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t COPPER, AND COPPER BASE AttOYS I PART I

iq

l.
Introduction

'l ' l ic 
origi'atio'of the art of rriaki'g sculpturcs i'

Sri Lanka has a vcry long history, and is old as her
civilization. l 'he sculptures are objccts made by
carving lionr rock or shaping it from woocl, clay,
or any other nraterial. Casting of thc same also
rnakes it frorn metals or alloys of metals. These
tcchnologies werc transferred to Sri lanka from
India during the period of King Dcl,anampiyatissa.

\ iith tlie prcsent day teclltology even the patterns
arc cast fi 'om diI{brent types of waxcs or plastics.'l 'hc 

rnoulds arc made fr-orn steel or copper alloys.
J'his rnethod is practicccl in production shops. It is
worthy to note that bronze castings which contain
over 85 pcrccnt copper could be gilded with 24
carat gold. Most of the valuable religious irlages
cast during the Anuradhapllra and polonnaruwa
pcriods wer-e donc so. As fbr gilding purpose thc
sur |ace  has  to  bc  f i n i shed  to  an  ex t reme
srnoothncss. fhe jcu,el lcr 's gi lding al loys is 94
percent copper arid 6 pcrcent Zinc.

I l igh conductivi ty coppcr al loys

Cast pure copper and high coppcr alloys have been
used for rnany years in the applications requiring
high electrical conductivity. It is not easy to obtain
sound castings from pure copper unless the correct
rnelting and fluxing techuiques are known and
applieci. This causes much difficuity in obtaining
quality castings r.r,ith copper thus reclucing its
electrical concluctivity.

Porosity due to gases

Any cavitjes or unsoundness present in the rnetal
will reduce thc conductivity to a grcat extent. Such
def'ects can result from liquid shrinkage and gas
evolution during solidification. Molten copper of

(98 - 99) percenr purity, at 1000C above its melting
point can hold in solution 10 cubic centimeters of
hydrogen per 100 grams molten metal. About half
of this quantity is expelled from the solution as the
m o l t e n  c o p p e r  c o o l s  t o  i t s  s o l i d i f i c a t i o n
temperature. During the phase change from iiquid
to solid a furthcr 3 cubic centimeters hydrogen per
100 grams of metal which is rnainrained in sol id
solution. Porosity due to hydrogen is rnost likely to
result frour that which comes out of solution during
phase changc.

Another gas, which rnust rcceivc consideration, is
oxygen, which combines rvith rnolten copper to
lbmr cuprous oxide. If hl,drogeu colnes out of
scllution in the presence of cuprous oxide it reacts
with it to fonn u,ater vapor or stearn.

This is knorvn as "steam reaction" ancl causes gross
porosity in high conductivi ty copper castings.
f'herefore, to avoid steam reaction it is sufficie't
to ensure that thc molten metal is free from one of
the gases.

Fluxing and deoxidation tcchniques

'l'he 
standard procedures were developed airning

to keep the cuprous oride fonnation to the lorvest
possible level. f 'hus rnelting is performed in solne
cases under cover of a reducing i1ux, which inhibits
p ick up of  oxygen,  fo l lor , i ,ec i  by complcte
deoxidization. lhe oxidizing technique means simpiy
tirat of all the fucl oil or the gas-fired furnaces
must be burned thoroughly and has more lhan 0.5
percent residual oxygen iei't in the products of
combustion. It is also possible to provide oxygen
to the liquid rnetal by the use of oxygen containing
chemicals in fluxes and co\/ers designed for this
purpose.

The bulk of oxygen introducecl by the oxidation
treatment must be removed just before pouring by
the additiorr of deoxidizer. Tiris deoxidizer must
have a higher affinity for orygen than copper.
Deox iden ts ,  r vh ich  have  rece ived  some
consideration, include aluminium, beryllium, boron
c a r b i d e ,  c a l c i u m ,  c a l c i u m  b o r i d e ,  l i t h i u m .
ma gnesium, phosphorous, strontium, ti taniurn. zinc.
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Of all deoxidents phosphorous in the form of
phosphorous copper has been frequently used as
it is cheap, convcnient and very effective, although
it suffers from the disadvantage of adversely
effecting the conductivity when present in amounts
exceeding mere traces. Although in commercial
practice residual phosphorous content is 0.05
percent, it is preferable to have 0.02 percent.

