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:NOTES ON THE TABLE OF PHYSICAL CONSTANTS OF METALS. 

The atomic weights given are those approved by the Inter­
national Congress for the year 1910 (see Proc. Chem. Soc., vol. 
xxv., No. 362, p. 255). The atomic v?lumes ha'l"e be~n calcul_a~ed 
from the latest figures for atomic we1ghts and spec1fic grav1ties. 
The specific heats giveu are the mean specific heats betwee~ 100º 
and 15º in most cases. Great care has been taken to obtam the 
latest and most trustworthy figures for the melting-points. The 
thermal conductivities are given in calories, centimetre-seconds; 
when multiplied by 100, the figures obtained ~re practican~ ~he 
same as when silver is taken as the standard w1th a conductmty 
of 100. The electrical conductivities are given in absolute units 
measured in mhos. :Mhos are the reciprocals of ohms, and the 
mho-conductivity is obtained by dividing 109 by the volume 
resistivity in c.g.s. units. 

CHAPTEH. III. 

ALLOYS. 

Early Investigations.-Many valuable mechanical properties are 
conferred upon metals by associating them with each other­
this fact was discovered at a very early period of metallurgical 
history, and it seldom happens that metals are used in a state 
of purity when they are intended for industrial purposes. The 
word "alloy" originally comes, in all probability, from the Latin 
adligo (alligo), "to bind to," and not, as Sir John Pettus thought, 
from the Teutonic linderen, "to lessen," suggestive as it is of 
the fact that a precious metal is lessened in value by the addition 
of a base one. 

The distinguished chemist Dumas eloquently pleaded, many 
years ago, against leaving alloys in the oblivion to which modern 
chemists consigned them. Until quite recently the extent and 
c?mplexity of the subject was not realised, and Lupton,1 in 1888, 
d1rected attention to the number of alloys which then awaited 
examination. Be said :-" Hatchett recommended that a syste­
matic examination of all possible alloys of all the metals should 
be undertaken. He forgot to remind anyone who should attempt 
to. follow his ad vice that if only one proportion of each of the 
th1rty common metals were considered, the number of. binary 
alloys would be 435, of ternary 4060, and of the quaternary 
27,40?. If four multiples of each of the thirty metals be taken, 
the bmary compounds are 5655, ternary 247,660, and quaternary 
1,013,985." 
. Ne~ertheless, if the properties of many alloys have yet to be 
mvest1gated, the study of alloys generally has not been neglected. 
The modern bibliography relating to them is much more exten­
siva than it is usually supposed to be, and the older writings are 
very full, and contain the resulta of far more accurate observation 
t~an they are credited with. In the early days of chemistry, as its 
h1story abundantly provea, alloys received much attention; and 

1 Nature, vol. xxxvii., Jan. 5, 1888, p. 238. 
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although the early chemists oftcn failed to distinguish alloys 
from simple metals, or used them in unsuitable ways, they left an 
experimental record, the value of which is sadly unappreciated. 
From this record it is, incidentally, evident that the developmeut 
of the art of separating metals from their ores, and from each 
other, was quickly followed by the acquisition of the knowledge 
that metals possess peculiar properties when reunited in certain 
proportions, and are thereby rendered more useful than they were 
in the pure state. 

In early times some metals were used unalloyed, although at 
the present day they have little industrial application except in 
union with other metals. Antimony, for instance, now only 
employed as a constitnent of certain alloys, was formerly cast 
and fashioned into ornaments, as is proved by the analyses of 
Virchow, and by a fragment of a very ancient Chaldean vase, 
which fragment, when examinad by Berthelot, proved to be of 
pure antimony.1 The implements and ornaments discovered by 
Schliemann abundantly show that the early Greeks were familiar 
with alloys of silver and gold, copper and tin, lead and silver, 
and with mauy others, all artificially prepared. Throughout the 
Middle Ages there seems to have been a belief that the action 
of ruetals on gold and sil ver was, on the whole, corrnpting; and 
Biringuccio, in 1540, possibly seeing that this was the prevail­
ing view, carefully defined such alloys as being "nothing but 
amicable associations of metals with each other "; and he further 
pointed out that metals must be mixed by weight, and not at 
random. 

Views as to the Constitution of Alloys.-Passing from the 
sixteenth to the eighteenth century, we find four writers whose 
mimes deserve to be specially mentioned, because they seem to 
havo been the first to indicate the direction in which modern in­
vestigation has been conducted. These are Réaumur, Gellert, 
~Iusschenbroek, and Achard, who respectively studied- lst 
(Réaumur), molecular change produced in a metal by heat; 2nd 
(Gellert), the relation of fluid meta.Is to each other considered as 
solvents; 3rd (Musschenbroek), the cohesion of alloys as shown 
by certain mechanical properties ; and 4th (Achard), the electrical 
behaviour of metals and alloys. It is interesting to trace the 
connection between the older work aud the new. Réaumur,2 in 
explaining the hardening of steel by rapid cooling from an 
elevated temperature, comes very near the modern view tbat a 
metal may, under certain conditions, pass from one allotropic 
state to another, for he distiuctly contemplates tbe possibility 
of molecular change produced by the expulsion by heat of 
"sulphurs and salts" from the molecules into interstitial spaces 
between them. He speaks of "molecules and elementary parts 

