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pounds of metals with 
stituents of alloys :-

Co.¡ Si 
eo,s¼ 
Co Si 
CoS¼ 
Co Si, 

Cu, P 
Cu, Si, and otbers 
~o 
Fe, C 
Fe O 

non-metals which occur as definite con-

Fe,¡ P, Fe, P 
Fe.i Si, Fe Si 

Mg~Si 
Mn2 Si, Mn Si 
Mn1 P t and anotb~r 

Ni, P, Ni1 P21 N¼ P 
Ni3 Si, Ni2 Si, Ni3 S¼, Ni Si, 

N~Si3 

Sn3 P2 

5. Eutectic Mixtures.-By this tcrm is meant a eutectic after 
solidification and separation into its constituent parta which 
remain in micro-juxtaposition in the alloy, thus forming a con­
stituent. The term eutectic was first used by Guthrie in 1875 
to indicate solidified mother liquor. A eutectic is that alloy of a 
series or portion of a series which has the lowest melting-point. 

It is often advisable to prepare the eutectics in as pure a state 
as possible in order to carry out the various methods of investiga­
tion on them. The following are amoug the methods which have 
been devised for this purpose :-

(a) Guthrie', Metlm. - In this method the metals under 
examination were mclted together; then the metal which was in 
excess over the eutectic ratio was allowed to crystallise out, and 
when the greater part had become solid, the residual alloy which 
still remained fluid was poured off and allowed to set. This 
crude eutectic was remelted and allowed to partially solidify, and 
the mother metal again poured off. This treatment was repeated 
until the mother metal invariably yielded an alloy of the same 
composition. 

(b) Roberts-Austen'a Method.-In this case a steel oylinder fitted 
with two loose steel plungers is used. The alloy under examina­
tion is placed in the cylinder between the pluugers and suitable 
pressure applied to these. The cylinder is heated up, and whcn 
the temperature at which the eutectic melts is reached, it will be 
forced out between the plungers and the cylinder. The eutectic 
alloy first obtained may be re-treated. The temporature at which 
the eutectic is obtained may be ascertained by the insertion of a 
thermo-cou ple. 

(e) Stead's Metlwd for small quantities of low melting-point 
alloys. A portion of the molten alloy is poured on to a sheet of 
asbestos, and when the mass has solidified to a thick paste, a second 
sheet of asbestos is placed on top, and a wooden rollar is rolled 
over the surface. The eutectic runs as a fluid drop in front of 
the roller, and may thus be separated and re-treated if desired. 

(d) Synthetical Method.-As a general rule, the best method 
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for making a quantity of puro eutectic is to first ascertain the 
correct compotiition by thermal and microscopical methods, and 
then mako up tho alloy to.this composition. 

The following is a list of the most important properties, etc., 
of a P.utectic alloy :-

(a) A single melting and solidifying point. 
(b) A melting and solidifying point lower than that of the mean 

of its constituents. 
{e) A composition which is constant and independent of tho 

initial composition of the alloy. 
(d) A composition not necessarily in simple atomic proportions. 
(e) It must be the most fusible alloy in a given series or portion 

of a series, for some series of alloys have more than one eutectic. 
(d) It consista of a conglomera.te of distinct particles of the 

components, rnechanically mixed. 
(e) It may consist of two or more metals which do not unite 

chemically, or two solid solutions. 
{/) It may consist of a free metal or a solid solution, and a 

compound. 
(g) It may consist of two or more compounds. 
(h) It may be formed in the solid alloy, that is, ata temperature 

lower than that at which freezing is completed. The most 
important example of this is pearlite, which forms in the solid in 
carbon-steols, and is geuerally known by the term "eutectoid." 

(i) It may possibly consist of two eutectics, one formed during 
solidification, and the second after solidification is complete. 

The exact microscopic structure of eutectics is found to vary in 
ditferent alloy-series, and the following types may be considered as 
the most important. 

Gurviplanal, in which the constituents consist of curved plates 
in juxtaposition. Examples of this are found in the alloys of 
silvcr and copper, lead and tin, slowly cooled steels, etc. 

Honeycombed or Gellular.-This is a very common eutec~ic 
structure, and is found in bismuth-tin, gold-lead, iron-phosphorus 
series, etc. 

Spheriúitic.-This is frequently met witb, especially when the 
cutectics have been cooled down rapidly. Thc constituents 
commence to separate and solidify from nuclei, and grow from 
these; found in alloys oí lead and antimony, lead and gold, etc. 

