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Microstructures
in Eutectic Systems: |

T(°C) /L: C, Wt% Sn
400

Co <2 wt% Sn
 Result:
- at extreme ends

- polycrystal of a grains
l.e., only one solid phase.
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Microstructures
in Eutectic Systems: ||

L: C, wt% Sn
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« 2wWt% Sn < Cp <18.3 wt% Sn4og(°C)
» Result:
= [nitially liquid + o
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Microstructures

in Eutectic Systems: il

* Co=CEg
« Result: Eutectic microstructure (lamellar structure)

- alternating layers (lamellae) of o and 3 crystals.
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Lamellar Eutectic Structure
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«— Other possible eutectic
structures are: rod-like, globular
and acicular.




Microstructures

in Eutectic Systems: IV

* 18.3 wt% Sn < Cp < 61.9 wt% Sn

* Result: o crystals and an eutectic microstructure

* Just above T¢:
Co = 18.3 wt% Sn
C, =61.9wt% Sn

S
= = 0}
R+S 50 wt%

W, = (1-Wq) = 50 wt%

T(°C) L: C, wt% Sn o L

Wq

* Just below T :
Ca =18.3 wt% Sn

Cp = 97.8 Wt% Sn

eutectic B \Wg = S =73 wt%
40 60 80 100 R+S
61.9 97.8 Wp =27 wt%
C, Wt% Sn




Hypoeutectic & Hypereutectic

(Pb-Sn
System)
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Intermetallic Compounds

Composition (at% Ph)
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Note: intermetallic compound forms a line - not an area -
because the stoichiometry (i.e. composition) IS exact.



Eutectic

= Eutectic - liquid in equilibrium with
two solids

L &2 a+f



Example: Eutectoid & Peritectic

Peritectic transition y+ L<== 10

Cu-Zn Phase diagram
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Eutectoid & Peritectic

= Eutectoid - solid phase in equilibrium
with two solid phases

SZ S Sl+S3
intermetallic compound
/ - cementite
Yy ool o+ Fe;C (727°C)

heat

» Peritectic - liquid + solid 1 > solid 2
S,+L — S,
S+L = (1493°C)

heat

TTEPITEKTIKOG — TTEPI - included



Iron-Carbon Phase Diagram Extract

2 important
points

-Eutectic (A):
L=y +Fe;C

-Eutectoid (B):
Yy = a +Fe,C

8(& 727°C = Teutectoid

S
000 o+Fe;C
a — bee (FM) 400— —r

| ' 6 6.7

0 . 2 3
B — bce (NM) obs.  (Fe) Ogé

Fe;C (cementite)

“4.30 ° C,, Wt% C
v — fcc (NM) Fe,;C (cementite-hard)

& — bee (NM) a (ferrite-soft)

€ —hcp (p >13 GPa)




Pearlite
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Result: Pearlite =

alternating layers of
a and Fe,;C phases



Hypoeutectoid Steel

T(°C)
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Hypoeutectoid Steel

a

pearlite
Wpearlite = Wy

Wo =S/(R+S)
Weec = (1-Wa)

pearlite Proeutectoid
ferrite

proeutectoid phase — the first phase that forms upon cooling the solid



Hypereutectoid Steel
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Hypereutectoid Steel

pearlite
W pearlite

=S/(R+S)
Wre,c =(1-w o)

: proeutectoid Fe;C
pearlite




Example

For a 99.6 wt% Fe-0.40 wt% C at a
temperature just below the
eutectoid, determine the following

a) the amount of pearlite and
proeutectoid ferrite (o) per 100 g of
Stee

b) composition of Fe,C and ferrite (o)

c) the amount of carbide (cementite) In
grams that forms per 100 g of steel




Solution

a. the amount of pearlite and proeutectoid ferrite (o)
note: amount of pearlite = amount of y just above T¢

C, = 0.40 wt% C
C, = 0.022 wt% C

Cpeariie = C, = 0.76 Wt% C 160
)
Y _%=Cay100-512 g 120¢ i Y )
Y+ v —Ca (astenite) =
: @
1004 Y +Fe,C GE)
800*\_\3_ 727°C \8/
pearlite = 51.2 g soqf- o+ Fe.C &
proeutectoid oo = 48.8 g o o . .

Co » C,, Wt% C




Solution - continued

b) composition of Fe;C and ferrite (o)

c) the amount of carbide Co=0.40wWt% C
(cementite) in grams that C,=0.022 wt% C
forms per 100 g of steel Crec=6.70Wt% C

160

x100 T(°C1)4O

120C

x100=5.79g 1000

FesC  C,-C,
F63C + CFe3C —Ca
 0.4-0.022
6.7-0.022

- Y
(austenite)

80Qt
FesC=5.7¢ sodf :
a=943¢g

Fe,C (cementite)
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Alloying Steel with More Elements

° Teutectoid ChangeS: ° Ceutectoid ChangeS:
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Taxonomy of Metals

Metal Alloys

Ferr Nonférrous

Steels Castlrons Cu A Mg Ti
<1.4wWt%C 3-4.5wt%C

T(°C) microstructure:
1600 ferrite, graphite
cementite

1400

1200 + v +Fe.C

austenite Eutectic:
1000 4.30

; v+Fe;C
800 ; 727°C Fe3C

L ' Eutectoid: cementite
0.76 a+Fe,C

600 ]

]
4000 5 6 6.7

(Fe) C,, Wt% C




Steels

]
| Low Alloy
low carbon  Med carbon high carbon
<0.25wWt%C 0.25-0.6wt%C 0.6-1.4Wt%C
- - | %

heat

High Alloy

austenitic

Name plam HSLA 2l treatable plaln t,OOI. stainless

» | Cr.V Ccr,Ni Cr,V, :
Additions nqne i Mo no.ne Mo nqne Mo, W Cr, N| Mo

Example 1010 4310 1040 4340 1095 4190 304
+ + ++ ++ +++ 0

0 + Kok + ++ 0

fa - : +

bridges  crank pistons  wear drills high T

towers  shafts gears : SaWS !
turbines

press. bolts wear dies
vessels furnaces

Increasing strength, cost, decreasino




STEEL & ALLOY

BLACK CARBON STEELS
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COLD WORK TOOLSTEELS
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