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- «ÌA^irdn iVr »ïk.1  Having (¡ vi GCare\',v   ;o-,erttes restive Mr:h 
prieea f-r ra-fc J.9,  ,.>*! uutoav.tif: r   —b  Vor recovery metal«" 
Krittlet   f« • .r*    *.0 Vujr   *f_  fflPAr.3). ' 

^c',  , ... j;.ioct »r replat ion- X:d rewards can be made 
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tonnage rehired J^-rrotrt-•^^1**^ *'Xitl hu rnado oi" ** -r/puvamio,  :iav arj  m tho futur. 

If 4 - Recovery 

«nd the reS^rfr1 ^^ ** ^ "b5Ut the trafflc <* «3d mutala 

structure S^^.* g£^** lí*^1^ «- —»«** 
ft*,). **     "••"•  vaojyndlng of tonnage,  quality r*quir«t, 

ajr throu^h'al^rgrc^t^e^v.^S? "" Pm3°nt W>fttij^ •""*«*. 

¿'1 " Resultition«_^2U^^q.Ula 

ehooee a Bvl^^j^^^0^ <*»« !.*>, «a«h country haa ¿g 
W choice depo^^^fe^^ \ Pwyenr» Ita metala. Of court? 
eircuaaUncoa. "°ner>'i:i ^'^ ^ *»» «"»toy, and on the 
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émûa te '..T.r-T^Tr^ - * ~*~: '-^ JHê.Mî^ jajm.%â** .>( ^ |^ 

•ountry wiu' t r '^t^r;/:^?-^-- "• "*' ' ' ><*v«* 0y «neh 

«üH africa a-  for ..in,^ i,^, . r;. A.     ' - » '<<i'«J  for 
war, for hi?; .«.-Tica, ' '       '' ,*li*'- •  :' ¿m<wne«) »om 

«JL" „r ic.\3  yltîi ta ' j   r •<• » 
•liant aed with I^rj^^r i., "n    ,' r<f;." •'*%•*** ccuM b« 
hai to ooicH.t u» orope.  r..,^   -\"^T« VÍ"%\ ' ' "° #£tCh ~0,"llfi* 
P^nt, and , .w?Uiu/to  ..«ad -h.-   Ztr'      S    K  * *iSf of *• 
eountrlei. "*    ^rrir^ > hn>i    n iminatrtal 

country aftcr'.-^^fffc'1 ;^^¿~t¿^ caP * rt#ci4fd b* ••eh 

the tonnai cf    »cond^V-." ^¿i] T "rT " ^ **    "M 

tminlng and t.-,chlr,C ar». ^T. ^î "1 «"»-^-M.  B«.ic#a lj£U|r 

m.Hiatio^v:aaJÎAl,i^ aôtti£l L- «M«í»jd vtitii cht htlp «*f 
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4»' ìmm *iì«y» t» ivuuwti lu* i mmmfmm it* 

*• l* ««ri *h» wmp» t*   »r*i*r u*t »fc»if ü»|%|M| 

CtMftfl*!  malti?) I« **lt*.   **iw%m .««MMM«   |f.  ,M|   -^ 

rVinMnr i« uw 4mt#»litt «•nnrüw u» <»t« ;.**!•* 

it P*r|d««tf, rwwii^iti* e«*mtr*íNi »r*  »~r*> f#f rrw >*i«* 

If» t»» «e«*«tte ri«M,   - «h» ***** ««4» . tfm$  ^i*-^ 

Citici M» m*'i. v »4#* .^ tmmmf9 #f „iat ^,^,1^ 

i imtm*\*& \»# m*«  -r»*»   .**?**••,  tu» r#»»fîi   *r Ai»» 
idi h» U*«.  t«HMUt«ljr, 

H» «»uU mmvwrt i* • P»»rr»» t^i !*«•?«• tuwtf 

In a »<ei»tjr twtwr «f «uu.  ît m*** làmfiif* i«»» «urtati 

fem «tut ihr difUrwit -wruttM, friri^ * i** tum» ij^t 

•«ttwltjr »ta*p   -•* ««rtiM«  m l-m;. «r, » •»•wiMMnrtU 

Mai*  i f*r «M^a« m»rkm*mp* *mm w»i m> m «mftw rm**—t+A 

mmwmtm **rUeuUrl/ «ai#bli i« u** fwtt« :if* #rm%m* 

!• not «A «v«^*t iMrt ir *^d t„ rai UM ¡ H t« •>» --rM-)mm 

•f Wit- ptmtmmì *e anemie*!  *%*IB, 

•©lut ta*»j  t-nji  •nluiiAM nei *e t«*hi»)iftjt«»Uy fut ^|| 

to Alte r.tm,  ttmy wmM Ni UN4 t« »ih*r «tu»!!«», 

Tbm f*m~múmnmm ai UMI «eoMinl«  IB  íI»I   *^J*»-%  I, 

I© think thfti il» Jurtrtttt«!  U»k,   tmm •#*!•#» ^u.u« *U1 to 

Nl», »i«rii h*¥# ,«r#  !^>©ri*w« U»f   u«hnoli^  i   u» km «T 

thi r^-avery mdwiiifjp, of il» u.r «i m%mUt *m%mm mg%m { 

tttÎATljr cone*• j n¿ tcrmt«} *,» «m, ^ m ^^ w^W 
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ü«tttii»M, s»ch*nU*} nrapani«*, c^TMiat r**t»w^*, #*#.!. 

