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Chapter 10. Phase Diagrams (&4 H&ET)

Microstructure <> Mechanical properties

melting(& &), casting(F &), crystallization(2™sh S0l HE A3

Solution — solid, liquid, or gas solutions (single phase)

Mixture — more than one phase

Solubility Limit (E8HEHT or 3 E3HT)
~ maximum concentration of solute atoms dissolving in the solvent

(SO0l Sdlizls S& HAL| 2|0 s
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Phases (&)

Phase — E2[H, 2te% £E40| & g (homogeneous) F&
= +d8 8> 18 (I Y S dAol 52 Z & SH)
=+dE>2%
BCC+FCC>2 %

Boundary — & 2 22lst= 84

Single phase system — homogeneous system (= 2 7|)
Two or more phase system — mixture (& =) or
heterogeneous system (2 = & A|)
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Microstructure (O|AM| 7 7)
> 22l 84, 71 HS2 oM Eol [t CHE
O|MT == 49| £(no. of phases), 4 2| H| & (proportions),

Ao| B X or Hi(distribution, arrangement) S0 2|3k
SZO| LIEtE

Alloye| O|M[TF =0l &S O|x[= 3 24

g oA el 57 (element)
g2 A 9| =X (concentration)
2= 2| @*{2|(heat treatment)
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Phase Equilibria (& E&)

: StLE o|& o] & o] EXfstE H el BS

L (equilibrium): Free energy (RFRHILAXD)7F (A2l stable state

LHE ol x|Qt AE 2 T|Of B4
(AG = AH —TAS)
st A|ZHof| A 2| AFER

oI

cf.) Nonequilibrium (H|'E &) or Metastable (£ 2t’d) state
> FAstMo = WP LEH ot
HHEtS T O =od O/M7 = || 7Hs

(some steels & Al alloys)
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ex.) H,O
SETTS b | | T T T
100 |— -
N . Liquid
= 10— Solid (Water) c =
© (Ice) 5
R e B —
% Triple point
e 0l AF=XH ] :
G o Fig. 10.2 H,09]
0.01 — e — 45
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Phase Transformation (&2t or

I -
ek
«*° 9 Plasma
LO“"‘" \,Lﬁx;@‘f‘
\o© E
et
0]
Gas Cof Lﬁﬂﬂr@ar, 3
densﬁ“@n FG"'MJ' IIE
s A 2 2
% 5 A [
2 3 Liquid |S
0 =
V 2 © :
‘\-.
« 9
Solid (&

(£ *) http://en.wikipedia.org/wiki/Phase_transition

AbH
O -

Ef)

Vaporization (71%})
Condensation (&%
Freezing (81)
Melting (&)
Sublimation (&%)
Deposition (5 %})
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Binary Phase Diagrams (O|& & A4 HEIT)
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Binary Isomorphous Systems
(O] d2 S8H or O|HE M2 SH|A|)

ex.) Cu-Ni alloy
< Complete solubility occurs because both Cu and Ni have
the same crystal structure (FCC), near the same radii,
electronegativities and valences.
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Composdan &% Ml

]
1600

Liquidus line (244 M)
Solidus line (24 4)

Tie line (234 or

CHE A or 2 HM)

lamperatune [7C)

12| (solid solution)2| E<
a, f& AB|AXM AFEXZE EA

Fig. 103(a) Cu-Ni alloyo]| CHEF 4 EHT
T, (b) B EolMe|l =M1} 4of @

S ZARI5te HFEHS AJDH
= =20 L o HE =2 O-

Temperaturg [*C)

o e
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Interpretation of Phase Diagrams (& & 9| 0|3H)

> oM HTHTOM U £ Ut
FO

1) Phases that are present (&
2) Composition of these phases (&2 =4)
3) % or fractions of the phases (& 9]

Phases present
Point A~ 1100 °C , 60 wt% Ni — 40 wt% Cu alloy > « phase

Point B ~ 1250 °C , 35 wt% Ni — 65 wt% Cu alloy
- aphase & liquid phase &

Phase compositions
Point B~ o &1} liquid & 8 o & & LA ZTH
C, (31.5 wt% Ni — 68.5 wt% Cu),
C, (42.5 wt% Ni — 57.5 wt% Cu)
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Phase amounts

Point A~ EFLA 0|22 100% « or wt fraction of o= 1
Point B ~ Lever rule (X[EICH 2|) 0| &
ol AF O| weight fraction:

- Cc,-C, 425-315

W _Ce—Co _ 425-35

a & 2| weight fraction:

“~Cc,-C, 425-315

Ex. 10.1) Lever rulel| &
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Development of Microstructure in Isomorphous Alloys

(58 =2l 0jM7 = #Het)

* Equilibrium cooling (B&'dZ)
In Cu-Ni system
(Fig. 10.3(a)2| BCHE)

35 wt% Ni — 65 wt% Cu
alloyZ 1300 °COi| MEE]
cooling.

