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The position of the curves representing the decomposition of
solutions on the phase diagram§of binary systems may be calculatl&?from
¥%wht : a) ky the melting points T, and TB of the pure components,awd
b) &y their heats of fusion QA and QB' and E¥xkyxtke also c¢) from
the value of the so=-called energies of mixing in different phases
(Ui in the liquid, Uli Inxthe, Ugl% etc. in the solid phases). Theory
has as yet only been compared with experiment /4/ for four binary
systems having diagrams of the same typelihzitzqga:itectic point omd
with complete insalubility in the solid phases. In this paper we
present a comparison with twenty experimental diagrams of three

different types.

1, Diagram of the'Cigar''Type. The conditions for the form-

ation of this type of diagram, according to calculation, are the
following :

a) The system should be two-phase (voth components mm Lire seisid
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should have the same type of crystal lattice in the solid phase ;
on the approximation taken for the calculation, this corresponds
to having the same change in entropy for the two components on
melting, esess , in which k is Botzmann's constant and q is the

change in entropy referred to one particle).

Fig. 1. Cu-Ni. 1) Experimental curve ; 2) sesees ; 3)

ee.cserg/particle.

b) The following inequalit§®Should be satisfied :
eseese cho 387
where x and y are the concentrations of the liquid and solid sol=-

utions.

The latter inequalities maywin practice be written /4/ in the

form: .
a8 o cRopo 387

since the products x(1 - x) and y(1 - y) are always..... . The

equations of the lines x = x(T) and y = y(T) bounding the region of

phase separation
se e oR.po 387

may approximately be represented (after expanding the logarithms
of the denominators into series in powers ofes...and....., where

.....and.....)in the form
es e .R.p. 388

For.....these correspond to tg! "cigar"  symmetrical with re-
spect to the straight line joining the melting points of the com=-

ponents :

(

Q)2

3)

(H%)




3
eeeesRop. 388 )
The calculated diagram for the copper-nickel system obtained

from equation (5) is shown in Fig. 1.

Fig. 2' L d

In the nickel-cobalt system it is known experimentally that
the width of the region of phase separation is practically zero
over the whole range of concentrations. If we take....., then the
calculated width of the region of phase separation in this system,
as calculated from formula (5), is m no greater than....., which
agrees with the experimental results.

The two diagrams mentioned correspond to symmetrical "cigars".
When.....and inequalities (4) and (2) are satisfied, the region
of phase separation, according to formula (4), should have the
form of an unsymmetrical '"bent cigar', in which the Xime median
line of the "cigar™, i.€ey, e¢eece, i5 convex to the x axis for.....
and concave fore..... o

By using experimentally-established diagrams and drawing the
lineSe....on these, we may verify the agreement betwaen these lines
and formula (4b) and also determine the value of..... ferencgvto
jation from the linear relafionship.

The values 0f..... in erg¥particle are 0.57 for Ag-Pd, 0.05 for
Ag-Au, and 0.54% for Cu-Pd.
For all three systems criterion (1) is satisfied and the calc-

ulated curve.....agrees closely with the experimental, which may




be regarded as evidence that the difference in the energy of mix-
ing does not depend on the concentration (i.e., that the approxim-
ation on which the calculation was based is valid). Figure 2 shows

the diagrams of the three systems in question.

Fig' 3. seese o

Data relating to the equilibrium phase diagram of § the gold-
palladium system were published in /5/ ; here the decompositiocn
curves of the solutions also formed an "asymmetric cigar'". Cal-
culation of thezagiggizi.....fxln based on the deviation of the
esessscurve from tgl straight line gives .....erg¥particle for this
system ; criterion (1) nig not, however, satisfied. The equat-
ion.....!ii valid, from which it #illows that the diagram should
contain a point of equal concentrations (see below) at y = x =
0.905. It is easy to establish from the experimental diagram
that in the present case the discrepancy may be explained by meas-
uring inaccuracies, since the region of phase separation near
X = 1 is very narrow. In Fig. 3 the continuous line gives the ex-
perimental diagram and the broken line the calculated one. In
the experimental diagram,in the range of conwentrations close to

in general
unity,no region of phase separation is‘given agxaxx ; in the

range of conlcentrations ground 15% the =% solid and liquid so-
lutions are contiguous along a line, which is well known to be
impessible.

2. Diagrams with a Point of Egual Concentrations. It follows
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from equations (3) that at the point of equal concentrations

ceeesRep. 389 &)
The criterion for the formation of a diagram of this type is

wies sRagis. 389 (v

(together with the satisfaction of inequalities (2) or (2a)).

Tabl e 1
Key
1) System
2) calc.
3) expt.

According to (6), at the point of equal concentrations
ee...Rep. 389 )

In this relation between Tm and x there are nogunknown energ-

ies of mixing ; hence the validity of :he calculation may be ver-
by refevewnce o
ified primarily -frem/the satisfaction of relation (8).

Data for ten binary systems forming diagrams with points of equ-
al concentrations are given in Table 1 (I. the calculated '1‘m were
determined frvom (8) by means of experimental values of xo).

The calculated and experimental values of Tm agree closely for
all the systems considered except two : gold=-copper and gold-nickel,
which are characterized by thé greatest différencebg§w¥ﬁe atomic
radii of the components, so that the "lattice-distortion energy" is
a maximum /2/. The deviations from relation (8) for the Au-Cu

and Au-Ni systems qualitatively agree with those expected fxmm after

zakzuiation considering the energy of distortionm.
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3+ Diagrams with a Eutectic Point. These are in general

three-phase systems (for example, one liquid phase, and two solid
crystalline phases with different symmetries), and are described

by four equations (equations (17) in /3/). In the complete ab-

Fig. 4. a) Sn-Ga, U_ = 0.85,10" “erg/particle ; b) Ca-T1,
Uo = 1.28.10-13 erg/particle. 1) Experimental max curve ; 2)

calculated curve ; 3) Uo = 0.

sence of solubility in the crystal phases, the '"liguidus' lines

are described by the equationg

eeeeeRepe 390 ()

Table 2

Key
1) System
2) erg/particle

We checked the agreement between equations (9) and experimental
data for four systems * : tin-gallium, aluminum-germanium, cadmium-
thallium, and gold-antimony (see Fig. 4). Table 2 contains data

relating to the energies of mixing.

* In calculating the cadmium-thallium diagram we neglected
the solubility of cadmium in thallium ; in the gold-antimony dia-
gram we only calculated the left-hand branch of the "liquidus"

" and the position of the eutectic point.
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The agreement between calculation and experiment may be reg-
avrded as satisfactory. Table 2 shows that the criterion.....is
satisfied.
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