I,  l,t, of tt« ftastüaat,  Uk %mm% ## U»i 
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'.^^^i^, th* Mgtmt le th. *m.vêmmt ta» tot tar te tat 

it Ute. lfc»tof*r» +** ^* *:ter*^. •ta»w»te ar» «or» 

i*liP%.tf*ii, NWffr ir«* »*J •tltctejiM»t to «*l«*»4. «••tallta 

taflvatflto hl*** *^#ita*feU Hy, 
fto '*•% M« pr*e«rtte* %*• •«•••»tulte *»i ei%«fc untoMp, 

Ito ft**jw froa •» nifilf afetoitort '     •wiflfLitfii 

«f  *,•>},•**' «Mi   »rirl#,   I»  ito  «1149 

ito to» ff tot. 
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The highly alloyed alloys are preferred for these three 

I, and those alloys are produced  the most easily by the 
mWïy'  U wlU be therefore the favorite  field of the refining. 

Z,-Lt2 -JTron is an usual and noxious impurity.  Itichinability and 

déformation canacity  :re reduced by that  element. The iron content 

la increased by t.h* foundries operations.  Controls have discovered 

that,  on an averse,   in  the fronch foundries of quality,   the iron 

content  increase was of 0,05 ,' but could  sometünes reach 0,15 t. 

Iron  is more dangerous  in thick walled castings cast in sand mouldsj 

it i. «ore allowable in nieces cast by gravity in metallic  moulds 

•lid »till more in    ieces cast by pressure die casting. 

The maximum contents are generally fixed,  in castings, 
«•poetivaly , o,fi - l . 1,3 -. The ^ correaponding homúaTÍñ% 

fer ingot« win be t 

0,9 % 

1,2 

fcy order of decreasing quality. 

The recovery technology will 
tren fro« scraps. 

at nueh *• possible 

«J*3 - Own i. io«!. The content. « l,o * to 5 * in the employed 

•Uey». Naturally the variation muet be reduced  i • 1,5 S is aUo- 
ttttile for casting» of mean quality. 

2,124 - Smm hinders machinability but  is good for castability. 

Hit recovery gives usually an alloy with a  too low content : 

•illeof» »t be added,  a toletee of 1 l>5 f on the mean content 

t. frequently imposed. Taking in account the analysis difficulty 

**»» the .11 icon content is above 6 *,  euch a tolerance la in w 

.opinion a little low. 
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2 125 - I-h."jraeatum increases elastic limit and hardness. °n the 

other hand,  it decreases elongation, and,  according to some opinions 

difficult to nrove,  could  spoil casting properties. Foundry opera- 

tions never increase  tbis  element content,   on the  contrary. 

In some industrial countries,  v.igncsiun content resulting 

from the charges (sorted  to avoid ,.1-Hg alloys   >.nd   vi;nesium alloys) 

are accepted  :  in,",ot with wiip-iesiatt content 0,15      are obtained. 

That "natural" content could  increase during t>* next years if the 

use of /il-Cu-Mg alloys with magnesium content higher as in the 

past Is confirmed. 
In other countries magnesium cancels out by special treat- 

ments in refining works. In such cases the highest magnesium content 

is 0,15 ." and the "normal"  content about 0,05     . 

In one case  (Mg ¿.0,4 ") as in the another (¡fc^.0,15 f) 

it is essential the magnesium content is about the sane in all 

the deliveries in order to not disturb the ad jus te tents in the 

foundry (feeder head,  etc.) or during tooling. 

2.126 - Other elements - Zinc was never proved hindering,  even with 

contents till 3  '• 
Mansanese, nickel, lead, tin, chrome, are "naturally" at 

allowable contents. They do not need attention, unless exceptional 

circumstances. 

2.127 - The following ISO conçositions (1) are given   as typical t 

for castings (draft 13D RI64 - R20Ö) 1 

A1-SÌ5 Cui 

A1-SÌ5 Cu3 

Al^Sil2 Ü 

A1^S18 Cu3 P» (pi*»«ttr* dit ematine). 
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2iU - Corrosion resisting »liny. 

Any phase incited in aluminium and clearly more noble 
« it is a dangor for the corrosion resistance , it i, especial!, 
the case of copper, nickel and zinc. 

(x) 
2,131 - Cu.  Ni,  Zn 

These elementarst be maintained at contents as low 
a. possible, for castings and also for wrought products the higher 

contents general^ agreed upon for each of those elements are , 
0,05 X - 0,10 f. - or 0,15 % 

following the alloy quality. 

dur,• .K ", the f0Undryman ls not mis^" th. additional pollution 
during the founding operation is lifted : the compositions boun- 
daries may be the same for ingots and for castings. 

tin       -, ? °ther *loCtropositlfs *-«*.. -ually rare , lead, lu>»  ne«i also attention. 

2.132 - The usually present elements «magnesium and silicium. 

Their content« must be fixed to avoid too large varia- 
tions of the casting properties , the range is • 1 % t0 2 %^n 

2,133 - fypicals alloys are for example t 

- A1-S15 (Cu^ 0,10, Ni íC.0,15 ...); 

- A1-S15 Mg (Cu< 0,15, Ni ^0,15 ...). 
- A1-SU2 (Cu £ 0,10, Ni ^0,15). 

- A1^ Fe 4*^«^^^^   (pressure 

- Al-Mg3  (Cu ^0,10,  Ni 40,05); ' 

- Al^g5 Sii (Cu < 0,10, ìli ^0,05). 

