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It is corwerient to sort ~ut the aluminium casting
sllegs in frir creat clannes,

~ De addexn for _suelad P 2 ! they are employed
in goneral sectanics, They t‘wﬁﬁ with the other ~etals 1 yray
irens, brase, romzes, They are the most enployed amongst alumie
alum casting sl .- %,

srresion 1 2llgem 1 they are relatively aew
amd are necessary ms- wtmildtm chamical indusiry, tuilding,
orRsmmrtat tan,

- Heal CReigting allayp : they are prineipally ueed for
imernd eors netlon engines 1 platons, cylinder heed. These
18nitet sses commummte novertheless very large ~antities of

1 for instance, antifriction

sllegu, high strec= illoys,
i will survey the requiresents of each of them,

M = ™o repiired ualities are amchiratility for the final
produst, on cast ng propert tes for (oundry aperalions,

wrapally, the higher it the hardness, ‘he better is the
mebinability, Wmrefore when the i laying elemenls ire »ofe
rlemtifsl, Mawsver (ron nd #1licium weet be excluded, NP metallie
tnelunions hirder sarhirabllity,

he cadling properties are sasentlally hot crack Lendeney,
sadtablltny rd shrinkage Lervioney,

e negrer from an eutertic abtained b, sufftelant
ewionts of copper ardd 8i'lelum, 1» the o!loy compesitien, the sottar
are gonamally e W firet properties,




The highly alloyed alloys are preferred for these three
reasons, and those alloys are rroduced the most easily by the
Pecovery. It will be therefore the favorite field of the refining,

2,12 - Jron is an usual and naxious impurity. Michinability and
deformation canacity .re reduced by that element, The iron content
18 increased by the foundries operations, Controls have discovered
that, on an average, in the french foundries of quality, the iron
content increase was of 0,05 . but could sometimes reach 0,15 7,
Iron is more dangerous in thick walled castings cast in sand moulds;
it 1s more allowahle in nieces cast by gravity in metallic moulds
and 8t111 more in i{eces cast by pressure die casting,

The maximum contents are generally fixed, in castings,
respectivaly : 0,3 = 1 - 1,3 7, The three corresponding boundaries
for ingots will be

0,7 %

0,9%

1,2 ¢
iy order of decreasing quality,

The recovery technoloegy will eliminate as mwch as possible
iron from scraps.

2

2,123 - Corper is good. The contents are 1,0 7 to 5 7 in the employed
alloys. Naturally the variation mst be reduced : + 1,5 7 15 allo-
wable for castings of mean quality,

2,124 ~ Silicon hinders machinability but is good for castability,
The recovery gives usually an alloy with a too low content i
silicon must be added, a tolerunce of 21,5 7 on the mean content
is frequently imposed. Taking in account the analysis difficulties
when the silicon content is above § T, such a tolerance is in our
opinion a little low,




2,125 ~ Manesium increases elastic limit and hardness, " the
other hard, it decreases elonzation, and, according to some opinions
Aiffichlt to rrove, could spoil custing properties, Foundry opera-
tiare never increase this element content, on the contrary,

Tn some industrizl countries, -wignesium content resulting
from the charces (sorted to avold .1-Hg alloys nd -uincsium alloys)
are accented : inrot with ‘uignesium content 0,15 4re obtained,
That "natural" cortent could increase during the nevt years if the
use of ~1<Cu-lig ~lloys with magnesium contznt higher as in the
past is confirned,

In other countries mugnesium cancels out by special treat~-
rents in refining works. In such cases the hi;hest rugnesium content
is 0,15 ~ and the "norm:1" content about 0,05 .

In one case (Mg «£ C,4 7) as in the unother (i< 0,15 )
it is essential the mugnesium content is about the sane in 211
the deliveries in order to not Jisturb the adjusteients in the
foundry (feeder head, etc,) or during tooling.

2,126 - Other elements - inc was never proved hindering, even with
conterts till 3 7,

Mancanese, nickel, lead, tin, chrome, are "naturally" at
allowable contents, They do not need attention, unless exceptional

circumstances.

2,127 - The following 150 compositions (1) are given as typical
for castings (draft IS0 R164 - R208) ¢

Al=Si5 Cul

Al-S15 Cu3

Al-S112 U

Al-Si8 Cu3 Fe (pressure die casting).




2,13 - Corrosion resisting alloys

Any phase included in aluminium and clearly more noble
as it is a danger for the corrosion resistance 3 it is especially
the case of copper, nickel and zinc, '

2,131 ~ Cu, Ni, Zn (x)
These elements must be maintained at contents as low

as possible; for castings and also for wrought products the higher
contents generally agreed upon for each of those elements are

0,05 7 = 0,1C % = or 0,15 &
following the alloy quality,

If the foundryman is not mistaken the additional polliution
during the founding operation is limited : the compositions boun-
daries may be the Same for ingots and for castings,

The other electropositifs elements, usually rare g lead,
tin, need also attention,

2,132 ~ The Usually present elements ammagnesium and silicium,

Their contents must be f ixed to avoid too large varia~
tions of the casting properties : the range is +1% to2 %, Iron
mst be limited s in the alloys for general employment,

