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and temperature T, when its temperature sinks to F it will, as
in case «, split up into two saturated molten solutions, the com-
position of which during further cooling travels from F to M, and
from F to J; so that on reaching this temperature MJ we have
the same condition of affairs as in case a. With further removal
of heat from the system, it tends to freeze, generating solid alloys
f and P.

But here again, just as in case a, it is the more infusible
of these two solid alloys that should actually freeze first by
preference. Let us assume that it is alloy P which is the more
infusible of the two. It therefore begins freezing out, and the
average composition of the residual molten mother - metal -
in consequence travels to the left until, as in case a, this
average composition finally reaches M, i. e., until by the re-
arrangement of. the components of the mother-metal and the
freezing out of alloy P, the whole of molten alloy J has been
removed and only molten” alloy M remains. Then, as before,
this molten alloy M should freeze like any other eutectic,
splitting up into alternate particles of solid alloys f and P
respectively.

In short, the whole proceeds exactly as in case e, except
that when freezing begins, that which freezes out first is not
pure metal G, but G saturated with H, and that when the com-
position of the residual mother-metal eventually reaches M, the
alternate particles of the eutectic into which it now in freezing

splits up are, not pure metals H and G, but saturated solid solu--

tions of G in H and of H in G.

109. RELATIVE POSITION OF THE SATURATION-POINT CurvE
FOR THE SoLID AND MOLTEN StATES. — Since the solubility of
each metal in the other should naturally be much less when both
are solid than when both are molten, the saturation-point curves
for the two states should be related to each other as shown in
Fig. 47; that is to say, the curve for the solid state should lie
to the left of M and to the right of J. In other words,
there should be a sharp jog like f'M and QJ between these curves
for the solid and molten states respectively.

110. SuBcasE g B, THE SATURATION-POINT CurvE CuUTS

THE Tw0 UPPER OR V-BRANCHES OF THE FREEZING-POINT CURVE -

AT DIFFERENT TEMPERATURES.—a. The two metals when
solid are wholly insoluble in each other. In this case the freezing-
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point curve assumes the peculiar shape shown in Fig, 48. Here
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alloy 1 will contain L’ per cent of G dissolved in 100 — L' per
cent of H, and alloy 2 will contain 100—ZL" per cent of H
dissolved in L” per cent of G. When the temperature falls to
K, alloy 1 will contain K’ per cent of G dissolved in 100 — K’
per cent of H, and alloy 2 will contain 100—J per cent of
H dissolved in J per cent of G. In short, the composition of
these two alloys will be K’ and J respectively. Alloy J, how-
ever, will now be at its freezing-point, and on further removal
of heat, but without further fall of temperature, it will begin
freezing.

In the freezing which now takes place alloy J should in effect
deposit only metal G, as we see on trying to imagine the contrary.
Suppose that the first flake of alloy J in freezing at temperature
T does so without selection, 7. e., that it deposits a flake of com-
position J. As metals H and G by assumption are insoluble in
each other, this first flake must (if equilibrium is reached), break
up into particles of pure G and separate particles of pure H.
But these pure particles of H, exposed as they are in the very
act of freezing to alloy K’, which is a saturated solution of G in
H, should immediately remelt and reénter alloy K', since the alloy
‘which this reéntering would create is fusible at the existing
temperature, because it has more than K’ per cent of H, i.e,
because its composition lies to the left of K'. This remelting
then would give us two molten alloys, alloy J, and an alloy with
composition to the left of K'. :

But as the mean composition of the mother-metal would
still be between J and K’ it would immediately rearrange itself
into a mechanical mixture of two alloys of composition J and K’
respectively (§ 73, p. 80). The effect of the freezing and re-
melting which have taken place at temperature J thus would be
to eliminate from the molten mass a small quantity of metal G,
and so to shift the average composition of the mother-metal from
K toward K'.

But this shifting will leave the mother-metal as “before in
the condition of a mechanical mixture of molten alloys J and K,
because at temperature J this is the constitution of any mother-
metal the average composition of which lies anywhere between
Jand K'. So that, as regards farther freezing, on farther removal
of heat from the system, we have exactly the same condition of
affairs that we had when the first flake began to freeze. Hence,
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.for the same reason as before, the next step in the freezing is
in effect to eliminate from the mother-metal a second small
quantity of metal G, to be followed by a second rearrangement of
the residual mother-metal so that it contains a smaller proportion
of alloy J and a larger proportion of alloy K’. Thus, its average
composition travels a second step to the left. Following this
flake by flake, what really happens is that metal G begins freezing"
out at constant temperature, and that the composition of the
mother-metal progressively travels from K to K’, which means
that the proportion of alloy J is constantly diminishing and that
of alloy K' is constantly increasing until, when the average com-
position of the now residual molten mother-metal reaches K’, the
whole of alloy J has been removed by the freezing out 01: the
metal G, and the mother-metal now consists exclusively of alloy
_K’. The temperature will thus remain constant during this freez-
ing out of alloy J. :