The tuo last alloy* are particularly difficult to preñare 

zr:rîrm 8cra^ *ai1—** « ~* -itrr 

(x) - Fears about Zn are not orara* »« ?<«~i «^ not provea so firnûjr as for Cu and Ni, 
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2,14 - 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 metallic molds are often concer- 

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 is obtained by sufficient contents in 

copper,  nickel, magnesium,  iron,  H coefficient of thermal expan- 

sion nearly similar to this of cast iron (12 10"  )   is also wanted  t 

it can be obtained only by large additions of silicon,  the low 

coefficient of thermal dilatation (8 10"6 /• C) of which balances 

that of aluminium (23 10"    /° 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 I Al-Cu4 Ni2 Mg2 (ISO). 

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 material*. 

2.142 - Alloys alike to Lo-Bc ones  i 
These alloys contain 9 to 13 % silicon,  copper, nickel, 

magnesium. The    iron content is limited at 0,75 % in the pieces, 

consequently C,70 % in ingots. There alloys may be easily obtained 

from recovered materials. 

2.143 - 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 from scraps and 

pure silicon« 
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Tt» molting tomp.r»tur»« n...t K. 

«" a phosphonM addlUon (for 2Z\     nry *** (a0<^50, « 

•-»15  -  Alloys   for  n-, ».•;       i 

Generally these alloysTZ      T~" 
f0r exa^le the case of very hlph    t ^ ^ SCr*P8-  It is 

-seqUentV heat treaty" r^,^^ "^ "**• 
^oys,  or of alloys for Plpctrical 

the ^ of -tifriction ütrical uses. 
However let us recall *     ^ 

— *>r desoxidation in steel i7lh "" ^^  ^ **** 

** -   tney ^ t0 use .ter^tLc2Vr0n "" ^ **- 
(percentage of alunlnluiB Q5 ^ % ^-^ 8olled ^ ^ 

2,16 " J***-^^^ 
This problem concerns an    -, 

ncerns all classes of alloy.. 

We know that the formed aium^ 
^uent* lt ^ chanceg       - ^ —* be r^, 

>*« -«any noxious affects# 
g   WUh the "*tal. Now alumina 

It forms thin skins 

- —. *-». deenly „e^:,:;^:1"10"3 of continuity 

Alumina seems to unite with h .J    ' 

."lly^ed mens,   hut the deJ   ' ^  '  "* '~Ût * 
For *h * passing is uneasy, 
ror -chat reason    tu„ 

my bou* by a a,,       "**' "d ^- t«. -rit of thia 1^. 

2|162 - Ggj 

«J-drogen Is the only gas to f 
»•Sanie Product,, „olsture ^ ""J» *•*• J« a. , „^ 
«Weh can bring U. <a*8tal —UtaU« wtw> ^ 
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In fact it seems unlikely that hydrogen trapped in 

Ingot» (at the molecular state) may hinder the  foundryman.  But 

the ingots passing is an indication of recovery mide carelessness, 

and  for that reason nía y make the foundryman anxious  :   the gassing, 

obvious and not 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 .alts reduced 

by aluminium. Then they tend to volatilize. 

These elements are noxious,  as we have said  it,  in the 

Al-Mg alloys. 

They liave a great influence on the alloys having a 

Silicon    content of more than 8 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 o£ these 

elements.   Hie 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.). 

2,16A - 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 

vdll allow to separate aluminium from the other metals. Conse- 

quently,  the sorting of materials has a great importance and 

happens at different staces of  the process. 

2,21 - Storage 

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 ir. there that the mixing which 

lowers the metallic materials value may be avoided. 

,22 - Preparation 

2,221 - Hand sorting 

It 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 nieces. His usual tools are 

file,  hammer,  magnet,  electrical breast drill (drill of diameter 

15 ram).  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 
analysed. 
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2,222 - Scrapa preparation (turnings, etc.) 

Priqueuing is out of date for aluminium. Generally 

large turnings are at once crushed, then cleaned of oil and 

grease that are always on them. Sometimes a centrifugal process is 

used. It seems that the more worthy method is burning 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. A belt conveyor 0,6 m wide treats 

about 750 kg of aluminium by hour 

2,223 - Discarded articles preparation 

These used materials are cleaner as turnings, but they 

are very dissimilar. After the hand sorting the big pieces go 

directly in the melting furnace. The other one, that is the most, 

go in a hammer crusher which separates joinings and gives regular 

pieces which go 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 

2,4 and 3,2. That method is not convenient for little scraps. 

2,224 - Dross preparation 

Dross comes from works making melted aluminium. It 

contains 20 to 50 % of aluminium. Of course dross formed on the 

alloys are not mixed with those coming from pure aluminium. 

The metal is contained 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 than in the ball-mill (diameter 

50 mm), is screened and dusted. 

2,225  - Particular cases 

As soon as an important delivery offers particular 

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

treat it : to take away the aluminium of cables armoured with 

steel, carbonizing organic paints on aluminium papers, etc. 

2,23 - Melting 

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 3O-4O 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 (KCl + NaCl) and 10 \l  spath fluor (CaF ) 

is loaded. The amount of flux is ¿0 to ¿5 %  of the weight of the 

metal. The flux is melted and heated to 75O0 C. Tt shields the 

scraps against the air and the burning gas, decreasing the melting 

loss, .foreover the flux is a detergent for alumina and allows the 

metal drops coalescence. 
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T^e »empii art then progressively Ima** *nd vigorously 

stirred. If the flux becomes too IhlclWU fluidités ty    ,r 
additions. 

