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As the result of his experiments Mr Rhodin arrives at the
conclusion that in a given series of copper alloys “the alloy which
has the flattest and most regular dissolution curve does at the
same time possess the best mechanical properties.”

As regards the corrosion of steel and iron alloys Howe has made
a number of exhaustive trials with wrought iron, steel and nickel
steel. The plates tested in these experiments weighed 2597 Ibs.,
and the total area exposed was 928 sq. ft. The results are
summed up in the following table, wrought iron being taken as
the standard in each case :—

|
Sea Water.i Fresh Water. | Atmosphere. ;A\'era.gc.i

s
Wrought iron St 100 | 100 100 100
Mild steel : - - 104 94 103 103
\

3 per cent. nickel steel |, 83 80 | 67 7
26 per cent. nickel steel , | 32 32 30 31
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CHAPTER VIL
COPPER ALLOYS, BRONZE.

I is customary to consider the alloys of copper under three heads,
viz. (1) The bronzes, or alloys consisting mainly of copper and
tin ; (2) the brasses, consisting mainly of copper and zinc ; and (3)
other alloys of copper. Although not an entirely satisfactory
classilication, there is much to be said in its favour, and it is to be
regretted that manufacturers in some instances use the terms
brass and bronze indiscriminately. Alloys, for example, contain-
ing from 60 to 70 per cent. of copper and 30 to 40 per cent.
of zine, together with small percentages of iron, aluminium, or
manganese, would be far more accurately described as brasses
than bronzes, and yet these alloys are frequently described and
sold as bronzes. If such alloys contain aluminium or manganese,
or even if these metals have been employed in their manufacture,
they might be described as aluminium-brasses or manganese-
brasses, but not bronzes, The terms brass and bronze are so
firmly established in the English language that it would be
impossible (even if desirable) to adopt any other classification,
and the words should therefore be employed with discretion.

Bronze,

Historical. —The word bronze, derived from the Italian bromzo,
appears to have been introduced into the English language in
the 16th century. The alloy, however, was known in very early
times, and a rod of metal found by Dr Flinders Petrie at Meydum,
and estimated to belong to a period about 3700 B.c., was found

to contain 898 per cent. of copper and 9'1 per cent. of tin,
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together with small quantities of impurities. Whether the tin
is present as an impurity or whether it was added intentionally
it would be difficult to say ; but it is curious that the proportion
of tin to copper is very nearly the same as that of modern bronze.

Some battle-axes and other objects from the deposits, which
Schliemann dated at about 1200 B.c., and which he identified
with Troy, were found to consist of copper and tin, the tin
varying from 3-8 to 8'6 per cent.; whereas the objects found
in the earlier deposits were of copper. The oldest relic which
can he dated with any accuracy is a sceptre of Pepi L. (6th dynasty),
which is almost pure copper. All the available evidence seems
to prove that a copper age preceded the bronze age, and it is
more than probable that the production of bronze was in the
first place the result of accident, and that the intentional addition
of tin to copper was only the result of experience. Bronzes have
been found in Egypt dating from very early times. In Greece
bronzes were very rare in Homeric times (900 5.c.), and the Greek
and Trojan heroes (1194-1184) used copper for their armour,
swords, knives, and spear-heads,

As regards the relation of the bronze age to the iron age there
has been much controversy, and it has been proved by recent
discoveries that the iron age is of a much earlier date than was
formerly supposed. At Hallstadt, in Upper Austria, no less than
6084 objects were obtained from a prehistoric cemetery. These
include tools of copper and bronze and swords both of copper
and iron, together with those of a transition period having blades
of iron and handles of copper. Montelius considers that the
bronze swords belong to a period about 850 to 600 B.c., and the
iron swords to a period about 600 to 400 s.c.

In Egypt, Assyria, and Babylonia instruments of bronze have
also been found, together with those of iron; while in Ireland,
India, Cyprus, and other countries, weapons of almost pure copper
and similar in form to those of stone have been found ; so that
it appears safe to conclude that the bronze age overlapped on
the one hand the age of copper, and possibly the age of stone;
and, on the other hand, the great age of iron. The earliest
bronzes consist almost entirely of copper and tin; but many of
the Roman bronzes contain large quantities of lead. The addition
of lead is, in fact, due to the Romans, and first appears in aes
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signatum (429-451 B.c.). The following table gives the analyses
of some ancient bronzes :—

Copper. ; Tin.