1 Ann. de Chim. et de Phys. , vol. xii., 1887, p. 135. 
2 L'art de con·vertir le fer forgé en acier, Paris, li22, p. 321. 
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of molecules," like a modern writer, and tries to show tbat 
when hot stcel is rapidly cooled, "sulphurs ánd salts" cannot 
return into the molecules, but remain in the interstitial spaces; 
and tbat, therefore, the physical properties of bard steel become 
quite different from those of soft. If it should be urged that 
the analogy between carburised iron and alloys is overstrained, 
it may be pointed out that, in 1867, Matthiessen said, after 
appealing to the fact that in certain alloys the constituent 
metals are present in allotropic states, "I have always made a 
comparison between iron and steel (and alloys). This has been 
done to show that the carbon iron alloys behave in an analogous 
manner to other alloys, wbich cannot be looked upon as chemical 
combinations." 1 

Gellert makes the analogy of certain alloys to solutious very 
clear, and in his Metalforgic Chernistry he gives a table showing 
the relative solubilities of metals in each otber, wbile in the 
observations whicb accompany it 2 he says, to cite one of the 
cases he takes as an illustration, "Since copper and sil ver and 
copper and gold dissolve one another very readily, the copper 
can~ot _be p~rted from gold or silver by means of iron," probably 
havmg m mmd a reaction which enables silver to be parted from 
gold by_ the action of sulphur and iron. He further clearly shows 
that, w1th regard to the solution of metals in a triple alloy, be 
understood the possibility of a division of a metal between two 
other metals acting as solvents. 

The mechanical properties of alloys were investigated by 
Musschenbroek, who, working in the early part of the eighteenth 
century, made sorne experiments on the tensile strength of 
meta.Is an~ alloys. He writes of "the absoluto cohesiou by which 
~ body_ res1sts fracture when acted upon by force drawing accord­
mg to 1ts length," and gives the tenacity of several metals, and 
the alloys, brass and pewter. 3 He shows the importance of such 
wor~ so clearly that it is remarkable how slowly the mechanical 
testmg of metals has developed since his time. 

Achard, w~ose researches were published in 1784, made a very 
ext~nded senes of experiments on multiple alloys, as well as those 
of 81mple metals. He pointed out that the relativo conductivities 
of s~bstances for _heat and for electricity are closely related. 4 He 
devtsed an apphance for the experimental verilication of this 
fac~, and, as he included alloys in his researches, it may fairly be 
cla1med that he led the way for the important generalisation that 
alloys may be ranged in the same order as regards their power of 

1 Jou:r"!. (Jhem. Soc., 1867, p. 220. 
: Enghsh translation of his work, London, 1776, p. 186. 

¡>. 2:;,ements of Phílosophy, translated by Jolm Colson, F.R.S., vol. i., 17H, 

• ~aminlttng physikalischer mul chemisclwr Abliandlungen, Berli.11, 1784, vol. 1. 
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conducting heat and electricity which was made by Wiedemann 
and Franz in 1853-9. 

The necessity of metals bein¡! pnrc when added to each other 
was hardly recognised until tho eightoenth century; and Dnhamel, 
who contributed the article on alloys to the Encyclo¡,édie .lfétlwdique 
in 1792, appears to have been tho first writer to insist on the 
uecessity for makiug exact experiments upon alloys with metals 
whioh possess a high degree of purity, and on effecting their union 
by heat in closed vesscls. He furthor pointed out that up to his 
time no chemist had taken these precautions, and it is certain 
that in conducting sorne modern experimenta they have been 
neglected. 

In the early part of the nineteenth century researches on alloys 
became more numerous ; they were mainly directed to ascertain­
ing the effect on the density of metals produced by alloying them, 
and to determining the effects of slow cooling on alloys with low 
melting-points. Of sueh a nature was thc work of Ermann in 
1827 and of Rudberg (1830-1). Ermann called attention to 
the peculiar behaviour of alloys of lead and tin when solid. 
Rudberg studied anomalies in thcse alloys when in the liquid 
state. 

Regnault showed tbat the spccific heats of certain fusible alloys 
were greater near 100º than tbe mean specific heat of their con­
stituents; and this fact appears, as Spring has shown,1 to have 
induced Person to undertake researches on the latent heat of 
alloys and on tbese specific heats. 

Undoubtedly, one of the greatcst works ou alloys of tbe present 
century was that of Mattbiessen, who studied the electrical 
resistance of metals and alloys, and was led to tbe couclusion 
that in many cases metals are prescnt as allotropic moditications­
that is, in totally differcnt forms from those in wbich we ordi­
narily kuow thcm. 

lt is by no means casy to investigate the molecular ronstitution 
of alloys, but evidence may be gathered in the following ways: -

l. By comparing the properties of an alloy with those of its 
constituent metals. 

2. By studying the behaviour of alloys in passing from the 
liquid to the solid state, and conversely in passing from tbe solid 
to the liquid. 

3. By determining the physical constants of solid alloys, such 
as the melting-point, specific gravity, specific heat, electrical 
resistance, electromotive force, and their mechanical properties, 
such as tenacity and extensibility. 

4. By exaroining with the microscope, suitably prepared 
surfaces of alloys, after various thermal and mechanical treatments. 

