Chap. 11: Phase Diagrams

O ISSUES TO ADDRESS
<+ When we combine two elements, what is the resulting equilibrium state?

< In particular, if we specify, the composition (e.g., wt% Cu - wt% Ni), and the temperature
(T), then
¢ How many phases form?
¢ What is the composition of each phase?
¢ What is the amount of each phase?
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11.2 Solubility Limit: Phase Equilibria

O Solution - solid, liquid, or gas Adapted from Fig. 11.1,
solutions, single phase Callister & Rethwisch 9e.

O Mixture - more than one phase Sugar/Water Phase Diagram

O Solubility Limit: Maximum

concentration for which only a 100 -
single phase o Solubility
&'e p1ase S ol Limit
solution exists. — L
o (liquid)
| 4 -
g 60 L +
«
5 40r (liquid solution S
g' i.e., syrup) (solid
Question: What is the solubility 2 20 sugar)
limit for sugar in water at 20 °C?
| | | |
8 20 40 6065 80 100
% C = Composition (wt% sugar) %
Answer: 65 wt% sugar. = 7

At 20 °C, if C < 65 wt% sugar: syrup
At 20 °C, if C> 65 wt% sugar: syrup + sugar
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Components and Phases

e Components: The elements or compounds which are present in the alloy
(e.g., Al and Cu)

e Phases: The physically and chemically distinct material regions that form
(e.g., a and B).

Aluminum-
Copper
Alloy

B (lighter phase)

Adapted from chapter- a (darker phase)

opening photograph,
Chapter 9, Callister,
Materials Science &
Engineering: An
Introduction, 3e.

F
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Effect of Temperature & Composition

e Altering T can change # of phases: path A to B.
 Altering C can change # of phases: path B to D.

B (100°C,C = 70) D (100°C,C = 90)

1 phase 2 phases
100 FFe
S 80 L
(liquid)
water- < 60 L +
sugar = o _ S
system E 40 - (llguld solution (solid
o i.e., syrup) sugar)
Q. : g
g 20 ® A(20°C,C=10)
ﬁ 2 phases
|

I I
Fig. 11.1, Callister & 0 0 20 40 60 70 80 100
Rethwisch 9e. L.
C = Composition (wt% sugar)
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Phase Diagrams

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

T(°C) 1600
1500 [
1400
Phase
Diagram 1300
for Cu-Ni
system 1200

L (liquid)

(FCC solid

1100 _
solution)
1000 ] | | |
0 20 40 60 80
wt% Ni

e 2 phases:

L' (liquid)
% (FCC solid solution)

« 3 different phase fields:

100

L
L+ o

(04

Fig. 11.3(a), Callister & Rethwisch 9e.
(Adapted from Phase Diagrams of
Binary Nickel Alloys, P. Nash, Editor,
1991. Reprinted by permission of
ASM International, Materials Park,
OH.)
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Isomorphous Binary Phase Diagram

T(°C) 1600
e Phase diagram: 1500 F -
Cu-Ni system. L (liquid)
e System is: 1400 CL-Ni
- binary hase
ie, 2 corpponents: 1300 dIi)agram
Cu and Ni.
1200
- isomorphous .
i.e.,, complete solubility of 1100 (FCC solid
one component in another; solution)
a phase field extends from 1000 I | I |
0 to 100 wt% Ni. 0 20 40 60 80 100
wt% Ni

Fig. 11.3(a), Callister & Rethwisch 9e. (Adapted from Phase
Diagrams of Binary Nickel Alloys, P. Nash, Editor, 1991.
Reprinted by permission of ASM International, Materials

Park, OH.)
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Phase Diagrams: Determination of phase(s) present

e Rule 1: If we know T and C,, then we know:

- which phase(s) is (are) present.

e Examples:

A(1100°C, 60 wt% Ni):
1 phase: «

B(1250°C, 35 wt% Ni):
2 phases: L + a

Fig. 11.3(a), Callister & Rethwisch 9e. (Adapted
from Phase Diagrams of Binary Nickel Alloys, P.
Nash, Editor, 1991. Reprinted by permission of
ASM International, Materials Park, OH.)

T(°C) 1600

Cu-Ni phase diagram

L (liquid)

1500 [

1400

1300
(FCC solid
solution)

" A(1100°C150)

i I
0 20 40 60 80
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1200

1100

1000
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Phase Diagrams: Determination of phase compositions

e Rule 2: If we know T and C,, then we can determine:

- the composition of each phase.

e Examples:
Consider Cy = 35 wt% Ni
AtT, =1320°C:
Only Liquid (L) present
C.=C, (=35wt% Ni)
AtT, =1190°C:
Only Solid (o) present
Ce=Cy (=35wt% Ni)
AtTg =1250°C:

Both a and L present
C. =C liquidus (=32 wt% Ni)
Ca =C solidus (=43 wt% Ni)

Cu-Ni sy
T(OC stem
T N :A tie line\)\(ws
1300 L (liquid) : W N
H \))(
TB ____________ | ISQ\‘\G'\)S
Q! 1
1200 - VA D dsolid)
TD ____________ :_"* 1
I
20 303235 4043 50
C. Co Ca wt% Ni

Fig. 11.3(b), Callister & Rethwisch 9e. (Adapted
from Phase Diagrams of Binary

Nickel Alloys, P. Nash, Editor, 1991. Reprinted

by permission of ASM International, Materials

Park, OH.)
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Phase Diagrams: Determination of phase weight fractions

e Rule 3: If we know T and C,, then can determine:
-- the weight fraction of each phase.

