Phase equilibria: solubility limit

Introduction
— Solutions — solid solutions, single phase
— Mixtures — more than one phase Adapted from Fig. 9.1,
Callister 7e.
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Components and phases

« Components:

The elements or compounds which are present in the mixture
(e.g., Al and Cu)
* Phases:

The physically and chemically distinct material regions
that result (e.g., a and f).

Aluminum- B (lighter
Copper
hase
Alloy phase)
o. (darker
phase)
Adapted from
chapter-opening
photograph,
Chapter 9,

Callister 3e.




Phase diagrams

« Indicate phases as function of T, C,, and P.
 For this course:
-binary systems: just 2 components.
-independent variables: Tand C, (P =1 atm is almost always used).

7(°C)
oh 1600 2 phases:
. ase -
Diagram o L (liquid)
for Cu-Ni 1500 | L (liquid) a (FCC solid solution)
system
y 1400 » 3 phase fields:
L
1300 L+ o
a

1200

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

(FCC solid (Fig. 9.3(a) is adapted from Phase
Diagrams of Binary Nickel Alloys, P. Nash

solution) (Ed.), ASM International, Materials Park,

OH (1991).
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Phase diagrams

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

7(°C)
« Examples: 1600
L (liquid)
1500 [~ .
o =5 Cu-Ni
B (1250°C, 35): o ) phase
( , 39): 1400 c diagram
2 phases: L + « § 9
1300 =

(FCC solid

1200 solution)

Adapted from Fig. 9.3(a), Callister 7e.
(Fig. 9.3(a) is adapted from Phase
Diagrams of Binary Nickel Alloys, P. Nash

(Ed.), ASM International, Materials Park,
OH, 1991). 1000 :
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Phase diagrams

* Rule 2: If we know T and C,, then we know:
--the composition of each phase.

Cu-Ni
system
1(°C)
« Examples: i
C o =35 wt% Ni Ta I * tie ”r!e\)_\d
At Tp =1320°C: 1300} L (liquid) W
A X
Only Liquid (L) : L
. Toboooooeee ; \'\(\\)5
C| =C o (=35wt% Ni) B — 50
- (0
At Tp = 1190°C: x & LA :
. 1200F ©_~71 ip  (solid)
Only Solid ( @) Tpp--rem- 1__o |
1 0 1
Ca =C o (=35wt% Ni) [ ! - [ !
. 20 32 35 4043 50
Both @ andL Adapted from Fig. 9.3(b), Callister 7e.
= Clin: i = 0 i (Fig. 9.3(b) is adapted from Phase Diagrams
CL =Cliquidus (=32 wt% Nihere) of Binary Nickel Alloys, P. Nash (Ed.), ASM
Cao = CSO|idUS ( = 43 wt% Ni here) International, Materials Park, OH, 1991.)
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Phase diagrams

* Rule 3: If we know T and C,, then we know:
--the amount of each phase (given in wt%).

« Examples:
Co =35 wt% Ni

At T 5 : Only Liquid (L)
W, =100 wt%, Wa =
At Tp: Only Solid ()
W =0, Wa =100 wt%
At Tg: Both aandlL
S
W[_ = _ 43 - 35 _
R+S 1 43-32
o - R
“ R +3S =-

Cu-Ni
system
1(°C)
A
L O * e Iir)e\)-\ S
1300} L (liquid) : \ o
L X
Tr p--—--—------- \'\CS\)(5
B RS lsoa
e
1200F ©_~1 ip  (solid)
I 1__g '
1 0 1
| | !
3M2 35 4043 50
CLCo  Ca wit% Ni

3wtk "

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.)
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The lever rule

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

isotherm
1(°C) How much of each phase?
tie Iir)e\).\d\)s Think of it as a lever (teeter-totter)
13001 L (liquid) WO .
L ¥ M, M,
T beeeee -\6\)‘5
B | o H
x d : | A
1200~ v I (solid) |< >|< >|
Re—S— R S
| ! | !
20 0c, c, 40¢c, 90 Moc S=ML R
wt% Ni Adapted from Fig. 9.3(b),
Callister 7e.
, = - = — -




Cooling

* Phase diagram: T(°C . ) )
Cu-Ni system. ( ) L (||qu|d) L: 35wt%Ni
Cu-Ni
Sysenm s "o system
i.e., 2 components: L 22 WIS//‘
Cu and Ni. G- 0 WA
--isomorphous
i.e., complete
solubility of one P wt% Ni
component in o/ Nl
another; a phase 1200 B wt% Ni
field extends from 4 wt% Ni
o/ N
0 to 100 wt% Ni. 5 Wi% Ni
(solid)
» Consider 1100 | _ | I
- 0 ; =
Co = 35 wt%Ni. 0 30 35 40 20
Adapted from Fig. 9.4, CO Wt% Nl

Callister 7e. 8



Binary eutectic systems

r \ has a special composition

with a min. melting T.