First we must consider the methods of producing alloys, for the 
union of metals may be effected in three ways :-

1 Bull. de l'Acadimic &yale cú Belgique, 1886 (3), vol. xi. p. 355. 
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l. By fusion-tbat is, by causing metals to unite by melting 
them together. 

2. By compreS11ion oí the powdcr1:1 of the constituent ruetals. 
3. By electro-deposition. 
Union of Metals by Fusion.-The first method, by fusion, 

is naturally the method ordinarily adopted. Ono of the metals 
is melted, and thc other is added to it, sometimes in the fluid 
st.ate, but often in the i;olid. The product-the alloy-will have 
very differcnt properties from thosc possessed by either of the 
constituent metals. Every metal has, of course, a definite melting­
point, but, apart from the heat initially required to melt a metal, 
we find that the union of metals is somctimes attended with au 
evolution and sometimcs with an absorption of heat. 

The following metals evolve heat when they are united :­
aluminium and copper, platinum and tin, arsenic and antimony, 
bismuth and lead, gold and just-melted tin; while, on the other 
hand, lead and tin absorb heat when their union takes place. 
There are many other cases. 

In the case of many metals these effects can only be demon­
strated by the aid of delicate instruments. Therc is, however, a 
simple case in which the union of metals is attended with a con­
siderable diminution of temperature; it is an experiment we owe 
to Mohr, and its explanation is a very complicated one. 

If tin, lead, and bismuth, as finely divided as possible, be 
intimately and rapidly mixed in equivalent proportions, with 
eight equivalents of mercury, under conditions in which heat is 
not transmitted to the mixture from the walls of thc containing 
vessel, it will be found that the temperature falls from the ordinary 
temperatura of the room+ 17º C. to - 10º C., so that if a vesscl 
containing water be placed in the mixture the water will be frozen. 
The experiment proves that by the union of metals, using mercury 
as a solvent, a frcczing mixture may be produced. 

Union of Metals by Compression.-For many years the labours 
of Prof. Walthere Spring, of thc University of Liége, were largely 
devoted to the study of the effect of compression on various 
bodies.1 

The particles of a metallic powder left to itself at the ordinary 
atmospheric pressure will not unite, but by augmenting the points 
of co~tact in a powder the result may be very different. Spring's 
cxpenments were made with the aid of a compression apparatus, 
t~e general form of the appliance employed being shown in the 
d1~ram, fig. 23. The metallic powder is placed under a short 
eyhnder of steel, A, in a cavity in a steel block divided vertically, 
held together by a collar, and placed in a chamber of gun-metal, 

1 Bufl. lÚ l'AclUUmie &yale de Belgique (2), vol. xlv. (1878), No. 6; (2), 
~ol. ~lL (1880), No. 5. See also subsequent papera in the same publica­
~on, m the Bull. Soc. Chim .. , París, and in the Berichú der Deutsch. Chem. 
11uelladw.ft (Bildung von Legirungen durch Druck), vol. xv. p. 595. 
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which may be rendercd vacuous. Thc pressure is applied to a 
cylindrical rod passing through the stuffing-box. Under a pres­
suro oí 2000 atmospherCli 011 the piston, or 13 tons 01~ the squa~e 
inch lead in the fonn of filings, becomcs compresscd mto a sohd 
block, in ~hich it is impossible to dctect the slighte8t vestige of 
the original grains, while under a. pressurc of 5_00_0 atmos~he~es 
lead no longer resists the prcssure, hut flows, ns 1f 1t ~ere hqmd, 
through all the cracks of the apparatus, and the p1ston º! !he 
compressor descends to the base of the cylindrical holc, dnvmg 

Fm. 23. 

the lea.<l before it. The more interesting rcsults were obtained 
by Spring with crystalline metals. Bismut_h, as is w~II known, is 
crystalline and brittle, yet fine _powdcr of b1smuth t~m~s, under a 
pressure of 6000 a.tmospheres, mto a. block Yery s1m1lar. to that 
obtained by íusion, ha.ving a crystalline fracture. 'l'm when 
compressed in powder unites; a.nd ií it is made to fl~w through a. 
hole in the base of the compression appa.ratus, the w1ro so formcd 
sometimes, though not alwa.ys, emits the peculiar "cry" of tin 
when bent. The following tablo shows the amount of pressuro 
required to unite the powderi¡ of the respectivo metals :-

Lead 
Tín 
Zinc . 
Antimony 
Alumininm 
Bismutb ~rr 
Tin 

unites at .. 
" 

" 

flo~; at 

Tons }>er 
Square nch. 