2,133 ~ Typicals alloys are for example 3

Al-815 (Cu 4 0,10, N1 £ 0,15 ...);
Al-515 Mg (Cu < 0,15, Ni <£0,15 ,..);
Al-5112 (Cu £ 0,10, Ni £0,15);
- Al-S112 Fe M‘—mp;e“m)_’ (pressure die casting);
Al-Mg3 (Cu £.0,10, Ni £.0,05);
Al-Mg5 511 (Cu< 0,10, N4 <.0,05),

The two last alloys are Particularly difficult to prepare
economically fpom 8Craps. In all cases they are very sensitive to
sodium traces : no sodium salt must be come in touch with the melt,

S e ———

(x) - Fears about zn are not proved so firmly as for Cu and Ni,




2,1, - Heat resisting alloys

Pieces for motors are concerned, A good reliability of
the alloy properties are required, in foundry as well as in mechanic,
Moreover pieces cast by gravity in metailic molds are often concerw
ned,

A good deformation resistance at the service temperature
is required for the alloy. That corresponds to a high hardness at
the room temperature, which 1is obtaired by sufficient contents in
copper, nickel, magnesium, iron. A coefficient of thermal expan-
sion nearly similar to this of cast iron (12 107 ) is also wanted @
jt can be obtained only b large addltions ot silicon, the low
coefficient of thermal dilatation (8 107 / C) of which balances
that of aluminium (23 10"6 /°C).

There are a large number of formulas and names of heat
resisting alloys. However a simplification is possible by presen-
ting three categories, which are the principal ones nowadays.

2,141 - The parents alloys of the Y alloy s Al-Cui Ni2 Mg2 (180).
These are very accurate composition alloys: the limited iron content,
and very low lead and tin ones, make these alloys difficult to
obtain from recovered materials.

2,142 - Alloys alike to Lo-Ex ones

These alloys contain 9 to 13 % silicon, copper, nickel,
magnesium, The iron content is limited at 0,75 % in the pleces,
consequently C,7C # in ingots, These alloys may be easily obtained

from recovered materials.

2,13 - High silicon alloys

They have a silicon content above 16 % and various addi-
tions (copper, magnesium, for example). The iron content is limited
at 0,65 % in ingots,

These very particular alloys may be made fromscraps and

pure silicon,




consequently heat, treatment, 1t is also the case of antifriction
alloys, or of alloys for electrical uses,

However let 4 recall, out of our subject, the alloys

2y16 ~ Non metallie impurities
This probien concerns all clagses of alloys,

consequently it has Chances to go with the meta], Now aluming
has many noy;j ous affects,

Aluming Seems to unite with hydrogen the result is
easily g sed melts, but the degassing is uneasy,
For that reason, the recovery myst avoid the mogt

pPossible the making of alumina, ang ~lear tne melt of this 1impy..
rity bound by a I,

Hydrogen ig the only gas to fear, just as : water,
organic Products, moistyre or crystal Constitution water, ote
which can bring it,




In fact it seems unlikely that hyrirogen trapped in
ingots (at the molecular state) muy hinder the foundryman, But
the ingots pussing is an indication of recovery made carelessness,
and for that reason may make the foundirymun anxious : the gassing,
obvious and rot very dangerous, resulting often from the reaction

of water on aluminium is coming with alumina not very obvious but

dangerous,

2,163 - In this chapter we refer to sodium and calcium, Though
they are metals, in the alloys we mention they play the part of
gas. These elements may be introduced in the melt by ..lts reduced
by aluminium, Then they temd to volatilize.

These elements are noxious, us we have said it, in the
Al-Mg alloys.

They Liave a great influence on the alloys having a
Silicon content of more than & 7 : they make that the form and
place of the shrinkage pipes is changed. The ingots appearance
(smooth or hammered surface) depends also on the presence oi these
elements, The foundryman need to receive such alloys with little
variation in sodium and calcium content, That requires operation
conditions to be constant when refining (salty raw materials,
time, temperatures, etc.).

2,164 - Melted aluminium reacts slowly on silica to form corundum,

So refractories too silicious or ill-maintained may abrade produ-

cing hard spots, washed away in the metal that are a disaster at
the time of machining (2),
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2,2 - CONSEQUENCES FOR THE TECHNOLOGY (3, 4, 5, 6, 7, 8, 9)

The aluminium oxidation is easy and non reversing :
the alumina formed has no value, Therefore no chemical treatment
will allow to separate aluminium from the other metals., Conse~
quently, the sorting of materials has a great importance and
happens at different stages of the process,

2,21—S_t,_o_r§,_gg

The stocking yard must be large and divided, The deli-
veries homogeneity must be respected Let us note that the scraps
sorting must begin in fact in the workshops that produce them
(by machining for examples): it is there that the mixing which
lowers the metallic materials value may be avoided.

2,22 = Preparation

2,221 ~ Hand sorting

1t applies itself particularly to discarded articles i
each one is observed and classified by a sortingworker., He uses
simple means that it is desirable to compare periodically with
more accurate methods, He extracts information from the form,

process, references marked on the pieces, His usual tools are
file, hammer, magnet, electrical breast drill (drill of diameter
15 mm), Simple chemical tests (drop test) are sometimes used, just

as electrochemical potential measures.