* Examples: Cu-Ni system
T(°C
Consider Cy = 35 wt% Ni e T e A tie line a0
. : LOO>
AtT, : Only Liquid (L) present 1300 (- L (liquid) : > RS
x
W, =1.00,W,=0 : \)_é\f.,
AtT, : OnlySolid ( a )present Tg 1R S |5°\Zx
O‘ 1 : I
W, =0,W a=1.00 1200 AV i D dSOlid)
AtTg : Both aandL present Tp [ Y |
Lo
_ S 43-35 20 303235 4043 50
Wy = - - CLC  Ca wiop N
wt% Ni

R +S | 43-32

R Fig. 11.3(b), Callister & Rethwisch 9e.
W, = - 027 (Adapted from Phase Diagrams of Binary
* ' Nickel Alloys, P. Nash, Editor, 1991.
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The Lever Rule

O Tie line - connects the phases in equilibrium with each other - also
sometimes called an isotherm

Adapted from Fig. 11.3(b),

T(°C) Callister & Rethwisch 9e. What fraction of each phase?
tieline s Think of the tie line as a lever
1300 - L (liquid) i ya> N (teeter-totter)
: e
: M M
TB """"""""" | E ISO\‘\é\)s L «
x Qo (0 4
1200 ¥ 5 dsolid) A
[*R¥+—S—» |4—>1
T R S |
20 30 40 50
L Co * g M, xS=M, xR
wt% Ni
W, = M, __ 5 _G-G W = R _6-C
" M, +M, R+S C,-C, “ R+S C,-C,

SCHOOL OF MECHANICAL ENGINEERING c.k
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Ex: Cooling of a Cu-Ni Alloy

¢ Phase diagram: TCO 1. (liquid) ‘L: 35 wt%Ni
Cu-Ni system. 9 Cu-Ni
1300 system
e Consider L: 35 wto
microstuctural a: 46 wt%
changes that
accompany the .
cooling of a P wt% Ni
Co = 35 wt% Ni alloy 1200 B wt% Ni
it wt% Ni
b wt% Ni
b wt% Ni
Adapted from Fig. 11.4, 1100 ' ! I

20 30 35 40 50
CO wt% Ni
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Callister & Rethwisch 9e.

Mechanical Properties: Cu-Ni System

e Effect of solid solution strengthening on:

Tensile strength (TS) Ductility (%EL)
E =) 60 YEL for pure Cu
= 400 < 50 %EL for
%J 4TS for . E %0 pure Ni
@ 3000= pure Ni .%
& 2 30
@ TS for pure Cu 5
% 200—L—L L I - L1 1
S 0 20 40 60 80 100 20020 20 60 80 100
= Cu Ni Cu Ni
Composition, wt% Ni Composition, wt% Ni
Adapted from Fig. 11.5(a), Adapted from Fig. 11.5(b),
Callister & Rethwisch 9e. Callister & Rethwisch 9e.
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Binary-Eutectic Systems

0 Eutectic systems: 2-component system having a special composition with a
min. melting temperature.

T(°C) Cu-Ag system
Ex.: Cu-Ag system 1200
3 single phase regions (L, a, 3) L (1lqu1d) E
1000+ |
¢ Limited solubility: !
(04 I
a: mostly Cu |
’ Ty 8T /50 710 oLA
B: mostly Ag ) g )
6007, :
e T : Noliquid below Tg I
a+f
e C; : Composition at temperature Tg 400 |
1
|
200 1 1 1 ! 1
 Eutectic reaction 0 20 40 60 C; 80 100
L(Cg) = a(Cqg) + B(Cge) C, wt% Ag
cooling Fig. 11.6, Callister & Rethwisch 9e
L(7T1.9 wt% Ag) =—— a(8.0 wt% Ag)+ S(91.2 wt% Ag)
heating b@
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Ex: Pb-Sn Eutectic System

e For a 40 wt% Sn-60 wt% Pb alloy at 150°C, determine the phases present.

Answer: a + 3
- the phase compositions T(°C) Pb-Sn system

Answer: C =11 wt% Sn
Cg =99 wt% Sn 300
- the relative amount
of each phase

L (liquid)

200

Answer: /18.3 619
W S Cg - Co 150 {7 R ° S
o= = 5 ;
_99-40 _ 59 _ A+
©99-11 88 I : ' .
weo R - G-C 0 11 20 40 60 80 99100
B = =
R+S Cg - C, Ca Co Cg
40-11 29 C, wt% Sn
= = =0.33
99 -11 88 Fig. 11.7, Callister & Rethwisch 9e.
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