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Issue Number 7 

Dear Reader, 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Advances in Materials Technology: 
MONITOR 

16 • I ! I l ! 'I....-.+---· 
i 

October 1986 

Tile Advances in Materials Technology: Monitor has adopted, already starting 
vith the Issue N:Jmber 6 1 a new format: in double colU1D11s and vith a smaller size 
print in order to reduce the number of pages and thus the aailing cost. 

You will find again, likP- in our last issue, a questionnaire attached and it 
vould be appreciated if you completed it and returned it to the editor of the 
Advances in Materials Technology: Monitor at your earliest convenience. It will 
help us to update our mailing list, eli•inating obsolete addresses vhile at the 
same time improving our service to readers vho have confirmed their interest in 
receiving the newsletter. Quite a number of questionnaires have already arrived. 
Titey vill be revieved carefully and suggestions, to the extent possible, will be 
taken into account. 

Tilis Monitor deals •rith Aluminium Alloys and we are happy to be able to 
present you, inter alia, with an article "Aluminium Alloys" written for UtUDO by an 
Austrian professor at the Montana University of Leoben, Austria, Dipl. Ing. 
Dr. mont. Peter Paschen. This Monitor contains further the regular Current 
Avareness Section and a section on Market Trends, as well with a guide to 
Information Sources. A list of publications on Aluminium Alloys and information on 
past events and future meetings on Aluminium Alloys and Materials in general as 
veil as a section dealing with general information are also contained in this issue. 

The UNIDO secretariat would velcome suggestions on topics which might be 
covered in future issues of the Monitor. 

K. Venkataraman 
Senior Technical Adviser 

Department for Industrial Promotion, 
Consultations and Technology 

The ADVANCES IN MATERIALS TECHNOLOGY: MONITOR is not an official document and has 
been reproduced without formal editing. Opinions expressed in it do not 
necessarily reflect the views of the United Nations Industrial Development 
Organization (UNIDO). Mention of the na111es of finns and coanercial products does 
not imply an endorsement by UNIDO. Copyrighted material reproduced in these pages 
may be quoted only with permision of the journals concerned. 

Compiled by Development and Transfer of Technology Division, Department for 
Industrial Promotion, Consultations and Technology, UNIDO, P.O. Box 300, 
A-1400 Vienna, Austria. 

V.86 61127 
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The .. tal of tbe century 

De1relop-.ent work on alloJ•• involvin1 addins 
•-11 -nta of -n1•-•e, cnpper, -pe•i- and 
ailicon, took place in .. n, countriea. A -jor 
llreaktbrouab occaned in 1906, vllen • Cel'IMn 
ocientiat. Alfred Vil•, diacovered beat-treatallle, 
a1e-bonleni"I allo7• w'licb bee- vell known •• 
Dural-in. Thia n-, for • lon1 ... ile, bec
•JDOllJ800• vitb •atron1 alamini ... •• 

Vil••• work led to further re1eorcb on 
heat-treatable alloy•, and to the •e1relo,-.ent of the 
.. 1neai...-ailicon aerie•. vbich ia nov videlJ uaed 
c1111mercioll7 and inclade1 the moat popular of tod•J'• 
extrvaion alloy• for enaineerift& and baildift& 
applicat ion1. 

More eacitin1 developeent work boa taker ploce 
in the paat decade, reaultin1 in the 
al ... ini...-lithi,.. aerie•. Thia allo7 1roup combine• 
1trenath and atiffoe1a vith • denaitJ lover than even 
pure al .. iniua. Althou&b •till ia the earl7 ata1e1 -
the fir1t atace in tbe de1relop.ent of • production 
plant to melt ond ca1t the oev allo7 ha1 recentl7 
been coapleted b7 lritiab Alcan at lirminsh .. - it i• 
of particular intereat to the aero1pace indu1tr,. 

Although alamini ... i• acknovled&ed •• a hi&hly 
durable .. terial, becau1e of the tenaciou• and 
protective oxide akin that form• around 007 piece of 
ol ... ini,.. expoaed to oaysea, the metal'• reputation 
hz• auffered at ti .. • vtailst eaperieace ••• coined io 
the performance of the different alloy 1roup1. 

The al ... inium-copp. r 1roup in particulor faced 
1ome ••tbacka in .. rine application• in the early 
,art of the century - an experience that delayed 
a .... ini-'1 use •• a -rine .. terial for .. ny year· -
and in buildin& applicationa in the 19401. 
txperience has clearl7 shovn these alloy•, atrong ~nd 
as useful •• they are, do not re1i1t corro1ion veil 
ur.le•' clad vith a protective la7er of the pure 
.. lal. But eaperience hoe also demoa1troted be7ond 
doubt that other alloy• can 1arwive in &ood condition 
without any protection for .. ny yeara. 

AluminiV8 and its alloy• are ba1ically ea1y to 
vork, and thi1 property ha1 led to a variety of 
.. tallurgical production proce•••• bein& developed. 

Extru1inn: n.a eatru1ion proce11 i1 of 
particul•r value in the production of both aiaple and 
coaplex ahapea, in either a aolid or hollow 
crou··1eetioa. Al .. iniU'D ia the eaaieat metal to 
e:crude. 

Al .... iniam extrusion• coabine all the natural 
propertia1 of alaminiua and ita alloy• - hi&h 
atrensth to vei1ht ~oefficient, lov density, &ood 
theraal and ele~tri~•l conductivity, &oocl durability 
and corroaion reaiatance, and a choice of colour 
finiahea - vith rhe ahape potential of the eatruaion 
proce11, to provide a1ny thou1ancl1 of different 
profiled •action• for a vide range of application• in 
the hoae, in indua:r• ancl tranaport, add even ~n 
outer apace. 

Alloy development t.aa p~aye(! a proainent part in 
the 1rovth of the extrusic.n industry. The .. ch1nical 
propartiet of pure aluainiua -~• the .. c1l auicable 
for applications vl\are 1oo0 corro1iOI' ra1i1cance and 
good heac or electrical co,ducci~~ty are uaeful, but 
the relative acftna•• '~ the co-.rc;all7-pur• .. cal 
ukaa h 11n1u&tabla for 1trr.1Hd •Pr,HcatioH. 

loll)n1: Mora than SO oer ce~C of •II oluainiua 
produ d• ita v1y into roll 4 d product• r1n1in1 
frote foil vith thickne•••• •• liccla •• s,., Chrou&h 
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rolled •lattt and atrip, •p to plate 100 - or -re ia 
thick11e••· Applicatioa1 raaae froa foil for 
electrical capacitor• to plate for aircraft, ahipa 
and atorap , ...... 

Ca•!in1 coe• ri&ht ~ck to the pre-laU-lleroult 
day a, •nna •and on imreatmeat proceaaea. Crawity 
aad prH••r• •ie caatia11 haft been vi•etr accepted 
lly the aat-'tile iaduatry. ne allility to produce 
otroaa, li1ht-vei1bt c••tiB&• with 1ood accuracy of 
ahape and tolerance haa eaabled al .. iai .. to compete 
••cce••fally with the far cheaper alter11ati1re of 
coat-ir011. 

Fo9in1: Al-iai .. forsin1• offer a coabination 
of licbt .. i1ht, atrensth, accarate •i .. aai011• aad 
eacelleat •uctility. lite•• de•icn benefit• are 
widely appreciated for •eroepace, automotive and 
eaaiaeerina •pplicatioa1. 

1.,act extru1ion: Thi1 aperiali&ed productioa 
techni•ue i• vtaicb cold aetal i• forced backv1rd1 
throuab • •hoped die uader iapact pres•are boa been 
eno..-ualy aucceaaful for the .. •uf1clure of collap1ible 
tabe1 for toothpaace and other applicatioaa. The 
technique is al10 u1ed for produciaa thin-walled 
prec:ilion eaaineered compoacau and IH cylindera. 

Spinnin1 oad dr1Vins: One of the earlieet 
pr~c~·t• to be .. nufactared in al .. iniua va• 
hol~WW11re. Produced lly 1piania1 froa circle1 of flat 
aheet, al .. iai .. hollovare vaa •- recoenised for 
it• liaht vei&ht, hi1h theratl conductivity, and e••• 
of cleanina. Spinnia1 i1 DOC coafirzd to bollovare 
applicaciona, aad the carved alaaini .. plate ends of 
.. ny cheaical aad food carr,iq Unken have been 
produced by thia .. thod. The craft ... •'• art of 
spinnin1 h&• been 1uppleaented, vllere the prodactioo 
outpat warrant• it. by •ravia1. Vork on dravinc 
technique• and •uit1ble 1lloys foe dravias ha• le~ 
aucce•1fully to the videapread 1dopcion of alui;.iniam 
for beveraae cans - a .. rket that is atill 1rovin1 •• 
the odvantage• of aluaini,.., auch a1 its 1ood acrap 
and rec7cle value becoae more important • 

Joinin1; The oxide akin that for.a 
aponuneoudy on the aurface of aluaini .. , and which 
1ive1 the aetal it• eacelle•t corro1ioo-re•i1tant 
characteriacic1, i• not entirely a benefit to 
aluaiaiua. With it• affinity for oaysen aad its hi&h 
..1cia1 point (2,000oC) it ha1 bean for aany year• 
a deterrent to the 1olderiag, bra&ift& and veldins of 
aluainiua. 

livetin~ llec ... the accepted joiain1 .. chod, aa.~ 
in the liner •uaited States", built in 1951, there 
were veil over one •illion rivet• u1ed in the 
conatrlKtioa of the 2,000 ton alU8ini- alloy 
auper• cruc tare. 

It voe Che c!evelo,..nt of the iaert 1•• welding 
proce•••• that led to aluainiua alloy• bains veadable 
co en1inearin1 and a1rine atandarc!1 and, lly the 
19601, veldin1 Illy the•• .. thocl1 vaa eacabli•ha4. 

Soldari•& and llrazinc are aloo more vidaapread, 
thank• to cha •ucce11fvl •••elopaanc of non-corro•i•e 
fluaea, and flua-frae eacuua brasing techniqva1. 
Irised alU8iaiua radiator• 1ra DOV r1pidly Coking 
over froa coppar/llr••• ia cora, vher• ct.e li&ht•r 
wai1hc and 1ot11ar aerwica life of the br11ed 
aluainiU8 coaponant compared vich •oldarad bra•• are 
prowin1 particularly baaaficial. Hi1h-fraqvancy 
veldin& i• aaochar .. cllcNI nov fully aacabli•h•d vith 
al,..iniua, •ad lar1• tOllftal•• of Chin-walled cubiaa 
are DOV IDl4a Chia way. 

(Thia ••carpc i• fro. •• article vllich fir•t appeared 
in &n1inearia1 11aga1ina, Lolldoa, May 1916) 



s- nceat ...,.IOf!!!t• ia al-Ui- ellop 

Almai- ill a vi .. ly .... -tal ti..t ill 
Maefiti• fnm .. _e• ia formalatioa ... 
procu•i• tec:lmelasr. ror e .... 1., teiwery 
alloye of al-iai_.-litllliw ...-.aiw nd 
alwiai_.-1it111i-..,.r an lu• •-n ... 
etiffer tlllaa almaiw. lfoole .. r, "-ca- of 
litllliw'• Iii.ala "8Ctirity, - caatimc tec.'-i.-• 
are ...-.. 

Al.-iaiw -tal Mtriz c...,..ite• cwtaiaimc 
•bcoat1- fi"n• aleo loolt pnmiei... Silicw 
cerllin ""iabn ..._ "-• _ .. ia the p~tioa of 
laqe "illeu of •• alwiaiw -tal Mtria 
compoeite, Tiiie .. •itioa of sic ""i•ltere doable• the 
elastic -'•l• ... •tneatlll of .. trail ... or roll .. , 
proolucte. la ... itioa, •<iYa11c•• ia proce••i• bria& 
the coet of the•• •upe~ior etroctarel .. terial• tlClllll 
to c..,etiti .. 1 ... i.. Al-SiC c011pOeite• en 
coat-efferti .. repl•c-•ta for .i-i•iw, titnt-.. 
ateel, ... other alloy• ia etroctaral ... apecieli&ft 
hi1h-taclmolt111 c~u, aeroepace, eidr- ... 
eqi• c...-.t•, onaaxa, m••ilee, ... •port• 
aqai,...t. 

A ailicoa-tit .. i-•rftoe fibre ia alao 
•••it.He for niaforciaa dwiaiw ia -tal .. tru 
COllpClaitea. The .. tariel i• atebla ia .. 1tea 
alwiaiw, aliaiaatiaa the aed to treat the fibre• 
aa ia requirH with eilicoa carhua fibn• lllhich are 
aot etula ia •ltaa alwiaiw. 

A mv hybri• .. tarial coabiaaa tha hi&h atraaath 
of alwiaiw alloy• with the raiaforciaa capability 
of eraai• f ibrea. The .. tarial ntai.. it• 
plaeticity, impact •tneath, for98bility, aaol ... y 
uc:hiaiaa while offariaa a 30 per caat to 40 per c .. t 
rriuctioa ia veipt. .lt ha• aipificaatly imprn .. 
fet i1ne atraqth : a tha -tcba4 atata aad of 
riYat .. or bolt" joiau. Ally fatipe cracu that 
•i&ht ha propa1at .. ara arnetad by the fibre 
raiaforc-t. 

The aUitioa of -u -u of qaa•iw to aa 
alwiai-..a-ai_.-milicoa elloy iapr-e• the 
1traaath, toaahoee1, •IMI cold foraebility of :be 
elloy. •• ... i- pr_c .. tba fonetioa of • uaifora, 
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fiaa 1r•i ... recryatalli&ft aicroatractura v!aich 
coatrillatea to tha iap~at ia fiMl propertia1 
... proc•••ias charactariatic1. 

A aoYal alwiaiw elloy baa haea •e-lopall llhich 
baa dl the charactarhtica of coaYeati_.l -tab 
but •ieiataaratee vhea ~raff ia vatar. tha alloy 
baa hip beet raei1taaca, ia eteble uader a vida 
•ariety of coaditioae, but fall• apart ia water vith 
tba rate .. • of h,.troa•• au. .._r_• ~pplicati
are eaYiai-4 iaclMi .. aacapaalatioe of oqaaic 
coapoaaole, •eaeore, detector•, aad •elayH nlaua of 
Mriae peetici•ee. 

A aav •uperpl••tic alwiaiw al!oy ha• the 
potntial to 11ec- tba leadiaa tech .. loar for 
aircraft. Uaoler proper c ... itioae of ta.paratara a .. 
•trair rate, the .. terial caa be atratc .... to 
eloaaati ... of 500 per ceat to 1,500 per c .. t while 
rataiaiac taaeile •traaath• of I0,000 p•i. A 
ar:ract•ral part prodacft by ••i:erplaatic-foniiq c .. 
ha ... e vitb a -icbt HYias• of 32 per caat aad at a 
coet •••iaa of 36 per c .. t. A coaYaatioaal part for 
•• airfr ... coaei•t• of 11 datai\• .... 117 f .. teaera 
llhile a euperplutic alloy part .... 5 detail• a .. 
16 fut ... ra. 

A euperpl••tic al-iaiw/lithiaa alloy bas heea 
deYelopAll that bH a 1-r ••••ity aod hi&laer al .. tic 
.... 1 .. tia.~ other •uperplaatic alwiaiaa alloye. 

Tvo aev euperalloy• for 1aa tarlliae airfoil• are 
aicltal-:.a.eff coataiaiac either alm•i- aaol 
-1,wa- <•i-tto-41-X) or al-iai- alMI chr-iw 
<•i-Cr-Al-X) where X i• - or -re of tlle el-ta 
t-1•taa, tarotal .. , carboa, hor-, or &i rcoai11a. 1be 
alloy• era .... by rapid •olidif icatioa. Bi1b 
teaperatare propartie• are •aperior to carraatly 
•••ilabla airfoil .. tariala. 

Tha Allaricaa Society for llatala (llatal• Parlt, 
Obio 44073, USA) baa publi•i-1 a Hparallor• -rca 
book, a coaYeaint coaeol i•atn raferaaca to recaat 
daYalopaeaU ia tlleea bi&" padorn11ac:a, hi&h 
t..,.ratura .. tariab. (l&tracted froa ._l aaport 
oa Ri&h-Tach Material• ••• 1914: Tha year that va•: 
••• 1915: Th• year to c-. Mlieha4 by Tecbaical 
la•ipu, lac., JaD11Ary 1!15) 

.. 
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l. Application• 

Al-ini- ii the ,-cut of the "H'ftn C
aetal1. Where•• the hietory·of copper, tin and iron 
a-• back ten thouHnd, ·fiwe thouse .. and three 
thou•and year• r11pectiw1ly, the fir•t .... 11 
production of al-iniUll only 1t1rte4 in the aiddle of 
the laat century - 130 ,.e•r• •co~ today the rankina 
in the production li1ur11 of the 11wen aetal1 i• •• 
follova: 

Iron (and eteeU 
Al-ini
Copper 
Zinc: 
Lead 
•ickel 
tin 

this aeen• that alU11ini- occupies the firat 
place a.ona all noa-ferrou• aetala. Thia 1ucce•• 
could -ly lte achiewed by: 

- the awailability of rav aateriala; 

- A hiahly dewelope4 production technique; 

- Fawourable propertiea; and 

- the lov pr~~•· 

Amons atuainiua'• propertie• i• ita lov deoaity 
vhich ia probably the aoat iaportant one, becauae the 
adwanta1eou1 ratio weiaht per woluae coapen1ate1 for 
the hiah eneray cons-.tion per ton of al-ini- in 
priaary production. 

A deciaiwe factor for the hiah al-iniva 
cona...,tion ia the ability of the eleaenr aluainiUll 
to fora alloy• vith a larae auaber o! v'her aetal•, 
by aeans of vhich it i• po1aibl1 to create apeci•l 
propertie• for apecial application•. Thi• ha• 
re1ulted in the dewelopaent of aore than one hU1rdred 
aluainiua alloy• bein& techoic•lly u1ed. toaetller 
vith the wariou• treataent aethoda for ca•t and 
vrouaht alloy• thi• ...... up to aawer~l bundreda of 
con1titutional poaeibilitiea. 

It i• therefore difficult to e•tabliah • uaeful 
•urwey of aluainiua alloya, vhich can only be an 
ewalu&ted •election. 

The follovina tabulated •urvey of the &luaini.,. 
alloy•' application• reweala their aain utilisation 
in: 

tra1t1portati011 eo1ine1rin1: 

Con1tructional en1ineerin1: 

Mechanical an1ine1rin1; 

!lactrical an1ine1rin1; 

Kou1ehold and kitchen uten1il1; 

- Ceneral application•; 

Spacial applicationa. 

There i1 1lv1y1 • di1tinction b1tvaan c11c 
alloy• (aand, peraanent aould or die c11tin1) ard 
vroucht alloy• (rollia1, •~truaioo alld pra11in1>· 

Unfortunetely the d1ai1nation1 of 1IU9iaiwa 
•lloye differ widely between countria1 and their 
1tand1rdis1tion inatituta1. Coapilioc • 1urw1y for 
an int1rnation1l orcanisetion 1uch 11 U•I!>O, aean1 
that I choice for one of the nation1l ay1t1•• h11 to 
~. &'Ida. line• the United St1t11 of Americ• i1 the 
l1r1e1t 1l1111iniua con1waer 1nd •inca the eo1t 
recently publi1had book on al .. iniua 1l!oy1 i1 the 
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Ceraan "U• laaaa" in the lqlhh bnaa11ir, the ·choice 
t "r thi• lt ... y w• Mde in fa.-r of ti. US .UU11ini
A1aoci1tion Syetee vith croea-refeiaacaa .to t•• 
d11i1aationa of the Federal lapublic of Gera1111, 
where 6pplicable. · · · · 

Ia the ca1tin1 11107 deaianation '7•tee, in the 
Ill.I aroup the 1ecood and tlahd diaita iDdiute the 
eini- alU11i•i- perceataae abowe n.oo. la all 
other ltOUpl, the lecood aad third di&i~I haYe DO 
coepoeitioaal aiaaificaace !lout eer.re ottly to Jdentify 
different alley• vithi• the arCNp. A aai'o riaht of 
the detiaal i!"ldicate• the prOduct for. of a .. ca1tiq. 

Ca1ti"f allo7 desiaaatioo ayat .. 

W.1 
2D.I 
JU.I 

4D.ll 
SD.I 
7D.lt 
ID.I 

~'9.00I Al, - -jor alloyia& el-at 
Cu aa -j•r alloyina.el-t 
Si plu1·Cu ..,/or II& •• aajor alloyina 
el-au . 
Si •• aajor alloyina •l-nt 
Ma •• aajor alloyina •l-•t 
Za •• aajor alloyi111 aleaeat 
Sn •• aajor alloyi111 el-at. 

la the vrouaht all°I deaiaaation ay1tee, in the 
lUI 1raup the laat cwo iait• iDdicate the ainiaue 
alU11ini,.. percent•&• abowe tt.00, for asaepl~ 1060 
aean• )'9.6 vt.I Al. Other aroup• .. aliowe Cao 
coapo1icion •ianificaace). 

Vrou1ht alloy de1i1nati- 1171tee 

llllX 99.001 Al, ao aajor allayiaa eleaeat 
2111 Cu •• aajor alloyina eleaent 
]ID Ila .. aajor alloyina el-nr 
41D Si •• aajor a;loyina el ... at 
Siii Ila 11 .,.jor 1lloyioa el ... at 
6111 Ma plu• Si •• aa'or 1llo7ia1 el-•t• 
7JUUt Zn a• aajor alloyina el ... at 
UU: Ot!ler. 

lo the caae of a aodificatioo of an oriaioal 
alloy or iepurity lillit the 111071 c&a be indicated 
by a prefiaed letter, for .... ple A356.0. 

All01in1 

Priaary al ... iai- froa •l-inita -itea Hlt 
electroly1i1 contain• 0.06 - 0.35 vt.I Fe, 
0.05 - 0.15 vt.~ Si, 0.005 - 0.02 vt.I ti, Zr, V, Cr 
each, 0.002 - 0,004 vt.X la, Ca, Li each. S..11 
1.ount• of noa-.etallica, •·I• Alz03, A14C3 
ere 1lvay• pre•ent, •• v.11 a• bydro~en 111 
0.00003 vc.I. 

Alloyin~ i1 no'91lly carried out in the 
teeper1ture raoa• between 700 aad 7lOoC. Alloyina 
111 .. at1 vith raleti•ely lov .. 1tio1 poiat1 (Zn 419, 
•1 650, Cu 1613) are added ia elll!IAntal fora, nthar• 
vith hiaher aeltin1 point• i• tile fora o( 1911t1r 
al!oy1. lsaeple1 for aa1tar alloy• are: ~lCrlO, 
AIMnlO. A1Zr6, A1Mn7S, A1Cu4S, A1Si40, A1Cu30lln6, 
AICqJCJMalO (oueber1 alvay1 ai•iaa vt.pcrcantaae of 
1lloyia1 al ... nt). 

!hare •r• other aateri1l1 be1ide1 •1-inius 
Cli~uid or 1olid), pure 1lloyio1 al ... nt1 end aa1ter 
alloy1, •·I· altaiaiwa 1crap, r ... 1c,d •crap io1ot1, 
111t1llic recycled -..c•riel. 

Holtan aetal treat .. ;!! 

Mo1t u••• for 1ltain1wa 1lloy• require lov 
Jevol• of aon-..Lallic iepuriti••· lydroaan i1 
~1rticularly dalatariou1. lt1 conceatretion 
corre1pond1 to t~a •4uara root cf the pre11ur1. 
lher1fora all pur1in1 &•• proc111a1 ~ith arson, 
~itr~a•n or chlori11« lover th• hydroaen coateat by 
lovarina it• p•~tiel pre11ura i• the aelt. V1cuue 
tr11taent c•n 1110 be 1ppliad, •• v1ll •• filtration .,.c .... 



tlt of w~·ci~l .:.ppllCD\lon CHt or CClD\ ln Ulov derl '"~Uon Co•poeltlon (wt.•) 
•l1ct.t1on .. ;.~Uc~Uor. rHl&l'lla wroucht Uw a.-· Cu •:c •:n :Ji Zn other• 

!'rsatl1!!!£!•S1211 ;.•r:)spac• ~rta hlt!1H1t atrea,th • .odernte eloa- C11et IAad 2c..1.c.. - '·' C.'5 c.J5 - - "· 7 .4i .!!£'!!!Ii!& cUioa , .• 25. l 
~ AYi&ti!!!!,/ Alrcraf\ flttlnti• hl1heat atrentth, CoOd 0&8\D-111- o••t ••nd . '55.Ci - 1.2 0.5 - 5,C - -

!1£2!1!C~ ty, ~r•••lll'• iihtn••• 
•ircratt, alaail• ~art• atronc•r and aior• ductll• than caat· aiould c J!i5.C. -l55.CI 

1.~ 0.5 - :J,O - -
•lrcratt, iataell1 parta lntrlcate oaat1a5• with high oaat aiould A ,,,,Ci G .U.lil 7t.~ - 0.'5 - 1.0 - -atreagth t.nd 100 ductility vi: AlS l '1•• 
Llrcratt, a1H1l1 part• 1ood weldabllltJ, atre"'th, tou1h· caat aiould A '57.0 - - o.6 - 1.0 - 0.15 'fl n••• ~Ir• 
alrcrLft bard~ar• CHt dl• 518.0 - - a.c - - - -
•lrcratt !ltti~• atror.0 and ductile atructurAl. caat a and 5:.!C.I. Ci - - u .. o - - - -u••• 
Aircraft atructlll'•• wroucht I . 2C14 .uc11..::i Kn '·' 0.5 0.1 c..1 - - I 

•· •ircre.!t atructur•• wroqht 2(.;2' ... 1eu..c 2 '·' 1.5 "·' - - - I 

Alrcr&!t •a&lnea "'1'011.ct.t 2fi18 - 2.) 1,6 - o.1e - 1.t :a , '7 '!1 

·---······· ... '.1 i• • 
•ircr&ft and alaall• wroupt 508l All:,,, 5>:.t - '·' t.7 - - ', 15 :r co:a;ion ... u 
aircraft and •1••11• wrou;M 5C.66 ... u.c,t!n - ,.c. c..•5 - - : 

c.15 Cr 
corr.po:1e11ta 
.. 1rcratt atructlll'•• wroqbt 7~9 i.5 --- 2.5 - - 1.c c.1i Cr 

aircraft atructlll'•• '-'l'Oq)lt 7C5Ci - I 1.l 2.25 - - 6.2 c.12 1::-

Aircraft atructur•• wroqht 7c;75 .UZlll'-1 Cu1,5l 1,6 2.5 - - 5.6 c..n er 
•. ircrU't extrualon1 \'.'l'OUCbt 7l gc, - , ,(' 2., - - a.c 1.c ec 
and tor,int:• '·' c 
alrcrAft atructur••• wro~t 7175 - 1.6 2.5 - - 5.6 c..n Cr 

ltore;illi:• 
.1rcratt atructur•• wroucht 7178 - 2 .c. 2.1 - - 6.1 (,.2, ::r 

IAircrcft atructur•• wro11.cht . 7475 - 1,5 2.3 - - 5.7 ".2: :r . 
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I .,, __ .... ;.:.::::-0·11-- J Co~~lon ;~~;;-- -· 
rs.H et Special I AppUcaUea . c.n or can 1a 
•JpUn·uoa appl1oa\1oa 1 r••l'll• 'Wl'Dlllb' Uli UOl'Mll I Cla "' "n 11 la o\hora 

-· l. l. ] !!sllC!ll. la\rlc•\o o .. \lac• wl\11 1ood '"·o 0.)2 Ml'1U li&Nware oaa\ •••• o-usn"1 - - 1.0 - . 
~-· 0\1'9ft1\b UMI dllO\lll'1 IOCIUld 

Mr1- t1Ulac• 1oaoral•pu1110•• all.or caa\ •••• MO.o - - - - 5.2 - -. •uld Mrl•• tuu ... oao\l ... wt\b anod1o fllll•b•• 
and 111od oorroatoa roolo\aiaoo 

... , IOCIUld ,,,.o - - 4.0 - - 1.1 -- ··--Ml'lu bal'4waro OU\ dl• '"·o - - 1.0 - - - -
ll&l'lM llardwara 

I 
-wrou1b\ 508, AlJ1c4,51ta - 4.4 0.1 - - 0.15 Cr 

aar1M llardware wroup\ 5086 ilJ1c4Ma - 4.0 o.o - - 0.15 Cr 
eal\wa\OI' OOl'TLOO wroa1ll\ 5154 - - ).5 - - - 0.25 Cr 
aartu Mnloa 

I 
wroup\ 5454 Al"•"·7"" - 2.7 0.1 - - o. 12 Cr 

earl.. appllnUou wrou1b\ 54'6 - - 5.1 0.1 - - 0.12 Cr 
aartu Mr6ware 

I 
wroup\ 6005 - - 0.5 - 0.1 - -

OU'lM llardwaro wroup\ 6061 - 0.21 1.0 - 0.6 - 0.20 Cr 

\.I i!f~C\~ I ... , •••• .. .. ,.o - I- - - 5.2 - -::::111tJ=:---...... bt\oo\ural fl\\lac• . 1•••r•l·pu1110•• allor a.iuld 

I - . -.-

0 .. , •\&l won· 
• 

wro111Li\ 1100 - 0.12 - - - - > 99.0 Al 
ADU •Ual won. lilutld-. Wl'O\i!lll\ '°°' ilMllCu 0.12 - 1.2 - - -
la& unware I 
.... , •u.l wort& wrou1la\ 5004 A1Ma1"•' - 1.0 1.2 - - - I 

roatdoaUal etd1aco •- 1 wroup\ ''05 uMao,5"10,5 - 0.5 o.6 - - - co 
~lo "-•• r•l•-O&nJ• I .... ..... I 

janlll \H\Val I wrou1b\ 5005 - - 0.1 - - - .. 
;-iiur '• illarC~;l wroqla\ 5050 - - 1,4 - - - -
;....., •\&l wol'lc I wraup\ 5052 u,..2,5 - 2.5 - - - 0.25 Cr 
volll too\Val a\l'\Ullaa ; wroup\ '°'' - - 0.1 - 0.4 - -' l 
.a...:ibl \oo\Val a\naloa • wroup\ 646, - - 0.1 - 0,4 - -. i 

I j kl1laoa\ o\na&'ll. •••ra\o 

I 
-

'·' B:t:;!lf.. o\nO\ural ouUas• ... , •and 201 .o - 4,6 o.,, 0,,, - - 0.7 ••• 0.25 '1 
, •loasauoa 
I ... , ..... '55.0 1.2 0.5 5.0 -,.., "°4toa; t•pollor• SDO• aao\alllll\J, 111p a\roas\b, - - -I Jl'9Hl&l'O \lp\aaH •uld 

o\nnval par\o I O\ro ... r ud •ro duoUlo oaa\ •uld c,,,.o - 1.2 0.5 - 5.0 - -
, i.-wer bouol ... aoo\ wldol1 1111od dl• oaa\tac ... , dl• )80.0 GD-AlSllCuJ '·' - -. I,, - -

1 alla1 I 

•lr ...,rooaor• I law \lloraal •:t:::l••• 111od o. .. dl• ,90.0 - I : o.6 - 11.0 - -
•brulaa N•l• •• OleY&\ed 

; \o•por•\VO ou•as\ll 
Jlpo ooufllap : par\o wl\11 a.odlo f1•1•h•• ... , •uld 51),0 - - 4,0 - - 1.1 -

~ UMI oorrootoa roolo\&aoo I 
oocala\ar par\a, ooa- I ... , dlo I 511.0 ' - - 1.0 - - - -'••1•1' .. .,. ... ,. . oolld I 

7,,,0 : -lar10 oao\11110 (paoNil) O\l'Oas\b wUlao11\ boa\ \1'9a\•n\ ... , 
I -=i· 0.1 o.,, - - 7,5 -

~tas• ... llluobtas• I 11o • ., load• aao\ ' ... 152.0 ' - I z.o 0.75 - - - 6,25 sn, 1.2 n 
•uld 

i : 



....----~---------------..----------~--------------.,..--------------·~---------

! Spectal l•ppUca\1011 II Can or . Can 111 ~!J' dH1~~1..4!!~ Co~;;;;tti:;; (~•> Pleld of 
• .,ucauoa 

1., "9cli11111lcal 
§j111urtng 
(co11t11111od) 

1,4 n .. rr1ca1 
Le neer1y 

i& 
) 

[l 

appUcUlo11 re .. rk• , wro11111t I US I G11r-11 1 Cll Mc "" 11 

cli1011tcal 9'11t1111ent. wro11111t 1 106C' I • - - • • 
fla at.ock wro111llt. 1100 1 · 0.12 - • -
ch••lc•l oq11\119•.•• wro111bt. 1199 - - • • • 
ocrew .. cht11• product• wro111bt. 2011 Al.Clalllb 5,5 - • • 
ohHlcal oq11lpH11t., wro111ht. '00' ' 61KnCll 0, 12 • 1 ,2 • 
pr••·llr· ...... 1. I 
uor•1• t.allk• wro11111t '004 AlKn I Mel - 1, o 1, z • 
01111110 plot.au wrouabt. 1 40'2 1 · 0,9 1,0 - U,2 
rotrt1er11t.or t.rl•, wro111bt. 5050 - • 1 ,4 • • 
ootled t.11boo 
"':rdraulta t.ubH wra111bt. 5052 All'lcZ,5 - 2.5 • 
rl••t.• for fllo oarHll wro111bt. 5056 1- • 5,0 0,12 • 
wtro, alpp•r• 
Cl"JO&oalc•, drlll 111& r11• • wro111tit. 508' AlM14o 5Kll - 4, 4 o. 7 -
pro••u.r• •••••la, ~•"J'•I•• wro111ht ~086 I Alflc4Mll - 4,0 0,45 • I a.1.co, 11r1111111 r1,. 

, woldod ot.nctu.roo, •t.oro-
1 ro t.allka, pr•••11r• •••••1 
I 1a1dro1011 pel'oald• aad ob•· 

•lcal ot.oro10 •••••l• 
••ldod ot.nctureo, pr••· •uro HHol• 
ot.or•r. ~·• pr•••lll'• 
••••• • 
h;rd.1'01011 peroatdo, cbo•l· 
cal ot.oroe• •••••lo 
plpoU11u 
plp•ll••• 
ptpoll1100 
ocl'OW .. cbln• product.a 
fta ot.ock, claddllll 111101 

oloct.rlcal l11duot.r:r 111111t. wldol1 111od di• 
tac alloJ' 

oloot.rtoal ooaduct.ora 
wol41111 oloct.rod•• 
oloot.rtcal 0011duct.oro 
woldt111 oloot.rodoo 
lal&b••t.ronct.h ol1at.r10 
0011~110\or wtro 

wrouctit. 

~n1M 

wro111ht. 

wrought. 

wro111bt. 

wro11cllt. 
wro111bt. I 
wroucbt. i 

I 
I vrouaht. 

I wrou&ht. i 
out.• I oaot. I 41• 

., -
Wl'O\l&ht j 

wro111b\ 1 

wro111ht. I 
wro111bt. 
wroucht. 

5154 

5254 

5454 

5456 

56'52 

6005 
6061 
6070 
6'62 

! -I 

I -
I A1Mc2,7flll 

I -
I • 

' -

' 

I -0,28 
0,21 
0.21 

'7072 ! - : -
I 1 

'ao.o I GD·Al~lB0\&51 '·' 
- I 

U50 I - . -
"°'' - I -5005 ;j - -
5'56 • I • 
6201 I - I -

'·' 
5,5 

2.7 

5,1 

2.5 

0.5 
1 .o 
0.1 
1 .o 

0,1 
5,0 
o.e 

0.1 

0.1 

0.1 

0.12 

o.e o.• 
'·" o.• 
1.5 

5.2 

0.7 

In 

1.0 

ot.lltn 

~ 99,6 Al 
~ 99,0 Al 
~ 99,99 Al 

0,4 "'· 0.4 11 

0,9 ll 

o.n cr 
o. 12 Cr 

0,15 Cr 
0,1'J Cr 

0,2'J Cr 

0.25 Cr 

0.12 Cr 

O, 12 Cr 

0,25 Or 

0.20 Cr 

I 

'° 
I 

0,09 Cr, O,, Plt, 0,, 11 

99,5 Al 

0.12 Cl·, o. ,, T1 



i 11•ld ot Special AppltoaUoa C&8\ or j C&o\ 111 f Allol doo11!!\loa ' Ooapoo1\1oa (w\. •> 
app11cauoa appl1oat1oa r•aark• wro11pt Us I Genaa I 

cu ,., ... ., la ntior• . 
oook1111 11te1101lo, wattle ••••r•l purpo•• &1101 •••t oalld MO.O: 5.2 -1.s.:w - - - - -
l:rou Hllld 

op11& bollo-are wroupt 1100 - 0.12 - - - - 99.0 Al 
ooo1c1111 11t•••11• wro11pt ,00, &lKDCla o.u - 1.2 - - -
••• 'bod1•• wroupt J004 AlK11"-1 - 1.0 1 .2 - - -
... •ad• wroupt 5182 - - •• 5 o.,, - - -
t\IZ'Utur• IO•d oorrooloa reolataaoo w:ro11pt 6005 - - 0.5 - 0.1 - -
~ture 1ood oorroo1oo reolo\aaoo wroupt 6061 - 0.21 1.0 - o.6 - 0.2 Or 

t\IZ'U\ure w:ro111bt 606' - - 0.1 - o •• - -
'·6 G!:uai - blpHt ou•:f!b• Hderuo out •Nd 201.0 - I 4.6 o.,, o.,, - - 0.1 "'· o.z, ti oloa1at10111 • ••atod to•- I "'''" perature •U•Jll\bl •••ru 

a'boorpUoa oapoo1Q i 
&004 cun111in1, lllab I aaot HU '55.0 - I 1.2 0.5 - 5.0 - -nre,..cll, Ulll' ,... ...... , aollld 
o\i'O~r aad .. r• d11otllo out .... C'55.0 I - i 1.2 0.5 - 5.0 - -\baa 55.0 aollld 

I la\rioato oaotilleoi IO•d out .... '56.o G-.\111'1,.. - 0.52 - 1.0 - -o\ro&l'b aa4 duotl 1~1 Hul.d I auo.,;r aa4 aoro duot11• out ..... ""6.o G-.\1111,.. - o.,, - 1.0 - - I 
\baa 5'.0 .. 11111 

I weld&WU7, o\roq\b, oaot •&ad ""1 .o - - o.6 - 1.0 - 0.15 !1, 0.005 lo .... 
\oupuH aollld 0 

'lotter oorro•loa rool• ... , di• '60.0 - - 0.5 - t.5 - - I 
o\aaoe \baa '580.0 
HO\ Wladol7 llOOd dla• .... , 
OU\1111 &1107 

die ,.o.o GD-AlltlOll' '·5 - - a.5 - -
abraolo• noto\anoo, low ... , 
\bonal o~tloa, ::&ip 

d1• J90.0 - •·5 o.6 - 11.0 - -
waperature ouoq\b 
\bla-wallod 111\rtca\o do• ... , die ,,,.o OD·.Ul112 - - - 12.0 - -

I 
•lt;°' oxoolloa\ aao\abl• 
11 
,.aora1 purpo•• allor .... , •alld • 44'.0 - - - - 5.2 -

I 
Hllld -- -toi aaodla t1Dl•b•• 1 IOOd ... , .. 111d 51,.0 - - •• o - . - 1.1 -aorrootoa ro•1o\aaao 

o\:roq aa4 d\I0\111 O\r\10• ... , •alld ,20.0 - - 10.0 - - - -tural u••• 
lar10 oaoUq• wl \la ·~ 
wt\bout boa\ \roat .. at 

... , Hiid 
.. uld 11,.0 - 0.1 o,,, - .! 1.5 -

o\rllotural 11••• a\ hip wroup\ 2219 - 6., - o.J - - 0.06 !1 1 0.1 f, 0,11 Ir 
\1apora\11roo, bilb o\r•ai\b 
wlld .. at'J 

! llllla a\r•Dl\b weldod wrou1bt 5456 - - 5,1 o.a - - O. 12 Cr 
i 1 •tr11otur•• 

b••YJ-411\7 o\ruoture• wltb wroupt 6005 - - o,, - 0.1 - -I 
1 IOOd oorroo1oa r••lo\anoo 

I I ! I 

i i 



•t•l• •t I Speclal &ppUcaUoa C:.o\ ar can la 
appUcauoa 1 appllcauoa reaark• wroqp\ 

t.6 Geaoral 

I 
b••YJ-4U\J otruc\111'•• wt\b Vl'Olllh\ 

• llcat&21 1ood eorrooloa reotataoc• 
(coatloaed) tor1t111• ... ostruolo .. tor vro11p\ 

welded etruetur•• 
boawr-4•'1 welded o\l'llO• vroa1bt 
\111'90 

boawr-411'7 o\l'llotvoo "'" ........ , 
aood eorrootoo roototaooo 

bHYJ-411\J 0\1'110\VOO "'" ........ , 
aood eorrootoo roototmwo 

t.1 snuu I alHll• fl•• olowat_. toaporatare •••t ..... 
· •DD cauoa O\roaatb .... 

atootlo parto otl'O.. ... daotll• 
... , 

•11U 

111••11• part• otroaa ... duotllo 
... , lud,mald .... 

alHtlO partO weldatllll '1, Uroq\ll ... 
OU\ llCll&ld 

tou1bll••• 

1 •l•ctro17tte .~-ttor wro•1b\ 
foll 
allUUT oupermalo wroupt 

1 •lrcnn 
aiHlle~U, 

wro11p\ 
MlllaUc ..-r 

. 111••11• eoapo-to •ro•&bt 

iAl1ow dool ... atloa 
Uli aa ...... 