Chemical analysis allows entire identification, It is
used for big pieces or for a sufficient number of similar pieces,
In the case of a large delivery of small scraps, a part is taken,
with all the care needed for a good sampling, It is melted and
analy=ed.,
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2,222 = Scra reparation (turnings, etc.)

Rriquetting is out of date for aluminium, Generally
large turnings are at once crushed, then cleaned of oil ard
grease that are always on them, Sometimes a centrifugal process is
used. It seems that the more worthy method is burming in a rotary
furnace, provided that temperature and air intake are carefully
regulated in order to avoid aluminium oxidation and to decrease
the amount of fumes,

Turnings are then cleaned ofdust. It is not interesting
to use very fine screens : the screening time would increase very
quickly and the fine particles are difficult to recovery, A screen
of 35 mesh is recommanded, Air separator can also be used,

Magnetic separation is a very important and cheap
operation, 80 to 98 ¥ of the iron is taken away, The two irums
Separators are to be preferred, i belt conveyor 0,6 m wide treats
about 75C kg of aluminium by hour

2,223 =~ Discarded articles preparation

These used materials are cleaner as turnings, but they
are very dissimilar, ifter the hand sorting the big pieces go
directly in the melting furnace, The other one, that is the most,
g0 in a hammer crusher which separates joinings and gives regular
pieces which fo through magnetic separator,

It is possible to simplify handsorting by soiting auto~
matically these Pieces, for instance by specific gravity : dipping
in liquors the specific gravity of which is regulated between
2s4 and 3,2, That method is not convenient for little scraps,

2,22l = Dross preparation
Dross comes from works making melted aluminium, It

contains 20 to 50 % of asluminium. Of course dross formed on the
alloys are not mixed with those coming from pure aluminium,

The metal is conlained in more or less small balls,
The various brittleness of oxides and metals may be utilized to
make a sorting,
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For example, a crushing by mortar-mill, with screening,
enriches the material. It goes then in the ball-mill (diameter
50 mm), is screened and dusted.

2,225 - Particular cases
As soon as an importan{ delivery offers particular

features, it is better to look for the most economical means to

treat it : to take away the aluninium of cables armoured with {

steel, carbonizing organic paints on aluminium papers, etc,

2923 - Mﬂ%

Prepared scraps and discarded articles must be stocked
before melting in maintening the separation in homogeneous piles,
The chemical composition, verified or supposed, of each pile
allows to prepare furnace charge that must give an alloy alike of
the desired composition,

2,231 - Reverberatory furnace

It concerns open~well reverberatory furnace of 30-40 t

The loading is easy; it may be mechanized . The
consumption of salt flux is lower as in rotary furnaces (salt
addition in the open well alone); the cycle is slow; the chemical
composition evolution may by easily followed, and eventual correc-
tions made,

2,232 -~ Rotary furnaces
These furnaces are classical in Europe, Let us take the

example of a 10 t furnace., It is a cylinder with horizontal axis
and a lining of refractory bricks rich in alumina;a salt flux
composed of 90 I sylvinite (KC1 + NaCl) and 10 & spath fluor (Can)
is loaded. The amount of flux is 20 to .5 7 of the weight of the
metal, The flux is melted and heated to 750° C. 't shields the

8craps against the air and the burning gas, decreasing the melting
loss. breover the flux is a detergent for alumina and allows the
metal drops coalescence,
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The scraps are then progressively loade! and vigorously
stirred, If the flux becomes too thicWWis fluidised by P
additions.

a8 indication, a 10 t rotury furnice, with holding
furnace for the pouring and 4 pouring lime inuy produce U t,day,
Three shifts of seven men are then nceded to load *he furmace,
survey the melting, pouring and ingots casing. For one worker at
the melting, two workers are necded for the sorting (in the caso
of a hand sorting relatively carefull),

25233 - Induction electric furnaces

Coreless induction furnaces, working at the netfrequence,
of 3 to 5 t, are used (800-1 .00 kVA). They cause o very little
melting loss, They allows to make easily particular compositions.

2,234 - Crucible furnaces

For the recovery in little quantity the crucible furnaice
1s convenient (low melting loss) : tilting furnaces (the most
classical) or tilting und rotary furnaces around sloped .xis,

24235 ~ Sloped hearth furnaces
These furnaces are only used in the particular case

of recovery of compound pieces (for example skeleton of plane),
They allow with very limited means (no crushing) to muke a sorting
by liquation betwcen white metals, light alloys, copper alloys,
scrap iron, T'is sorting is relatively summary and gives an
unclearly defined alloy. It may be however, in certains circumse

tances, an interesting process (sce 6),

The iron having been taken away during the preparation,
it remains to decrease the magnesium content, and to take away

8ases and alumina. Moreover the composition must be ajusted,




2,2kl - {acnesiua sliminatien

Chlorine is used, but the Lespercture must be platnly
lower as 1 000* C to avoid the formmtion of 1 Al, enerally,
750° C 18 chosen, It huas been roposed to injeel the gas by
alignments along 4 rererating line of . rotary furmece (10, 11),

Anftropen flow in ‘ust firet iniected, then chlorine;
& nitrogen flow 17 finally iniected to dpin e lorine froe ..e
lime, 50 ki of chlorine re needed 1o axtir.€t li kg of magnesium,
A neutralization of the -.sses is necessary before to thraw up
them in the .Lnosphere, . esium can also be taken say by
fluorine fluxes (5).

