurized for machinability-& 4F 7+& & A[5t7| 2/5H)
15xx  Mn (1.00 - 1.65%)

40xx Mo (0.20 ~ 0.30%)

43xx  Ni (1.65 - 2.00%), Cr (0.40 - 0.90%), Mo (0.20 - 0.30%)

44xx Mo (0.5%)

where xx is wt% C x 100

example: 1060 steel — plain carbon steel with 0.60 wt% C

Stainless Steel >11% Cr




Steels
|

Low Alloy High Alloy
low carbon  Med carbon high carbon
<0.25wWwt% C 0.25-0.6wt% C 0.6-1.4wt%C
I I I
' heat :
Name plain HSLA plain treatable plain tool stainless
» Cr,V Cr, Ni Cr, V, :
Additions none Ni. Mo none Mo none Mo. W Cr, Ni, Mo
Example 1010 4310 1040 4340 1095 4190 304, 409
Hardenability O + + ++ ++ +++ varies
TS - 0 + ++ + ++ varies
EL + + 0 - - _— ++
Uses auto bridges crank  pistons wear drills high T
struc. towers  shafts gears applic. saws app!lc.
sheet press.  bolts wear dies turbines
vessels hammers applic. furnaces
| blades Very corros.
resistant

Increasing strength, cost, decreasing ductility
Based on data provided in Tables 13.1(b), 14.4(b), 13.3, and 13.4, Callister & Rethwisch Ye.



Cast iron (T2

EtA SF2F0| 2,14 wt% O| 2+ @l ferrous alloy (B2 &) - L& = A 3~4.5 Cwt%

ComLsition (at% C)
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’ . SlE = o
Cementite (Fe3C) O E Ml:l-
4
000 1 2 4 5 6 6.70
(Fe) Composition (wt% C)
Adapted from Binary Alloy Phase Diagrams, 2nd edition, Vol. 1, T. B. Massalski (Editor-in-Chief), 1990. Reprinted by
permission of ASM International, Materials Park, OH.




Fe-C phase diagram (revisited)

Composition (at% C)

M Fe-C B &EH & 0| M metastablet 16502 ° 2 L2 >
Fe;CE B Y02} 78S LIEFLY AL
T 29| 87 cementite/t X 2[0f| 2[5 o o
Jg%z)lé)l-?_l %E(grapmte)gg IEIEHOl-E Gra+hite
Cr=o| B3 0| Elst= 827t SS UL °
5d. - 1200 1153°C -
Fe;C - 3Fe () + C(ZH; graphite) 5 T —
) 2.1 wt% C
[Ch2tA| Cr=220F 20| Fe-C MEH =7 E=F £ 1000
X_-II ~ '5|_ |:_|. ‘%i v + Graphite
[
800 740°C =
_L ))
N \0.65 W% C
Ctot S olo] M FYe
T~ B
gl S (EX 2 =)0 - | | | | |
YBS HHECh st SO M S S
>0 — SO - Composition (wt% C) Graphite
_—I_l XI_I Ol-E (l:! CéI-E Ol-7 | E Adapted from Binary Alloy Phase Diagrams, T. B. Massalski (Editor-in-Chief), 1990. Reprinted

Si forces carbon out of (liquid or
solid) solution — graphitizing agent

by permission of ASM International, Materials Park, OH.

Low percentage of Si allows carbon to remain in
solution forming iron carbides



[ TS gray cast iron

o} | Al Q| BHH A (fractograph)O| 2| A= ZICt —graphite structure
= 0ol
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Carbon: 2.5~4.0 wt%

Silicon : 1.0~3.0 wt% (Si: S A4 =7y

O] M|tz
A (graphite)O| 2HHO| HE — 22 2|3 (corn flake) 2 &
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From Metals Engineering Quarterly, February 1961.
Copyright © 1961. Reproduced by permission of ASM
International, Materials Park, OH.
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Temperature ——

XA o) Ot A = 35
g Hokep Lot M E|E &9
E:I Ac;l (EEE ;L AOI-) _7|<_7é-| Commercial cast iron range — e — FesC C
| |
HH 2= v Mg/Ce ¥
= N / \ / \
7 |‘ El_l'zlS xE-I ( El_l'_XL 7 |' 7 |'% OI_I' —;IQ— jé" ) Fast cool Moderate Slow cool Moderate Slow cool
P+G, a+ G,
ol S ~ .
A2 SAH F=H (compacted graphite y \
iron; CGl) SN
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\ e 7 \\/
v (| \\\\\\,/
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White \ Pearlitic gray Ferritic gray Pearlitic Ferritic
cast iron cast iron cast iron ductile ductile
cast iron cast iron

Fast cooling leads to ‘metastable’
FesC over the stable Graphite

Reheat: hold at
~700°C for 30 + h
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Fast cool

Slow cool
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Pearlitic
malleable
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Ferritic

malleable

AH(ductile) =X

Adapted from W. G. Moffatt, G. W. Pearsall, and J. Wulff, The Structure and Properties of
Materials, Vol. |, Structure, p. 195. Copyright © 1964 by John Wiley & Sons, New York.