'°'' -
'°'' -
IOTO -
"'' -
7005 -
101.0 -

CJH.o -
'"'·' l•Alll7"1 
&'57.0 -
,,,, -
1114 -
SOIJ AlMC41JMa 
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?'- ..c.._ical propertie• of al .. iai .. all.,. 
...... - die -tall•qical at-r.ct•re. wlaicll ia t•ra 
....... - tlae campoeiti-. aoli•ificati- proceH 
... poat-nli•ificati- tMraal ..... foraati-. 
trea~t. 

n. -i• alloyiaa el-ta - copper, -a-•i-. 
.... - ... aili~. sillc, chromi .. aad airc_i_ foina 
ao eutectic c~eitiaa nth al..iai•. Ia c-liaa 
._ &a. tlae li ... i• atate ti., abow a primary 
cryetalliaati- of 111-41 al..ioi• cryetal. n. 
primary cryatalliaati- atarta at the liqai ... 
t..,..rat•re, l-r tha• the al.-iai .. -ltioe l'Oi•t. 
aad .... at t ... ntectic t..,..rat•re, wlaich ie at tM 
•- tm t1ae eolid .. t..,..rat.n. 

'Ille atr.ct•n of the alloy at ~ taiperat•~ 
c-iau ia the -t ei.,le fora of tvo diffenttt · 
aiimd cryatale, that of the al-i•i• ... that of the 
alloyi• •l-t - a tvo-phan atnctara. To improwe 
•tre.ati. ... bard••• of tha alloy, it i• faYOR'altle 
that the alloy ..._ cooliaa •- io tile aoli• atata 
precipitate• a - phaaa. 'llaie en lte achined by 
croHilll a li• of decraHiaa eol..,ility i• tha.lti-ry 
diqr- of tha alloy. Sioca all al..iai .. alloy• are 
-re thaa ltiury, it bee-• -r• aad •re diffic•lt 
to predict ... explaia ell plla••• aad their chall&a• io 
da,...eoca - taiperat•n. Io -"7 cane pra
precipitatioa ataa•• of - pllan• are -•t affactift. 

The aecoad -thocl for imprniaa atra 11th aml 
bard_ .. ia to ... jact the oriaioal caat product 
(cake, billet) to a cold daforaatioo by rolliaa, 
axtndiaa or foraiaa. 'lhie daforaati- deetroy• the 
pri-ry caat etnactara aad bailda ap •-tllar -· 
-atly nth fi-r sr•i• •in and etratchad ia the 
diractioo of daforaatioo. Special lattice defa•lta, 
•o-calle4 dielocati-. t0&ather vith 1rai• 
ltoaadariea aad alloyioa or iaparity ataaa fon1 a 
eyetea of iataracti-. vhich yiel .. hiah atraoeth 
... bard ..... 

All than etruc:taral dfacta ca• M altered by 
chaa1ia1 the taaparatara. lo thh fact all tharaal 
treatslatat• are Yeatad. 

Caat alloy• do JOt ba•a thia 1reat •ariaty of 
tharaal and aachaoical treat ... ta aad coabiaati_.. 
•aYarthaleH, the ain of tha cryetala aad the 
ao-callad dr,adrita cell ain b iafl-ed by th« 
coolina rate. Dia caat part• h••• f iaer 1raia 
aina thaa thon can ia a paraaant -ld, vhich 
ia taro haYa a fiaar 1raia •iSc8 tllaa tho•• caat ia ...... 
The...al procaHH 

lefora a caet iater'l:ladiata product, •·I· aa 
in1ot, cake or billet caa be aubllitted to a 
dafo...ation proceaa, it ueaally h .. to acdar10 
praheetia1 aad hOllOJ••hi!!J. Thi• ia dooe at a 
ralati•ely hi1h t..,.rature (111111 1000 to 500 C 
balov 1olidaa t..,.ratare) aad laat1 frOll 1oae hour• 
to a fav daya. Micro-1e1resatioo1 are dia1ol•ed by 
diffa1ion and alloyias al .... t1 ara brousht into 
aolid 1olation (al119iaiua aixed cryatal). ly 
1abnqaeat coatrollad alov coolins ••ry fi• 
precipitate• are saaaratad a• tbaea ara deairad for 
-•t propertiH. 

A typical precipitation 1equaac• i1: 
luper1aturated aolid aolutioa - ao-called 
Guinier-Preatot1 sonea Cone•phaae decoapo1itiot1) -
.. taecable phaee• - 1tabla pha•••· The -jor 
c0111N1rcial haac-treacabla alloy eyac ... Al-CU, 
Al-Cu-111. Al-Cu-M1-Si, Al-Ms, Al-ttrti, Al-Zn-111-cu. 
Al•Li-CU ahov Che•• kind• of aaqvanc••· la tha 
cour1a of pr1cipit1tion the 1trensth increa••• either 
at rooa c..,.rature (natural 11in1) or at 1lishtly 
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ele••t .. t..,..ralbani (artificial aailtf). if lhe 
qi11& proc .. •n ie ~tiMd OYar tllle 1tnaath peak, 
r. call it oftrq;iD&, 

ilataral .i .. en tab froe 10 to 10,000 lloara 
... raa•lt ia aa 1.ocn••• of 1ield atnoeth to ~ 
~aa ~o.ble. ·ltlliaaa~i- •acraaaea aliahtly. 
Artificial gf•=-• •iacOYe~ ... i• erill -ialy 
carr. o.t vit:h Al-£. alloya. T_,.rat•n aad tma 
.iin coatrollM~ia a..:h a -1 tlaat -um. etraaath 
... llard9aa1 ara:ettaiaed before a .ietlJICt 
-twrpllaH 1tnct•ra taltee place (mrq{q affect) • 
T .... rat•ra• reaae betvaea 1300 and 26QOc OYer 
- to 100 i.o.n; a.er9iaa ranlta ia -n 
eteble prallpertiaa, iecreana toaai.-H, bot 
vith • certai• decnaae ia atraaati. ... 
llard1!9a• •. , . 

'Iha tabla oia pap• 13, 14 aad 15 iadicataa the 
three ~haaical rrarerti•• - yield •treaatb ... 
ta .. ile etraaatteboth ia MPa) aad elaaaati- Ci• 
parcntqa). .Tbaee an olttaiaed ia tH tauila 
teat.· 'Iha· ra..,.Ctift heat treatant coaditi- an 
iadicated end the .. 1-• -urao1. 
3. fta71ical rroperti•• 

1lle playaical propertiaa of almiaiua alloy• alao 
...... oo the ci.e.ical COllPO•itioa of the alloy -
thou&h to a a-i.at laenr estaat tb.m tlle 
~haaical ooae. For compariaoa •oae phy1ical 
propartiae of the eleaaat Al are &iYan; 

Lattice 

Lattice c-taat at 2G°c 

Dauity at 20oC 

at 660oC aolid 

at 660oC liquid 

at 900CIC 

Voluaa dacreaae, liquid - aolid 

Liaear ahriak.a1• Mt-aa 660° 
aad zooe 

A••n1a coefficient of tb«...al 
npauioa, 200 - lOOoC 

llodala1 of ela1ticity 

Meltia1 poiat 

Heat of fuaion 

loi lia1 point 

Specific heat at 20oC 

•t 658oC, 101id 

at 700oC, liquid 

Electrical coaducti•ity 

Thenal conductance 

13 

26.91 

f. ctr• cubic 

4,049 • 10-lca 

2.691!j I • ca-3 

2.55 I • ca-] 

2.37 1 • ca·3 

2.30 I • ca-3 

7% 

1.8% 

23.86.10-6.1t-l 

27.68.10-6.1t-l 

72.0 era 

660.24oC 

397.3 u . k1·l 

2,500oC 

0.90 J.1·l.1t-l 

1.13 J.,-1.i-1 

1.05 J.1-1.i-1 

37.7 •• -1--2 

2.J J.ca·11-lr;-l 

The table ot1 pa1• 16 liata the four phyeical 
propertia• - .. 1tin1 rans•. d1naicy, a•erase 
coefficient of thermal expanaioa aad aodulva of 
alaaticity for all the abOY.-.etitioaed alloya. 



Alloy and 
production method 

201.0 I aand 

355.0 I ·sand 

mould 

C355.0 I sand 
mould _ .. _ ..... 

356.o I sand 

A356.0 

A357.0 
-··;60.0 

- . 

380.0 -----
390.0 

413.0 

mould 

sand 
mould 
aould 
die 
die 

.. . ·--·· .... 
die 

die 

Condition 

solution heat treated, artificially aged 
solution heat treated, OYeraged/stabilized 
solution beat treated, artificially aged 
artificially aged, Yaried 
solution heat treated, overaged/etabilized, Yaried 
solution heat treated, artificially aged 
artificially aged, varied 
solution heat treated, overaged/atabilized, Tarted 
solution heat treated, artificially aged, varied 
solution heat treated, overaged/atabi~~~ed . 
solution heat treated, artificially aged 
solution heat treated, artificially aged, yaried 
as cast 
solution heat treated, artificially ~ged 
solution heat treated, overaged/atabilized 
artificially aged, varied 
solution heat treated, overaged/stabilized, yaried 
as cast 
solution he&t treated, artificially aged 
artificially aged, varied 
solution heat treated, overaged/stabillzed, Tarted 

. . . . .. . . - - -· --· . . . . 
solution heat treated, artificially aged 
sclution heat treated, artificially aged, Yaried .. . .. 
solution heat treated, artificially aged, Tarted 
as cast 
as cast 
as cast 
artificially aged 
as cast 

--- .. -- ..... ---·-.,.--
Yield i Tensile 
Strength j Strength 
(MPa) (MPa) ·--- ... ···----·-· 
345 414 
345 414 

·- ''''". •I 

138 221 
124 172 
152 207 

186 

172 
207 

138 

110 
124 

152 

166 

179 
248 

170 
160 

. ' . '·--·- ···-
245 
260 

140 

255 
186 . 
2.,4 
290 
248 

·''248 
276 
131 
207 
214 
159 
172 

145 
228 
172 
172 .. - .. -
234 
255 
;10 

315 
,20 

280 
295 
300 

Elongation 

(%) 
5.0 
3.0 
2.0 

1.5 

.. 
2.5 

'· 0 2.0 ,.o 

3.0. 
., .. 0 

'· 0 ,.o 
3.5 
5.0 
3.0 
2.5 
,.o 
1.0 
1.0 
2.5 

.... 
.w 

' 



Alloy and 
production method -. . .. -·-- -r:: -. 

B443.0 I sand 
mould 

513.0 I mould 

.. 

I 

Condition 

as cast 
as cast 
as cast 

: . Yield . . . 11 T~nslle . . l 
: Strength Strength j 

.... --·-----···------···· ·- ·--· i --~·~Pa}·-·-·1 ·!~a) ..... . 
I 41 117 

·-· .... ·- .. -- ----. -· : -·-~l-·- . ·-m· .... 
518.0 
520.0 
713.0 

die ~ as cast 190 310 
sand I solution heat treated, naturally aged (stable) 152 290 
sand ,. artificially aged 152 207 
mould artificially aged 152 221 

.Elongation 
. 

I (%) 

3.0 ·1 

2.5 
2.5 
6.0 

12.0 
3.0 
4.0 

852.0 sand I artificially aged 124 166 

mou1d ~-~rtificially aged ------· 186 .. __ 3.0-··----·~i 
1.6 112.5 I 
mm mm: i 

thick1 diam.: 

1100 wrought j annealed 

2036 I wrought 
2219 wrought 

3003 

strain hardened without aupplem. thermal treatment 

anneale"' 
solution beat treated, naturally aged 
solution heat treated, artificially aged 
solution heat treated, natur.ally aged 
annealed 
solution hel!-.~ treated, artificially aged 
annealed 
strain hardened without supplem. thermal treatment 

34 
150 

- -

-
76 

345 
490 
195 
75 

395 
42 

185 
wrought 

1 "•-········-----·- __ .._ ____ _ 

90 
165 
380 
405 
185 
485 
517 
340 
170 
475 
110 
200 -- .................. ___ 

1---.. ,5 
5 

10 
30 
4 

40 
10 

--""'--· .. ·-- ----- ":_,- -



I Alloy and · Condition I production aethod 

3004 " wrought ~· annealed 
I 

- . • ·-- l. 

40'2 i wrought 
4043 i wrought 

strain hardened and stabilized 
solution heat treated, artificially aged 
annealed 
strain hardened ~ithout supplem. thermal tre•tment .. 

5052 : wrought : annealed 
I 

strain hardened and stabilised 
5182 i wrought ; annealed 

I strain hardened without aupplem. thermal treatment 
5456 l wrought! annealed 

6010 
6061 

6066 

7005 
7050 

7075 

strain hardened and stabilized 
I w~ought I solution heat treated, naturally aged. 
1 wrought : annealed 

wrought 

wrought 
wrought 

wrought 

I solution heat treated, naturally aged 
solution heat treated, artiticially aged 
annealed 
solution heat treated, artificially aged 
artiticially aged 

overaged/atabilised 
overaged/etabilised, yaried . . - .... -
artificially aged 
overaged/etabilised . . .. . 

Yield 
Strength 
(MPa) 

.. Tena1ie · _ .. L i:1~ri4~iioia (%! 
Strength ! 1.& mm ·12.5 •• 
(MPa) 1 thick dia11. 

I ' 

69 
250 
315 
69 

180 

285 
380 
145 

270 285 .. ' . . .. -· . . 
90 195 

255 290 
140 275 
395 420 .... _. ·---·· ··- .... . . -.... -· 
160 310 
255 350 
170 

55 
290 
125 

: . . . . I 
20 

5 

22 
1 

25 
7 

25 
4 

24 
25 

25 
6 
9 

a1 
I 

' i 
I 

22 I 
I 

14 ... 
\I'. 

I ,0 
-~;; , __ J __ ;!.~ ___ t,;:._. i ~~ 8, 
360 
345 
455 
475 

1,0 
395 ,9, 15 

11 

13 

18 

12 

11 
11 
11 

7090 wrought 

solution heat treated, 
solution heat treated, 
solution heat treated, 
solution heat treated, 
solution heat treated, OY9raged/atab1111ed, special 

505 
4,5 
515 

510 
530 
570 
505 
565 ,, 

- .... ··--------------· -------------.1..----------···· - .. ·- ···-·---
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I 
Alloy Melt!i : Densiti A-r. ·-coerf. ~Modulus of 

range 0 c) at 25 C therm. expc.ns. '. elastic! ty 
g.c.-3 I (20 - 100 OC) . GPa 

: 10-6 .x-1 

201.0 53~ - 650 2.77 19.3 71.0 
355.0 545 - 620 2.71 22.4 70.3 C355.0 
356.0 555 - 615 2.69 21.5 72.4 A356.0 

A357.0 555 - 615 2.68 21.6 71.1 
360.0 555 - 595 2.63 21.0 71.0 
380.0 540 - 595 2.74 21.0 71.1 
390.0 505 - 650 2.73 18.0 81.2 
413.0 575 - 582 2.66 20.4 

B443.0 575 - 630 2.69 22.0 71.0 
513.0 580 - 640 2.65 24.0 
518.0 535 - 620 2.57 24.1 
520.0 450 - 605 2.57 25.( 66.0 
713.0 595 - 640 2.81 . 24.0 
852.0 205 - 635 2.88 23.3 

1100 640 - 655 2.71 23.6 69.0 
2011 540 - 640 2.83 22.9 10.0 
2024 500 - 635 2.78 23.2 73.0 
2036 555 - 650 2.75 23.4 71.0 
2219 545 - 645 2.84 22.3 73.0 
3003 640 - 655 2.73 23.2 69.0 
3004 630 - 655 2.72 23.9 69.0 
4032 530 - 570 2.68 19.4 79.0 
4043 575 - 630 2.68 22.0 
5052 605 - 650 2.68 23.8 70.0 
5182 575 - 640 2.65 24.1 71.0 
5456 570 - 640 2.66 23.9 71.0 
6010 585 - 650 2.70 23.2 69.0 
6061 580 - 650 2.70 23.6 69.0 
6066 560 - 645 2.12 23.2 69.0 
7005 2.78 72.0 
7050 488 - 635 2.82 23.0 72.0 
7075 532 - 635 2.ao 23.6 1~.o 

7090 550 - 635 2.85 23.8 75.0 
-·-··-------·----·----·----- --- .... ----- .....___ ___ ---- -- -· .. 



4. F ..... !7 ... prooi11Ct ch•r•ctcriatica of c•at •llor• 

n.c , .... .., clulrmctcri1tic1 ill••tr•t• ta. 
1ait••ilit7 for c•ati"I •lloya, •ltboach thi1 
••it••ilitr c• ... t be 1iwee i• csect ....cric•l 
••l••· la ta. follovias 1i• t••lc1 therefore • 
rmti ..... ~ esta•lished fr- - to fiwt, -
rcprcsewti111 tbc .. ,t aait•bilitr .... fiwc the least. 
Tltc•c rniaaa arc rcl•tiYC i• e.ch c••tiaa catc1ory, 
-.tbcr ..... pc..-ncat -1• or •i• c•stiaa. 

leai•t•ac• to bot crmckins ia t-.C ••ilitr to 
vitbet ... coatrecti- atrcH•• .. ri"I cooliaa. This 
crmclti .. _, occar ••riq tbc eolic!ificotioa of .. 
•l lor •t tbc clul,..c fr- • t•i-r to • tbiclter 
cross-acctioa. n.c .. i• iofl11C11Cc ,.r.-cter• are tile 
-ltiac r-ac a .. cooliaa c ... ition•. •·I· u•t 
tr ... fcr, tcmpcretarc of the -t•l, tc.perature of t'
moal• ... the arai• 1i1c rcaaltiac frC181 th••~ 
c ... itioas. Tlocrc ere scwcr•I -thoda to iaprowc 
rcaiateacc to bot crecltiaa (i.e. arai• rcfi~iac, .....a•c 
r-••. c_.tl'llCti-1 a1ip - cooliar .,latu). 

Prcsaarc tiahtacs• is •• i .. ic•tioo of the 
........ of tbc CHt part •ad tM frttd- fr
lc•k•&• to flai•1 .... r prcas.rc. llechaaical 
propcrtica llftder prcssarc ... parositr of tllit c••t 
part are tbe .. ia par-ters. 

lcsistance •• corrosioo refer• ;~ aeaer•l 
er=::~:!' bebaw11oar~..-.C.ader' aalt aprmr teat. 
·a'b •• test acrwc. •• ac nqiaation of the bchawioor ia 
• .. riti .. cli .. te, the teat -•i,.. bcina a 31 •aCI 
aolatioo. The •ecrcesc ia atreaath a .. el-aation ia 
a •••are of the corroaioo. 

tlacbiaiag ia • c_,osite r•ti•a •••ed oa ease of 
cattia1, chip cbaractcristics, qaalitJ of fiaish end 
tool life. t1'e c..,.rison possibilities ere li•ited 
.... the tesc procedures arc -t steaderdizcd. 

Polishi!!f •••• the possibilitr to polish • part 
.... i.,rowe the qaelitJ of finiah. A lll900th surface 
is • precoaclitioa; polishina ,.....ers incl ,.ste, ancl 
tbeir areia size, hawe • dcfioitc iaflueacc. 

Electroplating iadicetes the abilitr to take aad 
hol• aa electroplated coeti•&· The reason for doin1 
this is either to i.,rowe the appearance oi the part 
(decoreti•e) or the veer resi•t•nce of the aurface, 
e.1. for the crlinclcrs of • .otor. A pretreat .. at of 
the surface is accessary; the firat larer ia aor.allJ 
of c09pcr, "hereupon an electroplatin1 of other .. tels 
(aickel, chrooi ... ancl precious .. tali) c•n t•ke place. 

Anoclizing is based on li&htneas of colour, 
briahtaeas ancl unifofW'itJ of the clear, enoclised 
coeti•& •pplicd in sulphuric •cid clcctrolrtc. The 
ei• of the total proccclure ia to obtain an increased 
oai•e layer. ln the electrolytic procesa the part to 
be anocli1cd serwes as anocle ("anoclisins"l. loth 
direct and alternatin& current are applied; sulphuric 
acid is Lhe clcctrol7tc .oat frcquentl7 uaed. 

Ch .. ical oxide co1tin1 produce• an al ... ini,.. 
oxi•• prote~tiwc larcr as veil, but 9Uch thinner than 
in the ca•• of 1nocli1in1. A srcat •arictJ of 
•iffcrcnt procc1se1 i• applied, 10Gst of the• lcadin& 
to chr-u or phoephatc c_,ouncls. 

Strcn1th at elevated t .. peratures i• a ••rJ 
illfOrtant properer for .. n, ute• of al.,.ini..., alloy•. 
Tielcl atMt ten1ilc 1tren1th ancl h1rclne11 norwallJ 
dccrc••• and clon1ation incr••••• et c .. peraturcs 
hi1her than ro09 te.,erature. Ch .. ical c..,osition 
and phJ1ic1I atructure dC181inete the hi&h r..,.rature 
behaviour. Apart fr011 which, ti .. pl•J• an i•portant 
role, the 1tructure of •• allOJ ch1n1e1 in the cour1e 
of ti .. ancl under • con1t1nt load (creep), c1pcci1ll7 
in the ca•• of cold defo,...tion hardened ell071. 
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S.itabilitf for -1•i111 ncl •rasiq ia occHHrJ 
f~r ... , et .. ,.,,.. ellor applac•t•oe•. Tcc•aiqae• for 
-el•i81 _. llrHi81 .. q nechd • •ii" at .. clercl of 
q.alit7. A arcet ••rietr of proce•••• caa be 
eppliN: ntoa-•. electric ere, protectiwe 1•• 
•Hi81 {llJC). {VIC), naisteace a .. pnH•rc -Hi111 
_. altre-1 .. ic. •iah freq-7, electroa bc
•l•iac. 'lhc po11ibilitie1 for •rasias are 9early a• 
~; it -st ._wer be bone ia •i .. t .. t tH 
•treast• of tlle joiat ia lover. 

Flai•it7 aad •ie filli!I capability i .. icatc the 
.. ilitr of the .. 1tca .. tal to flov ioto ell part• of 
the moal•. 0..ractcriatic par ... tcra arc Yiacoait7, 
nrfecc te-ioa, lleat coete•t of tlle .. it, ca1ti81 
ta.pcratarc ... aoli•ificatioe trrc (c ... ical 
c-roaitioa and coatcat of i.,..ritic1). la tu case 
of 4ie ceatiaa, the prope~ic1 of the clic it1elf 
(aurfece, t..,erature) arc .. ditiooellr cffcctiwt. 
'lhi• corre•,...• to the ,.. __ of: 

Sol•cri111 to •ie tlbich -•t .. rr••••tecl br 
1peciel 1pr•1• ••Jectecl iato tlle •i• after ewer, .. tal 
not; 

Soli•ificatioa 1hria1t•1• tlbich .. , ... tut tu 
•llor is -t 1abJect to Analla&• poroeit7. 

5. ~•alcetioa of the alluz• with rca,ect to the 
••••lapia1 cooatrie• 

'nlc reqair.-at for the clc•clopi•& coaatrie1 to 
bai1' ., a• el-i•i- •llor i..ianry viii M _, to 
••• too areat a warietr of ellor• but rather to a•• 
aa.. ate .. •r• ellor• for as .... , •ppliceti_. •• 
poHi•lc. tlac iate1rate4 •••lueti- of ell citccl 
ellors vith rcapect to: 

- llcchaaical pr..,.rtic1, 

- ,.,sicel propertie•, 

- Founclry cherectcristi••, 

- Product charectcri1tica, 

si••• the follovi•& result: 

The ...tier one 11107 is alloy 351 ia case of 
caati•& 11101•· lt i• aa Al-Si 111;;-vith 7 vt.1 Si 
eacl vith 0.6 Ms, O.lS Ti, 0.005 le •• further 
eclditioas. It can be CHt ia both Ha4 aacl ,. .... neat 
90Ulds, aacl bas &oocl .. chanical properties vhea 
1olutioa he•t treated eacl •rtificiallJ •&ed. 
Poli1hia1 encl aaoclisi•& properties are sOllCVhat 
poor. Its applicetioa1 are ia tr1n1port1tion 
ca1iaccria1 (awiation/acro1pacc) ••i ia ell other 
ficl•s where aoocl velclebilit7, atrensth and toushnesa 
ere rc•airecl. 

Of the ceetin& alloy• ranks acconcl the 
alloy~. a clic cestin1 ellor vi.th t.S vt.1 Si encl 
0.5 vt.1 M& with ••ry &ood corrosion resistance. The 
..chanical propcrtic• arc &oocl ia the "as c11t" 1tet1 
elreecly .. ationecl end there appear• to be ao veak 
point a.one the t•c"-loaicel properties. 

A very broecl ficl• of application• can be 
cowered bJ u1in& the ellor JS~. an Al-ii-Cu ellor 
vith S vt.1 Si, 1.2 vt.1 eu-;'ac1 O.S vt.1 Ma. It can 
be can in 11ncl encl per.anent .... 1c1s. The •chan&eal 
pro,ert1e1 arc ia the r••1• of .. di,.. to 1ooc1; 
artificial •1in1 after 1olutioa heat trcatin1 render• 
the belt rc1ult1. The 1nocli1in1 appearance i• poor, 
but thi• i• the onlJ weak point in the technolo1ic1I 
properti••· Thia allor can be uaed for 
transportation en1ineerinc, for aviation and 
aerospace, for rail end road traffic (cylinder 
head1), for .. chanicel cn1inecrin1 (pu11p bocliee, 
i.,eller1 etc.). 
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Tiiie copper-free all07 156 U.O as 0.15 -
reapecti.,.ly ~.l Si ... lfllcaa ..Witi-lly be .... 
for .. rine appl~cati_.. la rail aad road traffic 
applicati_. it ia viffly ...... for trauai.Hioa 
caaea, track axle boaaiaaa, track wheel•, cylinder 
blocb, cyli.._r he••, fa• blaclea, and tra-iHiOD 
caaes. lbe mechallical propertiea are 1atiafactory ia 
the aaecl or ewet1 °"r•&ecl and atabiliaecl conditioaa; 
"-9er the poliahiaa qaality ia bad. 

The -•t widely ... ec1 die caatiaa •1107, which 
caa aho be caat ia r11Dd aDd pe'l'88neat -1c1a, ia 
all07 llO. A lot of part• for the aotomobile 
ind,.atr;'"°•re ..... fact,.recl fr- thia all07 (8.5 and 
2.5 -.c.l reapecti.,.ly Si aad C..). llechallical allll 
e:ectrical ea1ioeerinc are further .. aea. It caa be 
1.ppliecl ia the •as can• conditioa. The 
technoloeical propertiea are aatiabactory. 

FrOD the point of •iev of .echanical propertiea 
alone, the alloy 201 ahows the beat results. OD the 
other h-' ita ca9Pctaitioa ia coaplicatecl: 4.6 C.., 
0.7 Ac (!), 0.15 lfC, 0.15 llo, 0.25 Ti (all iD ~.l). 
It ia a aaDd caatiq alloy, bat has to uacleqo a 
aolutioa heat treat-•t vith qiq, o•era1iac and 
atabiliaia1 tre•'-nt ia orcler to reach the -•t 
fa•ourable propertiea. The atreqth r..aiaa hi1h 
eYea at ele••tecl t..,.raturea. 

The biaary Al-Ms alloys 518 and 520 vith 8.0 
vt.l reapecti•ely of .. caesi...-Can be-;iecl for bi11er 
caatia1s, such •• aircraft fittiqa, truck aDd bua 
fra.e compoaeata, .. riae hardvare, eacalator part• 
and coa•eyor c_,ooeata. The heat treat-at of the 
sand caat 11107 520 is aimple (only natural •&i•& 
after solution heat treat-.t) and the die caat 
alloy 518 can be uaed •aa caat•. Someti-• it vill 
be neceaaary to bear in aiad the hi&h a•er•s• 
coefficient of thermal espaaaion and tbe 1- _.ulua 
of elasticity. Some techaoloaical properties are 
unf a•ourable: reaiataace ~o hot er' ;kins, pressure 
ti&htneaa, electroplatia1 1 auitability for velclina 
and braaiaa, solidification ahriakaae, die fillina 
capability and aolderin1 to clie. 

The relatively cheap •ad aiaple, but not 
high-quality binary Al-Si alloy 441 vith 5.2 vt.% 
1ilicon 1hould not be for1ottea,""'becau1e it ia • kiacl 
of 1eaeral-purpo1e alloy, caat in 1and or -uld and 
often u11d for cookina ~ten1ils, but becau•• of it• 
poor 1tren1th and hardnea• (the .. chinina, poli1hin1 
and anodisina qw.lity i• bacl), it •hould preferably 
not be uaed. 

A surny of the izght alloy• •h-• a 
pud-inance of the A - n-HrCu alloy• vith or 
vithout the addit!on of further el ... nt• 1uch a• 
sircoaiua, chroaiua and cobalt. The•• are the 
alloy• 7050, 7075 and 7090. Their ten1ile and yield 
1tren1tli"1'i excellent, vith relati•ely &ood 
elon1ation fi1ura1. Of course, the defor.ation and 
heat treatment procedure• ara not very eaay. The 
den1ity ia hi&h• Th••• al&oya find their 
application• in aircraft •tructurea. 

ror the ••r:r iaportant rail and road Lraffic 
application• un7 vrouaht dloya of ~ · •ferent 
coapoaition exi1t. The rans• i1 froa pure aluaini1111, 
1060 and 1199, u1ed videly for tanker1, to 
iie8"°.,-dut~orro1ion re1i1tant 7005 vith sine, 
.. 1na1iua, .. na•naH, aircr..,1iua,Chroaiua and 
titanium for truck and tractor bodi11 and extru1icn 
part1. Waterv1y traific application• - •• alvay1 -
prefer copper-free alloya, 508X and 545X, vith 
.. 1n11iua and .. n1an111 .. the" .. in aiii'°chroaiua H 

the •inor con1tituent. 

?or con1tructicnal and .. chanical en1in11rin1 
ua11 it i1 nearly iapoa1ible to pick out aoae 1p1ci•I 
•lloy1. Hoit of ch .. have .. 1na1i119 ••their uin 
~oaponant •nd are Chua 1!!! type alloya. In 

de.,.lopiaa c-triH - baa to look for r'"e dHirecl 
apecial applicationa (for eaaaple. uaea ia mobile 
:..-Ca, vindov fr-•, cbeaical equip.a.at, tanlta. 
Yeaael•. pipeliDe• ePc.). 

for bouaebolcl ancl cookiq ,.teaaila tbe alloy• 
1001 -..I 1004 are U8ecl, the firat coatainiaa 
~vt.l iiil'Vith 0.12 ~.1 C.. and tbe aecond 
1.2 vt.1 tin ancl 1.0 vt.% Ill• The satiafactc.ry 
mechanical propertiea are reachecl after aaaealin& and 
•train bardeaiq vith or vithout atabilisatioa. 

CeDeral rec-ndati_. for the deYelopiag 
C-triea caDDOt be &i ... a. 'Ille ltate of tleYelo..-at 
i1 ea cliffereat l ·tveen Hy Chad aad Banaladeab or 
llalayaia and Brasil. In a 'OUDtry where up co aov no 
-t•l-rkiaa iad .. atry exiau, the rec-ntlation -
could be 1i•ea to start vith castina alloy• and 
erectiaa foundrie• rather than rolling •ills, 
extru1ioa press•• and forging •ills. Preference 
ahoulcl be ginn to aand and penaoent -ld caatiaa; 
a at•rt could be aade vith tbe alloy• 155, 356, 520 
and 441. 

'Ille cb-ical coapoaitioa for tbeae ie not too 
complicated: 

Cu !!I Si 

155 1.2 0.5 5.0 
)56 0.15 7.0 
520 10.0 
441 5.2 

Thia .. kea acrap bandlina eaaier. A broad fialcl 
of application• could be COYered: aYiation and 
aero•pace, rail aacl roacl traffic, .. rine u1e1, 
architectural part•, aechaaical en1ineerin1 uaea 1uch 
aa pump bodies. hou1ebold aad kitchen oteuih. 

6. Productioa 

Sancl caetinf ia the leaat •~pea•i•e proceea, 
although the mou d ia not reu1able vhich i• formed by 
r ... ing a 1and •ixture vith bondina •cent• around a 
pattern. Santi caatina ie alvaya appliecl if the number 
of piece1 of the aaae abape i• very lov or if the ca•t 
part i1 rather intricate, i.e. vith ca•itiea or if it 
i1 a rather Iara• piece. 

The v1riety, quality, treac.ent, dr111in1 and 
retreat .. nt of the foundry eaacl i• a 1ubject of it• 
ova, •nd require• ••r:r •pacific knovled&•· A pattern 
or aodel of the ca1t part ha• to be aade out of vood, 
1yp1u., pla1tic or metal. A rather _.era development 
i• the uee of poly•tyrene, vhicb i• not t•kea out 
before caatin1, but burnt out by the liquid .. tal 
durin1 the ca1tin1 procedure. lotica baa to be taken 
of the volume 1brinka11 of tba alloy• duriq 
1olidif ication and coolina. 

The -uldin1 i1 dOlle either by hand or by 
.. chin••· SOlll 1pecial proc11111 u11 carbonic acid or 
the foraina of u1k1 (croain1). The quality of tba 
c11t piece can be influenced to • 1reat extent by tha 
aki .1 u•ed vhen satins. Coolin& plat•• can pre•eat 
1hrinkhole1. 

The 11nd _J_d ii 1r8Yity fed. A principal 
di1advanta11 i• the 1lov coolin& r•te, the poor 
1urf1ce fini1h 1nd a certain •inimum vall thickaa11 
Corder of aa1nitude 4 .. >. 

Perunent aould caatin1 nec111itatea a 11riea 
production of the .... piece 10 that the 1xpen1ive 
aould c•n be ju1tifiad by • larae nllllber a~ piece-. 
The 110Vld i• ude of ca1t iron or ateel. The -uld i• 
aravity fed ao that t~• pourin& rate i1 atill 
r1l1cively 11-, but the freesina and coolina of the 
.. tal in th• -ld proceecl1 very llUCb ~uicker than in 
11nd ca1tin1. 



AllOJ• vith &oocl fluidity end re1i1tence to hot 
creckias ploduce 10Uftll piece• vith ••ti1fectory 
-chaaicel propertie1 which cea efta be i.,roftd by 
eubeequeat ther.el treat-at. 

The production of • per.anent llOuld need• 1 &ood 
.. chine-llaildias knovled&e end cepecity; the 11tia1 
h qry illpOrt•nt for the n- of the -t•l ia1ide the 
110Uld. Dlarins c••tin& the te-perature of the 110Uld 
hH to M conti-ovdy controlled •nd. if MCHH~, 
cooled. A rule of th...., i• •hot mould, cold -t•l • 
Feciaa end •preyins of the mould hH to be done et 
re1al1r intervel1. 

Speciel proce•••• for per.anent mould ce1tins ere 
centrifuaetion ce1tins end - • rether novel 
develo.-nt - vac111m11 ceatiaa. 

Because of the recommendation to 1tart en 
aluaini1111 alloy .. nafacturia& in developin& countries 
vith •and and 110uld c••t part• the de•cription of die 
c1•tia1 and rollin1. extrusion and for1ia1 proce••e• 
i• not included in thi1 study. 

7. Present research 1nd future developol!nts 

Of the nuaerous reseet"Ch activities on elu.iniu. 
elloy1 bein& carried out all over the world, only tvo 
development• need to be .. ntioaed: 

Alu.ini..-lithius all~ 

S1via1 enersy by •avin& fuel. ~aving fuel by 
saviaa veisht in all kind• of transpurtation •y•teas. 
especially in aircraft and aerospace transportation is 
still the aain goal. The presently available vrousht 
alloy• for these uses, the 111011 2014, 2024, 7005, 
7050. and 7075 have densities between 2.77 and 2.82 
(pure aluainiua 2.7). Al-Li alloys vith Li contents 
h·~~een 2.0 and 2.6 vt.% vith additions of copper, 
aagne1iua and zirconiua have a densitJ of about 2.54 
vhich aean1 rouahly a 9% decrease. Additionally, the 
Al-Li alloys shov a very hiah aoclulus of elasticity, 
nearly 80 CPa, coepared to 72 - 75 110atly u1ed •• 
aircraft alloy• at preeeat. 

The nev type of alloy could be competitive even 
vith carbon-vhisker coaposite aaterials, for vhich 
coa:pletely nev aanufacturina procedure• have to be 
developed. 

The •econd aeneration of Al-Li alloy• vill have 
4 to 5 v:.% of lithiua and vill be produced via povder 
•talluru. 

Povder .. tallursy 

The •a-called S.A,P.-alloy• ("1inter-al-iniua
povder") have been known for 90re than 30 year•. They 
had excellent strength propertie• up to 550oC, 
because they contained finely di•per1ed particle• of 
aluainiua oxide (6 t~ 15 vol.%). Manufacturin& 
•thods u1ed vere pres1ing, •intering and heat 
treat .. nt. A disadvantaae hovever vas the bad 
veldability. 

Present povder .. t1llur1ical research i• tryiaa 
to produce •inter aaterials froe aluainiU11 alloy• of 
the type Al-Zn-Ms-Cu (type 7ltXX), The •interina 
proces• .. ,t be iaproved by 10-called 
liquid-pha1e-1interin1. Ten1ile 1tren1th value• ara 
ai .. d at reachins 600 MPa. 