(M a0l M ez Zof ME
O|A[7 & 25} £2HE

Fig. 10.4 Cu-Ni alloyQ| H&i'Hzto

(2 O|M7ZE.

-
L (24 Ni)
|
L

Temperature (°C)
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Point a : 35 wt% Ni — 65 wt% Cu £ 9] liquid alloy

Point b : Liquidus linedl =2, o & A L &2 = &= AH

Point C :

Point d :

Point e :

Tie line (212 4)0d| BtLI= solidus line 22| =
TA o (46 wt% Ni)7F M7 AR

L & (32 wt% Ni)Zt o & (43 wt% Ni)2| 2 4

THod L & (24 wt% Ni)ZH o & (35 wWt% NDE 81 S &7

35 wt% Ni — 65 wt% Cu Z=249| o 4 solid solution

Point e O|F 9| HZf: X Hi5} QI& (&, Point el =1t S¢))
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* Nonequilibrium cooling (H['E&3'dZ)

In Cu-Ni system

35 wt% Ni — 65 wt% Cu alloy
(Ha > ™2 #ol e OMTE)

TAS Hato| L HILEAEE
o] A%
ZAXE] L) YA =D 2Rl

- Cored structure (73 7 X)
> 7|AA d&E Ho{F

(FS H M2 140 HESE)
Fig. 10.5 H|'E& dZtof & O[M[F=.
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a (46 NI]/)<. -
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o+ L

) 4

L (29 Ni}
& r|r|:42 Ni'l [ I

wl dﬁ- Mi)

o A0 M)
—L(24 Ni)
o (46 Ni)
@ ~o (40 Mi)
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30 60
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Termperature (“C)

L
rJ
L {35 Mi)
1300 [— 1300 a (46 Ni) a+L =
¥
46 Ni) L (29 Ni) £ (45 Ni)
r:I | & /
| i 43 M
L (24 Ni) ' £ S L (24 Ni) ¢ L (29 Ni)
| : a (42 Ni)
' d a (46 Ni)
L {21 Wi} ! :
/. a(3sNi) @ (40 ND)
1200 1200 —
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1100 1100 | |
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Mechanical Properties of Isomorphous Alloys (7|72 &

Solid solution2] Z

&< strength & hardness 1

400

300

Tensile strength (MPa)

Composition (wt% Ni)

40

{a)

60

ductility
T 0T 71 T ]
€
E %50
= E
® 3
g = 40
G b
@ c
& £
= %30
= =
L
|1 —30 00 — 1
&0 100 0 20 40
(Ni) (Cu)

80 100
(Ni)
T L, (b)
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Temperature (°C)

Binary Eutectic Systems (O|& & Z2& 7))

Composition (at% Ag)

0 20 40 60 80 100

1200 | | I T T 12200 a phase: solid solution
2000 rich in Cu (FCC)

1800

P S phase: solid solution
o rich in Ag (FCC)

800

1400
o 81t (at+l) 2o FH|

~ solidus line (L& M)

1200

Temperature (°F)

600

1000

400 e AI‘EI’ (Ol'l'ﬂ) A|'O| 7O=|7:”
E 7 ~ solvus line (L& &)
200 : ' : ' 400
0 20 40 60 80 100 AF XX = %t
(Cu) Composition {wt% Ag) (Ag) 9 ﬂ o 11 I:II- — 7I-xl

Fig. 10.7 Cu-Ag alloy2] binary phase diagram.
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Zb Mol R MCHAQ! &2 lever rule2 A7

Point E : invariant point (8 '27), or eutectic point (S &%)
7|.7CI- I-I-Q ..C..>.7C-I

O
38 85_: T.=779°C

Line BEG: eutectic isotherm (& S2M)

71.9 wt% Ag alloyZ 1000 °CO0{| M cooling 5+
779 °CTltX|l= L &2 EXY

E Mol £ 5> TR C .9 Cp ZA0| Mo 2 Ei

Zk AFo| 22 |ever rule2 A4t

=200
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Ex. 10.2) 40 wt% Sn — 60 wt% Pb alloy at 150 °C