: Now that the molten mother-metal has been reduced to a
single constituent, alloy K, the condition of things is practically
Fhe. same as in any simple case of selective freezing; for instance
it is parallel with the condition which exists when, in Fig. 24,
P- 54, the alloy of composition G has cooled to temperature P. II;
cooling from H to P part of the excess-metal (lead) has frozen
out, so that the composition of the residual mother-metal has
trava.eled from H to P. With further fall of temperature the lead
continues freezing out, and the composition and temperature of
the mother-metal slide along the line PB.

So, in our present case, Fig. 48, with further fall of tem-
perature, metal G continues freezing out, and its freezing
beaf's. such a relation to the fall of temperature that the com-
position and temperature of the mother-metal for every succes- -
sive degree of temperature reached remain on the line K'M:
in short, the temperature and composition of the mother:
metal slide along K'M, there reaching the freezing-point of
eutc‘ec_.tic, and of course simultaneously reaching the eutectic com-
position.

At K’ the mother-metal is' H exactly saturated with G. As
the temperature begins to descend below K’ some of G begins
freezing out, thus leaving in the mother-metal less G than suffices
to saturate it at temperature K’, assuming that the continuation
of the saturation-point curve K'U is inclined to the right of the °
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freezing-point curve K'M, as drawn in Fig. 48* But with the

simultaneous incipient fall of temperature from K’ the solubility

of G in H simultaneously falls. For simplicity let us assume
that this fall of the solubility is not so great that the proportion

of G now in the mother-metal suffices to saturate it; in other

words that the freezing-point curve K'M is more strongly inclined

than the continuation of the saturation-point curve CK'U, so

that, as the composition and temperature of the mother-metal

slide along K’M the mother-metal first ceases to be saturated

with G and then progressively falls farther and farther short of

being saturated with G, i. e., grows farther and farther unsatu-

rated with G. Tn this case the mother-metal throughout the re-
mainder of the freezing remains a single unsaturated solution,
quite as in Fig. 24.

We may actually sketch the part K'U of the saturation-point
curve for the molten state to indicate that it actually lies to the
right of the section K'M of the freezing-point curve. Indeed,
this prolongation K'U can sometimes be determined by the
phenomena of surfusion. . ;

Once the temperature has fallen to M, the mother-metal will
begin to freeze unselectively,} like any eutectic, simply because
1o selective form of freezing can (normally) postpone complete
freezing. In freezing the eutectic will, like any other, split up
into its components H and G, assumed to be insoluble in each
other when solid, and, therefore, each pure.

* The angle between lines K'M and K’U may vary and conceivably
might fall to zero, so that K'M would coincide with K'U. In this case
the line should be drawn double, a solid line to indicate this section of
the freezing-point curve and 2 broken line to indicate this section of the
saturation-point curve. -

+ That the freezing at M will be unselective is seen readily on trying
to suppose the opposite, i.e., that it is selective. Seclective freezing can
oceur only through a selection which gives to the mother-metal a. freezing-
point lower than the existing temperature. But such selection cannot
occur through freezing out of part of metal G, because that would
move the composition to the left and would make the mother-metal more
infusible. The freezing on the other hand cannot be made selective in
the sense that metal H freezes out, because that would in like manner
shift the composition of the mother-metal to the right, and this also would
make it more infusible, and in particular infusible at the existing
- temperature M.
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Thus, for initial composition T we have two freezing-points
K and K”. The same would be true of any alloy of compositim;
l?etween R and N. For alloys between R and F, the upper freez-
ing-point will be on the line K'M and the lower freezing-point
will be on the line MJ'.

'1‘“his then gives us the freezing-point curves between F and
N, wiz., for the upper freezing-point MK'J and for the lower
freezing-point MJ'.

Alloy Q. The geries of alloys between N and B will have for
the upper branch of the freezing-point curve BJK’M, and for
the Igwer branch J’E. Take for instance alloy Q; it \:\riil begin
freezing selectively by the solidification of the excess or solvent
metal G, and the composition and temperature of the mother-
metal will, as in all like cases, slide from Q to J. But as the tem-
perature starts to descend below J, the composition of the mother-
me.tal crosses the solubility curve, and the mother-metal therefore
splits up into a mechanical mixture of two alloys of compositions
K’ and J respectively.