13 
19. 
38 
38 
38 
38 
33 
33 
47 
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We know that combinations are produced whcn certain bodies 
in solution are submittcd to each other'i¡ action. But do solids 
combine1 Is the alchemical aphorism "That hodici; do not react 
unless they are in solution" true 1 Expcriment proves that such 
solution is not nccessary. Takc, for example, two anhydrous 
salts-iodide of potassium and corrosivo suhlimnte-both in a dry 
condition. When they are mixed in a morta.r they unitc, us is 
shown by the vermilion-coloured iodide of mercury which is pro­
duced. But do solid mota.Is combine, in the senso in which 
chemical combination is possible between metals, when submitted 
to each other's action under the conditions which prevail when 
their powdcrs nre compressed 1 )Iohr has pointed out 1 that 
cohesion is a form of chemical aftinity; and the experiment cited 
of freezing water by the cold produccd by amalgama.tion, affords 
valuable evidence in support of bis view. It occurred to )f. Spring 
that if there be true union between the particles of a metallic 
powder when submitted to great pressure in the applinnce shown 
in fig. 23, it ought to be possible to huild up alloys by compress­
ing the powders of the com,tituent meta.Is, and he urged that the 
formation of alloys by pressure would afford the most conclusive 
proof that there is a true union between the pa.rticles of metals in 
the cold when they are brought into intimate contact. Experi­
ment proved that this reasoning is correct, for by compressing in 
a finely divided sta.te fiíteon pa.rts of bismutb, eight parts of load, 
four parta of tin, and three parts of cadmium, an alloy is produced 
•J:úch fuses at 100º C. It is necessary, however, to compress the 
mued powder twice, crushing and filliug up tbc block obtained by 
the first compression, because the mechanical mixturo of the con­
stituent meta.Is is not sufficiently intimate to enable a uniform 
alloy to be obtained by a single compression. The alloy produced 
fu~ in boiling water a.ctually at 98º C., although the melting­
pomt of the most fusible of its constituents, the tin, is 232º C. It 
may be urged that by cornpressing these powders hea.t is evoh-ed, 
and that this hea.t may be sufficient to produce incipient íusion of 
the ruetallic powders, or, a.t a.ll events, rnay exert a materia_] influ­
ence on the result obtained. This objection has been experi­
ruentally anticipated by Prof. Spring. First the cornpression is 
effected with extreme slowness, and therefore there can be no 
9uestion as to the sudden evolution of heat, as would be the case 
if the powders were compressed by impact instead of by slow 
squeeze; and, to suru the rnatter up briefly, Spring calculates an 
extreme case-that if it be granted tha.t ali the work done in 
compressing the powders were actually tra.nsla.ted into hea.t, it 
would only serve to heat a. cylinder oí iron 10 mm. in height and 
8_mm. in diameter (tite dimensions of cylinder A, fig. 23, used in 
hl8 appa.ratus) 40·6! º C. 

Jn order that direct experimental evidence might not be waut-
1 Liebig's A1m., vol. cxcvi. (18i9), p. 183. 



76 AN INTRODUCTJON TO METALLURGY. 

ing, Spring took the organic bodi, phoronc, a hard, crystallinc 
substance which melts at 28º C., and compressed it exactly as in 
the case of the metallic powders.1 He took the precaution to 
place a shot of lead on the top of the powder before submitting it 
to compression. Only imperfect union of the particles of phorone 
resulted. Thc conclnsion of the experiment proved that the shot 
remained where it had been pfaced at the top of the column, and 
tberefore the 28º necessary t-0 melt the substance had not been 
evolved, for if it had, thc shot must havo fallen thl'Ough thc fluid 
mass. It is, then, absolutely safe to concludc that, in thc com­
pression of bismuth for instance, there can be no question of the 
cvolution of tbe heat necessary for the fusion of thc metal. 

It appears to be also quite safe to concludc tha.t it is proven 
that solid metals possess the power of reacting on each other 
and forming alloys, provided their particles are really in contact. 

Union of Metals by Electro-Deposition.-The formation of 
alloys by the electrolytic deposition of the constituent metals 
is a subject of great importance; and although the union of metals 
is usually effected by fusion, fire is not the only agent which can 
be employed for this purpose. Two or more metals can 
be deposited sida by side by the aid of the electric battcry. 
Copper and zinc may be deposited by electrolysis so as to forro 
brass, and many of the beautiful bronzes and alloys of the 
Japanese can be obtained elcctrolytically; and, further, by 
snitable admixture of gold, silver, and copper, red gold, rose­
coloured gold, or green gold may be deposited, so that thc elPctro­
metallurgist has at his command the varied palctte of thc 
decorativa artist. 

Liquation and Segegration. It is now necessaryto examine 
more closely the mutual relations of the metals when unitcd. ;\lctals 
may be mixed in the fused state, but it by no means follows that 
they will remain in admixture if they are allowcd to cool slowly, or 
sometimos even rapidly. In fact, a cooling mass of mixed metals 
often behaves much as water containing suspended matter does in 
freezing, when the ice first formed rejects the foreign matter, and, 
as has been shown by the classical researches of Levol, 2 the 
portion of the alloy which first solidifies rejccts certain other 
portions of the constituent metals. This action is called liquation. 
The term is also applied in a somewhat wider sense to the actual 
isolation of the components of ores or of alloys from cach other. 
For instance, when an ore or mixture of metals is exposed to a 
degree of hcat sufficient only to melt the most fusible member or 
constituent prescnt in the mass, it flows away from the unmelted 
residue. In the case of alloys the importance of liquation has 
been fully recognised. If lead and zinc be thoroughly mixed in 