(a) EMst= &4 22 (b) &Fo| ZHE27
| ! | | | ]
. {600
500
o e
5 200 400 S
é E 300 é
ks i | \ 1 e
100 [— i i wrp  61.9Wt% i__ -
| ! |
T.=183°C ' | | :
- L | ¢_ ', Fig. 10.9 Pb-Sn 7
| [ |
| | | RS ol ¥ Y
O | |
0 T 20 ’T‘ 60 80 100
P o ¢, (Sn)

Composition (wt% Sn)
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38 282 Sn-Pb 32 MEH HE MEE ALSH

=& H(eutetic point) =43: 61.9 wt% Sn — 38.1 wt% Pb

at 183 °C
(Ans.)
(a) Point B& o &1t &0l SEStes 1Y

(b) Tie line (23&41)& 101 solvus 11t BFLtE =4

a Mol =AM 11 wt% Sn -89 wt% Pb
L Aol =: 98 wt% Sn -2 wt% Pb

=200
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Ex. 10.3) (2 Ex. 10.28| EX|o| i)
2t Ao MTHXQl &S ChZ ol oz At

(a) mass fraction (b) volume fraction

(Ans.)
(a) Lever ruleg &30{ A &HSHH

 Cy—-C; 98-40

= = =0.67 W, =0.33
Cy,-C, 98-11
(b)
v = WNalPy o =11.23g/cm?
o W Wﬁ .
<+ s, = (.2409/cm
pa pﬂ
100 — (Eq.5.13) 228 H p,, p; & 7Lt
Pa =
Csn(a) , Croe p, =10.59g/lcm?, pj; =7.29g/cm’
Psn Prb
SV, =, =0.58, V,; =0.42
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Development of Microstructure
In Eutectic Alloys

(2 EESH 02
O| M7= of greEh

Fig. 10.11 Pb-Sn Hlo| ¢, Z=4do]|
;2| ko Az (w-w )
of 2 O|MTx W5}
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300

200

Temperature (*C)

Salvus
line

4
Fig. 10.12 Pb-Sn Hl2| ¢, =dof| |
Mol Ao M 'z (x-x* )
O-” III_% DlA'”—_rLZS II:I_=|§|- 0 1|c:| ?I\ zlm 30 4|c:n 50
C,
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| | _
— 600
300
(61.9 wt% |
sn)
_ 500
S 200~ - :
*E 18.3 x 1 %
a B : :
E I 300 §
| a
B |
: o | +1 200
| a(18.3 wt% B(97.8 Wt
: : Sn) Sn) [‘
| — 100
¥ i
0 | | | |
: ” e 60 [ 80 -
h e (Sn)
(61.9)

Composition (wt% Sn)

SEZX )Mol OlM7 = #3),

Fig. 10.13 Pb-Sn A9 C, =

Eutectic reaction: L(61.9 wt% Sn)

cooling

heating

a(18.3 Wt% Sn) + £(97.8 wit% Sn)
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Equilibrium Diagrams Having Intermediate Phases
(BUAE ZEe BEL)

Composition (at% Zn)

1200 ] : EED : 4 iﬂ 550 : EED ';DS-ZGD
- o = - — 2001
ZOE 67H -O—l al o 7('” = “-..L Liquid
1000 [— 1
rl — 1800
- == - Aot
271e| =[Z &R
; — 1800
a, n 800 _
-: , ?J,L 1400 ‘:
474e|l 7t 8A: ©
E A . b i+L — 1200 E
o il;
500 |— +
ﬁ) I 5) & L d 4
B+ £ sk 1000
B ¥ J:L \"-.I
= " ¢ | ao
H5:70% Cu— | A L. fo
30% Zr]o|_I a Aol- B i . e+ 600
o0 | | | | | | | == 400
w4} 4 6o ! 100
{0} Composition (wt%: Zn) (Zn)

Fig. 10.19 Cu-Zn Ho| ¥ HHEE. J—
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Eutectoid & Peritectic Reactions (344t L T HEHE)