(e 7o) T2

O aH|l=/ME& &7t >| Ductile iron; or nodular (&2 0| & 0]) iron

QUHEE O 2 pearlite 7} —
matrix(ZX])O| L}, 700°C e | et
A2 X 2| 2 ferrite y |
7| X| 2 HFRHCE (pearlite @)

Fe,CLl carbonO| diffusion

X =S -
Pear F

SO S graphite 8 5) e Farite

cast iron cast iron

Ductile®t =4

|—|
®) 50 wm
courtesy of C. H. Brady and L. C. Smith, National
Bureau of Standards, Washington, DC (now the
National Institute of Standards and Technology,
Gaithersburg, MD).
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white cast iron

L2 si(1.0wt% O/2H =EHOM &

LHZES E 38l cementitedS Y=L}, Of

ot = 9| Lttt (fractograph)O| 2 A O]
Q|22 =0 B == (white cast
iron)O| 2t 11 £ ELC} (due to cementite)
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WZE +=A=HHZO| #HFHO| EA
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LH & (interior) 2] LI 2| A W2 =
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White
cast iron

v

Fast cool Moderate Slow cool

P+ FesC

P+ Gy

Ferritic gray

\ Pearlitic gray
cast iron cast iron

Reheat: hold at
~700°C for 30 + h

AN

Fast cool Slow cool

P +G, a+G,

©
courtesy of Amcast Industrial Corporation.

Ferritic
malleable

Pearlitic
malleable

Fast cooling leads to ‘metastable’ Fe;C
rather than the stable Graphite

20 pm



Fe + Graphite Fe + Cementite

Moderate/slow cooling + High Si Fast cooling + low Si
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LH 2=~ I 51O A surface
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Fast cool

Moderate

Slow cool

White
cast iron

Ferritic gray

\ Pearlitic gray
cast iron cast iron

Reheat: hold at
~700°C for 30 + h

A

Fast cool Slow cool

P+G, a+G,
y \

&2\l

2\
al

=
S i

Pearlitic
malleable

Ferritic
malleable

d
@ 100 pm
reprinted with permission of the Iron Castings Society,

Des Plaines, IL.



(compacted graphite iron, CGl)

\FEHO| 7 HENO| O| M| =ES 7+7ICH

L—

(e)

courtesy of SinterCast, Ltd.



Graphite vs. Cementite in Cast Iron

Graphite Cementite
Phase
. Stable Meta-stable
Stability
Cooling Prefers Prefers
rate slow fast
High Si promotes
Si effect Graphite
formation
Tvpe of .
YP Gray White

Cast iron
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Non ferrous alloys
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Metal alloys
Ferrous alloys Nonferrous alloys
Copper alloys Titanium alloys Superalloys Nickel alloys Tin alloys Zirconium alloys
(Co, Ni, Fe-Ni)
Aluminum alloys Magnesium alloys Refractory metals Noble Metals Lead alloys Zinc alloys
(Nb, Mo, W, Ta) (Ag, Au, Pt)
LR, EES



F(machining)O|

OF A A
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M
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S (brass): Substitutional alloy with Zinc
M= (bronze): Cu + Tin, Al, Si, Ni- &S &ELC

Be-Cu: 4=t
Heat-treatable

Mo
j0l

o




YT LCE (2.7 g/cm3; steel: 7.9 g/cm3)
£ HI|/BHES

IT o — L—

CH710M =2 LR A,
HuN £2 AJoE 4% 7t&50| E0[oibt -2 F 0|5 =2 €

4 71r|751 o= 47t ==t Qo) S71. 4= =t @27 2ek
olC
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27O R2 28 55 (1.7 g/cm?)

A7 F

Skt S5.

H,

1L
TT

HeE 717], 8

Zt=
-1 O
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EHO|Et= 1t EfO|Ela

=7} 1400 MPa
AHE0| =1, ttx 7| A 7+S 0| 7}

SOtLt.

883°C Of| A| HCPA 0| BCC-pAM L 2 2 HEY




refractory

(melting temperature

o
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5o g
IT - O
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Nb, Mo, W, Ta

Melting T of Nb: 2468 °C, W: 3410 °C




= (superalloy)

Xo
_I_|=|

= ?1710 SAL == E=

Of d2| &Ll superalloy.

=
o

Inconel, Rene




=2 (noble metal)

Lrepet F A0 Zotil, HM A ductile. 20| &8t =3

Ag, Au, Pt, Pd, Rh, Ru, Ir, Os




Summary

Steel / Cast iron

Low/medium/high carbon steels.

Plain carbon steel / alloy steel (such as stainless steel)

Cast iron
Gray cast iron
Ductile cast iron
White cast iron
Malleable cast iron

Non ferrous alloys



