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Chapter 10. Ternary phase Diagrams
Four-Phase Equilibrium

a. THE TERNARY EUTECTIC EQUILIBRIUM (I=a + B +Y)

b. THE QUASI-PERITECTIC EQUILIBRIUM (I+a = +Y)

c. THE TERNARY PERIECTIC EQUILIBRIUM (I + o+ B =)



Transformation during cooling

Ty

@ Alloys within triangles abE, bcE and acE
ex) abE: l+a(orp)2>l+a+p2> (2> a+B+yatTy)




THE TERNARY EUTECTIC EQUILIBRIUM (I=a+ B +7)

« Projection : solid solubility limit surface lap

: monovariant liquidus curve \/




10.1. THE EUTECTIC EQUILIBRIUM (I=a + B +7)

* Isothermal section (T, >T >Tp)

A

C




10.3. THE QUASI-PERITECTIC EQUILIBRIUM (I + o= +7)

TA,>P;>P,>Tg>P>T->e
pace model
0

Cis f:.' .‘.; ! )
: ‘u j e e




10.3. THE QUASI-PERITECTIC EQUILIBRIUM (Il +a =B +7Y)

Both three phase monovariant equilibria preceding
the quasi-peritectic reaction are peritectic

abP peritectic laff equilibrium

acP peritectic lay equilibrium

decreasing
temperature

bcP eutectic IBy equilibrium

abc peritectic apy equilibrium




10.3. THE QUASI-PERITECTIC EQUILIBRIUM (Il +a=B+7)

Isothermal section

Eutectic
region

Tg>T>P T=P P>T> T,

abP peritectic /aff equilibrium

acP peritectic oy e quilibrium} descending to the four-phase plane;

beP eutectic [fy equilibrium

abe el } descending from the four-phase plane.



c. THE TERNARY PERIECTIC EQUILIBRIUM (I + a+ B =7)

€,

a,e;b,—~abP (apL)

T,>Tg>e,>P>P,>P;>T, 4 9
aPc(ayL) — a,c,P, / Pcb(LyB) — P;c;b; /abc(afy) — fgh (afy)




10.4. THE TERNARY PERIECTIC EQUILIBRIUM (I+ a + B =Y)

I B B ﬂ
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decreasing .~ opL tie triangle
temperature '

afy tie triangle

Toa,>Tg>e, >P>P,>P; >T,



10.4. THE TERNARY PERIECTIC EQUILIBRIUM (I+ a + B =Y)

Isothermal section




10.3.2. one of the three phase monovariant equilibria preceding the quasi-peritectic
reaction is eutectic and one peritectic;

* Ternary system involving an incogruentl

binary intermediate phase;/"
Quasi-peritectic diagram and ternary eujféctic di@{am" 5}\ "x,ﬁ
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Fig. 189. Ternary system involving an incongruently-melting binary intermediate phase



Tabular representation of ternary equilibria:
interlinks the binary and ternary reactions in tabular form

Quasi-peritectic diagram and ternary eutectic diagram
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Chapter 11. Ternary phase Diagrams
Intermediate Phases

Intermdediate phases may melt congruently or incongruently.

They may occur as either binary or ternary phases.

14



11.1 Congruently melting intermediate phases
11.1. Binary intermediate phases

« Assume the AB system contains an intermediate phase 6.

« The ternary will contain the five phases a, B, y, 8 and liquid.
« Since the maximum number of phases which can coexist is four,
there must be more than one four-phase equilibrium in the ternary.

l o a+f+y
loa+f+0
|l o> a+y+0
|l f+y+0

« The more usual combination is of the last two equilibria, implying
equilibrium in the solid state between ayd and pyé.

 This can be envisaged if there is direct equilibrium between y and §, splitting
the ternary system into two partial system ASC and B&C. It often happens

that the & phase forms 1) a quasi-binary system with component C.




