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Binary System
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Phase Transformation and Applications

Degrees of freedom available in the system (F):

F=C-P+1 F=C-P+2

F: the number of system variables that we may freely vary, or arbitrarily fix
C: components
P:. phase

C=2 P=1F=2 B A X
D -2 F =1 7 4 B A X
D -3 F=0 A 2

4
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Spinodal Points
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Spinodal points
A special significance in the study of phase transformations
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Figure 9.13 Plots of properties of mixing versus composition for regular solution

1) molar enthalpy and (&) molar Gibbs free energy
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|II . |J
Gibbs free energy of mixing curve is concave downward ' |f """ ey
In this region the solution may begin the process of NS \J
decomposition into the equilibrium phases by incremental ' i

changes in composition without increasing the total Gibbs
free energy of the system.

To the left of the spinodal point
The transformation is discontinuous

Spinodal
point

Figure 9.16 The relation between Gibbs free energy of mixing and
composition on either side of spinodal point.

To the right of the spinodal point

The transformation is continuous XB
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Figure 9.15 The miscibility gap, showing spinodal line.
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Peritectic Phase Diagrams
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Peritectic transformation

A liquid phase and a solid phase can combine to
form an entirely new solid phase

liquid +solid,, = solid

liquid + solid, = solid > R~
4 e [
:
E

A

1394°C

1300

0

Fe I Atomic percent carbon

Figure 9.17 The binaryl phase diagram for carbon (graphite) and iron.
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Non-crystalline Structure in Sohdlﬁed
Gold-Silicon Alioys -

ExoerT for thin films deposited at very low
temperatures’, highly disordered arrangements of the
atoms, similar to that of the liquid state, bave never
been observed in solid metals and alloys. For some
metalloids, the bonding ‘of which may actually be
more covslent than ietallic, such amorphous con-
figurations have been revained in the solid state® by
cooling from the melt with sufficient celerity so as to
prevent formetion of the equilibrium crystalline
structures.

It is thus conceivable that such non-crystalline
structures can be obtained for some, perhaps all,
metals and alloys by quenching repidly enough from
the molten state. In the course of experimentstion
with the apparatus developed by us?, an amorphous
structure has been detected in & 25 atomic per cent
silicon—gold alloy which was quenched from ~ 1,300°
C. to room terperature.

The quenched slloy wes studied by means of X-ray

diffraction. A flake (area ~ 0-2 mm.?; -thickness -

~ 10y) was mounted in a Debye—Scherrer camera
and expoged to copper K radiation. Intensity (on
an spproximately lineer scale), es obtained from the
film with & microphotometer, is plotted against
sin 6/ in Fig. 1.

* Intensity -

Nt
i i i R 1 i L i
0 010 020 0-30 0-40 .
28 Sin 83 ;

o

Fig. 1. X-ray diffraction pattern of gold—si!icon alloy . °: ;

Tt is to bo emphasxzed that the amorphous foil is

quite unstable at room temperature (and it is éntirely :
possible that some decompogition could have occurred ™

during the 3-br. exposure). The decomposition pro-

ducts detected after -24 hr. at room temperature..
have complex crystal structures, involving d-spacings’
of the order of 11-12A. Tt is quite probable that"

many phases may be present -under these non-
squmbrmm conditions. However, at this stage of
decomposition, the eguilibrium pheses are deﬁ.nxbely
not present.

Since the synthesis and investigation of t.heso

‘amorphous foils are highly uncertain under the presen:

experimental conditions, refinement of the appamtus'
80 885 t0 permit opersation at liquid-nitrogen tem-
peratures is now under-way. Among the various facets
of such non-crystalline metals and alloys which might
be of interest, possible superconducting propertles
should be considered—especially since Buckel® has
observed that certain metals in thin evapomted layers
(amorphous structure) b super

somewhat, higher, temperatures than with the normal
crystal structures.

September 3, 1960 NATURE Lo 869

Non-crystal!me Structure in Sohd!fied
Gold-Silicon Alloys

W. KLEMENT, JUN.
R. H. WLens
Por Duwez

First metallic glass made from

rapid solidification
“Duwez’s Stupid Alloys”

Th:s work wes jointly supported b_v, the Office of
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Four methods for preparing amorphous solids. (A) Slow cooling, (B) moderate
quenching, (C) rapid splat quenching, and (D) condensation from the gas phase.

From R. Zallen, The Physics of Amorphous Solids, copyright © 1983 John Wiley & Sons, Inc.; reprinted by permission of John Wiley & Sons, Inc.
SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 17 Phase Diagram |l




Page 32/40

vitra
lightweight

Data from W L Johnson

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 17 Phase Diagram |l



Ice VI

ghgs;- i’rléjﬁsformation and Applications Page 33/40
v 300¢ nE
-, VR
~ < K @ @ @
ol V| " (=
| Vi
E 2501\ V | 1

|
0 0.5 1
£717,P/109Pa
(a) H,OfJP-T &

FEKHE, =i A IK
P. W. Bridgman

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 17 Phase Diagram |l



4

A A WA

ghgs;- ‘i'rléjr'\sformation Page 34/40
8
4000 HF i g
el .
3000 (6B 1Y 1010 Pa + 3000 K
S e x
2000 : PR e Tl
S e® %
0 5 10 15
F£71,P/10°%Pa 5 ' <>
(a) BRRYP-T & E% ﬁ!i]lJE
4000 - P=F ks - 7+ P=8X109Pa e ok
53000 e o el o IET??%: M m
. A L+£A:
® 4 @ L+ ﬁlillJE
2000 - -
% ] [ v
1000
M C M C
(c) BRIM)-iik RGAHE
. Wk, GE, 19554
From T. Nishizawa VT B R o O
SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 17 Phase Diagram Il



S.J.T.U.

oo 1

Phase Transformation and Applications Page 35/40
10. FARA XN THIEEREIER? PHEH.
I [
] !
< 8
= a a B a a 7
A
A B A B A B A B
o (2) (3 (4)

¥
B A % B RAIMIR, | B, o f Ry HEEHE,

SJTU Thermodynamics of Materials Spring 2008 © X. J. Jin

Lecture 17 Phase Diagram |l



S.J.T.U
Phase Transformation and Applications

e \What I1s the most stable state

of the system at an average
composition of X,?

Suppose the o-phase was
somehow prevented from
forming (i.e., consider the
equilibrium under the
constraint that the a-phase Is
absent). In this case, what
would be the equilibrium state
of the system with average
composition X,?

—Ju @ 2
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Molar Gibbs free energy of
solution, drawn at T and P
constant for an a phase and
B phase.
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e Spinodal Points
 Compounds
« Summary of Binary Phase

e Ternary Phases Reaction in Binary
Systems
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Homework
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*Exercises in Chap 6
P 234, 9.6, 9.9, 9.13
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