1 Bull. Soc. Chim., vol. xli. (1884), p. 488. 
ll Ann, de Chim. et de Phys., vol. xxxvi. (1852), p. 193; vol. xxxix. (1853), 

p. 168. 
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t~e fused state, and slowly cooled in a decp mould, the separation 
w11l be almost complete, and it will also be seen that it is easy to 
~reak off one corner at t.he sido where the zinc has separa.tcd 
1tself, and to flatten out another one, which shows it to be nearly 
pure lead. . 'l'ake, again, the case of what was a triple admixture 
of lead, antimony, and copper, thoroughly mixed when fluid and 
~led in a cylind~ical mould. The copper and tbe ant~ony 
umte, but they reJect much of the lead, and drive it to the 
centre of the mass, so that the solidified cylinder, when broken 
ac~ presents a ring of the _purple copper-antimony alloy sur­
'?u?dmg a malleable _core. Silver and copper alloys behave in a 
s1m1lar ~anner, but m any mixture of fused silver and copper, 
one particular alloy of these metals is formed, which is driven 
outward or inward in the cooling mass according to whether 
silver or copper is in excess in the bath. In all these cases the 
se~ration is nev~r complete ; the lead retains sorne l ·6 pcr cent. 
of zmc, and the zmc about l ·2 per cent. of lead. The copper and 
antimony retain a small amount of lead, and the lead a small 
amou~t of copper and antimony, as is shown by sorne very oareful 
e1per1ments of Dr ~- J. Ball! to which reference has already 
been made. The sohd mass m all these cases is a mixture of 
solidified solutions of the metals in each other. 

Dr Guthrie investigated this sida of the problem at sorne 
length.1 It is difficult to give a brief account of his work but 
his conclusions may be stated as follows: He considers 'that 
certain alloys in cooling _behave as a cooling mass of granite 
would : cl~r !;Dolte_n gram~e would_ throw o_ff, in cooling, "atomi­
cally defimte boches, leavmg behmd a fluid mass which is not 
de~n.ite i? composition, as the quartz and the f;lspar undergo 
sohd1fioat10n before the mica.. In alloys much the same thing 
happens, for when a molten mass of lead and bismuth or bismuth 
and tin cools, a cer~in alloy o~ the metals falls out, just as the 
quartz _an~ felspar ~1d, and ultm:~ately the most fusible alloy of 
the series 1s ~eft, wh1ch Dr Guth~1e calls the eutectic alloy. It is 
the most _fusible alloy of the senes, but the proportions between 
the constituent metals are not atomic proportions, and Guthrie 
says that "the preconceived notion that the alloy of mínimum 
temper~ture of fusion must have its constituents in simple atomic 
P~port1ons,_ tha~ it must be a chemioal compound, seems to have 
misled prenous mvestigators" ; but he adds "that certain metals mar and do unite with one another in the small multiples of 
their ~ombining weight may be conceded; the constitution of 
eutec~1c allo~s is not in the ratio of any simple multiple of their 
fhemical equ1valents, but their composition is not on that account 
ess fixe~, nor are their properties the less definite." 

Gut~r10 dealt only with alloys of low melting-points, such as 
the fusible metals, but the facts are the same in the case of alloys 

1 Phi[. Mag., vol. xvii. (1884), p. 462. 
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with highcr melting-points, as shown by later cxperiments. The 
silver-copper alloys, for instancc, which melt below 940º C., afford 
a striking instance. For further information upon this point we 
must wait íor the devclopment of ~Iendeléef'i; theory of solution. 
He regardcd solutions ns strictly dcfinitc, atomic, chemical com­
binations at temperatures higher than their dissociation tempera­
turcs. Definite chemical sub,;tanccs may be cither íormed or 
decomposed at temperatures abovc those at which dissociation 
commences; the i;ame phenomenon occurs in solution ; at ordinary 
temperatures they can either be íormed or decomposcd. 

Liquation is very marked in the case of copper-silver alloys, 
and it is well known in Mints that when molten alloys of certain 
metals are cooled, groups of the constituent metals, or even the 
constitueot metals themselves, separate, and thus occasion irregu­
larity in the composition of the solidificd mnss. The phenomenon 
has becn carefully studied by, amongst others, Lazarns Ercker 

and Jars, whilst in more 
modern timei; the re­
searches of D' Arcet in 
1824, of Mercklein in 
1834, of Levo! in 1854, 
have shown that ingots of 

, ---Fire brick. isilver and copper are not 
homogeneous throughout. 
Levo! cast the alloy to 
be examined either in a 
cubica! iron mould of 45 
mm. side, or in a sphere 
50 mm. in diameter. He 
concluded that the only 

Frn. 2t 

homogeneous copper-silver alloy was that containing 71 ·89 per 
cent. of silver, and he considered this to be a definite combination 
of the two metals, with the formula Ag8Cu• (or Ag

3
Cu., if 63·57 

be taken as the atomic weight of copper). All other -alloys of 
silver and copper he viewed as mixtures of this definite alloy with 
e:r:cess of either of the metals. In 1875 the author 1 repeated 
many of Levol's e:r:periments, and gave evidence for modifying his 
view that the only homogeneous alloy of silver and copper is 
that which contains 71 ·89 per cent. of silver. The uniformity in 
composition of the series of copper-silver alloys dcpends greatly 
on the method of cooling. By slow cooling, many alloys, other 
than the one mentioned above, may be rnade as uniform as it, its 
peculiarity consisting in the fact that its composition is uniforrn 
whether it is cooled slowly or rapidly. In order to ascertain 
whether liquation is modified if the cooling be greatly protracted, 
cubica! moulds, about 4 to 5 millimetres in side, of firebrick 
(fig. 24), were employed. Thcse could easily be hcated to bright 