2,242 - plunina ollination

rliing decants very slowly, In the works of virgin alwmi
na, the rolten met.l is let to remaln 24 hours to purify, It s
hopod that an allke of oet occurs ir the large reverteratory fur-
naces,

In the rotary furnaces, trat is the fluxes which agglo~
merate (or dissolve) ilurina,

2,243 - Rdaingtion of hydrogen, sodium. ste,

Fyrogen amd sodium tend to escape from the mels duwring
the melting. It is necessary to w.teh to reintreduce no hydrogen
by water (stream) reacting upon the 'wtal,

Particulirly, hy'rocart ides burnin: Rasses % alays rich
in water, » flux layer separating them of the metal is necessary,

Treatments by as bubbling (chlorine o nitrogen) quicken
these impurities elimination,

2,25h - pAdditicne

S9PRex 15 added under \he ferm of geed copper discesded
articles (wire for example).




Alliasg i+ eadded under the form of pure silieon, in
phoses of & mut sisze, Stlicon dust, generally very oxidined,
efficioney of which in very bad, 13 not used,

Besphorys (case of the Ngh silicon alloys) e
adled through 4 low rate (5 for axample) cupro=phosphorus,
sarefully dipped in nelted uluminium,

IAlaDlug, refiring the grain, is somstimes added
Shrough ?1?‘ or potassium fluotitanate,

<y - Pouring

fany kinds of devices are used, with &p hard or auto-
matically, ﬁ‘mAuauu.i device is the ingot molds chain, stationary
or movatle, W a device .llowing to stop the
pouring when the ingot mold is full, The stripping comprises
devices of cooling und extraction of ingots (striking). The chain
which works in very hard conditions must be extremely strong,

The chain moves forward for example it the speed of
2 m/m, corresponding to the pouring of 100 kg/mn of aluminium
alloy.

Another device is the monorail with electric drive
upon which are hanging frames sustaining for example nine ingot
molds (7). The monorail makes the frames to g0 to the stripping
Place (cooling, extracting of ingots, mold coating) then before
the furnace which is ready for pouring,

The ingots form can allow to obtain various sizes of
ingots

The as cast ingot molds are in grey iron, hematite
Quality, their carbon equivalent being 4yl~4,3 ¥ and they are
relatively pures (better thermal shock resistance),

A refractory coating is protecting the ingot molds;
for example ;

-~ Water .......00ii000e.. 10 1

-Chllk ®0s00c0csrerssr ey 2’5 u’
- Mhﬂ .111“tie [ F EEENTY ) 0’5 1.
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During the pouring or after, the ingots must be
marked (alloy srade and mark of the pouring). It is a costly
but absolutely nececsary operation, It can be done by hamd
(paint, with or without viute, ete,); or autoruticu’ly (striking
the mark on the incot on the nouring ctuin, wrking at the time
of the ingots casing),
The insot casing piles ~ust be easy to rove and arrange,
These ingots sre stocked weather sheltered,
The incot form itself requires study, but the chosen
solutions are very various.
It is needed to think to i
= the strength of the ingot molds;
= the stripping;
the stacking;
the casing;
the carriage (p letts);
the loeding in the foundry furmses,

2,3 ~ QUALITY INSPECTION
2,31 - The homogeneity of the batehes

The 1iquid state allows an excellent homogeneizatiom
of the alloy, which-ever furmace cupacity.

For example in a reverberatory furnace of 35 ¢ containing
a secondary alloy, the following evalution was noted (12) 3

beginning middle erd of

of pouring of pouring pouring
- M ®eseccevee 0,52 0'52 0'5‘
-~ 311100\ (A XX NR ¥ ) 9'19 9'?3 9"00
- M\ﬂ.i‘m [EXN X ] o,m O'ms 0, m3

- COPP.I‘ ceccvense 3’71 3'79 3'75




One must not let lose that homogeneity,

The marking of ingots by pouring is a measure which go
in that way. It is necessary that all the ingots of one delivery
%0 a foundry come from the same pouring,

&y30 - cal co L

Spectrographic determination (direct reading) allows
a8y control during the remelting and analysis adjustment. It is
the choice method, The work is done on permanent mold c.st spec i~
mn, The figure 4 shows a ;ruy iron mold ;iving satisfaction,
Spectroyraphs work by compurpison with standard specimens, The
results accuracy deperrds on the standard specimer set, It is
necessary to watch to use spocimens alike the tested .lloys (to
avoid synthetic aulloys purer as the secondary alloys) and poured
in alike conditions (influence of the phase fineness on the spec-
trographic answer),

Spectrographiec contyol on ingots must be avoided Lesause
the scatter is larger, as showm by the following table

Dot Conmtant Nandard Nandard Max ianm
deviation deviation deviation
on ingot on disk for 2
sparis(disk)
L)