11.1 Congruently melting intermediate phases '<«*/+r

|l a++0
11.1. Binary intermediate phases |l a+ty+o
1) Quasi binary eutectic 8C l & f+y+0

Congruent intermediate phase, &
€, d €s B

-

C
E;: L—o+y+06, E,: LoB+y+d Al-Mg-Si system

Eutectic systems with a saddle point E;: L—a-Al+Si+Mg,Si
on the quasi-binary section 6C E,: Loa-AHALMg,+Mg,Si 16



11.1 Congruently melting intermediate phases

11.1. Binary intermediate phases

Fig. 78. Phase diagram with a congruent
intermediate phase.

the eutectic point e5 on the quasi-bniary

section 6C is saddle point.

the straight line is the quasi-binary

\ 7] <l eutectic horizontal c5e5d5.
x\_‘ A
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11.1. Binary intermediate phases

e.
l

Al

e

Fig. 200.[Solid solubility isotherm Jfor the Al-based
solid solution in the Al-Mg-Si system (schematic).

- The Al-Mg,Si eutectic (e5) occurs at 595°C and
8.15%Mg, 4.75 %Si.
- ternary eutectic E2 in AI-Mg-Mg,Si partial system
: more complex
Al - ternary eutectic E1 at 451°C between Al, Mg,Si and Al;Mg,
contains 33.2 %Mg and 0.37 %Si.

— o, Sy, J—— 2 = - = - 2 = ghe_ a= v Eetese B oW
rig. 177. 10C Al-IViE—oO1 3)5LCIN Louditiiating. 18



11.1. Binary intermediate phases

Temperature, °C

Weight Percent Silicon

50 60 70 80 o0 100
[l

LR A B ol B B B I B

1400

1300

1200

1100

800

Atomic Percent Silicon Si

Mg-Si binary phase diagram
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11.1 Congruently-melting intermediate phases

 Binary intermediate phases

2) Quasi peritectic reaction e, horizontal — SBL

'Zé
% » L ]
horlzonta

P L+[3 —é 'y+5

A

o\

e, horizontal - adL

e, horizontal — ayL

y
E: L — a+y+0 Y



11.1 Congruently-melting intermediate phases

 Binary intermediate phases

uasi peritectic reaction ™
aste ™A
P,: L+B Ti-V—Ti;Sn +V,Sn ; -
P,: L+ Ti;Sn —Ti,Sn +V,Sn ; |
Py: L+Ti,Sn —TisSn;+V;Sn 1 nﬁ S o Sy

. . ' {3\ - s,
P,: L+TiSn; —»Ti,Sn,+V,;Sn N S 42
E: L —TiSns+V,Snt+Sn i
AN

Monovariant liquid curve of Sn-Ti-V syste
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p;: L+B Ti-V—V,;Sn L/ Ti-V/ V;Sn

P,: L+ Ti;Sn — Ti,Sn +V;Sn
p,: L+Ti;Sn—Ti,Sn  L/Ti;Sn/ Ti,Sn
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Ti;Sn —

V;Sn V;Sn
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P,;: L+Ti,Sn — TisSn;+V,;Sn
p;: L+Ti,Sn—TiSn; L/Ti,Sn/ TisSn,

TisSn, TisSn,
|
. - \
TiSn (& L = Ti,Sn L

P,: L+TisSn; — Ti,Sn;+V,;Sn
e,: L—TiSny;+TiSny L/ TisSn,/Ti,Sn;
Ti,Sn, i

TisSn



\ E: L — Ti;Sns+V;Sn+Sn

N e;: L — TigSn; +Sn L/ TigSns/ Sn
TigSn, Sn TigSns Sn

i \I V3Sn V3Sll

e, L—V;Sn+Sn  L/V;Sn/Sn



loa+f+y

11.1 Congruently-melting intermediate phases | Gatfis

- Binary intermediate phases loaty+o

lo f+y+0
3) No quasi binary eutectic : two ternary eutectic

Loa+pB+y

Loa+pB+0

es: saddle point

25



11.1 Congruently-melting intermediate phases

 Binary intermediate phases

4) (a) containing congruent intermediate phases on each binary system
(b) corresponding equilibria for eutectic reaction
binary eutectic points: 1, 2, 3, ..., 9/ternary eutectic points: I, Il, 1lI, IV

A X B

Binary equilibrium

A X B A 1 X 2 B
| ]
T X i
s =" \‘\ /\a
7 2]
A
z Y (a] 2 z mrim 4 (b) 2
{f 1}
s Ya
26




11.1 Congruently-melting intermediate phases

 Binary intermediate phases

4) (a) containing congruent intermediate phases on each binary system
(b) corresponding equilibria for eutectic reaction

binary eutectic points: 1, 2, 3, ..., 9/ternary eutectic points: I, Il, 1lI, IV
A x B A 1 X 2 B
% - .
c
A, A B

\ "




11.1 Congruently-melting intermediate phases

a) Binary intermediate phases
: Quasi binary eutectic rxn. between Ga, As and Zn

oo ) » The region in which GaAs is the

. o primary phase to crystallize
from the liquid is lightly shaded.