But the molten mother-metal has now reached the same
cFyndltion that it reached when, starting initially with composi-
FlOﬂ T, it had cooled to temperature K, in that it is now a mechan-
ical mixture of molten alloys J and K’. And, just as in that
forxper case, with further removal of heat metal G in effect
begins freezing out, and consequently the average composition
of th_e mother-metal travels to the left from J to K’. Then, the
f{‘e'ezmg, out of .G still continuing, the temperature and cor;lpo—
sition of the mother-metal, quite as before, slide from K’ to M.
Finally at M the temperature again remains constant while the
wh_olt? of the residual mother-metal freezes without selection
sphtf;mg up in freezing into the conglomerate eutectic of alternatej
particles of metal G and metal H. '

. Alloys intermediate in composition between Q and B will
in freezing, follow the same course as Q, and in particular the);
}ml] all have a second or lower freezing-point on the line DMJ'E ;
in other words this line will extend clear to the right-hand sid;.
of the diagram. The reason for this is that, thanks 'to the as-
Sufned complete insolubility of H in G when solid, at whatever
point between J and B the initial composition of the molten alloy
lies, when on cooling to the line BJ freezing begins, it is metal
G alone which freezes out; so that, no matter how little of H
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is present, i.e., no matter how little to the left of B the initial
composition of the whole lies, that quantity of H unimpaired
will continue to accumulate in the mother-metal. Hence, when
the temperature of the mother-metal falls as low as J, there will
still be that same quantity and hence a finite quantity, of metal
H present; in short, the mother-metal will now have temperature
and composition J.

But in that it thus has this composition and temperature, it
is in the same condition that alloy Q was when it reached tem-
perature J ; and therefore its further behavior, on further abstrac-
tion of heat, will be the same as that of alloy Q from this same
time. The temperature of the molten mother-metal will remain
constant as its composition gradually slides from J to K’, and its

- temperature and composition will then slide from K’ to M. And
since up to this time nothing but metal G has frozen out, the
same original quantity of metal H will now be present in the
mother-metal; so that this, in now freezing unselectively, will
yield the conglomerate eutectic, containing the whole of the
initial metal H.

In short, no matter how little H is initially present, that
whole quantity will be found in the eutectic conglomerate
formed at M; or in other words there will be a conglomerate
eutectic freezing-point at temperature M, no matter how little
H is present, so that the line representing this lower
freezing-point extends clear to the right-hand end of the
diagram.

Comparing Figs. 45 and 48, we see that the essential dif-

~ ference is that in Fig. 45 the distance JJ' is reduced to nil. We
may therefore regard subcase 54 as simply a special example of
subcase 5B. :

111. SuscasE § B g, THE Two MeTaLs WHEN SOLID ARE
SomEwHAT SorusLe IN Eacm OtTHER. — Comparing §8 107
and 108, pp. 121 and 1235, and in particular comparing Figs. 45
and 47, we see that the effect of changing the assumed con-
ditioni for the solid state from complete insolubility to limited
solubility, was, as regards the diagram, to shorten the eutectic
freezing-point line so that instead of running completely across
the diagram it is bounded by the points f and P, and to create
the saturation-point lines Off and NPQ. As regards the pro-
cedure in freezing the effect of this change was that, instead of
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pure.metal H, it was H saturated with G that froze out, up to
the .tlrne when the mother-metal reached composition J ; a;nd that
during the remainder or eutectic part of the freezing, the con-
glomerate eutectic which froze consisted of alternate particles of
H saturated with G and of G saturated with H, instead of pure H
and pure G. : /

Applying the same reasoning to the present case would lead

to the same changes, both in the diagram and in the course of
the freezing which that diagram depicts. :
112, DETERMINATION OF THE SATURATION-POINT CURVES
FOR THE SOLID STATE. — While these saturation-point curves for
the soli.d state are not readily determined, we may yet reach an
approximation to them in some cases. Thus, to find the solubility
0f of G in O (Fig. 44) at given temperature §°, we may heat
to 9° a very thin strip of O in contact with an excess of G
and hold them at ¢° for several different periods COOHng,'
them and then determining after each heating anc{ cooling
what percentage of G has been absorbed hy O by diffusion
and thus determining how much of G can thus be forcec{
into O. :

Conversely, how much of G can be retained by O at §°
may next be determined. The alloy which we should treat in this
case should contain rather more of G than our foregoing absorp-
tion test succeeded in forcing into O, because an absorption test
cannot pass saturation df, and is likely not to reach it, while our
present retention test will leave O at least saturated and probably
much supersaturated with G, 4.e., will leave more than f of G in
O._ We heat this alloy well above §°, or better above its melting—'
point, then cool it to ¢°, hold it there for a long period, then
q;wgg,h it in water to retain the degree of concentration retained -
at 4°.