Iren 0,8 o,m o, c,03
Sllieen 9 0,4 0,3 0,9
Copper 3,5 0,15 0,1 0,3
2ine 0,3 o, o, 0,®

A current practice is to use the disk and to maie
3 spariks discharges : if the difference betassen the valuee are ne
more than the maximum indicated in the last column of the table,
the average value is adopted; if the 1ifference is more than this
maximum, others sparke discharges are made, Uf courss, this table
is valuable only for the indicated alloy grede; it wvas drem up
from 76 deliveries to a foundry (12),
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From the standard deviation signification, it may be
seen that the scatter due to the analysis is important, concerning
silicon,

Simples spectrometers have a fixed photoelectric cell

used as reference and a movable cell which is placed successively
in front of each ray (for example Cameca apparatus),
tiore powerful sjectrometers have a cell for each element

determined in a choosen composition range. There are so a number
of channel doing the determinations at the same time (for example
ARL apparatus),

A1l these direct reading spectrographs must be placed

in a edimatised roam, ir-conditioned room,

The specimens and results transmission must be fast
(preumatic tubes for example),

2y33 = Other controls
The other controls have very less importance,

The gas content may be estimated by the solidification
of a 80 g spccimen under pression of 60 tor. The observation of the
#0lidifying surface (bubbles), the specimen growth, allows to know
if a melt is gased (1),

chin : lish of a4 specimen allows to detect
hard spots by the surface axamination,

Mechanical properties may he controlled for the best
8redes, by permanent mold casting of tensile test bare (the die
temperature must be accurately fixed),

The >ther controls are not worthy of conmendation, It ie
the case of the fluldity the measure of which aske very great care
and yives not much interessant rcsults. It is the case of the
alumina content the determination of which is not satisfying, in
our mird, even with the method of axypem neutronic activation, (14),

The micrographic inspection, if made by a competent .aan,
%y be useful (refining of silicon and high-silicen alloys, hard
spote),
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3 - COPPER-BASE FOUNDRY-ALIOYS

3,1 - REQUIREMENTS FROM FOUNIRIES

3,11 - Coppers

Foundries use copper ingots and mix them with other
metallic materials,

There are also some special castings made of copper
on account of its electrical conductivity,

One method is to refine all the scraps into thermal
copper, This solution is good, just in countries where the
scraps are cheap, Je just mention it,

Another method is to sort the scraps : pure copper
(fire-bax, wire-rope, wire, sheet, etc.) or deoxidized copper
(sheet, rotating bard of shell, bullets) and to treat them,

The commor. impurities which are prone to reduce condug-
tivity are

- zinc;

- tin;

=~ phosphorus;

- axides, ,

Generally speaking the elimination of tin is not
eonsidered. (n the other hand the axidising melting reduces appre-~
eiably the zinc and phosphorus contents, »t the same time some copper
1s axidized; the copper oxide must be reduced, The usual process,
with phosphorus, is forbidden,

The introduction of magnesium gives good results (50 %
Cu-Mg alloy is better than pure magnesium). The quantity of magne-
sium added to the melt depends on the proportion of copper axide,
The first adding may be (0,05 . of the weight of copper scrap; if
the deoxidation is not sufficient later addings o+-0y06i of the

st ol £ the decxidad . | Eficiont—lat
addings-of 0,01 7 are made.

Finally the copper will be 99 ¥ or 9,5 %,
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The bronzes with 14 % tin, or more, form a narrow
market, which is unfavourable to the smelting industry,

The bronzes with 9-13 7 tin are high quality alloys.
The tin content must be accurate, on the account of the price
of this element, This bronzes must be reasonably free of lead
(maximum : 0,8-1,0 7); not easily eliminated by smelting; hence
lead and leaded bronzes must be sorted out, In some specifications
the zinc content is very low (e.g. maximum 0,5 7)., Nevertheless,
the elimination of zinc is expensive; now zinc contributes to the
deaxidization in the foundry; thus in many specifications the zine
range is large (e,g, 0-2 7).

The harmful elements are the same for all bronzes
silicor, aluminium, sulfur. These elements reduce the quality
of castings, specially the tightness. The specifications are
generally :

-8 siivviiis £0,02 3

=Al .oiiiiies ¢ 0,01 7 or 0,02 %

=S .ieeiies £0,05 7 or 0,10 %,

Phosphorus is kept at a low level (e.g. maximum 0,05 £);
the foundryman has ee scope tc add it or not,

In the 1+ .1ed bronzes (80-10-10, etc,), the silicon,
aluninium and sulphur contents are specified as above., A high
zinc content is allowed,

In all bronzes the iron content is restricted, Maximum
for ingots is 1
- 0,15 % for low zinc alloys;

- 0,25 % for less pure alloys,
On the other hamd, nickel is allowed : it counts as copper until
2 %,

For all bronzes a correct chemical composition is not
enough to secure good ingots. Gas included can make troubles for
the foundryman,
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3,13 - DBrass

There is a very important recovery of brass from
stamping and machining, This is out of our subject.,

Brasses for foundries have not the same importance,
Composition of brass for sand castings is