2 components

Cu-Ag
o T(°C) t
x.. Cu-Ag system 1200 sSyslem.
» 3 single phase regions
(L, 0, pB) 1000;
* Limited solubility:
o : mostly Cu TE8OO'
B: mostly Ag 500
Tz : Noliquid below Tg
« Cc : Min. melting T 400
composition 200 I I ) .
0 20 40 60 C-80 100
e Eutectic transition
C,, wt% Ag
L(Cg) == a(Cup) + B(Cye)
Adapted from Fig. 9.7,
Callister 7e.



Binary eutectic systems

* For a 40 wt% Sn-60 wt% Pb alloy at 150°C, find...

--the phases present: ¢ +

--compositions of phases:

Co = 40 Wt% Sn

C, =11 wt% Sn
--the relative amount
of each phase:
S C,-C
WOL = __ = i
R+S Cs- C,
99 -40 59
= _— = _ =67wt%
99 - 11 88

1(°C)
300
200 g
/l 8.3 .
150 [~/ = —e- S
100}/ :
o+
i : l | I I
0 11 20 40 60 80
Ca Co €, wt% Sn

Adapted from Fig. 9.8,
Callister 7e.

10

100



Binary eutectic systems

* For a 40 wt% Sn-60 wt% Pb alloy at 200°C, find...
--the phases present: ——

--compositions of phases: T(°C) system
Co =40 wt% Sn
C, =17 Wt% Sn 300
C, =46 wt% Sn

--the relative amount 220}-
of each phase: 200

C, -Co 46 - 40
wy = ——= —
“" ¢ -c, 46 - 17 100
6

=21 wi% | N

0 1720 40 46 60 80 100

C C,C
Co-C, 23 o o “L 0
w, = =2 _ I — | C, wt% Sn
CL -C 29 Adapted from Fig. 9.8,

“ Callister 7e.

29
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Microstructures in eutectic systems

* Co<2wWt% Sn
* Result:
--at extreme ends
--polycrystal of a grains
i.e., only one solid phase.

Adapted from Fig. 9.11,
Callister 7e.

T(°C) L' C,wi%Sn
400 .

300t

200; (Pb-Sn
Te System)
100

0! 70 20 30

Coz C,, Wt% Sn

(room T solubility limit)
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Microstructures in eutectic systems

+ 2 Wt% Sn < C, < 18.3 wt% Sn T(°C) i oWt s
* Result: 400
= [|nitially liquid +
= then a alone
= finally two phases 300t

» o polycrystal
» fine p-phase inclusions

2001

100T
Pb-Sn
system
1 1
0] 10 20 30
Adapted from Fig. 9.12, 2 Co 1 C,, wth Sn
Callister 7e. (sol. limit at Troom) 18.3

(sol. limit at T,) 13



Microstructures in eutectic systems

o CO = CE
» Result: Eutectic microstructure (lamellar structure)
--alternating layers (lamellae) of o and 3 crystals.

o Micrograph of Pb-Sn
T( C) eutectic

L: C,wt% Sn

Te| m X |
! I I
! I I
100 | | | 160
: o+ ! B: 97.8:\»£.t% Sn vum-e
| Lo 18.3 wt%Sn | | Adapted from Fig. 9.14, Callister 7e.
| | | 5
i ] L ] :
0 20 40 60 80 1100
18.3 Ce 97.8
Adapted from Fig. 9.13, 61.9 C, wt% Sn 14
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Microstructures in eutectic systems

* 18.3 wt% Sn < C, <61.9 wt% Sn
* Result: a crystals and a eutectic microstructure

* Just above T.:

Ca =18.3 wt% Sn
C, =61.9wt% Sn

Wao = = 50 wt%

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

* Just below T¢:
Ca =18.3 wt% Sn

pri Cp =97.8 wt% Sn
eyt S
! . 1 | eutectic P Woao = = 73 wt%
40 60 80 1100 R+ S
18.3 61.9 97.8 WR =27 wt%
Adapted from Fig. 9.16, 0
Callister 7e. Co, wt% Sn 15



