Announcements

o About half of the quizzes (WebCT#2) are

graded.
. Today, we have @




Phase Equilibria

Simple solution system (e.g., Ni-Cu solution)

Crystal | electroneg | r (nm) |Valence
Structure
NI FCC 1.9 0.1246 2+
Cu FCC 1.8 0.1278 1+

* Both have the same crystal structure (FCC) and have
similar electronegativities and atomic radii (W. Hume —

Rothery rules) suggesting high mutual solubility.

* Ni and Cu are totally miscible in all proportions.




Phase Diagrams

 Indicate phases as function of T, Co, and P.

e For this course:
-binary systems: just 2 components.
-independent variables: T and Cg (P =1 atm is almost always used).

T(°C)
e Phase 1600 » 2 phases:
Diagram L . L (liquid)
for gu-Ni 1509 L (liquid) oL (FCC solid solution)
system 1400 « 3 phase fields:
L
1300 L+
1200 &
Adapted from Fig. 9.3(a), Callister 7e.
: Fig. 9.3(a) is ad df Ph
1100 (FCC SOIId E)iggram(saZ);SB?n;r@t?\IicliZImAlloisS,eP. Nash
: Ed.), ASM | [ I, M ials Park,
Solutlon) (OH 21991)' nternational, Materials Par

| | | |
1000o 20 40 60 80 100 wWi% Ni




Phase Diagrams:
# and types of phases

e Rule 1: If we know T and Cop, then we know:
--the # and types of phases present.

T(°C
« Examples: 16(00)
L (liquid)
1500 ) O3 Cu-Ni
B(1250°C, 35): 1400 | & phase
2 phases: L + a diagram
1300 [

(FCC solid

1200 solution)

Adapted from Fig. 9.3(a), Callister 7e.
(Fig. 9.3(a) is adapted from Phase 1100
Diagrams of Binary Nickel Alloys, P. Nash
(Ed.), ASM International, Materials Park,

1o00L—L 1 1 | -
OH, 1991). 0 20 40 60 80 100 Wt% Ni




Phase Diagrams:

composition of phases
 Rule 2: If we know T and Cq, then we know:

--the composition of each phase. Cu-Ni
o system
« Examples: TCC) 4
Co = 35 wt% Ni TAF— gA tie He g
ALT A = 1320°C: 1300 L (liquid) & =0
Only Liquid (L) - 55
CL = Co (= 35 wit% Ni) B[ > . )

— or. g ! 1o
AtTp 1199 C: 1200 Lx o 5 ésolid)
Only Solid ( ) Tl - ,

Co = Co (= 35 wit% Ni) -
20 3R3235 4043 50

At T = 1250°C:
Both o and L
CL = Cliquidus (=32 wt% Ni here)
Ca = Csolidus (=43 wt% Ni here)

ClCo Co wit% Ni

Adapted from Fig. 9.3(b), Callister 7e.

(Fig. 9.3(b) is adapted from Phase Diagrams
of Binary Nickel Alloys, P. Nash (Ed.), ASM
International, Materials Park, OH, 1991.)



Phase Diagrams: | ¢ o/
weight fractions of phases ﬁ\)\%

e Rule 3: If we know T and Cop, then we know:

--the amount of each phase (given in wt%). Cu-Ni
e Examples: T(°C) system
= 0 '
Co =35 wWt% Ni TAp-----mmemmemes ?A tie line . quS
At T A: Only Liquid (L) 1300 |- L (liquid) : e
W =100 wt%, W, = 0 m V
At Tp: Only Solid (o) LL=] "R ,50“6\)
W =0, Wg, = 100 wt% x O A e
_ 1200F VY _~7 ip <SO|Id)
AtTg: Both aandL Tp[ oo .
I
S 43 -35 20 303235 4043 50
= — — 0
W, R+S| 43-132 fowto ClCo Ca wt% Ni
R Adapted from Fig. 9.3(b), Callister 7e.
ig. 9. is adapted from Phase Diagrams of
W = 27 wt% (BFingar?/ il(ig?(el Aﬁog,%. NaskF‘l) (Ed.),DASgM

o R + S International, Materials Park, OH, 1991.)




