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PREFACE.

THE literature of Alloys is not very large, and such great
advances have been made during the last few years that
little apology is needed for the preparation of another
book on the subject.

The object which the author had in view in the prepara-
tion of this book was to provide for students, and more
particularly for makers and users of alloys, a brief account
of some of the advances which have recently been made
in the study of Alloys. His object has not been in any
~ sense to provide a complete account of what has been
done, but rather to indicate the direction in which
research is going on, and to give to the maker and user of
alloys such information as may be of practical utility,
and which will enable him to clearly understand the
current literature of the subject, and to see in what
direction he must look for further developments that
may be of use to him. _

A good deal of the work which has been published
can only be regarded as a preliminary explanation, and
in many cases the results await confirmation or modifica-
tion by fuller research on a larger scale than has yet been
attempted. The work of Dr. Carpenter and Mr. Edwards
for the Alloys Research Committee on the Alloys of
Aluminium and Copper is an example of the work which
needs to be undertaken for the various other groups of
alloys.

The scope of the work did not allow of the considera-
tion of many important points which are not yet fully
worked out, such, for instance, as the meaning of some
of the thermal changes of a minor character noticed during
the cooling. of alloys,{ or of some recent methods of
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vi. PREFACE.

research such as the use of ultra violet light, from which
important results may be obtained in the future. The
alloys of iron are so many and so important that a
separate volume would be needed to consider them in
anything like useful detail. It has, therefore, been
thought better to omit them altogether in this work.

At present the results of the researches that have
been made are scattered through the journals of many
‘Scientific and Technical Societies and the Technical
Journals, and as there is no Society specially devoted to
this work, the field which has to be travelled over is
unusually large, and many valuable papers have been
published in the journals of societies which are difficult
to obtain. It is quite likely, therefore, that the author
may have overlooked valuable papers, and in some cases
he has had to depend on abstracts as the papers them-
selves were not available. Much of this information is,
therefore, quite inaccessible to the general reader, and
the author hopes that the bringing of a good deal of it
together into one book may not be altogether useless.

To previous writers on the subject the author is, of
course, deeply indebted, and he has not scrupled to
quote from them when necessary. To them and to the
Societies (especially the Society of Mechanical Engineers),
authors of papers, and publishers who have kindly allowed
him to use their results and illustrations, he gives his
best thanks. Acknowledgments have been made in the
text, and if by oversight any have been omitted, he
here expresses his regret.

His best thanks are also due to his assistants, Messrs.
J. S. G. Primrose, A.G.T.C., and J. A. C. Edmiston, for
the valuable help they have given in various ways.









APTLOYS.

CHAPTER 1.
INTRODUCTORY.

WHEN two or more metals are melted together they,
as a rule, remain intimately mixed, showing little
tendency to separate according to their densities, or
as it may be otherwise expressed, they remain in
solution one in the other, whilst they are in the liquid
condition. When the mass solidifies this state of uniform
distribution or mixture may continue, or it may be broken
up. In the former case the solidified mass will contain
the constituent metals in a condition of more or less
uniform diffusion, and such a mass is called an alloy.
In the latter case the metals will separate according to
their specific gravities, the heavier metal going to the
bottom and the lighter rising to the top, such separation
being as a rule the more complete the slower the solidifica-
tion. The separated metals in this case are rarely if ever
pure, but each retains a small quantity of the other,
and strictly speaking both are therefore alloys. In
‘practice, however, the term alloy is restricted to those
cases in which neither of the metals is present in very
small proportion ; the other cases being simply considered
as metals containing an impurity.

An Alloy is neither a Mechanical Mixture nor a Chemical Com-
pound.—An alloy is, then, an intimate mixture of two or
more metals, and the term mixed metals has sometimes
been used in place of alloys. This is, however, very mis-
leading, as the alloys are much more than mere mixtures,
and mixtures of metals may exist which are not alloys.

If lead and copper be melted together, and the mixture
be slowly cooled, the metals will separate. If, however,
the mixture be quickly cooled separation cannot take place
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and the metals will remain mechanically mixed the one
with the other, they not having had time to separate
into distinct layers, but the mass will consist of intermixed
particles of the two metals, and if it be heated up to the
melting point of lead this metal may be, to a large extent,
melted out. This, then, would be a case of a mixture
of metals, but not of an alloy. In an alloy, the mixture
must be of such a character that the constituent metals
lose their individuality, and become blended into a new
substance which has properties, to some extent at Jeast,
unlike those of its constituents.

As a rule, substances which are not elements are
divided into the two classes, chemical compounds and
mechanical mixtures, but the metallic alloy cannot be
made to fit exactly into either group.

In a mere mixture the particles, however small and
however intimately they may be mixed, always retain
their individuality, and the properties of the mixture are
always a mean of those of its constituents. If the con-
stituents be black and white the mixture will be grey,
if red and white, a paler shade of red, and so on through
all the other properties. 'This, as is well known, is not
the case with alloys. Brass containing, say, 50 per cent.
of copper and 50 per cent. of zinc, is yellow, and this
yellow colour is certainly not a mean between the red of
the copper and the bluish white of the zinc; nor is the
specific gravity, or indeed any other property of the
brass, a mean between those of its constituents. The
only point in which alloys always resemble their con-
stituents is that they are distinctly metallic.

Alloys, therefore, are not mechanical mixtures.

A chemical compound contains the elements in fixed
proportions, these being always simple multiples of the
atomic weights, and some of the physical properties
follow from the molecular weight of the compound. This
is not the case with alloys. As a rule, the metals are
not present in any simple atomic proportion, and further
the proportions can be varied often within wide limits
without producing any great change in the properties
of the alloy.

The metals do not show any strong chemical affinity
one for another, but there is no doubt that in some cases
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definite chemical compounds of the metals do exist, but
in no case do they form alloys of any industrial inportance.

Solutions.—There is still another form in which sub-
stances can exist which, while not a mere mechanical
mixture, is something less than chemical combination.
If salt or any other soluble substance be stirred up with
water it disappears, or dissolves in the water, and the
result is a solution of the salt. This solution has some
of the properties of the salt ; it has, for instance, a
salt taste, yet its properties cannot be said to be a mean
between those of water and salt. The salt dissolves
without increasing the volume of the solution, so that
the solution is denser than the mean between salt and
water. The addition of the salt also lowers the freezing
point of the water, so that the freezing point of the
solution, instead of being a mean between that of water
and salt, is lower than that of either, and by the
addition of proper proportions of salt it may be reduced
to about — 22- 5° C.

The essential character of a solution is that the con-
stituents are so intimately blended that they cannot be
separated or detected by mechanical means, whilst at
the same time they have not entered into true chemical
combination.

Solid Solutions.—As a rule, when a solution is frozen,
the constituents separate one from another to a larger
. or smaller extent, but this is not always the case. We
can imagine a solution to become solid without any
other change, and the result would be a solid solution in
which the constituents would still be so intimately mixed
that no mechanical separation would be possible, and in
which the properties would not be a meéan of those of
its constituents, but in which these constituents would
not be present in the definite proportions required for a
chemical compound.

Alloys.—True alloys are never mere mechanical
mixtures of metals, and though in some cases the metals
do combine, yielding definite chemical compounds
which often retain their metallic properties, none of
these are of any use in the arts.  Alloys are very fre-
quently solid solutions of one metal in another, or of
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a chemical compound of the metals in the metal which
is in excess. Many consist of mixtures of such solu-
tions with definite substances that have crystallised
out during cooling, so that the actual composition and
structure may vary very widely ; and each alloy, or rather
group of alloys, must be studied separately, as it is
impossible to lay down any except the most general rules.

Importance of a Knowledge of the Structure of Alloys.—It may be
thought that the structure of alloys, whilst interesting
enough as a scientific study, will be of very little im-
portance to the practical maker and user of alloys.
This is, however, far from being the case. The properties
of alloys depend to such a large extent on their structure,
that without a knowledge of the latter the former cannot
be understood. Many of the failures in the making of
alloys are due to changes in structure brought about by
small changes in the method of treatment or in other
ways, and failures cannot be prevented till the causes
which produce them are known ; and therefore such
knowledge is of great practical importance to all who
have to deal with alloys

Methods of Investigation.—Chemical analysis is, of course,
of primary importance, as giving the proportions in which
the various constituents are present; but its uses are
limited to that, and that alone is not enough, for it is
often important to know not only what elements are
present, but how these are united ; that is, to know not
only the ultimate but the proximate composition. At -
present the proximate analysis of metals and alloys has
made little progress, and only in a few cases has it been
found possible to separate any of the proximate con-
stituents by analysis. For chemical analysis it is neces-
sary to attack the whole alloy, and the reagents used
for this purpose have such a vigorous action that they
break up all the constituents of the alloy into their
elements, which then enter into new forms of combination.

The Microscope.—Within the past few years the appli-
cation of the microscope to the examination of metals has
developed very rapidly Accurate methods of work are
now known, and a vast amount of data has been gathered.
The microscope can supplement chemical analysis. It
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does not enable us to determine what chemical elements
are present, but it enables the structure of the body to
be made out, and particularly the constituents that may
have separated as the alloy has solidified, and therefore
to determine some at least of the facts which chemical
analysis leaves undetermined.

Phenomena of Solidification.—If alloys, when melted, can
be considered as being solutions of one metal in another,
then a study of the phenomena which take place during
the solidification and cooling of solutions should throw
great light on the changes which take place during the
solidification of alloys. This has actually been found to be
the case. Many solutions which solidify at a moderate
temperature are much more easily studied experimentally
than the alloys which melt at a high temperature, and it is
comparatively easy, with due care, to reason from the
one to the other.

Physical Properties.—The physical properties of alloys are
found to vary with changes in their composition and
methods of treatment, though the changes are often com-
plex, and in many cases do not seem to bear any simple
relation to the composition. Nevertheless, they throw
much light on the points at which changes take place.

Four Methods of Research.—These four methods of research
—viz., chemical analysis, microscopic examination,
study of the phenomena of fusion and solidification,
and study of the physical properties of the alloys—
have now been applied to most of the important series
of alloys. They supplement one another, and, taken
together, enable very many valuable inductions to be
made, so that what may be called a theory of alloys can
now be formulated.

Scope of this Book.—In this book it is intended first
to describe briefly the methods by which the structure
and character of alloys have been determined, and then
to give a brief account of the more important groups of
alloys and the methods of preparing them. The object
will be to give an account of the investigations that have
been made and the facts that have been discovered
during the last few years, in so far as they are likely
to be of any practical importance to the maker and






CHAPTER IIL

THE PROPERTIES OF ALLOYS AS RELATED TO THOSE
OoF THEIR CONSTITUENTS.

Avrroyscontain two or more metals in some form of mixture
or combination, and at the outset it will simplify matters to
consider such as contain two metals only. The properties
of the alloy will, of course, differ from those of its con-
stituents, but it remains to inquire how the two sets of
properties are related. It is evident that the properties
of an alloy must to some extent depend on those of its
constituents, for this is true even in the case of chemical
compounds ; but alloys, as remarked above, are not
definite chemical compounds, and therefore we should
expect a much closer resemblance between the properties
of the alloy and those of its components.

It must be remembered that a series of alloys can
usually be obtained in which the percentage of one metal
can be increased from 0 to 100, and that of the other
diminished from 100 to 0 ; the two extreme members of
such a series being the pure metals. And it is of interest to
study how the properties of such a series will vary.

If the alloy be a mere mixture, then the variation
should be always in the same direction, and should be
proportional to the amount of the second metal added ;
if it be a chemical compound, or set of chemical compounds,
sudden breaks or changes in properties might be expected
when compositions are reached corresponding to the
definite compounds ; if it be a solid solution, variations
might be expected continuously in the same direction,
but not necessarily proportional to the amount of the
added metal, as changes in solubility may take place as
the solvent metal becomes more nearly saturated, and if,
as is possible, two, or perhaps all these conditions may
co-exist, we should expect more or less irregular variations.
In this chapter some of the principal properties will be con-
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sidered, the alloys being selected so as to best illustrate
the property under consideration, and later the alloys
of commercial importance will be separately dealt with.

Colour.—There is no property which is subject to more
striking variations by admixture of metals than colour.
Unfortunately, we have no quantitative method of
valuing colour, so that comparisons can only be general
and qualitative,

Most of the metals are white, though the shade of
whiteness varies very much, from the silver-white of silver
or aluminium to the very bluish-white of lead. There
are only two metals in common use with well-marked
colours—gold, which is yellow, and copper, which is
usually said to be red, but which may best be defined as
being copper-coloured.

All alloys of the white metals one with another are
white, but the shade of white bears little or no relation
to the shade of the metals themselves. When a white
metal is alloyed with a coloured metal, great changes
of colour are often produced. These changes may be
looked at from two points. Starting with the white
metal, the gradual change of colour which is produced by
the addition of increasing quantities of the coloured
metal may be noted ; or starting from the coloured metal,
the changes in colour produced by the addition of in-
creasing quantities of the white metal may be considered.
In general, the second method is the most satisfactory,
because, strange though it may seem, the alteration of
colour produced by the addition of a comparatively
small quantity of a white metal to a mass of the coloured
metal is usually far greater than that produced by the
addition of a small quantity of the coloured metal to a
mass of the white one, and in either case the resulting
colour seems to bear little relation to that of the con-
stituent metals.

Almost any series of such alloys might be taken as
an example. In the case of the aluminium-copper
series for instance, whilst 5 per cent. of copper makes
very little difference to the colour of aluminium, 5 per
cent. of aluminium changes the red colour of copper to
a fine yellow.
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The most striking colour series, however, is probably
that of the copper-zinc alloys. Five per cent. of zinc added
to copper destroys the red colour and gives a yellow
alloy ; as more zinc is added the yellow colour becomes
more intense, though by no means uniformly so with each
addition of zine, till the composition 50 per cent. copper
and 50 per cent. zine is reached, this being the composition
of common yellow brass. As the proportion of zinc is
increased to about 60 per cent. a silver-white alloy,
white brass, is obtained, and with still increasing zinc
this silver-white gives place to the bluish-white colour of
zine itself.

There are other cases where the colour change is
still more striking, such as the alloy of about 51 per
cent. of copper with 49 per cent. of antimony, known as
Regulus of Venus, which has a fine violet colour, and the
alloy of gold with 10 per cent. of aluminium, discovered
by Sir W. Roberts-Austen, which has a ruby-red colour.

Specific Gravity.—When metals are melted together and
solidified, the volume of the mixture is rarely the same
as that of the metals separately. There is eithercontraction
or expansion, and the specific gravity of the alloy is
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therefore either greater or less than the mean of that of
its constituents in the same proportion. In most cases
the specific gravity of an alloy is greater than the mean
of that of its constituents, asis also usually the case with
solutions.

As a rule, the specific gravity falls as the quantity of
the lighter metal increases, but not in direct proportion
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to the quantity of the lighter metal present ; in such cases
a ourve representing the densities of a series of alloys
will be a continuous curve rising above a straight line
connecting the specific gravity of the two constituent
metals, as is shown in the curve Fig. 1, which repre-
sents the densities of gold-lead alloys as determined by
Matthiesen.* On the other hand, antimony and tin expand
on alloying so that the specific gravity of the alloy is less
than the mean of its constituents, and therefore the curve
lies below the straight line, as shown in Fig. 2. In other
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cases the increase or decrease is not regular, but there are
breaks at certain points. In the case of the copper-tin
series, the specific gravity of the alloy decreases as the
quantity of tin increases, till there is about 28 per cent. of
tin present; then it rises till, when the percentage of
tin is about 38, it reaches 8-9, and therefore the alloy
is denser than copper, then as the tin is further increased,
the specific gravity falls continuously. Richet states that
the curve of densities has two maxima corresponding to
Cu, Sn (68:12 7 Cu) and Cu, Sn (61-58 7/ Cu).

It is quite obvious, therefore, that the specific gravity
of an alloy cannot be calculated from that of its con-
stituents, unless we know exactly what changes take
place when the metals are alloyed, and that experiment
alone can decide.

