Fo-An-Si System

Fo - An - Si Ternary System

Simple Ternary system, with a both a Ternary
Eutectic and Ternary Peritectic

An intermediate, binary incongruently melting
compound (En) on the Fo-Si join.

Comments
melting and crystallization are ternary except along the Fo-
An join, where spinel appears on the liquidus
the En-An join, a Tie Line, divides the triangular area of the
diagram (Fo-An-Si) into two smaller triangular areas
Fo-An-En
Si-En-An
Look at Equilibrium and Fractional Crystallization in this simple system

Si Fo-An-Si System
System is characterized by
the presence of an
incongruently melting
compound (En) and a ternary
peritectic

The boundary curve
between Fo + L and En + L
involves a reaction

relationship
Fo An
Si Fo-An-Si System
System is characterized by 1713°

the presence of an
incongruently melting
compound (En) and a ternary
peritectic

Temperatures and
Isotherms




Fo-An-Si System

Binary Joins

Liquid

2 Liquid

Cr+L

En +Cr

Si Fo-An-Si System

For Equilibrium Crystallization

En-An join (Tie Line) divides
the system into two
subsystems:

Any initial composition that
starts in the

triangle, will have a final
liquid composition
represented by the Eutectic
(E)

2) Fo normative Fo-En-An

Any initial composition that starts
in the triangle, will have
a final liquid composition
represented by the Peritectic (P,

Fo An
Fo-An-Si System
Si+L Isothermal Sections

Si+En +L

1 phase fields - Liquid

2 phase fields - Fo+L, An+L,
Si+L, En+L




Fo-An-Si System

Bulk Composition of X si Fo-An-Si System

Must be expressed in terms of the three end Equilibrium Crystallization

member components that define the system
70% Fo 18% Si 12% An

No Change in Bulk Composition
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Fo An

Fo-An-Si System

Equilibrium Crystallization

Composition X lies within the
Fo-En-An triangle, and
therefore as a result of
equilibrium crystallization it
must crystallize to a solid
mixture of Fo-En-An.

Bulk Composition of X S
70% Fo 18% Si  12% An

What are the proportions of
these phases in the final solid
mixture?

28% Fo 60% En 12% An

Fo-An-Si System

Equilibrium Crystallization

Bulk Composition of X

Final solid

28% Fo 60% En 12% An The final solid mixture of Fo-
En-An only coexists at the
Peritectic (P) which crystallizes
from the liquid represented by
P

Sp + b
Fo An
What path does the liquid follow to get from X to P?




Fo-An-Si System

Bulk Composition of X : Fo-An-Si System

Equilibrium Crystallization

Final solid
28% Fo 60% En 12% An

How much Fo?

How much L?
Liquid cools to the
Liquidus surface at X
At X, Fo crystallizes,
liquid moves directly
away from Fo apex
FromXtoY Fo+Lin
equilibrium

Fo An

Bulk Composition of X si Fo-An-Si System

Equilibrium Crystallization
At Y, which lies on the
Boundary Curve separating the
field of Fo + L from En + L.

Final solid
28% Fo 60% En 12% An

This is a reaction curve where
the reaction Fo + L ==>En
occurs

Along this boundary curve:

1) Fo is resorbed (melted)
back into the liquid, causing
the liquid composition to
move towards Fo apex, AND

The net result of this
reaction is that the liquid
composition moves
down the boundary
curve towards the
Peritectic

2) Enis crystallizing from the
liquid, causing the liquid
composition to move away,

from En.
Fo An
Bulk Composition of X ) Fo-An-Si System
Final solid Equilibrium Crystallization

28% Fo 60% En 12% An At Q, which lies on the
Boundary Curve separating the

field of Fo + L from En + L.

Draw a tangent to the
boundary curve from Q back
to the Fo-En tie line -

How much Fo is being
resorbed and how much En is
crystallizing?

Fo resorbed:En crystallizing ALQ:
/FoC = 1/6.5
Proportions and

Much more En is forming c iti
ompositions

than Fo resorbed

Fo An




Fo-An-Si System

Fo-An-Si System

Equilibrium Crystallization

Bulk Composition of X

Final solid

28% Fo 60% En 12% An Liquid continues to move down

the boundary curve from Q to
P, reaction continues.

Liquid composition stays at P AtP:

until the last drop of liquid is
consumed, and the final solid
is a mixture of Fo - En and -
An.

Composition of the last liquid
and the proportions of Fo.
and An in the final solid are
given above.

Fo continues to be resorbed,
En continues to crystallize

An begins to crystallize

Fo

Fo-An-Si System

Equilibrium Crystallization

Examine the paths
the liquid follows for
Equilibrium
Crystallization of
compositions:

w z

Fo e, e, An

Fo-An-Si System

Equilibrium Crystallization

What point represents the
composition of the last liquid
for Equilibrium Crystallization
of Composition A?

Composition A

What are the final solids
and their proportions to
form from Composition A?

What path does the liquid
follow?

Fo e, e, An




Fo-An-Si System

Si Fo-An-Si System
Equilibrium Crystallization

si Fo-An-Si System
Equilibrium Crystallization

What point represents the
composition of the last liquid
for Equilibrium Crystallization
of Composition W?

Wheat are the final solids
and their proportions to
form from Composition W?

What path does the liquid
follow?

Fo e, e, An

Si Fo-An-Si System
Equilibrium Crystallization




Fo-An-Si System

Si Fo-An-Si System

Equilibrium Crystallization

What point represents the
composition of the last liquid
for Equilibrium Crystallization
of Composition Z?

What are the final solids
and their proportions to
form from Composition Z?

What path does the liquid
follow?

Fo e, e, An

si Fo-An-Si System

Equilibrium Crystallization

si Fo-An-Si System

Equilibrium Crystallization




Fo-An-Si System

Si

Bulk composition of X must be in
terms of the three components
which define the system:

70% Fo -18% Si -12% An.

Batch Fractional
Crystallization

Ct ition X undergoes

atZand Q

The final solid will be a mixture of En-Si-An,
given by the position Q, in the

Cristobalite +Lig. En-Si-An triangle.

Anorthite + Lig

Forsterite + Liq Soinel + Lia

e, e An

Fo

Si

Bulk composition of X must be
in terms of the three
components which define the
system:

70% Fo -18% Si -12% An.

The last liquid remaining after pure
fractional crystallization of
composition X has the composition of
the eutectic.

The final solid will be a mixture of Tr +
En + An, in the proportion given by E
in the En-Si-An triangle.

Cristobalite +Liq

Anorthite + Lig

Forsterite + Lig Cners b
pinel + Lig

Fo € € An