8. !!.' .d!ili! 
World production and con1U11ption ~f alU11ini1119 (1983) 

Production: 
Cons .. ption: 

. '•, 310,000 t 
15,470,000 t 

The percent11e of secondary aaterial (recycled 
from 1cr1p, etc.) va• 26.7% in 1983. 
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AluainiU11 con•ll!ption in developi!!J coantriea 

Latin Aaerica 
Aaia 
Africa 

Total 

Priaary .i-ini-
production 

USA 
USSR 
Luropean Econ09ic 
C-ity 
Canada 
Ger.any. Fed. 
lep. of 
Morvay 
Australia 
Brazil 
P.l. China 
France 
Spain 
Venezuela 
Yuaoslavia 
Japan 
United li111da. 
.. therland• 
loaania 
Nev Zealand 
India 
Italy 
Bahrain 

1973 

340 000 
353 000 
45 000 

1978 

486 000 
651 000 

82 000 

1913 

543 000 
961 000 
130 000 

738 000 l 219 000 l 641 000 

19i3 ltll 

4 IOI 700 3 353 200 
2 000 000 2 400 000 

1 508 000 1 924 800 
930 000 1 091 200 

532 700 743 300 
618 100 715 400 
207 200 475 100 
111 700 400 700 
280 000 400 000 
351 900 l60 800 
160 400 357 500 

25 100 335 200 
90 800 258 200 

l 096 800 255 900 
251 600 252 500 
111 400 236 300 
141 200 223 300 
116 700 220 100 
154 300 205 000 
184 200 195 700 
102 600 171 700 

Rep. of Soutb Africa 52 800 163 800 
Dubai 151 200 
E1Jpt 140 200 
Greece 143 JOO 136 200 
Araentina 132 800 
lndone•ia 114 100 
Aunria 89 100 94 200 

World, total 12 137 300 14 310 300 

Aluminiua consuaption 1913 Ct) 

Priury Secondary (1) 

USA 4 211 900 2 019 400 
Europe•n !con09ic 
C:O-Unity 2 920 700 100 600 
Jap•n 1 800 700 802 400 
USSR 1 850 000 
Ceruny, Fed. 
lep. of 1 085 000 425 500 
France 613 400 166 000 
Italy 430 000 278 000 
r.1. China 620 000 
United ltinad- 323 400 121 300 
Canada 295 000 56 000 
lnzil 271 000 39 100 
Australia 259 300 37 700 
lel1iu.-Luxeabour1 272 000 1 000 
Spain 217 400 37 400 
India 218 500 
Cer•an Dea. Rep. 230 000 
Yu10• l1vil 152 000 25 400 
Hun11ry 181 700 
Netherlands 91 700 58 200 
Au1tril 123 100 16 100 

6.0 
i'.'.4 
18.·~ 

12.2 

% per 
year 

1.8 
+ 2.0 

• 2.1 
+ 1. 7 

+ 4.0 
+ 1.6 
+ 12.9 
+ 25.9 
• 4.6 
+ 0.05 
+ 12.3 
•124.0 
+ 17.3 

7.7 
+ 0.04 
• 3.0 
• 5.1 
• I.I 
+ 3.3 
• 0.6 

• 6.7 
+ 21.0 

- 0.5 

• 0.6 

• 1.1 

Total 

6 238 300 

4 040 100 
2 444 000 

1 S54 700 
755 fll)(j 
755 000 

437 200 
351 000 
HO 100 
297 000 
2iJ 000 
2~4 800 

177 400 

149 900 
144 600 



Primar, SacoMary (1) Total 

s.itnrl ... 115 JOO 21 100 139 100 
Tai- 136 500 
lrona 127 600 5 200 132 IOO 
._.ia 131 000 
llnvaf 121 600 700 129 lOO 
hl ... 121 200 
s.n.. '4 600 24 too 11' 500 
Ve--la " 00., lO 000 11' 000 
Ina 105 000 

n. put poillt ill -rid almai- prollucti- -
ill 1980 with 16 •illioa t-.. 'Iba receeeiClll •raaatat 
tbie fipn •- ia 1Sl2 to 13.9 ailliClll t-.. 

nae iacr.aM ill allmilli- c-.-pti• "1 the 
d ... lopiq c-triee baa .._ epectacular. Of 
co.rae. the perc-tap wal•• will fall ill future. 

nae aoat iatereetiaa cbaqe ia the priaary 
almai- pro4uctiao fipne ie the ellarp drop for 
Japaa frcm aore tbaa l •illioa t-. per year to a 
.-rter of a ailliao. •Japa•ee Al-illi_.. i• 
....,..ay• pro4uced for i1111taace ia lrasil (49% joiat 
... tuna). Veaesuela. Brasil. South Africa, 
tuaoela•ia, Auetralia a .. Spain haft had the 
hi~et perceataa• iacreue ower the lut 
10 ,.ara. 

The leadiaa three areH, USA, USSI aad the 
1.1.c. accouated for 59.3% of the vorld'• total 
proncti- ia 1973; thb fipre fell to 53.6% 
10 ,..r. later; 1•nara .. icall7 •l-iai
proohlctiao ••• aore videlr •pr... ia 1913, aad thi• 
tread ..... likely to CClllti-. There are foar 
c-triH ia the etatietic• which 1.0 run •ao 4id 
aot produce a eingle tao of aluaiaiua: Dll .. i, 
l17Pt, Araeatiu aad Iad-eia. Couatri•• to 
foll- in future are proba•lr: Suri-, Cur ... , 
Triaidad and Tobqo, Haiti, •ia•ria, Liberia, 
Cuiaea, Malay•ia, Philippiae• aad Thailand. Iba 
People'• llapublic of China vill achiewe a hiah 
productiao rate vithia t!ie aeat 10 yeara. 

The cone ... tion table clearly ehova the 
predoainaace of the f-r area• USA, 1.1.c., Japan 
... USSI: her11 72% of the total al-iniua va• 
couuaed in 19113. The aluaiaiua.acrap recowerr 
fipre• for the laetera bloc countriae ere aot 
kllCIVll. Tha bia aat iaportar couatri•• ere tha USA, 
the 1.1.c., Japan, the federal a.public of Cal'UO)', 
Franca, Italy, tha Paopl•'• a.public of Chine, 
lal1i--Lulleabour1, Car.ua 0-ratic lepublic, 
vhereH aat nportin1 countriH are Ca ... a, 9orva7, 
A .. tralie, Brasil and Veaasuala. 

Aluainiua price• 

Th• ar-th ia ••l•• lad to lar1• price incra• ... 
ia 1983: 

Al ... iniua price at th• end of 1981: 
Al ... iniua price at tha and of 1912: 
Aluainiua price at the end of 1913: 

l 590 per t 
l 600 per t 
U,090 par t 

The reaction to the interplay of aupply •ad 
d ... nd ••• reflect•• in tha quototioae oa tha 
•oa-rerrou• tt.tal lxchaaa••· 

The eonauapdot1 of pri .. ry and Hcoadary 
al .. iniua bf end·u••• i• aivea in the foll-ina tabla 
for the lar1aat con~ ... r - USA end for tha l••••r of 
cha bis •ix cot1a ... r couatria•, Italy. 
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Cou9ti- of lj~Dlll Hcollllla9 al.-i•i-
•• 1913 

Ir~ Italz 
t- ! r:-. I 

Trauportatioa l Oil IOO 16.4 1"000 26.9 

llechaaicd 
aaai-riaa 361 500 5.5 52 000 7.0 

Electrical 
eaai-ri• 600 600 9.1 21 500 3.8 

.. il4iq ... 
cout~tioa 1 307 200 19.I 151 000 21.4 

aa-ical iadu•trr IO 000 1.2 16 000 2.2 

ractaaiaa l 777 200 26.9 76 000 10.3 

llouaehold article• 479 400 7.3 72 500 9.1 

,...er, iroa/etnl 
•tal producte 421 600 6.5 21 700 2.9 

rroa thie it _, be ... _. that, the aon 
biahly ia4 .. triallr dawelopad a c-.try i•, tllle 
hiaher i• the parceatap of pacltqiq aad electrical 
eqiaeariaa ill al.-iaiua coae-.tioa. for the 
dewelopiaa c-.triH the _,...•i• vill be oa 
trauportatiao, aechaaical eaainaariq, 1Nil•i111 ... 
coaetructioa and houMhold article•. thie 
correepoade to tllle reccr ...... tioa• aiwaa vitb re•pect 
to tha choice of alloy• for countri .. viAiq to 
nart - ai .. iai- allor iaduetry. 

Ia tbe folloviq table tbe P.r capita coaeuaptioa 
of al-iai- ill Yarione CC>.. ... triae i• ILYaa. 

Per capita coae...,tion of al .. iaiua, 1983 

(Totel coae-.tion, but for laetera bloc couatrie• 
CllllJ cou-.tioa of priaary aluaiai- it ai•aa) 

Couuaptioa Populatioa Per capita 
(t) (aill.) coae. <ta> 

Albeaie 2 000 2.841 0.7 
Auttria 144 600 7.549 19.2 
lal1i~luxeabour1 273 O'JO 10.222 26.7 
Bulaari• 53 000 1.939 5.9 
Csachotlo•ekia 97 500 15.415 6.l 
Caraaa Dea. aa,. 230 000 16.6" 13.I 
0.-rk 26 200 5.114 5.1 
Finlea4 21 600 4.163 5.9 
Freace 755 600 54.652 13.1 
Ceruay, fed. lap. of l 554 700 61.421 25.3 
Creeca .. 500 9.841 9.0 
Hun1•rr 181 700 10.690 17.0 
Italy 755 000 56.136 13.3 
llathe.rlaada 149 900 1'>.362 10.4 
llorv•r 129 JOO 4.129 ll.3 
Poland 121 600 36.571 3.5 
Portu1al 41 000 10.099 4.1 
~ni• 131 000 22.553 6.1 
SpeiD 254 IOO 38.221 6.7 
Sweden 119 500 a.329 14.3 
Svit&arland 139 700 6.505 21 
Uaitad ltiasd• 437 200 56.377 7.8 
USSI l 150 000 272.500 6.1 
Yuaotlevia 177 400 22.800 7.1 

Europa (l) 7 756 500 757.542 10.2 

(1) lncluclina tha A•ia• part of Ulll. 



c:.....,ti .. P.,.letiClft Per cepit• 
(t) (mill.) c-•· (q) 

c-~ 27 900 t.165 3.0 
lane 67 000 45.915 1.5 
lep. of So.th Afric• 92 JOO >0.802 3.0 
Ott.Rr Af ricn 
c-trie• 45 100 436.111 0.1 

Africa 232 >00 522.000 0.4 

Arseotiu 11 400 29.627 3.0 
lnail 310 100 129.662 2.4 
ea .... 35~ 000 24.907 14.1 
ColOlllli• 15 000 27.515 0.5 
lleaico 70 IOO 75.103 0.9 
Pena 2 IOO 11. 707 0.1 
USA 6 231 300 234.496 26.6 
Vene&uele 119 000 16.394 7.3 
Other Letia Americ•• 
c-crie• 32 200 91.119 0.4 

America 1 226 600 647.600 11.2 

Per ceeita coa•!!!!tioo of el .. ini .. , 1913 

(Totel coae..,tioa for A•i•~ couatric•, epart rr-
Jep•• and ltorca where 0017 tbe cooeumption of 
al .. iai ... i1 iadiceted). 

priaer, 

Coo•umptioo Population Per capit• 
Countr, 

lehraio 
Dubei 
Rona Kona 
lndi• 
IIMl-1ia 
Iraq 
Iru 
land 
Jepan 
Lcbenoa 
llala71i• 
Philippi•• 
Siaa•porc 
I.ore• 
Taiven 
Thailand 
Turke7 
Other A1iao countrie1 

Au1treli1 
•av Zealencl 
Oceaai• 

Auuralia and 
Ocaania 

World toc.1 

(t) 

21 000 
5 000 

30 600 
211 500 
44 200 

5 400 
105 000 

12 400 
2 444 000 

11 000 
41 400 
20 000 

5 300 
132 IOO 
136 500 
60 000 
19 '00 

102 500 

3 491 IOO 

291 000 
31 300 

321 300 

20 600 100 

(•ill.) 

0.397 
0.093 
5.313 

732.256 
159.434 

14.654 
42.071 

4.097 
119.259 

2.635 
14163 
52.055 
2.502 

59.136 
11.400 
49.459 
47.219 

1 407.900 

2 731.IOO 

15.369 
3.203 
~.501 

24.010 

4 613.022 

c-. (q) 

70.5 
53.1 
5.7 
0.3 
0.3 
0.4 
2.5 
3.0 

:Zl'. 5 
4.2 
2.1 
0.4 
2.1 
2.2 
7.4 
1.2 
1.9 
0.1 

1.3 

19.3 
9.1 

13.6 

4.4 

for additi011al cowpari1on one .. ,. 1ub~ract 
Va1tarn Europa from tha European tor,al. Va1tarn 
Europa eccount• for 5,076,100 toa1, vith •population 
of 371 •illioa vhich ai••• a par capita coa1119ptioa 
of 13. 7 111. 
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'Ille c ...... ti• pncaote1e of tM c .. ti-u i• 
ai- .. ,_: 

Veeten S.rope 13.7 
A.1tralia ... Oceaaia 13.6 
-.rice 11.2 
Total S.rope 10.2 
Ali• 1.3 
Africa 0.4 

Fr .. thi1 it can .. eeen that Aeia ... Africe, 
npnnotiaa 70Z of the -r1•'• ,.,.1atioa, an -11 
llehi... To proYide tlleH r- coati ... t1 with the per 
capita c1111e..,tiClft of 4raeatiaa or C:-rooa ..,., • 
.. aa ia1talliaa .. re than 10 •illioa additi ... 1 
al .. iai .. capecitie• or 50 ...... 1ter• vith a 
pr .. _ti .. of 2001000 t ... per - eoch. 

A further •ub•taatial fall back i• pr•••nted bJ 
tbe folloviaa cou:itrie1: Albania aacl Poland ia 
Eu.ope, all America with the esceptioa of OS&, Caoada 
... 'fe•a-la. 

The hiaher the population of • couatr,, 
and •••~aa that • cert•i• •i•imum aro•• 
aati ... I pr .. uct eln•dJ eai•t•, the better tbe 
chaacH of .. ildiq ap • aati ... l .. tal-rkiq 
i.Dd .. tCJ. 

! 9. libliOJHphy 
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Aa•t, J. (Id.): Probl ... de• di1ko11tioui•rlichea 
ltra1111u•••• Yon Al119iai... Sc&iaerov•k1/A1•t, 
lloere, 1'80 • 
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Lcobeo/Yie ... , 1911. 
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&1-i•i- aad ita all071 • ...-llerias ia the 
....,.red•• are available ia all cOCllftlMI c.._.rcial 
fo..... 'Ille Mtal '<.ca -t oaid&se procreHiwtlJ 
hcaan. Wea ••poa•• to air. a hard, aicroacopic 
oxide coatina fonos •• the aurface th.•t •••I• the 
-t•I froa the _,,ir-=tt. The ti1ht cheaicel 1'oM 
of oai•• i1 the nHoa that •l-iai- ia -t f .... ia 
aatare: it eai1ta oalJ aa •• c_,_... 

Alaaiai..-allor aheet ca• .,. forae<I. •r ..... 
Heaped. or ,,... llanJ wroaaht or cHt ••-i•i
allor• caa .,. -••n. brasn. or 101 .. red .... 
•1-iai .. aarface1 re .. ilJ accept a vi .. varietr of 
fiaiahea. both aechaaical ... cheaical. lecaaae of 
their hiah electrical coaductivitr. aaay al-iai .. 
•11071 are ••ri a• electric:al con4actora. Alaaiai
refl~cta ra4iaat enerar throuahoat the ••tire 
•pect~. i1 --•parlti ... a .. -saetic. 

C:O...rciallr pare alaaiai ... Ila• a tea1ile 
1treasth of a'"'9t u.ooo p1i. eo1•--r1ti•1 the -tal 
approai.9atelr •ouble• ita atreasth. For 1reater 
1treasth. alaaiaiaa i• allOJri witb otber el-•u 
•-" H aeas-•e. ailicoa. copper. aas-•iaa, ur 
sine. 1.ite pare al .. iai ... the allor• ca• abo be 
•tnnatlloeae4 bJ co1•--r1tias. Soae allor• are 
further nrnstheaetl a .. har .. aed "' heat 
treat-•t•. At aubsero teaperature1. al ... i•i- ia 
•troeser than at r009 t ... erature aad i1 - le11 
ductile. llo1t a1-i•i- allor• loee 1treasth at 
elevated t..,.raturea, althou&h aa.e retaia 
•isaificaat atreasth to 500"F. 

VrOQlht al .. iai .. allor• are u1uallJ 4eaisaate4 
1ty a four-4i1it aUllber that e1tabli1he1 a •pacific 
al107ia1 el-•t camlliaatioa. Thi• aumber ia 
folloved bJ a·teaper •••isaatioa that i•entifie1 
the .... l aad -chaaical treatmeau. 

•ish 1trea1th of the ~eat-treatable wroasht 
•11071 i1 4ewelope4 by aolutioa heat treataeat. 
folloved llJ quenchina ... precipitatioa-taardeaias. 
Solutioa beat treataeat i• a proce1a that coa•i•t• of 
heatias the -t•l, holdiac at teaperat::re to llri111 
the hardeniac coaatitueat1 into aolutioa. the• 
coolias to retaia tho•• coaatitueat1 ia aolutioa. 
Precipitatioa-hardeaina after 1olutioa heat-tr•ataeat 
increaae1 atrenati. ... hard•H• of theae •llOJ•· 

Major allorias el .... t 

Al ... ini .. (99% or sreatar) 
Copper 
ltan1HaH 
Silicon 
1ta1na1iua _. 1ilicoa 
Zinc 
Other 
Vnuaed 1ariH 

De1i1aatioa 

Im 
21111• 
Jan .... .... 
1 ••• 
Ina 
tan 

The 1acon4 •isit indicate• ...,ification• of 
orisinal all07 or iapuritr liait1. 

The la1c twu di1ic1 identify the allor or 
•lumini1111 or allor puritJ. 

la.a all071 •1• at rooa t..,.racura; aoae 
require precipitation heac-creataenc at an elevate• 
c..,.rature (artificial •1in1> for opti..-i 
proparti••· Di1corcion and diaen1ional chan1•• 
durins natural or artificial •sins can be 
•isnificanc. In addition, di1tortion and ra1idual 
1tra11e1 can lie introduced durins 4uenchin1 froa the 
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aolutioa .... t-treat ... t c:rcle. S.Cb •i•tortioa ... 
atreH•• caa M r-4 by defaraiq the -t•l llJ, 
for ..... 1 •• atretchi111 • 

.. at-treatable all07a are alaa atreqt..._. bJ 
col•--rki... Tile bi9h-.tre91tb all07a - eit ... r 
heat-treatable er aot - worlt-hariea aore rapi4lr thaa 
the 1-r-.tre .. tb, aofter allora _. ao -1 require 
•-•Ii .. after col•--.11'1<.iq. lecaaae hot foraiq 
•-• -t alvaya work-bar4ea al .. i•i- allor•. t.hia 
-tllocl i• .... to avoi• allMaliaa ... atrais•teaias 
operatioaa. (ht hot-forai•s fallr heat-treatri 
aoterial ia •ifficult.) Cetlerally. foraa•ility of 
a1 .. i•i- iacnH•• witb t...,.ratare. 

At .. iai .. ia caet llJ all c.....,. ca1ti111 
proceaae1. Al-iai .. caetina all07a are i .. atifie4 
with a -ifie4, f-r-4i1it <au.a) 1y•t-- the aajor 
allorias el.-at i• i .. icat•• bf tbe firat •iaic. 
For iaatance, 100 aerie• ia reeened for 99 pe. ~eat 

pure al .. i•i- vitb - -jor a1107i .. al-t aM4. 
Tiie eecoad ... thin 4iaiu ia the 100 aerie• 
i .. icate tbe preciee aiaiaua al-i•i- coateat. For 
euaple, 165.0 ha• a H.65 per cut aiaima a1 .. iai .. 
coateat. Tiie 2oo-900 aerie• •••i ... tea vari ... 
alaaiai .. allor•· the aecoad two •iait• are .. •isae• 
to aew allor• aa tlleJ are reaiater ... 

Tiie f-tth 4isit i .. icatH the prod.Ct fora. 
Caati111• are 4eeipat .. O: iqota are de•isaatn l 
or 2. 

1.etter prefiaH lloefore the -rical •Hipatioa 
iadicate apecial coatrol of oae or aore el ... •~• or a 
aodificatioa of the orisiaal allor. Prefix I 
•••isaacea aa eaperiaeatal c_,.sitioa. ?he .. terial 
aar retai11 the eaperiaeatal •••isaatioa up to five 
rear1. Liaita for the eaperiaeatal all07 .. , lie 
chaD&e4 lly the resiater. 

C:O-.rical ca1tiac allor• iaclude beat-treatable 
aD4 aoaheat-trear:able coapoeitioaa. Allor• tlaat are 
beat treated carr, the t..,.r •••i ... tioaa O, T4, TS, 
T6, ... T7. DiecHtiq• are aot ueuallr 
aolutioa-laeat-treated becauae the bish teaperatura 
ca11 cau1e bliaterias. (Eatracted fr .. ~ 
Deai1a, 17 April 1916, pp. 47-70) 

r Aa fabricated. 

O llrousht producta _ .... to 1-ac 
1trea1th; caac product• 8lltleal•• co 
iaprove 4uctilit7 aa4 •iaea•iosal 
atallilitJ. Tiie 0 .., lie follaiwed by a 
4iait other tllaa aero. 

B Scrensth iacreaeed by 1crain bardeaia1, 
vith or without 1uppl ... atarr beat 
treataeata to produce partial eoftenias. 
foll-•• by tvo or aore 4isita: Tiie 
firer: •isit iadicate• the 1pecif ic 
cOllbiaation of ba1ic operacioa1. the 
••coad •isic i .. icatea the .. ,rae of 
atraia-hardeniaa. Dae cbir• •isit, tlbea 
uaed, iadicate• that tba .. ere• of 
control of t..,.r or tbat tk aacbaaical 
propertie1 ara •iffereac fraa Clloae for 
the r:vo-•isit H-teaper •e•isaacioa co 
which it i• a44e•. 

NI Strain-bar ..... oal7. 

113 ltrain-hardelNld aad the• 1cabilisad. 
De1i1natioa applie• .. 1, co allor• which, 
uni••• acabiliae•, sr~ually aa• aofcea 
at rooa c..,.racura. 
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-al ... ~ ..t etn~•••• ...... 
t• .-lily .. lllll. 

•112 ...... t t .... rft ., .... u. ~·
..t ~ ..-ial c•~l -r etraia .._demi• er .... t traac-c. "-Cf• 
.. icla tllan an -a..i.cal ,.....n, 
Hau. 

V S.leti..-...at-tnat... a. _t .. le 
t..,.r Mc-. ell.,. eae at -
t~at.- after Hleti• lilut 
tnetmeat. n.. .. •ipati• ie ..-cific 
•11 .... die .-ri .. of -t11Dl •ims i• 
iMicat.. <•·•· Vl/Zla). 

T •at-treat... A ..... le t...,.r ,...._ .. 
witll or witllo.t s.,,l~ar, atreia 
.._rMaUa· n.. l ie al_,. foll_. ., 
- or -. •iaiu tllat i .. icate •pacific 
••• a• ef ... i: tnac-&•: 

n Coel .. fraa .. ala<rat.._t..,.ratwn 
.... i. pncaaa _. -t11nl11 aaft to a 
.... u.tiall7 atdola c_.iti-. 

t2 Coel .. fnm .. al.,.at.._t..,.ratwn 
•laa•i• •rac•••• col~ .... 
-tu•llJ' aaft to a .... taaeiellJ' •t .. la 
c ... it&.. 

T3 Sol•ti..-...t-traatd. col•--rtte1. IM 
-t.rall7 aaae to a ..it9taatiall7 •t..,l• 
c ... iti-. 

T• Sol•tioa-lleat-tr .. t ..... -t•rall7 ..... 
to a .... t .. tiallJ' •t8'lle c ... itian. 

TS Coola4 rr- •• ala<rat.._t..,.ratna 
..... i .. ,roe••• ... artificiallJ' aa ... 

T6 Solati..-heat-tnat .. ... tllea 
artificiall7 ..... 

T7 Solati ........ t-tnat .. ... •t•'-ilild-

Tl Solati..-lleat-traat ... colr.orltel, ... 
artificiall7 ..... 

n Solati..-lleat-traat .. , artificiall7 ..... 
... coH--rlta4. 

TlO Cool .. fr- •• al.,,atall-t..,.ratara 
•lla•iaa ,roeaae, col.__nn, ... 
ertificiall7 ..... · 

n.. follovina ..Witi ... 1 •i1iu hff• Mn 
•••i1aacl for etraee-rali.,,.. t..,.r• of vr ..... t 
pr .. ucu: 

USl lolled ,r .. ucte nraH-relieH4 i., 
•tratchiaa after aolatioa heat 
traat ... t. lo further •traiaJttaaiaa 
af tar atretchiq. 

TX511 l•tn4d pr .. acu and cir- tuN 
etr•••-rali•••• i.,. •tratchia1 after 
•ol•tioa heat traat ... t. 

TXSIO lo further •traiaJttaai•1 after 
•tratcbiaa. 

?7,.l Minor •tr•i&htanin• after •tratchina to 
coa,17 with •taaclarcl tolaraaca•. 

Tl52 ltr••• raliaYacl i.,. c..,r•••in1 after 
•olutioa heat traat .. nt or coolin1 froa 
an ataYatall c..,.r~tura •hapin1 proc••• 
to · .. uca a par.anent Ht of one to 
h .. a ,.r cnt. 

-·-
~ Straae rali...,.. i., C.-i_. etntclaima 

... ~ .. i •. 

1lile fell-U. t...,.r ole•ia-ti- ... 1, ta 
........ t ,...-Cu llaat-traat .. fraa O er F t..,.r to 
._trata ......... to llaat-tnac-c .... fraa .., 
t-..r i., tlla -r .... ncll llaat-tnatmeat ..... iu 
i• tlla -laaaical ,n,arti .. .,.lic9le to dleM 
t...,.n. 

~2 S.leti..-...at..-tnat ..... -t•rallJ 
.... te a .-.~ial17 et•l• C.-iti--

nz S.leti_...at..-tna~. u.. 
artificiallJ' aaft• 

,.. f•ll-U. t..,.r ... is-ti- .... .... 
... q.H for ........ t ..... acte laip-t .... rat.ra 
-•la4 to occ..taata •ltr-ic rae,_a ... 
imp~ •~i-1 at8'tilit, • 

01 n..-.11,. treat .. at •n .... m.talJ' tlae 
- tme _. t..,.ratan ....-ind for 
-lati• laaat traac-c ... a1-eo1 .. 
t• - t..,.raton. Anlic8'tle t• 
pr.._ta tlaat an t• lie ~i ... •rior to 
-••ti• lilut traa-t i., clla -r • 
llKllaaical ,rapertf limu an ..t 
anliu1tle. 

(btr_t .. fnm lloclaiam Da•ie. 17 April 1'16 0 

n• U-70) 

'Illa Al-iai- uaociati-. i• tllair 
•pacif icatioa '"Daai ... tioa S7•t .. for ••-i•i-
Fiai .... a•. claaaifi .. al-iai- fiai .... acconna to 
clla foll-U. ... ipati ... : 

II llKllaaical fiai .... • 

1111 Arfakicat.. Hrfaca. 

llD Diracti ... 117 tntar... Fiai .. laaa a 
•ietiact patten vitll futarH l7ias 
pra4oeiaaatl7 i• ... clirecti-, aa 
proclwc .. i., a 1ri .. i ...... l. 

llH loocliracti ... 117 tutor... Fiai•ll lie• • 
cliatiact ""t r..._ patten. a• ·~ .. uc
i., 1rit '-la•tiq or allot ,...iaa. for ........ 

C a. .. ical fiai•he• 

Cll Claaaacl, .... 111 vitll c .... ical claaaar•. 
to •r•para ••rf aca• for forcher f iaialli ... 

C2X ltcllecl ••rfaca, iaclU41i• c .... ical 
ailli•· 

Cll lri&htaaacl. S- al-i•i- a1101• c• lie 
i.riaJtcaaa4 co • hiah lo•t•r. llot are 
oft .. clear aaodi&H aftarvard•. 

C4X CoaYer•ioa coati•1•, iaclu4i• cllr ... t••• 
pho8pbatH. 

A Aaoclic coati111• 

AlX C.11aral. lllCl ... a •olfuric chr .. ic, ancl 
harcl aaodbe. 

AZI ProtactiYa and dac~ratiYa. C.narall7 
"jevallry" t7 .. coatina• llclo~ o • .-.il 
thickMH. 

AJX Architectural Chn 11 - coaci111• llat-n 
o.• •ad o.7-.il thick. 



MK &rcllitect•nl CMti11&•· ClaH I -
c .. ti11&• _..r 0.1-ail tllic•. 

l l••i•• ... otlMr oq .. ic c .. ti11&•• 
i11Cl .. i11& .... u. •i91l c .. ti .... 
.... i••· ... n..-.rtoo.a. .....er 
ceati11&• _. floi•i~ plaetic 
c .. ti11&• an al• i11Cl ..... 

'f 'fit~a CMli .... i11Cl .. i11& 
porcelai•i•i11& ... cera.ica. 

(l:atr_t .. from !'-Iii• Deaip. 11 April lW6 • 
... 61-10) 

11lc •raft for ... lie c-t of o - c .. e 
IS/12254 K for tlM atnctoral ue of llip alftllCt• 
al-i•i-. •id will replace cr Ill - _ .. a. 
JolJ' HIS. 11lc pre-I: at .... ri for tlle atr.ctoral 
... of al-i•i- <er un ... ,..li•llft i• H'9. _. 
M• ""8 vi•lJ' ,..... ltot:ll ia tlle hitM Ii..._ ... 
i• owerHH c-triH. It .. a pr .. llCH • tlle 
nc--'ati• of tlle laatit•ti• of Stnct.ral 
t111i-n 0 ... it foll_. a -ef•l report..,, tut 
l•atit•ti .... tlle •H of al .. i•i- i• atnctarea, 
.... li•llft oriailiallJ' i• 1962. 

Lieit state .. •i• 

T-ri• tlle .- of tllie ••ca• tllere wre 
preaaorea to rewrite tlle c ... • a lioit atace .. •i•. 
_. it .... al .. he- clear tMt die n .. e of 
atnct•n• .. illl at .. i•i .... a 1n-i111 rapi•ly. &a a 
n••lt clle pre ... r cecllaical c-iun ... aHe.itln 
i• 1919 ... after aeweral 1eara of 4h4icat .. 110rli 0 

tlle •raft for .... lie c...eat of a - c ... ia ~ias 
i ..... tlli• ..,., .. . 

Tiie - •raft c .. e •iffen fr•_,, ocller 
•tnoct•r•l aca .. a~• i• tbat ica rec~ti•• are 
applica•le to a v~ wariety of etnct•rea, •.ell aa 
•ri•&••, ._il•i••• toooer•. Yellicle ... ie•, eercba•t 
ellips. rail"8J' rolliac acock, cr ... e, off .... re 
i•atallati .. a ..... ri .. atl"9Cture• - i• fact tlley 
apply co •irtuallJ' ewer,, al .. ia& .. atr11etore eacept 
aircraft. oia1ile1, rocket•, apace ,,...icle1 0 ... al 
weaael1 or pre11•r• ,,., .. 1 •• 

11lc c ... will alao bawe to ... race a wariet7 of 
al .. i•iuo al~7J'•, vicll •ifferiac cllaracceriatic1, ... 
will applJ to a ra111• of fa•ricati .. eet .... a. 
i•l .. i• ri•eti111, Hlti111, wl•i111 ... .._.i•&· 
Tiie •raft c ... i1 •i•i ... ioto ei1llt .. jor aocti ... , 
.. ali• vicll .. teriola, ._•icn pri11eiple1, 
lleat-offecc ...... ,, atacic ... 1i1t0Ke of eaolter•. 
joi•t•, foticue, fa•ricacioa .., proteccioa~ fi•• of 
tlleH repre•eat •ini11et H•-H ..... er 111 ... i• 
io .. ., VOJ'• • crihtce to the 11uality of tlle ruearcb 
te... io tlli1 f iel• ia tlle Uait .. li111•oe. 

11lc ta•• .. , aot •HY, Mori as ia •i.. tll1t .. 
Hy - •rt ia, aoy, the 1aor ltll, tlN ... c"• 
•i1llt ff .... ia wui-• paru of tlle 110rl• .,, 
•••i1aer1 of •• al .. ioiuo ooa11ue, a oviac •ri•c•. • 
feat patrol ._at, a .. •iaatioa toooer, a llelicopter 
la .. iac pa4, a er.ck ... ,, a porcal fr ... for a li&llt 
htil•iaa, a eetro carriaae, the auper1crucc•re of a 
li1Mr 0 or a •is •ipper ia a fairer~. 

VIie• pulllliahe•. the aev c .. e alloul• llelp to 
..,11a1iae the aoita•iliCJ' ... reliability of 
lliall-1crewscll aluoiaiU9 acrvccure• for ... y caaka, 
... •••icaer• a .. fabricator• will II••• a 1oli• ~, 
of eaperie11Ce ... , ... practice °" Miiich co •raw. 
(lacracc•• froe Ill •eve, July ltlS, pp. I allCI 9) 

•ev fi .. -1raiae4 1cruccural alumioiU9 all07• 

UHn of aluoiaiU9 •llOJ'• for oore •ad•ae 
lou·hariq j_.• allcNI• check out the Ya.Uium 

- ll -

... if iM Al-Ila-Si allOJ'•· s..eral proprietar, 
forooloti ... ...,,. rec .. tlJ ..._ i•t~.,. ..,, S.iH 
&l-i•i-. 'i.e ... iti- of ..... i_ pr-r:ea cM 
f-ti- of nlatiwelJ' -u- fiorsrai_. 
ncr,atallian allOJ' oicnatnctone. 'I- pt 
1reater •tnt11t•, t ............ eel• f~ilitJ' ia 
eieple ... c..,1 .. lloll- eatnai-. Tiie iocna ... 
t ....... aa -• froe • m.cci.. i• die alip patla of 
•i•locati ... vim ~re .... araia eise. i-r .-.c• 
-itiwit)'. -tiler pl•. ea- leH •iaterti- ia 
tM eat~ aecti ... .,,.i•iaa -.t ceo lae • cootlJ' 
re .. ir. ~ t .... n .. ifon fi• araia 
oicrMtnctvre -ltea for &reater -iforoil:J' i• 
propertiea. fteae _.ifiM alley• are partic.larl1 
-•fol for laarrc...-.. .. "•• _. .. rt• fora" froe 
eatr.h4 Hock laawe laetter .... iaiaa .. rfocea tllaa 
CO!lwellti-1 Al-ttrSi allDJ•· a.t-ci-
applicati ... aeeo • .... Mt. ( .. taila: 
&. •itl ... , SviH Al.-i•i- Lt•., 121~ ....__ 
.. llleiafall, Svicurl ... ). (s-tte: a-1 terrc 
.. Risf!=Tecla llaceri.ala) 

&l .. i•i .. Hiler 

1'ti• liceoce i• for a - t:ne of Miler .. , .. 
•l-i•i- alley i• place of caac iroa. Alt ..... 11 
al .. i•i .. •llllJ' ia .. re eapnsiwa, it ua a ...tter of 
-•-tap•. 111c ... 1: ~octiaa ia fo.r cm.a 
creater. eo tut tlle eise of tlle lleac eulaaaler ceo 
k rnocri: tlle alley laa• creat ••a•ilitJ _. will 
llM corr .. •: it i• cat .... ic ... foreip .. uer will 
k repelln; _. tlle owerall -ipt of tlle Hiler i• 
l'Mocn. 

Tiie Miler ua - effici..cy of ewer 
90 per ceat .... •• outpot of 1000 000 ITV/hr. 
(Soarce; TeclloolOJl lrd ... , •rcla 1916, p. 9) 

Japao: 1'te llaci ... l aeaearcll lastit•te for 
eetal• baa ••••I .... a ....... c ... uctawe eetal v~re 
tbat carrie• correar tllO time• feater tba• eaiati•& 
C'l•iwaleeu. le c•1iau of a aiotti--al .. i•i
allOJ' proce .. n wia dectr .. N• irr .. iati ... 
li•iar-al .. i•i- ,_,..r vaa ploc .. iaai•• a 
ai_.i_ t-", •icll vH tllea lleatM •itll •• electr .. 
....... cooln ra!i•ly. 'llte wire c .. carr,, 
129,000 Mperea/iD • (S-rce: &si .. WSJ, 
21 Ja ... r,, 191•, p. 10) 

lletal coaci•1• 

Altllou&b oppeeraace ia ofc .. cite pr .... ioaot 
rea1oa tllat c ... • to oi .. for coaci•& a produce, ic 
i• uaually aot tlle ooac i.,.rta•t ........ .. ... 
ioporta•t ia procectioa of clN pr .. ucc froo corro•i•• 
eo•ir ..... ce, impact, a•raeioa, lleat, or •lcra•iolec 
rrt•· 

De1pice the ... y aev .. terial• .. i•a •••• t .. oy, 
ateel r ... i•• the priacipal c .. acrwccioa .. cerial for 
aut-'tilea, applieacea, ... i .. uacrial oaclli .. ry. 
luc Ncauae ol eceel'• wulaerabilicy co •ecerioratia1 
froe agraHi•• c .... ical •-ir_.u or eweo froe 
eiople acao1plleric oai•atioa, coati .. • ore aec••••rJ' 
to prowi .. ••ri-• .. ar••• of procectiatt. Tll••• 
cooci111• ra•c• frao llo~-•i,..• ... eleccroplace• 
•t•h co cogp polyean ... fl--•praJ' .. •tall a .. 
car•ice. 

Scoppi•c or recar•ia1 corroeioa i• ai.,la i• 
,..iaciple. Surr-.. i•& • •tal pare vich reloti•ely 
& .. rt lllarrier coaci•& pr••••C• corro•i•a• froe coeiaa 
i• coacact vicll th• •tal. lc•l procecrioa i• 
pro•i•e4 b)' total eacapaulatioa of clN part. 

Moat corro1i•• aowir .... ace coac~i~ oore tll•• 
oae acti•• .. cerial, a .. clle cooci•& .... , reaiac 
.. .. cracioa bJ a coalliaotioa •f oai•i1er1, a•l•e•c•, 
or ._ell. !hu1, ell• Nit ••rrier i• ... cllac raai•t• 
"'llro .. •a1141" corroaioa. 

ror ... y applicacioa•, hove•er, the P~J'•ical 
incecritJ of ell• coacia1 i• •• i.,.rtaac •• ice 

.cll .. ical barrier properciaa. ror io1ca11ea, coacia&• 



• U.-llen tllat 8ia orui- al•rriH ca .. 
••DllM .. idllr; C09ti.as• • pipe joiau rill 
cou-n- ..y fn. • , ..... •n• if tlle cnep rate 
i• ..c 1-; _. -tiap - n ..... _. ..... re 
•ncltete c- lie clai.... - ,...tnt.. •.ri.. ••...,.lJ 
if iapeet nnact• ia i ....... te. Selecti .. tlle ... t 
coati .. f- ..... licat~ re.-in• ..,.l••ti .. all 
effecta of ltM apecific -i..-t. i_l .. iac 
t .... ratne ... -llaai.cal c_.iti-•. 

Tw9 tfpe8 of 81..Ui-.ceet .. atHl an 
pr .. _ ... ..cla for • •iffenmt ltm of cornoioa 
protecti•. T,,. l ... • •t-ii .... 
•l .. iai..-ailicoa c .. ti .. to pnwi .. reai•taace to 
.. n lleat _. corroaioa. T,.e 2 u• • ._t-ii .... 
c .. ti .. of c-rciallr ,.re al.-iai ... wic• 
pnwi .. • escalleat ._..ility ... protectioa fnm 
•tma•,..ric corroaiaa. lot• 1r ... •. ia.._t .. ., 
Ar9Co. tlle proolser of tMH &l-1.aizn •t-i.. an 
-111 .... ..,.iatn. 

T,,. l alaaiai..-coat.. •teal n•i•t• lleat 
•c•li .. to l.250"F ...... .-.neat lleat 
reflectiritJ to toO°F • ._i_l .i .. iai_.-allor 
coati .. i• .._t 1 •il oa .. c• •i... Tiie ..._t ia 
..,,11 .. rit• • .. ft ... ti., fiaiab. Typical 
•nlic•ti- iacl ... nflecton ... ._.i•• for 
i .... trial lleater ,...1.. iaterior ,...1 .... lleat 
eJrC ..... n for n•i•eatial f•E98Ce•. •icr- ...... 
.. t .... ile _. tr.ck .. ffler •J•t ....... lleat 
••iel•• for c•t•lJtic c..,,.rter•. 

T,,a 2 alaaiaizn atHl. rit• • alaai•i
coatiaa of abo.t 1.5 ail• oa eac• •i .. i• claian to 
re•iat ar:-eplaeric corroaioa ... to ooatlut 
siac-cHt .. .-.t ia i .... trial ..,,ir-ta by•• 
..ch u fift to -· Typical applicati- an 
i .. utrial ... c-rcial r-fiaa ... •i•iaa. •rrias 
...... •ilo roof•. calwert• .... lloaai .. • for ooatdoor 
li1bti111 fiat.re• ... air coaditioaer•. 