ot

O ~100 O 00O UToo U0 e b
CHOSHbeGEIRDS

Celtic vessels ; : - . 880
Bronze nails . ; : ; ; 951
Bronze (Troy, 1200 B.C.) . : 90°7
Bronze i T ; : 938
Roman sword blade . . : 914
Coin of Ptolemy IX. . : ; 842
Athenian coin % 3 g .| 894
Coin of Alexander the Great . « | 867
Axe-head . 5 § : s 88"
Attic coin . % A 1 : "
Coin of Julius Ceesar 5 : :
Roman As. (Bc. 500) . . .| e
Sword blade . 3 : > z . \
\ |

[

etk

—

The presence of lead in bronze was probably due, in the first
place, to the fact that the tin was adulterated with that metal ;
but it was probably soon discovered that the addition of lead
conferred valuable properties upon the alloy, and the bronzes of
later date almost invariably contain appreciable amounts of lead.

The presence of zinc in bronze was also probably the result
of accident, due to the introduction of zinc ore into the furnace
charge. An Efruscan bronze, dated the fifth -century B.c., was
found to contain 0°73 per cent. of zinc. Farly Japanese bronzes
have also been found to contain appreciable quantities of zinc as
well as lead.

In 1879 the Committee on Alloys appointed by the United
States Board published a table in which the results of their own
researches and those of previous workers were collected. This
table has been frequently quoted in books dealing with alloys,
and as it contains much valuable information in a condensed
form it is inserted here: —

[TaBLE.
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LIST OF AUTHORITIES REFERRED TO IN PRECEDING TABLE.

Bo,—Bolley, Essais et Recherches Chimiques, Paris, 1869, pp. 345, 348,

Cr.—Croockewit, Erdmann’s Journal, 1848, vol, xlv. pp. 87-93.

C. J.—Oalvert and Johnson, ** Specific Gravities,” Phil. Mag., 1859, vol. xvii.
pp. 114-121 ; “* Heat Conductivity,” Phil. Trans., 1858, pp. 349-368.

De.—8. B. Dean, Ordnance Notes, No. x1., Washington, 1875.

La.—Lafond, Dingler's Journal, 1855, vol. cxxxv. p. 269.

M1, —Mallet, Phil. Mag., 1842, vol. xxi. pp. 66-68.

Ma.—Matthiessen, Phil. Trans., 1860, p. 161 ; dbid., 1864, pp. 167-200.

Mar.—Marchand and Scheerer, Jowrnal fiir praktische Chemde, vol, xxvil
p- 198 (Clark’s Constants of Nature).

Mus, —Musschenbroek, Ure’s Dictionary, Article *‘ Alloy.”

Ri.—Riche, Annales de Chimie, 1873, vol. xx, pp. 351-419.

U.8.B.—Report of Committee on Metallic Alloys appointed by United Stales
Board to test Iron, Steel, elc.

T,—Thomas Thomson, 4nnales de Chimde, 1814, vol. 1xxxix, pp. 46-58.

W.—Watts® Dictionary of Chemistry.

Wa,—Major Wade, United States Army, Report on Experiments on Metals

for Cannon, Phil., 1856,

We,—Weidemann, Phil. Mag., 1860, vol. xix. pp. 243, 244.

In the foregoing table the figures of order of ductility,
hardness, and fusibility are taken from Mallet’s experiments
on a series of sixteen alloys, the figure 1 representing the
maximum and 16 the minimum of the property. The ductility
of the brittle metals is represented as 0. The relative ductility
given in the table of the alloys experimented on by the U.S.
Board is the proportionate extension of the exterior fibres of the
pieces tested by torsion, as determined by the autograph strain
diagrams, It will be seen that the order of ductility differs
widely from that given by Mallet.

The figures of relative hardness, on the authority of Calvert
and Johnson, are those obtained by them by means of an
indenting tool. The figures are on a scale in which cast iron
is rated at 1000. The word “broke” in this column indicates
that the alloy opposite which it occurs broke under the indenting
tool, showing that the relative hardness could not be measured,
but was considerably greater than that of cast iron.

Since the publication of this table the copper-tin alloys have been
subjected to a very thorough investigation, and their physical and
chemical as well as their mechanical properties have been studied.
It would take too long to consider the various researches in detail,
but the results may be briefly stated. The melting-points and
the microscopical examination of the alloys have already been
referred to, and in addition to these Laurie (and more recently
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Hersehkowitsch) have determined the electromotive force ; Lodge
has determined the conductivity and Herschkowitsch has deter-
mined the heat of formation.

The variations in the physical properties of the series are
plotted in fig. 21, and it will be observed that the evidence in
support of the existence of a definite compound corresponding to
the formula Cu,Sn is overwhelming.