A residual phospliorous content of 0.022 percent
is left in the rneit wlien just 0.025 percent phosphor
copper as 1 5 percent phosphorous copper is added.
With a reduced phosphor addition of 0.1 percent
which givcs residual phosphorous content of 0.007
percent the oxygen content of the metal is stil l
sufficiently high (0.010 percent) to promote gas
porosity.

For li igh conductivity applications dernanding
electrical conductivity value greater than 80, a
duplex deoxidizing treatment using phosphor copper
and calcium boride or lithiurn maybe economically
ut i l ized. Cadrniurn (0.5-1) percent has also been
used in cor-rduction with approximately 0.01 perccnt
phosphorous.

Lr the cluplex u-rethod a rnajor part of the oxygen
content is rcrnoved by parrially deoxidizing witli
relatively inexpcnsive phosphor copper to a poiut
rvhere the rcsidual phosphorous coulclexit only in
trace , f'hcn the dcoxidization proccss is cornpleted
with iln addition of a more expel-rsive deoxidant
efficient ancl econornicai. Another practice could
bc the molten ruetal flrst f-lushed by nitrogen gas
lbr rcrnoving hvdrogcn anci then deoxidized by
phosphor copper.

' I ' in bronzes and lcadcd t in bronzcs

'fin 
bronzes are copper base alloys containing

(2-20) pcrcent tin, rvith zinc less than tin and rvith
lead less than 0.5 percent. The leaded tin bronzes
are sirnilarly defined but rvith lead contents over
0.5 percent and uncler 6 percent. Under equilibrium
condition tin is soluble in copper up to about 16
percent at (510-520)" C. The presence of oxygen
in bronzes lirnits the arnount ol'hydrogen that can
exist in equilibriurn rvith it. I{orvever the presence
ofzinc lorvers the solubility of oxygen if it is present
above 0.5 perccnt, i f  so the degassif icat ion by
oxidation becornes less eff'cctive .

Melting practice

Metal should be melted under a slightly oxidizing
atmosphere if the charge has been melted and
heated to pouring temperature under sufficiently
oxidizing conditions, the hydrogen content will be
held to a minimum. The speed of melting is the
most important factor. The solution of hydrogen in
the liquid metal is a function of both time and
temperature. -fhc rnetal should be melted as
rapidly as possible and raised only slightly over tlie
necessary tapping temperature.

Covers can be divided into two groups; natural and
reacting type. A natural cover is sirnply a layer of
slag inert to the melt,  protecting i t  from the
atrnosphere. It hclps to reduce the melt losses.
Glass is sometimes used for this purpose. Flux can
of fer  some protect ion against  care less and
improper melting procedures.'fhese rnaterials react
with the melt or with elements in the rnelt.

A simple deoxidization treatment with phosphor
copper should put the metal in proper condition fbr
pouring. The amount rcquired fbr deoxidization will
vary according to the rnetal composition, melting
process, and types of furnace. It is clrstomary to
add 60 gralris of 15 percent phosphor copper per
45 kilograms of metal to perform this function.
- l ' h u s  e q u i r a l c n t  t o  a d d i n g  0 . 0 2  p e r c e n t  o f
phosphorous. An alternative procedure fbr ntelting
bronze and gunmetal can be used. It consists of
the use of a natural or reducing flux cover and
subsequent degassing of the melt with nitrogen at
a rate of I l iter per kilogram mclt.

Propcrties and application

The tin bronze has excellent resistance to con'osion
and rvear and tear. It is uscd lbr valve and purnp -

bodies stearn fittings, paper machinery, bcarings
and pump irnpellers. Tlie lcacled tin bronzes are
basically same as the tin bronzes but 2 perccnt
lead is added. The addition ot'this rclativcl,u" small
amount of lcad greatly inrproves machinnbility.