Beca ... siac ... .i .. iai .. an• aoder -•t 
c ... itioa•. -re corro•ioa reai•t-t thaa atHl. they 
•re tlle -t widely .... spra,-coatiaa .. tab. la 
... itioa. •iace IMttb aet•l• are .... ic to steel. they 
oct a•l•••ically to protect ferrou• •ub•tr•t••· 

la aenerel, •l,..iai ... i• aore darabla ia acidic 
eDYir ..... •t•, ... siac perforaa better ia alkali .. 
c ... itioa•. for protec:!aa •t•el ia 1a• or c..._ical 
plant•. vllere t..,.ratar•• •i&bt reach 4000f. 
alaaiai ... is rec_ad... tiac i• preferred for 
protectiaa steel ia fr•••, cold waters; ia aqveoa• 
Hlatiou abo'lre ISG°r, alaaiai ... i• tbe uual choice. 

for ••rwic• to 1,ooG°r, • tberaallJ sprared 
alaaiai,.. coatiaa •booald be •••l•d vitb • 
•ilicoa-al-iaiU111 paint. letveea 1.000 aad 
l,6500F, the alU111iai ... coatiaa fa••• aad reacts 
vith the ateel base .. tal, for.iaa a coatia1 tbat, 
without beiaa sealed. protects tbe structure froa ea 
oai.dhi•1,-ir-8t. Aad. for coatiauoua serwice 
to l,IOO • a nicltel•chroae allOJ i• uaed, 
a ... tiaea fo110V94 by al ... iaiaa. 

la Europe, vher• theraallJ spr•J .. aetal 
coatins• for corroaioa protection h••• been far -r• 
videlJ uaad cha• ia the U.S., .. ny atructur•• auch •• 
bridar• are still ia soocl cOftditioa after •• loas aa 
40 r••n. vich •i•i•.a .. inteaaace. Other 
•pplicatioaa include «llhaust·s•• staclta, boat hulls, 
.. sea, •ad other outdoor structur••· (!•tracted froa 
Machine Desi1n, 17 April 1986, pp. 19'·200) 

Structural allot• for 1uperpla•ti~ for.ins 

Superpla1tic beha•iour has been deaon•trated for 
a naaber of al1181iniue-baa• alloy•, and the related 
ductiliti•• obserwed are frequentlr in ••c••• of 
600 per cent •ncl occasiOftally •• hish •• 
1500 ,.r cent. A •-rr of the •uperphetic 
characteriatic1 of a few •lU19ini- alloy• of inter••t 
la pr••ewt•• in ta~l• I. 

- ]2 -

n.. • .,.rplutic al .. iai .. •11011 an t __ ,..._ 
allor• ia wic• tlle aec_. pbaae .. J' c..-tit•t• a 
.... c-tial froctioa of tbe wol- (1., • .._t 
lO ,.r ceat a• i• tlle \1-lllC. alloy). or it .., be a 
relati- -u -1- frecci- (e.a. le•• t..._ at.o.t 
2-5 ,.r c .. t •• i• tlle 7475 allor>· TM illporta.ce 
of tile sec ......... i• ia sraia refi ..... t ... 1raia 
aiu st.Hiliut.i-. •• i.aa ..__. •i-..,. ia tlle 
pnwi- •ectioa of ~ia ,...r. 

De .... i .... t.lle allor type. al..&•ia-ba•• 
ellora _, be ..,.rpluticallJ deforari ia - of c
aicro•tr.ct•r•l c ... itioaa: (i) ia tbe fully 
recr,atallisri c_.iti-, or (ii) ia tbe aecbaaicallr 
-rkft c ... iti-. ns•lt.i .. ia recryatallisat.i-
.. rias tlile ..,.rplutic .. foraatioa. la the for..r 
c•ae, • pluticallJ •eformei •icroatracture ia 
all..,.. to amerso recr,•tallizatioa duriaa at.atic 
..... 1iaa. wicb ..... to • fi .. sr•i• aicrostractare 
prior to tlle atarc of saperplHtic defoicmati-. 'Dae 
renltie& ..,.rplaatic ••foraaci- occurs by t.lle 
-1 _._i_ of sraia .._.ar, ali•iaa ... 
•iffui-l ecc-Uti-. 'Dae first arooap of •lloya 
ia tnle l are procH ... ia c•i• var. la tlle ncoad 
caae ........ • plaatically ••formed aicrostructare 
.... rsoe• •yaaaic recr,•talliut.i- u tbe -t•ri•l 
i• ..,.rplastically .. formed. The aecba•i- of c•i• 
type of •,....ac recryatalliutioa naeia 1111el1•r. 
the aec_. ITOUI' of allors ia tule 1 are typicallJ 
proc••• .. for "1Daaic recrystallisatioa. 

Alaaiai .. allor• cu abibit laqe HperplHt.ic 
ductilitiea for eitber ~roe•••· llovewer. the 
•,....ac•lly recr,stalliutiaa -t•rial• appear to 
eabibit eloaa•tioa ... ima at atreia rates notably 
biaber tllaa tbe staticallJ recr,stallizecl •lloya. 
,..•itioaally, tbe d,...&c•llJ recr,atalliziaa 
-t•rial1 .. form aader biaher flov •trea•••• 
pr••-bly bee•- of tbe biaber straia rat•• H -u 
•• the s....-..c lover t..,.ratur•• at vlaicb the 
opti- 1aperplaaticitJ i• obaerwed. 

Aa iaportaat characteristic of 1uperplastic 
al ... iaiaa •llor• ia that of cawitati-. or woid 
foraatioa. which deYelopa dariaa t.eaaile 
defor..tioa. Tbia c.,,it•tioa caa lead to fracr~r• 
aad thereby r .. uc• rbe 111perplaaticit.7 that •11ht. 
othervi11 be especc... lt ca• aho reduce tbe 
mechanical propertiea of saperplastic foraed parta 
aad ia therefore of coaaiderable intere•t. 
Ca•itatioa, while aot thorou1bly uaderatood ia 
a1 ... iaiaa alloy•, haa been ••- to oriaiut•. at 
leaat ia M ... c••••• at coaatitaent particles, often 
at tho•• coataiaiaa iron aad/or silicon iapuriti••· 
The eateac of cawitatioa is .. aaiciwe to t..,.reture, 
1tr•ia race. flov str••• aad i19p11rit7 coateat. It 
caa be aiaiaisad by deformins at bisb c..,.ratur•• 
(but below tbe aolidua c..,.racurd • 1- 1traia 
rates, aad uai•s a relatiYelJ 'cl•••' alloy (i.e. oae 
in vhicb the iroa aad silicon coaceatratio.,. are lov 
and the related coastituear particle• are aaall). 
The 1tr11a 1tate has also bee• 1hova to affect 
cawitatioa 1troaslJ aad a saperiapo••• hJdrostatic 
pre11ur• equal co or hish•r than that of the flow 
str••• can auppreas cawitatioa dewelo,..at altosether. 

Table 1. Saperpla1tic properti•• of 
••••r•l aluaiai1111 alloy• 

Allor THt r_, Strain late • (OC) ( 1) 

Sutic•llJ 
recr7stalliud: 

104 Al-33Cu 401)-SOO • • o.a 
Al-4.5Zn-4.SCa sso • • 103 o.s 
A1•6 to lOZn· 

1.SMr0.2Zn 550 103 0.9 
Al-5.6Zn-21tr 

104 1.5Cu-0.2Cr Slf> 2 • o.a-o.t 

!Iona. 
m 

400-1000 
6011 

1500 

100-1200 



au., Teat T-.p Straia aate • 
(oC) (a) 

11-.. 
(I) 

"7-icall7 
nc17atallia-4: 

lol U-te.-0. Str 450 0.) 
Al-6c.-O.J511&-

lol 0.14Si 450 0.3 
Al-4C.-3Li-

0.5Zr 450 5. 103 0.5 
u-JC.-ni-lllr 

1.3 • 10) O.ttr 500 0.4 

(£xtracte4 fr- lletah For.., Vol.I, llo. 4 -
1915, •Staperplaaticit7 in En&iaeeriaa Alloy•: A 
Re•i-· article vrittn bf: C. R .... iltoa, 
A. IC. Clloah and J. A. Wead 

•- plastic alloy atretchea 56 ti .. a 

1000 

900 

900 

111 

S....., Cooper All07 Co., the Oaaka-baae4 campaa7 
has ••-.eloped a auperplaatic al1111iai...-broaae allOJ 
that caa atretch to 56 time• it• oriaiaal leacth. 

Diapla7iaa excellent tensile atre .. th aad 
••ti-corroaiwe pTopertiea awen after deformation, the 
.. teri•l ia ideal for complete moldint of 
irreaular-ahape4 part• •••• ia the awiatioa, apace, 
aatamobile aad other iadaatriea. 

laae4 on the baaic atad7 by re•earcher• at O•at.2 
Prefectaral Uniweraity, thi• allO'J 1*• been deweloped 
for c.,...rcial parpo••• bf the COllP•ny ia a joint 
project atartin1 aeweral year• •10. Al a reault of 
auch effort•, a compoaition .. de up of 77.5 per cent 
copper, 10 per c•nt aluminium, 4.5 per cent iron, 
6 per cent nickel, and 2 per cent .. n1an••• vas found 
upon heatiaa to aprr011i .. tely 100 de1ree1 c•nti1rade 
to •tretch like toffee fr.,. an initial 4-ailli .. tre 
len1th to a final 224 •illi .. tr•• in a period of 
roaghly tvo and a half hour•, repreaentiaa an 
Htoundins 5,500 per cent increH•· 

The term '•uperplaatic alloy' refer• to such 
.. ral compoaition1 vhich, upon heatin1 and atretchin1 
by a coaparatiwely ... 11 force, defora by ower 
100-200 per cent in len1th. Clo•• to 100 warietiea 
hawe been produced up to -. vith a ... i_ 
defo...ation rate of around 2,000 per cent recorded by 
a ainc-alU11inium alloy. Hovewer, fev hawe ahova 
balanced perforaance re1ardin1 force and ti .. 
required for atretchin1, atren1th of deforaied 
.. carial, .. nufacturia1 coat, etc. 

The nev c-roaition, which .. et• JIS (The Japan 
Industrial Standard) 'C630l' re1ulation, ia clai .. d 
to satiafy all of these condition•. Only a aaall 
force of 0.27 kilo~r .. per aquare .. ere• i• n.c•••ary 
for initial 1tr~tchin1, while tensile atren1th 
decreaaed fr09 120 k1/aq .... before to IO ks/sq .... 
after deformation. (Source: The Japan !cDnCM1ic 
~. Tokyo, 21 Sept .. ber 1985, p. 23) 

Al-1.i alloys 

The nev, li1htvei1ht aluminiu.-lithiua alloy• 
offer 1tren1th• equal to tho•• of the alloy• nov 
bein1 u1ed. They can be fabricated on a•i•tin1 
.. talvorkin1 equi,..nt and require no nev or apecial 
aachinery. Althou1h i.,reaaiwe arructural vei1ht 
reduction• - on the order of 1even to 10 per cent -
ire po11ible throu1h direct 1ubatitution, •••n 
1re1ter raduction - up to IS per cent - can be 
realia1d by dewelopin1 fully optiaiaed alloy• for nev 
de•i1n1. Such 1lloy1 vould be specifically r1ilored 
to prowide property c0Wlbin1tion1 not pr•••~tly 
au~il1ble but vhich are th• object of second ind 
third 1eneration lov-den1ity 1lloy deuelop11ent 
ef fort1. (!xrr1cted froa ~•chine De1i1n, 
17 April 1986, PP• 47-70) 

- » -

&l .. iai .... Lithi .. allDt• 

Al .. iai..-lithi .. all07• -re ..c t.._ 
eerioaely until allooat lt7S. Alt ........ h ~ -ialat 
8Pill& pot .. tial of theH al107a -· wi•el7 
recoeais. .. , they -n •iffic•lt to .. u, -n 
eape .. iwe ....... 1-r actility tlillaa other 
al .. iai .. allOJ•· 

Siace 1975, i.-wer, then ..... Me• ..., 
naearch prosr-• aime4 at i .. r-ioa tllae propertiH 
of ai-iai..-lithi- alloy• ..... kiaa t..._ 
ce111111ercial. Aa a reaalt, tllae propertiea laawe lleta 
impro"" •ad the all07• an - - tllae ••ra• of 
11ec-iaa c-rcial i• the -...t 12 -tu. 

laitially, prolJl" area• iacl .... 1tr••• 
corro•i- ... bel- -r.al fracture toqhae•• ... 
teaaile elonaatioa. lut improwemaat• i• campoaitioa 
ia terma of -11 -ti of copper, -1-•i ..... 
sircoeium bawe reaolwed the•• prolJl... ... l .. to 
better playaical propertie1. The mo1t c~ Al-1.i 
alloy, •e•i1ut .. IOtO, ha• a co.poaitioa of l.ll Ca, 
0.71 Ms, 0.11 lr and 2.SI l.i. It vaa deweloped bf 
the aoyal Aircraft Eatablia .... at ia Ell&l ...... ia 
- beiaa prod..ce4 i.y lritiah a1 .. iai ... 

Carreat application• are pri .. rily ia the 
aerospace iaduatry. la fact, 1ome aircraft c_,a•i•• 
ia the u.s aad the U.l. predict that Al-Li alloy• 
vill replace alloy• like 2024 and 707S completely 
vithin the ae•t tea years. Vei&bt 1awin1• of about 
10 per cent vill be poaaible, ... ich ....,.ti to about 
10 ton• - the 747. 

Ar••• for potential application iaclade 
replac ... at of coaweatioaal vrouaht al-ini1111 al:oy1 
in pri .. ry aircraft atructure• auch •• vina akina, 
atrin1cra, apar cap•, fuae•a1• akia1 aad wheels. 
lloaacroapace application• are alao poaaible, 
eweatually ia •ilitary application• aacb •• taaka. 

The .. ia aclwanta1e oi th••• alloy• is the lov 
dcaaity. about 10 per c•At lover thaa aormal alloya. 
Alao, tbe modulu1 i• hi1her, about 10 per ceat •&aia, 
bat the alloy• also hawe lover •uctility. 

Coat viae, the alloys vill be .ore expen1iwe. 
l.ithiua coat• about ilO per pouad, ao nearly • dollar 
a pound i• added to the net cost juat ia teraa of 
lithiua. l.ithi...-aluaiaiua alloy• are alao more 
e•penaiwe to .. kc bec•u•• they hawe to be protected 
from the atmo•phere. While the alri .. t• price for 
1uch caatins• i• aot currently kaova, it i1 •••,...• 
that for 1eneral •ill product• it vould be tvo to 
three ti .. • the aoraal price of •• aeroapace alloy 
like 2024 • 

'nlere are procea1in1 probl ... ia tar.a of 
ca1tin1 th••• alloy• aad, ia fact, they are wary 
difficult to ca1t properly. Lithiua o•idiaea, 10 tbe 
.. tr .... t be protected under an inert atmosphere, 
usually arson. Alao, there i• an exploaion haaard 
vith lithium near vater, vhich al•o add• to the 
••pa•••, particulary in direct chill (DC) caatia1. 

Ye17 fev people hawc actually .... c1ar part1. 
Jut caar p1rt1 are of 1ccoad1ry iaportanc• in the 
aero1pace applic1tioa1 con1idered here. (!•tracted 
froa Modern Ca1tin1, October 191S, p. 26) 

french 1011• in Al-Li, pow.tar .. r1llur1r 

The French coap1ny Pechiney need• Fr.JOU aillioa 
to at1rt industrial production of aluminiue-lithiua, 
the nev vorkhor•• of aeronautic .. rarial1. 

Vhat .. kc• the•• alloy• 10 attractiwe? With at 
l11ar equal perforaan~•. the addition of lithiu• -
1.5 to three p•r ~•nt in v~isht - to 1luainiua 
reduc11 the vei1ht of th• final alloy by five co 
12 per cent. Thi• .. •n• •direct iaprove .. nr thank• 
co tht effects of density. Thi• vei&ht reduction .. y 
reach 15 par cent if the cot1ponent1 are redc1i1ned. 



For -~tic• .... n -r•l t._. ... f-ramc• ca .. 
pai• for • a•i• of - kiloar-. tbi• i• • •inct 
.. •fit. for al.-i•i- -f•t•nn. - tlM otber 
1' .... iatenat liH ia naiati• tlM iatqnti- of 
~ite .. teriala. 

1 ...... tlM aniYal of tlle - allOJ• baa 
•....._t •iarwpt .. tile aoti- of -..toriala• ia tlle 
aecto-r of M~tic c-tr-ti-. U.til nc-tlJ 
tile dloico, if - c• call it tut, wu liait .. to 
al-i•i- ... compoaitea, witb atirama pnfe"reK• for 
tile latter .. teriala. Vitia tbo •r..,,i•al• of 
al.-iai- tlle -fact.ran -t tab iatc acc-t 
Al-Li .... pl-i• tboir uv .odela. Tllo -•rtaia 
aYaila•ilitJ of Al-Li, llllwnwr, ua fore .. tile 
-factann to -dt witb liabt__. Al-Li 
atr.et-.na; i• otiler -n•, wit..._t ••iaa - parta 
•••ipa. (Eatract .. fnm Seine•• • Tochai•-•• 
.1- 1'15, PP• 10-11) 

S.-ita.D Electric 1 .... triea baa ......... • 
al .. iai- aitri•• cer..Ic fo-r pacliaai•a iatearat .. 
circ.iu. Tiie .. terial baa a tber.al npa1111i
cooffici-t clo .. to tMt of ailicoa, all..U.S claipo 
to .. plac• •inctlJ oa the cer.-ic ba ... 

~ac.. lly reproceaoiaa al-iai11a aitri .. 
,....r iato ••r •iaale crr1tal c-iateacy ... 
aiateriaa tile nfi ..... terial .... r bi...-.eaaitJ 
c ... itioaa, tlle cer .. ic baa a heat c ... _ti•ity tut 
ia 10 time• areater than al.-iu. (Eatract .. frcm 
hropua a...ical lleva, 25 llarcla 1915, p. U) 

Toolaiba Corp. laaa don'. .... •• al-i•i• 
aitriAle nbotrata vith a titer.al coaducti•itJ 
roport .. lJ 10 timea hiaher tlan con ... tioaal ...... 

Tba .. terial va• deftlopH ia reapon•• to 
pr .. 1- caaa.. lly iacreH.. <rol-• of beat 
a-rat .. per llllit area ••a•• of hialaer .,...., 
laiaher oatpat aad hipor iatearatioa of 
aeaicoaductor• aad eloctroaic circaitrr• 

Toahiba Ila• eatabli1Aecl a te::haique for croati111 
• reactioa at • tnperatur• of 1500°-uoo°C ... 
dopin1 the aab1trate vitb a paate coataiai111 
aolylld ..... particle•. 

Tba price of tho .. tarial ia about ais ti11&a 
hialaer tlaaa that of el•i•i•. Tiie de•ice, "-•er, 
reportedlJ caa .. applied ia field• to which 
•l•iai• caaaot, 1ach •• hi&h rov-r aad hiah 
freqaenc1 •••ice•. (Source: lcpriated vith 
permi11ioa fr• Snicoaductor lateraatioaal 
Ma1a&ine. CopJript 1986 lly Cahaera l'ullHahiaa Co., 
Dia flaiaea, 111., USA) 

The ZA f .. ilr - all071 vith en1iaeerin1 appeal 

la the paat 10 year1 1 • 1roup of al•iai...-rich 
sine baaed allOJ• hne cauaht tile atteatioa of the 
dieca1ti•1 indu•trJ. They have alreadJ replaced 
other -ferroa• uteriall aad call: iroa ia uay 
applicatioaa. loa L71111 1 technical •irector of the 
lrock Metal C:O.,aay asplaiaa: 

Zinc •llOJ• are traditionally a11ociated vith 
the production of intricata ca1tin11 in lar1• 
quantitie1 bJ the hot ch .... r pr•••ure dieca1ti•1 
proce11. De1i1nar1 ha•• 10•1 asploitad the ascellent 
fiai1hin1 charactari1tic1 of fhe .. tarial• for 
decorati<re tria and tOJ~ but, more recently, h••• 
beau• to raalise the en1iaearin1 poteatial of the 
uteriah. 

- ,. -

For..., ... iaeeri11& applicatioaa, the ...._r of 
compomau ~·i~ ._. -t jaatifJ tho hiala coat of 
a pro11an •iocaati11& tonl or the part• an ton l•ra• 
to he acc_.at .. lly tbe procua. SiailarlJ, it c• 
be •iff icolt to j .. tifJ ...... it•re oa campc111Cata for 
a - product -til tlM .-rat ia pr-. 

Tile •e<rel....-•t. ia recoat :reara, of a faiailJ of 
hiala 1tnqtla. si.DC-al.U•i• allOJ•. dHi ... tn ZAI. 
ZA12 aad ZA27. baa r_. tbe liaitatioaa of caatiaa 
1iso ... .-era ... laaa anatlJ est ..... the 
opport•itiea for sine allOJ• ia •aai-ri11& 
applicatioaa ...... iaa bi&h atreaath. 

Altboqh they -re ori1i-ll7 de<relopri •• .... 
... sr••itJ •iecaatiaa .11., •• esperie11ea baa ....... 
tMt tlae aev uteriala may be ••" ia a ftrJ vi .. 
raaa• of caatiaa proce11ao. iacl .. iaa pn11•ro 
dioca1tiac. Tllo •llOJ• laa<re •"- coaaiderable 
.. ,,_t•ae• ia c..,-at •••ip aad coat ...._ caapar .. 
with caniaa1 1 beariaa• aad fallricatioaa ia cut 
i~, al•iai11a ... copper-baa .. -teriala. 

'Dia ca.poaitioaa of the - •llOJ• an lilt .. ia 
tallle 2. T-.ile •tnasc:la ... ban-11 i11enaae vitla 
al.-i•i- c•teat .. t tlai• al-t alao &ifta riae to 
iater-1raaalar corroaioa ...._ lov 1 .... 1. of 
imparitiaa 1ach aa lead, tia aad cadmi• an 
preaeat. lla&ae•i•, ..-.. .,.. .. ia -n -ta, 
offaeta tlaia corro•i• prolll- aad allo banetl8 the 
•llOJ. Copper ..Witioa1 further laar ... the •llOJ, 
iapro•• creep acnastb ... corroaioa reaiataace. but 
escHI copper •iaaificaatlJ r .. _., ductility aad 
1 .... to 41imeaaioaal 1rovc:la - aaiaa. 

Al•i•i• 
Copper 
Ma.-•i• 

Table 2. AlloJ aaal7aia 

1.0 -1.1 
0.1 -1.3 
0.015-0.030 

ZA12 

lo. 5 -u.5 
0.5 - 1.25 
0.015- 0.030 

Z.U7 

25.0 - 21.0 
2.0 - 2.5 
0.010- 0.20 

Tiie principal phJ•ical aad •chaaical propaniH 
of tho ZA allOJ• are co.par .. with tllo•e of other 
.. cerial1 ia table 3 <••• pace 35). Thia hi1hli1hta 
their hish 1trea1th ralati•e to ca1t iroa aad other 
--farroua allOJ•, theJ ca-t -Itch the ca•t iroaa 
ia thi1 re•pect, alt~ they ~~ laa•• ascelleat 
beariaa proparti••· 

The lov aeltia1 poiat of the allo7a ia claarl1 
•• adnata1• ia the fouaclrJ, r .. uci•& ener11 coau 
•ad asteadia& tile life of dia1 aacl tool1. 
Uafortuaately. iacreaaia& 1:..,.ratur• ad<raraely 
affect• tile aechaaical propartio• of sine alloy•, 
r .. uci•& taaaile 1trn1tla •ad laardaeH btlt iacrea1iq 
ductilitJ. Creep laaa be•• couidare41 a .. jor 
liaitatioa of sine allOJ• bat the ZA raa1e laa1 beaa 
•hovD to h••• allbataatiall7 iapro.ad creep re1iataaca 
c..,ared to tile 'traditioaal' aiac pra1aura 
dieca1tiaa allOJ• daacrib .. ia 111004. 

Tha •trea1th of the ZA alloya i• further reduced 
by a1in1 aad the 111011 ara aot recomaaadad for 111111 
tarm •tr••••• applicatioa• at c..,eratura1 in axe••• 
of lZOOC. Di .. a•ional ch••&• oa •1in1 ia well 
kaovn ia siac pre•1ure diacaatiaa allOJ•· ZAI aad 
ZA12 .. hibit .... 1hriaka1e vith ti .. , ultiutelJ 
reeurain& to their oriaiaal di .. a1ioa1. Th• hi&her 
copper le•al in ZA27, hove•er, lead• to•• 
1ppraci1ble incre••• ia aiaa due to tran1fo1W11tion of 
the .. ta1tabla pha••• formed on 1olidif ication. ZA27 
ca1tin1• can be 1tabilised vith •• inaspa111i•e heat 
treac .. nt b1fore ••rYice but thi• i• llOt u1ually 
con•idered nac••••rJ• 
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OtMr propertiH of tlile allOJ• ha .. Hea 
estn1i .. 11 reHarc_. a .. -rlt ia coati-i11&• 0-
•tahle cur1eterietic ia that ZAI a .. ZAU .... t 
eshibit '•parlliac'. n. prOllKtioa of a aparlt ..... . 
aluaiai .. all011 are atn1ek with other .. terial1 
precl .. •• their ... ia haur•oa• areH. C.1tiaa• ia 
ZAI ... ZA12 are carrentlJ ia nrwice oa petrol 
taakera ... ia coal aine1 a1 alteraati .. 1 to calt 
iroa or coppe~aa.4 •llOJ•• 

Amotller iaportut attractioa i1 that the 
ZA all011 hawe walue1 for patter ... ker1' ahrinltaa• 
which are wary close to tho.a for alaaiaiua- a .. 
copFer-h .... allOJ•• thi1 frequeatlJ allows 
ZA caatia,a to he aade froa pattera equipaeat or die1 
•••iaaed !or oth•r .. teriala. the use of esiatia1 
die• to .... llO"-a~arkiaa caati•1• opena a ..... rket 
for ... , prOlluctr prewioaalJ unacceptable to IAS££FA 
or tM Watioaal Coal loard. SiailarlJ, ca•t iroa or 
copper-llaaed ca..-at1 are reaclilJ coa•ertecl to 
ZA allOJ vith coaai•erable •••iqa ia co1t sad .. &,ht 
while retaiaia1 aoa-aparkiaa characteriatica. 

Coaai•erahle research Ila• lleea carried out to 
cleteraiae opti ... .achiai111 coaditioaa sad tool 
•••ian for ZA allOJ•• The allo1• coapare fa•oaroblJ 
vith other aon-ferrou1 allOJ• •• re1arcl1 aachiaecl 
clulracteriatic• anll ao1t operatioaa can lie carried 
out at hi&h apeed, 1i•i111 a clean, aaooth fiaiah. 

•i,~-apeecl steel tool• are adequate for .aoat 
operati011a bat prea1ure diecaotia11 haw• • toa&h 
'1kia' of .. tol, vith • fiae 1rain atructure which 
iacr••••• tool .,.ar, ... carbidr-tippecl tools h••• 
Ileen aaed to a••nto1• oo occHioaa. tooll 1hould 
1enerall7 ha•• larae flute• to clear vaate, hi&h rake 
ancl clearaaca anal••, with 1harp cuttin1 ••1•• to 
reduce friction and prneat 1allia1. Copious 
qaaatiriea of water-baaed c11ttin1 flaicla are atron1lJ 
recCllll9eftdecl for all operation• anll •rill• aboulcl lie 
frequeatlJ withdrawn when c11ttin1 deep hole• to allow 
lubricant to reach the cuccia1 aurf1ee anll cool the 
drill tip. 

'nte .. •therins of aiac ollOJ•, for.ins • P•••ive 
107er OD the .. tol surface which iahibica further 
attack, h•• lleea e•ploited for .. "1 Je•r• in rolled 
roofi1t1 aheeta and 1•l•aaiain1. 'nl• corroaion 
reaiacance of ZA allOJ•, lleina eiailar to the 
traclitioaal sine preaeure dieca1ti•1 .. terial• and 
aluainiua allOJ•, ia adequate for aoac ataoapheric 
•••iro...nc1. llove•er, th• •••ilabilitJ of sine 
onocliaiaa encl ocher protecti•• finiahe• estend• rheir 
use to •11ra1ai•e .. rine conclitioaa such •• on oil 
platforae. 
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llaat of ti.. fiaiahiaa proc••••• aa.4 for simc 

all•J preaaare •iecaatiaa• are eq .. 111 applicable to 
ZAI, ZA12 ... ZA27. for •il• corroaioa protectioa a 
ai.,le chr ... t• •ip ia aaaallJ .. eq.ate. thia ia 
oft•• .. ed •• a prr-trealtenlt llefore paiatiaa. 
Creater protectioa ia ai .. a hJ &iac aeodi&i11&, ia 
which a c..,les osi .. coatiq ia hailt ap 
electrol1ticellJ oo the caati... the oli•e-areea 
coatias ia re1iataat to ahra1ioa •• accepu paiat 
reedilJ. 

ZA caati•a• are icleallJ aaitecl to .... ra paiata 
aad lacquers, prowidecl theJ are correctlJ cleaaecl aad 
prrtnlted. Powder coatia1• (baaed oa epo&J re1ia1 
aacl polJHten) .. , he aaecl, llut care ahoalcl he takea 
to aoaitor curi111 teaperaturea (eapeciallJ whoa 
procea•i11& preaaure clieca1ti•1•> to awoicl bliateriq 
aacl other detriaeatal theraal effecto oo the cani111. 

Care ia also .. ec1et1 vhea chroaiua plati111 
ZA •llOJ•• It i• particalarlJ iaportaot that che 
plater i1 aware of the hi&h lewela of aluaiaiua ia 
tbe caatina. ?be cleania1 proc••••• prior to pl1tia1 
caa be very a11r•••i•• co alaainiua, reeultiaa ia 
black ·-u• oa tbe aurfoce which detract fr- the 
fiaal fiaioh. 'ntia i• eapeciallJ true of ZA27 Ollll 
cOD9equeatlJ it i• aot aenerallJ rec.-..acled for 
phtiaa. Where •iaual appHl i• the priaary 
requir .... t, ZAI &i•e• escelleat reaulta. 

For .. nJ coapoaenu, the a1101• caa he .. re 
ecoaoaic tluln coat iroa, •••• thouah cast iroa ia 

"uauallJ coaai•erecl • lOONr co1t .. cerial thoo aioc. 
While this .. , he true if oalJ the •tal price i1 
taken iato accouat, it i• frequeatlJ aoc thv ca .. 
when finiahia1, rejects ancl .. chinia1 coats are 
incluclecl. CoaaequentlJ, it i• •ital to con•icler the 
total coat of prOllucin1 a coapoaeat ia each 
.. teriol. !be cloeer, repeatable tolerance• sad 
lletter fiaiah ohtainecl vith diecoetia1 imllecliat•lJ 
recluca proce11in1 coats. t11ia, coupled with the 
feater .. chiaiaa encl reclucecl reject rat•• poaaible 
with che allOJ• h•••, ia .... ca•••• cu• aochi•ina 
ti .. • bJ up to SO per ceat coapored vi~• ·eat iron. 

the lover denaitJ of ZA allo11 c•• lie deciai•• 
vh•r• .. iahc •••in1 i• •• iaportaat factor - for 
••..,l• in cars ancl aoa-aparkin1 h•ncl toola. la 
acldicion, vhea appearance or corrosion protectioa i• 
i.,ortaat, siac allOJ•• with their plated or a ... i&ed 
fiaiahoa, offer 1reater ocope to the cle•ianer thoa 
cHt iron. 

the lover .. col coet and denaiCJ of ZA allOJ1 
alao 1i•e them • c..,.ticiva ••1• owar copper-lla1ed 
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an.,.. 'IMJ u.e f~l1 re,lac .. a-tal. 
•nae _. •-· -teriala c..._ for tllair 
.... cwnei- naia~e ... -putr.i• 
pn,ertiaa. 

I& au.,. nlli•it ..-i-1•11: or a.,.rior 
pceparti•• to tlla •ruM•· tlla diai-ti• C:·f •tal 
tna~ ia tlle f__.r, 11a1,. ftlNce cutU. •fecu 
... -9liai .. pn'l-. -..n •nH baa .._ •iac•t 
ll:lla - 11:-li .. c- fr....-11:17 ...... t-
u. an.,.. ... tbe -EJ ..c• 1-r caati• 
11:..,.ratwna ~--tho life of tlle -lultlo 
..-i,..t couUoralal7. 

Ziac: allOJ• ha- beoa ,.... for ... ariJia a.rf acoa 
for •- tm. ni.ir l- -111:i111 poiat ,.u • liait 
- .,.nti111 .,... ... t .... nt•n ... tfllaJ ,.rrosm 
Mat at •i.P l ... • _. 1- ....... ZA27 nlli•iu t• 
Nit Mari111 propertia• of tho ZA lrGolP .. t ZAU. i• 
a1-oat •• ..... lotll Mw eqaall .. or hrpa• ... tlla 
life ~taacJ of c..,,.r-buool plaia ... rillt• i• tlle 
- .,,lic.ati-. 

'!ho coat NwiJiaa _.e ,..•iblo '1 ui111 si8c 
iute .. of c.,,.r-Na .. Mariq• _..little 
..,lificati• .. t farther c ... idorati ...... ld ho 
1iweo to eliaiuti.as ....... altopther. Dai-. o;~ 
caatias it .. lf aa aa iatesral Marias •awe• tbe 
.,.rati• of iuertias the ....... at the •- tm 
~• aa iaterface which caa trap a fila of 
lalfricaat ... r .. trict the beat fl- fr• the Marias 
••rfaca iato tlla ca•tiq. 

Ia seaaral. ZA all071 caa replace alaaiaiaa 
allOJ coapoaeat• vllata tllair aoa-•parkia1 
cbaracteri•tic• are requir .. , par•i•taat prolll ... 
vitll aachiaias or poroait7 an eac-t•r .. , or • 
c..,....t ha• iuufficiaat atraasth aad c-t t.a 
r .. ••isee'. Althou&h coaaiderably 1troasar thaa 
alaaiaiaa alloy•, the ZA al107• la-• tvica the 
daa•ity. Tlai• clearly iaflaaac•• tlaa co•t of ..., 
c..,....t, awn when the -isht paaalty ia 
irralevaat. Whoa a c~t h Mias •••is-a' ia • 
ZA •llOJ, adwaatq• .. Y H takaa of iu lai11t atreasth 
to reduce •octioa tlaickllo•a ... hence -isllt. ?bi• 
i• particularly •o ia pn1aura diaca•tias whan 
thia-vall siac ca.tins• er• c~laca. 

Tlaa prolllea-•olvins role of ZA llloy• i• prowias 
waluabla to de•isaer• u1ia1 1laaiaiaa allOJ 
ca•ti•&•· ?laa ability to u•a axi•ti111 diaa ... 
patteraa vith aiaiaal aodificatioa to produce 
caatias• of • vary auch hi1har •traastla aad iatasrity 
ha• ollvi ... attractioaa. Tool• aad dlaa la•t looser 
tbaa ...._ u ... vitla aluaiaiua allOJ• or bra••, 1iaca 
they an operated at l-•r taaparaturaa, aad 
ZA allOJ• aahibit - of the probl- vith sa• 
pick-up aad hard •pota which ca• occur ia al·•iaiaa 
alloy caatias•• !vau apart fr• hard iaclui.oaa, 
lluaiai• a11071 caa H troubl••- to ..chi•, 
pickins up or 1allia1 oa the tool. Providia1 the 
correct 1uidaliaa1 are foll_., ZA al1071 caa be 
faec _. uay to .. chiaa. 

ZA ca1tia11 .. y alao t.a attractive altaraativOI 
to .,., f .. ricated aulti-parc a11a.blia1. 11aDJ 
fabricaci ... have already baaa replaced '1 pra11ura 
diaca1ti111• ia ch41! tra4itional siac a11071 aad tM 
1transth available fr• ZA 11101• offer• tlla 
... iaaarias da•isaar avaa .. ra 1copa. 

Choodag the aepropriata ZA alloy 

It i1 important whca •alacti111 • ZA alloy to 
decide ax.ccly what coabiaatioa of propartiaa i1 
raquir .. a• tha critical factor• are aot alv111 
clear. The iaporcanca of the hish •tr.nsth of 
ZA27 •i1ht ._ li•itad '1 it1 abilitJ to fa .. • 
difficult 1h•pa or the fact that tha alloy ca11110t be 
uead uadaqround. liai1arl11 a dHi1n ca" ba .. re 
ac011C111ical ia ZA27 than ZAl2 bacau1a of the 
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diffanace ia .... ity .. t tllan aay ... a rqai~t 
for cl1raai- plati .. •icll c-1• ... to tlla c .. t aa 
epacial trutaaatl an ~ir... 111• foll-i .. 
•-EJ aay prowe _,_l u • pMral pida: 

De•i.a-a<I for plati .. 11.t alao ... 1ood t ... ila 
... creep 1tra91th bu,.rior to ISl~ alloy•). Cool 
di_i_l 1tabilitJ. lloe-aparlr.iq, llaace .. icable 
for laa&aL._. applicati-. lot c.._..r diac:aatias 
•ke.• tlla ac-.ica of Ilia' -1- p.-o4ucti-
attn cti-• 

ZA12 

1 .. t 1.-ral parpoea allOJ aa it caabiaea lliah 
•treasth aad creep reaiataaca vitb 1ood platias 
propartie•. !aaiar to ca1t thaa ZA27, thua preferred -..n •hriakasa c-ld M a problea. !acellaat 
bearias aDd -ar propartie•. lloe-•parki111, heaca 
••itabla for ba&a~ applicati .... 

U27 

Bi1ba1t 1tra111th, hari-H aad creep re•i•tauce 
... li1htelt allOJ i• the sr-p. llay .. laaat treat .. 
<• ...... 1rawity diacaati1111) to iacreaae 
doctility. 1 .. t baarias aad war propertiee. Only 
fair for chraaiaa platias. (?Ilia article va1 fir1t 
pabli1had ia E.j'i ... riag ttya&iDa, Load_, 
Sapt_..r 1915 

Zalutita &iac aad alaaiai .. alloy coated ateal 

llev ulutita i• ateel hot-dip coated vith aa 
allo7 coapo•ecl pri.8arily of siac aad aluaiai .. (by 
.. isbt 55 par coat Al, 43.5 par coat Za, 
1.5 par cnt Sil, aivias eahallc:ed corroaioa 
ra1i1taace ... 1alvaaic protactioa at cut .. , ••• 

Zalutita'• coati111 re•i•t• atao1pheric corro1iot1 
fr- t- co f-r tim• H af factivaly H coawaational 
hot-dip &iac coatio11 of equal thickaa11. Zalutita 
re•i•t• heat, osidatio~ aad di•colouratioa up to 
315oC, ... i• baat-raflacciwa. 

the 1- denaity coatias 1iva• aa iacr11ed 
•urfaca area per toa compared vith c-veatioaal BDG. 
The •urfaca pattern i1 ••pacially attractive, aad i1 
alao eaay to paint. 

Zalutita caa ba fabricated u•in1 .. chod1 1i•ilar 
to tho•• .... with coatiauou•lJ anaaalad hot-dip sine 
coated •teal, ind joiaad u•i•1 ao•t coavaatioaal 
tachaiqu•• tosathar vitb optiaua joiaia1 procadura1. 
aac .... adatioaa for foraia1, fabricatia1 ... joi•ias 
are 1i••• ia the Zalutita Tachaical llaaual, available 
froa Sala• Proaotioa Dept, ISC Strip Kill Product•, 
P.O. lox 10, levport, Cvaat 1'9 0111. (Thi• article 
1ppaarad firlt ia !114iaearia1 1 July/Au1u•t 1986) 

CriH/Dyllac:alC Olav lochalla, llY, USA) caa -
fabricate praci•i- coapoDOatl fr .. • siac-aluai~ 
•lloy ueiq • hot clulabar ca1tia1 procaH, • 
davelopaaat that caa reduce the co1t of fabricatia1 
hi1h parforuaca c...-au bJ 50-75 par caat. GriH 
i1 pradictia1 that it• lt-1lida ca1ti•1 proca11 vill 
'revolutionise' the VIJ th••• type• of c...-nc1 are 
fabric1t... the proca•• i1 the r11ult of a It-year 
raHarch proar- coaduct .. '1 Gria• •ad the Norand• 
la1aarch Canter (Moatraal, Quebec). Gri•• 1aid that 
• ZA-27 alloy, a aistura of 27 par enc 1luaiaium alld 
73 par caat sine, ha• baaa fabric1tad for the fir1t 
ti., io • hi11t-1paad hot chamll9r die c11ti•1 
uchiaa. The taaaila 1traa1th of ZA-27, 64,000 pli 
ia • thia vall ca1tia1 1 i1 equal to IA& 1011 cold 
rolled •teal. The &inc allOJ i1 1troa1ar, harder ead 
43 par cent lipcar than IAI 660 broasa, and it haa a 
10,000 pai creep 1tr1n1th. (lourca; Aa Ktl tlkt, 
13 January 1986, P• 17) 
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•ippoa Lishl:: Metal Co •• Lt•.• ua •••el .... • 
al .. iai..-ailicoa alloy tlllich i• hish ia etreaath ... 
••r••i,,. rw•i•t•ece. 