1 Proc. &y. Sor.., vol. xxiii. (1875). 

ALLOYS. 79 

redness, and slowly_ and u~iformly cooled. The following results 
show .t~at th:. maumum ~1ffereuce i~ the compoi:;itiou of an alloy 
eontainmg 9~D parts of s1lver nnd , 5 pnrts of copper was only 
l ·40 per thoui,and when the alloy was slowly cooled, while it 
w~ as much as 13 pnrts per thousand when the alloy was 
rap1dly cooled :-

a. 925·7 
b. 925·0 
c. 925·0 
d. 925·0 
e. 925·4 
/. 924"3 
g. 925·0 
h. 925·3 
i. 925•3 
j. 925·3 
k. 924 ·3 

Vertical l. 925 ·3 
Plane m. 925·3 

n. 924·4 
o. 925·0 
p. ~24'3 
q. 925·0 
r. 925·3 
s. 925·0 

Horizontal 
Plane 

Corners 

l. 924. ·8 
2. 925·0 
3. 924·9 
4. 924·9 
5. 925·0 
6. 925·1 
7. 925·1 
8. 925'1 
9. 925·0 

10. 925·0 

¡ 
a. 
ll 
-,. 
~-
f. 

(. 
,¡. 
8. 

924·1 
924·1 
924·1 
9t4'4 
924·0 
924·2 
924 ·2 
92411 t. 924·9 

u. 924·3 "DipAssay,"924·9. 

11. 924 ·7 ilaximum difference (be. 
w. 924 ·9 tween the centre and 
:c. 924 ·9 the corners ), 1 ·40 per 
y. 925·3 thousand. 

Th~ diagram (fig. 25) shows the position in the cube corre­
SJ?Ondmg to the letters and figures 
g1ven above. 

~vol also sh~wed that in solidifying 
~lloys of lead w1th the precious metals, 
if th? latter are present in small -.,,---°4'-:----" 
quantity, they are driven towards the 
centre of the solidifying mass. Gow­
land and Koga 1 have shown that 
when 984-37 parts of silver and 14·80 
parta of bismuth are ruelted and cast 
m~ an opc_n i?got mould so as to give 
an mgot_ weighmg about 1000 troy oz., 
the portwni; of the inaot which remain 
longest fluid are rich;r in silver than 
the_ ºthers. The cntire question wns 
rev1ewed in 1889 by Peligot, 2 who FIG. 25. 

endeavourcd to as ta' b . . . 
in f .. c~r m, y assaymg vanous parts oí an 

got o gold we1ghmg 13 lbs., whether he could detect the 
; Journ. Cita~. Soc., vol. Ji. (1887), p. 410. 

Bull. Soc. d E11rouragement, vol. iv. (1889), p. 171. 
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?ffects of liquation. The ingot contained 900 parts of gold 
m 1000, the alloying metal being principally copper, and he 
concluded that, within the limits of the errors of observation 
there was uo evidence of liquation. As this is a question of 
much industrial importance in relation to the precious metals, 
~he ~uthor has 1~1ade further investigations into the subject, and, 
m view of the d1fficulty of obtaining more precise evidence on the 
point, the following experiment was made: A gold ingot of a 
fineness of 984·7, the alloying metal being silver, was melted and 
poured into a spherical mould of iron. '.l'he temperature of the 
ruolten metal was much higher than that of the mould and 
probably in this case the position of the metal which solidified 
last would be situated somewhere above the geometrical centre 
of the mass. From the sphere of solid gold which was 3 in. 
in diameter ~nd weighed 140 oz., a disc, ¾ in'. in thickness, and 
~f _the. full d~amete! of the sphere, was cut in a vertical plane. 
rh1s d1sc, wh1ch we1ghed 31 oz., was rolled in two directions at 
ri~ht angles to each oth?r, to a convenient thickness for cutting 
~v1th s~ears, and assay p1eces were cut from points distributed over 
1ts entu·~ surface. The results of eighty-two assays afforded no 
clear ev1dence of systematio rearrangement, for although there 
appeared to be an enriohment towards the upper part to the extent 
of ~ths, suoh small differences as existed in the assays made 
on metal taken from the same horizontal planes could not be 
regarded as being due to any definite redistribution of the metal. 
1~ will thus be evident that gold of high standard alloyed with 
silver does uot show any marked tendency to reject on solidifica­
tion the silver with_ which it is associated. It is well known, 
however, that there 1s a development of crystallisation, and that 
other remarkabl~ ~hanges ~re produce~ . in the structure of pure 
gold by the add1t10n of mmute quant1ties of lead bismuth and 
certain other metals. Ample evidence has been ~btained by Dr 
T. K. Rose and ~he 3:uthor 1 to show that gold alloyed with copper 
an~ properly_ m1xed m the mo~ten stat~ is not homogeneous when 
sol~d. rbe 1mportance of th1s fact 1s revealed by the opinion 
wh1ch ha~ been expressed 2 that standard tria! platos of gold 
aUoyed w1th copper should no longer be used in testing the 
accuracy of the coinage. 