A glance at the curves representing the physical and mechanical
properties of the copper-tin alloys (figs. 21 and 22) will show that
from a mechanical point of view the middle members of the
series are valueless, and in fact the useful alloys do not contain
more than 25 per cent. of copper. These in turn may be divided
into two classes, viz.: (1) Gun-metal, containing from 8 to 14 per
cent. of tin ; and (2) bell metal, containing from 15 to 25 per cent.
of tin,

Gun-metal, as is well known, derives its name from the fact
that before the introduction of steel as a material for the manu-
facture of guns they were made of this alloy.

The following table, giving the composition of the actual alloys
employed in the manufacture of ordnance by the different
countries, shows that, with the exception of the Chinese, there is
not much difference between them :—

Copper.

English ordnance . .| 9174 826 |
8- pounder guns 3 .| 91+66 8:33
Prussian ordnance . . | 9091 909 |
French e s « | 8073 927
American ,, - .| 9000 10:00
Russian - . .| 88'61 1070 g e
Swiss i . .| 8893 | 1038 11 42
Chinese A . i 342 116 502
. o : ‘ 9319 | 543 | 1'38

The bronzes containing from 8 to 11 per cent. of tin are the
most suitable where a combination of strength, elasticity, tough-
ness, and ability to withstand shock are required. The alloy
containing 9 per cent. of tin has a tensile strength of about 16
tons per square inch, with an elastic limit of 65 tons per square
inch and an elongation of 16 per cent.
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Gun-metal, as has already been stated, consists of a solid
solution of tin in copper containing a certain amount of the
definite compound Cu,Sn. When viewed under the microscope
the solid solution is yellow in colour, while the compound is almost
white, It iz curious that this constituent does not form until
the alloy is completely solid ; and moreover, as was first pointed
out by Charpy, it never occurs in a uniform mass, but is always
more or less broken up. Photographs 9 and 10 show the appear-
ance of a gun-metal magnified 100 diameters, and photograph 11
shows the appearance of the Cu,Sn under a higher magnification.

Influence of Heat Treatment on Bronzes.—It has already
been shown that the bronzes containing from 9 to 22 per cent. of
tin pass through three distinet stages during solidification. In
the first place, a solid solution of tin in copper (Heycock and
Neville’s a constituent) separates out at temperatures varying
from 1020° in the case of the bronze containing 9 per cent. of
tin to 860° in the bronze containing 22 per cent. of tin. At 790°
the remainder of the alloy solidifies in the form of a second solid
solution (Heycock and Neville’s § constituent) containing from
225 to 27 per cent. of tin. The solid alloy now consists of two
solid solutions and undergoes no further change until the tempera-
ture falls to 500°, when the 3 solution is no longer stable but
breaks up with the formation of the 8 constituent, which is probably
the compound Cu,Sn. The alloy now consists of a mixture of
a and 8, and is stable at the ordinary temperature.

It is obvious from the foregoing considerations that heat
treatment must have a very decided influence on the physical
properties of the alloy. If, for example, the bronze is quenched
at a temperature above 500° the formation of Cu,Sn (a hard,
brittle constituent) is prevented, and thé alloy is more malleable
and stronger. The change is most strongly marked in the case
of the alloys rich in tin.

Guillet has made some experiments on the mechanical properties
of bronzes quenched at various temperatures, and his results
confirm the conclusions which would be drawn from theoretical
considerations. The curves in fig. 28 are plotted from Guillet’s
figures, and represent the breaking strain of five bronzes con-
taining respectively 95, 91, 87, 84, and 79 per cent. of copper.
These results explain the fact, which has long been known,
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that bronze can be forged at a temperature just below redness,
and that bronzes quenched at or above that temperature become
malleable. The Chinese were evidently well aware of this property
of the bronzes; for their gongs have the composition of these
bronzes, and were not cast, but hammered.

Zenghelis has described an ancient bronze coining die found in
Egypt in 1904, It dates from 430-322 m.c., and is the only
genuine example of an antique bronze die. An analysis of the die
showed 6985 per cent. of copper, 2251 per cent. of tin, and 7'6
per cent. of oxygen. No impurities were detected, and from the
analysis and the relative oxidation of the two metals Zenghelis
concludes that the original composition was as nearly as possible
75 per cent. of copper and 25 per cent. of tin.

The die has not been examined microscopically, but there is
little doubt that the alloy was quenched in order to enable it to
stand the shock of coining.

Modern bronze nearly always contains small quantities of lead,
zine, and iron, which are often purposely added with the object of
conferring special properties upon the bronze. If, however, a
combination of strength and elasticity is required, the alloy should
be as free as possible from these additions.