The Lever Rule

e Tie line — connects the phases in equilibrium with
each other - essentially an isotherm

T(°C)
- tie Iin_e QU
1300 |- L (liquid) : \\Q\)\@
X
:B \/ )
B> e SOV
g ! 1o
X . .
1200F Y _~71 i <SO|Id)
“R¥e—S—»,
T
20 30CL CO 40 Ca 50
wt% Ni Adapted from Fig. 9.3(b),
Callister 7e.
w__ M __ S _C.-C
" M_+M, R+S C_,-C,

How much of each phase?
Think of it as a lever (teeter-totter)

M, \\@
C = ]
]




Ex: Cooling in a Cu-Ni Binary

* Phase diagram:  T(°C)[, (liquid) L: 35Wt%Ni
Cu-Ni system. , Cu-Ni
» System is: 1300 " system
--binary L 35 WOA NI /:.
i.e., 2 components: & 40 WAN 3 I
Cu and Ni. > R
--isomorphous : ‘ D Wt% Ni
i.e., complete NG 3 W% Ni
solubility of one 1200 E .
component in ‘ ¢ Wie N
another; a phase 5 6 W% Ni
field extends from (solid) i ‘
O to 100 wt% NI. :
e Consider 1100 L |
Co = 35 Wt%Ni. 24 30 35 40 >0

Adapted from Fig. 9.4, CO wt% Ni

Callister 7e.



Binary-Eutectic Systems Qb%k

/ \ has a special composition

2 components with a min. melting T.
T(°C) Cu-Ag
Ex.. Cu-Ag system 1200 SR
« 3 single phase regions L (liquid) :
(L, o B) 1000 |

Limited solubility:
T, 800/

a. mostly Cu

B: mostly Ag 600} |
* Tz: No liquid below T :
e Cz: Min. melting T 400] :
composition : - —
P 9% 20 40 60 C_80 100

Eutectl nsTtion C, ., wt% Ag
L(Ce) =— alCue) + B(CD Adapred fom Fig. 9.7

/




EX:. Pb-Sn Eutectic System (1)
For a 40 wt% Sn-60 wt% Pb alloy at 150°C, find...

--the phases present: o + 3 @

--compositions of phases:  T(°C) system

£ = 40 wt% Sn”
— 300t o
CB = 99 wt% Sn
--the relative amount 200k ' (B
of each phase: /183 61.9 97.8|
w.= S - S-Co 101/ RrR T S
" R+S T C,-C, Y 100}/ s
e ot s
_99-40 _ 59 Ll |
- 99-11 88 S i I | :
100
R Co-C, 0 11 20 40 60 80 99
Wp = = Ca Co C,wt% Sn “F

R+S CB ) CO‘ 0' 32 Adapted from Fig. 9.8,

_ 40 - 11 _ 29 - 33 W Callister 7e. Q’i@ 3 Oi} @)

99-11 88




EX. Pb-Sn Eutectic System (2)
For a 40 wt% Sn-60 wt% Pb alloy at 200°C, find...

--the phases present. o + L Pb-Sn
--compositions of phases:  T(°C) system
C,, = 40 Wt% Sn
C, =17 wt% Sn 300]
C, = 46 Wt% Sn
--the relative amount 260,

of each phase:
_C.-Cy  46-40

Wa='"c Tc. = 46-17 100
6
=59 =21 wt% ) L !
0 1720 40 46 60 80 100
w2 CetCo_ 2B o« “o"LC, wt% Sn
| = CL-C = 29 " WIL170 Adapted from Fig. 9.8,

Callister 7e.



Microstructures
In Eutectic Systems: |

Co <2 wt% Sn L((:C) Lt Cywt% Sn
Result:
--at extreme ends

--polycrystal of a grains
l.e., only one solid phase.

(Pb-Sn
System)
1
0! 10 20 30
Adapted from Fig. 9.11, COZ Co, wt% Sn
Callister 7e.