* Phil. Tran. Royal Soc., 1850, p. 183. + Comp. Rendu, 55, 162.
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Except when alloys are prepared specially for experi-
mental work it is difficult, if not impossible, to obtain a
series of varying composition, under exactly similar
conditions, so that an accurate comparison can be made,
and as the treatment to which the alloy has beensubjected,
such as work put on it, annealing, rate of cooling, &c., all
may influence its specific gravity, concordant results are
very often not obtained by workers working under
different conditions.

The densities of the various alloys of commercial
importance will be considered later.

Tenacity.—The tensile strength of an alloy may be
greater or less than that of its constituents. Alloys of
copper-and zine, or copper and tin, in certain proportions,
are much stronger than either of the metals; but, in
other proportions, they are much weaker. Here, again, no
definite rule as to the influence of one metal on another
can be laid down.

Ductility.—As a rule, increase of tensile strength is
accompanied by decreased ductility, but such is not
always the case. The addition of a foreign metal to a
soft ductile metal will as a rule harden it, and decrease its
ductility, but this iscertainly not thecasein every instance,
some alloys being not only stronger, but also more ductile
than either of their constituents. In some cases the
hardening influence of even a small quantity of foreign
element is well marked, as in the case of antimony on
lead, bismuth on gold, and carbon on iron.

The influence of foreign metals in diminishing the
tenacity and ductility of other metals seems to depend
on their atomic volume.* The larger the atomic
volume of the added metal the greater as a rule
is the reduction of tenacity and ductility. The late
Sir W. Roberts-Austen made a large number of experi-
ments on the influence of foreign metals on gold, and
found that the elements of high atomic volume reduced
the tenacity and also the ductility of gold, whilst the

* The atomic volume is the proportional volume occupied by this molecule,
andiis Atomic weight

z - 19772 4.
Specific gravity, In the case of gold the atomic volume is 193 =10-2.

That of bismuth is 2082 —21-2, That of aluminium is -2 = 106,
982 75
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metals of low atomic volume either have no influence or
increase the tenacity. Pure gold has a tenacity of about
7 tons, and elongates about 30 per cent. before breaking,
with a test piece of the length used for the experiments.
When the gold was alloyed with bismuth, only -21 per
cent. of that metal being added, the tensile strength was
only - 5 ton, and the elongation was imperceptible. When
alloyed with - 186 per cent. of aluminium, which stands at
the other end of the series, the tensile strength was
8-87 tons and the elongation 25-5 per cent. Silver,
which has the same molecular volume as gold, has little
effect one way or the other. It is not certain whether a
similar rule holds for all the other metals.

Fusibility.—The melting point of an alloy is in-
variably lower than a mean of those of its constituents,
and in some cases is even lower than that of the most
fusible. There is, however, great uncertainty as to the
exact meaning of the melting point of an alloy, as the term
is usually used, and as will be seen later, many alloys
have no distinct melting point, but a longer or shorter
melting range.

Expansion by Heat.—The expansion of alloys by heat
is very irregular, and does not seem to bear any definite
relation to that of their constituents.

Electric Properties.—The electric properties of alloys have
been in many cases carefully studied, and are of very great
interest. The electric properties canbeaccurately measured
and are thus capable of giving, not only qualitative but
quantitative results, and at the same time the relation
between electric properties and composition in substances
other than alloys has been so fully investigated that
light may be thrown by analogy on the structure of
alloys. There are three electric properties that are of
importance in this connection.

(1) Electric conductivity ;

(2) Action of an electric current on fused alloys
{electrolysis) ;

(3) Potential difference set up by the contact of
alloys with metals. '

Electric Conductivity.—The influence of the addition of one
metal to another on the conductivity is well marked,
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and as a rule the conducting power is considerably
reduced. Alloys in general may be divided into
two groups, according to the way in which the
conducting power of the alloy is related to that
of the constituent metals. In the first group the alloy
behaves exactly as if it were a mere mixture of the two
metals, the conducting power rising or falling as the
percentage by volume of the second metal is increased,
according as the starting point is the metal of less or
greater conductivity.  The curve for conductivity
when plotted, is therefore a straight line. This may
perhaps be called the normal curve, though as a matter of
fact a comparatively small group of alloys gives it. As
an example the tin-zinc series may be taken, and the
curve for these is plotted in Fig. 3.
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The metals belonging to this group are lead, zine,
tin, and cadmium, and the rule applies to alloys one with
another.

It is obvious that the addition of a small quantity of
one of these metals to another can have a very small
effect on the conducting power, because the resulting
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conductivity will be proportional to the volumes of the
constituents present.

With alloys of the other metals with the members of
this group or with one another, the result is very different. -
The conducting power of the alloy is always less than
what it would be if the metals all behaved like the metals
of the zinc-lead group. That is, when the curve is
plotted, it will always lie entirely below the straight line
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joining the conductivities of the two metals. The curve
itself may in general take two forms. Alloys of the
metals of the lead-zinc group with other metals show a
somewhat curious behaviour. If a small quantity of
a metal of the lead-zinc group, say lead, be added to
a metal not belonging to the group, say silver, it
causes a very rapid diminution of conducting power,
whilst the addition of a small quantity of silver to
lead has a small effect on its conducting power.  When
the curve for such an alloy is plotted, it takes, there-
fore, somewhat of an L form. the vertical portion
falling sharply, it may reach a mmlmum, in which case
the continuation of the curve will rise, or it may con-
tinue to fall at a much reduced rate. The curve is
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not always continuous, but may show a sharp break or
change of direction, and these breaks do not seem to
correspond to the formation of definite chemical com-
pounds.
The curve for the silver-lead series is shown in Fig. 4.
With metals not of the lead-zinc series alloyed with one
another the curve is somewhat different, for here the
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addition of a small quantity of either metal to the other
causes a rapid diminution of conductivity, and the curve
therefore assumes a roughly U shape, the length of the
two vertical arms being unequal and in the proportion of
the conducting power of the constituent metals. The
curve for the gold-silver series is shown in Fig. 5.

These curves can only be taken as examples, for in
no two alloys are the curves the same. It may be that
the curves in cases 2 and 3 are not true curves, but
rather series of straight lines, the alloy behaving between
each turning-point like an alloy of the lead-zinc series.

The bearing of these facts on the constitution of alloys
will be discussed later.
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Electrolysis—When an electric current is passed
through a compound either melted or in solution in a
suitable solvent, the compound is broken up, and the
two ‘“ions,”” which may be either elements or groups of
elements, are separated at the electrodes. All attempts
to electrolyse fused alloys have failed, they seeming to
conduct in all cases like elements, 7.e., not to undergo
decomposition. If any conclusion can be drawn from
a merely negative result, it is that apparently alloys are
not chemical compounds.

Potential Difference.—When two metals are connected
by a metallic conductor and put into an electrolyte, a
certain potential difference is set up between them and
a current is set in motion. The behaviour of alloys in
contact with their component metals may thus be of
importance in throwing some light on the constitution of
the alloys.

A. P. Lauriet has made a series of experiments on this
subject. He found that in a cell—a cuprous iodide cell
was used—using plates of copper, and of copper having
pieces of zinc soldered to them, the electromotive force
produced was the same as that produced with plates
of copper and zinc, even when the quantity of zinc ex-
posed was not more than ;J5; of the area of the plate
exposed.

He then tried alloys of copper and zinc, and he
remarks :—

“There are three possible ways in which zinc-copper
alloys may be constituted :—

“First : They may be merely mixtures of zinc and
copper. In that case they would give the electromotive
force of zine in the voltaic cell.

“Second : They may be of the nature of the solution
of sulphuric acid in water ” (i.e., solid solutions); “in
that case a series of such alloys beginning with 100 per
cent. of copper and ending with 100 per cent. of zinc
would probably show a gradual rise of electromotive force
in the cell, from the value for copper to that for zinc.

“Third : One or more of the series may be a definite
atomic compound, the rest being ‘solutions of this

t Journal Chem. Soc., vol. liii., 1888, p. 103.
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remains constant at nearly that due to pure copper and
zine till about 32 per cent. of copper is present in the
alloy, then it suddenly drops to a very small amount,
and finally becomes nil, or, rather, in this case it becomes
negative and the current is reversed.

There are many difficulties in obtaining perfectly
concordant results with such experiments, but the
general result is quite clear ; and Laurie infers from this
and other experiments the existence of a definite compound
Cu Zn, (32: 71 per cent. Cu). In the case of copper-tin
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alloys (Fig. 7) exactly similar results were obtained, and he
inferred the existence of a definite compound Cu; Sn
{Cu 61- 58 per cent.) and Cu, Sn (68 12 per cent Cu).
Putting all these considerations together, it will be
quite obvious that the constitution of alloys is not by






CHAPTER III.
THE PHENOMENA OF SOLIDIFICATION.

WHATEVER may be the exact nature of an alloy in the
solid condition, in the liquid condition it is comparatively
simple, and may be regarded as being a mixture of the
two liquid metals, or, rather, as a solution of the one in
the other. It therefore follows the law of solution, the
two constituents tend to diffuse until the composition is
uniform, and this diffusion can, of course, be greatly
accelerated by agitation, by stirring, or otherwise. The
few cases which are not solutions, but mere mixtures,
and in which, therefore, the constituents will tend to
separate according to their specific gravity, may be
neglected as being of little importance.

The essentials of a solution, as far as they are of
importance here, are :—

(1) The constituents are uniformly distributed, so
that the composition at all points is the same,
and the constituents do not tend to separate
even when very different in specific gravity ;

(2) The constituents are in such a fine state of division
that they cannot be detected by physical tests,
and therefore the solution is essentially one
substance.

When the solution solidifies this condition of things
may or may not continue. The solution may solidify as a
whole, in which case the resulting solid still retains some,
at least, of the properties of the solution, and is called a
solid solution, but more usually the conditions of
equilibrium are disturbed, and a re-arrangement of the
constituents takes place during solidification.

The phenomena of solidification have been studied
in detail during the last few years, and much light has
been thrown on the structure of complex bodies which
have solidified from fusion, or from solution, for the
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conditions which hold in the two cases are much the same,
the principal difference being the actual temperature
at'which the solidification takes place. It is quite obvious
that the fact that the solvent and the substance in
solution are metals, and that a high temperature is
required to keep the solvent in the liquid condition,
cannot in any way alter the laws according to which the
solidification will take place ; so that the solidification of
igneous rocks, alloys, and solutions of salts will follow
exactly the same principles.

Solidification of Pure Substances from Fusion.—When a pure
substance, whether it be an element or a com-
pound, solidifies from fusion, the thermal phenomena

20°

10°

Waler
Cooling

0° L Warer
Solidifying

10 \

ice
Cooling

Time.
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Temperature Centigrade.

30°

are very simple. The temperature falls steadily till
solidification begins, then it remains constant till
all the substance has solidified, then it once more
begins to fall, and falls steadily. There is thus
always a fixed and definite melting point, and either
when the solid is melting or the liquid is freezing
the temperature remains constant at that point,
till the change is completed. If, therefore, a freezing
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curve be drawn, the ordinates being the temperatures,
and the abscisse times of cooling, it will take the form
represented in Fig. 8, which represents diagrammatically
the freezing curve of water.

Solidification, of course, always begins at the points
where cooling is most rapid, that is, almost invariably
at the outside. Crystals begin to form, and these grow
inwards into the still liquid mass, very likely
crossing and interlacing so as to form a net-work,
and ultimately the liquid within the net-work solidifies
and binds the whole together; but there is no
difference in composition between the substance which
freezes first—that is, the first formed crystals—and that
which freezes last, the inter-crys;i:ailljne material. Whether
- the resulting solid mass will show a distinctly crystalline
structure ornot willdepend largely on the size of the crystals
which form and on their character. In the case of a
metal, if the crystals are large and have a good cleavage,
the fracture will almost always appear crystalline, but
if not it will probably be granular.

When crystallisation begins, as it very frequently
does, at many centres throughout the mass, the crystals
as they grow will press against one another, the true
crystal form will be obliterated, and a granular structure
will result, the grains being allotriomorphic or distorted
crystals.

Distinet crystals of visible size will only be produced
when, owing to shrinkage or any other reason, the still
liquid material is drained away before solidification is
complete, leaving the crystal projecting into a cavity.
Occasionally, large crystals of metals are formed in this
way.

Solidification of Solutions.—A solution may be considered
as a homogeneous liquid mixture of two substances with
different solidifying points, it matters not whether one
or both be solid at ordinary temperatures. The way
in which a solution will solidify will vary very much with
the way in which the constituents behave to one another
in the solid condition. ¢

As an example, the behaviour of a solution of common
salt (sodium ‘chloride) in water will be considered, as
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this will give a key to the more complex phenomena
which take place in the solidification of alloys.

Solidification of a Solution of Salt. —Salt will dissolve in
water in varying proportions up to about 25 per cent.,
the exact amount required for saturation depending on
the temperature. The phenomena which occur during
solidification depend on the amount of salt present.

First: The case of a very dilute solution, one con-
taining not more than, say, about 1 per cent. of salt.
Suppose a' thermometer capable of indicating small
changes of temperature to be immersed in it, and the
temperature to be slowly reduced. The temperature
falls, and when it reaches 0° the water does not freeze.
At — . 6° C., however, solidification begins, the curve
representing the thermal change being exactly similar
to that representing the freezing of water, except that
the halt in the fall of temperature takes place at a
slightly lower temperature than in the case of pure water.
The solid mass is no longer pure ice, but contains salt,
and is, in fact, a solid solution of salt in ice.

This is one of the fundamental phenomena of the
solidification of solutions. The solution always solidifies
at a lower temperature than the freezing point of the
solvent. The lowering of the freezing point depends on the
quantity of the foreign substance present, and on its mole-
cular weight, the lowering being the same for the molecule
of any soluble substance, so that thelowering of the freezing
point gives a means of determining the molecular weight of
solid bodies in solution. The molecular depression of the
freezing point in the case of the solution of salt in water is
given as 35-1°C. That is, if the molecular weight (585)
in grammes of salt could be dissolved in 100
grammes of water the freezing point would be reduced
to—35-1°. Thisis impossible, as water will not dissolve
such a large amount of salt, but the reduction by the
solution of any given weight of salt will be in the same
proportion, so that 1 per cent. of salt will lower the
freezing point to —-6° C.

Now consider a solution containing, say, 10 per cent.
of salt. On cooling, the temperature will fall to about
— 6° before solidification commences. Then there will be a
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halt of cooling as before, and when the mass has
apparently solidified, the temperature will continue
to fall, but when a temperature of— 22:5° is reached,
there is another halt in the cooling. In fact, the
solution has no longer solidified as a whole. At the
higher temperature the ice containing a small quantity
of salt solidified, or rather, commenced to solidify, the
solidification then going on continuously, the mother
liquor still left liquid being gradually enriched in salt,
tillfat -22-5° it solidified. So that it is hardly correct to
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say that a solution containing 10 per cent. of salt has a
definite freezing point unless it be the point at which
solidification is completed. It has, in fact, two freezing
~ points, the one that at which solidification begins, the
other that at which it is completed. The former varies
with the percentage of salt, the latter is fixed.

Fig. 10 shows diagrammatically the phenomena of
the solidification of a solution containing 10 per cent.
of salt. ’

If now a still stronger solution be examined, an exactly
similar result will be obtained, the first freezing point
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will be a good deal lower, but the second will be as before
at — 22.5°. If a solution containing 23:6 per cent.
of salt be taken, the temperature will fall continuously
to —22-5° when it will remain constant till the whole has
solidified, exactly as is the case with pure water.

If a solution slightly stronger in salt be used, salt will
crystallise out till the temperature falls to —22-5°, when
the mother liquor containing 23-6 per cent. of salt will
solidify as a whole.

The solidifying temperatures, or freezing points, of a
series of salt solutions are shown in Fig. 10, the freezing
point curve. The ordinates represent temperatures,
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the abscissae the percentages of salt in the solution. The
line A B shows the temperature at which freezing begins,
and B C the temperature at which the precipita-
tion of salt begins, whilst D I& shows the temperature
at which the mother liquor finally solidifies, which, as
will be seen, is constant, and begins to be observed as
soon as the total quantity of salt is in excess of that
which the solid ice can hold in solution.