Eutectoid reaction (at [

l
I . y+ L
Point £): - 5
cooling
o yte g Y 54z —{1200 _
heating e L 3
- v 5 o g
stLbol A0l BF 2T w0 o b seo
= é - g d4¢€ fé‘J
MEFINC|CIE TIa0E 5 560 C;«- * 5
= J —{ 1000
IH_=|2I_I- € €+ L
500 |— ide
Peritectic reaction (at
. | | |
Point P) : 60 70 80 90
cooling Composition (wt% Zn)

o+ L

_ &
e Fig. 10.21 Cu-Zn 7|  BS o 2 Hoik:
stLte| Ao B 20 EF %2 eutectoid pointS

My OE nede =z P, Q ™82 peritectic pointE L}E}H.
e 5}

ok
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Iron-Iron Carbide (Fe-Fe;C) Ph

Composition (at% C)

ase Diagram

it 1|=, 10 1|5 2|{} 25
1538°C
Peritectic point
1400 : :
Eutectic point —2500
1200 — e
__.,...-—"
o . 2.14 4.30 ™
. - . Austenite | 2
= ¥ 2000 3
= =
® 1000 — ©
2 ? g
E 912°C ¥+ FesC 5
Eutectoid point
800 ;-4 1500
b 727°C
_*\a.?e
\ 0.022 F|g 1 028 Fe'Fe3C
600 -
rr, Ferrite ot Fe3|: ) 7:” Ol A|'.I_.L=| 34 -
Cementite EFe\gC}h______:_— 1000 — O O O-L.
200 | | | | |
0 1 2 3 4 5 6 6.70
(Fe) Composition (wt% C)



Materials Science & Engineering Chapter 10. Phase Diagrams

fa) (b)

Fig. 10.29 (a) « ferrite, (b) austenitel| $40|Z AFZL

-

BCC #+X FCC T X, H|RFAIR]
0.022 wt% C7J} K| 23l 2.14 wt% C7J} K| 23

s v
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Temperature (°C)

1100

1000

900

800

700

600 H

500 | o + FesC

400
0 1.0 2.0

Composition (wt% C)

Fig. 10.30 Eutectoid Z4(0.76
wt% C)ol|l ALl OfAl|=tz= =t

\\\\‘
N
§

AN

= > \-a-f —
134 W \\ ‘Q ‘
&:‘Z{&x\\\k N X —

Fig. 10.31 Eutectoid steel9| $10|&

AMZ! (Pearlite O|M|FZ: ferrite
o} cementite L E T4).
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Hypoeutectoid Alloys (Ot 343 &

1100

1000

900

Temperature (°C)

1
1
1
1
1
1
600 - |
1
: Proeutectoid «
1
500 }— : a + FeyC
:
1
1
[
400 = | . |
0 T 1.0 2.0
Cy Composition {wt% C)

Fig. 10.33 Ot 344 =

oy ;
" Proeutectoid

ey
&
¥ l .’_/
NS £ AL :
g i%‘-; ferrite
B
i -
5 ¥

Pearlite

Fig. 10.34 Ot S A =4 Z(steel) 2l
40|43 AFEL: Proeutectoid ferrite
(=M 1|2l 0|E) 2} pearliteZ 7.

oM el dztol [hE D|MZ=%] #H3}
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01
ok

Hypereutectoid Alloys (2
(0.76 ~ 6.7 wt% C)

1100

e .
i .~ T,

1000

900

800

Temperature (°C)

700

/

Hite Pearlite

Proeutectoid '
rneFuese(c:: & Eutectoid FesC

500 —

=Z): S EEEQ Csk 2 g3

Proeutectoid
cementite

Fig. 10.37 I8 =& &
200 Ll L A&l Proeutectoid cementite (=
! A A|HIELO|E)8} pearlite 2 TLA.

Composition {(wt% C)

Fig. 10.36 2t =41 ZJof| Aol 'dZfod| [HE O|M[=%] 845},
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Influence of Other Alloying Elements
~ To improve corrosion resistance or to facilitate heat treatment

2400
5 1200 2200
2 2000
©
g 1000 1800
e
k5
5 1600
o
2 800
2 1400
=
S B
Mn — 1200
600 |— _
| | | | | |.Ni— 1000

0 2 4 6 8 10 12 14
Concentration of alloying elements (wt%)

Fig. 10.38 &0l E7Isl= =2 A

O skoME =4 2 HE

Eutectoid temperature (°F)

Eutectoid composition (wt% C)

B N O I

0 2 4 6 8 10 12 14

Fig. 10.39 20|l 7tste &2 &L
Ol SOl & SA =4 H5t,
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(Probs.)
10.1, 10.3, 10.5, 10.12, 10.19, 10.21,
10.22, 10.28, 10.32, 10.51 & 10.59.

=#CH2
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