(room T solubility limit)



Microstructures
In Eutectic Systems: Il

L: C, wt% Sn

e 2Wt% Sn < Cp < 18.3 wt% Sn4og(°C) /
* Result:
= [|nitially liquid + o
= then a alone
» finally two phases

» a polycrystal 200F
> fine B-phase inclusions *

3007

100t
o+ f Pb-Sn

System
1 1
o] 10 20 30
Adapted from Fig. 9.12, 2 C, Co , wt% Sn
Callister 7e. (sol. limit at Troom) 18.3

(sol. limit at T)



Microstructures

In Eutectic Systems: Il

o CO = CE
« Result: Eutectic microstructure (lamellar structure)
--alternating layers (lamellae) of o and 3 crystals.
T(°C) Micrograph of Pb-Sn

eutectic
microstructure

L: C,wt% Sn

300 . ~
Pb-Sn : A &
system . :
| i) “f/f;(
200 ) ! L+0B[]3 '
Te l l \ ' 2,75
I I I N 5/4))
| I " Ny W
| | 1
>
100+ : : ! : 160 pm
- 9 t% S
E o+ B i o 18.3 WE%&% 0 or Adapted from Fig. 9.14, Callister 7e.
: I | — e — : '
: 1 1 L | ]
0 20 40 60 80 1100
18.3 = 97.8
Adapted from Fig. 9.13, 61.9 C, wt% Sn

Callister 7e.



Lamellar Eutectic Structure
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Microstructures
In Eutectic Systems: IV

e 18.3Wth Sn < Cp <61.9 Wwt% Sn
e Result: o crystals and a eutectic microstructure

T(°C) L: C, Wi% Sn L e Just above T¢:

Co, = 18.3 Wt% Sn
C, =61.9 Wt% Sn

= = 0
R+S 50 wt%
W, = (1-Wq,) = 50 wt%

Wa

e Just below T :
Co = 18.3 wt% Sn

Cp = 97.8 wt% Sn

| eutectic B W = S = 73 wt%
80 100 R+S

18.3 61.9 97.8 Wp =27 wt%
Adapted from Fig. 9.16,

0
Callister 7e. Co, wt% Sn




Hypoeutectic & Hypereutectic

300
(o]
Adapted from Fig. 9.8, T( C)
Callister 7e. (Fig. 9.8
adapted from Binary Phase 29-0- (Pb'Sn
Diagrams, 2nd ed., Vol. 3,
T.B. Massalski (Editor-in- SyStem)
Chief), ASM International, 100
Materials Park, OH, 1990.)
) 1 1
0
40 60 80 NWVO Sn
eutectic
tration only)

61.9 hypereutectic: (illus
-"‘ﬁfr oA

eutectic: C,=61.9Wt% Snig

(Figs. 9.14 and 9.17
from Metals
Handbook, 9th ed.,
Vol. 9,
Metallography and
Microstructures,
American Society for
Metals, Materials
Park, OH, 1985.)

Adapted from eutectic micro-constituent Adapted from Fig. 9.17,
Fig. 9.17, Callister 7e. Adapted from Fig. 9.14, Callister 7e. (lllustration

Callister 7e. only)
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Intermetall\bompounds

Composition Lat“f;»

0 5 10 20 30 40 7O 100

FO0 —

Adapted from

1200 Fig. 9.20, Callister 7e.
00

1000
500
3 L
S a0 &
2 B2
£ 3
- : £
F 200 80 g
. 400
200
o [+ MgaPh Z
Mg,Pb -
! g,rFD .

o | I | I | I |\\4| |

0 20 40 a0l a0 100

(Mgl Composition (wts Ph) (PE)

Note: intermetallic compound forms a line - not an area -
because stoichiometry (i.e. composition) is exact.



Phase diagrams

Wt. % Si
A0 50 B0 70 80 90 100
L
O 1570°
© 1480°
g [1480°CN 1412,
o 1330°C j
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E
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j*r/ 865°C = = (Si) —
800 - 3
f(aTH)
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