The actual phenomena in the case of salt and water
must be carefully considered, as an understanding of
them will help to make the changes which take place
during the solidification of alloys clear.

%

Temperature Fahrenheit.
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Consider again, what happens when a solution of salt
containing, say, 10 per cent. of salt freezes. As soon as
the freezing point, due to the percentage of salt present, is
reached, the water begins to freeze, and as it does so it
ejects some of the salt from solution, thus making the
remaining solution stronger in salt, and therefore, having a
lower freezing point. As the temperature continues to fall
the freezing point of this solution is reached, and more salt
is ejected, and this continues till the residual solution or
mother liquor contains 23-6 per cent. of salt, when it
solidifies as a whole. It will thus be seen that the upper
freezing point is that which is determined by the per-
centage of salt actually present, and is the temperature
at which the solidification begins, but this temperature
does not remain constant during solidification, as in the
case of pure water, because the freezing point is gradually
falling. As the water solidifies heat is evolved, so that the
fall of temperature is retarded, but the temperature line
does not remain horizontal ; it rather slopes downwards in
the form of a curve convex upwards, as is shown in Fig. 9.
The mother liquor, which freezes at — 22-5°, is of peculiar
character. It has a definite percentage composition, but
it is not a chemical compound, for the constituents are
not present in simple atomic proportions. It is found to
consist merely of an intimate mixture of salt and ice,
the two being arranged in more or less parallel plates
of microscopic size. Such a solidified mother liquor is
called in the case of aqueous solutions a cryohydrate, or
more generally in the case of all solutions a eutectic.

Eutectic.—A eutectic is the portion of any solution or
alloy which is the last to solidify as the solution is slowly
cooled. It has a definite composition and freezing point,
depending only on the substances which it contains, and
this is the same from whichever end of the series it is
approached. For example, in the case of salt and water,
whether it is reached by the cooling of a dilute solution or
a very strong solution. The constituents of a eutectic are
very rarely, and then only accidentally, present in pro-
portions approaching a simple atomic ratio, and the
eutectic is always a mixture of the two substances in
distinet portions which have separated in contact.
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Eutectics in the case of metallic alloys will be fully
discussed later, but it is very important at the outset
o have a clear idea ot the meaning of the term.

Solidification of Metallic Alloys.—The idea of a solid solution
has already been alluded to, and it is one that must be
kept in mind in considering the phenomena now to be
described. Molten alloys may be considered as being
solutions of the one metal in the other, but whether this
condition will be retained during solidification will
depend on circumstances.

Three possible conditions may be considered :—

(1) The metals are quite insoluble one in the other
in the solid condition.

(2) The metals are soluble to some extent the one in
the other in the solid condition. .

(3) The metals are soluble one in the other in the
solid condition in all proportions.

Conditions 1 and 3 are probably not to be met with,
but they are limiting conditions which may be approached
if not actually reached, and which for simplicity may be
considered in illustration of the subject.

(1) Metals which are insoluble one in another in the solid
condition.—It is assumed that they are soluble in one another
in all proportions whilst in the liquid condition, but that
they are insoluble one in the other in the solid condition ;
and that, therefore, whilst the melted metals will form
a homogeneous solution, they will separate from one
another completely on solidifying.

Let the metals be called A and B, and consider first
the case of an alloy consisting mainly of B, but containing
a small percentage of A, B being the metal of higher
solidifying point. What will happen as the mass solidifies
will be something as follows : As the temperature falls,
solidification will begin at a temperature somewhat below
the actual freezing point of B, because A being in solution
in B will lower its freezing point. As B solidifies A will
be ejected, and thus the mother liquor will become richer
and richer in A, and the freezing point will continue to fall,
the cooling curve, owing to the evolution of heat during
solidification, being convex upwards. As the temperature
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continues to fall A will continue to be ejected, and there-
fore the mother liquor to become still richer in A, and
therefore its freezing point to fall, until a point may be
reached when the freezing point of the mother liquor
is the same as that of A, then A and the remainder
of B will solidify at once, separation, of course,
taking place at the moment of solidification,
and a solid eutectic, consisting of a mixture
of the two metals, will be formed. Or, if the freezing
point of the mother liquor, even when containing an
unlimited quantity of A,should be above the freezing point
of A, then the material to solidify last will not be a true
eutectic but pure A.

In either case, on the solidification of an alloy of A and
B in any proportions whatever there will be two solidifying
points, the upper one depending on the quantity of A
in solution ; the lower one being the freezing point of A,
and the material however solidified will be merely a
mixture of the two metals A and B. Such cases are
not by any means common, but the condition is nearly
approached in the case of a mixture of copper and bis-
muth, the latter metal always separating, and thus
rendering copper containing it very brittle.

An alloy which contains a eutectic is said to be
“ eutectiferous,” and in the case of metals related as
A and B are supposed to be, it will be eutectiferous in
whatever proportions the metals may be present.

(2) Metals which are soluble one in another.—Now, the other
extreme case, that in which the metals are soluble one
in the other in all proportions both in the solid and
liquid conditions, may be considered. In this case the
conditions will obviously be very different from those in
the first case. In considering the changes which take
place, a liquid solution of a small quantity of a metal C
in a larger quantity of a metal D of higher melting point
may be taken as an example.

As the solution cools, solidification will begin at a tem-
perature below the freezing point of D, the exact tem-
perature being determined by the amount of C present.
As solidification goes on, the solidified mass will not be -
pure D, but will be D containing a certain amount of C
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in solution, but it will be poorer in C than the original
liquid mixture, some C being ejected and the mother
liquor becoming richer and richer in C, and each layer or
portion of D as it solidifies being richer in C than that
which solidified before it, so that if a sample could be taken
it would be found that the percentage of C in the alloy
gradually increases from the first to the last portion solidi-
fied, so that the alloy will not be homogeneous. Ifa eutectic
be defined as solidified mother liquor, or as the portion of
the alloy which solidifies last, then, of course, there must
be a eutectic in every alloy, but in this case it will not
have the true eutecticstructure, 7.e.,it will not bea mixture
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of the two metals, but will be simply a more concen-
trated solution of the one metal in the other, and such an
alloy is best called a non-eutectiferous or solid-solution
alloy.

Such an alloy can have no fixed freezing point, but a
more or less extended freezing range. There will be a
definite point at which freezing begins, and a definite
point at which it ends, and the first of these will always
be more sharply marked than the latter, indeed, the latter
may hardly be noticeable.

The best marked series of alloys of this character is
that containing gold and silver, the freezing points of which
are shown in Fig. 11, and these freezing points, of course
lie between those of pure gold and of pure, silver.
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Metals which are More or Less Soluble one in the Other.—The
two cases already considered are of a somewhat special
character, and are of rare occurrence. The case now to
be considered is one which is much more general.

An alloy consists of two metals, A and B, each of which
is to a certain extent soluble in the other in the solid
condition. Let it be assumed that A in the solid condition
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can hold in solution 10 per cent. of B, and that B in the
solid condition can hold 10 per cent. of A ; here obviously
will be a combination of the two conditions previously
considered.

If an alloy of A and B contains less than 10 per
cent. of B it will behave exactly like the alloy of the
metals which were soluble in all proportions. The solidi-
fication will begin at a temperature dependent on the
quantity of B present, and will continue with a continu-
ously falling temperature till the whole is solid. There
will be a comparatively short freezing range, and no
eutectic in the ordinary sense will be formed, since the
portion of lowest freezing point will be a solid solu-
tion. If the alloy contains more than 10 per cent. of
B the phenomena will be exactly the same up to the
10 per cent. point, then the solidification will continue,
the mother liquor becoming more arnid more concentrated
till at last a point is reached where the mother liguor
will solidify, separating at once into its two constituents
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A saturated with B and B saturated with A, a true
eutectic in either case. If the start be made at the
other end of the series the phenomena will be exactly
similar, and the eutectic solidifying point will be reached
at the same temperature and with the same propor-
tions as when the start is made from the A end. The
freezing point curve will be of the form shown in Fig.
12a. At either end alloys rich in one metal and poor in
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another will solidify as solid solutions ; in the intermediate
range there will be a definite eutectic formed which
will, of course, always solidify at the same temperature.
There will be a range of solidification in which the alloys
of A and B will be non-eutectiferous, and an intermediate
range in which they will be eutectiferous.

This is a very common condition. It is the condition
of ice and salt, and it is well shown in the freezing point
curve of alloys of tin and lead shown in Fig. 13.

ALLoys oF METALS IN WHICH A DEFINITE CHEMICAL
CoMPOUND 1S FORMED.

It has been assumed in the cases already considered that
the metals do not form any chemical compound, but in
many cases they do so combine, and this complicates still
further the conditions of solidification by the introduction
of new conditions. It is quite obvious that the chemical
compound formed may be completely soluble, partially
soluble, or quite insoluble in either or both of the metals
in the solid condition.
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It will be sufficient to consider one case. Suppose two
elements A and B to form a compound Ax By, and that
this compound is to some extent soluble in both the
metals.

Now, starting with an alloy containing a small
quantity of B and a large quantity of A, the whole of B
will unite with some of the A to form the compound Ax By,
and if there be not too much of this it will remain in solution
in the solid condition. Freezing will begin at a tempera-
ture dependent on the quantity of Ax By present, and
will continue at a falling temperature until the whole is
solid. the mother liquor gradually concentrating. If the
quantity of B be larger, it will still all unite to form Ax
By, which will dissolve. Freezing will begin as before at a
temperature dependent on the quantity of Ax By in solu-
tion, and will go on, Ax By being ejected as the saturation
point is passed, the mother liquor becoming more con-
centrated till ultimately a eutectic made up of A and Ax
By will separate at the minimum temperature. These
conditions will hold good till the quantity of B is such as
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to give the eutectic composition for A and Ax By, when
the mass will solidify as a whole. As the quantity of B
is increased, the conditions will be different, the quantity
of Ax By will be greater than the eutectic proportion; the
freezing will therefore begin at a temperature higher than.
the eutectic point, but lower than the freezing point of
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the compound Ax By. When the quantity of B in excess
is so-small that it can remain in solid solution in Ax By,
the eutectic will disappear, and when the proportions
are such as to exactly form Ax By this will solidify as a
whole at a definite point. Alloys containing more B
will be first solutions of B in the compound Ax By, till
the point is reached when a eutectic of Ax By and B is
formed ; then Ax By will be in solution in B, and so on,
so that ultimately the curve will take the form shown in
Fig. 14. ‘

gThere are, of course, other possible conditions, but
the cases explained will serve as illustrations, and will
enable the changes which take place under other con-
ditions to be understood.

When there are three or more constituents present,

the conditions may become more complex.

CONDITIONS OF HOMOGENEITY.

It will be seen that, as a rule, a solidified mass of metat
will not be homogeneous, there being indeed only three
conditions when perfect homogeneity may be expected,
viz., when the substance is a pure metal, when it is a
definite chemical compound, and when it consists of two
constituents either or both of which may be elements or
compounds in the exact eutectic proportion.

Conditions of  Solidification.—The heterogeneity of a
solidifying solution must, of course, lead to a correspond-
ing structure of the solidified alloy, but what will be the
practical result will depend on the way in which solidifi-
cation takes place.

For simplicity, it may be best to assume first of all a
cylinder or sphere of the liquid material cooling uniformly
from outside, so that the solid material is formed in
thin layers or shells, one within the other. In that case,
at any moment there will be a solid mass outside, and a
liquid mass within separated by a thin layer just in
process of solidification. Using geographical terms, Prof.
Howe suggests that the portion already solidified should
be called the solid continent, the liquid portion the sea,
and the zone just between the two the littoral or shore
region. In the case under consideration, the solid

D
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continent will gradually extend inwards, the sea gradually
shrinking and ultimately disappearing. It is quite
evident that the centre of the mass will be the last to
solidify.

If the alloy solidifies as a whole, and yields a per-
fectly homogeneous solid, the portion which solidifies
last will not differ in any respect from the portion which
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solidifies first, and it will remain liquid to the last simply
because being surrounded by a mass of hot metal it can
only cool more slowly. .

On the other hand, if the alloy be not one that has a
definite freezing point, the mass in the middle which last
solidifies will be that of lowest melting point, either the solid
solution of lowest melting point or the eutectic as the
case may be. In the former case, there will be a gradual
transition from the composition of the outer layers to
that of the inner, with no line of demarcation between the
two ; whilst in the latter there will be a more or less
sharp line of demarcation between the first solidified
solution outside and the eutectic mixture within.

In either case, the segregation or separation into por-
tions of different composition will be more or less well
marked, and chemical analysis would show a progressive
change in composition inwards. For very many reasons,
solidification never takes place in quite such a simple way.

The line bounding the continent and the sea is never
a plane surface parallel to the cooling surface, for the
solidification takes place by the irregular growth inwards
of erystals of the solidifying materials, so that the con-
" tinent becomes extended into peninsulas projecting
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Segregation.—From what has been said it is evident
that as an alloy solidifies, there may be more or less of
segregation or actual separation of the parts. If the mode
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of solidification at all approaches to'the first condition
described above this may be very marked. It may:
happen that the solidifying mass may be more or less
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free in the mother liquor, that is, unattached to the
already solidified continent, and in that case if there be any
great difference in specific gravity the heavier mass will
tend to sink and the lighter to rise, so that there may be a
distinct segregation in the casting not inwards but
upwards. The phenomena of segregation are well
known to the makers and users of certain alloys, and
cause no little trouble.

Prevention of Segregation—KFrom what has been
said, it is clear that the lack of homogeneity of the alloy
cannot be prevented, because it depends on the natural
laws of cooling, but the injurious segregation may be
minimised if not prevented. As a rule, the more slowly
the mass is frozen the more perfect will be the separation,
whilst the more rapid the freezing the better will be the
mixture of the constituents. For example, zinc will only
retain in solid solution about 1'5 per cent. of lead, and
yet if a mass of zinc be cast in such a way that it cools
very rapidly, a much larger quantity will apparently be
retained, but this excess consists of lead, containing a
small amount of zinc in solution, scattered through the
mass in very minute shots or masses. On remelting
and cooling very slowly, a considerable portion of the
heavy lead alloy may separate out.

Liquation—As most solidified alloys consist of two
portions, of different melting points, it is sometimes
possible to melt or liquate out the more liquid portion.
This is only possible under certain condmons, for reasons
to be described later.

A very good example of this is in the case of copper and
lead. These metals do not remain alloyed, but on
solidification copper containing a little lead separates
and rejects lead containing a little copper ; but if the
solidification be sufficiently rapid the two may remain
intermixed. If the mixture be heated to just above the
melting point of lead, the lead will melt and run out.
Advantage was taken of this in the old Freiberg
method of separating copper and silver, the silver dis-
solving in, and liquating out with, the lead.

In many cases, there is a tendency for the portion of an
alloy of lowest melting point to ““ sweat > out_on heating.
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This is well seen in the case of highly-sulphurous pig iron,
where globules of an iron and iron sulphide eutectic are
often to be found on the surface of the pig, forced out by
the pressure of the cooling and contracting metal on the
still liquid material.

SOLUTION OF GASES IN METAL,

Liquids always dissolve gases, but the conditions are
somewhat different from those which hold in the case of
solutions of solids or of other liquids. The amount of gas
dissolved depends, of course, on the character of the gas
and its solubility relation to the liquid, and it also depends
on the temperature. There is always a temperature,
or perhaps a range of temperatures, at which there is a -
maximum solubility, the solubility decreasing both at
higher and lower temperatures, the gas being always—
except in cases of chemical combination—expelled at the
boiling point of the liquid, and also to a large extent,
though frequently not completely, at the solidifying point.
The solution of a gas usually causes expansion, so that
the resulting solution has a lower specific gravity than
that of the solvent.

The coefficient of solubility of gases in molten metals
and alloys has not been determined, all experiments that
have been made being on the solution of gases in water,
saline solutions, and a few other liquids, so that the
actual solubility of the gases in metals is not known.