Iligh lcaded tin bronzc

the high leaded tin bronzes are basically alloys of
copper, tin and iead containing up to 20 percent
tin and lead over 6 percent. Lead in a f-ew cases
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may reach  the  50  percen t  l eve l .  These
combinations aie not alloys in the true sense
because  in  the  so l id  s ta te  they  ex is t  as  a
mechanical mixture of copper with lead.

Lead is insoluble and shouldbe distributeduniformly
throughout the copper to impart good anti friction
properties and a high lead carrying capacity The
high leaded tin bronzes also possess excellent
corrosion resistant properties, which markedly
expand their field of application. It is necessary
for even dispersal of the lead which is the main
problem in producing satisfactory lead bronze
castings.

All combinations of copper and lead up to 36
percent of lead form a homogeneous melt at
temperatures above 10800C. On cooling below this
temperature, crystals of copper sol idify and
separate out from the liquid. This process continues
until the temperature reaches about 9500C when
all the copperwill have solidifiedto form anetwork
of primary copper crystals. The lead still in the
molten state will occupy the space between copper
crystals. Finally at about 3200C both metals will
be solid and co - exist as separate constituents. If
the cooling time is prolonged, as it may be when
thick section castings are made in stand moulds,
the lead which is of a higher density tends to
coagulate and segregate to from flakes. Therefore
it is advantageous to cast into chill moulds. With
high lead bronzes containing more than 36 percent
lead the condit ions become somewhat more
complex. Two to four ounces per hundred pounds
of metal is stirred into the metal in the pouring ladle.

Melt ing practicc

For highest and most consistent quality castings
these high leaded alloys should be melted under
slightly oxidizing atmosphere. Melting ofthese high
lead bronze alloys actually starts at about (3200 -

3300C) the melting point of lead. During melting it
is essential to ensure the complete solution of the
lead in the copper. To accomplish this the alloys
must be hcated to a high temperature ( 12200 -

13000C) although not necessarily poured from this
temperature range.

First copper is melted and then thoroughly

deoxidized with 15 percent phosphor copper. The
lead (and if tin is required) is pre heated to about
2000C and introduced into the copper. The melt is
covered wi th a f lux based on fe ldspar  and
phosphate which is capable ofdissolving lead oxide,
and then charge through up to the super heating
temperature in accordance with its lead content.
The best structure for iead bronzes is achieved by
preparing in the first place, an 80 - 20 copper lead
melt which stirred thoroughly, super headed to
13500C and cast into pigs which are used as the
main ingredient of the charge. Heavy oxidation of
the lead must be avoided or irregular cavities
containing a grayish powder may be present in the
castings. Silicon and phosphor residuals are also
to be avoided as they combine with lead oxide to
form heavy fluid silicates and phosphates, which
do not separate readily from the molten metal.

Suggested pouring temperatures are,

15 percent lead
20 percent lead
30 percent lead

1 0 8 0 0 t o  1 1 0 0 0 c
10500 to 10700 C
10300 to 10500 c

Phosphor Bronzes

The phosphor bronzes are relatively pure copper -

tin alloys with less than 0.5 percent of zinc and
rarely more than 0.5 percent phosphorous. The
low zinc levels make these alloys much less sensitive
to hydrogen porosity from metal mould reaction.
Melting may be performed under somewhat less
oxidizing condition. Often called "tin sweet", this
condition may occur in phosphor bronzes of high
phosphorous and tin contents. It appears as beads
of oxides on the outside of the castings. These
ox ides  have  t i n  phosphorous .  The  t i n  and
phosphorus ratios are much above the average
levels of the parent alloys. Gassy melt, pouring
tempera tu re ,  speed  o f  so l id i f i ca t ion ,  h igh
temperature gradients and a wide freezing range
are all factors influencing this effect. Pouring
temperatures are in the range of 10400 C - 1 1000C.