«s indication, a 10 t  rotary furnace,  with 4 holding 

furnace for the pouring OJKI a pouring lim- ;n*y  produce  u» t/é*y. 

Three shifts of seven men are thon needed  to load the fumaci», 

survey the melting,   pour ine and   ingots casing.   For on« worker *t 

the melting, two workers are necxied for the sorting (in the caso 

of a hand sorting relatively oarefull). 

2.233 - Induction electric furnaces 

Coreless  induction furnaces, working at the netfrequsnee-, 

of 3 to 5 t, are used (800-1 .joo kVA). They cause a vet? little 

melting loss.  They allows to make easily particular conpositioti». 

2.234 - Crucible furnaces 

For the recovery in little quantity the crucible furore« 

is convenient (low melting loss)   : tilting furnaces (the most 

classical) or tilting and rotary furnaces around sloped  «is. 

2,235 - 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 make a sorting 

by liquation between 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 circi 

tances, an interesting process  (soe 6), 

2,24 - Refining 

The iron having been taken away during the preparation, 

it remains to decrease the magnésium content, and to take away 

gases and alumina. Moreover the eouçosition must bt ajustsd. 
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z9m - 
Chlor li* lu taiMtt, tait il» Ujttt*r«t*tfw «M U ïUUùJ 

lownr ai 1 (W C to «fold Um formi!«« ©f -jl *J.   *n*r*U»% 

75Û* C 1« choeen.  îl h,*» tmm propoeed  in tfij«rt ih» g©» tey 

ali^nnonta a Ion?, a £*»»» rating Un© of * rot*ry fumiM (U),  U), 

* nii.ror.cn DM i*  <u»t fimi  tnj^Ud,   then ©hlortiiej 

ft ni trog«) flow m rin*l Ijr ln!*cud io di* m e» lorio» fr«» u*© 

life« 50 kr, of chlorin«>   »r© n**d«d to «xtruftt li- *g ©f  ^'.nr*»«, 

A noutrmlliation of ti» ,-^mmm im nMt»©*ry Ntfor© io Mirate 19 
them In th«  ttmonphar*.    *«/*«•»• ii« €©n *tl»o U» Iattui ©my im 
fluori!« Haxe« (5), 

2,242 - 

hl «i-i nu <imt..mU wy tlmly • In the Meri» ©f vinto 
i,  the molten mkl is Irt i« ri«In ¿4 hey» i© purify,  fi U 

th»t %n alUcr rf-«ct occur»  ir. ih« I«m» 

In the rotary furnaeat,  tut i* ih* flute« «hleh 
it« (or diMolv») liwntrte. 

Z*m - maUfctl« ©f ^ 

Hydrogen »nrt «od ti» Und i© »te«p« fro« _ 
ta© Belting, ît t# ne©«©a«ry to Mbtdi io r» introduce 

by water (strr©«} ro*rtinf upon ih« :.»ul. 

Particularly, hyirocart.id©© burnii» «©•©•• 
in «tir, « flux layer »©p©ratiri£ then ©f the 

TrBâtraenU by ÍA» tribbi trig (chlorine 
thee© ii^urltle© ©liaift*u«flw 

rieh 
le 

nitrogen) 

2,2U - Addition© 
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it «kM màm Um Torrn *# p^ miUmm, in 
•f • mt sl*s, ¿Mlicran du*%9 imeni Ijr vety caddish 

•fftttMmy ©f whieh  1»   ##ry t^rf,   |fl not UMd, 

Ifaj-rtW^? <<**•• «f the   MÄh mit«« lUfln) l. 
Mimt* « la« r»U  (5      for «miple) cU| 

Itj dipped   Itt »ltd alusUntt«. 

14JÜ*JS,  rtf irlng the grein,   I« 

TIF.  ar petAMiu« flaotiUnele, 

%ry kinds of  Wie«« are used, «ufe ê* hart er «at». 

•»tlc*llor. 4n^su*l device is the ingot molds chain,  stationery 

m mmblc. f¿« fwwÉpIwg • ••petme a device allowing to »top the 
pouring when the  ingot mold  la full. The stripping comprises 

áevieee of cooling and «traction of ingot« (striking). The chain 

téHieh works in very hard conditions must be extremely strong. 

The chain moves forward for example at the speed of 

2 »ymn, corresponding to the pouring of 100 kg/mi of aluminium 
*Uoy. 

Another device is the monorail with electric drive 

apon which ars hanging frames sustaining for «acaule nine ingot 

•olds (7). The monorail makes the framef to go to the stripping 

place (cooling, extracting of Ingots, mold coating)  then before 
the furnace which is ready for pouring. 

The ingots for» can allow to obtain various sizes of 
ingot« 

The as cast ingot molds are in grey iron,  hematite 

quality, their carbon equivalent being 4, ¿-4,3 % and they are 
relatively pures   (better thermal shock resistance). 

A refractory coating Is protecting the ingot molds j 
for example i 

- Water  10 lj 

'Ch^k    2,5 kg| 
• Sodium silicate    0,5 1» 
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¡taring ih« pouring or after, the ingot* mèi be 

(alloy »tradii and mark of the pouring).  Itili costly 

bui absolutely neeer.sary opurrtiion. Il e*n b« «ion« by hsaú 

(paint, with ar without ri.ite,   *tf ,);  ar autoa* tie*'ly (striking 

th« murk on tho  lrv.ot on the 'vvirlng cKáin,   narking at the 

ôf th© in#»ot« casing), 

Th« Irv'.ot c&sing pile« Tiust be easy to riov« and 

The»«  ingote are stock«! weather sheltered. 