The gases which are likely to be dissolved in molten
metal are few in number. The metal may come in con-
tact with oxygen or nitrogen from the air, hydrogen from
the decomposition of water, carbon dioxide and carbon
monoxide from the combustion of the fuel, and in certain
cases also sulphur dioxide from the fuel. Oxygen is
rarely likely to be present as such, but will prob-
ably be in the condition of dissolved metallic oxides,
* since most of the metals are easily oxidised at tempera-
tures above their melting points. The gases in solution
would be completely expelled if the metal were heated to
near its boiling point, but this is not a practicable
condition. If one constituent of the alloy be volatile at
the temperature it may carry off with its vapour a
considerable quantity of dissolved gas. Thus, in brass
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making the volatilised zinc probably carries away with it
much of the dissolved gas.

On freezing, most of the gas will probably be given off,
and under certain conditions may lead to the formation of
blowholes. The gas is separated much in the same way
that solids are separated, but being much lighter than
the liquid always tends to rise and thus escape. But
bubbles of gas disengaged in aliquid are often very easily
retained. They tend to adhere to a smooth surface, and
thus may become enclosed in solidifying metal, and also
as the solidification of the metal does not take the form of
smooth surfaces, but of irregular growths projecting
outwards into the liquid mass, gas bubbles may easily
become entangled and surrounded by metal. Just as a
fragment of solid matter in a solidifying solution tends to
determine the solidification of the metal round about it,
so a bubble of gas once formed tends to increase in size
by the accumulation of more gas, the bubbles thus
elongating and growing inwards.

The phenomena and results of gas evolution from
cast metals may vary much—

(1) If the mass of metal or alloy be very fluid, i.e.,
not pasty, and the solidification be very slow, a large
portion of the gas may escape and thus do no harm to
the casting. To ensure this, the upper parts of the casting
must be kept liquid to the last, or if this be not possible,
a head of liquid metal must be provided into which the
escaping gas can rise, and the unsound portion thus
produced can be cut off.

(2) If the mass be more or less pasty or the
solidification be very rapid, or if the gas be not
separated till solidification has gone on to a consider-
able extent, the gas may be retained in the form of
bubbles, and thus produce blowholes. These will usually
be more or less lenticular in form, with their long axes
at right angles to the surface of solidification.

The formation of blowholes in steel has been more fully
studied than in any other metal, but probably the same
laws would hold good in all cases. The term blowholes
should only be applied to these small bubbles, not to
the larger masses of gas which aceumulate in the upper
part of the casting by the collection of gas which has
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actually been given off, but is unable to escape, and
which may produce larger or smaller gas cavities near
the top of the casting. ‘

(3) Under some conditions gas may actually be
retained in solid solution, in which case of course it
cannot cause blowholes.

Fia. 19.—Brock ofF ICE, SHOWING ARRANGEMENT OF AIR BUBBLES, THE OraciTy
oF THE CoNICAL PoORTIONS IS DUE TO A MASS OF AIR BUBBLES, THE IRREGU-
LAR WHITE PATCHES ARE WHERE THE SURFACE HAS BEEN DAMAGED BY THE
Dogs vSED FOR LIFTNG.

Prevention of Blowholes—The means of preventing
unsoundness due to blowholes may be of three kinds :—

(1) The addition of substances which will destroy
the gas in solution.

(2) Treatment of the metal so as to facilitate the
escape of the gases.

(3) Treatment of the metal so-as to retain the gas in
solution.
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The first method is rarely practicable, since if the
gases are nitrogen, hydrogen, and the oxides of carbon
they are not likely to be removed chemically by the
addition of any reagent. The addition of easily
oxidisable substances such as phosphorus or silicon
may destroy the oxides of carbon, if present, but
their action is probably mainly on solid dissolved oxides
which may impair the strength of the metal, rather than
on gases.

The second method is in general use. Agitation
during solidification often has a good effect, but is
in general impracticable. Slow cooling and keeping
the upper portion of the metal liquid to the last, so as to
allow free escape of gas, is usually all that can be done.

. The third method may be carried out either by
chemical or mechanical means. The addition of certain
substances, usually metals, seems often to suddenly stop
the evolution of gas, as it is unlikely, at least in most cases,
that chemical changes have taken place by which the gas
has been converted into a solid or liquid, the “ quieting”
can only be produced by a change which enables the gas
to be retained in solution up to and after solidification.
This is probably the action of silicon and aluminium on
steel castings. As the solubility of gases in various alloys
is not known, it is impossible to say which metals would
increase the solubility in any particular case. '

Casting Under Pressure.—Sound castings may very
often be secured by casting under pressure, the pressure
‘being obtained either by the use of a hydraulic press, gas
pressure, or liquid pressure obtained by a head of metal.

The way in which pressure acts is somewhat uncertain.
The action may be of three kinds, and probably all
three may take place together.

Since pressure facilitates the solution of gases, the gas
may actually be retained in solution, in which case
casting under pressure would fall under the third division
of methods above mentioned, and probably this action
always takes place to some extent. On the other hand -
the pressure may actually squeeze the liberated gas out of
the casting. This probably always happens to some
extent, and in many cases the escape of gas can be dis-
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it is always of limited value, except in certain special
cases.

In 1864 Dr. Sorby suggested, and actually used the
microscope for the examination of the structure of metals.
He was, however, much before his time, and but little
attention was paid to his work, and the wonderful results
he obtained were almost completely overlooked. Slowly,
however, the value of his work came to be understood,
and other workers entered upon the field, and now the
use of the microscope has become quite general for the
examination of metals, and soon a metallographic
laboratory will be regarded as being as essential as a
chemical laboratory in a well-equipped works. There
can be no doubt as to the real value of the results of
microscopic investigation, but as is always the case with
new methods, some workers over-rate its power and
value, and expect far too much from it. Like all
other methods of research, it has its own field, and there
only is it of value.

For the microscopic examination of metals three
things must be taken into account: The microscope
which is to be used ; the preparation of the sample for
examination ; and the methods of examination to be
adopted. These will be briefly considered in the reverse
order to that in which they have been named.

Principle of the Methods Used.—In all ordinary microscope
work the object to be examined is transparent and is
viewed by light transmitted through it, and reflected
up by a mirror placed below the stage. Even in the
examination of rocks and minerals the samples are ground
so thin as to be transparent, and are examined in this
way. With metals this is impossible, as they cannot be
ground into such thin films as to be transparent, for
however thin the metal, it is always quite opaque, and
therefore the.sample can only be examined by light
reflected from the surface. )

If the fractured surface of a piece of metal be examined
with a microscope, nothing of the real structure can be
made out, as appearance of the fracture depends on so
many conditions that it throws but little light on the real
structure, and, further, the surface is sure to be so



WHAT THE MICROSCOPE CAN TEACH. 45

irregular that it is quite impossible to get more than a few
points of it into focus, and the surface will often be covered
with accidental markings which are of no importance.
To allow of focussing, the sample must have a perfectly
plane surface, and this is obtained by polishing. A
-surface may seem perfectly smooth and bright to the eye,
but when examined under the microscope even with a low
power it is seen to be covered with scratches which look
like deep grooves and effectually hide the real structure.

Preparation of the Sample.—The first}jthing to be done
in the preparation of a sample is to obtain a surface
perfectly smooth and free from scratches. This is done
by means of a series of polishings, a finer polishing material
being used at each stage than for the one before, so that
at each polishing all the scratches are removed, and if the
surface is not left perfectly smooth, the scratches left ‘are
much finer. This step-by-step polishing is essential because
the abrading power of the polishing materials used for
the last stages is so small that it would take a very long
time and a large amount of labour, even if it were possible
at all, to remove the amount of substance necessary to
reach the bottom of the deep coarse scratches.

The polishing may be done by hand by carefully
rubbing the sample on the polishing material mounted
on suitable blocks, and excellent results can be obtained
by this method, though it is laborious and somewhat
tedious. Where very careful work is required it is still
probably the best method which can be used. One of
the conditions laid down by the Director of the National
Physical Laboratory for an investigation into the struc-
ture of steel which is being undertaken by many indepen-
dent observers is that the polishing shall be done entirely
by hand.

Most workers, however, prefer the use of a machine of
some kind, and there are several on the market. The
machine consists of a disc of wood or metal suitably
mounted so that it can be rotated at a very high speed
by hand or foot, or by a small motor. On this disc the
polishing material is mounted and the sample, held
either in the hand or in a small holder, is kept in contact
with it till the polishing is complete.
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F16. 21.—STEAD’S POLISHING MACHINE.
(Made by Messrs, Carling & Co., Middlesbrough.
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Emery cloth and similar materials may either be
glued to the disc or held in place by a metal ring, whilst
the powdered polishing materials are spread on a piece of
cloth, velveteen, or selvyt, stretched tightly on the disc, or
for very fine polishing, a double layer of cloth may be
used, the powder being put between the two layers,
when enough works through to polish the specimen. As
the sample is apt to get very hot during polishing it is
kept wet, best by allowing water to drip on.to the disc
during the operation.

There is no difficulty in polishing hard substances,
but soft metals are exceedingly troublesome, as the
surface tends to flow rather than to be polished away.
The original structure of the metal may thus be com-
pletely destroyed, and scratches and other marks may
not be removed, but only covered by the surrounding
metal being forced over them. Very brittle substances
are apt to break away in minute fragments which, getting
on the polishing disc, may produce deep scratches.

No two workers use exactly the same set of polishing
materials or go through exactly the same routine. All
that is necessary is that each polishing material should
remove the scratches from the one before and that
the last one should leave no scratches. :

The following order is a convenient one for alloys :
Very fine file, Nos. 0, 00, and 000 emery paper, the finest
rouge, and lastly diamantine, a polishing agent con-
sisting of pure alumina, which is specially prepared for
this purpose.

When the polishing is complete, the surface will
appear smooth and bright, but will show no structure,
except in cases where some of the constituents are very
soft, when these may be rubbed away and a structure
shown. This is well seen in the case of pig iron con-
taining large flakes of graphite. Use is made of this
occasionally under the name of the * polish attack.”

Etching.—In order to ‘“develop ” or rather to reveal
the structure, the surface must be etched, that is, it is
treated with some reagent which will attack the surface.
If the metal be perfectly homogeneous no structure
will be revealed, but if it be heterogeneous the constituents
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will be attacked at different rates by the etching agent,
some portions being dissolved away much more quickly
than the rest, so that the portions least attacked are left
standing in slight relief, the relief of course being so
slight that both portions can be in focus under the
microscope at the same time. Sometimes the different
constituents are differently coloured by a reagent, and
thus can be distinguished the one from the other.
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FIG. 23.—METHOD OF OBTAINING VERTICAL ILLUMINATION.

8, specimen for examination ; R, reflector inclined at 45°; L, condensing lens;
IM, incandescent mantle.

The etching agent must necessarily be selected so as
to suit the peculiarities of the metal under examination.
A reagent which will develop a structure in one metal
may be quite useless for another, thus a reagent that
is suitable for iron and steel may be quite unsuitable for
brass or other alloys.

In some cases structure may be brought up by gentle
heating, the constituents being differently oxidised and
therefore rendered visible. This is called heat tinting.

The Microscope.—The microscope is, of course, the
most important item in a metallographer’s outfit. Good
work may be done with an ordinary microscope, if it be
of fair quality, but one specially made for and therefore
adapted to metallographic work is much better. The -
makers of microscopes are now competing with each
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other in the production of instruments suitable for
metallographic work. Those of Messrs. Beck, Watson,
Ross, and Swift, in this country, and of Messrs. Reichart, .
Zeiss, and other firms on the Continent leave little to be
desired, and are made at varigus prices.

In all ordinary microscopes the object to be examined
is transparent, and the light is reflected up from below ;
for metallographic work this cannot be done, and the stage
is best made solid. The samples to be examined may be
of considerable size, so that a much larger motion of the
stage or tube is necessary than in ordinary biological
microscopes. Messrs. Swift make a stand so constructed
that the stage can be dispensed with if necessary, the
microscope standing on the article to be examined, so
that large articles can be examined without the removal
of specimens.

For a reason which will be seen directly, the coarse
adjustments should be attached to the stage, and not to
the tube, and the stage should be provided with trans-
‘verse motions in two directions, and should be capable
of being accurately levelled. The light must obviously
be thrown upon the surface to be examined, and reflected
upwards into the objective. With low powers, 3in. and
upwards, there is no difficulty—the light can be thrown
upon the sample by means of a bull’s-eye condenser.
This is usually called natural or oblique illumination.
With high powers this method of illumination is im-
practicable, as the sample is-so near the objective that
the light cannot reach it, and some other method of
illumination must be devised, and vertical illumination
by means of a reflector within the tube of the micro-
scope is therefore used. This method of illumination
can be used for low powers as well as for high, but it is
often undesirable for the former.

The simplest form of vertical illumination is that of
Messrs. Beck. At the lower end of the microscope tube,
just above the objective or at some other convenient place,
is fixed a short tube which contains a small mirror of
very thin unsilvered glass so arranged that it can be
rotated into any required position, and opposite this a
circular hole is made in the tube. A horizontal beam
of light is sent into the tube through the opening, and if

E
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F1c. 22.—ROSENHAIN MICROSCOPE. MADE BY MEsses, BEcK & Co.
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the mirror be placed at an angle of 45° the light will be
partly reflected downwards and partly transmitted, the
latter part being lost. The light which passes downwards
passes through the objective, illuminates the object, and
is reflected back again'; the upward beam striking the
mirror is partly transmitted and partly reflected, the
portion transmitted passes upwards and reaches the
eyepiece.

It is quite obvious that by this arrangement there is
a considerable loss of light by the various reflections and
transmissions, but enough reaches the eyepiece for the
purpose.

In place of this simple mirror, a prism may be used,
and Messrs. Beck have recently introduced a new form of
mirror, the one half of which is silvered to act as a reflector,
whilst the other half is clear to transmit the image.

Appearance of the Object.—The appearance of the
object varies very much with the character of the illumina-
tion, a surface which appears bright with an oblique
illumination often appearing dull by vertical illumination,
and vice versa, so that when a specimen is described as
being bright or dull, the character of the illumination
should always be specified. Suppose a perfectly smooth
surface to be examined by oblique illumination, it

J

Fi16, 24.—BRIGHT SURFACE, OBLIQUE ILLUMINATION.

will appear dull, or almost black, whilst on the
other hand by wvertical illumination it will appear
brilliantly bright. The explanation of this is quite
simple. A beam of light falling obliquely on a bright
surface is reflected according to the law of reflection,
and none of the light enters the object glass which is
vertically above it, and thus the surface appears duli.
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no way replace chemical analysis, though it is a very
valuable adjunct to it; for it can give no hint of the
presence of combined or dissolved impurities unless these
giverise to differences of structure or colour. Its usefulness
depends on the fact that the differences in structure on
which the properties of an alloy depend are on such a
small scale that the unaided eye is not able to detect
them. '

The methods of microscopic examination have been
described, but it may be added that the difficulties in the
application of microscopic research lie not so much in the
observations themselves as in the interpretation of what
is seen.

It has been already mentioned that there are three
cases in which a metallic substance, or, indeed, any other
substance, will solidify at a fixed temperature: (1) when it
is an element, (2) when it is a definite chemical compound,
(3) when it is an alloy of eutectic composition.

An alloy which solidifies at a definite temperature
has a sort of identity or individuality which cannot be
claimed for one which solidifies in several parts at different
temperatures. It may be well, therefore, to see what
information the microscope can give as to the structure
of such substances.

(1) Pure Metals—When a pure metal solidifies from
fusion it is obvious that the solid substance must be
chemically homogeneous; it must, that is, have the same
composition in all parts, and any lack of homogeneity
can only be due to the formation of holes, by contraction
during solidification, or perhaps from the giving off of
dissolved gas, if the term pure metal be not held to
exclude metals holding gas in solution. As the metal
solidifies, it will always ecrystallise, and will therefore
yield a crystalline mass, and the form and size of the
crystals will depend on the metal solidifying and on
the rate of solidification.