Geometric cryatalline fonns are occasionally found in eutectics 
allowed to solidify very slowly; for example, the antimony-lead 
eutectic yields hexagonal prisms built up of alterna.te laminre of 
lead and antimony; the gold-lead eutectic yiclds cuboidal forros. 

The following series of alloys serve as examples in which 
eutectics are important constituents :-

Pb-Sb; Cd-Zn and AuTl, which contain eutectics practically 
throughout; Sn-Pb; Pb-Ag; So Ag; Sn-Bi; Sn-Zn ; Cu-Au; 
Cu-Ag; Al-Zn, etc., wbich contain eutcctics only within certain 
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limits of composition; and Pb-Mg; Sn-Mg; Sn-Ni; Zn-Sb; 
Te-Bi; Na-So; Fe-Si; Au-Sn, etc., which yield two or more 
distinct eutectics, each one occurring within a certain range of 
composition only. 

6. Solid Solutions of Definite Compounds in e:rcess of Metal. 
-lt has already been shown that chemical compounds form an 
important constituent of many series of alloys, and it will ~e 
readily understood that many of these compounds form . s~hd 
solutions with excess of either or both of the elements of wh1ch 
they are composed, thus forming a new constituent. In a few 
cases the compound and each metal are completely soluble in each 
other, the best example of this being the magnesium-cadmium 
series; in other cases the compound and component metals are 
only partially soluble in each other, as in the copper-antimony 
series. 

In commercial alloys the most important instances of solid 
solutions of compounds are fonnd in the copper-tin and copper· 
zinc alloys, and very important solid solutions of compounds, con· 
taiuing a non-metal, are met with in the case of iron, in which, 
under suitable conditions, solid solutions may be formed with the 
compounds Fe~C, Fe P, and FeO. 

7. Allotropic Molfications.-It is recognised that man y metals 
are capable of existing in two or more allotropic conditions, each 
modification being stable only within certain limits of tempera· 
ture; this phenomenon is also exhibited in the alloys of these 
metals containing only a certain amount of a second metal, but 
in a less marked manner. 

Certain definite compounds of metal also exhibit similar poly­
mórphic changes. Any change in the nature of the structural 
constituents of solid alloys takes place with difficulty unless the 
material is cooled extremely slowly, and may be prevented almost 
entirely by rapid cooling in the neighbourhood of the transition 
temperature. The velocity of transformation varies considerably 
at different temperatures, being greater the higher the tempera• 
ture, and the fartlíer this temperature is removed from the 
transition point. Above tho temperatura of the transition point 
both these conditions act in the same direction, and the velocity 
of transformation is increased indefinitely as the temperature is 
raised. Below the transition point, however, these two conditions 
a.et in opposite directions, the velocity being decreased by lower· 
ing the temperature, but increased by withdrawing farther from 
the transition temperature; it will thus be seen that there must 
be a certain temperatura at which the transformation will take 
place with a maximum velocity. Below this temperature the 
velocity of transformation decreases with comparative rapidity, 
and may possibly become zero, showing bow it becomes possible 
to maintain certain metals in an unstable allotropic state at 
ordinary temperatures. 
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A simple illustration of allotropic change is found in the gold­
thallium alloys; 1 pure thallium possesses a transition point at 
225º C., and an arrest is found at this temperatura in ali the 
alloys containing primary precipitated thallium; in an equilibrium 
diagram this change appears as a straigbt horizontal Jine. 
Similar allotropic changes are found in many of the alloys con· 
taining nickel, cobalt, etc., corresponding to the temperature at 
which magnetio tra.nsformations take place. The allotropic 
changes which take place during the cooling of iron and iron• 
carbon alloys ha.ve already been mentioned. Rosenhain 2 has 
recently described a similar change in lead-tin alloys containing 
betweeu 8 and 63 per cent. of tin ; the change takes place at a 
constant temperature of 14:9º C. for the alloys oontaining above 18 
per cent. of tin, and at lower temperatures for alloys of lower 
tin--coutent. This change involves the rejection of tin from the 
solid solution, the form stable at low temperatures possessing a 
smaller solubility for tin than the form atablo above 149• C. 
As examples of similar changos taking place in metallic com­
pounds, mention may be made of the compound Na,Sn3 occurring 
in the sodium-tin series ; s this compouncl changes with an in­
crease of volume at a temperature below solidification. The 
compound AuPb2 also exhibits allotropic change after solidifica­
tion, as do also the compounds Co5As2, Co2As, Co8As2, besides 
many more. 