Tiie con .. atianal al .. iai..-•ilicoa all07 had 
little 11ee.._ical •tr ... th ... •i• aot ,.raic col• 
•rltiaa. la the MVly ••nl.,.. alloy. apecial 
-t•h "" .U .. ia ..Witi- to a1 .. iai .. and 
•i licaa, ..,. tbe alloy ie pr .. acn '1 • -ique 
cHtias ... ••trueioa -thod. There i• ao lou ia 
eltraaiYe re•i•tance, ... • •r ... tic incr«••• ia 
atreasth. it• tea8il• atrensth beiaa 4S 1ts/ .. 2 
... iu •ll-ble atreu '8ins JI 1ts/..Z, 
comparable to •araluaia, • repre ... tati~~ aircraft 
-terial. Aho, the alloy i• -re corroeioa 
reaiatant than •araluaia, ... it• lriDDel har4ne•• 
(lrianel aaaber) i• 140. 

The c1111pany hope• that the ..., alloy will Ille 
u•ed in VTla, eaaine ... camprea1or cyliader1, s••r•, 
apindlea, pulley• .... otber practical are•• of 
applicatioa. 
(lfippoa Lisht Metal Co.• Lt•. 3-S, Ciau 7-c"-, 
Chuo-l<u, Tokyo). 

(Source; ~· March 1916, p. 21) 

Silicon carbide whisker reinforced aluaiai .. alloy 
compoute 

Mitaubi1hi Al .. iniua Co., Ltd •• ha• de•eloped a 
new co.poaite .. terial called •CEIAAL• that i1 an 
aluaiaiua alloy which bee beea reinforced by 1ilicoa 
carbioe vhi1ker1. Mit1ubi1hi haa aov besaa .. rketin& 
automobile and aircraft related • ..,1ea. 

The .. nufacturin& proce11 in•ol••• .. ki•& a 
prefora body for the SiC vhi1ker1, placin& the body 
in the 110uld and pouriac 110ltea aluaiaiua·iato it. A 
preaaure of 1,000 at1101pherea i• applied aD<I the 
110lten aluminium alloy then i.,re1nate1 the 
preforaiac 110uld and i1 allowed to 1olidify. A hi&h 
pre11ure ca•tias pre•• enable• the .. nufacture of 
200-.. dia. billet• for eatru1ioa. lbe1e compo1ite 
billet• are u1ed to aupply eatru1ioa .. terial 1aaple• 
for .. ,. production .. chinery cOtlYentioaally u1ed for 
the eatruaion of alu.iai .. alloy•. 

The characteri1tic1 of the compo1ita .. carial 
are 1uch that it ha• 1tren1th at aol'9al temperature•, 
heat re•i1t1nce C1tren&th at hi&h c..,.rature1), a 
Youns'• Modula• and vear ra1i1tance that are all 
•i&nif ic•ntly hicher than tho•• of ... tria 
.. teri1l. There i• al•o • reduced coefficient in 
the19al aapan1ioa. lb••• char•ctari1tic1 are altered 
with the ...,..nt (yf) of vhi1ker1 ieclucled, 

In the c••• of eatru•i~n .. cerial data for the 
6061, the coapo•ite reinforced alloy with 
16 per cant SiC vhi1ker1 ha• a 1trea1th of l.S ti .. • 
It room te911eratura and three ti.me• the 1trength at 
%00oC of .. tria alloy•, and the influence of the •f 
i1 aolC pr-unced for the Youns'• Modulua and hH • 
practically linear ralation•hip. A wf of 25 per cant 
gi••• 14,000 k&/•2 which i• •ou•l• that of .. eris 
alloy•. 
(Miuubiehi Al-iniua Co., Le•. Produce. Dewalo,..at 
Dept. 1-7, Uchikanda 1-ch ... , Clliyoda-ku, Tokyo). 

(Source; ,:!!!!2. April 1915, p. 11) 

Diffu•ed Si ltoo•t• Cr/Al caepo•ita l!!p!r•tura 
•Uiahty 

Si .. y be the aa·ver to boo•ti111 
hi1h·t..,arature etrensth of carbon f ibra alu.iniu. 
C011Poaite1. Heat i1 a probl .. becau•• the carbon 
fibre• end alu.ini,,. .. tria do no• for. • ch .. ical 
bOftd et their interface. In1te1d, hot i101t1tic 
pr•••in& (HIP) of the prefor. for.e • phy1ic1l bond ' 
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•ue to the •iffere.ce in tlleir tber.el eapaneion 
c-fficiear.e (cna). hrins tbe proce11, t.-.. r. 
Al4C3 i• foraed and it ceuae• ••terioratioa in 
the carlton fibrH. 

Daffueinc eilicoa iar.o the coapoeite euppre•••• 
Al4C3 for.er.ion. Diffu1ion i• not •• har4 •• it 
-...I•, eiece hish taiperar.ur•• cauM the Al -eris 
to ••peed. looaeninc it• ll>ond with the carbon 
fibre•. Si •iffu1e• throucb tbe loo•• interface•. 
Over time, it furtber •iffu••• alooc tbe interface• 
of the recryetallis .. -tria, and •••• iuide the 
cryetah. 

tbe proc••• i• 11-plicity iteelf. nae -tria i1 
be•ted in a •acu.. iaeide • furnace witb • quarts 
core pipe. At t...-r•ture1 ower 400oC, the Al oa 
the 1urfece of the .. cri• i1 ••pori&ed. Al-iai .. 
reecte with the Si02 that -lte• up the quarts pipe 
lo fora Alz03 ... SiO. SiO i• then reduced to Si 
•IUI Alz03 by tbe Al in the campo•ir.e. 

(Detail•: Dr. Aki8it1u Okura, le1eerch Center 
for Dewelo,..nt of Ad•anc .. Material•, lnelitute of 
lnclu•trial Scieece, Uni•ereity of Tokyo, 22-1, 
lopponai, 7 Cb-, Minato-ka, Tokyo 106, Japan.) 
(Source: Bish-Tech Material• Alert, October 191S, 
P• 6) 

A nev •••tare io aluainiu. compoeitee 

Aleen Aluainiua plan• to puah .. tal .. tria 
C091p01ire1 beeed on technology it ha• acquired fr .. 
Science Application• loternational (San Dieco). The 
know-how relate• to the .. aufacture of 
1ilicoa-carbide-reinforced alU8iniU8 (SiC-Al). 
SiC-Al i• • coapoaile .. terial that offera •d•ant•ce• 
ower con•eotional al-iai ... elloy•. 1171 Alcaa, 
notably in ehovinc areater 1trea1th and 1tiffae11 at 
noraal •nd bigh t.-perature1. The .. terial i1 al10 
••id to eahibit increa1ed veer re1i•t1ace ancl 
controlled theraal eapan1ion. Alcan plan• to produce 
the aev .. terial in nearly fini•bed •hape c••tin&•, 
a1 well •• in billet• for eatru•ion, forcias and 
rolliaa. (Source: Cheaical Week, 21 May 1916, F• 40) 

Pvttiaa 80re auecle in aluaiaiua allo11 

A new aeoer•tion of 1lumiai ... alloy• deliwer• •• 
out•ta:wlins cllllbinatioa of •treagth, corroaion 
re1i1tance, and fracture toushne11. The1e 1uperior 
perfor.er1 •re povder-.etallur1y elloy1, ba1ed on 
adwaaced rapid-aolidification techaolo11• 

The baei1 for the new 1lloy 1y•t .. , called 
wrought PK allo~•. i• the rapid-aolidification 
prG~e••· (The tar. "wrought l'lf' i1 u1ed lo 
di1tin1ui•h thia technolo&y fr09 con•entional "pr••• 
•nd •inter" PM t•chnnloay.) Twenty year• of 
re•••rch, .uc:h of it conducted at Alcoa'• le•earch 
Centre, are behind the de•elo.-nt and fabrication 
proc•••e• that produce th••• •t•te-of•the-art 
aluainiua alloya. 

Production of vrouaht PM alloy• be1ia1 with 
prealloyed alll8iniU8, which i1 air-at08i&ed fr .. the 
110lt•g atate. Thi• c1u1e1 it to cool at to" 
to 10 dear••• Cel1iu• per •econd, about 
l,000 time• fa1tar than i• pc.11ibla by ingot 
..talluray or direct-chill .. thoda. lapid 
1olidificatioa allow• the .oltan alloyin& insradieat• 
to r ... ia in .. calluraical 1olution di1per1ed 
IM>-...01enaou1ly throu1hout the alloy. Thi• type of 
di1par1ion i• aot po11ible in alloy• cooled by th• 
coaweational .. thod1. 

The 1lU11iniU9 alloyed povcler i• then cold 
i101t1tically pre11ad t~ approai•ataly 70 per cent 
den1ity, •1cuue preheated, and pr••••d into billet• 
of 100 per cent dea1ity. Billet• can then be 
fabricated u•in1 conventional forsing, aatru1ion, or 
rollin& tachniqu••· 



tbe coebination of rapid •olidification and 
full-deaaity con•olidation pro•idea tbe aluaiaiua 
vroaaht PM alloya vith high static and fatisue 
atrenstha, etcelleat re•iatance to •xfoliation and 
stres~-corroaion crackias, and atrensth/fracture 
toushneaa relatioa•hipa 1uperior to 809t 7XXX-1eriea 
ina~t-..tallursy alloy•. 

Farther in the future an Ptt •tal-.atrix 
compoait••· 1bese .. teriala, vith PM al11111iniua 
alloy• aerYiag aa the .. trix and ailicoa carbide a• 
the reinforce.at .. terial, haYe certain propertie• 
that an auperior to thoae o! both con•entional and 
PM aluaini11111 alloys. 1beae haYe the potential for 
.uch higher atiffnes•, aloas vith i11pro•e.nta in 
•trensth, fatigue, and wear resi1tance. The 
aear-ten1 objecti•e is to de•~lop metal-.atrix 
coapo•ites ha•ing denaitiea near thoae of al11111iniua 
and vith u•able strength• of 115,000 p•i or higher. 
(Extracted from Machine Design, 12 January 1984, 
pp. 125-129, article written by Robert K. Crah .. , 
Project Manager, Wrought P/M Alloy•, Aluainiua 
Collpaay of America, Pittabursh, PA) 

Shaping up vith aluainiUll extrusiona 

Aluaini11111 extruaiona are suitable for 
engiaeerina application• fr111a houaeho\d good• to 
space tra•el. The properties of thia metal and 
the ability of the extrusion proces• to pro•ide 
cheap and elegant design aolutiona .. ke thi• 
poHible. 

Pure aluainiua is quite soft. Kovever, by 
adding s .. 11 percentage• of other ele.nta, it ia 
possible to fon1 alloys vith videly differing 
characteristics. In all there are 17 alloy• in the 
IS 1474 extru1ions serie•, plus other• in related 
aircraft specifications. For mo1t engineering 
purposes, the .. in choice it the Al/Mg/Si group. 
These alloys provide strength comparable to •ild 
stee:, coupled with ea•• of production, ease of 
forming and welding and good surface finishing and 
weathering characteristics. The1e 'vork-horse' 
alloys are knovn a• IS 6063 and 6082, (Previoualy 
called KE 9 and H£ 30.) 

It is the combination of the basic properties of 
aluminium and its variou• alloy• plus the shape 
possibilities offered ty extrusion that •ake an 
alU111inium extrusion such an exciting vehicle for 
designer• to u1e. One-third the den1ity of steel, 
the metal has high strength, good appearance, and 
offers high chemic•l and weather re1i1tance. Good 
thermal and electrical conductivity are properties 
that are also exploited. 

lleducing .. chining 

The first criterion in designing a •hape for an 
•lu•inium extrusion i1 to re..-ber rhac the 
restrictions applied with steel need not apply. As a 
general principle, metal need only be included in an 
extrusion de1ign where it is actually needed. In the 
building ;ector, the u1e of alu•inium extru1ion1 for 
vindov frame1 hH revolutionized the replace-at 
window industry. It is also used extensively for 
c-rcial vehicles, railway pa11e"•~• .;oaches and 
aircraft c-ponencs. In th.;se applications, it is 
the lighcne11 of the •etal plus the natural 
durability of aluminium in it• 'as produced' natural 
finfoh that are so i•portant. The range of 
engineering u1e• is endless. Heat exchangers, 
applitnce cri•, ladders, •ports equipment and .. chine 
part• are just some exa•ple1. 

The electronics and computer indu1trie1 •re the 
latest area1 ~here alu•inium extru1ion1 are ••king 
their •ark. In particular, co.pl•~ hollow shape• are 
being produced for a variety of ca1ing applicationa. 
Strength and electr0111agnetic screening, a1 veil •• 
inbuilt features co hold batteries and circuit 
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board•, are .. jor ed•-tegea. (Excerpt firvm en 
article 'llbich fint -• publiahed in E.qiaeering 
llaguine, Loedoa, Octoller 1915) 

Al,..ini.,. extruaioa iaduatry 

Belco Induatriea' revolutionary non-lube walking 
be .. eccentric i• for the at ... ini.,. extruaion 
induatry. Belco firat atarted out vith a h••YJ 
ah•iniua be .. to be uaed for fixed and valking. The 
be .. vill vork on lar1e prea•e• up to 3,500 ton• and 
alk.1 up to 24 ft. ride cooling bed• due to the 
aection .,.aulea and ahape deaign. Belco next 
deaigaed the eccentric holder, eccentric c .. and 
ahaft clamp aa extruded al.,.iai ... shapes. All labour 
requi~ed in Belco'• shop i• to dril• one hole in the 
•ha!t cla.., and 2 holes in the holder. Al ... ini ... 
extrusion• were choaed due to their deai1n 
flexibility and light veight and most of Belco'• 
custa.ra are extruclers. Advantages of Belco 
deaign: no lubrication required, longer life, light 
veight, double cl .. ping, good aupport on bearing•, 
easy .. intenance, eaay alignment and faater 
installation. (Source: Light Mtl, Dec...,.r 1982, 
pp. 20-22) 

~luaini ... '• path to higher qualitz 

"Premium" al ... ini ... ca•ting• are conaistencly 
being produced aa foundryaen, •ore and more, utilize 
grain refine .. nt, thermal analysis, dega•sing and 
filt~acion technology. Exceptional ca•ting quality 
is no longer a luxury out ~ require .. nt of .. ny 
casting buyers. A recent AFS/Cl'.! International 
Holte~ Aluaini ... Proces•ing Conference provided an 
update on procesaing technique• for producing high 
quality aluaiai ... caatinga. 

With the advent of improved .. it :esting 
equipment, aluminiua foundryaen have found it 
poasible to produce hig! quality, •ore cons.atenc 
alu•inium caatings. Pio r• in the alU1DiniU111 
casting• busine11 have ser. the precedence for current 
quality control experi .. nts. Newly developed sand 
binders have i•proved the ability to hold closer 
dimen1iona, •ini•ize aand reaction• and increaae 
productivity. 

"Use of heat Creating equipment i•provement1, 
quenchant• to minimize distortion ard reduce residual 
strea1e1 and coaputerized heating and cooling cycle• 
have all added co the knovledge in producing more 
consistent caat confiauraciona." 

Theae quality aluminiuc caacings are first 
determined by the proper con1ticution of the melt, 
prior co casting. Aa I. Lee Tuttle, CHI 
Engineerin& ' Management Institute, explained: 
"Since the mechanical and physical propertiu of a 
casting alloy are de~ermined by the microstructure, 
not the chemical composition, quality can only be 
produced when the .. it constitution is properly 
controlled." 

Tuttle definu ..elt con1titution as "the 
cuaulacive effect of the reaction of the molten .. tal 
with it• .. 1cina environment durina the entire 
•eltin11 cycle". Con11quencly, the as-..elted 
constitution of • knovn heat of inaot will change 
from day co day. 

"The foundry .. n .llUIC e•ploy molten •etal proceH 
co1.trol technique• co 0110nicor the che•ical 
compo11t1on, gas levels, solid inclu1ion level1, 
l'DOlten metal te•peracure, nucleation potential and 
modification pocenti•l of the molten .. cal durin& the 
1Hltina cycle," explain• Tuttle. 

"It should be further recoanized that the need 
for many of the•• molten .. cal proce1sing creac .. nt• 
depends on the structure of th• charge materials and 
the cyne of ,..icing furnace ••ployed," Tuttle added. 



The •tnactural charact~ri•tic• of the pha•e• in 
1a at ... ini,.. caatina alloy are e•tabliahed by the 
t•nner in which the CHtiqa are poured. '"the 
atnipulation of any one of the •tru~tural 
chu•:~eriltic• can pro•ide ai1nificant cbaftlH in 
the .. chaaical and playaical propertiea of a caatins 
alloy.• 

Molten metal proc•••in1 techni4U•• - which 
include de1•••in1, deoaidi&ia1, pur1ins, fluaia1, 
filterin1, controllins their.al cyclea, iaoculatias 
and llOdifyin1 - all- foundry.en to produce 
coa1iatent quality al ... iaium ca1tin&•· 

Grain refine .. nt 

Ir. at ... ini ... caatiaa .. tallurlJ', the proceaa of 
1rain refinement i• control of the 1raia ai&e of the 
cryatalliain& pri .. ry al ... ini,.. pha1e durina 
aolidification, accordins to Tuttle. 'lbree diatinct 
.. tallur1ic1l ~eaction1 are required to aehie•e 
proper 1rain tefinement: conatitutioa control; 
nucleation control; and ar-th reatrictioa control. 

"Only vhen the foundryiun hae achie•ed 
re1ulation of each atage in the grain refinement 
proce•• can a unifona and conaiatent •icroatructure 
be obtained in an al ... inium caatina alloy," Tuttle 
H:plained. 

The grain refine .. nt of al ... iniue caatina alloy• 
haa found videapread c01111ercial application. 
Geoffrey Sigworth, Cabot Corp., noted that •the 
pri .. ry benefit of grain refin ... nt, in aioat ca•e•, 
i• an impro•e.ent in the a.aunt and diatribution of 
poro•ity in alloy• which tend to for. •icroporo1ity. 
Aa a re1ult, there i• a •ignificant iaprov ... nt in 
.. chanical propertie1, e1pecially under fa~igue 
loading". Si1vorth added that "it i• ahc:. probable 
that grain refir.e.ent affect• the for..tio~ of 
ahrinkage Yoid1 by i•pro•ing feedin& of the ca1ting, 
but no definite atudy ha• been .. de of th~ affect". 

Procedure• a•ailable to .eaaure arain aise 
include: average intercept diatance; calculated 
aver•&• diaaeter; ASTM 1rain aiae nuaber; and 
grain• per unit area. Several teat1 have been 
developed to determine 1rain •iae. The1e include the 
Alco1 chill tea. be Reynold'• "1olf tee" te1t, the 
Alcan "conical -.~'d" tut and the 11:11 "rin1 te1t". 

Si1worth di1cu11ed tarbnique1 developt!d to 
induce 1r1in refinement. One i1 vibration or 
1tirring of liquid aet1l in the aould, which vill 
bre1k 1olid al ... iniua dendrite• into ... 11er piece• 
when the coating i• partially 1olidifiad. Proper 
1tirring can eli•inate unde1irable centerlioe 
1egration and change the non-aetallic oaidea. 
"However," he Hid, "1tirrin1 it juet be&innin& to be 
uaed c~ercially to .. ke concaat ateal and vould not 
yet appear to be uadul to the al ... ini- foundry.an". 

Another aethod of inducin& 1rain ref ia ... at i1 
vith the u1e of 1rain refinin1 aalt1, ?be 1alt1 1 

active in1redient1 react vith aoltan al-iniua to 
rele1ae tit1niua (Ti) end boron (I). Ti-Al3 and/or 
Yariou• boride particle• are foraed in the aelt and 
act 11 heteroaeneou• nuclei for the foraetion of 
1olid pri .. ry alu•iniua cry1tal1, accordio& to 
Sisvorth. "Salt• can produce aacallent refioaaent, 
but offer 1ev1ral di1advanta1e1: they ire 
hygro1copic and, unl111 1tored ••ry carefully, vill 
r1l111e aoi1tur• into th• .. it; thay .. Y produce 1 
corro1iv1 fume, which i• irrit1ting to per1onn1l and 
har11ful to equiraant; they react vith llOdifiar1, 
1odi- (Na) and 1trontiua (Sr), pre11nt in Al-Ii 
alloy1, perhap• cau1in1 a loa• of aodification; and 
the reaction and 1ffic1cy of the 1alt1 i1 11n1itiv1 
to te•p•ratur• and 1tirring pre11nt in the aelt and 
racovery of Ti and I i1 not alway• pradiccable," 
lisworth Hid. 
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Th• .. ditioa of Al-Ti-I .. ater alloy• ia another 
va1 ot inducins 1rain refinement. Grain refieer 
... ter alloy• are .. de by raactiaa aalta vith 
aluminium under coatrolled condition•, ao that •n 
alU9i•i,.. allOJ rich in aicroacopic alueinide and 
boride particlH ia produced. '"The bait all round 
performance vaa found to be at a -•ter alloy 
coapo•ition h••ins a unit Ti:I ratio and a new 
Al-Ti-lll alloy ha• been developed apecifically for 
al ... iai ... c .. tina alloya,• Siawortb aaid. 

Sisvortb noted that 1raio refi-nt UJ 
favorablJ alter a caatins'• .. chanical propertiea. 
lie outlined tbe poaaible affect• tlaat a arain refiner 
bH on a cHtins by: chanaiq tbe -nt or 
di1tribution {or aise di1tribution) of aicroporo1ity 
in the cHtias; chanains tbe faadin1 of tbe cHtin1 
and location of 1briaka1e voida; cban1in1 the 1bape, 
aiae or diatribution of brittle aecond-pha1e 
intenaetallica; decreaain& the diatance between 
eutectic boundarie• and thereby reducing the 
aolution tiae prior to a1in1; and chancing the 
di•tributioa of atraaa aaona 1raina durin1 plaatic 
ddorution. 

"It ahould be 1tated that ve have excluded the 
aoat iaportant factor i~ atructural control: the 
cooling rat• of the alloy duriac aolidification. 
Loverina the ca1tin1 teaperature, placiaa • chill in 
the ca1tin1, coolin& the mould or uain1 conducti•e 
aould coating• all tend to reduce the 1rain 1ise vith 
draaatic effect on aechaoical propertie1. However, 
aoat of the change ia tenaile atren&th ia not due to 
the chanae in grain 1i&e, per •e, but to a decrea1e 
in the aecoadary dendrite arm apacin& (DAS),• 
Si1worth noted. 

the .. jor benefit of 1rain ref ine .. nt aeeas to 
be ., i•proveaent in the di•tr.ibution of poroaity and 
ahrinkage in a caatin&• "Poro1ity ia found .. inly 
between 1rain1 (not vithin tbe dendrite araa) and the 
total boundary a1ea i• chanced areatly by 
refieaent." Siavorth aaid. 

Carl Va1a, ran1teel/Wellaan Dyna•ica, provided 
re•ultl of a atudy indicatio& that the nav Ti-I 1rain 
refiner 1ive1 out1tandin1 re1ulta in 1lovin1 the fade 
rate of effective 1rain refineaent. Va•• concluded 
that "the uae of JlTi-311 ia aoat advantaseoua. Thi• 
arain refiner provided th• longe1t laatin& effective 
&rain refineaent and could be uaed in both batch and 
continuou1 aelting applicatioH". He added that thi1 
crain refiner vill e•entually allow th• Ti to 11ttle 
out, but with 1uller addition• (lover Ti levela), 
th• Ti doe• not appear to aettle out •• fa1t. 

Finally, Yau' ttudy 1ugge1t1 that "it ia not 
the level of titanium in the •alt or the 1ise of the 
addition vhich ao•t affect• the aechanical properti11 
or 1rain 1iae but po11ibly anothr.r factor not 
inveatigated in thi1 1tudy, 1uch •• ti.Irina of the 
addition". 

Thenaal analy1i1 

"Correct cheai1try alone will not produce 
quality caeti:;ia1," stated Tboau Acklin, Phillip• 
fouadry, 111e. Acklin noted tha tranafer of their.al 
analy1ia froa the laboratory to the foundry floor •• 
the eo1t i•portant iaprova .. n: in the iadu1try during 
the pa1t decade. "The ability to c1011ly control 
arain 1iaa and 1hape i1 one of .. ;or importance and 1 
&iant •tap forward in th• ability to control or 1olv1 
n-•rou• calling problua on the foundry floor." 

The u•• of thenaal analy1ia •• a proc111 control 
tool can allov fouodryaan to con1i1t1ntly produce 
quality caatin¥•• "It can help o•arc- c11tin1 
probl••• of incon1i1teacy of 1rain 1ia1, 1hrinkag1, 
1ub1urface poro1ity, .. chanic1l and phy1ical property 
deficienciu," Acklin Hid. 



.. oded that OYer-Ttfi-t of 1raia• ia 
uaaeceHary aacl azpeaai-. but c:aa be c:oatrollecl by 
the,...l aaalyaia. Another beaafit of thermal 
aaalyaia ia it• ability to detenaiae the ailic:oa 
eutectic: pbaae ia -ltea ahaiai... Kany of the 
fac:tora illprowecl by 1raia refinement are alao 
illproftcl by ailicoa eutectic -4ificatioa. Acklin 
_t ... 

•ta .. ny c••••• grain refinement in cClllbiaatioa 
vitb -4if icatioa vill dr ... tically impro- ca•ting 
quality. In addition to ill{'ro-4 -chanical and 
phy•ical propertie• and 1reatly imprOYecl feeding 
characteri•tic•. an increaaecl ability to ha,,. 
con•i•tent pre••ure tightne•• ia noted.• Acklin 
••id. Addition..! beaafit• of •ilicon eutectic 
-4ification include a quicker re•ponae to beat treat 
and a -n coaaiatent caating quality. 

Proce••in& wariable• 

The effect of proce••ing •ariablea on the grain 
refinement and eutectic -4if ication of Al-Si foundry 
alloy• vaa diacu••ecl by D. Ape!ian and 
.J. Allen Cheng. Dreul Uniwenity. The type• of 
... tar all0f8 u•ed. the lewel• of Ti and I in tbe 
.. it. the lewel of Sr. cooling rate. etc •• are all 
proce••ing wariable• vbicb can affect caating 
quality. (Their atudy vH liaitecl to A444 and A356 
al .. ini ... alloy•.) 

"The effect and interaction of proce••ina 
••riablea vhich hawe a .. jor influence on the ca•t 
alU8ini .. •tructure are: the choice and amount of 
.. •ter alloy u•ed to 1rain refine; the amount of Sr 
added to the .. it; the 90uld in which the .. it ia 
pourecl; casting cooling rate; and the pre•ence and 
&80Unt of alloying el.-enta, 8UCh 88 Copper (C~) and 
iron (Fe).• according to Apelian and Cheng. 

"C011Paring the 1rain refinin1 re•pon•e of 
Al-5Ti, Al-5Ti-0.21 and Al-5Ti-ll .. 1ter ~lloy•, the 
latter i• the 1108t potent. loth the alU8inide and 
boride nucleant• play a role in the &rain refin ... nt 
of Al-Si alloy•. Further80re. the role of boron i1 
critical and extr ... ly beneficial." Apelian and Chen1 
noted; 

Other conclu1ion1 fro. their 1tudy include: tha 
presence of Sr doe• not inf luen:e the srain 
refine .. nt of Al-Si foundry alloy1; alloying 
element• Cu and Fe do not effect 1r1in refinement; 
and if the melt i1 not srain refined, the cooling 
rate will influence the re•ultant grain 1ize of the 
ca1tin1. Rish cooling rate• give ri•• to ... 11 grain 
1ize1 and •• the melt ia srain refined, the coolins 
rate will not influence the re1ultant srain 1ize of 
the cHtins. 

Pri .. ry 1ilicon refinement 

Hypereutectic Al-Si alloy• with 1ilicon content• 
in the ranee 15-35 per cent po••••• sood wear 
re1i1tant propertie1, 1aid Dr. Allen Cle11, 
Univer1ity of Technolosy, Lou1hborou1h, !nsland. "It 
i1 c01911Dnly believed that the weir char1ctari1tic1 
and tU!chinability 7f the hyper1utectic 1lloya are 
improved when the 1ilicon polyhedr• •re •••11 in 1ize 
end unifonaly di1tributed throushout the ca1t 
1tructure," Cle11 1aid. 

The wear re1i1tance of the hypereutectic Al-Si 
alloy• i1 dependent upon tha 1ilicon content, 
accordins to Clegs. "The hisher the 1ilicon content 
the greater the re1i1tanca of the alloy to wear. 
However, a hi&h 1ilicon content, in the rans• of 
25-40 per cent, pra1ent1 .. nufacturins probla•• both 
durins ca1tin~ (due to feeding difficultia1) and in 
.. chining (due to ncauivaly hi&h tool wear)," ha 
added. 
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Eaperiaental reaulta abov that aulfur prowidaa 
auperior priaary ailicoa refin ... at when comparecl 
vitb aneaic and pboapbor-copper, at a aiailar -i1bt 
percent•&• of additioc.. '"The additioa of a ... u 
a.ount of aulfur to a .. it ref inecl vitb either 
araeaic or pboapbor-copper d-• not appear to 
influence the eutectic atructure. llove,,.r, the 
decree of pri .. ry ailicon refin ... nt ia conaiderably 
illproYecl.• Cle11 aaid. 

In addition. he noted that the increa1ed rate of 
cooling producecl by a .. tal die s•nerally iocrea•e• 
the decree of priaary 1ilicon refin.-nt and fr09 the 
veer te1t re•ult• obtained. it appear• that 
•tructural -4ificatioa doe• not •isnificantly affect 
the wear re•i•tance of the bypereutectic Al-Si alloy. 

!lelt cleanline•• control 

Al1mini,..'1 natural affiaity for oxysen and the 
lar1e difference between the 1olubility of byd=o1en 
in liquid and •olid al,..ini,. pre1ent aany 
opportunitie• for potentially haraful defect• in 
caating•, •aid .Johll .Jor•tad. Reynold• Ketala Co. 

•0zide fil••• •kia or dro••• and the extr.-ly 
bard coruad,. or •pinel pha••• are potential fona• of 
oxide .. cro-inclu1iou• in alU8ini .. ca•tin&•· When 
they do occur. lar1e incluaion• deer•••• mechanical 
propertie• of ca•ting• and cau•e rapid deterioration 
to cuttin1 tool•," .Jor•tad 1aid, but "they can be 
controlled by appropriate fluzins and eki .. ins of 
melt•, by avoidin1 turbulence durins tran•fer of 
molten alloy• and durin1 normal •tirrin1 and pourins 
operation•, by avoidin1 owerheati~s of melt• and by 
applying filter• at the point of pourin1 and in 
mould•." 

.Jor1tad added that •hydrosen r ... inin1 in 
1olution in a -it at the ti .. it i• ca•t will 
precipitate •• a 80lecular ga• durin1 1olidification, 
to be trapped•• poro1ity in ca•tin1•"· Thie 
hydro1en poro•ity reduce• both the 1trength and 
ductility of a ca•tin1. detract• frOll the appearance 
of .. chined and fini•hed •urface• aad can contribute 
to leak•&• of pr•••urized ca•tin1• in •ervice. 

ln addition, he •ugge•ted the u•e of filterin1 
equipment to 1iva molten metal a final cleanin1 at 
the point of pourin1 and even in mould•. "There i• 
little rea•on indeed to experience ozide 
macro-defactl in -4ern alU8iniU8 cHtin&•·" 

Filtration •x•t ... 

While there are other proce•• .. thod1 capable of 
removin1 inclu1ion• or oxide• frOll a molten .. it, 
"the uH of filtration i• 1aiain1 in popularity 
becau•• of the ea•• of u1e, •ini .. l capital 
inve•t .. nt and 1enaral efficiency of tha proca••," 
cOllllCnted Daniel Croteke, MatCa•t A••oc. Filtration 
can provide better .. chanic•l propertie1, 
.. chinability, fluidity, electrical propertie• and 
increa•ed mould or die life. In addition, filtration 
can reduce pinhole• aad rework co1t1. 

Several filtrati~n technique• are c01111Crcially 
•vail•ble for ferrou• and noa-farrou• foundries. One 
.. thod available to 80•t aluminium ca1ter• i• a 
point-of-pour •y•t .. , vhich clean••• the .. it ac the 
la•t po••ibla point before introducins it to tha 
ca1tin1 ruaner/1hot •y•t .. , Crotake •aid. "While tha 
•y•t••• do allov • lov level of cont .. ination to 
redevelop in a faulty runner 111t .. , tha ba•ic nature 
of the proca•• allov1 a cleaner .. 1c to be produced 
than i• po11ibla with i.n-1a:a filtara," Crotaka 
explained. 

The sy1t1• 1hould be tolerant of abu•• fr09 
operator inattention or car1la1• .. intenance 



prectice1 0 lie reedil7 .. int1ineble b7 flhlOllry 
pen-eel end. fiaall7 0 the 17nee 1hoald he- e 1-
coet of opereti- thet ju1tifie1 it• aeaerel 
eppliceti- to the prodacfi- of commerciel ce1ti111•. 
eccofdias to Croteke. 

Ce1 injection pump 

Ia •eriou1 el,..ia1,.. 11107 .. 1ti111 proce11e1 for 
pri .. ry. 1econd1ry 0 diece1t 1ad foundr7 epplicati-. 
it i1 aeca11ery to c~otrol or refine ainor ello7 
i.,..ritie1, ioclu1ion1 end 1a1 C•..atent, reported 
D1•id •eff, Metaulic1 S71tee1. Or.e technique 
deweloped to enhence the up1redi111 of aolten 
al1111ini1111 quelit7 i1 the 1a1 injection pump. 

'"The 1a1 injection puap can be u1ed in 
conjunctioa vith dovn-1tre .. filtr1tion device1 u1ina 
cer1aic fo .. 1 or bonded-particle filter• to enh1nce 
filter life and further iapro•e c11t act1l qualit7," 
Neff 1aid. The 1e1 injection p,..p i• • p1tented 
device con1i1tiog of • centrifug1l aolten act•l 
puapina 171tea interph11ed vith 1•• injection. 

'"The ga1 injection puap ha1 been pre1eoted •• a 
p1rticul1rl7 useful technolo11 to reaove .. 1ne1iua 
•ad ot~er alk1li actal1 in 1ecoadar7 aluaini1111 
proce11in1 1nd to reaove h7droaeo and iaclu1ion1 in 
aluainiua foundry acltin1 0 " he added. 

Neff eaplaio~d that the 1bility to re90ve 
.. 1ne1iua froa aolten 1l1111iniua i1 .. de po11ible by 
"• favourable cheaical re1ction between .. 1ne1iua and 
chlorine". Thi1 technoloay 1cc-pli1he1 both 
de .. 11ing and de1aa1in1, vhile facilitatina inclu1ion 
reaoval through the effect• of the 1par1ina 111. 
Neff expl1ined that "the effectivene11 of thi• 
•pproach i1 a result of the ability of the hiah 
velocity jet 1tream of the aolten actal emerging froa 
the iepeller to 1he1r the incipient bubble formation 
eeerging froa the flux tube". 

Neff believe1 that the 1•• 1nJection puap'1 
•bility to circulate aetal and refine by removing 
aaanesiua i1 advanta1eou1 to • 1econdary operation or 
to 1crap reeelting in the foundry. Re added that 
"1cr1p can be •elted end purified in 1itu, vith the 
attend1nt benef it1 that forced ci~cul1tion iaprove1 
aelt r1te1, einiai&e• teaperature 1tr1:ification ind 
1reatly enhances the alloy hoao1eni11tion in the 
-lt". 

Ke noted that it i• beneficiel to couple the &•• 
injection puap proce11 in the aeltin1 or holdin1 
furnace vith other filtration 1y1tea1 eaployed, in 
orJer to facilitate lonser perforaance life. 

The uae of arain refin1r1: 

Proaotet increased prc11ur1 ti&htne11 
Reduce• hot te1r1 durin1 1olidific1rion 
Iner••••• aech1nic1l properties of he•YJ 1ection1 
Proaote1 ductility 
Reduces .. chenical f1ilur11 
Proaote1 quicker response to heat treat11Cnt 
lncre1111 feedins prop1rti11 of riser 1y1tee1 
lncr11111 .. chinability ind batter 1pp1ar1nca1 in 

anodised c11tin11 
Reduce• "-ttling" 11 111n ill l•ray 
Reduce• apparent hydro1111 poro1ity 

(Source: Tho-.• Acklin, Phillip• foundry) 

Melt d1p11in1 

Durin1 Dlltin& and Dill proc11•ins, 1lu•iniua 
1lloy1 are highly 1u1ceptibl1 to oaidation and the 
ab1orptio11 of hydrogen, reported Dr. Clegg. In order 
to produce 1luainiua c••ting• of 1cc1ptabl1 quality, 
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1111 aaid, the pra1eec:a of aluainiua oaide aad b7drog1a 
... ,t be aiaiaiaed. Daga11io1 and f iltrati
treataeat1 can achiewa thi1 objactiwa. 

llolte11 eluainiua er.a di11ol•e larae ~uantitia1 
of b7droaen; bove•er. at the teaper•tur• of 
1olidification ao1t of thi• hydrogen i1 rajactad froa 
the eolution thu1 proaotina the occurreoce of 111 
poroeit7 in the final ca1tiq. 

legardl111 of the care taken, oaide fil9a or 
particle• will be pre•ent in the .. it aad, 
con1equentl7, in t~e ca1ting in con•eotioaal .. ltins 
alld pourias practice, Cle&& 1tated. Other aource• of 
hydroaen cont .. i111ti- include: huaidit7; pra•eace 
of lubric1nt1 Oft cherae aatarial; product• of 
coabu•tioa vb111 furnace• ere fired by either c•• or 
oil; .oi1ture on tool• vhich coae1 into contact with 
the aolten 11107; aoi1ture in funuice1 and 
cruciblea; and daap fluau. 

Six des111in1 acthod1 are a•1il1ble. •atural 
de1111in1 rali11 on the relation1hip hetveen aetal 
teaperature and h7drogen 1olubilit7. •A• the 
te.,.rature of the .. 1t decraa111, ao too doe1 it1 
cap1cit7 to hold hydrosen in 1olutioo. A pr<>er111iw1 
reduction of the aelt teaperature vill therefore 
prOYide aoae desree of natural degaa1ina,• Cle&& 1aid. 

C.1 pursing prOYide• an efficient acthod of 
hydro1en reaoval by bubbling the atao1phere throush 
the .. tc. Clesg pointed out that "the efficiency of 
chi• •thod depend• upon the purgina gH eaplo7ed, 
it• purity, the furnace atao•phere alld the aethod of 
it1 introduction to the .. it". 

Another aethocl of hydrosen reaov1l i• t1b!et 
des•••ing. Thi• proce11 deg111e1 aluainiua 1lloy1 by 
pluncin1 and holdioc tablet• containing sa1-evolvin1 
1alt1 into the eelt. Chloride• of aluaioiua or zinc, 
aluaini1111 fluoride or hex1chloreth1ne are the ao1t 
cOID90n active insredients, Clegs 1aid. '"Thi1 aethocl 
do11 oat require the equipt1Cnt n1ce111ry vhen u1ing a 
purgins g11 and i• f1voured by 1 .. 11 foundries. 
However, des•••ing re1ult1 can be incon1i•teat and 
the proce•• 11aerate1 dro11." 

C:O.bined cleaning/des111ins tre1tacnt1 are 
pefonnd to •iaultaneoualy de1a• and clean the aelt. 
Sever1l in-line proce1•e1 for thi1 deg111ins eethocl 
have been developed to accoapli1h both tre1taeat1 
coac~rrent lj. 

Ultr11onic tre1taent utiliae1 ultra1onic 
•ibr1tion1 to effect the eacape of 11111 by dif fu1ion 
and co1l11cance of 1aall1r 1•• bubble1. Clecs 
eaplained that "the efficiency of thia technique 
depend• upon the alloy 1y1tea b1in1 treated and 
deg111ing of Al-Ms alloy• ia reported to be quite 
•lov. Due to the1e liaitationa, it ha• not been 
p11raued c-rcially". 