The crystallisation may take place in various ways.
Very frequently when cooling takes place at the outer
surfaces it is by the growing inwards of crystals into the
still liquid interior, the liquid mass subsequently
solidifying between them, and thus forming a solid
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mass. In the case of metals which yield large crystals a
feathery crystalline structure is often seen on the surface.
The crystals being in slight relief from the contraction of

FIG. 20.—SURFACE OF AN INGOT OF ANTIMONY (NATURAL SIZE)

FIG. 80.—CRYSTALLINE SURFACE OF TIN (NATURAL SIZE).
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the last solidified portions, can often be seen with the
naked eye, and in other cases the structure can be brought
up by etching. Antimony and tin are very good examples
of this. When a section of such a metal is made, the
structure is often difficult to make out, as there is little
to differentiate the first-formed crystal from the subse-
quently solidified material. With soft metals, it is very
difficult to secure a surface smooth enough for etching,
except by casting on a surface of some very smooth
substance, such as mica.

FiG. 31.—A PURE METAL, NEARLY PURE IRON. FERRITE V 50x.

In the normal case of the solidification of a metal
crystallisation begins at a large number of centres, the
crystals growing outward in all directions into the mother
liquor, the space between them therefore gradually
becomes less and less, and at last they press one upon
another, so that the sharpness of the edges and the
regular crystalline form is completely lost, an irregular
polygonal structure only remaining. When such a metal is
polished and etched, these polygonal grains, which are
distorted crystals, can often be made out. The boundary
line is an optical phenomena, and does not indicate a real
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line of separation between the crystals. Such structures
are spoken of as * allotriomorphic ” crystals, because
they do not show the true crystal form ; and sometimes
they are called crystal grains. It may happen in some °

F16. 32. —A CRYSTALLINE METAL. IRON WITH 4 PER CENT. SILICON. (STEAD.)

cases that the crystals retain their natural crystal forms,
and it sometimes happens that distinct lines indicating
cleavage planes can be distinguished.

The appearance of the fracture to the naked eye
usually depends on how the planes of fracture are related
to these crystals. If the fracture takes place along lines
between the crystals a granular structure will usually be
produced, whilst if owing to the- presence of cleavage
planes the fracture takes place across the crystals
brilliant cleavage faces are often visible. ~ When the
metal is very malleable, so that it draws out before
fracture, a fibrous fracture may be obtained.

It is obvious that the information which the microscope
can give as to the structure of pure metals is not of much
value.

Definite Chemical Compounds.—None of the definite com-
pounds of one metal with another are of much prac-
tical importance. A chemical compound is just as much a
unit as an element, and on solidification it behaves
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exactly in the same way, showing usually a definite
crystalline structure, exactly similar to that shown by a
pure metal ; indeed, the microscope would give no indi-
cation whether a substance under examination was a
pure metal or a chemical compound.

Solid Solution.—A solution of one metal in another of
such composition that the metals remain in solution
in the solid condition may not show under the microscope
any sign of variation in composition, the solid will be
distinctly a unity, and no structure except that due
to crystallisation will be detectable. It does not
follow, of course, that the presence of the foreign metal
may not alter the structure of the whole, but simply
that the separate constituents will not be distinguishable.

Eutectic.—When the two constituents are present in
the eutectic proportion, the mass solidifies at a definite
temperature, but the conditions are very different from
those already considered, for whilst, in the liquid condition,
the mass is a solution at the moment of solidification
the two constituents separate completely, so as to remain
only as a mechanical mixture ; and as the two constituents
of any mixture will certainly be differently acted on by
somé etching reagent, a structure can easily be brought up.

- As the two portions of the eutectic solidify at the same
time, it might be expected that the separated portions
would be so small as to be indistinguishable, even if not
of molecular dimensions. This, however, is not the case;
molecular attraction comes into play and the separated
molecules aggregate into masses of sensible size,—at
least, in most cases, though there are cases in which
the constituents remain mixed in such minute portions
as not to be distinguishable, forming what has been called
a eutectic emulsion. The actual amount of differentia-
tion in the constituents will depend, among other things,
on the rate of cooling. »

The arrangement of the separated portions will also
" vary very much. What may be called the normal
eutectic structure consists of a series of more or less
parallel plates of minute size, the parallelism, however,
only extending over small areas, the whole surface being
frequently broken up into series of eutectic areas in which
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the orientation of the plates varies considerably, it
often appearing as if incipient solidification has taken

Fi16. 33.—A T'yricaL EUTECTIC STRUCTURE, PEARLITE. (IRON AND Fe,C.)

place to a sufficient extent to form a series of crystals,
and then that independently within each of those areas
the eutectic has been formed.

I3

Fi1G6. 3¢.—THE EUTECTIC OF SILVER AND LEAD. V-90, BY SAVILLE SIIAW,
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Mr. Stead has classified eutectics into three groups* :—

(1) The curviplanar, in which the constituents con-
sist of curved plates in juxtaposition. Examples
of this structure are to be found in the alloys
of silver and copper, and in slowly-cooled carbon
steels.

FiG. 35.—AN ALLOY OF TwWo CONSTITUENTS. WHITE SWEDISH TRON X 20.
1he dark parts are pearlite, the white parts the solidified eutectic.

(2) The honeycombed or cellular, a very common
variety. Gold and lead, bismuth and tin, and
many other alloys yield eutectics of this type.

(3) The rectiplanar, in which the two constituents
separate in flat plates. Silver and lead eutectic
is an example.

To these may be added :—

(4) A spherulitic structure, usually produced when
alloys are very rapidly solidified, the growth
taking place from centres and forming a mass
resembling the spherulitic structure in certain
minerals.

(5) An emulsion structure, in which the constituent
particles are so small that they can only just be
detected, or perhaps may not be detectable at
all, and are apparently not arranged in any
definite form. :

* Proceedings Cleveland Institution of Engineers, 1900-1, p. 36.
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No doubt other forms of structure also exist, but
these include all those commonly met with.

_ Micro-structure of Alloys.—Most alloys are more complex
in s@ructure, and two or more of the structures
described may be present.
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FIG, 37.—INGOT CONTAINING 1017 PER CENT. PHOSPHORUS AND 88'9 PER CENT.
IRON, SHOWING SECTI0NS OF RHOMBIC OR OBLIQUE IDIOMORPHIC CRYSTALS
OF FE; P EMBEDDED IN A GROUND MASS OF EUTECTIC. V X 60 (STEAD).
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In an ordinary alloy, as cooling goes on, one constituent
—ausually a solid solution—separates, and then the mother
liquor solidifies, forming the eutectic, or there may be
more than one stage of solidification before the eutectic
point is reached. The visible structure of the alloy will
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F1G. 38.—INGOT CONTAINING 10'2 PER CENT. PHOSPHORUS AND 898 PER
CENT. IRON (STEAD).

Tt is the eutectic of phosphorus and iron. It has only one Cntlc&l point, at
about 980° C. Etched with nitric acid. V x 350

vary very much, according to the relative quantities of
the constituents.

If the quantity of the eutectic be small, the crystals
first formed may go on growing and, of course, ejecting
the mother liquor, till when the eutectic point is reached
it may be reduced to mere threads separating the crystals,
or to isolated patches distributed through the mass.
On the other hand, if the composition approaches the
eutectic point t the substance first solidified may form only
a network, in" the meshes of which the eutectic will
solidify, or it may be more or less definite crystals which
will be embedded in the subsequently solidified eutectic.
If the conditions be favourable the crystals may assume
their true form.






CHAPTER V.

CHANGES IN THE STRUCTURE OF ALLOYS IN THE SOLID
CONDITION.

WaEN an alloy has solidified it by no means follows that
it has reached a perfectly definite and stable condition,
for changes in structure and in proximate composition
may still take place. A solid is not by any means the
fixed rigid thing that is sometimes imagined, for the
molecules retain some freedom and therefore can to a
certain extent, though often very slowly, undergo re-
arrangement. The higher the temperature the greater
is the molecular mobility and therefore as a rule the
greater the ease with which changes can take place, but it
must by no means be assumed that such changes do not
take place to an important extent at atmospheric tem-
perature, and the structure may be greatly modified by
various causes.

Internal Changes During Cooling.—When a mass of
an alloy has solidified it will be in a distinctly crystalline
condition, the crystals in the inner part of the casting
being probably much larger than those near the outside,
owing to the slower solidification ; but even after solidifi-
cation has taken place changes may continue, and the rate
of cooling after solidification may considerably modify
the.structure.

The molecules are still in a condition of comparative
freedom, and therefore can redistribute themselves,
and just as in a solidifying solution the crystals tend to
grow round a nucleus, so in the solid the crystals tend to
grow round another crystal, the larger crystals growing
and absorbing and thus obliterating the smaller ones.
Very slow cooling, as distinguished from slow solidification,
therefore tends to produce a largely crystalline structure,
with the comparative weakness usually following from it.
As a rule, therefore, as far as structure is concerned, the
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more rapidly an alloy is cooled after it has solidified the
better. '

In a casting which is irregular in section so that the
different portions cool at different rates, the crystalline
structure and therefore the strength may vary very much
in different parts. In many cases where a tensile or
other test is specified, but where the casting itself can-
not be tested nor a portion cut from it to test, a fin of
some kind is cast on it which can be cut off and shaped
into a test piece for testing. As this fin will usually
cool much more quickly than the bulk of the casting,

F1G. 39.—INGOT BRASS ROLLED DEAD IIARD. (MAGNIFICATION 58 DIAMETERS.)

it will often show a much finer grain and be considerably
stronger than a test piece cut from the casting itself.
This is frequently seen in the case of propeller blades
and similar castings. In all such cases the conditions
under which the test piece is to be cast should be carefully
specified, and the strength required must only be that
of the test piece, as a guarantee of the quality of the
metal, and not as a criterion of the strength of the casting
itself.
No doubt in the case of an alloy a temperature is
soon reached at which the molecular mobility becomes
F
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too small to produce any serious and rapid change, and
sucn a point, which in this connection might be called a
critical point, has considerable practical importance, though
in most cases it is not known with any great degree of

¥IG. 40.—BRASS AFTER HEATING TO 500° C. (MAGNIFICATION 58 DIAMETERS.)

F1G. 41.—BRASS AFTER HEATING TO 600° C. (MAGNIFICATION 58 DIAMETERS.)
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accuracy. It must not be assumed, however, that this
is the actual limiting point of crystal growth, because the

F1G. 42.—BRASS AFTER HEATING TO 750° C. (MAGNIFICATION 58 DIAMETERS.)

FIG. 43,—BRASS AFTER HEATING TO 800° C. (MAGNIFICATION 58 DIAMETERS.)
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growth may go on, though probably very slowly, at con-
siderably lower temperatures, especially under the in-
fluence of vibration or other mechanical stimulus.

It is obvious that this crystal growth at high tempera-
tures may take place just asreadily in the case of a metal
heated from a low temperature to above the critical
point as with one cooled from fusion, so that continuous
heating at a high temperature is very apt to induce
coarse crystallisation and subsequent brittleness in an
alloy. This is well shown in the series of illustrations
Figs. 39 to 45, which show the effect of heating to a high
temperature on the structure of brass. The illustrations

F16. 44.—BRASS AFTER HEATING To 900° C. (MAGNIFICATION 58 DIAMETERS.

arereproduced from ¢ Technics,” by the kind permission of
Messrs. Newnes & Co., Ltd. When brittleness is pro-
duced by overheating, the metal is usually said to be burnt.
This is, however, not correct; it should be called over-
heating, and the term burning should be restricted to those
cases in which there is decided oxidation or other
chemical change.

Annealing.—By annealing is understood the heating
of a metal or alloy to a high temperature, so as to allow
of a molecular rearrangement or re-crystallisation, and
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thus the removal of stress which may have been induced
by work. The change produced is almost entirely one of
crystal growth. The crystal structure of the metal has
been broken down more or less completely by the work
which has been put upon it, and a hardness thereby
produced. When the metal is heated above the critical
point the molecular forces are able to come into play
and by restoring a normal crystal structure to restore
the properties of the metal. It is quite obvious
that the change must not be allowed to go too
far, or the crystal structure may become too coarse
and thus again injure the properties of the metal.

FIG. 45.,—BRASS AFTER lIEATING TO 1,000° C. (MAGNIF/CATION 58 DIAMETERS.)
Annealing is usually looked upon as a very simple
operation, and so, in fact, it is; but there is no
operatior in the whole range of metallurgy which requires
greater care, so as to conform strictly to the conditions
of success, and there is probably no operation in which
failures are more frequent.

In all cases there are the two condltlons to be con-
sidered—the temperature and the time of heating ;
whilst, as is pointed out below, the nature of the
atmosphere in which the heating takes place may have a
profound effect. :
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If the temperature be too low, the molecules will not
have sufficient freedom to allow of re-arrangement,
whilst if it be too high the change may be too rapid and
the crystals may become unduly large and be so separated
as to greatly impair the strength of the metal. On the
other hand, even if the temperature be correct, if the
metal be exposed to it for too long a time, the crystal
growth may go on beyond the required point, and
brittleness may be produced.

It is very important that the annealing range of tem-
perature for various alloys should be carefully determined,
and this can only be done by those who have control of
works in which experiments can be made on a large
scale and extending over a considerable time.

It is quite obvious that the perfect annealing of a
la,rge casting’ must be a matter of extreme difficulty
since the heat can only slowly reach the interior, and
therefore perfectly uniform heating becomes impossible.

In some cases the changes produced by heat
treatment may be much more complex. This has
been clearly made out in the case of steel, and
there is reason to believe that similar phenomena take
place in certain alloys. It is well known that in the
case of steel, finishing rolling at a high temperature or
heating to a high temperature may produce a very
coarse structure with corresponding loss of strength, but
that if the coarse-grained steel be then heated up to a
temperature of about 900° C., but which varies according
to the percentage of carbon in the steel, the whole structure
is completely changed, the large grains breaking down
and giving a fine-grained structure.

In the case of iron and steel also the internal changes
are much more complex, owing to changes in the form of
combination of the carbon present, and perhaps to changes
in the allotropic condition of the iron itself, so that the
metal can be hardened and tempered. It is impossible,
however, to reason from the changes which take place
in steel to those which may take place in other alloys,
because the conditions are in many respects so different,
but the occurrence of these phenomena, in the case of steel
at least, warn us to be carefully on the watch for
similar phenomena in the case of other alloys.
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Diffusion.—It is well known that gases, however
different their specific gravity, rapidly diffuse one into
the other so as to produce a homogeneous mixture, and
that with liquids diffusion takes place quite as surely,
though nothing like so rapidly as in the case of gases. If
pure water be placed above a saturated solution of sugar
or copper sulphate, the dissolved substance will gradually
diffuse through the liquid till the solution becomes of
uniform composition. There is thus as far as diffusion is
concerned a continuity between the liquid and the gaseous
state, the difference being one of degree and not of kind.
It is now known that solids behave in the same way, and
that one solid will diffuse into another so as to tend towards
uniformity of distribution. With most solids at ordinary
temperatures the molecular mobility is so small that the
diffusion is inappreciable, but if the temperature be
raised to the point at which the molecules have any con-
siderable amount of freedom, the diffusion may become
recognisable or even well marked. The only case in
which diffusion of solids at ordinary temperatures has
been determined is that of gold into lead, in connection
with which experiments were made by the late Sir W.
Roberts-Austen. The diffusion was well marked, though
of course, it was slow.

Solid diffusion may, and in some cases does, produce
changes in metals which are kept at a high temperature
for some time. o

In the case of the growth of crystals in an alloy con-
sidered above, it was assumed that the alloy was homo-
geneous, i.e., that it consisted of definite crystals, of
one substance only, a condition only met with in a few
of the alloys of commercial importance. How will the
influence of high temperature or long heating be modified,
if instead of an alloy consisting of one constituent, one be
taken consisting of, say, two constituents, either a eutectie,
or a eutectic together with an excess constituent ?