Classification of Binary Alloys. - Undoubtedly the best 
method of classification for alloys of two metals is based on the 
type of equilibrium curve obtained. The subject is far too 
extensive for full treatment in this book, and will be given in 
outline only; for a fuller description tbe student is referred to 
Gulliver's Metallic Alloys. In the following groups, however, 
are included the most important types of freezing-point curves. 

G1·01Lp I. Alloys.-These are obtained by alloying any two 
metals which are completely mutually soluble in the liquid 
state, and completely insoluble in the solid state. In these 
alloys a eutectic is found at a certain composition, and intermedi­
ate alloys between the pure metals and the eutectic consist of 
two constituents, viz. crystals of the pure metal which happens 
to be in excess over the eutectic ratio, and the eutectic itself. 

An example of this group of alloys is found in the lead­
antimony series, the equilibrium diagram of which is given in 
fig. 118, after Roland Gosselin.4 It will be seen that the eutectic 
point occurs with a composition of 13 per cent. of antimony and 
87 per cent. of lead, and that the eutectio temperature is 228º C. 
All the alloys between pure lead and that one containing 13 per 

1 Leviu, Zeit. anorg. Olum., 1905, xlv. p. 31. 
2 Phil. Trans., 1908, Series A, vol. ccix. pp. 89-122. 
3 M.sthewsou, Zeit. anorg. Chem., 1905, xlvi. p. 94. 
4 Oo11tributicm. a l'étude de, Alliagea, 1901, p. 93. 



236 AN INTRODUCTION TO METALLURGY. 

?en~. of antimony_ will commence to freeze at sorne temperature 
md1cated on the !me Pb.E., and at this temperature crystals of 
pure lead will be deposited; as the temperature falls lead 
crystals will continue to be thrown out of solution u~til a. 
tem~rature of 228º is reached, when the still liquid portion will 
contam 87 per cent. of lead, no matter what the initial com­
position of the alloy was, and this liquid portion of eutectic com­
position will soli?ify as a. conglomerate of crystals of pure lead 
and_ pure antimony. lf an alloy consisting of 13 per cent. of 
ant1mony be taken, no crysta.llisation will take place during 
cooling until the eutectic temperature 228º is reached, when the 
alloy will solidify as a whole at this definite temperature. 
Alloys containing more than 13 per cent. of antimony will 
~asemble the alloys containing less than 13 per cent. of antimony 
m the mode of solidifying, except that the first crystals to fall 
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out of solut.ion will consist of pure antimony instead of pure 
lead. 

Thus all alloys between the eutectic composition E and pure 
3:ntimony will commence to solidify at sorne temperatura on the 
lme E.Sb, and the crystals formed will consist of pure antimony • 
as the temperature falla, antimony will continua to be deposited 
unt_il the portion remaining liquid contains only 13 per cent. of 
ant1mony ; as before, this state of affairs will be reached at a 
temperatura of 228º, at which t emperature solidification will be 
completed. It should be remembered that the micro-structure of 
these alloys is closely connected witb the deductions drawn from 
the freezing-point curve, and resembles the micro-structure of the 
silver-copper alloys (see page 223). 

~roup II. Alloys. - These are obtained byalloying any twometals 
wh1ch are completely mutually soluble in the liquid state and 
partially soluble in the solid state. In these alloys the general 
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form of the freezing-point curve resembles that of the Group l. 
curves, except that the eutectic line does not extend throughout 
the series. A eutectic is found at a certain composition 
as before, and in alloys of any other composition the excess 
metal crystallises out as a solid solution, the amount of the 
second metal held dissolved varying with tbe metals under 
consideration. 