Lead, except in very small quantities, does not alloy with bronze,
but separates out in the form of minute globules as the metal
cools. The best bronzes should not contain more than 015 per
cent, of lead ; but in cases where an alloy of great strength is not
necessary, a larger amount of lead is sometimes added, as it enables
the metal to be more easily turned or filed. For special purposes,
however, a much larger quantity of lead is added. The most im-
portant of these are the bronzes used for bearings and for statuary,

Zinc in small quantities has a very beneficial influence when
added to bronze. Being an easily oxidisable metal it combines
with any oxygen which may be present, either in the free state or
in the form of dissolved oxides in the molten metal, with the
result that the metal is more fluid—*runs thinner,” as it is
described, and gives castings free from the defects known as pin-
holes. A slight excess of zinc will merely alloy with the bronze,
without materially affecting its quality ; but the excess of zine
should not exceed 2 per cent., otherwise the colour of the bronze
will be injured and the alloy will be harder, but weaker.
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Iron alloys with bronze, making the resulting alloy lighter in
colour and considerably harder. It increases the tenacity, and is
useful where a very hard bronze is required.

Bell-metal contains from 15 to 25 per cent. of tin and the
remainder copper. Lead, zinc and other impurities should not be
présent in more than traces in the best metal. Large bells
contain the largest amounts of tin, usually about 25 per cent.,
while small bells contain about 15 per cent. The tone of a bell
can be modified to a certain extent by altering its composition,
but the purity of tone is a matter which depends more upon the
skill of the designer and the founder than upon the composition.
In fact, the shape of a bell is of the utmost importance, and it is
probable that few metals or alloys could not be used in the
manufacture of bells, if they were of the proper shape.

In this connection it is not without interest to recall the fact
that as far back as 1726 Lemery noticed that under certain
conditions even lead becomes almost as sonorous as bell-metal, and
Réaumur, to whom Lemery communicated the fact, subsequently
showed that it was necessary to cast the lead in the form of a
segment of a sphere. The following table will give an idea of the
very variable composition of the alloys used in the manufacture
of bells :—

Copper. | Tin. | Zinc. | Lead. |Antimony.|

Large bells . : 3 o M e o |
House bells . ; 4 78 29
R E 20
Musical bells ! ; 84 16
Clock bells 7 ; 75 25
0ld bell at Rouen . . 71 26
Small bells . . i 40 i) i LA i
. g ! 875 Saai | 125

Bell-metal when slowly cooled is very hard and brittle, It
consists largely of the compound Cu,Sn, and is therefore very
susceptible to heat treatment. When chilled from a low red heat
(“.e. at a temperature above that at which Cu,Sn forms) it is more
yellow in colour and malleable.

As regards English bells the earliest existing example to which
a date can be affixed is to be found in the village of Claughton,
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near Lancaster. It is slightly over 16 inches in height, 21 in
diameter at the lip, and bears the date 1296. From this time
bells with inscriptions and dates are to be found, and the history
of bell-founding in this country can be traced. The earliest
instructions for bell-founding occur in a treatise by Walter of
Odyngton, a monk of Evesham, in the time of Henry IIL, who
describes the method of founding and also the method of
determining the relative sizes of the bells necessary to produce
the required notes.

Many of the well-known large bells have been recast from older
bells. Thus “Great Dunstan” of Canterbury, weighing 3} tons,
was recast in 1762 from an old bell, originally the gift of Prior
Molass in 1430. “Bell Harry ” was likewise recast in 1635 from
an old bell said to have been the gift of Henry VIIL. The famous
“Great Tom” of Oxford was removed from Oseney Abbey to
Oxford at the time of the dissolution of the monasteries, and has
passed through many vicissitudes. It was recast in 1612, again in
1654, and in 1680 three unsuccessful attempts to recast it were
made, the mould bursting in the third attempt. The next
attempt was successful, and the bell was again recast in 1741.

Of the more modern and largest bells may be mentioned
“Peter” of York, cast by Charles and George Mears at the
Whitechapel foundry in 1845. It weighs about 12} tons, is
7 ft. 4 in. in diameter, and cost £2000.

The original ““Big Ben” of Westminster was cast by Messrs
Warner & Son in 1856, and weighed 14 tons, with a diameter of
9 ft. It was found to be cracked, and was recast by the Mears
at Whitechapel with a slightly reduced weight and a very much
lighter clapper—6 cwt. instead of a ton.