Cu sueas 6367 %
- Pb ..ses max, 1 7
Sn .....max., 1 2 or 1,5 %

- Fe (... max, 0,5 7%

- Al ,...., max, 0,05 %

= S eeees max, 0,05 &

- Si..... max. 0,05 %,

Brass for permanent mold castings contains more zincj
there is also a deliberate content of aluminium in order to
moderate zinc volatilization 3

- CU +eees 59-64 %3

- Pb...., max, 2 %

- 8n ,.... max, 0,8 %

- Al .,..,. max., 0,8 %,

It is worth noting that iron can create hard spots
harwful for polishing and machining,

3,14 - Cupro-aluminium

Cupro-aluminiumsare more and more popular. The risk to
pollute the other copper alloys compels to sort out very carefully
cupro-aluminium scrap,

The compositions of the cupro-aluminiumsare not the same
for sard & for permanent mold castings, For permanent mold castings
we prefer to start with virgin mctals,

On the contrary, there is a market for secondary ingots
intended for #und castings. This ingots may. contain iron, nickel
and manganese, On the other hand zinc and tin must be avoided 3
sum of this impurities must remain below 0,8 7,




The aluminium content must be controlled in a narrow
range ¢ + 1 % or better, The presence of aluminium gives to
these alloys some physico-chemical characters of aluminium,
Thue the axidation~reduction process is unserviceable, The
occurence of alumina is troublesome., Hydrogen is the only

soluble gas; it is the indication of a careless smelting,

3,2 - CONSEQURNCES F(R TECHNOLOGY (3, 4, 15, 16, 17)

Copper is easily reduced or oxidized (15), Hence more
oxidable elements can be removed by chemical means, This principle
is good for coppers and for bronzes, . severe sorting is not
necessary.

Tt is not the su.e for brusses or for cupro-aluminiums :
Zn or Al are lost by oxidizing. The sorting of these alloys must
be very careful, sirce there is no adjustment by chemical treat-
ment,

3,2 - Stocking

See aluminium nection (2,21),
3y2¢ - Ereparatiop

3,221 - Manual sorting

It 1a the niin methad for discarded articles, The sorter
uses his knowledge of industrial parts and maokes simple tests
(See aluninjum section), me miy *4 the Hrinell test, which

allows to cl:ns bronzes according te ~ontent 1
Brinell Hardneas Tin 7
below 0O beleow 8
80=95 812
95-115 12=14

above 115 above 14




Fast analysis is useful (for instance drop test,

megsure of the electrochenical notential or better spectrography).
Alunmininm desorves svecial attention : the bulk of its content
fgoes out easily, but minor traces are troublesome, llence it is
necessary to pick out aluminium-base ~lloys, cupro-aluminiums

and nanganese bronzes (aluninium containing brasses).

3,222 - Automatic sorting
The usual task is to separate white metal and copper
bzse alloys,

Shaking and screening allow a rough separation of small
chips of white metal from larger turnings or drillings of red
metal. Shaking is more efficient if the mixture is heated at a
temperature hetween the melting point of white metal und the
copper alloys one,

A good device is the furnace with rotating screen

(16).

The cylindrical screen is made of heat and wear-
resisting steel wire (25 meshes) : it rests on a perforated
cylinder (diameter of the holes : 5 mm),

The diameter of the cylinder is about 0,80 m, It is
better when the section is hexagonal. lorgitudin,l and internal
ribs irprove the shaking. The cylinder stands at in angle of 10°
to the horizontal, The speed ranges between 10-15 R.P.M.. The
temperature must be uniform, about ,400-450° C,

3,223 ~ Drying
Various ways are possible : centrifugation, hot water
with cleaning products, etc.. Frequently the stoving is prefered

(kiln-tyne drier).

3,224 - Magnetic separation
The magnetic sorting is cheap and very useful, It is
employed with dry scrap, eventuelly after crushing,
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3,225 ~ Briquetting

Briruetting is ruther frequent for copper scrap. This
operation requires 4 food nress (7,5 t/’cm;) , 50 a8 that the
density be 75 ~ of the coupuct alloy one,

lri-vettirg reduces the nelting losses; nevertheless
this advantase is ~uertionned und bricuetting is not in ugse every.
where,

3,23 - gmelting and refining

3,231 - Corpers

We just mention the water-jacket,

Prequently soelting {s done in send-rotating furnuces
with oil heating; the cu ucity reaches 15 t und still nore, Lining
is mude of .luitnu-1ieh tricks (70 7 alwiina) and vith stands
$CC operations, These fuinaces bLve a large opening on the top
thus laryc parts can be louded,

The melting is done ith axidizing atmosphere, in order
to eliminate impurities : ul, .n, Ui, Fe, M, Pb, On, After the
oxidizing melting und 4 careful cleuring, the reducing is done by
stirring with a perch,

3,<3< - Bronzes

The r-fining of bronuzes is apecially important, The
principle is the same as for coppers : axidizing and reducing,
The furnaces are of the rotary-type (15 t), as in 3,231,

The suelting is made withar iithout slag,

The refining with slag iives Jenerally better alloys,
The slag is used for several melts; its fluidity is kept up
with addings of spath fluor,

A good scorification of the axides is obtained .:ith
the following mixture 3

- Borax ...... 15

- COBCA sesese 25

- 003"]‘;: ceies 35

« 810, sov0uue 25

l




Some prefer bottle glass (green glass), which is in-
expensive; but there is no chemical effect on to the melt.