The cause of change, if any, will of course be mole-
cular mobility as in the case already considered, but in
this case the molecular mobility may act in two directions.

The tendency to segregate, which is the same thing as
the tendency to grow into larger crystals, will tend to
cause a more complete separation of the constituents.
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The molecules of the excess substance will tend to grow
together, thus ejecting the eutectic into well-marked
areas, and the constituents of this eutectic will tend
to aggregate into well-marked plates. When an alloy
is slowly cooled this is the structure which is usually
seen in the case of a eutectic alloy, whilst if the cooling
(not only the solidification) be very rapid, the constituents
of the eutectic may remain in the semi-emulsified or
unsegregated form in which they are hardly distinguish-
able. Slow cooling in such a case will tend to produce a
heterogeneous and coarse structure, in which not only
are the crystals of each constituent large, but the segre-
gated masses are also large, a condition necessarily
tending to weakness and brittleness.

If, on the other hand, diffusion is the predominating
influence, these conditions will tend to be reversed.
Instead of the constituents tending to separate or segre-
gate, they will tend to diffuse one into the other so as to
produce a more or less homogeneous mass. It is quite
evident that the influence of slow cooling on the properties
of a heterogeneous alloy will depend on which of the two
tendencies is the more powerful, and until this be known
no idea can be formed as to what the influence will be,
and no doubt the difference in the properties of alloys
produced by similar treatment is to some extent due to
this difference in behaviour.

If the phenomena during the two stages of solidifica-
tion and subsequent cooling be considered, it will be found
that in each case there is the double influence, ¢.e., an
influence in two directions, and the actual result will be
the algebraic sum of the two actions : —

(1) Slow solidification tends to increase segregation,
and thus to produce a less homogeneous alloy
by allowing more complete separation of the
constituents, whilst rapid solidification has
the reverse effect.

(2) The effect of slow cooling after solidification will
vary with the nature of the alloy. If the
constituents are mutually insoluble, slow cooling
may produce crystal growth and increased
separation of the constituents, but if the con-
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stituents are soluble one in the other their
diffusion will come into play, the separated
constituents may re-dissolve, and the alloy thus
become more homogeneous. As a rule rapid
solidification will be best, and the cooling
after solidification should be slow or rapid,
according to the character of the alloy.

It will be seen, therefore, that the structure of an
alloy may be very considerably modified by the rate of
solidification and of subsequent cooling, and that once
the behaviour of the alloy is known, its properties may be
controlled by the rate of solidification and cooling. As a
rule, the rate of cooling can be much more easily modified
than the rate of solidification.

Much further work is necessary on the behaviour of
alloys during heating and cooling before much practical
use can be made of these facts, but many workers are
engaged on the subject, and no doubt much will be done
in the near future.

Effecct of Work.—When an alloy is subjected to work
by hammering, rolling, or otherwise, the structure may be
much modified, and the results will vary according as the
work is done hot or cold ; by hot work being understood
work done above the temperature at which there is con-
siderable molecular mobility, and by cold work that done at
temperatures at which molecular mobility has ceased.

The result of work done at high temperatures is as a
rule to increase the strength of the metal. The structure
is more or less broken down by the work put upon the
metal, but the molecules are free enough to re-arrange
themselves, so that they are not left permanently in a
condition of stress; the result is therefore usually
a finely crystalline structure.

‘When the work is done cold, the result is somewhat
different. As the pressure is put upon the metal it
reaches momentarily the flow point, .e., the metal behaves
as if it were plastic or fluid, and the crystals break up
into a more or less fluid mass. The passage from this
stage to the solid is so rapid, the whole change being
almostinstantaneous, that the metal has no time to re-form
definite crystals, and it is therefore left in such a con-
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dition that no crystalline structure can be made out.
As the change of condition is so sudden the molecules, or
particles perhaps would be more correct, have no time to
adjust themselves to the condition normal to the cooled
state and the metal is left hard and brittle, the particles
being in a condition of stress which is relieved by an-
nealing, when, as already explained, the metal is heated
to a temperature at which there is a certain amount of
molecular freedom.

Burning.—Certain metals, when heated to a high
temperature or when heated for a considerable time in
a particular atmosphere, are liable to a change which is
called burning. The crystals become large, more or less
distinctly separated, and the metal becomes very brittle,
often indeed quite friable, and the plasticity and
strength cannot be restored by annealing.

The cause of burning is not always the same, but it is
probably always a chemical change. The most common
cause of burning is oxidation. Plastic metals are usually
more or less permeable to gases, and if air finds its way
in, usually following the lines of separation of the crystal
grains, films of oxide may be formed which break up the
continuity of the metal, and thus make it brittle.

Copper, however, is burnt by being heated in a reducing
atmosphere, probably by the removal of the last trace of
oxygen.



CHAPTER VI.
THE METALS USED IN THE PREPARATION OF ALLOYS.

THE number of alloys in use is very large, but they may
be conveniently classed into a few groups.

(1) Brasses. Alloys of copper and zinc with or without

the addition of small quantities of other metals.

(2) Bronzes. Alloys of copper and tin with or without

the addition of small quantities of other metals.

(3) Machinery brasses or bronzes. Alloys of copper

with tin and zinc, and sometimes with other
metals.

(4) Aluminium alloys.

(5) White bearing metal alloys.

(6) Soft alloys, such as pewters, type metal, &c.

(7) Nickel alloys. German silvers.

(8) Alloys of the precious metals.

(9) Amalgams, or mercury alloys.

(10) Alloys of iron and steel. This group will not be
considered in this book.

The constituent metals used in the manufacture of
alloys, excluding those used only in small quantity, are
copper, zinc, tin, lead, antimony, nickel, aluminium, gold,
silver, platinum, mercury. Whilst it is not necessary to
discuss the metallurgy of these metals, it may be advisable
to describe briefly the forms in which they are obtainable
in commerce, and therefore in which they can be used in
the preparation of alloys.

Copper.—Copper is distinguished by its characteristic
red colour, and if present in large quantity it imparts a
colour to alloys containing it, though the colour produced
does not seem to be in any way related—at least in most
cases—to the colour of the copper itself. It melts at about
1,090° C., and isslightly volatile, sufficiently to impart a
green colour to a flame in which it is placed, but not
sufficiently for there to be any loss when it is melted.
It is malleable and ductile, and so can be obtained in
thin sheets-or in fine wire. Its specific gravity isabout
8-9, but the figures obtained vary with the condition of
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the metal examined, castings as a rule having a lower
specific gravity than metal which has been wrought.
The tensile strength of copper is not high, and varies
considerably, according to the condition of the metal,
being higher in the case of metal rendered hard by working
than when the metal has been annealed, and much less
in the case of castings than in the case of the wrought
metal. Thurston states that when copper is to be used
for structural purposes the strength specified should be
not less than 25,000 1bs. (11-16 tons) per square inch for
castings, 35,0001bs. (15-62 tons) for bars, and 60,0001bs.
(26-8 tons) for wire. Dr. Watson* quotes some
samples of electrotype copper unworked as having a
tensile strength of 16 tons, with an elongation of 20 per
cent. on 4in., whilst when annealed the same copper gave
13 -6 tons with an elongation of 42 per cent. Other sam-
ples of copper, pure copper deoxidised by phosphorus and
rolled down to }in. thick without annealing gave the

following figures :— Tensile  Klongation.
Per Cent. Strength. in 2in.
Pure copper = . .. 1438 .. 625
Copper containing arsenic - 050 — .. 14-29 .. 60-0
” bl ) 188 = .. 14:’39 .o 61'0
- ,, antimony -025= .. 1450 .. 56-5
39 39 ’ 200 = . 14'777 o0 60-0
’ ¥ lead 200 = .. 1436 .. 580

Copper does not cast well, as in the molten condition
it absorbs a considerable quantity of gas which is given
out as the metal cools, and thus produces unsoundness.
The addition of a small quantity of phosphorus, to a large
extent, overcomes this defect.

Copper is a good conductor of heat and electricity,
and the electric conductivity is considerably reduced by
the presence of small quantities of impurities, quantities
of certain metals which would escape detection by the
ordinary chemical analysis having a marked effect on
the electric conductivity.

Copper combines very readily with most metals and
non-metals, and therefore may contain considerable
quantities of impurities. How far these impurities will
interfere with the use of the metal by the maker of alloys

* Proceedings Inst. Mech. Engineers, 1893, p. 169.



METALS USED IN THE PREPARATION OF ALLOYS. Vel

will depend on the nature of the alloy being made and the
purposes for which it is to be used. It by no means
follows that an impurity which has little influence on the
properties of the copper itself will therefore be equally
uninjurious in an alloy, or that an impurity which has a
marked influence on the properties of the copper will have
an equally important influence on the properties of an
alloy. Arsenic, for instance, is always considered to be a
most objectionable impurity in copper, and yet for some
purposes - 5 per cent. is not only not injurious, but seems
to improve the quality of the metal. It would probably
not be objectionable in copper to be used for preparing
yellow brass which is to be cast, but it would render
the metal quite unfit for the manufacture of a brass
which had to be drawn cold.

Copper oxidises very readily on exposure to the air at
high temperatures, black flakes of copper oxide or copper
scale (a mixture of the two oxides CuO and Cu,O) being
formed. If the metal be in a liquid condition, probably
only Cu,O is formed, and this is rapidly dissolved, making
the copper “dry,” in which condition it is extremely
brittle, and breaks with a brick-red granular fracture
instead of the fibrous fracture of tough-pitch copper.
The amount of oxygen present in copper as dissolved
oxide varies very much. It is extremely difficult to
estimate accurately, and many of the published figures
are unreliable. In a series of analyses of copper fire-box
plates, published in the Proceedings of the Institution
of Mechanical Engineers for 1873, the amount of
oxygen in combination is given as varying in the 11 sam-
ples analysed from :019 to -248 per cent. It is doubtful
whether the presence of a small quantity of oxygen is
any serious objection in the case of copper to be used for
making alloys, since the other metal, zinc or tin,is so much
more easily oxidisable that it would probably decompose
the copper oxide forming zinc or tin oxide, which would
not dissolve but which would pass into the slag.

The removal of the oxide of copper which is formed
during the process of refining, and the presence of which in
excess is necessary for the complete removal of sulphur
and other easily oxidisable impurities, is brought about
by the process of “ poling,” which consists as is well
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known of immersing a pole of wood in the molten copper.
The wood undergoes decomposition, and the reducing
gases given off reduce the copper oxide and carry away
the oxygen. If the poling be carried too far the metal
passes beyond the tough stage, and becomes over-poled.
It is then brittle, but the fracture is quite different from
that of dry copper. The cause of over-poling has not yet
been completely made out, but it seems that in presence
of small quantities of certain impurities, especially arsenic
and antimony, the presence also of a small quantity of
oxygen in combination is essential to keep the metal
in its “ tough ” form, and if this be removed it becomes
brittle. Over-poling is closely related to the burning
produced when copper is heated in a strongly reducing
atmosphere. When copper is heated in an oxidising
atmosphere, it is rendered brittle by the formation of
oxide of copper along the planes separating the con-
stituent crystals.

Commercial copper may contain arsenic, antimony,
lead, bismuth, iron, nickel, cobalt, oxygen, sulphur, and
in rare cases perhaps other metals

Many alloy makers in order to secure the best results
use the purest, and therefore the most costly, copper for
the manufacture of their alloys. Where the brass is to be
worked cold, as, for instance, where it is to be used for the
manufacture of boiler or other tubes, it is essential to use
a fairly pure metal, but even in this case it is doubtful
whether metal of extreme purity is of much, if any
advantage. For alloys which are to be cast it does not
seem that metals of great purity have any advantage over
the ordinary commercial forms, but at present the influence
of small quantities of impurities on the quality of alloys
has not been thoroughly worked out.

The purest copper obtainable is that known as
electrotype copper, which is obtained by electro-
deposition. This is almost chemically pure, and is now
used on a large scale for the manufacture of brass con-
denser and other similar tubes.
~« Lake Superior copper made from the native copper
of the Michigan copper district is also extremely pure.

The purest form of copper usually used is that known
as B.S. (Best Selected) so-called because it was at one time
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made in Swansea from metal containing a considerable
quantity of arsenic and other impurities by a process
known as the Best Selecting process. Now it is almost
always made from materials so pure that that selecting
is not necessary. It should not contain more than
-05 per cent. of arsenic and a trace of antimony.

A test used by the Admiralty can be made use of to
ascertain whether a copper is of the B.S. quality or not.
Three pounds of the copper is melted in a crucible in the
ordinary way and 2lbs. of zinc is added, so as to make an
alloy of approximately the composition of 60 per cent.
copper and 40 per cent. zinc. The metal is then castinto an
iron mould about 4in. squareand lin. deep, andisallowed to
cool slowly ; the ingot is then nicked across the top with a
swage and is broken either under the steam hammer or
by means of a sledge. If the metal is B.S. quality the
fracture will be dull, granular, and of a buff colour, and
there will be few if any bright, brassy streaks crossing it.
If it contains a considerable quantity of arsenic or antimony
the whole fracture will be columnar, and will have a bright
yellow colour and metallic lustre.

The following is a scale of qualities as indicated by
this test :—

1. Very good. The fracture is of a uniform, dull
buff tint.

2. Good. The fracture is mostly as in 1, but shows
a few bright, brassy looking streaks.

3. Tolerably good. The number of bright streaks
is greater.

4. Not good. The bright streaks are numerous, but
cover not more than about one-third of the area.

5. Bad. The bright streaks predominate.

6. Very bad. The fracture is entirely, or almost
entirely, bright and brassy.

Nos. 1, 2, and 3 would be passed as B.S.

The ingot must be allowed to cool naturally ; sudden
cooling considerably modifies the fracture.

Tough copper is the ordinary commercial copper. [t
may be very impure and may contain -5 per cent. or
even more of arsenic. The name, of course, carries
with it no guarantee as to quality.
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It is perhaps hardly necessary to mention ““Chili bar,””
though cases have occurred in which founders, seeing
this quoted at lower prices than other varieties of copper,
have purchased it for alloy making, with not very satis-
factory results. It is an impure unrefined copper im-
ported from Chili and may contain up to 2 per cent. or
even more of sulphur.

Copper can be obtained in many forms, and it is need-
less to say that any quality can be prepared in any form.
The usual form is that of ingots weighing about 14lbs.,
cast with one or two nicks at the bottom, so as to
facilitate breaking. Ingots are, however, now cast of
any form and size that the user may require. Slabs
are of larger size and are usually used for rolling.
Roller ends are often used for alloy making; they
are the ends cut off a calico-printer’s rollers, and then
broken into pieces under a hammer. They are usually
high in arsenic. Bean shot and similar varieties are
obtained by pouring the molten copper into water.

No judgment can be formed as to the quality of a cop-
per by theappearance of the ingot, or by the fracture, except
that by the latter it can be seen if the metal is tough, dry,
or over-poled. The surface and colour of the ingot depend
largely on the way it is cast and cooled. Ingots cast in
copper moulds are much smoother than those cast in
iron moulds, and the red colour so often seen on the
surface of the ingot is due to quenching in water imme-
diately it has solidified. The sooner the ingot is turned into
the water the better colour it will be. The red colour
is best shown in rosette copper, which is solidified by
throwing water on the surface of the liquid metal, or
in Japanese copper, which is cast under water.

The following analyses will indicate the general
composition of commercial coppers.

1. Electrotype.

2. Lake Superior (Eggleston.)
B.S.

B.S.

. Tough copper.

. Copper fire-box plate.

> o 0



METALS USED IN THE PREPARATION OF ALLOYS. 81

S S S I R e
Arsenic ....| .01 | Nil | -03 | .025| .32 |-373
Antimony .. Trace| Nil | Trace Trace Trace |-035
Lead ....... Trace| -016  — | -024 | .07 |-408
Bismuth.... Trace| — .05 | -011 | .01 L 036
[izont EAssyna Nil | —  Trace | -006 | .01 |-007
Nickel ..... Nil | — - - -041 | .06 -304
Silver ....... — | -026 .03 — | — |-035
Oxygen ....| Nil | .15 | — | 143 | .12 |-018
Phosphorus | Nil — - — L
Sulphur ....| Nil | — = 1oy — -006

It should be noticed that refined copper never con-
tains more than a minute trace of sulphur or lead, but
that as lead is often added during rolling, rolled copper
may contain up to about -5 per cent. lead.