“Great Paul” of St Paul’s Cathedral was cast at the Lough-
borough foundry in 1881. It weighs 16 tons 14 ewts. 75 1bs., and
has a diameter of 114§ inches,

Statuary Bronze.—The essential features of a statuary bronze
are—(1) that it shall be very fluid and easily cast; (2) that it
shall be capable of being finished and easily filed; (3) that its
colour shall be as nearly that of gun-metal as is consistent with
these requirements; and (4) that under the influence of the
atmosphere it shall assume a pleasing oxidation tint or ‘‘patina,”
as it is called.
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The alloy which has been found to possess these properties
most nearly lies midway between the bronzes and the brasses, and
usually contains a considerable percentage of lead. The following
table shows the percentage compositions of a number of celebrated
statues :—

| i
| Copper.| Tin. |Zinc. |Lead.| Iron. | Nickel.

|

Column Venddme, Paris . .| 89-20 {10720 | 050 | 0°10
Column of July, Paris . .1 9140 | 160|560 140
| Henry IV., Paris . .| 8962 | 570420 | 0-48
Louis IV. equestrian statue, | 9140 | 1:70 593|137

Paris, 1699 ‘
The Shepherd, Potsdam Palace | 88°68
Bacchus, Potsdam Palace . . | 8934 |
Germanicus, Potsdam Palace, | 89°78 |

1820 |
| Mars and Venus, Munich, 1585 | 94°12
| Bavaria, Munich . : . | 91:bb
| Grosser Kurfiirst, Berlin, 1703 . | 8909
| Frederick the Great, Berlin . | 85°30
\ Melanchthon, Wittenberg : ‘ 8955

1-28 |
165
951

The addition of zine renders the alloy more fluid, and greatly
facilitates the operation of casting. Too much zine, however,
should be avoided, or the metal will have a brassy colour, and
will not assume a pleasing ‘‘patina” on exposure to the atmos-
phere.

The presence of lead in statuary bronze is very important. In
the first place, it appears to give a very fluid metal, but it also
causés the bronze to acquire a beautiful brownish black patina,
characteristic of many old bronzes on exposure to the atmosphere.

Coinage Bronze.—A bronze which is to be used for coinage
must be malleable and ductile, so that it will take the impression
of the die; and as hard as possible, in order to withstand wear.
In May 1852 France adopted an alloy of 95 per cent. of copper,
4 per cent. of tin, and 1 per cent. of zinc, and the same alloy was
first used in England in 1861. It is extremely durable, and is
the alloy employed by both countries at the present time. The
fact that a large number of the coins struck in 1861 are still in
circulation and the date and lettering perfectly legible, is sufficient
evidence of the hardness and durability of the alloy.
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For medals where fine relief is required a somewhat softer
alloy, containing less tin, is used.

Speculum metal derives its name from the fact that it was the
alloy employed for the manufacture of reflectors. Until com-
paratively recently it was used for telescope and other optical
reflectors, but these are now made of glass. Speculum wmetal
contains 666 per cent. of copper and 334 per cent. of tin, and
consists of the compound SnCu,. It is extremely hard, brittle,
white, and takes a very fine polish. The composition of well-
known telescope mirrors varies from 65 to 70 per cent. of copper,
the famous Ross reflector containing 68-21 per cent. and the
Birr Castle 70'3 per cent.
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CHAPTER VIIL
COPPER ALLOYS, BRASS.

TrE discovery of brass vessels and implements of very early origin
is proof that the alloys of copper and zine were known to the
ancients ; but there is no doubt that, just as in the case of bronze,
the early brasses were produced accidentally owing to the admix-
ture of zinc ores with the copper ores. Later on the addition
of calamine to copper ores became the regular method of making
brass, and was long practised without any knowledge of the part
it played in producing the beautifully coloured metal.

The early history of brass in this country can be traced by
means of the ecclesiastical brasses or latfens existing in our
churches. Latten was the ancient name of the alloy (which is
still retained in the French word laiton), and until the middle of
the sixteenth century it was manufactured in Flanders and

Germany and imported into this country, principally from
Cologne, in the form of rectangular pieces known as Cullen
plates. The alloy contained considerable quantities of lead and
tin, and it is probably on that account that the brasses have lasted
so well.

The earliest existing brass is that of Sir John Daubernoun at
Stoke d’Abernon in Surrey, and dated about 1277. The brass,
76 in. in length, is in the pavement of the village church, and
represents Sir John Daubernoun in a complete suit of chain
mail.

From this date onwards there exist a complete series of brasses
which have proved of the greatest historical value.

In the middle of the sixteenth century there is a marked change

in the quality of the brass, which now began to be manufactured
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