The layer of the slag is 5-1C \tr‘x:&g\‘r{er the surface of
the melt, thus 40C kg in a 5 t furnuee, The oxidation is acti-
vated by bubbling air,

The refining without slag brings about progressive

oxidation, by air, of Fe, 7n, 5i, Mn, Al.

Some of the oxides produced stick on the lining s
after some heats the furnace is washed with a flux (CO‘Nalj + SiOE);
the metallic =ilicates are reduced by adding of pulverulent coal
and thus metals rccovered,

Tie final reduction is done by cupro-phosphorus, Sulfur
is brouygnt by combustion gas., e fuel oiis with low sulfur
content. are preferable, Sulfur can be removec by treatient with
003!!..2 or by adding of magnesiuwn, The latter process gives also
Ng0O, which does not decant easily und reduces the fluidity.

The tyrical operation in a rotary furnace (5 t) is 1@

- Melting ........cieieneeees 3 hy

= Alr injection .,.....cc0000 20 MG

~ Deaxidizing (P) «iveveve.e. 15 my

o Tapping seceeeeses cecescess 45 m,

In some nlants the treatient of the melt by chlorine
or by the mixture C1 N is possbile (18).

Tt 18 payful to keep a close eye on the refining opera-
tion, Tf the oxidizing stage is too hard, valuable clements are
wasted (Sn, “n, Pb)., If the axidizing stage is not sufficient, a
certain amount of iron, aluminium, pgasses are retained in the

metal, with serious troubles for the foundrymun,

3,233 - Brass of turnings, drilll.nggf__e_t.g‘/
The small batches/go usually to the smelter, which

brings them ta-gether and remelts, The ingots thus produced are

sold for sand or permanent mold casting, The smelting process
is simple 1 there is no gas to fear. Generally the brass scrap
is melted in crucible-furnace (low melting losses); the alloy
is just cleaned with CINa et the end of the melting,




3,23& -C Jumnini
Cupro-aluminiums are remelted under a slag (cryolith

or P Ca). For the alloys which contain mungan, Cl Mn is sometimes
[ - &
used t C1 Mn degasses strongly, but brings a little mangan into

the alloy.
There is no elimination of impurity s the previous

sorting must be very careful,

3,3 - QUALITY INGPRCTION

3,31 -~ Homogeneity of the batches

Specially with bronzes, it is worth to take advantage
of the homogeneity of each melt, The chemical composition does
not define completely a batch of bronze ingots, Then it is
necessary, that the foundryuar receives separate batches, each
eollecting ingots from o sinfle melt of a single charge,

The homogeneity of a good melt is remarkable, Here
is a typical example (12 t 1otary-furnace) :

Beginning Middle of Bd of

of melting melting melting
- Ou 84,04 % 84,05 % 84,12 %
- 8n 5,03 5,03 5,04
-P byTh 5,03 ly 96
- In 5,13 4,89 4,83
- P 0,335 0,315 0,290
- M 0,445 0,450 0,450
-8 0,070 0,073 0,075
-P 0,052 0,036 0,026
-5 0,17 0,17 0,185

Alone the phosphorus content changes strongly,




There are other examples in (20),

The chemical analysis alloweto test easily if two
ingots are from the same melt : the percentages of the impurities
are like finger-print of the alloy. For instance, the spectro-
analysis should not ive diffrrences lar;er than the following
values for two ingots from the same melt :

difference max.

- Ni 0,®
- 0,03
-9 (<£1,5) 0,16
- Pe 0,02

3,32 - Chemical composition
The choice instrument is the direct reading spectro-

graph, It gives the percentages of 8 or 9 elements in few
minutes, The rapidity of the test allows one more analysis when
there is a composition adjustment,

There are some data on the accuracy of svectrographic
analysis in (20).

It is worth noting thut spectrophotometry gives the
analysis of some elements in 15 mn (19).

3,33 = Test of depassing
The solidification under reduced pressure is useful

for coppers, bronzes and cupro-zluminiums, If the metal is gassy,
there is enough time to cure it before pouring. . good practice
is to pick up 150 g of liquid metal and to put it under reduced
pressure (60 Tor),

3,34 - Test of melting under borax (21)
The quality of the ingots can be tested by the melting
under borax. A bulky specimen (2 cn13) is weighted, then set into

a porcelain crucible placed in an electric furnace and filled with
fused borax, Pure tin is added, in a weighted amount, so to bring
the copver content to 65 %. The crucible is holded at a temperature




a little below 900° C. The weignt loss measured on the metallic
button gives the percentage of substances which are collected
by the borax., A loss of 0,5 % is generally regarded as acceptable,

3,35 - Other tests

The ingot surface is alway inspeced. The lack of
spitting is required.

The fracture test is common, but its interpretation
is difficult. A slice of the ingot is broken along its axis,
The surface must be free from light yellow spots, from blows
and from slag inclusions,

The mechanical properties are rarely tested; yet it
would be very interesting.