Mr E. Matthoy 8 has, moreover, shown that by casting an alloy 
of gold_and p_latinulll: cont:aining 900 parts of gold and 100 parts 
of platmum m the 1dent1cal mould above described there is a 
concentration of platinum towards the centre of tl~e mass the 
gold and platinum being as 900 gold to 98 platinum o; the 

1 Rose, Cliem. Soc. Journ., vol. lxvii., 1895, p. 552. Roberts-Austcn and 
Rose, Proc. Roy. Soc. , vol. lxvii., 1900, p. 105. 

2 Amtual J,[int Report, 1900. 
3 Pkil. Trans., (AJ vol. clxxxiii. (1892), p. 6:19 ; Proc. Roy. Soc., vol. xl vii, 

(1890), p. 180. 
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exterior, against 846 gold and 146 platinum at the centre of the 
mau. Consequently, it is evident that gold on solidifying does 
tend to free itself from associated platinum. 

It is, however, in relation to the metallurgy of iron and steel 
that the question of liquation and segregation is of primary im­
portance. There can be no doubt that when an ingot of steel 
slowly cools, phosphorus, sulphur, and carbon, and to a leas 
degree manganesa and silicon, tend to separata from the masa 
and to become concentrated in that portion of the ingot which 
solidifies last. The fact that segregation takes place in steel 
ingots appears to have been discovered by Stubbs, 1 who mentioned 
it, whilst discussing a paper by Parry, at the spring meeting of the 
Iron and Steel Institute, 1881. The subject was then taken up by 
Snelus, 2 who published his results in the same year, completely con­
finning Stubbs' earlier observations. Since then the subject has 
received attention from Eccles, Stead, Howe, Talbot, and others. 

Talbot 8 made an exhaustiva examination of segregation in acid 
and basic steel ingots, with and without the addition of alumininm. 
He concluded that in ingots to which no aluminium has been 
added, excessive segregation occurs down the central portion of the 
ingot, from about 6 inches from the top to half-way down, that 
sulphur tends to segregate most, phosphorus next, then carbon, 
and finally manganesa, the segregation of which is so slight as 
to be almost negligible. The effect of the addition of 4 ounces 
of aluminium per ton was to immediately reduce the amount of 
segregation, as will be seen from the figures in the table on the 
next page, taken from analyses of borings from the centre and 
outside of acid steel ingots. 

The borings were taken from top to bottom at distances of 
6 inches, and the ingots measured 18 in. x 22 in. x 67 in. 

The average analysis of all the drillings taken from the ingot 
to which no aluminium had been added was S ·059 P ·055 O ·41 ; 
and the average analysis of all the drillings from the ingots to 
which aluminium had been added was S ·060 P ·052 O ·39. 
!h~~ ~ be no doubt, therefore, that constituents whose presence 
18 IDJunous to the mechanical properties of steel find their way 
towards the top centre of the ingot. In steel ingots destinad for 
the manufacture of guns it is usual to cut off the tops, which are 
unsound as well as impure, and in some cases to bore out the 
centre of · the ingot. For similar reasons, it is now customary to 
cut off the "crop" ends of sieel rails. The importance of this 
procedure has been widely recognised,4 and the effect of segrega-

1 Jo1irn Iron a'TUl Steel lnst., 1881, i. p. 200. 
~ Ibt,d. , 1881, ii. p. 379. 
s Jl,id,., 1905, ii. p. 204. 
~ Maitland, Min. Proc. [11st. C.E., vol. lxxxix. (1887), p. 127. See 11lso 

les, J<rUm. Iron a'TUl Steel Imt., No. 1 (1888), p. 70, 11nd the discuss:on 
on_Greenwood's ¡uper on the "Treatment of Steel by Hydraulic Pressure," 
M,n. Proc. lnst. C.E., vol. xcviü., 1889. 

6 
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tion must be carefully considered in making large castings and 
forgings. 

O smE oF Two lNGOTs ANALYSES TAKEN FRO:.I CENTRE AND UT . ' 
FROM TOP TO BoTTO.M, AT DISTANCES OF 6 faCHES APARf. 

Wit-11out Aluminium. With A.luminium. 

Centre. Outeide. Centre. Ontside. 

.No. .; .;, .; ¡; .. 
"' ,.; "' ,:i ,.; 

ª ~ "' ,; ..: ... ,:i :, s j o .. 
"' o e ,:: ; 1 ,:: o .8 ,:: ,:: .e .,, ¡: -á i .,, 

~ :; 
.,, 

~ .. ... ,; u ,; .. ,; o {,) o v iñ ,:: o {,) rn ¡¡¡ rn .e ... "' .e 
"' "' ·---- --

-035 l ·on 
Top. 

·33 ·o38 ·035 "32 ·067 ·u54' ·39 1 ·053 ·051 ·H 
·S2 ·042 •040 ·35 ·066 ·057 ·39 2 ·049 ·052 ·39 ·031 ·034 

·078 , ·061 ·48 ·065 •Oó6 ·39 s ·267 "197 . ·95 ·018 ·OSO ·31 
·ooo ·055 ·40 

4 ·141 ·109 ·59 1)27 ·036 ·32 ·086 ·063 ·fS 
·068 ·067 ·n ·040 ·35 ·081 ·049 ·34 5 ·097 1 ·083 ·47 ·034 

·059 '054 ·38 ·066 ·058 ·i&'! 6 ·081 ·065 -,o ·036 ·040 ·37 
·052 1 ·38 •064 ·05i ·u 7 , ·056 "061 ·46 •040 ·048 ·3S '067 

'058 ·052 •H ·046 ·38 "057 ·049 ·36 8 ·056 ·053 •38 ·on 
·058 056 ·4u ·36 ·058 ·049 ·36 9 •043 ·045 ·35 ·039 ·OH 

·050 ·36 

1 ::~ 
'056 ·38 ·048 ·047 ·35 "044 ·046 ·38 ·056 
·053 ·38 10 

·057 ·0471 ·37 11 ·047 ·045 -34 ·048 ·048 ·41 
'049 ·38 ·065 ·054 ·31) 

12 '051 ·050 ·39 'U53 ·054 ·43 '056 
Bottom. 