The livot  fora itself requires study, but th« eho«on 

solutions »re very various. 

It is needed to think to i 

» ih« strength of the Ingot mold«; 

• the stripping | 

• the stacking; 

- the casing; 

- th« carriage (p* lett«)f 

- the load Inf In the foundry 

¿>3 - QUALITY BJSPBTIQW 

2,31 - The hoaogenej.1 

The liquid  state allow« an excellent homogen« i tat lo« 

fjf Ih« alloy, whichever furnace Capacity. 

For exanple in a reverberatory furnace of J5 t containing 

a secondary alley,  the following evalution was noted (12) i 

beginning middle end of 

of pouring of pouring pouring 

- ****  0»52 0,52 0,54 
" Silicon  9,19 9>73 9>40 

- Magnesium  Q,Q§7 0,QS5 o,0g3 

-c°PPtr  %n 3,79 3,75 
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(km nust not 1st Iosa that hoaegatialty. 

B» marking of Ingots by pouring la a s»asura which go 

in that my, li Is naeaoaary that all the ingoti of on» dalivaiy 
t* * foundry com from the aa» pouring. 

¿t3- - Ch#mic&l compongan 

Spectrograph le d«t*»mimtion (direct reeding) allows 

•*** control during the  rtinflting %nd  inalasi« «djusts»nt. It Is 

tilt eholc« n»thod. Th* work is dor« on psraanent mold r*at spool» 

•an, fh# fluur* 4 showr a ,:ray Iron meld r.lving mi i sf Action, 

a^aetrot'.raphe work by coofhirAison with «t^ndard  spsclasns, Ths 

results accuracy dapsrils  on the »UruUrrt spec User, sot.  It 1» 

necessary to watch to us»aooclasns alike ths tostad alloys (io 

avoid aynthttlr alloys pursr as ths secondary alloys)  *nd poitraÉ 

111 alike condìtlona (influanea of tha phase fineness on ths 
trogrsphlc answsr). 

Spectrograph*© control on ingot© ssist os asoldad 

Uta soattsr Is largar, «a aha« by tha following Ubi* 

«evUtior. da» Ut ion       Aviation 

on ingot an disk for i 

•parksídls*) 

«.S 0,08 of<a o9m 
f <U %3 o»? 
3tS 0.3LS 0,1 fl»J 
0,3 0,01 0,01 %m 

A currant practica Is to usa ths disk ani to «Jet 

di sehargse t if ths dlffsransa bsfesssfi tha valtisa are m 

•ara than ths maxi-mm Indicatali In ths last eolusst of ths tabla, 

ths average valus Is adoptad:   if ths 11f foranee i» mam than this 

asmi«**, othars sparks discharges ara aade. uf coursa,  this Ubla 

la valuabls only for tha indica tad alley gradai  it ISM 

frasi 76 dal 1 varias to a foundry (1¿), 
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From the standard deviation signification, it may be 

that the scatter due to the analysis is important, concerning 
•ilicon. 

Simples spectrometers have a fixed photoelectric cell 

U«ed as reference and a movable cell which is placed successively 

in front of each ray (for example Cameca apparatus). 

Ihre powerful spectrometers have a cell for each element 

determined  in a choosen composition ran^e. There are so a number 

Of channel doing the determinations at the same time (for example 
ARL apparatus). 

All these direct reading spectrographs must be placed 

i» a «lianttied  mon.    air-conditioned room. 

The specimens and result« transmission must be faet 
(pneua&tic tubes for example). 

¿»33 - Other control« 

The other controls have very les« Importance« 

The gas content may be «stated by the solidification 

if * $0 g specimen under pression of 60 tor. The observation of the 

•olldifying surface (bubbles),  the  specimen growth, allows to know 
if « »It is gased (lj). 

Hjchlniitt und polishing of a specimen allows to detect 
tard spot« by the surface examination. 

Mschmnlcal properties may be controlled for the best 

«rade«, by permanent mold casting of tensile teat bar« (the die 

tenf»t rature aust tie accurately fixed). 

The   >ther controle are not    worthy of cownendatlfliu 1% is 

Mie case of the fluidity the meaeur« of which asks   very great care 

and >Uv*s not Much interessant r* suits.   It is the case of the 

elu»in* content the detemlnatlen of which is not satisfying    in 

tmr alud, even with the a»thod of oxygen neutronlc activation. (U). 

The »i«rogr»phle inspection,   if md* by a content ,mn, 

•ay be useful (refining ©f silicon and high-silice» alloy«, hard 

#• 
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3 - COPPffi^BASE FOUNERY-ÀLLOYS 

3,1 - REQUm&ENTG FROM FQUNERIES 

3,U - Coppers 

Foundries use copper ingots and mix them with other 
Bfttallic materials. 

There are also some? special castings made of copper 

«Pi 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 

•craps are cheap, //e just mention it. 

Another method is to sort the scraps  i pure copper 

(fire-box, wire-rope,  wire,  sheet,  etc.) or deoxidized copper 

(sheet,  rotating band of shell,  bullets) and to treat them. 