Vecuua des111ins c10 1110 provide a nuaber of 
adv1nt1se1, iacludins the 1atr1ctio11 of di11olved 
11111 throush the influence of reduced pre11ur1 on 
g11-.etal equilibria. "In the c111 of aluaiaiua 
111071, ••cuua d1sa11ing of the .. 1t1 produced 
conventionally can be conducted in apecial chaaber1 
or, if bulk proc111in1 i1 relevant, by dynaaic v1cuua 
treat .. nt", Clegg uid. Li•it1tion1 of thi1 proc111 
c1n be hi&h operating and capital co1t1. 

Mea1urin1 hydro1en 

"An ability to ae11ur1 the hydro11n 
concentration in aluaini1111 alloy .. 1t1 i1 of 
con1id1rabl1 benefit to the foundry operator •ince it 
can lead to an iaprov ... 11t in product reliability and 
quality and c1n provide financial 11vin11 in the fora 
of reduced 1cr1p r1t11, incr111ad throu&hput and 
lov.r 1n1r1y co1t1," •t•ted D. A. Kilton, Severn 

'------------------------------------- ----



Scieace Iut~nte, Ltd., Brietol, u.r.. 
Coueq-tly, an iaat~nt capable of proYidina a 
rapid qQUltitatiYe .. aeure.ent of the 1•• leYel in 
tbe .. it before the caetina operation -• deYeloped. 

•tf the pnHure allon the .. it ii reduced, then 
tbe &•• llultble• iacn••• in •iza •ad quickly reach 
free earfacH where they an ral•••ed; totel 
extractioa of the 1•• can lie achieY<d in thie 
.. naar,• accordina to Riltoa. It ie a 1•• extrection 
techniqae, coapled vith a total preeaare ••••~at 
vllich forwie the ba4i• of the iaatrci.eot de•ian· 

Another .. thocl of hydrocen -•••~nt ii the 
SeYera Scieace RJ4ro1ea in Alwainiua Analyzer. 
lollert Atkineon, locliae Aluaiaiua Corp., expleined 
that thi• ... 1yur determiH• the hydroeen ccr.stent in 
cubic centimeter• par 100 era .. aa4 no interpretation 
i• aec••••ry by ~ho .. performinc the teet. "nle teet 
tekH approxi .. t•ly fift ainatH and dou not require 
a hi&hly tr•ined technician to perfora or to 
interpret tlle re .. lta.• 

Tel•&•• i• aaother iaatruaent aaftd for aeaauriac 
hydroeen in al•iaiua alloy .. tt•. D. 4. Craacer, 
Alcoa Laboratoriee, deacrilled Teles•• aa a reliable, 
.!!..!.!!! •••an of hrfroaea C!'Dtent. 

~ quantitatiYe in-line uaear-nt not only 
an- hydroaen content of insot to lie -itored, but 
•ll- the effectinaeH of the -lten aetal 
treatment aait• to lie determined and proc••• 
par ... tera to be adju•ted •• aeeded," Granier •aid, 
.. dine that ~•l•s•• ha• a role in aaablinc the 
deeirably low hydroeea coatent to ba achieved vitbdat 
re•ortinc to exceaeiYe 110lten .. tal treat .. nt". 

Another teat, the Yibreted vacuua eoli~ification 
teet, provide• a combined •••ea.-nt of the hydroean 
and iaclu•ioa content of the .. it if properly 
•pplied, accordina to John Hiller, layaold• Metal• Co. 

The Yibrated Yacu• ~·· teet ••• de•i1ne4 •• an 
i.,rov ... nt to the older Yactnoa aolidif ication te•t. 
Thie newly deYeloped te•t "appear• to lie ebla to 
rHpoa4 to both bydroeea and iaclaaioaa. Wa found 
that by -••urine hydroeen content independently and 
controllins it to a low leYel, the p•••-feil pre•1ura 
would Yary vith th4 number of iaclaeioaa found," 
Miller explained. 

Ra al•o noted that "it i• certain that quite a 
bit of i.,ro•-nt vill be aacHHrJ before 
coaYantioaal foundry s•• teetiac i1 auitabla •• a 
quantitative quality control tool aad before thi• 
type of taetins can be ueed •ucce11fully •• part of 
the fouadry'a •tatietical proc••• control prosr .... ". 

The pur1uit of quality 

Continual ad•anca .. nt• in molten alU11iniu. 
taatins equi.-nt h••• _.e the •S• of "trial •nd 
error" ca•tins• obeolete. Shipaente of preaiua 
al ... ini ... ca1tias1 ara co.110nplaca for tho1e 
foundrie1 ensasins in tha1c ... rsins tachnolosi••· 
With the utilization of .oclern -ltan aluainiua 
procea1ins tachniquea, caatias• of hish quality caa 
be produced on a coaaietant ba•i•. 

(Procaedins• from the AIS/CKI International 
Molten Aluainiua Proc•••ins Conference vill be 
•vailabl• from the ArS Publication• Dept., Golf • 
Wolf load•, De• Plaina1, IL 60016-2277.) 

(Source: Modern Caatinf• Kay 1986, pp. 27, 31. 
Aan Maria Arzt, A•1i•tant tci tor) 

Alu.iniua alloy ca1tin1 by araphita 110uld 

Osbo Chuaai ltankyu•ho hH developed a "Craphita 
Mould Procau" for cHtins al ... iniua. 
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The proceH iavohH controlliq the ataoephera 
vben •interina the 1raphite, impro..rinc tbe 
CODp'ltability of the craphita for al ... iniua by aeao• 
of a aecoadary treataaat aad pro..ridiq coadition• 
..itable f~r 1raphite -.ldiq. 

Al•JDiniua ca•t• ueins thia srapbite 110Dld 
proceH haYe between 20 per cent allll 30 par cent 
sreater iaecbanical and Comfre••ion •treqtb, and a 
caat eurface 6 to 10 aicroaa .-other than ordinary 
caat al ... iai.... It alao he• a ehin1er aurface, fever 
pia or bl- holH and better tefloa coatins 
propertiH. 

lhe company ie plaaniq to produce CHU vbich 
aeet sreat durability and hish den•ity aeede. 
(Osieo Chusai ltallkyueho, 8-U, C:Oryo, 3-c"-, 
Daito City, Oaaka). 

(Source: ;!!!!21 Deceaber 1985, p. 20) 

tc.v preasure eaad caetia1 proc••• for al ... ioiua 
~?""P!"'nu 

Au•tin Rener (ur;) i• cleYelopinc a low preHure 
aaad ca•ti!!J proce•• for alminiua CO!pOll!nt1. the 
proceH vill be ueed on a cylinder head for the u 
axecuti,,. c•r, to be lauached in 1986. Det•il• of 
tbe proce•• vill be allllOUaced cloaar to the launch 
data of the u car, but &a.tin Rener claia it doea 
not infrince any patent•. Auetin lo•er ~risinally 
i..,,eetisated de•elopin1 the lov pre••ura •ouad 
proce•• vith Co1vortb (ur;), but the firae could not 
asree c-rcial terae. Coavorth ha• -•mlllile 
denlopad iu ovn proceH aa4 i• in the proceH of 
patantinc it. Article di•cu•••• the Coavorth proce•• 
and detail• the negotiation• held betvaan Au•tia 
lover and Co•vorth. (Source: En1iaeer, 
14 •ovaaber 1985, pp. 22-26) 

Squeeze ca•tin1 technology 

Battell•'• Ceae•a leeaarch Center .. y conduct an 
experiaental prosr .... to •••••• hov •queeza castins 
tachaolosy can procluce reinforced al ... iniua .. terial• 
for aero•pace part•, auto aaciaa• or other iadu•trial 
ueea. With •queeze ca•tins, pre••ure i1 applied on • 
liquid alloy, .. kins it po••ibla to infiltrate a 
rainforcins preform •uch •• a caraaic. Battella 
(Switzerland) 1aid the proce•• i1 a key technolosy 
for producins aluainium-ba•ed coapo•ite•, the aarkat 
for which could reach billion• of dollar• within a 
fav year•. The propo•ad proar .... , aspectad to be 
aupportad by aeveral firae ia •avaral countrie•, 
reportedly ia of iataraet to caraakar•; part• 
•uppliar• for the auto and aaro•paca iaduatrie•; 
producer• of reinforcins aatarial•, includias 
ceraaice aad .. tallic vira•; aatal coavartias 
firm•; aluaini ... producara; aad pr•H and foundry 
aquipaant producer•. The prosr .... vill da•alop 
technical inforaation to help enable •queaze ca1tins 
to produce lishtvaisht .. tari•l• that can re1i•t 
fatisu• and heat. Durins the prosr .... , lattalla 
vill conduct axperiaant• u•ins tvo typa1 of •1 ... ini ... 
alloy• alons vith com.arcially •••ilable caraaic and 
.. tallic rainforcins .. tarial•. (Source: 
Aa Ktl Mitt, 23 Dacaaber 1985, p. 15) 

Li1ht alloy ca1tin1• 

Lisht alloy ca1tins1 continue to aaka iaroed• in 
the auto .. rkat, •• the nuabar of aav u1er• in MY86 
vill atta1t. Aluainiua i• th• bis sainer althDUlh 
•oaa 1isnific•at nev u••• for aasna1iua al•o h~v• 
been epproved. The nav •luaiaiua u••• aainly iavol•• 
land ca•tinsa, •••iparaenant aould c•1tias•, 
conventional die and poro1ity-fraa die c1atins•, 
latrpre••ure c•1tins1 and •••porativa ca•tias•• Tba 
ao•t iaportant nev u1a for aluaini ... ••nd ca•tin1 in 
HY86 probably involve• the 23+ lb cylinder head• for 
the S.7-L Chevrolet Corvette V-8 ansina. The ao•t 



important ecv u1e for al ... iai .. •ie ca1ti•1• ia lf'll6 
probably iavolve1 the 32 lb ca1e, or lwlu1i111, for 
ford Motor Co.'1 fir1t •oet1ticall7 lluilt, 4-1,._., 
aut ... tic f...i traa1aale, the AllOO. ..., ... , for 
pore-free •ie ca1ti1111 iacl .. e the sear IMlu•iaa• for 
the pover rack-6-piaioa 1teeriaa a71t .... ia Ford'• 
new ce111pact-1i&e Aero1tar vaa1, ead tloe hi91e1 for 
the re1r hatche1 oa America• Rotor• Corp.'• Jeep 
Cherokee and Va1oaeer aport• utility va1oae. 
(Source: Aa Rtl tlltt, 6 SepteMer 19;'5, pp. 11 ... 12) 

C011puler1 illProve aluaiaiua caetins• 

Oe1pite short-tera probltllS, the at .. iniua 
foundry iaduatry i1 a1aured of a bri&ht future, eay• 
Dr. Robert S..rt. (Dr. Robert S..rt va• -til 
recently ruearch aana1er of the Lisht Rttal 
Fouacler1' As1ociatioa. Ke i• aov Director of the 
lritiah Iavest11ent Ca1tins Trade Aaaociatioa). 
Recent develo,.ent• in techaolo1J haYe enabled the 
foundrie1 to produce 90re complea. hi1h-quality 
ca1tia11 with thinner vall1 aad therefore beco.e eore 
c-..etitiwe. 

Aluainiua alloy ca1tins• are used in all 1ector1 
of aaaufacturin1 industry, with 60 per cent soins for 
1utomotive applications. As aany as 400 foundrie• 
ca1t aluainiua to 1ive a total Ult output runnins at 
an e1tiaated 100,000 toa~iyear. (The fisure1 
publi1hed by the Aluainiua Federation include an 
output of about 77,500 ton• for 1984. The fisure of 
100,000 tons i1 an e1tiaate upon the earlier 1urwey 
by the lusine•s Stati1tic1 Office.) Many of the1e 
foundries are saall. The Lisht Metal Foundrie1' 
A11ociation (LY.YA), the .. jor trade a11ociation for 
the industry, has 45 ...,ber1 and accounts for nearly 
half of all the Ult lisht metal ca1tin1s. A recent 
luaine11 St1tistica Office aurwey ha• hishlishted the 
resioaal concentration in the Weit Midlands where 
over 45 per cent of the tonna1e i1 cast. Diecaating 
predominates throughout the indu1try with 43 per cent 
of production attributed to sravity and 36 per cent 
to hish-prea1ure dieca1tins. 

The indu1try has 1uffered con1iderably during 
the recent rece11ion with output alll01t con1tant in 
1982, 1983 and 1984 at about 60 per cent of the 
tonnage produced in l978. Thia 1ituation reflects 
the fact that aluainiua castings are rarely aold a1 
fini1hed product• but tend to be incorporated in 
larrer good• (car• and wa1hing .. chinea, for ea1aple) 
10 that the prosperity of the founder depends very 
largely on the ability of hi• cu1t0Ck!r to 1ell hi• 
fini1hed product. It i1 no coincidence that the 
downturn in al1111iniU11 ca1ting 1ale1 parallel• the 
decline in the 1ale1 of car• and comaercial vehicles 
durins the rece11ion. 

Thi• decline ha• now 1tabili1ed and recently 
there have been 1ign1 of a real recovery beginnins. 
However, in a 1ituation of over-capacity, the 
founder• that ire 1ucceedin1 be1t are thole that are 
flexible, efficient and r1apon1ive to cu1t011er 
pr111urc for iaproved ca1tin1 quality and con1iatency. 

Many foundri11 are in1t1llins new equi,..nt and, 
vhere nace11ary, developin& nev technolosy aiDld at 
i•pro•ins control of the production proce11e1, be 
they 1and, 1ravity or pre11ure ca1tin1. The LKFA, 
vit~ financial 1upport froa the Departaent of Trade 
and Indu1try, ha• 1pon1or1d 1ub1t1ntial project• in 
recent year• to iaprove ca1tin1 qu1lity and proce•• 
efficiency. The developaent 1tudi11, carried out at 
INF Metal• Technolosy Cenrre and ICIRA, have been 
fully validated by ext1n1iv1 in-factory trial• and 
inve1ti1ation1 in LHFA foundriea. 

AllOn& the work that i1 b1in1 done to enhance 
ca1tin1 1oundne1a are: the develop111nt of 
in1truaentation to .. a1ure s•• (hydrosenl in aolten 
al!Mtiniua and the iaprov1aent of dega11in1 
technique•; the evaluation and coapari1on of bind•r 
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eyat ... for ........ t•a ... corea; tbe .. velopeeat 
of i.,rowe• method• for 1ra•ity •ieco1tiac •••iso to 
help •••isnera opti•i•e f_..i .. , rw1111i .. o .. sati .. ; 
... the ••• of •ie ccvity ••ac.atioa tec .. i.,..1 to 
iaprove hish-pr••••re •iecaati .. a. 

la .. ditioo to auc~ etudiea, fouodriea 
iadi•iduelly are ta-·~•"I auch are•• ••more 
efficient aeltias proctd~~ra. techni.uea for avarf 
recovery ead iaiprowed 'houae~eepin&'· Owerall thia 
Olide ap to • aipif iuat •nrniq of tlle traditional 
fouodry prOCHHI ... -s the liteaefiU alre .. J 
apparent are 1ouader ca1ti1111. more coaai1tent 
producu. l-r ecrap level• aad htter -hiDI 
•tiliutioa. 

Aut-tioa i1 lltias iatr .. uc_. into the fouedry 
iaduatry • with robot• aad •icroproce1aor coatrol 
beias acti•ely •evel.,... •obota are already applied 
to diecaatiaa eatractioa, -chiae loodias, core 
dippins and .ould oprayias •• vtll a• to fettlin1 
operatioaa. A• robot de•elopeenl coati-1, with 
enhaaceaeata in viaion end tactile 1eaains, ao 
operatioas euch " aortias aad iaapectioa caa be 
conaidertd. The uae of c..,.tera in fouadry 
acti•itiea eateads to ... Y other aapecta a1 vtll, 
includin& aelt CODf'Olitioa cootrol, adaptive .. chine 
control aad fault dia1aoai•. and CADCAll tecluai•aa• 
for tool .. nufacture. 

The o•erall 1tate of the economy and the pr•aent 
o•er-capacity of the foundry iaduatry are likely to 
cauae probleas, at leaat in the 1hort tera, for ,.,.. 
a1U11ini ... foundries. In the lonser tera h-ver, tlw 
future aeeaa bri~ht. The inherent properties of 
alu.iai ... and it• alloy• - auch •• lishtaea1, 
atren1th, and corrosion re1i1tance - vill contiaue tc 
.. ke the .. teriala attractive for a creat aaay 
application1. 

The casting of alucini• ... alloy• differs in one 
very icrortant respect froa the ca1ting of orher 
aatcrials Csu~h a1 cast iron and 1teel) becau1e the 
proce11 option• are auch widec. Sand, 1ravity 
diecas:in& and pressare dieca1tins are all well 
esta~li1hed and videly vied; low prc11ure dieca1tini 
i1 1dvancin1 and inve1t.ent ca1tins of li&ht alloy•, 
hitherto 11rrely confined to aero1pace and defence 
application•. i• setting order• fr09 other aector1. 
Hore recent rroce11 developaent1, 1uch a1 1quee&e 
ca1ting, eaten~ the option• f~rther. Thia raa1e of 
proceta choices i1 of sreat •alue to the de1i1ner who 
elect• to u1e an aluaiaium ca1tins. 

The technical developaent1 de1cribed are 
offerin& the indu1try the potential to offer high 
quality, aore coaplex (and po11ibly thinner-walled) 
~••tins• which allow foundrie1 to be aor• 
coapetitive, both at bo.e and vben facin1 
international coapetition. 

1. Survey o! no~-ferrous foundries. 1982, lu1ine11 
Stati1tic1 Olfice, Depart••nt of Trade 6 lndu1try. 

2. Saart, Dr. lob1rt, 'Qual\ty Iaprove9ent1 in 
Aluminiua C.1tin11', Al1111iniwa lndu1try, 1984, 3, 
(4), 2S-29. 

(This article va1 firat publi1hed in En1ineerin1 
Haga&ine, London, Sept .. ber 191S) 

Mi !ward Al toy•, tnc., Lockport, lfY, USA, i1 
con1truccin1 1 new .. nufacturin1 faciliry to produce 
alU11ini~ aa1ter alloy rod. Thi• e~pan1ion will 
incorpor•t• new •t•C•-of-ch•-arc aeltin1 and c11tin1 
equip .. nc. Slaced for •tart-up in January 1916, the 
40,000 1q. ft. facility vill initillly produce 
titani ... and titanium-boron al1111ini1111 1lloy rod1. 



1..-.. i• ... .adcraiuti- of their .-litJ coatrol 
l•lloratorie• will .._ c--.le4 with c.,.1nr-wi .. 
implemestati- of - •t•ti•tic•l procen• coatrol 
tec.._i.,.... Office• ... warclaoaaiaa focilitic• are 
abo •iaa cqNDle4. (Soarca: llollcn c .. tis. 
o.c.-.r 1915. p. 11) 

Li1htcr al..&ai,.. eaaiacn 

For Mc .. c• the wort•'• .. t-kcrn haft tri .. to 
pr .. .cc .. to eaaiac• .. tircly of al..&ai... ... 
Sc ... i• Stnl..ia u. a -u eaaianriaa ca.pcoy ia 
•rrtiljc. -rth of Stocldtola. clam to Mft nol,... 
the prolll-. Vith petcatn ia • i.o.t of c~ri••· 
their _t._. of to.ahcaiaa alnaiai,.. ... alnaiai ... 
alloy• M•t oat - t ... -jor &iaatn of the -to 
i .... try. 

lelli .. the brcaktllr-all i• Vald-r Seniaaki, 
Doctor of Eaaianriaa _. aa imaiaraat Pol• -
n•i• .. t ia Swe4ea. 

Ullat ...... '"'il•iaa eaaiac lllockn ia •1-i•i-
90 attractift i• the -jor m..ct:i• ia wiaht. wicl1 
ia t:ara rH..c .. f•l c......,ti•. Prod..cti .. c-u 
arc m..c .. , wile eaaiac pertn an toastier ... 
loapr-lantiaa. 

The -~ caa alno M anri ia otllcr ficl•• 
r-.iriaa al ... iai ... or al ... iai .. alloy•. Sc ... :: 
Stnl-ia h offeriaa the i .. aatry &iaat• the 
°"'°rt .. ity to .... factare it• pro4.ct• aadcr 
liccoce, 11at winhen to ntaia nole -rlretiaa riahU 
for itnelf. 

'nlose c....-i.. cwrreatly pro4..ciaa al,..iai,.. 
caaiac• atilinc .. electrolytic _t .... , Wcrally the 
narface ia c-er .. with -tllcr, toaaMr -tcrial. 

Sca .. ia Stn?.,..ia Al i1 - 1tartiaa to -net a 
c-rletaly - a .. differcat -tbod of touatMaiaa 
ai ... iai ... _. al,..iai ... alloy1. Tlai1 •tlaool ha• 
pr--4 111>nt 1aitable aot leant for toaallcaiaa piat.a 
for all kiadn of petrol ... diHel caaiaH. 

The -tlao4 caa of coarnc •ho M ane4 ia 
toapaaiaa all type• of coantractioa blocu of 
ai ... iai,.. or tllc 11,...rcn of al118iai ... alloy• 
a•ailable. l•erywhcra that • lipt bat tooash 1arface 
i1 reqaircd will fi .. the •thocl ideal. C-.rHnon. 
all --r of fa ... partn for tllc aircraft ulll 1pace 
iadantrien, to ~ a .. re ..._.fal. 

Vllat ...... thh ..., pateatcd •tllod no •iffereat 
i1 that the af fact i1 aot to focwi a layer oa the 
1urfaca bat lay -- of fu1ioa to celllbiaa with the 
fouadatioa. Thi• ca.poeitioaal layer Ila• escalleat 
trilloloaical propertiH aloaa with araat toupacll 
(RV 500-1.000). 

The •thod aho &iYH 300 per cant 1raatar 
durability compared with uittr••t•d al ... ini .... 
lloreo••r piltou toushawad by •a•• of the ...w .. thocl 
raquira • 30-50 per ceat 1llorter ti .. to pro4uca, 
wit~ ••idaat co1ti111 aaian •• a re1ult. 

Sca .. i• Staal.-ia Al, Lan Raan1oa. rianta 5400, 
S-762 00 UMJO. 

(Source: llcv Svadi•ll Tacllaoloay, p. 17, 1916, 
Vol. 5, lo. l) 

A hH,,,-duty al,..iai,.. vhaal for tracka nad 
bu1a1 that wei1h• 15 k1 l••• thaa 1taadard 1taal 
vha•l• aad 1i1nificaatly reduce• tir• nad brake wear 
bec1u1a of it• uaiqua heat-traa1farria1 propert7 h•• 
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..._ •e,,.lope4 ia s-.1 ..... in lleiaa -n.tn by 
a-11. a tr .. iaa ... c-ltiilc ficwi baMtl ia 
lnkil•t-. 

11ac -..1 feature• a •pccial wiq-lilte ... ip -
tllc rim tut fomcti•• like a faa to p~i•e aaa&.. 
..atilati• ... cooliaa of lloth the rim ... llrake. 
Accor•i91 to ao..11, the -..1 alno -re• leH -•r 
- cllan•i• c..,_..t• 1aec.... of it• perfect 
ro.aoleenn a .. klaace. oclaie...& tllro.sh the aae of 
compoater ... ly•in ... t:llc laten tacllaol017. 

llorc tllaa two yean of tentiq - city banen 
operatri by tlle Stocll:Mla Tra .. it c_,aoy (SL), wicla 
Ila• • flnt of -re thaa 2,000 ""•e•, llaft 
._.trate4 that tile Weel caa ~ace llralte wear by 
2S per c- ... tin war lly 2C>-40 per ceat. _. that 
far f-r tin llo4iea __. Ila ~ for racappiq 
bee- of baat d-ae. lt ... alno -te4 tbat the 
•riYer• e11pcricocri arcater c-fort ·- to t:llc 
owcrall efficieacy of the Wecln. 

II.Me of low-prc1 .. re •ie-cant alloy •e•i.patcd 
SIS 42ta5. tile Weel ~inn• aiaimm of 
-i•t--e. lac- of itn 1- -ipt. the Weel 
al•o offer1 areatar 1 ... capocity, ., to 300 k& for 
certaia Y«lliclH ... for • _ _.l 12 • ""• - eatra 
120 ks or tile e4111i••leat of tvo ... itioul ,..acasern. 

Spacial -..1 -t• are noppliri 10 tbat tile 
-.Cl caa M fitte4 to tllc h1lb rithoot tlloe aac .. nity, 
e.,..aa _. iac..,,..icoca of alteriaa the nt .. 1. 
Cs-rca: Sciwe • Tcchool017. Sewotealter 1915. p. 2) 

£a&iaeer .. vitia 1t7le - the case for alloy Weal• 

Alloy Weeln ara hare to ntay. lipt per caat 
of earn are no eqai ........ the ...iacr coati-• to 
rinc. T. a.wick •"-- tltat - n: prod.car• CZll !teat 
Alloy• Ltd., han ocbiHcd ~rknbla nacceH ia tM 
pc .. ..ctioa of the 110nt •i•aal of all t:llc 
nafety-critical campoaaatn wicb 10 to fona today'• 
top-qaality 110tor can. 

Alloy Wcell are ootlliaa aew! ly tbe fir•t 
.iorld Var. naad-c••t al118iai,.. Wcel1 bad already 
_.e their appearaaca oa c-rcial Hbiclen. IYCa 
the•• tlle ... ,,aata1e• were recoaaillcd of eaployiq a 
liptwei1llt --.iace ca•t Weal, wicb of!ared 
alaont limitle•• da1i1a po1nibilitie• -.. it c ... to 
apoke coafiaarati- aad ri.8 coatoar. Bova•er, 
iotere•t •a• •llort-liYed - ...... it c ... to quaatity 
pr .. uctioa it -· tllc ntaal -..1 wicb fouad 
aoiYor1al adoptioa. 

It -• the iatr .. uctioa of -a•Hi--alloy 
Wcah ia 111>tor rac~r1 wbicll r.--keaed doni1-n' 
iatere1t ia the P'taatial of tha ca1tia1 procenn, a• 
a •a•• of obtaiaiaa deeply 1culptcd aad 
aa•thetically-pleaniaa coar-at1. Suell Wael1 would 
Ila•• •• obYioan attractioa to the car driYar wbo 
noupt to bo diffareat. 

Lov-pra11ure dieca1tia1 

Fortuoataly, an far •• th• aut0110bila ia4u1try 
va• coacaraad, thar• -• a poet-war cantiaa proc••• 
•••ilnbla vbicll ••• to proYe ideal for tha quaatity 
procluctioa of bip-iataarity al ... iai--alloy -..1 •. 
Tlae tachaique va1 la.rpr•1•ure diacn1tia1. la tbi1 
approach, n •tal dia i1 .auated directly oYer a 
•••l•d furaaca •••••l c•taiaia1 • crucibla of 110ltaa 
al,..iai.... i..ar1ad ia t~o .. tal alloy i• • Yertical 
holl- tube, c-ctiaa at iu upper and vith tha 
caatra of tha •i• c••ity. Th• applicarioa of a few 
pouad1 air pra11uro i1 1u(ficiaat to cau1c tba 111>ltaa 
al,..ini,.. to voll up th• ia1idc of the tube nad cater 
the die ia a aoo-turllulnnt -aoor. After • 



pre4ctu•i-4 ti-... fficiat for tlw cHti111 to 
oolidify, tllie air prco .. rc i• nlcoo.,., ollawi111 tile 
~i•i111 -t•l to .... ide d- tllie t_.. ..,. rre•ter 
tlw fot'80Cc llotll. n.e diu an ... H ... •tly part" 
for the remoYol of tile cootioa. 

T .. oy, ti.. YHt -jority of alloy -t-"ile 
"""'• on pr•.c.,. lly tllie l~n• .. n diecootioa 
r-tc. 

Alloy ,,,... •• ore • o.ccc•• otory. f .. r :rt•r• 
•1•, • per cet1t of can -rlMdc _.,.. eqoippe4 •itll 
COH wheth •• ori1i-1 ..-i.-at. T ... ay, tile ...-.er 
i.aa ._.,,.,. a• tllie 1r-ll rote •"- - oip of 
allotioe. heo,.. c-ti-• to forse alleM of 
-•foctui .. capacity. 'Ille fact tllat tlw coot 
ot-iai- OIMtl io likely to coot f-r timH tllat of 
it• preo--4-oteel «<t•i.,aleat io -t a~ ialai•iti111 
foctor. To o certain oectioa of tilt 
ootomoltile-aonai111 ..... lie, tllc arylillh coat ... r• 
of tile alloy ~l are a llis"l:p-4eoira•le otatu• 
•f91Mtl. 

T.,.ay'• car hildcn on -u -re of tllie 
attractioa. It is ha~ly oorprioioa tlaat 
top-of-tlle-raaac ...,.. •• are oaw olmo•t certoia to lite 
equppe4 vitll alloy .Mth .. oc.-.ri. ..t -1y ia 
tllie Yio-l .-Hty of tllc -'ticle ..,.._.,. lly ooch 
....._ .. , ... t tllien io 811Cla more profit for tlae 
--foctanr at tlae «M of tlw •OJ· Tiie preferet1ee 
for tlae coot al-iai- pr .. .ct laao ... r•ly Ma dinted 
lly p?ootic• -"etl tri• dcsip-4 to pr .. acc o 
loolt-alib effect. The co•t-r k- tlac •ifforc-c 
o .. lw or •Ille is pretty certoi• t...,-;;looker i• oloo 
..,.re of the diffcrcacc: 

0..-pr .. uct -aafactarcr 

TM .. jor US ..... factarcr of olaech is CUI Kent 
Alloy• Ltd., of loclacotcr, &eat. Thia --product 
fira io • -ri. leader with OYH 60 per ccat of 
current productioa dc•tiacd for the USA. lteot All~• 
ceploy tvio-dic lov-prco•urc ~laiaco to ochicYc tbc 
bi1he•t-poo•i•lc pro4uctiYity. 

To .. intaio • po•1t100 •• a ~jor i .. ependcot 
•upplicr to the outoaotiYc occtor io to4ay'• hishly 
coepctitiYc cti .. tc io aa ochic.,.,...,at in itoclf. ?lac 
coapany ha• loa& been at tlae forcfroat of teclaaicol 
i-atioa. 

Amon&•t •- of tllc aorc rcce11t deYclopmeat• 
hoYc been iacrca•ios odoptioa of aa.crically
controlled .. chioc-tool1, a 11Vitch to oll-elcctr1c 
!9Cltio1 aod holdins, and catco•iYc a•c of c011pUtcr• -
ltoth for .... ,_tit purposu and for .. chine 
control. Outetondin& i• tlac latter contcat ha• i.ceo 
coapurcr-c-trol of die coolio1. 

Uoio& air-cooled dice, the larscly 1at09lltic 
cycle of die fillin1, eolidification, oad the 
rctricYol of the pair of caetias• toke• ,.,, .. 
aiautcs. llovevcr, a 11Vitch to voter-cooled die• 
fitted with a oariao of thoraocoupleo ha• alaoet 
halYed production ti•. A cntrol c_,..tor, 1itcd at 
a point rcaotc fraa the coetias •hop, 1vitcho1 tho 
voter-cool in& on end off io Heh iadiwidual dio, 
accordios to tho •is-l• rocaiYod froa tho 
thol'80Couplo uray. 

Auto vhcclo are 11fery-criticol c09poaont1. Al 
a rc1ult, to1tin& ,_. control at CYory 1ta&• of tho 
production cycle i• oshauetiYc. loot Alloy• eat ... r 
to olltaio, •Y tho lov-pr•••urc diccootin1 route, 
c..,...11t1 llflich haYo rho , ... hi&h atrucrural 
i11r11rity that aoec pooplo hoYo co.. to 111ociate 
vith for&iAI•· 

C.atral to th« in1pocrion proce•• i1 
100 per cent fluorceccnc I-ray oaoaination of oach 
a_. CYory vhoot. llotM•or, o•on thi1 eoarchin& re1t 
con fail co rcYcal the prceoncc of Ycry fine 
aicro-ohrinka&o cavitio1 or &•• poroeity. Such 
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fffccu c•• Mc- all too oppar-t ••riaa tbe 
.... .,._nt aadaiaiaa ... paiati• cycle. Ahcr all, 
tllie alloy "'-el i• .. 1.,.. aaoes•t out-"ilc caatioa• 
in that •• 811Ch •• 90 per c-t of tlw .. rftt• arc• i• 
oatljcc:tad to -chiaiac. If p~l- ao .. recopied, 
tlliea tlae lint OYi•ltlCa of troablo i• the diecoYOry 
of tiay oarfacc •tiotaro ao tlae fiai.-... .Mtlo 
-rs• fraa the ,,_...r paiatioa ploat. 

To .... re that •fecti- -..i. --r proareH 
to tlle Yetf capeaoiYO fiaiohi11& operoti-. !teat 
Alloy• proof--chi.., a repn•-toti- percnto1c of 
each llotch of coaponooto with a •i ..... -tippad tool; 
a coatrol tcot colcalot .. to r•-•l tllio ... 111ot 
diec-ti•ity i• tllloo -tal otr.ctan. 

Stati•tical proc••• coctrol 

To oar1'i- io tllo pro4actioo of oafcty-critical 
car coapoacots, it io cartoi• tbot a .. oufacturcr ie 
olre .. y ioYOl,,.. io ototieticol proccs• coatrol 
(Sl'C). lteot Alloy•" c~itl9Cat to SPC io total. lo 
tllie •i1casti111 procaH al-. - fowcr tboo 
11 Yoriablo• are -itor.,. ... chart .. , c••urias tbot 
.... 1octari111 por ... tcro la•- little opportuaity to 
•cYiote froa the ri1id ato .. ar•• calcolatod to 
prM.ce a .-Hey c....-at. 

The alloy wlaed rill alway• M a laary it-• 
...,....,,, tlac •••i&• poooi~ilicico offered ., tho 
co•tiaa proc111 ore almost 01Mll101. Thie factor 
al- viH cuare that i• a -rt• of cooti ... lly 
claaoaiaa foohioa, t:M al .. iai .. vbool will r-i• • 
hi1hly-•c1irablo aosot to aay top-quality car. Aad 
•• 1-s o• there oro alloy vbools, tlaco ~ Keat 
Alloy• arc likely to r ... i• oac of Europe'• loodia& 
io41peadent --factcroro. (Source: lll:tob lodustry 
~. llorcb 1916, p. 12) 

Stcel-oluaiaiua 'oondvich compooitca' 

Auto ••&iftlore arc aoYia& iato production with 
steel-plastic or eteel-oluaioiua 'ooodvicb 
caapo1ita1' tbot reportedly ore aore thao 1borr-ccra 
attcapt• to .. tch US tboraoplootic dcYclopacnts. The 
acrit• of oaodvich coapooito• iocludo li1htcr voi&ht, 
c09patibility with pra10Dt otoapi•& equif91!nt aod 
superior reoo11aacc ouppre11ion. Tbc •ra~back• arc 
hi&her colt aad , .... pr.,.uction ood veldio& problcao, 
..,, ea1iaccr1 MlicYI tllieso will M 1olY1d •• uoo 
kc-• aorc vi•c1prc... tlao 1andvicb c09po1ito i• 
already cetabliehed ia prototype and production 
Yohiclc1 io Japao. (Source: Aa Mtl ltkt, 
J februory 1916, pp. 20, 23) 

llov odhoeiYe for •icycl• fr ... 

lridscetoao Cycle has deYolopod oa adhcsi•c for 
~iodi•& ocv .. toriol1 ouch a1 oluaiaiua, cerboo, 
boron, -rphou1 •u•1uacoe, ood vhiekcn, ond at tho 
•oac tiac •••eloped a ltondias acthod u•i•& tho oev 
a,ant. Tho coapaoy ha• thu• -d• it possible to 
-••-produce bicycle frOM• aado of aov li&ht-voi&ht 
.. tori1l1. The acvly dewolopod adhceiwe, .... of • 
hi&h-qualiry aodifiod acrylic aub1canc1, ha1 srcac 
adhcsiYo 1trao&th. ly u1io& tbi1 for bondin1 frOMe, 
it viii bo po1eiblo to proYoot a los•ooio& of 
.. rorial •trenath oad ••Y dotariorarioa. The coapaoy 
will put 011 tho aarkot road-racer typo cycle• of a 
carbon fibre fr.... Accordio& to the c09pooy, tho 
voi1ht of the ...,, car uain1 oluainiua alloy io 
addition to carbon fi•r• i1 ~ per coat li&htor than 
that of the conventional cycle uain1 chrosc 
aolybdonua ersel. Usina chit aothod, lrid&••tono 
Cycle will iotroduco ...,, .. tcrial1 into hi&h-1rado 
type cycle1. (Source: Ch .. icel £conoey 6 
ln1inoarin1 l1vi11V, Vol. II, lo. J, Karch 1916) 

Li1htvoi1ht •luainiua wehiclo body 

The Mcrcodos 24211 ri&id 1iir-vhoelor fitted virh 
Tcl-loy olloy body and tho nev 'C' r .. tipper scar 
va• recently launched oa the .. rkot. 



n. Tel-107 i..ty. -fact.rn froa a 
li&lltveialtt alwai.ai .. all07 "7 Telelloiat Liaite4 of 
tlle m. prowi .. • tlle -r vitla tlle -- poae'"t"l• 
pay!.... Dia c..,l_u tlle ncat1t -- by 
llerc ... a to rn-• t.,. tare -ialat • all of t ... ir 
riai• ai.....-.len "7 the iacorporati- of reoria .. -1· ... _,...i_ ... La-. 

F•rther -ialat HYiDS • tbe 242\K ia aaiaed by 
... of tM ..., Telelloiat •c;• r- tipper sear. Tile 
c-tr11Cti- ia a "nallavaJ froa c-tioaal deaip. 
dia,...iaa vitll thre .... al ... -u. Tile nnlt ia a 
i ... r •tack heiallt. • -re riai• c••trwcti- ... 
aiaplifi .. aerYici-a. (Soarce: Africaa Tcchaical 
.!!!!!!• Funaary 1,.5. p. 51) 

lia .. a llotor is te•tiaa it• new compo•ite 
.. terial c-•hti of Hae cer-iu aad al-L- for 
uae La car ah"•t -L o •· t cu -u -•1 olda 
45 per cat1t liabter tbaa conYeatioaal caat-iroa type• 
... areatly iacreaae turbocbaqer capacity (Soarce: 
Jpa Ee- J. 21 December 1915. f• 9) 

UsH aad productiOft tecbai~• for aicul 
al .. iai•e allop are Geiaa •.-oped lij Oak a1•1e 
Ltl. ta•. (Oak aua•. Tl. USA), -niaa vitb 24 us 
-tal prodacen aDd potential eaol-uaen. C-rcial 
producti• of aickel al,..iaide i• •till 2 year• avay. 
bat deYel.,..at of • •- alloy baa proareHed rapidly 
•ince the Oak &idge project becaa ia early 1913. The 
alloy aov under de•elo.-at at Oak lid&• i• c..,. ... 
of 85 per ceat nickel, ll per ceat al ... iai .... 
0.2 per cent boron, aDd 0.5-2 per cent bafniua or 
Lirconi.,. by ueight. The Oak Rid&• laboratory and 
KASA are •tvdying another nickel aluainide alloy 
containing 50 per cent aluainiua, but that alloy i1 
still a long vay from perfectLOC.. Industry experts 
belie•• that alloys containing nearly 50 per cent 
nickel and 50 per cent aluaiaiua, vhen perfected, 
vill produce a q~antua leap forvard ia jet eaciae 
performance by increasinc the temperatures that ca• 
turbine components viii be able to vithataacl. •ickel 
aluainide• viii ha•e a hi&her .. 1tia1 point than 
present superalloy1 and vill not require air 
co~lin1. (Sourc•: Aa Mtl Kkt, 21 October 1915. 
pp. 17, 28) 

~queexe-foraing of aluainiua alloy• i1 ideal for 
autoa0t1•• component•, lollov1aa auccea1 in uain1 the 
procesa for aero1pace parts. The proce•• ha• tbe 
ad•antace of beina conti,uous from liquid alloy to 
fini1hed c..,anent. Liq•1id alloy ia poured into a 
ready-prepared die-1et, ~nted in a hydraulic pr•••• 
coated vith craphita relea•• •cant aacl preheated. 
Once the die-aet i• filled, the pre•• clo•e• and 
1olidification of the alloy take• place uader 
pre•1ure. eo.ponent• diaplay propertiea of both 
die-caatia1 aad forcias, vhile pre1aure required La 
31-101 wn/a2, lover than that for coaYaatioaal 
aluaiaiua alloy forsins. Article detail• coaponent 
de•isn and 1uitable alloy•. (Source: Ens Deaign, 
July 1983, pp. 28-31) 

Ceraaic fibre •trengthen• aluainiua connectin1 rod• 

leinforced-aluaini.,. connectin1 rod1, developed 
for an axperU..ntal hish-perfo~nce ensine, .. Y be 
the forerunner of aore aetal-.atrix component• in 
future autoaobil••· The rainforceaent i1 a nav 
caraaic fibre invented by Du Poat Co. 1cianti1t•, and 
the rod• were ••••loped by Toyota Motor Corp., 
vorkina in a joint prosraaac. vith Du Pont. 