We then examine the alloy under the microscope, to see
whether under these favorable conditions any excess of G has
separated out within the solid alloy; and if possible we try to get
an approximate idea of the proportion of G that has thus sepa-
rated out, remembering that it should not be pure G but G satu-
rated with gH per cent of O that should thus separate out. . Should
any separation of G be detected, we infer that the percentage of G
in the a}loy is greater than @, and we make a second approxima-
tion, using an alloy containing less of G, etc.
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If, as will probably be the case, the results of the absorption
and retention tests do not closely agree, the former ones repre-
senting undersaturation or less than 0f, and the latter ones
supersaturation or more than 0f, we at least establish limits
between which the true saturation-point lies. Sharply defined
results are hardly to be hoped for, because the approach to the
saturation-point from either direction is likely to be asymptotic,
or at least extremely slow towards the end, in a solid and relatively
cool alloy.

113. DETERMINATION OF THE SATURATION-POINT CuURVES
+or THE MoLTEN STATE.— To determine the two points of the
saturation-point curve for a given temperature T we might pro-
ceed as follows.

The two metals should be melted in a crucible under some
protecting coating, such as potassium cyanide, and heated to a
temperature T” considerably higher than T, and very thoroughly
mixed. In deciding on the temperature T" the question of loss
by volatilization should be considered. In no case should the
temperature T” approach the boiling-point of either metal.

The mixed metals should then be poured into a narrow clay
tube, perhaps 8 inches long, preheated to T, closed at one end
and capable of being stoppered tightly at the other. While at 7
the tube should be agitated so as to mix the metals further.
Though we may hardly hope to saturate these two metals with
each other for temperature 7°, yet we may hope that at this tem-
perature each will take up at least as much of the other as would
suffice to saturate it at the lower temperature T. _

The molten mass should now be cooled to T in the tube, and
held there for say eight or ten hours, or as much longer as
experience shows to be necessary. Should each metal have dis-
colved more of the other than corresponds to the saturation-
point for T, each will tend now to expel this excess ; and the object
of allowing the temperature to remain stationary is both to allow
the two alloys to separate into two distinct masses, and to perfect
the separation of this excess by gravity.

As a convenient source of stationary temperature, we may
use a vertical cylinder a little larger than the clay tube, heated by
means of plantinum wires themselves raised to incandescence by
an electric current; lacking this, a bath of molten lead or other
molten metal may be used. Great care must be exercised to keep
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the fiifferent parts of the tube at the same temperature, lest con-
vection currents interfere with the separation by gravity and all
agifation of the tube must be avoided. :

Ifl case either metal is liable to oxidize, a reducing atmosphere
or at least a neutral one, should be ‘provided. ' =
: After.allowing time for this separation by gravity, and with
as I‘1ttle agitation as possible, the two ends of the column,s of metal
which are the parts where separation should be most comp!ete’
ih0u'1d be .cooled as rapidly as practicable, for instance, by holdin ’
chills,” i e, chilled pieces of iron against them. F;r this uf.
pose the iron might previously have been cooled in a freez?n -
mixture. The object of this rapid cooling is to prevent tl%e
aPproach to equilibrium which has been reached at T from bein
disturbed 'b_y long exposure to any lower temperature in cooIinf
Provision should be made for giving access to the upper anci
lower end of the tube so that the chills may be brought in contact-
with them without removing the tube from the furnace. To this
end the upper section of the furnace may be movabk; and the
lower one may be provided with a suitable aperture. ,
After the whole has solidified and been thus cooled, boi’ings

. from the two ends should be analyzed so as to give an approxima-

TflOﬂ to the saturation-points. The ends should further be exam-
ined un(?er the microscope, to see whether any particles of the ;
excess dlssollved at 7” has failed to remove itself by gravity at T'
and to ?btaln an approximate idea of the quantity of this excess:

: This observation should enable us to apply a correction to the:
direct results of our chemical analysis.

o R’_I‘};dfre‘:%?ig}}]il‘: described is a modification of that of Dr.

114. THE COoURSE OF SELECTION. TEMPERATURE-COMPOSI-
’jl:“ION CurvE orF THE FRrozeN CONTINENT DURING SELECTIVE
t* REEZING. — We have seen that the curve which represents the
emperature and composition of the mother-metal during selective
freezing, say of bismuth-bearing tin, is a fragment of one and
Fhe same line, whatever may be the initial composition. Thus
if the molten alloy has composition ¢”, Fig. 49, p. 136, this .curve is
a fragment of the line 4B, beginning at g and runnin,g towards B
For molten alloy of composition @” it is also a fragment of thié

* Proc. Royal Soc., XLV, pp. 465 and 471, 1839.