Hypoeutectic & hypereutectic

300

o
Adapted from Fig. 9.8, T( C)
Callister 7e. (Fig. 9.8

adapted from Binary Phase (Pb-Sn
Diagrams, 2nd ed., Vol. 3,
T.B. Massalski (Editor-in- o+ System)

Chief), ASM International,
Materials Park, OH, 1990.)

e,

L ) LL
0 207 40 60 80 10Cor W% SN
eutectic
61.9

(Figs. 9.14 and 9.17
from Metals
Handbook, 9th ed.,

Y ) - “ W s

Vol. 9, 4 \W R E

Metallography and \ N W

) [ \ b2 242

Microstructures, \ : =S5

American Society for G NI Wk==2_

Metals, Materials s . = /f
| Ny ML

Park, OH, 1985.) : ;&\\ NillisZ
/ 160 um

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) 16



Intermetallic compounds

HET 7T ____—_—m  ___—— 00
Compaosition (at% Pb)

0 5 10 20 30 40 70 100
I I | IR
700 — L
Adapted from
—{ 1200 Fig. 9.20, Callister 7e.
600
— 1000
500
o &
= —|e00 %
£ 400 L\ B |-
e + =
& + L iy
= Mg, Pb &0 £
= 300 K
—1 400
200 a + Mg,Pb #
B+
Mg,Pb | ™~ |”
, 9

0 100

(Mg) Composition (wt% Pb) (Pb)

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

composition) is exact.
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Peritectic & eutectoid

_ Peritectic transition y + L=—0
* Cu-Zn Phase diagram

l [
'y+
700 |—
y — 1200
o + L &
; 0 E
3
g 600 — Y &
Q @
£ 560° £
s =
—1000
€ e + L
e
500 |— L

60 70 80 S0
Composition (wt% Zn)
Adapted from

. ‘o Fig. 9.21, Callister 7e.
Eutectoid transition d =1y +¢
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Fe-C phase diagram

* 2 important T(°C)
points 1600
-Eutectic (A): 1400
L= v +FesC v
o 1200 _ 0 +Fe,C
I -+
Y = a+Fe,C  1p00f ! 1=
I V+Fe;C GE)
= \ 800 | 727°C = Teytectoid :8,
5o R S <,
T ' a+Fe,C 9
m 400 L | | L | |
LA\ B
<

120 um

0 . 2 3 4. 0n 5 6 6.7
> (Fe) 0.7é \ 4.30 C,, wt% C

©
Result: Pearlite = '

Fe,C (cementite-hard)

O
alternating layers of & o (ferrite-soft)
o and Fe;C phases 3
(Adapted from Fig. 9.27, Callister 7e.) O Adapted from Fig. 9.24, Callister 7e. 19



Hypoeutectoid steel

1(°C)
1600
1400 L
1200F . ¥Fe.C | —System)
(austenite) [3
-t = |
I Y+ Fe3C ®  Adapted from_Flgs. 9.24
I E and 9.29,Callister 7e.
O  (Fig. 9.24 adapted from
@— 727°C ° Binary Alloy Phase
Diagrams, 2nd ed., Vol.
60 s I S, Ooo 1, T.B. Massalski (Ed.-in-
woe=s/(r+s) o a+Fe,C L chief), ASM International,
=(1- wa) I : Materials Park, OH,
| S | | | | | 1990.)
00— 2 3 4 5 6 6.7

AC,, Wwt% C

(Fe) C, 1,8
pearlite '
%Wpearhte =
wo =SI(R+S)
WEe,c =(1-wa)

100 pum Hypoeutectoid
steel

pearlite ko B N4 L proeutectoid ferrite
Adapted from Fig. 9.30,Callister 7e. 20



Hypereutectoid steel

1(°C)
1600
1400 L (Fe-C
v+L System)
1200 1148°C +Fe,C <
._E
Y +Fe.C @  Adapted from Figs. 9.24
3 € and 9.32,Callister 7e.
Fe,C @  (Fig. 9.24 adapted from
8 Binary Alloy Phase
Q Diagrams, 2nd ed., Vol.
CDm 1, T.B. Massalski (Ed.-in-
o <+ @ +FeC £ G KM rteton
FesC 7 ' | | | | 1990.)
0 o 2 3 4 5 6 6.7
Xpearli(ge) C,, wt%C

Wpearlite =
wa =SI(R+S)

Hypereutectoid
WFe,C =(1-wa) 60 um™YP

steel
\

v proeutectoid Fe,C

pearlite
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