The caraaic fibre, call .. Fibre FP, i• • 
polycry1tallin• aluaini ... oxide, da•cribed by it• 
invanton •• h1vins "• hish dasr•• of niffnau, hith 
compr•••ive •tr•n1th in C011PO•ita1, aoder1t1 tan•ile 
1tran1th, and hi1h-t~1rature 1tability, all of 
vhich aake it well •uited for reinforcins nonfarrou1 
.. tel•. Al ... iniua and aasn11iua reinforced vith JS 
to SO per cent by voluae continuoua-fil ... nt Fibre FP 
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ha- three to foar tiaea 1re1ter 1t~ffaeaa • ., to 
fo.r tiaea the f .. tipe atrettitll. aDd lliaber 
c....-rat•n capebiliti ttaaa the •- .. tal caatiaa• 
vitlaooat reiaforc-•t • 

leplac-t of ateei. c~tiaa rode vitb 
reinforced al-i•i- rod•• Ybich are •- 35 per cent 
li1bter. co.ld le .. to iacreea.0 fael efficieacy and 
maced ... i .. vibration. la additioa to it• u•e in 
aetal-aatrix caapoaitea, Du Poat •poke-• •u11e1t 
the poteatial of Fibre FP in reiaforci .. ceramiu and 
epoay aad polyiai .. reaiu. 

The aev fibre i• oaly a••ilable at preseat ia 
... 11 q,...titie• for experiaeatal ..... at i200/lb • 
lf tbe -t•rial a-· c-rcial, the deci1ioa -
.... icb ia yean -ay. accordi .. to Du Poat. the price 
could coae dova to aboat oae-tentb of that. 
(Source: Macbiae Deaisa, 19 April 1914. p. 5~ 

Fibre-reiaforc .. aluaiai-

•ippoa Oil baa ltarted daYelopment -rk on 
fibr.-reinforc .. al-iniua uai81 carboa fibre. With 
• tensile atret11th of 150 q/~, it cu -intain a 
hiah the~l reaiat1111ee of •P to 5oo•c. lta 
practical 111e ia aaticipeted aa a .. tarial for 
aircraft aad autwbiles. (So.rca: Cla-ical EcO!O!f 
• Eaaiaeeriaa a...iev, Juae 1915. p. 4iJ'"""" 

Al ... iaiua alloy tvin hulled high •peed pa•••ng•r boat 

Mit1ui En1iaeeria1 • Shipbuildins Co., Ltd., ha• 
.. nufactured aa 1luaiaiua alloy hish •peed tvin bull 
pa1senser ship, the Mit•ui Supe~ran CPlOIUtll, or 
'"lt.:ine Shuttle". 

the CPlOHJtI[, throush a unique ship body shape 
which aake• po11ible both hisb 1peed and enersy 
coa•erwation, excel• in hisb •peed perforaaace• vbile 
1iaultaneou1ly deliverina 1uperb aavisability ud 
ridiac coafort eYea in va•a• a• hitb a• l •· 

the economical iapro•-nt in the CPlOIOtll i• 
.. de po••ibla becau•• of the durable, aati-corro•ive 
aluaiaiua alloy weld .. construction, alMI al•o throuah 
the ••• of • li1htwei1ht, bith •pe•d dieael easine, 
.. kin1 it an extreaely polished, hi1b •peed 
cat ... ran. 
(Mit1ui En1ineerin1 • Shipbuildin& Co., Ltd., Public 
lelatioaa Dept., 6-4, T1ukiji 5-cbaae, Clauo-ku, 
Tokyo). 

(Excer1ted froa ~. April 1916, p. 17) 

ltAUET TUllDS 

Japan aluainiua boo•t 

Japan'• prodqction and con1uaption of 1ecoadary 
aluainiua and aluaiaiua-b••• alloy insot ro1• 
1lishtly la1t year coapared vith 1984 total1. 

Production ro1e by about l.l per ceat to 866,126 
1hort tone, vhile con•uaption iacrea1ed 2.35 per cant 
tc reach 1.021 • at. accordin1 to ficura• coapilad by 
the Japan Aluainiua Federation oa the ba1i1 of KlTl 
1tati1tic1. (Extracted froa; Metal Bulletin, 
22 April 1916, p. 17) 

First li~•n•• aranted for Mi and •i-fe Aluainid•• 

Martin Marietta £nersy Sy1taaa lnc. and ,u .. in• 
!ncine Co. Inc. have 1i1ned • lie•••• •sraaaent for 
th• fir1t c..-.rcial 1pplic1tion of heat and 
corro1ion r••i•t•nt nickel and nickel-iron aluainide 
alloy• developed by Oak Rids• National Laboratory 
(Ol•L>. Cuaain• ha• ••clu1ive ri1ht1 involvins larse 
di•••l ansin•• and turbocharser1, vllila K1rtin 
Marietta retain• ri1ht1 for all other application1. 



•ickel ... aickel-iroe •! .. iaide•, .,.ich bccDmR 
•troo11r •t hi&her temper•tare•, •re the fir•t o( • 
9eV cl••• of hi&h te9per•tare alloy• .... of re•dily 
•••il•llle, iaea,.a•iwe .. teri•l•. llo•t iater.et•llic 
c...__,• •n llrittle; •-wer, the OlllL-deweloped 
•lloy• •re d.ctile ... can witll•t ... te9per•tare• •P 
to lOCJOOC (lllOOF). 

c ... i•• ea,.ct• to ••e the .1 .. iai••· for lliah 
te9peratare coeponcnt• in die•el ensiae•. Other 
poteatial applicstioa• include part• for hiah 
perforaance jet ensiae•, ••• turbine•, .... ace4 heat 
eaaiae•, ... he•t e•chanaer• ia aucle•r and 
c .. 1-fired •t• .. pl•nt•. 

OlllL i• oper•ted ., Marti• M•riett• EaeraJ 
Synee. lac. for the U.S. Dept. of EDeray. the 
licea•inc •aree9eat •i• • direct re•ult of policie• 
iaiti•ted by the federal Cowerament - •pecific•lly 
the DOf: - to iacre•H tran•fer of •••aaced tecbooloay 
to Americ•n i .. ••try, ••Y• Ol1'1. director, 
9erman Po•t... (Fr- lletd PToareu, American 
Society for tlet•l• 1916, wLtb perai••ioa) 

Aloaa with aodera proce•• c•pabilities, the U.S. 
•l-iai.,. industry i• offeriaa aev producu •Dll 
i.,,a•iaa .., -ruu. The -•t aotabl. aev product 
i• the receat introductioe of •1-ini_..lithi
alloy• for aero•pace applic•tioes. The•• alloy•, 
vhen compared to preYiov•ly u•e• •lloy•, of fer equal 
Btrenath with •n approai .. te 10 per cent reductioe ia 
dea•ity. Al .. ini.., i• al•o .. kiaa inr .. d• into •ucb 
.., area• •• rail car• for c•rryiaa c .. 1, aev 
avtomotiwe application•, •ad food c•n•. 9ev 
a•oarapbic .. rket• for ••tabli•hed ........ beins 
pvr•ued, -ly .i .. ini .. be•eraae can• ia Canad•. 

In .. ditioa, aev aluaini ... proce•sin& techaoloay 
and alU.ini,. cc.po•ite .. tcrial• are bcinc 
•••eloped. Al ... iai ... Blloy• produced •ia npid 
•olidi ication techaoloay offer uaique propertic•. 
Ca.ponent• f•bric•tcd by •uperpl••tic for.ins of 
•peci•lly de•eloped •1-iniam alloy• rcault in 
•ianific•nt coat •••ins• whee c09pBr1d to ad•anced 
coapo•ite•. Aluiaini- .. tria coapo•ite•, al ... iniua 
•trenatheacd by fibre• of either 1raphit1 1 boroo or 
other •troaa .. tcriele, •nd •1-ioi_..pla•tic 
l .. inate• are cvol•iaa into •cry u•eful enaineerina 
.. terial1. (£str•cted fr .. •n article written by 
Jo•eph J. Tribeudi•, Ph.D, fir•t •ppe•rcd in 
M•teri•l• aad Societr, Yol. 10, •o. 2, 1916) 

Weldable al ... ini ... •lloz 

lobe Steel, Ltd., aod Furukav• Al119ini ... Co., 
Ltd., have •nnounced the de•elo,.eat of a weldable 
•l ... ini ... alloy. 

The nev •luaini ... •lloy developed by lobe ~teel, 
lS705S al.,.ini ... •lloy, po••••••• • hi&h b••• .. cal 
1tren1th •nd •llov• ordinary veldins iato hiah welded 
joint 1tren1th that h•• hiah re•i•t•nce to 
•tr•••-inlluced corro1ioa crackina. 

The lS7055 h•• Al-Zn-Ma •• the b••• c09pon1nt• 
to vhich i• 1dded a trace ~u•ntity of • epecial 
1ub•t•nce, vhich, co.bined with the .. nuf1cturin1 
conditiont prOYide• eac8lleat ICC reaiat•ncc •nd 
... 1dabili.ty. 

Since the alloy can perait li1htvei1ht 
etructur•l •••ian• •nd •tr1 .. 1inin1 of deeian 
i.,1e .. nt1tion, eoat conceiv•ble applic1tione •re •• 
•tructvr•l .. terial• for •ehicle• •8'1 other 
tr1a•port1tiot1 equi,.ent. 

Character in ice 

(I) It allov• o~~inary ... 1din1 inclvdina arc 
veldin1 and •l•ctric r••i•t•nc• veldin1. 
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(2) Welded joiat •tnaatll i• hiaher tllan tbe 
2219, • coo•eational hiab-•trenath vel••ble al .. ioi ... 
•lloy. by JO per ceat ia lloth teo1ile a..i yiel• 
atrenaths. 

()) It prOYide• sec n•i•taac:e equal to th•t of 
the 707S-T7l that ba1 the \i&he•t SCC re•i•taac:e of 
all tloe hi1ll-1trcaath aliai"li ... alloy•. 

<•>Jt• b••• .. cal te4•ile •treaatb 
(50 kaf/ > i• hi&ber rh•~ the hiab-•treaatb 
al ... ioi .. alloy• 2024-T4 ... 7075-t7l. 

the Furultav8 al11Biai11B alloy. called "2219", w•a 
de•eloped for •pplicatioe• ia the 1 .. 1 taalt of the 
"9-Il Rocket• and .... productioe tecbni•ve• ba•e 
beea for.ubted to produce the alloy aad .. rketina 
acti•itie• ba•e beau•· 

Tiie "2219" 1lloy ha• -r• copper ca•t and 
-1ae•i ... r-•ed, and ••aa•i- and &ircoai ... are 
edded to produce a hiah-atrencth h•rdeaed alloy tbat 
po••••••• •ianificant loeat rc•i•tance, cold 
brittleae••. touahne•• ... fot98hility llllila 
r ... ininc veld•ble. 
(lobe Steel, Ltd., Publicity Sect., 1-2, Maruaovcbi 
1-c"-, Claiyoda-ku, Tokyo aad Furukawa AlllBiai ... 
Co., Ltd., 6-l, 11&.--lli 2-ci.-, Claiyodrltv, 
Tokyo) 

(Source: ~. February 1915, p. 21) 

Bi1h-•tren1th •l11Biai ... alloy for cold for&il!J 

lobe Steel, Ltd., bas •l•o deYeloped, •ad ba• 
c-aced prodvctioe of tba •D20• and "D60" 
lliah-atreaath type• of ..., .1 ... iai ... alloya. 

Al ... iai ... alloy• ha•e beca widely u•ed •• their 
.. 1111bility .. ke• thee •uitable for cold for1in1 
proce••••· lecent co•t redvctioaa bave led to • 
tread tovard• cold foraiaa tbe •lU8iniva to a• clo•• 
•• the aear act •hape •• po••ible, in order to reduce 
the espen•• of cuttina proc•••ina. Thi• ha• led to a 
further increa•• ia the a•• of cold forai•&· 

Tbe alloy• that h••• been con•entioeally u1ed 
harden in the abort time that they are left to cool 
dovn to aor.al teaperature after t19Peria1 (the 
nor.al t19pcratar1 time effect) aad tbie ha• the 
4i1advanta1e of cau•ina diff icwltie• in the cold 
for1in1. Thia haa .. ant th•t tbe oace-t..,ercd 
.. terial i• •nftened aod cold for1cd aiaO then &i•en 
a11ae•liaa-teaperia1 procea•i•& to acbie•c tba 
required •treaath. The proce•• of 
anne•liaa-tcapcria1 ba• thl follovina iDherent 
problcae. 

(1) The queachina t..,.r•ture ... ,, be •trictlJ 
controlled or el•• teaperatur• riaee viii cau•• 
parti•l .. ltin1 that viii reault in atreaath and 
tenacity reduction•. Inadequ•te •trenath can alto 
re•ult if the .. cal i• iDlert•d vllilc the tcmperature 
i• too lov. 

(2) It i• nec•••ary for the qvcnchin1 to be 
perfor.ed by the u11r. 

(l) Qo~enchina •fter cold for1in1 &•••rate 
qucnchina diatortion thet cau••• deformation• ia the 
product. (Thi• it p1rticul1rly 10 for thinly foraed 
product•.> Furthe~r•, •uenchina •l•o cnl•raca the 
cryat•l p•rticle• to ai•a a I••• •ttracti•e 
appurance. 

Novever, the nevly •••eloped 1lloye have • 
•peci•l componc•t 11 ... ot added vith&o the alloy and 
the preeeace of thi• c011p011eat cau••• pr1ctic1lly no 
hardenina to occur •f ter t19P1ria1 whee the .. ,,1 i• 
r1turnin1 to nof9al tlaf"'r•ture. Cold fora~•f i• 
•till poeeible for lot11 period• ia the 1tat1 the 
V-•t•t•) 1fter queochin1. Th• requir•d ~treaath c•a 



tlaenfon be olltai...S by •imply col• foqiq _. 
a ... aliaa the .. tarial oeca it baa beea •'"Pl'li_. fn111 
tlle atnl -fact•n after .-1aiaa. 

( 1) 11M -fact•nr perfo~ the tniperatan 
procH• tbat -at lMt atrictly coatroll_. (to +l0 ). 

tllenfon, then an anat red.ctiOGS ia the -
procHriq tbat the •aer -at perfora. Ia additioa, 
then ia - aecaHity for tile ... r to perform 
ca-lliq. 

(2) Then i• - q-.achiac procH•iaa oaca 
cold foqiaa baa beea performed; therefore, -
queach1.q •iatortioa ia seaerated (ia the ca•• of 
thia-foqiaa .... fact•nr ia partic•lar). na.n ia 
also - ealaqe.eat of tile particle• Mc•••• of 
q-acbiq aad ao then i• ao detarioratioa ia tile 
appearance. 

(l) 'l1M cold foqias characteriatica ~ftar 
queacbiac are eacallaat aad the alloy bas a 
fleaibility (IMtfon queacbiq) ...-1 to that of 
c-we•ti-1 alloya. (Soarce: n:no, llay 1915, 
p. 21> --

Three type• of aev al-ini- alloy• for CC191"1ter 
.. aaetic diaca h-e beea dewaloped, asaia froa lobe 
Steel. It vill iacreaae the productioa of .. aactic 
diac blank• aad aubatrat••· Tile acv alloy• hawe a 
hiah •torase denaity and a capacity three ti-• or 
.are that of coawentioaal alloys. Under it• 
production capacity iacreaae plan, the blaak 
productioJD capacity of the tlooka -rka (Tocbi&i 
Prefecture) vaa iacrea•" fr- 2 aillioa ahaata/90Dth 
to 6 •illioa, and teat operation vaa be&ua. nae 
.anthly producti'31l capacity of aubatrataa vaa 
iacr•••eil fr- 100,000 to 250,000 abeet• by 
September 1914, and vill be further iacreaari to 
600,000 this year, and l aillioa by 1917. 

The vorld deaand for aaanatic disc• i• eati .. ted 
at 40 aillioa/year at present and a further increase 
ia predicted. ~oba Stael i• one of the vorld'a top 
blank .. nufacturers. llovewer, since 1983, s .. itoao 
Liaht Metal Iaduatriaa, Nippon Lisht Metal, etc. hawe 
increased the productioa of blaaka aDd aubatrataa, to 
-•t srovins deaaDd. 

Dua to the rapid increaaa of ... 11-si&a 
c .. puters, d ... ad ia iacreaaina for •-Iler diaaetar, 
hiaher denaity and lar1ar capacity .. ,aetic diacs. 
In parallel vith this, raquir.-nt• of aluaiai ... 
subatratea are bac-ina atrictier. The alloy• 
recently daweloped .. kea it po••ibla to produce 
hiaher danaity diac aubatratea. {Source: Chaaical 
lconCl!Y and !nginaariaa lewiev, Juaa 1985) 

Joint al ... iniua rolling plant project in Bahrain 

An •luaini.- rollina plant for CAIJICO (Culf 
Aluainiuia Rollins Mill Co.), the firat joint project 
of Arabian countries on the Culf, has bean completed 
at the North Sitra induatri•l diatrict in Bahrain, 
•nd put into full-acale Qparation. The plant for 
which the Japana•a aroup of lobe Stael, C. Itoh • Co. 
and Nichi .. n 1acurad an order in Auauat 1983 vill 
proaota product eaport. 

The plant, the joint project of COlC (Gulf 
Org•niaation for lnduatri•• ronaultation), 
e1tabli•had for efficient econoaic aanaa ... nt by Gulf 
countriea, vaa constructed by Co\llHCO which vaa 
jointly aet up in February 1981 bf aia countrie1 -
Saudi Arabia, Kuwait, Bahrain, Iraq (20 par cent 
in•••t11Cnt each), Oaan and Qatar (10 par cent each). 

Tha 40,000 ton/year alu•ini.,. rollin1 plant 
produce• •heat, coil•, foraad •heat• and foil. The 
plant eon•i•t• of wariou• furnacea, hot •n~ :~•d 
rollin1 •illa, and refinin~ liaa. 11.oba Stael 
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obtai...S a f•ll t•ria-kay order for •••i111, 
-fact•n of plat .achinery aod q-ipeeat, aad 
ciwil aaciaeeriq. Siaca April 1915, tba co.patty 
prowid_. ed.cati- aad traiaiaa at ita Maoka -rka. 
(Source: Q:eaical Ec:;r' aod laaiaeeriq lewiev, 
llay 1916, Vol. 11, ... 5 

S..rcaa of "-"av of ae~i• aad fiaiabc4 
al1a1a1.- aood• --lact•ra 

Al-ini- caatiaa, 
die caatiaa 

Separatioa of. 
ahmini- fr
scrap 

lecyclina aluainiua 
acrap 

Aluainiua eatrac
tioa fr- acrap 

Per.anent eo Jld 
ca at ins• 

Lav praasura 
dia-caatins 

Maltias furnace 
da•iaa 

Ca•t•ble aluainiua 
alloy• 

Wire dravina 

Cold rollin1 

Alcaa aaaearcll aad Dewelo..-•t 
Ltd., Caaada 

Veniaiste Al-iai...,.rke A.G. 
P.O. loa 100440 
4CKIO Greweabroicb 1, FSC 

ALOSOISSE 
FeldauatraHe 4 
CR-IOl4, Z.ricb, SviturlaiMI 

latioaal Soatbvire c:o.paay (llSC) 
Fertilla Street 
P.O. loa 1000, Carrolt
C.oqia ]0117, USA 

Mitaubiahi Lisht Metal lad. 
Corp., Japaa 

Toahiba Machinery Corp., Japan 

laiaer Al-ioi- and Cheaical 
Corp., lOO Lakeaida Driwa 
Oakland {Ca) 94643, USA 

I. Fischer, FllC 
VEI Maaafeld-co.biaat 
Wilhala Piack, Friabeq, CDa 

Vereiniate Aluaiaiua llerke A.G. 
0-5300 loan, FlllO 

Sharkey Matala Ltd., ~ 

Fuso Liaht Alloya Co. Ltd. 
Japan 

lefftolds Hatala Co. 
One Union National Place 
Little &ock, Arkansas 72201 
USA 

Outokumpu Oy 
P.O. loa 27, SF-022201 !•po 20 
Finland 

NippO'I Li1bt Matal aeaearch 
Lab. Ltd. 
7-l-S Giasa, Chuoko, Tokyo 
Japan 

Fujikura Cabla Works Ltd., Japan 

ALUSUISSE 
falde11atra•aa 4 
CK-8034, Zurich, Svitsarland 

National Southvire Co. 
Fartilla Street, P.O. loa 1000 
Carrolton, Caoraia 30117, USA 

Nippon Liaht Metal leaearch 
Lab. Ltd. 
7-3-S Cinaa, Chouoko, Tokyo 
Japan 

S ... itoao "•Cal lnduatriaa Ltd. 
Tokyo, Japan 



Electric colouriac. 
anodisi .. 

luildi .. •tnacture• 

Deep-fr-1ia1 
nora1e houaca 

Doon aad viadova 

Container-type 
.i-nta 

Horhousea <1reen
houau) 

Auta.otive wheel• 

Alu•inh• truck 
fr-• 

Cookin1 utenaih 

SocSa-varer aiphona, 
beer barrel•, 
r•diuora 

Heat e•chan1•n 
radiatora 

s.a-vat•r de1altin1 

s .. ito.o Li1ht lletal lad. Ltd. 
Toltyo. Japan 

Al.CM International Inc. 
AY. d"Ouchy, Cll-1006 i.-aa
Svitaerlaad 

Al.CAJI leaean:h aad 0e-10..-nt 
Lab., Canada 

•ippoa Li1ht Meta~ le•earch 
Lab. Ltd. 
1-J-S Cinza, Chuoko, Tokyo, Japan 

AUJTEIV-f'Il 
.,a1alu Easineeriaa ~ad 
Develo~at Centre 
R-llll ludapcat, Po1•oayi ut S6 
lua1ary 

AWSUlSSE 
Feldeunraue 4 
Cll-1014 Zurich, Svitzerlaad 

Ener1y Mana1ement Inatitute (tel) 
11-1027 ludapcat, 
a .. ralcpart ll-l4, llua&•l"J' 

factory of Meral Vorlc• 
(ffmmuftlcis Ylllalat) 
R-1194 Budapest, P.o.a. 180 
J1un1ary 

Run1arian Aluaini.., Corporation 
( HUllCAl.U) 
R-1113 ludapc•t, Posaoayi ut 56 
Run&ary 

Bun1ariaa Al1111iniua Corporation 
( IUlllCAl.U) 
B-1133 ludapcat, Pozaoayi ut S6 
lluqary 

ALUSUISSE 
Felde11•tra••• 4 
Cll-8034 Zurich, Sviuerland 

Ardal Os Sunndal Yerlc A.S. 
P.O. loa 2469 Solli 
It-OH 2, Rorvay 

leynold• Metal• Co. 
Oae Union National Place 
Little lock, Arltanua 72201 
USA 

Alueinius Vere factory 
11-1142 ludaput 
tr1afbet kirllynf utja 57-61 
llua&•rJ 

"Lchel" lcfriaerator Work• 
1-SlOI Jiasberfny 
P.O. loa 64, Huna•f'J' 

"Lchel" lefriaeraror Work• 
H-SlOI Jiasberfny 
P.O. lo• 64, Hunaary 

Sociftf !aico, Paria, franc• 
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laatallatioe• 

Al-ini- allDJ 
coad.ctor wire 

lav -terial of 
aerial coaduct">r• 
aod cablca 

Cable• atranded 
fr- ai-1• 
virca 

Straaded cablca 

Inaulatcd conduc
tor• and cables 

Electric a•aeebly 
uaita 

Telcc01m1Unicatioo 
cab lea 

Electric busbara, 
cable channeh 

Source 

!neqy Maaaaa.ent laatitute (Eel) 
11-1027 ludapcet 
a- rel.part ll-14, Buaa•ry 

a.n.sariaa &l..,ini- Corporation 
(llDllC&UI) 

11-1113 ladapcat, Pozaoayi ut 56 
...... l"J' 

&LUSUlSSE 
Fcldeuatrauc 4 
Cit-10)4 Zurich, Svitscrlaad 

s-ito.o Electric laduatrica Ltd. 
Japan 

luaaariaa Al ... ini ... Corporation 
( llU1ICAUJ) 

11-1113 ludapcat, Posaoayi ut S6 
luqary 

lcaearch lnatitute of Electrical 
En1incerin1 (¥£1~1) 
1-1161 ludapcat, P.O.I. 233 
Jluaa•ry 

Yerciniatc lletallverta 
llanahofcn-Bcradorf 
Uraniaatraue 2 
A-1010 Vien, Auatria 

Rua1arian Cable Vorka (tlltM) 
R-1117 ludapcat, ludafolti ut 60 
Runaary 

Hu~garian Cable Work• (MltM) 
H-1117 ludapcat, ludafoki ut 60 
Bua1ary 

Al.CAN Ltd. 
Dufouratraaac 43, 
Zurich, Svitserlaad 

Alla..einc Elclttri1itita1e•cll
.chaft (.UC) 

BcbelatraHc 24 
D-7 Stuttaart, FIG 

Electric Equipecnt and Apparatus 
Vorlta (YllOl-EIA) 
H-1457 ludapcat, Fu16r u. 37-39 
Hunaary 

Southvirc Company 
Fcrtilla Street 
P.O.I. 1000, Carrolton 
Ccoraia 30117, USA 

Hunaarian Al ... iniua Corporation 
(HUllCALU} 
H-11)3 ludapcat, Po&•onyi ut 56 
lluaaary 

S&flce•fehfrvir Li&ht Metal Work• 
1-1001 Ssiltcafehfrvir 
Adoayi u. 64, Huaa•ry 

lalaaaaayanaat Matalvorltina 
Enurpriae 
1-2660 lal•••agyar.at 
P.o.a. 30, Hunaary 

Electrical lnatallation 
tnterpriac (VIV) 
11-1400 ludapc1t, Sip u. 23 
P.O.I. 67, Hunaary 



Product/t.0-loU 

sn ianlated 
..,itchilia -.ai,..at 

Capacitora 

Li&btiaa fiature• 

Deep-dravo li&bt
... i&bt c-taiaan 

V. lded coataiaara 

Collapaible tube• 
for toothpaate etc. 

Coataiaen vith 
at_,.d baae 

le•erac• cau 

Ca• c7liadera 

Hich-pr•••ura tank• 

Storac• and tr•••
port caaa 

larreh, -11 
contaiaera, pallet• 

len and drink 
box•• 
c .... 

llC Akti...-aallacbaft 
l~loftl'J. Poet facb 15 
C&-5401 ---· Sviturl_. 

eana llectrical Voru 
lt-1525 ..... ,..t, Ui..a.&a •• 39 
P.0.1. 63, a..a•rJ 
Caapal Tr-formmr l'actol'J 
R-1751 lallapeat, P.0.1. 72 
Buaa•l'J 

Traaaf-torea Uaioa, A.C. 
latzvaasar Straaaa 150 
lliinbaq I FIG 

V.atiqboa• Electrical Co.paay 
Sbarpa, Pa. 16146, USA 

Kecbaaical Vora 
R-1502 ludapaat, P.0.1. 64 
Buac•l'J 

CIPIOCi&ii&T I Moacow, ussa 

Electrical lqui,..at and 
Apparatua Vorka Ylllt-llA 
B-1457 ludapaat, rU&tr u. 37-39 
....... l'J 

a. aoacb c.bll, nc 

s ... itomo AlU111iaiU111 S..ltiac 
Co. Ltd. 
7-9-2 c:i.a.e, lihoabaabi 
Quao-tua, Tokyo, Japaa 

RAJ110lda Mctala Co. 
One Uaioa latioaal Place 
Little Rock, Arkaaaaa 72201 
USA 

PechiaaJ Uciaa 1tu111 .... 
Franca 

Al11111iniua Vara Factory 
R-1142 ludapaat 
lrsafbat kirAl,... utja 57-61 
Buaaary 

ScanalU111iaiua Yika 
Oalo, l. P.O.I. 1157 
lorvaJ 

"~ril 4" Kachiaa Vorlta 
(Aprilia 4. Cfpipari llii•ak) 
R-6100 liakuafll•&JhA&a 
CaAni ut 2, HuDcary 

Runcariaa AlU8iai1111 Corporatioa 
(RUllCALU) 
R-1133 ludapaat, PosaoftJi ut 56 
Ru•a•rJ 
Alu.ini1111 Co. of A•rica 
1501 Alcoa luildinc 
Pittabura, Pa. 15219, USA 

ClllAL, Parh 1• 
47 rue de Moncaau, Franca 

largaa-a .... r Kaachinan c.bR 
Frankfurter Str. 36 
lraunachvaic, 330, FIG 
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lottla cloauraa 

Collapaibla tuba 

Solar e-qy 
tachaoloaY 

••--••r•chluaa c.bll II: 
Caaatraaaa 29, ltsaboe, FIG 

CEUL, Paria a• 
47 r.a •• lloaceau, Franc .. 

Clml!llAS 
R-1103 ladapaat, lloadopy at l 
..... l'J 

SUllito.o Li&bt Metal 1... Ltd. 
Japa 

Dfwelop,..eat daa Applicatioaa de 
l 'laaqie Solaira 
F-75016, Paria 21, 
rue de la Soon 
Fr.-a 

Phaaol Eaci-riac s.A.a.L. 
AY ••• Lettre •• T•••icaJ 
69 330 lleysi-, Franca 

AaJ -th camp..,. (Pacbiaa7, .Al.CA.II, ALCOA, 
ALUSUlSSI, Re,.aolda, laiHr, llol:tecatiai) aacl alao 
the a~~cariaa AlU111iai1111 Corporati- (llUllCALU) 
toaethar vitb .ALUtlllY-FII, it• •oei-eriac and 
dewelo,..at caatra poaaeaa ~ow coaceraiaa 
techaoloeiea for ... i-productioa of dif fareat kinda, 
auch •• rolliac, aatruaioa, aatruaioa preaa, forcioc, 
caatiac and apecial tecbaoloai•• for f iaiabed cood• 
aucb •• ... 1diaa, aurface treatMat ia the alU111iaiU111 
iaduatl'J. (lscarpt h·- UlllDO doc-•t (I0/601), 
17 October 1984, Al1111iaiU111 Productioa aacl Uae io 
Dewelopiog Couatr1ea v1tb S~c1al E!phaaia oa the 
Kamrfacture of AluaiaiUlll S..1a and l'ioiabed· 
PrOducu; cOOducted bJ a -rkiac t ... of 
ALUTEav-n:x, ludapa• t, &uaa•ry. > 

United Nation• and UlllDO reporta oa &h•ioi .. 

1111100/IOD.lll 

UlllD0/ 100. 320 

UllIDO/lOD.321 

1111100/ 100. 335 

lllllDO/lOD.363 

UIID0/10.512 

UllID0/10.561 

llllID0/10.S65 

Select and AllllOtated liblio1raph7 
on Al .. iaiU111 Metal Procaaaioe aacl 
Uae 
(Prepared and publiahad bJ the 
Buncariaa Caatral Technical Library 
and Documeatatioa Caatra 
TICllllOl ... OllM) 

Select and AllllOtated liblio1raph7 
oa Alueina 
(Prepared aad publiahed aa abo••) 

Select and Allaotated libliocraphJ 
oa Primary Al .. iaiua Metal 
(Prepared aad publi1had aa abowa) 

The k-ic UH of AluaiaiU8 
(laaad oa Huacariaa &apariaaca) 

The Davalo,...t of Al .. iaiua Salea 
up to 1990 (Anal7aia and ForacaaL 
of the AluaiaiU111 Coaaimptioa ia 
Selected Markaca and Induatriaa, 
concluctad bJ a -rkinc t•- of 
noc;.,s AJ;, laale, Svicurland) 

Starua of the s-i-Producta 
Alueiaiue lndU1try ia s
Dawalopiag Couatriaa 

Pra1ant and Future of the Al .. iDill8 
Induatry in the Arab Vorld 

Kanufactura of High Al .. ina 
Product• - laaic lafol'88tion 



IJlllD0/10. 516 

UlllD0/10. 601 

lD/WC.446/6 

IJlllD0/10.619 

UlllDO/I0.621 

UlllDO/lD/324 

h•icn Study of en Al•ini• 
latna•ion and Anodiainc Plant 

Al•ini- Production and UH in 
Dewelopinc Countrie• with Special 
E.phaei• on the Manufacture of 
Al,,..ini- Semi• and Fini•hed Product• 

Dewdopment Trentla in the Al,.ina 
Procluc t ion. 

Cuideline• for Proceseinc Al,.ini• 
Semi-Fabricated Product• 

Study on the Eatablia"-ent of 
l.eboratorie• for Al ... ini,. 
Semi-Fabricated Product• 

The Econ09ic UH of Al-ini,., 
Develo.,.ent and Tranefer of 
Technolocy Series, Mo. 21 

Develo,,-ent and Transfer of Technolo&y Series Mo. 21 

"The Econ011ic Uae of Al,.iniaa" 

Conference on Trade end Develo nt: 
Rev. 

"Studies in the Proceasins, Marketin& and Distribution 
of C0990dities" - The Processinc and Marketins of 
Bauxite/Alaaina/Ala11iniua: Are•• for international 
co-oper•tion 

llKIDO ..,.tings on al ... ini• 

1981 
7-11 Dec. 

1~81 

24-26 Oct. 

1985 
18-21 March 

Workshop on Centres for Metallurgical 
Research and Developoment, Jaashadpur, 
India 

Croup Trainin& on the Production of 
Al11111ina from Bauxite vith Special 
E•phasis on Enersy Conservation 
Technolosies and Enviro11111ental A•pects, 
Budapest, Hunsar:r 

Espert Croup Meetin& on Restructurin& of 
the Mon-ferrous Metal• Industry, Vienna, 
Austria 

Two tentative date• for 1987: 

23-26 Feb. 

April 

Expert Croup Meetin& on Strate&ies and 
Policies of the Mon-Ferrous Metal• -
Aluainiua, i.eorsetovn/Cuyana or 
Yienna/Au•tria 

The Global Preparatory Meetin& on the 
Non-Ferrou• Metals lndu•trie•, 
Yicnr1a/Au9tria 

U~!DO Consultation on Non-ferrous Metals to be held 
1n Kudaoest, Run&ary 

30 Noveober - 4 Deceober 1987 

(1) Furthering the processin& of non-ferrous .. cal• 
in developins countries 

(2) ~election of technolosical alternative• in the 
non-ferrou1 oetal1 indu1trie1 adequate for 
developin1 countrie• 

(3) 'inancial con1traint to develop the non-ferrou• 
•etah industry 
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fUaLlCAtlOllS 

the lffective and lconoaic Use of tbe Special 
Cilaracteriatics of Aluaini,,.. and it• Allor•, 

Proceedinc• of an lat. Conf., lnt1titute of 
lletala, Sept. 1982, ,..liabed by :be lnatitute 
of lletala, Loedon. 

the World Al.,.ini .. lndu•try, Vol. 11, publiahed by 
Australian Mineral Econooica Pty. Ltd., 
March 1912. 

the technolOJ{ of Al ... iniua and it• Alloy•, 
P.C. Var ey, LODCion, NeVneaa-iuttenrortba, 1970. 

Creep of Metals and Allovs by 1.w. Ewan• and 
6. Viiahire, lslG 0~157597, publiahed 
1985, lnatitute of Metals, Sub•cribtr• 
Serwicea Dept., 1 Carlton Hou•• Terrace, 
London SWlt SDI. 

ZA Alloy Foundry Practice• Cuide (16 p), detail• 
proce•s1n1 paraoeters, ca•tinc oethod•, and 
perforaance properties of ZA-8. 12 and 27 
1iac-ala91iniua alloys. Ei&ht proce••e• are 
covered. tiac lnatitute lac., 292 Madiaon Awe., 
llev York, •.Y. 10017. 

Aluainiua Master Alloya lu•ine•• Unit. Cabot 
Corp., r.o. lox 1462, leadins, PA. 19603, USA baa 
publi•hed: 

Alloy ratings. Bulletin ~-PD12 (4 p) outlines a 
•ilicon phaae aodification ratin1 •y•tca for tbe 
structure of hypo-eutectic aluainiua-•ilicoa 
castin& alloye. Sy•tea i• baaed oa data 
developed for aluainiU8 alloy lS6. 

and also 

Product Data: &II Aluoinium B•••d Master Allovs 
laforaat1on on data oc braod list of aluainiua 
ba•ed .. •ter alloy• u•ed by pri .. ry and 
secondary aluoini.,. producer• as 1r•in ref inin&, 
hardenin1 a1ents and speci•l purpose alloys. 
Prepared by oetallursi•ts and re•earch and 
development encineer1. 

Al,..iniuo frocessin1 - Four-pas• bulletin li•ts 
cheoacal treatoent• to clean, etch, 
deoxidise/deeoutt, and chromate conver•ion coat 
aluoiaiuo eatrusions, abeet, and ca•tin1•
Proce••in1 techniques .. y be •pray vasher, 
i ... r1ion tank, or vipe-on type. Indu1trial 
Cheaical Product•, 12801 •evbur&b Id., Livonia, 
Mich. 481SO, USA. 

Alloy Powders. Data Sheet PH-1.3 describes four 
Solocoat one-step, •elf-bondin& powder alloy• 
for theraal 1pr•y .. tali1in1: tvo •tainles•e•, 
an aluoini,.. bronse, and a •i-Al-tto 
C09pos1t1on. Wall Col.onoy Corp., 
19l4S John I. St., Detroit, Mich. 48203, USA. 

Aluoiniuo. Brochure (16 p) explain• coopan1'• 
capabilitie• in producin& cold rollad 
al .... iniuo coil• •nd cut-to-lencth 1heet1. 
Alloy• include the 1000, lOOO. SOOO and 6000 
•erie1, in thickne••e• ran1in1 froo 0.005 
to 0.2SO in. (0.ll to 6.4 oo). AluoiniU9 
Milla Corp •• P.O. lox I, Prairie Yiev, 
II 1. 60069, USA. 



Kaiaer CIMaicala haa pvftlia.._. a a.v bt'OChare oa it• 
al_1_ prodOICU ·- tKhDOloSY. n. bt'OChare 
ia diYi.d..a into six cataaoriea eccordioe to 
•pacific ar .. ea of al_i_. Clarta are 
i11cl .. ..a. ai.o.ioa typicai clMmical .-lyaea a .. 
the typical phyaical propartiea of each aloaai
ar ... i11 the reapacti .. catqory. 

11etal• ' Alla• i• the unifie.t •...i.crioa sy•t-, 4th u. 
(115.11086 ia • reference puia to -re th&il 
3500 •tal aad alloy dHipati- aaed by 
iocli•idual aocietiea. trade aaaociatioaa, 
aa.e~t oraaaiuti-. producera aad uaera. 
Bardbaclt, t90; paperboullcl, *78. from the 
Society of Aut..,ti .. Eoai-ra (SAE). 
Dept. 676, 400 C-alth Dr., Varreoclale. 
PA. 15096. USA. 

Aluaioi-. Publicatiooa ' Audio•iaual• Guide (36 p) 
coata1oa 130 publ1cat100 t1tlea aDd 26 
audio•iaual prHeotatiooa. Sactiooa include 
•illproducta aocl caatiaa• fioiahioa aad joioi,. 
proceaaea, a .. -jor -rlteta aach •• 
c-tr01Ctioa. pacltaaiaa .... tra11aportatioa. 
For a free copy vrite to Al-iai ... Aaaociatioa 
Inc •• 818 c-oecticat •-·, •.v. Vaahiqtoo, 
D.C. 200CK, USA. 

Aluminill8 for Eagine Afplicationa - lat. Coqreaa and 
Ezpoaitioa, Detroit, Mich., USA, 28 Feb. -
4 March 1983, Society of Aut-ti .. Joa •• 
Varreadale, PA., USA, 1983, 61 p. 

Aluaiini ... : Profile of the Induatf{ by J. Keefe, 
~- Berle., Kev York, McGraV4l1 1, 1982, 201 p. 