= « It illustrates the dominating
\ behavior of the high melting
¥ phase GaAs in this system

* For clarity, no solid solubility
between any of the phases
has been indicated.

GaAs As

|
- 20.5° i e, quasi-binary eutectic | = GaAs+Zn at 414 °C,
: e, quasi-binary eutectic | = GaAs+Zn;As, at 972 °C,
] e, quasi-binary eutectic | == GaAs+ZnAs, at 754 °C,
a10® Jﬁ E, ternary eutectic ] == GaAs+Zn+Ga at ~ 20°C,

E, ternary eutectic [ = GaAs+Zn+Zn;As, at ~410°C,
E, ternary eutectic I == GaAs+ZnjAs, +ZnAs, at ~750°C,
E, ternary eutectic/ == GaAs+ZnAs, + As at ~720°C.

1238°

28
As-Ga-Zn system



Tabular representation of the ternary equilibria in the As-Ga-Zn system:

Binary Ga-As

Ternary

Binary As-Zn

Binary Ga-Zn

RI0
[ == GaAs+ As

472
ey =GaAs + Zn;As;

)

754
ey = 0aAs 4+ ZnAs,

Tilh
l'lﬁ En_p"!'tﬁ-z + zn.ﬂlﬁ:

!

== As + ZnAs,

— e e e e e e A e e e e e e e e e T R G S o S —

1 ¢
— e 7 A +
.EJ, r— Gﬂa"i‘:‘u + 21131"'.151 -+ E-“AS:
' B’
GaAs + Zn;As,; + ZnAs, 123
Je 3
b

L'

— =~ 720

E, = GaAs + As + ZnAs,

g

GaAs + As + ZnAs,

S X e ey ST OO S Ay e SRR b N SR

e e i
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Tabular representation of the ternary equilibria in the As-Ga-Zn system:

419

I=Zn + Zn,As,
414

e =0aAs+ Zn

1 Y

W

~410
E, = GaAs+Zn+ Zn;As,

o e e e S S S S S e

| GaAs + Zn + ZnjAs, |

295
= GaAs + Ga

t

25
i=0Ga4+7In

Y

L

— e

E;=0GaAs+Ga+2Zn

| GaAs +Ga+ 7Zn |

o e e EE o R O B e e e e e e e i e —
e e e —— S S S S e e s e e .

S S | ———

|
-

- - S

The four three-phase equilibria underlined are stable down to room-temperature.
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11.1 Congruently-melting intermediate phases
 Binary intermediate phases: Kurnakov rule

1) Case1l: with only binary congruent intermediate phases

K=E=c¢,+1 =q+1 = m+1

K =# of secondary triangles

E = # of ternary eutectic points

Cc, = binary congruent intermediate phases
q = quasi binary reaction

m = saddle point

2) Case2: with only ternary congruent intermediate phases
K=E=2c+1 =2/3q+1 = 2/3m+1
c, = ternary congruent intermediate phases

3) Case3: with both binary and ternary congruent intermediate phases

K=E=1+c,+2¢; = q+1-¢; = m+1-¢;
31



« Isothermal section at a temperature just
above the lowest melting ternary eutectic (llI)

N

Rhines has noted that the relation
k=1+c,+2c; can be used to check ternary
isothermal section irrespective of whether
they contain congruent or incongruent phases.

-------
uuuuuuu

- K: # of 3 phase tie triangles,

- C,: # of single phase regions joined to a binary
edge (excluding the «, B, y terminal solid solutions
based on components A, B and C),

- C5: # of single phase regions completely within the

ternary system.
K=E=1+c,+2¢c; = 1+3+2 = 6 c

The Kurnakove and Rhines’ rules are useful in checking the construction of ternary
systems and their isothermal sections when intermediate phases are involved.