An example of this important group of alloys is found in tbe 
aluminium-zinc series, tbe eqnilibrium diagra:m of which is 
given in fig. 119, after Sbepherd.1 The conclusions drawn from 
this diagram, which are confirmed by microscopic analysis, are 
that above the line ZnEA.1 the alloys consist of homogeneous 
fluids. In the region ZnEa, primary crystals of zinc holding a 
certain amount of aluminium in solution (the amount dissolved 
being indicated by line Zn a) are in equilibrium with a still 
molten portion of the alloy; similarly, in the region EAI b, 
crystals of aluminium holding an 1oor----.-----....--..----,--,-, 
amount of zinc, indicated by 
Al b, exist in equilibrium with 
a still molten portion of the 
a.Hoy. At the temperature of 
tbe straight line a E b, the 
eutectic solidifies and is made up 
of two solid solutions, one baving 
composition a and the otber of 
composition b. In this series, 
alloys containing up to 4 per 
cent. and also those containing 
more tban 45 per cent. of alu­
minium are homogeneous in 
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structure, and only the alloys between these limita consist of two 
constituents. Tbe fact that the lines ad and be are not vertical 
indica.tes that the mutual solubility of these meta.Is varíes with 
tbe temperatura; for example, solid aluminium at 200º is capa.ble 
of holding in solid solution more zinc (je) than at a temf>erature 
of 300º C. 

Groiip III. Alloys.-These are obtained by alloying any two 
metals which are completely soluble in each other, both in the 
liquid and in the solid state. When absolute equilibrium is 
attained in these alloys they possess a homogeneous structure, 
but in the ordinary course of freezing the first crystals to 
separa.te are invariably ricber in that metal ha.ving the higher 
melting-point, and the last portions to crystallise are correspond­
ingly richer in the metal with the lower melting-point. Distinct 
differences can generally be seen in the appearance of the 
individual crystals after polishing and etching, owing to the 
gradual variation in composition from the centre to the outside. 

1 Joum. Phil. Ch~m., 1906, ix. p. 504. 
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As an example of this series oí alloys, those of antimony-bismuth 
may be taken, the freezing-point curve of which is shown in 
fig. 120, after Gautier.1 The full line BiASb indicates the 
temperatura of the commencement of solidification, and the 
dotted line BiCSb indicates the temperatura at which solidifica­
tion is complete ; this part of the diagram, however, has not yet 
been determined with accuracy. To illustra.te the mode of 
procedure of the freezing in this case, suppose an alloy of 50 per 
cent. Sb and 50 per cent. Bi be cooled down from sorne tempera­
ture above 600º. The molten alloy will merely cool down until 
a temperatura of 500º is reached (A), at which solidification will 
commence, the first crystals to be deposited being of compcsition 
B, that is, containing about 75 per cent. Sb. From 500 down­
wards crystallisation will proceed, the crystals being deposited 
becoming poorer and poorer in Sb, and correspondingly richer 
in Bi, until a temperature of about 400º is reached, when the 
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whole mass will be solid, the last 
portion to solidify having a 
composition D, or about 25 per 
cent. Sb. 

By keeping the alloy at a tem­
perature just below solidification 
for a long time diffusion is 
assisted, and continues until 
the whole mass is homogeneous 
in composition. To this group 
beloug the series Au-Ag, .A.u-Pt, 
Mn-Fe, Ni-Co, Pd-.A.g, Pd-.A.u, 
etc. 

(},,•oup IV. Alloys.-These are 
obtained by al!oying metals which forro chemical compounds. 

It will be readily seen that this group may be subdivided 
according to whether the compound or compounds are completely 
soluble, partially soluble, or completely insoluble in the other 
constituents of the alloy. .A.s an example, the tin-magnesium 
series may be taken, the equilibrium diagram of which is given 
in fig. 121 after Grube. It will be noticed that at C a maximum 
point is obtained ; this is found in the alloy containing 71 per 
cent. of tin, and corresponda to the compound SnMg

2
, which has 

a freezing-point of 783º C. 
If this type of diagram be divided vertically through C (the 

compound) two diagrama will be obtained, each similar to the 
diagrama given by Group I. .A.lloys, the compound taking the 
place of one of the pure metals. The composition of the various 
portions is clearly indicated on the diagram, both for tempera­
tures at which crystallisation has commenced and for temperatures 
at which the alloys are completely solid. 

1 Bull. rk la Soc. d'Bnc. p. l' Ind. nationale, 1896. 
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For a complete consideration of the Phase Rule and its applica­
tion to the study of al!oys, which is of very_ great value, the 
student is referred to the books already ment1oned, and to the 
original papers given in the following bibliogr~phy. The c~n­
sideration of the equilibrium curves of the very 1mportant senes 
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of alloys copper-zinc, copper-tin, copper-aluminium, and iron­
carbon is omitted as being complex and beyond the scope of 
this work. These' important classes of industrial alloys have 
received a large amount of attention !ro~ metallographis~s, and 
comprehensive accounts of their const1tnt1on and properties are 
fairly accessible. 
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