The conmor.  impurities -./hich are prone to reduce conduc- 
tivity are  i 

- zinc; 

- tin,» 

- phosphorus} 

- oxides. 

Generally speaking the elimination of tin is not 

considered. (>n the other hand the oxidising melting reduces appre- 

ciably the zinc and phosphorus contents. *t the same time some copper 

is oxidizedj  the copper oxide must be reduced. The usual process, 

with phosphorus,   is forbidden. 

The introduction of magnesium gives good results (50 % 

Ctt-Mg alloy is better than pure magnesium). The quantity of magne- 

sitas added  to the melt depends on the proportion of copper oxide. 

fhe first adding may be 0,05      of the weight of copper scrap;  if 

the deoxidation is not sufficient later   ladings -rf ft,0j  j,' »f the 

Mulini     if    thft   rinmririni,„n     i E    n«*     -..ffi^^     lfltlT 

•of 0,01 / are made. 

Finally the copper will be 99 t or 79,5 %. 
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3,12 - Bronzea 

The bronzea with 14 % tin, or more, form a narrow 

market, which is unfavourable to the smelting industry. 

The bronzes with 9-13 % 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 f); 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 %), Nevertheless, 

the elimination of zinc  is expensive; now zinc contributes to the 

deoxidization in the foundry; thus in many specifications the zinc 

range is large (e.g. 0-2 %), 

The harmful elements are the same for all bronzea t 

silicon,  aluminium,  sulfur. These elements reduce the quality 

of castings,   specially the tightness. The specifications are 

generally : 

- Si    ¿ 0,02 % 

-Al    ^ 0,01 %    or 0,02 % 

-S        <0,05 2    or 0,10 %. 

Phosphorus is kept at a low level (e.g. maximum 0,05 %)l 

Hit foundryman has     *ee scope tc add it or not. 

In the 1*-led bronzes  (80-10-10,   etc.),  the silicon, 

aluminium and sulphur contents are specified as above. A high 

ainc content is allowed. 

In all bronzes the iron content is restricted, ^imum 
for ingots is i 

- 0,15 % for low zinc alloys; 

- 0,25 % for less pure alloys. 

On the other hand, 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 - Brass 

There is a very important recovery of brass from 

stamping and machining.  Thin is out of our subject. 

Brasses for foundries have not the same importance. 

Composition of brass for sand castings is : 

- Cu 63-67 % 

- Pb max.  1 % 

- Sn max. 1 "', or 1,5 ^ 

- Fe max. 0,5 % 

- Al max.  0,05 % 

- S     max. 0,05 % 

- Si max. 0,05 %• 

Brass for permanent mold castings contains more sine} 

there is also a deliberate content of aluminium in order to 

»oderate zinc volatilization : 

« Cu 59-64 %; 

- Pb max. ¿ % 

- Sh max. 0,8 % 

- Al max. 0,0 %% 

It is worth noting that iron can create hard spots 

harmful for polishing and machining. 

3,14 - Cu pro-aluminium 

Cu pro-aluminiums are 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 sand or for permanent mold castings. For permanent mold castings 

we prefer to start with virgin matais. 

On the contrary, there is a market for secondary ingots 

intended for «and castings. This ingots may,  contain iron, nickel 

and manganese. On the other hand zinc and tin must be avoided  t 

sum of this impurities must remain below 0,8 %, 
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The aluminium content must be controlled in a narrow 

range t ± 1 % or better. The presence of aluminium gives to 

these alloys some physico-chemical characters of aluminium. 

Thus the oxidation-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 - CONSEQTOICES FCR TECHNOLOGY   (3,  4,  15,  16,  17) 

Copper is easily reduced or oxidized (15). Hence more 

oocidable elements can be removed by chemical means. This principle 

is good for coppers and  for bronzes.    A severe sorting is not 

necessary. 

Tt is not the sar.ie for brasses or for cupro-aluminiums t 

Zn or Al ire lost by oxidizing. The sorting of these alloys must 

be very careful,  si ree  there is no adjustment by chemical treat>- 

ment, 

3,21 - Stocking 

See aluminium section (2,21), 

3>2* - Preparata 

Si 221 - Manual norUnff 

It in the main mfithad for dlaeaMtat articles • The sorter 

uses his knowledge of lnduntrUl parte one min» »Imple teste 

(See aluminium ywtirm).    >rm m?iy    M t.h« Hrlnell t«et, which 

allows to eins hr<Mv.*.*n   irrordlng to icwtent i 

Briaell Hnrdnea» Ti« * 

below HO belew • 

80-95 M2 

95-115 ia-u 
115 above H 
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Fast analysis is useful (for instance drop test, 

poasure of the electrochemical potential or better spectrography). 

Aluminium der,'?rves special attention : the bulk of it3 content 

goes out easily, but minor traces are troublesome. Hence it is 

necessary to pick out aluminium-base alloys, cupro-aluminiums 

and manganese bronzes (aluminium containing brasses). 

3.222 - Automatic sorting 

The usual task is to separate white metal and copper 

base 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 mixturo is heated at a 

temperature between the melting point of white metal and 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. longitudinal and internal 

ribs improve the shaking. The cylinder stands at an angle of 10# 

to the horizontal. The speed ranges between 10-15 R.P.M.. The 

temperature must be uniform, about 400-450° 0. 

3.223 - Drying 

Various ways are possible : centrifugation, hot water 

with cleaning products, etc.. Frequently the stoving is preferid 

(kiln-type drier). 