Zinc—Zinc is a bluish-white metal having a specific
gravity of about 7-1. It melts at about 415° C., and
boils at about 930° C., so that it can be readily distilled,
and there is always a sensible loss when it is used in the
manufacture of alloys. The metal in fine shavings or
vapour burns readily with an intense bluish-white flame,
forming dense clouds of white zinc oxide (philosophers’
wool). It is malleable and ductile through a limited
range of temperature only, and is largely used for rolling
into sheets for roofing and other purposes. It oxidises
only slightly on exposure to the air, with the formation
of a basic carbonate.

Zinc comes into the market in the form of rolled
sheets, and also in cast cakes of about lin. thick, in which
form it is known as spelter. The cakes are very brittle,
and break with a more or less crystalline fracture. If the
metal be nearly pure the crystal faces are large, bright, and
smooth ; if there be a small quantity of iron present dull
spots appear on the crystal faces, and if the quantity ot
iron rises to a few per cent., as in drossspelter, the fracture
becomes granular. The amount of iron present can be
fairly judged from the appearance of the fracture. Its
tensile strength is low, but it is never used for structural
purposes where it is subjected to great stress.

G
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Zinc casts well and contracts but little on solidifying,
and is largely used for the manufacture of statuettes and
other ornamental castings which are usually coated with
bronze or brass by electro-deposition.

Zinc is never pure. The principal impurities are
iron, lead, tin, copper, arsenic, and cadmium. . Iron is
always present in spelter. It doesnot distil over with the
zine, for freshly distilled zine hardly contains a trace,
but it is dissolved from the iron vessels in which the metal
is melted, and rods with which it is stirred. When zinc
is used for galvanising a hard zinc which contains several
per cent. of iron accumulates in the vats. Good com-
mercial spelter should not contain more than -05 per
cent. of iron, and this is about the maximum allowable
for alloy making.

Lead is invariably present in spelter in larger
or smaller quantity as it distils over with the zinc during
the process of manufacture. Leadis only slightly soluble
in zinc and in the solid condition zine cannot retain more
than about 1-5 per cent. It sometimes happens that
from rapid cooling a sample may contain more, but in
that case some of the lead will almost always be found to
be distributed in minute shots or fragments through the
mass, and if the metal be melted and slowly cooled it will
separate. For making brass or other alloys, a spelter
containing more than 1-5 per cent. of lead should be
rejected. When spelter is redistilled, even if the redistilla-
tion be repeated, about -2 per cent. of lead passes over, so
that it is almost impossible to obtain a spelter containing
less lead than this.

Cadmium is rarely present except in minute quantity,
and is so like zinc in all its properties that it does not
seem to be objectionable at anyrate in any quantity
likely to be present in commercial zine.

Copper is rarely present in any but the minutest
quantities, and is quite unobjectionable for the prepara-
tion of alloys

Tin is often present in minute quantities, but rarely
in sufficient quantity to be objectionable.

Arsenic is rarely present exceptin quantities too smallto
be of any importance for practical purposes, whilst anti-
mony and sulphur are sometimes present in minute traces.
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Tin.—This is a silver-white metal having a specific
gravity of about 7-3. It is soft and very malleable.
It melts at about 232° C., and boils at a white heat. It
does not tarnish rapidly on exposure to the air, but at a
red heat it is readily oxidised, forming the oxide SnO,.

Commercial tin is never pure, though the quantity of
impurity present is always small. The following analysis
of Queensland tin by Thurston will give an idea of the
composition of a good commercial tin :—

Lead .. .. .. . .. 0-165
Iron .. .. o o .. 0-035
Manganese. . 5c A ot .. 0-006
Arsenic .. o .. .. .. Trace.
Copper .. b ¥ 28 .. None.
Zinc o .. .. o .. "
Antimony .. . .. .. »
Bismuth .. .. .. . 5. 2
Nickel a. o 5 g o )
Tungsten .. o 3 . 5 c %0
Molybdenum o " .. . o

Banca tin is said to be the purest obtainable. Mr.
Parry states that Peruvian and Bolivian tin are the
most impure, and contain lead and antimony, and that
certain brands of Australian tin contain bismuth.

The impurities most likely to be present are lead,
iron, and copper. The quantity of any of the elcments
should not exceed about -1 per cent., and the total
quantity of tin should be from 99.7 to 99-95.

Tin comes into the market cast in various forms, to suit
the convenience of users. Block tin is in small bars,
blocks, or cakes of various sizes. Stick tin is cast into
small sticks. These sticks emit a peculiar crackling
sound or ‘‘ cry ” when bent, and this sound is sometimes
taken as being a test of the purity of the metal, because a
small quantity of lead destroys it. Grain tin is made by
casting a large block, heating it till it becomes brittle,
and then breaking it up. Granulated tin is made by
melting the metal and pouring it into water.

Tin foil is tin which has been rolled out into very thin
sheets, often not more than ;4;5in. in thickness.
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Lead is an extremely soft metal of a bluish
colour. Itsspecific gravity is 11-4, and therefore it is the
heaviest of the metals used in making alloys. It has very
little tenacity, is very malleable, but its low tenacity
makes it difficult to draw it into fine wire. It melts at
327° C., and is sensibly volatile at high temperatures. It
oxidises very slowly in air at ordinary temperatures, but
rapidly at a red heat, forming the oxide Pb O and finally, if
the temperature be not too high, red lead Pb, O,.

Commercial lead is always very pure, the impurities
present being in very small quantities and of no practical
importance.

The following analysis by Thorpe will give an idea of
the usual degree of purity :—

Silver .. .. 0-00200 Antimony .. 0-00173
Copper .. .. 0-00228 Iron .. .. 0-00035
Cadmium.. .. Trace. Zinc .. .. .. 0 00014
Bismuth .. .. 0-00040 Sulphur .. .. 0 00076

Antimony.—Antimony is a bluish-white crystalline
metal, which melts at about 450° C. and is volatile at a
white heat. It has a specific gravity of about 6-7 and is
extremely brittle. When pure antimony solidifies slowly
the surface assumes a fern-like crystalline appearance,
and a structure called the antimony star is pro-
duced. To produce this appearance the solidifying sur-
face must be kept covered with a layer of slag. Impure
antimony does not give the star, but as it depends on the
conditions of cooling pure antimony does not always
show it. Commercial antimony usually contains sulphur,
arsenic, lead, copper, and iron. The tollowing analysis
will indicate its composition :—

Per Cent.

Arsenic ' ) 2 & 25) = -06
Lead & " 13 ik o .46
Copper %, vt B o o -07
Iron P 33 ¥ o .16
Zinc 4 trvd £ A e .08
Sulphur .. = 2 e = -20
Antimony (difference) 17 dy: .. 98.97
100.00

The sample showed a well-crystallised surface.
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Bismuth.—Bismuth is a pinkish-white metal having
a specific gravity of 9-82. It melts at 266° C., and ex-
pands by over 2 per cent. on solidifying.. It volatilises at
high temperatures, its boiling point being between
1,000° C. and 1,500° C.

Metallic bismuth may contain silver, lead, copper,
arsenic, iron, nickel, cobalt, and sulphur, and sometimes
the rarer metals. The following analyses from the
“ Mineral Industry ’ for 1893, p. 72, will give an idea of the
composition of commercial bismuth :—

Saxon. Peruvian.  Australian.
Bismuth. . oo 99-77 .. 93:372 .. 94-103
Antimony ol Nil. .. 4-570 .. 2-621
Arsenic .. Pr NG SR Nil .. 0-29
Copper .. 5 0-08 .. 2-0568 .. 1.944
Silver A. g R () () A — X —
Sulphur .. .. 0-01 .. — > 430

99-91 .. 100-00 .. 99-388

Bismuth is very little used, except for the preparation
of very fusible alloys.

Aluminium.—Aluminium is metal -of a brilliant silver-
white colour. The most striking property of the metal
is its extreme lightness, its specific gravity being only 2-7.
It is soft, malleable, and ductile; when cast it has a
tensile strength of about 6 or 7 tons per square inch,
which by working may be increased to 16 tons or there-
abouts. Its melting point is between 600° and 700° C., but
owing to its very high specific heat, it melts, solidifies,
and cools very slowly.

It does not oxidise readily in air, even at a red heat,
unless finely divided, when it will burn with a brilliant,
highly actinic flame ; but it decomposes metallic oxides,
alumina being formed.






CHAPTER VII.
THE BRASSES.

Brass is an alloy of copper and zinc, and strictly
speaking should contain no other added metal, the
impurities present being only those present in the
metals used in making the alloy or accidentally introduced
in the process of manufacture. Brasses to which
other metals are added in large or small quantity will be
considered separately.

Impurities in Brass.—It is obvious from what has been
said of the metals used in the manufacture of brass that
the impurities present should be only in small quantity ;
indeed, if metals of good quality are used, a brass should
not contain more than about—

Arsenic .. r 3 L o .. 03
Lead . s . .. 50

and other impurities in still smaller quantity. As lead
and arsenic cannot be accidentally introduced during
manufacture, any larger proportion of these elements
must be regarded as being due either to the use of impure
materials or intentional addition. It must, of course, be
remembered that it is only for certain purposes that a
brass of high purity is necessary.

The quantity of iron present will usually exceed
that due to the iron in the metals used, because iron tools
are used for stirring, and some of the iron is always
dissolved. About 15 per cent. is a fair amount to be
present in a brass, but a slightly larger quantity is not
usually objectionable.

Sulphur, which is one of the most objectionable im-
purities in brass, is never present in appreciable quantity
in copper or zine, and therefore is never present in brass
made from fresh metal unless the brass has been melted
under such conditions that sulphur can be absorbed
either from the fuel or the products of combustion.
Should coke fall into the crucible during melting, or
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should the metal be melted in a reverberatory furnace
with a fuel containing much sulphur, sulphur will almost
certainly be taken up by the metal.

In actual practice, however, new metals are very rarely
used alone, a portion of the charge being usually made up
of scrap. If the scrap be new clean scrap, this will, of course,
have no injurious effect, except to make the preparation
of brass of definite composition more difficult, but if as
is often the case the scrap is dirty, sulphur and other
impurities may be introduced into the metal. Old boiler
and condenser tubes returned as scrap are frequently
used in the manufacture of brass, and these may contain
deposit which consists partially, at anyrate in the case of
boiler tubes, of sulphur compounds. When such scrap
is melted, the sulphur passes into the metal, and may
seriously interfere with its quality. In some ingots of
brass made by melting old boiler tubes the following
percentages of sulphur were found.

Per Cent.
No. 1 . 20 Bd N .. -018
No. 2 50 T Ao oL: .. 020
No. 3 o F £ 5 2 30 ... 020
No. 4 5 5o b i K

As a rule the qua.ntity will be'l.ess, as ;)nly a portion of the
charge will be scrap.

Range of Composition of the Brasses.—The brasses used
commercially range from about 95 per cent. copper and
5 per cent. zinc to 40 per cent. copper and 60 per cent.
zine, the most important, however, being those containing
from 70 to 50 per cent. of copper. The brasses not only
vary very much in composition, but necessarily vary very
much in all the properties on which their usefulness
depends. A large number of experiments have been made
at different times for the purpose of tracing the connec-
tion between composition and these properties, but they
have not until recently been attended with great success,
for one reason among others that care has not always been
taken that the alloys compared have been in the same
physical condition or of the same degree of chemical purity,
both of which conditions may have a marked influence on
the properties. Few of the properties form a continuous
series varying directly with the composition, but each
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one rises or falls as the case may be to a maximum or
minimum, and then decreases or rises again, and the only
way of satisfactorily showing the variations is by the use
of curves, and needless to say before these can be
determined accurate data must be at hand.

Many tables have been published giving details of the
results of the work of many observers; a very extensive
table, for instance, which was drawn up by an American
committee in 1881 is contained in most of the books on
alloys. ~ Such collections are of little scientific value
because being the work of many observers, and
the observations having been made under varying
conditions, the results are not strictly comparable.
If an attempt be made to plot a series of curves with the
data given in the table mentioned above, it will be found
that no curve can be drawn which will even approxi-
mately include all the observations. Such a table may,
of course, be of general value as indicating the sort of
variations that may be expected with alloys of very
similar composition, but for little else.

The American committee above mentioned collected a
large amount of useful information, and under the direction
of Prof. Thurston many experiments of great interest
and value were made. Later, the English Institution of
Mechanical Engineers appointed an Alloys Research
Committee, and under the direction of the late Sir W.
Roberts Austen further research was made into the
relationship existing between the composition and
properties of alloys. The work of this committee is of
special value, because it had at its command methods of
research that were not available to the earlier workers.
Much of our accurate knowledge of the alloys has been
derived from the work of these two committees, but
within the last few years the interest in alloys has greatly
increased, and many competent workers have entered
the field and publisbed the results of their work.

Remembering that a brass is an alloy of copper and
zinc in any proportion, and therefore the brasses form a
series commencing with copper and ending with zinc,
the simplest method of study will probably be to take
the more important properties of the alloys and see
how these vary with changes in composition.
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Colour of Brasses.—The colour of brass is one of its
striking properties, and brass yellow is a fairly descriptive
term. Only certain members of the brass series, how-
ever, have a yellow colour, others being quite white.

The following is the colour series given by the American
Committee,* the observations having been made by Prof.
A. R. Leeds.

The percentages of copper and zinc are those obtained
by the actual analysis of the sample. :

No. Copper. Zinc. Colour.

0. 100 0 Red.

15 96-07 3-79 Brilliant yellow-red.

2. 90 56 9-42 More nearly approaching
yellow.

3. 89-80  10-06  Light yellow.

4. 81-91 - 17-99 Brass yellow.

5. 76-65 23-08 Full yellow.

6. 71-20 28-54 Dark yellow.

7. 66-27 3350 Gold yellow.

8. 60 .90 38. 65 Orange yellow (tarnished).

9. 55.15 44 .44 Surface tarnished, of dulk

reddish-yellow colour,

10. 49.66 50-14 Deep yellow.
11. 47-56 52.28 Reddish white.
12. 41-30 58-12 Nearly silver white, changed

: to yellow by oxidation.
13. 36-62  62.78  More silvery.
14. 32-94 66-23 Bluish white.
15. 25-77 73.45 Dull bluish white.

17. 20-81 7.63 ) ” ”

18. 14-19 85-10 s » »

19. 10-30 88-88 o9 ’ »

20. 4-33 94-59 Bright bluish white.
2713 — 100 Bluish white.

The colours are those of a fractured ingot. From
Nos. 10 to 14 the lustre is described as splendent or

* Thurston’s * Materials of Engineering,” vol. 8, p. 373, second edition.



THE BRASSES. 91

brilliant. Itis, of course, impossible to give any numerical
colour standard, and therefore the descriptions must
necessarily be somewhat vague, but the general result is
clear. The addition of a small quantity of zinc speedily
destroys the red colour of the copper, producing first a
reddish yellow and then a yellow alloy. The yellow
colour varies much in shade, the exact shade seeming
to have little relation to the percentage of copper,
till this is reduced to about 40 per cent., when the yellow
colour gives place to a white and white brass is produced.

In the United States Committee’s report, the
appearance of the fracture is also given, but this is of little
importance, and it must be borne in mind that in some
cases both the appearance and colour of the fracture may
be very much modified by the presence of impurities
even in small quantity.

Specific Gravity.—The specific gravity of copper being
much greater than that of zinc, as might be expected the
specific gravity of the alloy falls as the percentage of
zine is increased. The alloy always has a density greater
than that which it would have if it were merely a
mechanical mixture of the two metals.