V . methods have been introdnced for compressing s~eel 
. :1:~ile still in the fluid state, with a view of preventmg 1
~g~e ation and lessening the amount of blow boles produced 
~ g. g the solidification. Casting under pressure was fin;t at­
t:mfed by Bessemer in 1856, but was reintroduced and rendere~ 

Pt. able by Whitworth in 1865; 1 more recently the Harm~t 
prac ic d · l'd"fi t· ·11 vertical 
Process of compressina steel ingots urmg so 1 1 ca 1011 1 . 

uld and the°Robinson and Rodger 3 method of honzontal 
taper mo s, "d bl ·s nd 

, ·0 have been introduced with cons1 era e succes , a 
compress1 n, 1 ed . . te lworks 
both methods are successfully emp oy m ~ar1ous s e . . . 
All these methods very largely produce the des1red results, g1:11~g 
greater homogeneity and fr~edom from _blowholes, and greatl) 1e-
duci11g the amount of croppmg ne?essa1y: . . . 

In the case of pig-iron it is poss1ble to 1solate products of hqua­
tion as has been shown by 11. Lencanchez,4 wbo heated fragmcnts 
f · ' to a temperature of 940º for 100 hours. At the end of 

~hi~~?me a number of spherical grains sweated 0~1t from the sur­
face of the fragments. Analysis of these exudat10ns showed that 
they contained from 4 to 6 per cent. of phosphorus, from 0·6 to 

1 Patent No. 3018, 1865. 
2 Jmrn Jr<ni and Steel lnst., 1902, ii. p. 146. 
3 Capro~ Jmr11. lron and Steel lnst., 1906, i. p. 28. 
• Mém. Soc. lng. Oivils, 1887. 
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0·8 per cent. oí silicon, from a trace to l ·5 per cent. of graphite 
carbon, and from O to l ·24 per cent of combined carbon. The 
original pig-iron contained about 3·5 per cent. of total carbon, 2·6 
of silicon, and I ·9 of pbosphorus. The composition of these exu­
dations, thercfore, is that of pig-iron impo\'erished in carbon and 
tiilicon, bnt considerably enriched in phosphorus. The question 
oí the modes of existence of phosphorus in iron has been ex­
haustively studied and described by Stead.1 

If lead, tin, and zinc are melted together, and left at rest in a 
fused condition, no separation takes place if the proportion of tin 
exceeds a. certain amount; bnt if the quautity of tin is less thnn 
this, the alloy separntes into two layen;, each layer consisting of a 
ternary alloy of the three metals. Dr C. R. A. Wright and Mr 
C. 'l'hompson 2 have examined the nature of thiti separation, and 
the composition of the alloys under different conditions. The 
heavier alloy, they fouud, consists of a saturated solution of zinc 
in lead containing tin, whilst the lighter consists of lead in zinc 
containing tin. The two alloys always correspond with two 
conjugate points 011 the solubility curves of zinc in lead-tin, and 
of lead in zinc-tin. The tin is not distributed equally in the two 
alloys, except when present in a particular proportion, which 
varíes with the ratio of zinc to lead. With less tin than this, the 
lighter alloy takes up the excess of tin; with more, the heavier 
takes up the excess. 

Solution of Metals in Metals in the Fluid Conclition.-Many 
researches of late years have been made on this important and 
interesting subject, and the late Dr Alder Wright, F.R.S.) originally 
prepared for this book the following account of his work in this 
direction. 3 

He stated that in the conrse of a series of experiments lasting 
over severa! years the following results were arrived at. 

Of the 36 pairs whicb it is possible to form with thc 9 metals 
Pb, Bi, Al, Zn, Sn, Ag, Sb, Cd, Cu, the great majority have been 
found to possess the property of cornpletely blending with one 
anotlter so as to forin <t lwmogeneous ft1tid stable for many hours 
when they are heated to such a temperature that the whole mass 
rem_ains liquid. On cooling, segregation occurs in many cases 
durmg solidification. Five pairs, however, are exceptional when 
the components lie within the under-meutioned limits · when well 
intermixed by stirring, and then allowed to stand 

1
molten for 

s0~1e honr~ atan equable temperatnre (preíerably by pouring the 
~111d mass mt.o clay test-tnbes hcated to the reqnired temperatures 
m a hath of molten lead), two alloys separate from one another; 
the d_euser consists mainly of the heavier metal, A, containing in 
solut10n a small qnantity of the lighter metal, B, the amount 

! Jour11,. lron mu! Steel Jn,sf., 1900, ii. p. 60. 
.- Proc. Roy. Soc., vol. x!v. {1889), p. 461. 
ª Proc. Roy. Soc., 1889-1893. 