3.224 - Magnetic séparation 

The magnetic sorting Is cheap and very useful. It It 

•«ployed v/ith dry scrap, eventuelly after crushing. 
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3»¿25 - Brlgwttlng 

Briguetting is rather frequent for copper scrap. This 

operation requires a f.ood nroi;s (7,5 t/cm"),  so *» that the 

density be 75   ' of fhe compact alloy one. 

uri uettkig reduces the Melting losses; nevertheless 

this advantage ir, .-njcr Manned und brinuetting is not in use every» 

teiere. 

3*231 - Cocsyy« 

We just mention the water-jacket. 

Frequently awltlng is dime in ser.ti-retatine fuma««« 

with ©il heatingj the e«i ^clty reach©« 15 t und still nore. lining 

it mude of aluniru-i ich tricks (7C ,•' alumina) and vith stands 

$00 operations»  "These  fumaci»s h^ve a  large opening on the top t 

thtts larj'.c part« ran be loaded. 

The mrìting is done with oxidizing atmosphere,  in order 

to eliminate inauri Mes î ni,   *n,  ¿i,  Fe, MR, Pb,  3n. After the 

«cidizing melting »nd a careful cleaning, the reducing is done by 

•tirrine with a perch. 

3»23¿ - ÈEmm 
The ri fining of bronzea is specially ljnportant. Th» 

principle is the same a« for coppers i axiditlng and reducing, 

ftie furnaces are of the rotary-type (15 t), as in 3,231. 

The tu.ieltine is -wie wither without slag. 

The refining with slag r.ivos generally better alloy«, 

îh« «lag is used  for several meltsj  its fluidity is kept up 

With addings of spath fluor. 

A good scori fi cat ion of the oxides is obtained with 

th« following mixture  i 

- itorax  15 

- C03Ca  ¿5 

- CCLNa, 35 

- 310., 25 
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Some prefer bottle glass (green glass), which Is in* 

sjcponsive; but there Is no   chemical effect on to the melt. 
thick 

The layer of the slag is 5-10 cnVover the surface of 

the nelt,  thus 4tX' kg in a 5 t furnace. The oxidation is acti- 

vated by bubbling air. 

The *x?fining without slag brings about progressive 

Oxidation,  by air,  of Fe,  7.n,   oi,  Mi, Al. 

¿jome of  the oxides produced stick on the lining t 

after some heats  the   furnace   i y washed with a  flux  (CO Na ,   •  5iQp)| 

the metallic  silicates are reduced by adding of pulverulent coal 

and thus nie tal s recovered. 

T< ** final reduction is done by cupro-phosphorus. Sulfur 

!• brought by combustion gas.   .' e fuel oils with low sulfur 

content are preferable.   Sulfur    can be removed  by treatiiient with 

COuNao or by adding of magnesium. The latter [)rocess gives also 

HgO, which does not decant easily and reduce» the fluidity. 

The typical operation in a rotary furnace (5 t) is i 

- Melting  js h ; 

- air injection  :c ,m; 

• Deoxidizing (P)  15 mnj 

- Tapping 45 ran. 

In some plants the t**eataent of the melt by chlorine 

OT by the mixture CI ,N    is possbile (18). 

It is payful to keep a close eye on the refining opera- 

tion.  If the oxidizing stage is too hard,  valuable elements are 

wasted (Sn, Zn, Pb).  If the oxidizing stage is not sufficient, a 

certain amount of iron,  aluminium, gasses are retained in the 

mttal, with serious troubles for the foundryman. 

3,233 - Brass of turningst drillings, etc,/ 
The small batches/go usually to the smelter, which 

brings them tcvgethor arid remelts. The ingots thus produced are 

sold for sand or permanent mold casting. The smelting process 

is simple « 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 at the end of the melting. 
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3,234 - Cuwo^lumlniuitti 

Cupro-alumlnturns are renelted under a slag (cryolith 

or F,Ca). For the alloys which contain mangan, Cl^Mi is sometimes 

used  t CIJ%\ degasr.es  strongly,  hut   brings a little mangan into 

ih« alloy. 

There  Is no elimination of impurity i  the previous 

sorting must be very careful. 

3,3 - QUALITY maPaSTICN 

3,31 - Homogeneity of the batches 

Specially with bronzes,  it is worth to take advantage 

•f the hoMOgeneity of each melt. The chemical composition does 

not ¿«fine completely a batch of bronze ingots. Then it is 

Ateess&ry,  that the foundryMai. receives separate batches,  each 

collecting ingots from o. single melt of a single charge. 

The homogeneity of a good melt is remarkable. Here 

it a typical example (32 t iutary-furnace)  : 

Beginning Middle of Svi of 

of meltxng melting melting 

@H 04,04* 84,05 % 84,12 % 

m 5,03 5,03 5,04 

^w 4,74 5,03 4,96 

SU 5,13 4,39 4,83 

M 0,335 0,315 0,290 

m 0,445 0,450 0,450 

s 0,070 0,073 0,075 

f 0,052 0,036 0,026 

m 0,17 0,17 0,3B5 

Alone the phosphor«» content changes strongly. 
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There are other examples in (<"!0). 

The chemical analysis al 3 OWE to test easily if two 

ingots are from the same? melt J the percentages of the impurities 

are like finger-print of the alloy.  For  instance,  the spectre- 

analysis should not giv« diffrrences larger than the following 

values for two ingots from the same melt : 

difference max. 