The following table gives the results of one series of
experiments made by the U.S. Committee} which will be
quite sufficient for general purposes :—

No. Copper. Zinc, Sp. Gr.
1 06 )f7AgE 3-79 8-825
2 90-56 .. 9-42 8-773
3 89-80 .. 10:06 8-656
4 81-91 .. 17-99 8-598
5 76-65 .. 23-08 8-528
6 71-20 .. 28-54 8-444
7 66-27 .. 33-50 8.371
8 60-94 .. 38-65 8-405
9 .. 5515 .. 44.44 8-283
10 .. 4966 .. 50-14 8-291
Ilege Sess 47 2568 - . " 52-28 8-189
120t 80, ' 58:12 8-061

f Thurston’s ‘ Materials of Engineering,” vol. 3, p. 377, second edition.
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No. Copype . Zine. Sp. G-
13 .. 36-62 .. 62-78 7-974
14 .. 3294 .. 66-23 7-811
15 .. 25-77 .. 73-45 7-675
16 .. 25-92 .. 73-06 .. 7-687
17 .. 20-81 .. 77-63 .. 7-418
18 .. 14-19 .. 85-10 7-163
19 .. 10-30 .. 88-88 7.253
200 25 4-36 .. 94.59 7-108
AE —_ .. 100-0 7.143

Fig. 46 gives these specific gravities plotted so as to
give a specific-gravity curve.

9
A

585 -

£ K

S g o

= A

§ 75 ——|

w //‘

7

Cu. 9%, 0 10 20 30 40 50 60 70 80 90 100

Copper-zinc Alloys—Specific Gravity.
FiG. 46.

(It will be seen that the curve is not regular., Many of the variations may
be due to differences in the condition of the samples.)

Tenacity.—The tenacity or tensile strength is, of
course, one of the most important properties of alloys
to be used for structural purposes, and many series
of determinations have been made. Here again the
American committee’s results are of great value. The
actual tensile strength of a brass will vary with the treat-
ment to which it has been subjected, but if all the samples
are treated in the same way, a series of figures will be
obtained which will at least roughly indicate the
relationship existing between the tenacity and the
composition.
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I S;{Eggl%?" | EI{?‘IS;Jtiitc Total
No Copper. Zinc. P er cent. Elongation
i o s'%“s;gfg%%“ [ lil(‘)e;(;:'ing -per%eut.
{
0 ‘ 100 | — | 27,800 | 518 | 647
22 97.83 | 1-81 27,240 | — L —
25 ‘ 82.93 16-98 l 32,600 26-1 ‘ 26-7
4 ‘ 81.91 17-99 32,670 | 30-6 | 31-4
5 | 76.65 23-08 30,520 24-6 35-8
6 | 71.20 2854 30,510 ‘ 29-5 29-2
7 | 66.27 | 33-50 | 37,800 | 25-1 | 37.7
8 60-94 38:65 41,065 : 40-1 20-67
9 55.15 44-44 44,280 44-0 15-31
10 4966 50-14 30,990 54-5 ' 4-97

11 | 47.56 | 52-28 | 24150 | 100 79
12 | 41.30  58-12 3,727 | 100 o
13 | 36.62  62-78 2,656 100 A
14 | 32.94 | 66-23 1,774 | 100 _d
15 | 25.77 | 73-45 9,680l
16 | 25.92 | 73-06 | 7,931
17 | 20.81 | 77-63 | 9,000 | 100 .16
|
|
|

18 | 14.19 85-10 | 8,500 | 100 2
19 | 10-30 88-88 | 14,450 | 100 -39
20 4.35 | 94-59 18,665 100 -49
21 — | 100 5,400 -69

These figures are plotted in Fig. 47, and for com-
parison the curves obtained by the Alloys Research Com-
mittee and by M. Charpy are given.

From these results it is possible at least to roughly
summarise the influence of composition on the strength
and other properties of a brass.

As zinc is added to copper the tensile strengthincreases,
at first slowly, and then more rapidly till the maximum
is reached with something between 55 to 60 per cent. of
copper, the exact point being different in the three sets of
determinations. As the amount of zinc is further increased
the tensile strength falls off very rapidly, till when white
brass is reached, with about 40 per cent. copper, the
tenacity has become so small as to be negligible. The
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maximum tenacity for cast brass is about 44,0001bs., or
about 19 tons per square inch, whilst for worked rods it
may reach about 80,000lbs., or nearly 36 tons.

Extensibility.—When the exten31b111ty is cons1dered
similar results are obtained. As zinc is added the
alloy becomes more and more ductile, the ductility
reaching its maximum when about 70 per cent. of
copper is present. As the copper is diminished the
ductility falls off very rapidly, and becomes negligible
when the proportion of copper falls to about 50
per cent. It follows that where a brass is required
for strength only, which, of course, may be accom-
panied by hardness and to some extent brittleness, it
should contain about 60 per cent. of copper, but that
where ductility and toughness are required, as is almost
always the case, the percentage of copper must be about
70 per cent. On the whole, the alloy containing 70 per
cent. of copper and 30 per cent. zinc is the strongest and
most generally useful of the whole series. When the
copper falls below 66 per cent. the alloy is difficult to
work cold, though alloys poorer in copper may be readily
worked hot.

Hardness.—The hardness of the alloy is greater than
that of the copper, and like the other properties this
reaches a maximum, then falls off. Hardness is a property
which it is not easy to define or measure.

Fusibility.—The melting point of the brasses gradually
falls as the quantity of zinc is increased. Reference
should be made to what has been said on the meaning of
themelting pointof an alloy, because a study of the melting
and freezing phenomena will throw much light on the
structure of the alloys.

Fig. 49 is the freezing-point curve of the copper-zinc
series of alloys as determined by the Alloys Research
Committee.

It will be seen that copper melts at about 1,082° C.,
and that as zinc is added the solidifying or melting
point of the alloy falls, the mass, however, solidify-
ing as a whole until an alloy is reached which contains
about 70 per cent. of copper, and which melts at
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about 950° C. Beyond this the mass solidifies in two parts :

Firstly, the copper containing zinc (Wthh has a lower
melting point as the percentage of zine is increased), and,
secondly, a eutectic solidifying at about 890° C., or a
little below. As the percentage of zinc is increased
till there is about 55 per cent. of copper present, the mass
solidifies as a whole at about 890° C., the first eutectic

temperature.  As the amount of zine is still further
increased, the freezing point falls, but the alloy still
11060 : 2010°
Cu1082°C.
1980°F.
1000° 18320
\\ ne
900° o e - 1652
: aere ]
0 .
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s 1472¢ =
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© 7 12920 <
- H00R Euedie d 3
g N oy
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& 600 BTN 1112¢ &
=
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= 500° 932¢
v Zn.419°C
o
400° 7327086 F
300° 572°
Znv% 0 10 20 30 40 50 60 70 80 90 100
Cu % 100 90 80 70 60 50 40 30 20 10 0

Copper-zine Alloys.—Freezing-point curve.
FI6G. 49.

solidifies as a whole till a composition of about 45 per
cent. of copper is reached, when, whilst the mass of the
alloy solidifies at ahout 860° C., a second eutectic separates
which freezes at about 840° C. x As the quantity of zinc is
increased when it reaches about 72 per cent., whilst the
freezing commences at about 786° C., a third eutectic is

formed which freezes at about 680° C., and the alloy

*The line of this eutectic is short and it was not noticed by the A.R.C., so is not
shown in the diagram.
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again solidifies as a whole, but immediately a fifth
eutectic which has the freezing point of zinc begins to
separate and continues until 100 per cent. of zinc is
reached.

It will thus be seen that the freezing phenomena
of the copper-zinc series are somewhat complex. On the
whole the freezing point or melting point does fall steadily,
thoughnotuniformly, as the percentage of zinc is increased.
For certain ranges, e.g., from 100 per cent. to about 70
per cent. copper and through several other ranges of
temperature, the alloy has only one freezing point and
at certain (eutectic) points it solidifies as a whole,
but for other ranges of composition it has always two
freezing points, a definite eutectic being separated.
All the useful alloys fall within the range of the com-
positions when the metal either solidifies as a whole or
when the first eutectic separates.

It becomes of importance to see if any relationship
can be traced between the physical properties of the alloy
and the freezing temperatures. It will be seen that as
zinc isadded to copper, the wholeretaining its homogeneity,
the tensile strength and the ductility as measured by the
extension gradually increase. When the eutectic begins
to separate the ductility begins to fall, but the tensile
strength continues to increase, and reaches its maximum
at about the point when its whole mass is composed of
the eutectic or a little beyond, after which the tensile
strength also falls off very rapidly, soon becoming so small
that the alloys are valueless for all practical purposes.

It will be seen, therefore, that the changes in physical
properties are dependent on changes in the constitution
of the alloy itself.

It is stated that several chemical compounds of copper
and zinc exist, three at least having been described, viz. :

Cu.Zn. 49-3 per cent. copper, 50 -7 per cent. zinc.
Cu. Zn, 32-7 5 ot 1 67=3 % %
Cu. Zns 24-6 . 9 3’ 75-6 T} iR}

Mr. Campbell, however, states that no definite com-

pounds occur, the six solid phases being all solid solu-

tions which he indicates by the Greek letters a 8 v J ¢ {.
H
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Before the composition represented by the first of
these is reached, the alloy has lost to a large extent the
properties which render brass so valuable in the arts,
except the yellow colour, and it may therefore be safely
stated that none of the useful alloys of copper and zinc
are definite chemical compounds.

Microstructure.—T'he microstructure of the brasses throws
some light on the reasons for the change of character at
the various critical points.

As will be seen from the cooling curve (p. 96)
an alloy of copper and zinc containing more than 70 per
cent. of copper solidifies as a whole, and is therefore
probably a solid solution of zinc in excess of copver, and

F16. 50.

Brasses, 70 per cent. copper, 30 per cent. zine. Crystals large in the one, small in
the other. This is the normal structure of alloys containing 70 per cent. or more
of copper after annealing, V, 100 X.

as might be expected, such alloys show a more or less
uniform structure, the whole being made up of crystals
variously oriented.

" 1t must be remembered that a solid solution is not
necessarily perfectly homogeneous, or, rather it should be
said, is not normally homogeneous, for the solidification
is always selective, the mother liquor growing stronger
and stronger in the dissolved substance, and therefore if
the cooling be slow, the mother liquor may be enriched
up to the eutectic point, even though the mass of metal
is not saturated. It therefore sometimes happens
that distinet segregation takes place, and eutectic can be
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detected even in alloys richer in copper than the proper
eutectic. Such mixtures are, however, distinctly un-
stable, so that on annealing the eutectic diffuses, dissolves,
and disappears. For this reason the structure is always
better determined on the metal as annealed rather than as

A. 40 x.

OBLIQUE ILLUMINATION.

B. F16. 51. V,100 X. C. . /

A. Analloy of 92 per cent. copper, 8 per cent. zinc.
B. An alloy of 67 per cent. copper, 33 per cent. zinc, as cast.

C. Alloy 59 per cent. copper, 41 per cent. zinc. This is the normal structure of
alloys from 67 to 45 per cent. copper.
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cast. The appearance of a brass containing about 70 per
cent. copper is fairly uniform, but with higher copper it
varies considerably with the circumstances, no doubt
because the portion of the solution last solidified is richer
in zinc than that first solidified, and therefore is diffe-
rent in colour.

TR

A. FIG. 52. B.
A. Alloy, copper 23 per cent., zinc 77 per cent.
B. Alloy, copper 20°5 per cent., zinc 79°5 per cent.

Vv, 100 x.

A. FiG. 53. B.
A. Alloy, copper 10°26 per cent., zinc 8974 per cen*.
B. Alloy, copper 665 per cent., zinc 9340 per cent.

Vv, 100 X.

As soon as the copper falls to about 67 per cent., the
exact point varying somewhat according to the conditions
of cooling, the whole character of the alloy changes, and
it is seen to consist of irregular masses of a light yellow
material (vertical illumination) embedded in a darker
ground mass, and as the quantity of zinc is reduced the



THE BRASSES. : ARLCR N 17

-ground mass increases in quantity. The yellow material
seems to be the solution of zinc in copper which con-
stitutes the whole mass of the higher alloys, whilst the
ground mass is a eutectic probably made up of this solu-
tion and a solution much richer in zinc. As the composi-
tion of about 50 per cent. copper and 50 per cent. zinc is
reached the structure again begins to change. The struc-
ture becomes more uniform, consisting only of crystals
surrounded by a thin layer of the ground material. As
the quantity of zinc is increased the quantity of ground
mass increases, and other changes take place in the
appearance ; but these alloys, with such a large per-
centage of zinc, are of no commercial importance.

The constitution of these alloys is still somewhat
uncertain, and the statements above may need revision.
According to Mr. E. 8. Shepherd :—*

High copper alloys crystallise in more or less definite
crystals which are a solid solution of zinc in copper (the
a solution). As the copper falls to about 67 per cent.,
the limit of saturation of solution « is reached, and the
brasses show two distinct constituents ; as the percentage
of copper falls, the a crystals disappear and at 52.2 per
cent. of copper the structure again becomes uniform,
only one constituent, the solid solution 3, being present.
As the percentage of copper is still further reduced, a
second constituent again makes its appearance, the solid
solution v, the crystals of which are white, and the alloy
is homogeneous vy crystals from 40 to 31 per cent. copper.
Below 36 per cent. a second constituent makes its
appearance, the ¢ solid solution, and then a third (the
¢ solution), so that three constituents are detected, at
20 to 13 per cent. the alloy is again homogeneous, and is
the e solution. Between 13 per cent. and 2.5 two con-
stituents are visible and below this there is a solid
solution of copper in zine, the 5 solution.

The colour of the fracture is in some cases different
from that of the filed surfaces when two constituents are
present because the fracture is often determined along the
crystals of one of the constituents, whilst the filed surface
gives the average colour.

* Journal of Physical Chemistry, Vol. 8, Nc. 6.
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Mr. Shepherd gives the following table :—

Compostion | gatls | Colgurol Bl | otour of Bracture:
of Copper.
100-63 a+ 8 Red, changing to | Yellow
pale yellow
63-54 B+ a Reddish yellow Yellowish red
54-51 B Re/ldish yellow Yellowish red
51-43 B+ Reddish yellow Yellowish red
42-40 y+ B Yellowish red Silvery, withpinkish
tinge
40-30 ¥ Silvery Silver?, very bril-
liant
30-20 v + € + & | Silvery grey to | Silvery grey, becom-
. bluish grey ing duller :
20-13 € Bluish grey Bluish grey
13-2°5 e+ 19 Bluishgrey, becom- | Zine
ing lighter
250 7 Zine Zine

It must be remembered also that the composition of
the solid solutions varies with the temperature, as
differences in stability are determined by the temperature,
and where there are two or more constituents time is
required for their separation, so that the structure may
differ according as the alloy is slowly or quickly cooled, or
annealed after cooling.

A reference to Prof. Roberts Austen’s diagrams will
show that the structure described is much what would
be expected, there being four periods when two con-
stituents separate out, and for the rest you would expect
only one constituent. Mr. Shepherd says that one eutec-
tic solidifying between 800° and 900° has been over-
looked.

Mr. Shepherd gives the map, Fig. 54, which gives his
idea as to how the constituents of a brass are arranged at
different temperatures. The line A B CD E G represents
the commencement of solidification, the dotted and full
lines A b, b, ¢, C d, e, f, represent the completion of
solidification, the part between these lines represents the
condition during solidification, and the part below shows
the condition of the solid. That some of the lines in
this portion are curved indicates changes taking place in
the solid alloy during cooling.
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Mr. Shepherd states that there are no * definite
compounds of copper and zinc,” but that the six phases
are all solid solutions.
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Per cent. copper.
F16. 54.—MAP OF THE CONSTITUTION OF THE BRASSES (Shepherd).

It is evident that if Mr. Shepherd’s views are correct
there should be five sets of brasses showing only one
constituent, viz. :(—

(1) More than 67 per cent. of copper.
(2) From 51-53

bRl

(3) 3 30—40 ’ ’
(4) ” 13-19 ’y 3
(5) ”» 0-2.5 ) )

and this seems to be borne out by mic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>