The fluidity test is not recommandable.

The microscopical examination is of some aid for the
study of hard spots,




b - OTHIR ALLOYS
The foundry industry is not very much concerned
by the other base-metals, For instance the zinc alloys used
in pressure diecasting are necessarily virgin alloys, with the
greatest purity; the remelting for its returmn is merely allowed,
The recovery of magnesium is common in foundry (risers,

sprues, etc.). It is worth noting the simple cleaning device

proposed by (22),

Few lines about white metals are in 3,.... It will be
highly profitable to read the review of the methods used in
South Africa 30 years ago (23) : it refers a very good practice
in the case of the alloys for railways.




5 - EENQUCAL ADVNTAGES OF CASTINGS

Tt is necessary to recover metals, specially those
which are baught with fopreien currency.

Bafore thinking to recover, it is good to avoid
wastes., The varied means of workin: metals do not proluce waste
metals i the «ume proporifon, ltamping, at tris point of view,
is an expensive methode. Machining 1s0. Ciattings, turnings,
borings, otc., even recovered in the best way, cause metal loss,
The slopan "chip it the enemy", which had ‘ts day in France, is,
perhaps, valid in other conntries : i chip involves u time loss,
a mechanical energy loss and a metal loss,

- comparison, foundry is one of the more metal saving
methads ¢ it pives custings machining of which is small, or parts
L0 use as cast, Foundry —ukes few wuste, and reuses it completely.
Aoreover alone founiry can make use of some secondary illoys, the
purity of which is not -ufficient for the other working —ethods,

In return, drawing cast parts require more technical
imowledge thun drawing narts asseqbled with bolts, rivets, or
weldings, May be there is here 1 pro’ramne about technical teaching,
with important economical consequences : to teach people who
draws parts how to got a better use of foundry.
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6 - QONCLUSION

There is another way to save metal ¢ to reduce stocks
{n the smelting plants and in the foundry plants, Standardization
of alloys is » part of the way. Ae know that the common trend
{s proliferation of the kinds of alloys. Oouetimes there is a
good reason for that (new alloy); more often there ire not any
grounds, Frequent debates between producers and customers allow
to agree upon sinple und stort lists of recorrended alloys.

130 documents pive a1 solid busis. But 150 is an international
work : for ore country there are generally too much alloys.
It is to developing countries interest to pich up some of the
alloys determined by 130,

The chemical composition limits must be specified
thinking of scrap subplying, of technical means of smelting works,
and of the kind of castings to be mode. It is also worth thinking
of scatter or analysis., For bronzes and coppers, specification
must not rest only on chemical composition, For all alloys it is
indispensable to deliver homogenous hatches from one melt of one
charge. The great thing is to try to specify tae ~unlity at the
adecuate level, not too high, not too low.

Making .nd following specifications with a correct
number of alloys, and with good limits on chemical compositions
is probably a useful factor of the saving of metals,
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1 = INTRODUCTION

1,1 - The economical and the juridical data are the great
thing for the industry of recovery.

1,2 -~ The foundry industry can use alloys of relatively
scattered compositions, and is naturally an important
customer of secondary alloys,

2 = ALUMINIUM ALIOYS

2,1 = Foundry needs general purposes alloys, corrosion
resisting alloys jheat resisting alloys, which can be
supplied by smelting industry, Chemical stipulations
are described for the comron elements, The importance
of some nanmetallic impurities is emphasized,

2,2 - Consequences for technology.

The aluminium oxidation is easy und non reversing : thus
the sorting of materials has a great importance ;
storage, hand and automatic sorting, preparations of
scraps, discarded articles and dross.

Melting in reverberatory furni.ce, in rotary furnace,
sloped hearth furnaces, etc,

Elimination of Mg, AJZOJ’ HZ’ Na.

Pouring devices,
2,3 - Quality inspection.

Homogeneity of the batches, check of chemical composition,
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3 - COPPER BAJE ~LIOYS

3,1 - Foundry uses "coppers", bronzes, a little brass,
cuppo-atuminiums for sand casting, from the smelting
industry, Cheaical stipulations are described for the
common elements,

3,2 - Consequences for technology.

Copper is easily reducedor ncidized. Hence a severe
sorting is not neccessary for "coppers" and bronzes,
Cn the contrary brasses and cupro-aluminiums must be
sorted very carefully, because Zn and Al are lost by
oxidizing.

Storage, manual and automatic sorting, preparation,
briquetting.

Smelting of "coppers", bronzes, brasses, cupro-
aluminiums.

3,3 - Quality inspection,

Hemogeneity of the batches, check of chemical composi-
tion, melting under borax and other tests,

I - OTHER ALICYS

§ - FOUNIRY A5 IBTAL SAVING INDUSTRY

The foundry indnstry is one of the more metal saving methods 3
few chips, possibility of using secondary alloys, In return
the drawing of c.st parts requires more technical knowledge
than the drawing of assembled parts : to consider the utility

of a programme about teaching of the good use of castings.

6 - CONCLUSION

A good standardizationm, setting the quality level at the

right place, can reduce stocks arxi save metals,
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