- Ni 0,02 ;•: 

- Sb 0,03 

-a»   (<lf5) 0,16 

- F« 0,02 

3.32 - Chemical composition 

The choice instrument is the direct reading spectre— 

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 spectrographs 

analysis in (¿0). 

It is worth noting that spectrophotometry gives the 

analysis of some elements in 15 mn (19). 

3.33 - Test of degassing 

The solidification under reduced pressure is useful 

fop coppers, bronzes and cupro-^aluminiuma. If the metal is gassy, 

there is enough time to cure it before pouring, A 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 (¿ car)  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 copoer content to 65 %,  The crucible is holded at a temperature 
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a little below 900* C. The weignt loss measured on the »stallie 
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 te3ta 

The ingot surface is alway inspecod. The lack of 

•pitting is required. 

The fracture test is conrnon, 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 reconmandable. 

The microscopical examination is of some aid for the 

study of hard spots. 



L - Oft« ALUOTS 

The foundry Industry it not wy «neh cane «mad 

by the other base-metal«. For instane» the tine alloy» u*«d 

In pressure dlecasting are necessarily virgin alloy», with the 

greatest purity;  the remeltlng for its return  is merely allowed. 

The recovery of magnesium is conmon  in foundry (riser«, 

»prue»,  etc.).   It is v-orth noting the siüf>le cleaning device 

proposed by (¿¿). 

Few lines about white metals are in 3, — -'.  It will be 

highly profitable to read the review of the method» used in 

»juth Africa 30 years ago (23)  :   H refer» a very good pracUe* 

in the case of the alloy» for railway». 
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It   is necessary io recover metals,  specially W*0** 

yhleh »re »*vight with foreign currency. 
Before thinking to recover,   it is good to avoid 

tattes. The variad moans of working metala do not pro luce **ste 

«•tal» i" the ^i-w proration,   stamping,  at this point of view, 

la an expensive -wthode.  Machining   ,lso. C it tings»  turnings, 

boring»,  etc.,  even recovered   in the best way,  cause n»Ul loss. 

The «lofian «chip is the en»my", wh.lch had   Us lay  in France,   It, 

pMfcaps, valid  in other coMr.trios  :   i rhlp Involves a time loss, 

a mechanical energy Ions   inri a metal loss. 
In compariaon,  foundry is one of  the more metal saving 

methods  t   it p.ives Cústings -rachlning of which  is  «mall,  or parts 

to use as cast.  Foundry -ukes  few waste, and reuses it completely. 

Itereover alone f <w» iry can make us* of some  secondary alloy»,   the 

purity of which is not sufficient for the other working  lethods. 

In return, drawing cast parts rehire -nore technical 

knowledge than drawing oarts assembled with holts,  rivets,  or 

weldings.  May he there is here i nro/ranrae about technical teaching, 

with import-ant economical consequences  :  to teach people who 

draws part« how to got a better use of foundry. 
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There le another way to save metal » t© reduce stocks 

lit th. welting plants and in the foundry plants. Standardization 

Of alloys  i a   ,  pari of the way. We know that the common trend 

1. proliferation of the kinds of alloys,  detunes there  is a 

good  reason  for that (new alloy);  »nore often there   ,rr not any 

grounds.   Frequent debates between producers m<i customers allow 

to agree upon sinplo -md short lists of recorxiended alloys. 

I3D documents «We a solid basis.  But 130 is an  international 

work í  for one country there are generally too much alloys. 

It is to developing countries  interest to pich up some of the 

alloys determined by ISO. 
The ehenical composition Units must be specified 

thinking of scrap supplying,   of technical means of smelting works, 

and of the kind of castine* to be made.  It is also worth thinking 

of scatter or analysis. For bronzes and coppers,   specification 

must not rest only on chenical composition. For all alloys  it is 

indispensable to deliver homocenous batches from one melt of one 

charge. The great thing is to try to specify the -uality at the 

adequate 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 metala. 
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1 - PfrBDDUCTION 

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 ALLOYS 

2.1 - Foundry needs general purposes alloys, corrosion 

resisting alloys ^heat resisting alloys, which can be 

supplied by smelting industry. Chemical stipulations 

are described  for the common elements. The importance 

of some nonmetaJ lie  impurities is emphasized. 

2.2 - Consequences for technology. 

The aluminium oxidation is easy and 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 furm.ee,   in rotary furnace, 

sloped hearth furnaces,  etc. 

Elimination of Mg, Al 0     H     Ma. 

Pouring devices. 

2.3 - Quality inspection. 

Homogeneity of the batches, check of chemical composition. 
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3 - COPPER BAia nLDDYS 

3 1 - Foundry uses "coppers", bronzes, a little brasa, 

cupro-aluminiums for sand casting,  from the smelting 

industry. Chc.nical stipulations are described for the 

common elements. 

3t2 - Consequences for technology. 
Copper is easily reduced or oxidized. Hence a severe 

sorting is not necessary 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 :md automatic  sorting,  preparation, 

briquetting. 

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

aluminiums. 

3,3 - Quality inspection. 
Homogeneity of  the batches,   check of chemical conposi- 

tion,  melting under borax and other tests. 

4 - OTHBt ALLOYS 

5 - FQUKEBY *S i^1- SAVING BTOUSBtT 

The foundry industry is one of the more metal saving methods I 

few chips, possibility of using secondary alloys. In return 

the drawing of est 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 - CCWCLUSION 

A good standardization, setting the quality level at ths 

right place, can reduce stocks ani save metals. 
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