Copper Silicon Alloys

These alloys were developed as an alternative to
tin bronzes. In recent years they have gained
popularity because of their low tin content, high
physica l  proper t ies and corros ion res is tant
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Siricon brasscs contain over 0.5 percent s'icon ardover 5 pcrccnt zi,c. sirico'bronzcs are crefined aslhose atoy's co'taining 'ver 0-5 percent silicon andless tha' 5 percent zinc except trrat copper contentshall not be ovcr 9g percent.

l 'he best knor,vn cornposition contain about 4percent of silicon. Although tin, iron, *ungu,;"r"and alurniniurn mz.ly sometimes be present, thentcchanical properlies ofthcse alloys are primarilydepende't o' the arrou't oiJri.iaes precipitatedduring solidification.

Mclt ing practice

T'he best resurts arc obtai'ecr wrren trre alroys aremeltcd under slightiy oxidizing conditions. Thernetal should I :superrr ea,.o J;'i':.#' J;:'#r,;: i:Tli;lcrnperature. Use. of charcoal, as a cover is notrecornure,dcd and fluxcs are usually'ot ";;;;.If desired, however, lcacl f.e. glass or luscd boraxmay  be  used  as  a  cover .  Deox id iza t ion  i sunnecessary becausc of the high silicon ,nni.rulbut if gas is absorbeci some A"glrrng treatrnent isnecessary. Pouring range for these alloys *.y;;;;l0l00C - l l77oc, depe.ncl i"g;;  rhe size of thecastings,'d trre sccti'n thick"ness. s'icon brassesand silicon bronzcs are quite fluid and need not bepourcd as hot as othcr al loys. Tin increaseshardn es s sr i grrt ry and irnpro,r".iooosion resi stan taction of silicon bronzes.

Coppcr Nickel Al loys

Nickclbrasscs cina'roun,.,;ri:l:11i"'"T,.#:l,TiliJ,Jl;t1i?
tnetarl, anci lead ulder 0.4 p..."nt. The leadedrickcl L-'rasses confbrm to ilre ;;rn. requirements,but contains ovcr 0.5 percent tcaa. Leaded nickelbronzes contain 0.5 percen, or rnore of leacl.

The cast cupro - nickcl alloys are generally ofsolidsolution type requiring nn'lr"ud ireahent. Theseailoys can be harde'edln,r.t..ngthened 
witrr sma'a nrounts of sil i con, colu rnbiu,n, aiu,n inium, titaniumor bcryllium or conibinations of-these elements.

Silicon and Colornbian are the ra I I oying " i * "nt, wrren pr"p:r?; ;:i.,T:'lt lIjalloys having a good .o.nt inutron or.castab'ity a'dmechanical properties.

Melting practicc

These a'oys shourd bc merted in srightry oxidizingatmosphere. Superhear as rapidly a, ;.;;;;i;^ r"an adequate temperature, wtiictr depends on thenickel contenr, 
:1l^r 

2 p"r'""nt, tr"u, to 14000C andfor monel metal (60 p.rr.nilni.t.f a tcmperatureas high as l650oC ir^..quir"O.

It is specially imporlant that cutting colupounds orany other organic materials should be rernov,edbe{o1e melt ing. There i ,  no-rtundard or idcarmelting metrrocl i ' lvhich go"*ilr not be absorbedby the alloys a'ci many d;;l;.rs are solcl undervarious trade narnes. .fhe 
othcr nickel tin alloysrequire 56 gams phosphor.opp., per 45 kilograrnsof nr.elt just prior to pouring. f-fr" nickel silversrequire five ounces 70 _ 3O coshots, 28 granrs of magner,r;:l;i!"1k1'X:;

phosphor copper per 45 kilogram of melt. l_hecupro nickels require 150 grarn! ofrnag'erir;;;;
45 kilograms of rnelt.

Pouring temperaturcs range {iorn r j200c_ r 4000c,depcnding t'rtl the casting sizc and sectio, t'ickness.

propcrlies.
I  /2  t imes
hardness.

Alloyed rvith copper,
as ef{'ective as tin

silicon, arc bclut 2
in strength and

(Part II wiil appeor in ilrc Next Issrte)
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