Fabricatioo of aite Material• Source loolt, 
1nc udea a ao art1c ea on a 118101- a oya 
(American Society for Metals, lfetala Parle, 
Ohio 44073, 1985, Isa• 0-87170-198-7) 

AlU8ini...-lithi118 alloys III 

Proceedin1• of the Third Iateroational 
Aluaini...-LithiU8 Cooference oraanized by the 
Institute of Metala at the Uni•eraity of Osford fr09 
8-11 July 1985. 

Paper• co•er the fU11d ... ntal .. tallurgy of Al-Li 
alloy•, toaether vith the productioo and proceaein1 
aepecta. the .. chanical propertiea aocl fabricatioa 
par ... tera in compariaoo vith exiatin1 aerospace 
alloys are empi1aaiaed •• ... 11 aa the requir ... ate eocl 
application• of the alloys for•-~ •r ... • and eaaine• 
in fixed vi.as aircraft and helicopteu and uaea io 
other defence application1. look 358 280.210 ... 
640pp, Caaebound, ISIK 0 904357 80 5. Publ. 
January 1986, Tha Inetitute of Matale, Sub1cribar 
Service• D-?part .. at, l Carltoo Bouee Terrace, 
London SVlY 501. 

The following fi•e title• of book• were 
taken fr08 a catalogue of tha Metallurgical Society 
Inc., 420 COllllOnvealth Drive, Varrendale, PA. 15C66, 
USA. 

Aluaini...-lithiua alloy• II 

Edited by T.H. Sander1, Jr. and !.A. Starke, Jr. 

Proceeding• of the Second International 
Aluaini...-LithiU8 Conferenca, Monterey, California, 
12-14 April 1983. Hardback, 693 p•a••• illuatratad, 
index. 

Signi(icent advanca1 in the etudy of Al-Li 
alloy• have almo1t doubled the ecope of thi1 recent 
vol.,.., Th• 38 paper• cover .. thocl1 of alloy 
prepar1tion, effect1 on •icro1tructure ind 
propertie1, 1uperpl1etic deforaation, funda .. ntal• of 
phyeic1l .. tallurgy, veld1bility. Ma 1nd H effect• 
on tracture, corroeion behavior, ind other i•portant 
topic•. JSIN 0-89520-472. 
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Rish-•trcaatb poold•r .. tallu!J7 aluaini ... alloys 

Edited by Michael J. Koc:uk aod 
Greaory J. Hilde.ea. 

Proceediqa of • ·~·.,iua heltl at the llltb 
ADtl Anoual lleetiac, Dalla•. Tex.aa, 
17-18 February 1982. Hardback, "25 pqe1, 
illuatrate<I, i1111ex. 

theae 22 paper• bi1hli1ht fatisue aocl atre•• 
corroaion crackiaa beha•ior of coaaercial 
high-atrenath 7XXX aluaini ... pcNder aetallurgy 
alloy; denlopaeot of -rsioa aluainiua powder 
aetallurgy alloy•; aocl exploratory re1earch directed 
at developiaa lov-deaaity Al-Li pcNder •tallur&l 
alloy1. lSU 0-1952o-453-3 

Edited by J-• c. llorria. 

Proceediac• of 1 a:r-po1iua at the TllS-ADIE Fall 
tleetin& in St. Louie, Kiaaouri. 18 October 1978. 
Hardback, 233 pa1ea, ill ... trated. ioclex. 

llouaea 11 papen exaainiac the dfacta of 
theraoaechanical treataenta oa a broad range of 
aluainiua alloya. Vhile baaic effect• and aecb9oi.
are diacuaaecl. pri-ry focua i• oa tbe reapooae of 
•icroatructural char•cteri1tic1 and apecific 
-chanical propertie• to ••rioua type• of 
theraoaechanical treat .. u. lSP 0-19520-354-5 

High cooclucti•ity copper and aluainill8 alloy• 

Edited oy E. Lias •ad P.V. T1ubeablat 

Proceedin11 of 1 aympoaiua at the 113th TKS-ADtr: 
Annual Meetinc in Loa An1elea, California, 
26 February ~ l March 1984. Hardback, 190 p11ea. 
illuatr1ted, index. 

Preeent• up-to-date .. terial on copper and 
aluaini.,. alloye in application• requiring 
cooductivity. Coapo1itioa, de1i1a aad procea1 
control ire 1tre1•ed to ret•in biab coocluctivity 
while acbie•ioa other de1ir..a propertie1. 
ISIK 0-89520-fo79-7 

Superplaatic foraing of etructural alloy• 

Edited by I,!. Paton aad C.11. e .. ilton 

Proceeding• of •ympoaiua held io Sin Diego, 
California, 20-24 June 1982. Hardback, 440 p•1••• 
illuatr1ted, index. 

Croup• 19 paper• eapha1iain1 euperplaaticity 
application• r1ther than fund ... nt1l 1cience. The 
four .. jor eection• are: euperpl••ticity, .. chani••• 
and ch1r1cteri1tica; 1uperpl11tic -teri•l•; 
•uperpla1tic foraing proce11e1 1nd application~; ind 
caviatioa in 1uperpl11tic f,nmi•&• All~y• di1cuaaad 
include titaoiua, alU8iniua, iroo, nickel, and 
1uperalloy1. ISIM 0-89520-389-8 

A technic1l dat1 1heat on "Aluainiua -
per cent Maanuiuai Alloy lond1ng Wire", which i• 

u1ed exten1ively in cer1•ic p1ckaged , .. iconductor 
device• ind can be 1upplied in di ... ter• rangina froa 
2.S •il to 0.7 nil. The technical data eheet 
include• infota1tion on .. ch1nical propertie• of th• 
n1teri•l, ten1ile propertie1, qu1lity control d1ta, 
di .. n1ional tolerance1, 1pooling •pecif ic•tion• 1nd 
rel1ted required inforaation. Hydro1tatic1, Inc., 
lethlahe•, Pa., USA. 

Dur1•ic Product• Inc., 426 eo .... rcial Ave., 
Palieade• P•rk, KJ 07650 h11 publi1hed I 1ix-p11e 
brochure featurin1 • three-pas• chart lieting 
det1iled electrical, phy1ic1l, ind thermal 
characterittic• of 16 n1chinable cer .. ic n1teri1l1. 



• 

Included are varioua 1rade1 of alumina, al1111ini1111 
ailicate, 1raphite1, nitride•, .. chituble 1ta11 
ceraaic, and co.poaite .. teriala. Application• are 
aleo di•cus1ed, aa are the the co.pany'a capabilitiea 
in the deei1n and .. nufacture of preci1ioo 
non..etallic part•. Bulletin 502-PDl. 

and 

Al1111ina fabrication 

Precieion fabrication of intricate part• and 
components i• diecuseed in the 8-paae TeL~nical Data 
Sheet AX-3000, on al1111ina cer•ica. The uterial b 
di•cuesed in detail, and it• characteriatica are 
covered individually. A full-pa1e table li•t• 
properties. Also cowered are 1rain atructure and 
desip tolerance• on .. chined •l-iaa paru. 

Ila idl and 
D11tr1but100 i•1te 

DTIC AD IOS8026. 

A comaittee of the National Material• Ad•iaory 
loard (National Re1earch Council, 2101 Con1titution 
Ave., N.V., Va1hin1ton, D.C. 20478, USA) ha1 
conducted a atudy to evaluate the potential of 
particulate (rapidly aolidified) al1111inium alloy• for 
a broad ran1e of 1tructural application•. The •tudy 
included analysie of current experiemental and 
near-tera production alloy1; 1election of 
repreeentative tar11t prop1rti1• and aaalysie of 
ltructural perforsance in repr11entatiYe aircraft 
syst .. a; evaluwti~n of alternat1Y1 .. thod1 for 
producin& eheet, plate, extru1ion and for1in1 •ill 
product• vith empna1i1 on approache• for procee1in1 
particulate directly to •ill product•; 111e1 ... at of 
structural fabrication and ae1f!mbly proce11e1 and 
potential a11ociated proble81; review of the 
aietallur1ical 1tate of the art of the1e alloy 
eyste•s; and 1aten1ive exa•ination of pot~ntial 
applications in aircraft, •ilitary, and 1pace 1y1tea1 
and commercial product1. Si1nificant coaclu•ioa• and 
recommendation• are pre•ent~d that identify the 
future vork required to •upport adequately the 
continued development of particulate •l-ini1111 alloy• 
and to en1ure th~ eventual availability of 
lar11-ecale production qu1ntitie1 of the1e alloy1. 

£eetern Alloy• Inc., lo• !A, Maybrook, lfY 12S43, 
USA has publiehed brochure• on 

Zinc-alumini ... foundry alloys 

Castin& alloy• fo1· 1revity and preuure die 
casting are featured in thi1 C08prehen1iYe, 
ei1ht-pase brochure. C09parison chart li1t1 typic1I 
c11tin1 alloy propertie1. Di1cu11ion co•er1 alloy 
characteristics, c1111po1ition, de1i1n feature1, co1t, 
•election, and proc111 details. Separate chart• 
detail alloy c011pari1on ratin11 and typical proce•• 
rec089endations. Other available litarature are 
li1ted. lulletin ZACA/6K/KP/48S. 

and 

Zn-Al ca1ting alloys 

High-1tran1th 1inc-al1111ini1111 alloy• ZA-8, ZA-12, 
and ZA-27 are the 1ubj1et of • 6-page foldout 
brochure. The alloy• are deecribed, and their u••• 
are diecu11ad briefly. Typical propertie1 •r• 
listed. A nu.ber of npnHntative paru an 
illustrated and diecus1ed. 

Zinc-elU91iniU9 die-ca1tin1 alloy• 

Ket1llur1y and ener1y requir ... nt• •re two ot 
sever1l topic• di1cu11ed in • 16-page brochure on 
ZA-8, ZA-12, and z.. ·27 1inc-1l1111inium dircHting 
1lloy1. Al10 covered arc perfor.•nce factor1, 
vei1ht, 1tr•n1th, hardne11, b1•rin1 charect1ri1tic1, 
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and v:ear re1i1tanc1. Proce11in1 ie diecuseed. 
Al1111inium S..ltina • Refinins Co. Inc., Certified 
Alloy• Co., S46J haba9 Rd., Maple lleighu, OH 44137, 
USA. 

Zn-Al foundry alloy• 

Three &inc/aluminium foundry alloy• are covered 
in a 12-page, full-colour brochure. Compoeition1 and 
adYanta1e• of tbe alloy• are di1cueeed, and table• 
li•t phyaical and .. cbanical properties. Recommended 
foundry practice i• deecribed. Piniahing, corro1ion 
r1ei1tance, .. chining, and joinin1 are alao 
diacussed. Photoar•ph• illu1trate typical part1. 
C:O.inco Ltd., 120 Adelaide St. v., Toroato, Onterio, 
C.aada, KSH lTl. 

Aluaini1111 castil!J alloys 

Ei1ht-pa1e brochure preeents data on al1111ini~ 
alloy 190. A9oag topic• covered are .. tallur1ic1l 
characteriatics, phy1ic1l and .. chanical propertie1, 
and alloy characteriatica. Performance 
characteri1tic• are ehovn ia graphical form. 
Proce1ein1 information i• aleo provided. Aluminium 
s .. 1cin1 • Refinin1 Co. Inc., Certified Alloy• Co., 
S46J Duahaa Rd., llaple Hei1hu, OH 44ll7, USA. 

S,,ecificatioas on copper, hra11, al1111inium alloy• 

Booklet ie a 1uide to 1o•e"'81nt and 
en1ineering-1oc:iety 1pecif icatione. It correlate• 
ASTM, SAE, AMS, ASKE, federal, aad Kilitary 
•pecificatioa• vith the c09pany'• ovn copper, hr•••, 
hroa&e, aad alumini~alloy identification au.ber1. 
Chl8ical, .. chanical, and phy•ical propertie• of 
proprietary copper-base and •1.,.inium alloy• are alao 
1iven. Cat1lo1 ftt-4083, 36 pa1e1, Kueller Ir••• Co., 
Port Huron, Kl 48060, USA. 

Sheet, Plate • £xtru1ion1 i• a 24-paae color 
brochure 1hovin1 a variety of product• atili1in1 
aluainium advantage• 1uch a1· co1t, liaht weight, and 
ea1e of fabrication. Product 1ection• include 
heat-treatable and noaheat-treatable wrought 
aluminiU91 alloy•, eheet and plate, and extru1ioa1, 
including tube and pipe. Chart• detail product 
availability, alloy and t..,er de1i1nation1, 
.. chanical and phy1ical propertie•, and end-use 
applicetiona. Kill Product• Div., leynolde Ketal1 
Co., lichmond, VA 23261, USA. 

Cuide to Selectiag C.rpenter Specialty Alloy• 
provide• 32 pa1e• of de1cription1 for a vide 
selection of alloy1. Individual 11ction1 hi&hli&ht 
1tainle11 •teel1, hi1h-te•p1rature alloy•, tool and 
die ateel•, nickel copper alloy•, valve •teal•, 
bearina 1t1el•, 1pecial purpo•• alloy 1teel1, 
product• for 1lectronic1, fine vire and ribbon 
•pecial alloy•, and related product1. Ea1y-to-follov 
aele,tion 1uide cat11ori1e1 .. teriel• in terms of 
corro1ion reei1tance and 1tr1a1th factor•. Each 
..teriel i1 lieted vith che•ical c1111po1ition and 
pertinent en1ineerio1 fact1. Carpenter T1chnology 
Corp., 101 W. lern St., leadin1, PA 19603, USA. 

Pena.anent-mold alumini1111 ca1ting 

Economic advanta1•• of u1in1 pera&n*nt and 
, .. ipe'l"l9anent .old ca1tin11 are featured in thi• 
application• brochure. Topic• covered includ• 
replaca .. nt of •••••bli11 or joined compon1nt• with 
ca1tin11, de1i1n flexibility, C08pl•• ehap11, and 
foundry production capabilitie1. lrochure al•o 
includ•• a c09preh1n1i•• tabl• covarin1 typical 
propertie• aad charecteri•tic• of 1l1111iniua 
p1raanent-.old caetia11. 12 P•1••· P1r.enent Mold 
Ca1tin1• Div., Alumini1111 Company of America, 
2210 Harvard Av1., Clevalaad, OK 4410S, USA. 

AluminiU8 Company of "9eric1, lSOl Alcoa luildin1, 
Pitt1bur1h, PA 1S219, UIA ha• publi1hed 



(a) Aluainiua plate, plate ahapes 

Fona F0-4-14689 provide• eight paae• of detail 
on COllfany'a capabilitiea to produce a variety of 
aluainiua plate and ahapea. The develo.,.ent of 
aeroapace alloy• and the nev aluaiai...-litbiua 
alloy•, CAD operatioaa for progr ... iaa 
auaerically-controlled equip.eat, ahape par ... tera, 
and equip.eat for apecific pl3te •izea are 
diacuaaed. Secti009 cower plat.-.akiaa facilities, 
quality-control standard•, and available size• aad 
typea of products. 'Iva pa1e1 are dewoted to 
photographs of typical parts aad abapea. A comp~eta 
liatiaa of aalaa off icaa ia included; and 

(b) Alcoa Aeroapaca Capabilitiea which provide• aa 
in-depth look at4levalopmeata 1a aeroapace alloys and 
nev techaoloay. leatured aactioa• cover reaaarch and 
develop.eat, nev alloys and .. teriala, plant 
production capabilitiea, forgin1 operatioaa, caatiag 
production, eatruai?n/tube proceasea, and technical 
innovations. Materials aection descrilK• each alloy 
in tenas of dewelop.eat, perfor.ance, and 
applications. Aluaini...-lithiua alloys, vrouaht P/M 
alloys, CU78 P/M alloy, aad 7XXX P/K alloy are 
detailed. 

Al1111iaiua forsina 

Company'• 5,500-toa acrev pre•• for ?reciaioa 
forging of aluaiaiua is featured in thia four-page 
capabilities brochure. Diacuaaioa covers 
computer-controlled operation, close tolerancea, 
deaiga refia.-eata, aad productivity gaiaa. 
Capabilities vith .. chining, heat treating, preaaea, 
quality control, and custOll aervicea are featured. 
llaltec Componeah, Boa 190, Karine City, KI 48039, 
USA. 

Free literature 03: continuoua re•i1111 ualit 
a ua1n11111 pr uct1oa .. e eaay 

Can be obtained through: Fraak w. Schaefer, 
Inc., P.O. Boa 1508, Daytoa, Ohio 45401, USA. 

Metallurgical aspect• of environmental failurea, 
Briant, c.L., NY: Elaev1er, 1985. 237 p. 164.75. 
(Materials Science Mono1rapha; 12) 85-6908. 
ISBN 0-444-42491-1. 

Corroaioa of .. tala. Stre11 corroaion 
cracking. The effect of irradiation on the 
propertiea of .. teriala. Senaitization of austenitic 
nickel alloya. Corroaion and 1tre11 corrosion 
cracking of aluminiua alloya. Stra11 corroaion 
crackin1 and hydrogen embrittlement of titaniua 
alloya. Subject Index. 

The author .. phaaizea the .. tallurgical a1pect1 
of proble•• of environmental failurea cauaed by 
factor• auch as corroaion and irradiation. It ia 
tuitable aa a text for an undergraduate level courae 
given to en1ineer1, metallurgiata, or .. terials 
1cienti1t1. Literature reference• and a ~ubject 
index are provided. The author ia with General 
Electric Corporation. For en1inaarin1 librariea. 

Alloy Thermo-Sorter 

Alloy claaaification ia now .. de eaay with the 
Alloy Thenao-Sorter, Hodel ATS-6044, being introduced 
by Walker Scientific, Inc. of llorceater, HA, USA. 
The ATS-6044 ia a light-weight, portable and ru11ad 
inatrument deaignad for uae in a d ... nding induatrial 
environ.Mint. Part aize or ge0!9etry ia not critical, 
to the Alloy Thermo-Sorter can identify or aort 
alloy• ran1ing in aize fr009 fine wire to large 
girders. It ia a fully ~on-deatructive te1t that can 
be used on preciaion bearing aurfacea. 
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Portable all07, .. tala analyzer 

A 12-pase colour brochure from Columbia 
Scientific taduatriea deacribea the veraatility o~ 
thia portable X-IET 1140 .. tala and alloy analyzer ia 
identifying thouaaada of alloy typea, vith up to 
100 atored in -ry at aay - ti•. 
Specificationa, feature• aad ap~licatioa eaaaoplea for 
this aondeatructiwe, band-held, •icroproceaaor-baaed 
multi-element X-ray fluorescence analyzer are 
prowided. Four different probea are awailable. 

Aluaiaiua: properties and p!!ysical .. tallurgy 

Edited by Joha E. Hatch, Metals Park, Ohio: 
A.aricaa Society for Hetala, 1984, 424 P• &70. 
83-21338. lSBN 0-87170-176-6. 

Constitution of alloya. Kicroatructure of 
alloys. Work hardening, recowery, tecryatallizatioa, 
and grain vorth. Corroaioa behawior. Al1111iaiua 
powder and powder .. tallurgy producu. ladea. 

Thia woluae ia a rewiaion of Volume I of the 
three Yoluae aerie• Aluaiaiua publiahed in 1967 by 
the A.arican Society for Hatala. Each chapter vas 
reviaed by a te .. of profeaaioaala frOll oraaaizationa 
such•• laiaer Aluaiaiua 'ai .. ical Corp., the Alcoa 
Technical Center, and Alcaa lateroational. Include• 
updated bibliographiea, a lilt of coatributora, 
aubject index, and alloy indes. For acience aad 
engineering colleclions in public, uaiweraity, and 
apec ial librariaa. 

Al1111inium vindiags liat 

Technical brief/price list preaeata pure cer .. ic 
oai'e treated anodized aluminium .. ,aet vire and 
atrip. Brochure eaplaiaa unique perfor.aace 
advantage• over other reaiative winding products, 
power capabilities, and operating temperature ranges 
fr011 400 to 1,0oo0 r. Discuaaion also describes hov 
oxide fil• insulation structure i•provea on an a1in1 
curve, and hov winding• are uaed on applicatioll9 auch 
as CAT ac•aaera and lifting .. 1neta. National 
Ano-Wire Inc., 231 Diana Ava., Muakegoa, Kl 49442, USA. 

A pocket fuide to high performance alloya and 
~roduct for111a 1a an expanded chart of 

igh-performance alloys, st•inle•• ateels, and tool 
and high-apeed 1teels. Alloy 1rade1 and product 
for•• ¥re listed. lewerse aide details available 
procea1e•, includin1 electric furnace .. icing, 
argon/oay1en decarburiaation, vacuum induction 
.. 1ting, vacuum are r ... ltin1, electroslag refining, 
and consolidation by atmo•pheric pra1aure. 2-page 
folder. Cyt .. p Specialty Steel Diw., Cyclopa Corp., 
Tituaville, PA 16354, USA. 

Hard alloy eatruaion capabilities explains the 
extru•ion proca•• 1n detail, and provide• data on 
hard alloya, cot1pariaona with other procesaea, and 
company cepabilitiaa. Diacuasion covera hard alloy• 
in the 2000, 5000 and 7000 aerie•, plus other 
available .. teriala for international 
1pecificationa. E•phaais ia placed on ••tal quality 
and •••urance, plant capacities, and liD backup 
1yat•••· Several P•&•• are devoted to colour 
photoarapha and detail• of available product• and 
typical aero1pace applicationa. Company aarvicaa 
also •re de1cribed. 16 pa1ea. Extruaion Tube Div., 
Alu•ini1111 Company of America, los 7SOO, l.afayett•, 
Ill 47903, USA. 

Aluminium caatin1 technolo1y 

296 p•gaa, lS chapter1, 2 •ppendice•, 
8 1/2 x 11 in., Caaabound. Hore than 
2SO illu1tration1. 

•. 



• 

C..tai•• feature• of ... i .... ~fit of 
pr .. uc•r•. r••••rc ... r• .... et ... ent• iacl .. iaa: 

Ge•ral and •pacific •••i&• rec-adati-• 
for all caeti111 .. th .. • 

Collplete •e•cription• of pri .. ry and 
••condary alloy•. includiaa caetability. 
..cbiaability, vel•ability. fiaiehia1. 
corro•i- reeiatanc•. and ther.al treatment 

tatenei.,., comprehen1ive chapter -
.. t•lloaraphy with diasnoetic phot .. icroar•ph• 

•~roue ••feet checkli•t• 

Diecu11ion• of the advante1e1 and 
•i•advant•&•• of each caetin1 .. thod 

ta .. inetion of noncleetructiwe and deetructiwe 
tHtiq 

Special appendice1 of Aluminium Aeeociation 
alloy deeisnation• and aae. temperature, and 
ti.me curve chart•. 

Publication• Depart .. nt, American Founclrymea'• 
Society, Inc •• Coif 6 Vol( Rde., De• Plainea, 
IL 60016-2277. USA. 

Alueini\91 ca1ti111 technolOJY ia a comprehenaive 
teat, handbooll: and operatioae .. nual coverins all 
pha•e• of technoloay. proce••e• and operation• for 
the caetin& of aluainiua alloy1. Thi• c..,letely 
revieed and eapancled vereion of the f ... r ltaiaer 
Al'91iniU9 Handbook i• the only euch referenc;--
available that can aenre the foundf"J98D •• a total 
operation• 1uide to th• production of quality 
aluminiua caatin&•· 400 pa1e1; caeebound; order 
No. NFl501; *40 AFS -ben, tao --...ban. 
Contact: American foundrymen'• Society, Inc •• 
Publication• Salea, Coif 6 Volf load1, Dea Plaine•, 
IL 600l6-2l77, USA. 

Corro1ion, failure analy1i• and .. talloaraphy 
pre1ent1 the proceedin1• of the 17th Annual Technical 
Meetin1 of the International Metalloaraphic Society, 
co-publiahed by ASll and IMS. The 39 publiahed paper• 
include auch topic1 •• the aapect• of •icrohardneaa 
teatin1 and it• application• aa well •• a wide rans• 
of phyeical .. tallur1y 1 •icro1tructural and 
.. tallosraphic topic• concernia1 ataial••• ateel•, 
aluainiu., sircoai1111, iron• and ereel1, thoria fuel1, 
dental ... 1, .... nickel-.olybden ... and vaaadiua. 
Alto covered are corro1ion probl .. a and failure• of 
"'8terial1 r1n1in1 f r09 1 .. iconductor1 to a t1atalu. 
heat eachanser. l18ph11i1 i• on fractosraphic 
procedure1. 629 P•&••; order No. 6362; &49.60 ASll 
... ber1, *62 aoa-...ber1. Contact: ASH 
Me8ber/Cutt ... r Set'Yice, Metal• Park, Oii 44073. USA. 

Al1111ina-1ilica ca1table1 brochure available 

c-t lefractori•• ha• i11ued a ...,, brochure 
coverin1 the coiapany'• CD8plete line of 
alU8ina-•ilica ca1table1 and 1unnin1 refractorie1. 
Thi1 12 pa1e 1 four colour brochure provide1 
inat1llation rec .... ndation1, product •pacification• 
and other tachnical data relatin1 to thi1 product 
line. 

Infor88tion contained in thi1 literature appli•• 
to the uae of caatable1 and 1unnia1 refractorie1 in 
1teel, foundry, al1111iniu., NPl power aeneration, rock 
product• and other indu1trial applicatioae. 

c-t lefractorie• .. nufactur•• • broad line of 
a1U8ina-ei1ice and ba1ic refractory epecialitie1 and 
cer,.ic fibre product•. 
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for Standardisation. 
Su1eee 

Handbook 30 

.. .-ferrou1 .. tale 

ISO baa publiahed ... y lateraational Standard• 
for non-ferrou• .etal• aad aoa-ferroue .. tal 
product•; they provide the •tandardisatioa 
require11ente for iaternational c....,nication and 
trade iavolvin& the 801t i.,.rtaat .. cal product• 
other thaa iron and ateel. lletal1 dealt with in th• 
new ISO Standard• Handbook 30 •oa-ferroue .etale, 
about to be pabliehed are al-iai-, copper, 
.. ,.,..i_, aickel aad sine. 'nle 1tanclard1 apply to 
th• crude .. tale aad iater..diat• •t•1•• up to 
... i-fini•h•d product• a• 1upplied to iadu1r.-y ani 
include cla11ification, ter.inoloay, che8ic1l 
analy•i1, teat .ethod1, epecificatina1, diaeneione 
and tolerance1. 

Th• haadboolr. ie in four parte, pr•Hnted in on 
vol-: 

Part Al-ini-, .. ,aeaiua and their alloy• 

Part 2 Copper and 4;0pper alloy• 

Part 3 •icltel and Dickel alloy• 

Part 4 Zinc aad sinc alloy• 

They repr••••t the coiepl•t• work nf four ISO 
technical coaaitt•••• ISO TC 19 Zinc •'!'I sine alloye. 
ISO TC 26 Copper aad copper alloy1, ISO TC 79 Lishe 
.. cal• and their alloy• (e collection which aleo 
deal1 with anodieiaa and iaclud•• 1tandard1 on 
.. &•••iu.) aad ISO TC 155 •ickel and nickel alloye. 

Standard• for .. chanical. te1tin1 of non-ferrou1 
.. cal• are to b• included in a future handbook to be 
devoted eaclu1ively to that eubject. (Source: 
ISO lulletin, July 1996) 

FUTUlE •n111cs - PAST EVHTS lELATlNC 
TO llATERlALS 

9-12 Sept. 5th Int. SJ8PoliU8 oa tatraction 
Metallur17 1 Loadon. ln1titutioa of Minin1 and 
Metallur1y, Loodon. 

19-20 Sept. Sec1111dary Alu.inium Meetina, Turin, 
ltaly. lletal lulletin lac. ••w York. 

5-7 •ov. Material• la1ineerin1, tahibitioa and 
Confereace, Londoa. Spon1ora nre: 
The In1titue of Mechanical ln1ineer1 
The Inetitute of Cer .. ic• 
The lnetitute of Metal• 
The Ple•tic• and lubber In1titut• 
The Materiel• rorua 

'ftle "•aw Materiel• lahibition '15" wa1 held fr09 
29 to 31 October 1915 in Sunthine City, Ikebukuro, 
Tokyo. The th ... of the eshibiti- •a• '°?be lleetin1 
of lleed• and Saad•"· 

Modern .. terial1 and hiah-perfoniance product•, 
to1ether with variou• related equi,..nt, were 
di1pleyed, and infor.ation on th• 1tate of 
develo,..nt of th••• new .. tariale, their technical 
1tandard1 and future outloook tMre banded out. 

Tha it .. • on di1pl17 in th• field of fine 
cer .. ic• incluclad sirconia, eilicon carbide, aluaine, 



1alli,.. araeaide, aa vell •• boron prodacta, optical 
fibre•, rare-earth al ... at• aad electrllllic 
.. teriala. On di1play in the field of new .. t1llic 
.. teriala were 1ilicOll .. teriala, amorphou• 
.. teriah, abape -ry alloy•, bydroaet1 atoriq 
alloy1, altra fine povder .. tala aad aaperalloy1, 
auch aa titaai.... Cc.poaite .. teriah included 
PAll-ba1ed carbon fibre1, pitcb-ba1ed carbon fibre•, 
alnaina fibre•, 1tael fibre•, alaaide fibre• aDd 
other fibre .. terial1. 

la the field of hi&h poly.er .. terial1, 
en1ineeri111 pla1tic1, photoaea1itiwe reaina, 
electrically conclacti•e re1ia1, water ab1orbinc 
re1ia1, iOll excbaase reaia•, hi1b-perforaaace 
eeparatillll ..-raau, etc. -re di1played. Eqaip.eat 
included nev .. terial .. aafactariac equipment, •acu,.. 
hollow moldin1 equip.eat, •aper uniforwi pulYerization 
equip.eat, hi1h-pre11ure/explo1ion pre11ure .oldin& 
.. chines, pre••ure ••pour depo1itioa equip.eat, 
cheaical Yapor depo1ition equip.eat, thin .aobrane 
productillll equip.eat, injection .oldiac .achiae1, 
1tructural analy1i1/ .. terial de•icaiac equip.eat, 
.. terial property te1tia1/aaalyai1 equip.eat, 
aon-de1tructillll ia1pectioa eqaip.eat, aDd CAD/CAM 
1y1t... for .. terial deai1a. 

The exhibitioa va1 1poa1ored by Bihoa Keizai 
Shi.bun, lac., aDd the Federation of llev Kateriah. 

16-18 Feb. Monterey, Califomia, USA. The Outlook 
for Iajectioa Molded aad Sintered Cer .. ic. Metal 
and Ce.eat Cc.poneau. 

17-18 Feb. Froa France and Ea1land, Canada, Mexico 
•ad the US, alumiai,.. foundry.ea united in 
Southam Califomia to di1c0Yer new t.c:haoloeical 
advaac-au in al ... iai,. proceaainc. Kore than 
200 people participated ia AFS'1 tvo day 
lntemational Holten A1U11inium Proceaainc 
Conference. The Conference 1nclUded 
25 pre1eatatioaa, co•erin1 topic• •uch •• .. it 
con•titutioa, 1rain refia-nt, thermal analy1i1, 
alloy .odificatioa and filtration. 

25-27 Feb. lndu•try-Uni•eraity AdYanced Material• 
Conference, Colden, Colo. Advanced Material• 
ln1t., Colorado School of Kine•, Colden, Colo. 
80401, USA. 

17-20 Karch, Birwiinghaa, ~. 8th Material• Te1tin1 
Exhibition and Coner•••· 

17-22 Karch. In co-operation with the Ceolosical 
Society of Ja .. ica, Metal Bulletin orsanized tha 
lnternati.,.al Bauxite Sy.po1ill8 VI. Entitled 
"Technolo ical Innovation• in the Bauxite/ 
Al111a1na Alua1n.·• Industry and Their Market 
i-eact11 • The •y.-poaium brou1ht to Kinsnon, 
J1 .. ica, repre•entative• of the indu•try froa 
around the world. Included in the pre•entation• 
were paper• froa Alcan, Kaiser Allll8iniua, Gerald 
Metal• and other• dealins with the probleaa and 
opportuniti~• of the industry today. Financin& 
the modernizatioaa of the production facilities, 
findin1 • balance to tha rav .. tarial• ovar•upply 
probl .. and th• pro.otion of nav u••• for tha 
.. cal v•• acldra11ed at the 1yapo1illl8. 
(Brian Nolk, Metal Bulletin Inc., 708 Third 
Avenue, Nev York, NY 10047, USA) 

7-11 April, San Diaco, Calif. USA. International 
Conference on Katallur1ical Coatins• (Naval •••· 
Lib., Coda 6675, Wa1hin1ton D.C. 20375, USA) 

9-16 April, Hannover, PRC. Nev K1tari1l1 '86 
H1nnovar F1ir1 USA, Inc. P.O. Box 7066, 
103 Carnesi• Canter, Princeton, NJ 08540, USA 

14-17 April, Lubeck, FRC. Second Internation1l 
Coner••• on Caraaic K1tarial1 and C09lponant1 for 
Engina1. 
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15-16 April. The Spria1 Keetiac of tbe Material• 
Re•earch Society, Palo Alto, Califomia, USA • 

11-21 Kay, lo1toa, KA, USA. 1986 Annual '" 
Coafereace and Exhibition (Metal Powder Induatrie• 
Fed. aad American Polllder Ketallurcy Ia1t., 
Priacetoa, IJ., USA) 

20-23 May, COttia .. o, rac. HauptYen-lua1 der DQt 
(General Keetiq of the Ceraaa Society of 
Ketalloerapby} Deutache Ceaell1chaft fur 
Ketallkuade, Ardanauerallee 21, D-6370 Obarurael l. 

22-23 Kay, Vuppertal, FRC. Seainar Virtachaftliche• 
U.for.en von Al,..iai..-Straacpreaaea (Sea. of 
economical reca1tiac of Al-Extru•illll preaa) 
Techaiache Altadeaie, Vuppertal, FIG. 

26-30 Kay, Troadbei•, Morvay. 5. lat. Kur•u• 
Prozeaa .. tallur1ie Allll8iaium (Fifth International 
Courae of Ketallurcy Procesainc of Aln&~~ium). 
Iaatitute of Iaor1aaic O.e.iatry, Troadhei•, 
Morvay • 

26-30 Kay, Balatonfured, Rua1ary. Fourth 
International Conference on age-hardenable 
Alumini,.. Alloy•. (Orsanized by Metal Phyaica 
Croup, Eotvi• Uaiveraity, Budapeat, Huasary.} 

27-30 Kay, Cleveland, Ohio, USA. International 
Conference on Cc.poaite Interfocu• (H. lahide, 
Dept. of Kacro.olecular Science, Caae Weatera 
Re1erve Uaiver•ity, Cleveland, Oil 44106, USA) 

10-13 June, Beijia&, People'• Republic of China. 
International s,.,oaiua on Coapoaite Material• aad 
Structurea. 

12-18 Juae, Beijia1, VELDEXPO '86 (Orsanized by China 
International Convention Service Ltd., aad China 
Council for the Proaotioa of International Trade) 

15-20 Juoe, Charlotteaville, USA. International 
Conference on AlU11iaium Alloy•. (Sponaored by 
Univaraity of Vir1inia and Al. A••oc., 
818 Coaaaticut Ava., IN, WHhiaston, DC 20006, USA) 

17-19 Juna, Atlantic City, llJ, USA. Pla1-Tech '86 
Conference on hish-tach .. terial• auch •• •DI· 
re1in1, alloy1, hi1h-•tren1th coapoaitea, 
..lti-resin atructure1, liquid cry1tal pol,.ar1 
(Delia Aa•oc., Vhitehou1e, 11.J, USA). 

19-24 June, Diiaaeldorf, FRC. KETAY '86. The Market 
for Katalvorkins, Exhibition for Kaaufacturins 
Technolo11, Auto.atio~ and Rav Material•. 

23-27 June, Milan, Italy. World Coner••• oa Kish Tach 
Cara•ica. 

24-26 June. Adv1nced Material• '86. The event 
coabined exhibition, conference •ad , .. inar• aad 
val 1ta1ed at the Wallbly Conference Centre in 
London. (P .. Hovard, Online lnt., London, UK) 

2 July, loll1-loyca, Darby, UK. Kish t .. parature 
alloya. (Orsanizad by the laatitute of Ketala, 
London) 

7-11 July, Du11eldorf, FRG. International Conference 
on Powder Ketallur1y. PM '86 Coafaranca and 
Exhibition 

8-12 July. I•pact Dyna•ic1 of Matal1 and Coapo1ita1, 
Lo• An1ale1, CA. UCLA, Dept. of En1inaarin1 and 
Scianca, P.O. Box 24901, Lo• An&alaa, CA 90024 USA. 

17-18 July, Aachen, FRC. Second Sa•inar on Steal-Rav 
Material• Technic. (ln•titut fur 
Ei1anhuttankunda, Aachen) 

17-21 Augu•t· Cantre de lactarche Noranda, 
lncarnational Sympo•ill9 on Zinc Alumini1111 Ce•tins 
Alloy•, Toronto, Canada. 

• 

• 
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19-21 Ausuat. Conference oa Woadeatructi,,. Teati-a 
aftll [valuation of Advaaced Material• and 
to.poaitea, Colorado Sprins•. CO. Contact: US 
Air force Acadewy, Colorado Spriq•, CO, USA. 

25-29 Au1u•t. lntenuitional S:r-poeium oa ln1ineerins 
Applications of •ev Compositea. Patraa, Creece. 
s. A. Paipetie, Dept. of Mechanical lnsineerins, 
Univereity of Patraa, Petr•• 260 01, Creece. 

8-9 September, Berne, Switzerland. SYMATEC • 
l Int. lon&re•• fur Verkatoff- und Schichttechnik 
(ht Con1reae on r- aateriah and 1-inated 
plaatice). hrner HandehU-r, 
Cutenber&atraeee l, Cll-3001 hnac, Switzerland. 

9-11 Sept., Tokyo, Japan. ZlacolllA '16. The 
\:er .. ic Society of Japan. 

16-17 Sept., San Franci•co, Calif., USA. 
Fourth Int. Aluaiini ... Con1rea1 (Metal Bulletin 
lnc., 708 Third AYC., Nev York, N.Y. 10017) 

15-19 Sept. London. Engineerin1 with Ceraaica 
(Institute of Cer .. ica). 

16-18 Sept. Cuildford, Ult. IPC Second International 
Conference on Testin1 Evaluation and Quality 
Control of Cooapoaitea. (IPC Science and 
Technolo11 Presa, Cuilford, Ult) 

21-25 Sept. World Congress III of Che•ical 
Engineering will be held at the Keio Plaza Hotel 
in Shinjuku, Tokyo, Japan. (AIChE Co-ordinator: 
Dr. Ralph A. Buonopane, Northeastern University, 
Dept. of Che•ical En1ineerin1, 360 Huntin1ton 
Ave., Boston, KA 02115, USA). 

Technical aessions are planned for the folloving 
areas; 

l. International Co-operation: a. International 
Co-operation in the Field of Che•ical Engineerin1; b. 
Technolo1y Transfer. 

2. Econo.ic and Technolo1ical Outlooks: 
a. Econooaic Outlook for the Che•ical Induatry in the 
19901; b. Technolo1ical Prospect• for the Che•ical 
lnduetry in the 19901. 

l. Manaie.ent and Marketin1: •· Mana1ement and 
Uncertainty Analysie; b. leeearch and Development 
Strate1y; c. Marketin1; d. Manufacturin1 
Productivity in the Che•ical lnduetry. 

4. En1ineerin1 Education: a. Univereity 
Education, Continuin& Education and ln-houee Trainin1 
Pro1ra,...1; b. The Inpact of Coiaputer Development• 
on Ceh•ical ln1ineerin1 Education. 

5. Chenical Engineerin1 in Newly Developing 
Hi&h Technolo1y Field1: a. New Material• lncludin1 
Cera•ice; b. lobotic1 in the Che•ical Induatry; 
c. Scope of Chemical En1ineerin1 in the 
Microelectronic• lndu1try; d. Novel Proce1ain1 in 
the Ch .. ical lnduatry. 

6. Ener1y end Resourcea: 
Con1ervation and Analyeia; b. 
Utilisation; c. Renewable and 
d. Therwal En•r1y Storase; e. 
lnduetry; f. Enar1y Efficient 

•· Ener&J 
Coal and Oil 
Alternate Ener1y; 
!opic1 in th• Nucleer 
Ch .. ical Proce••••· 

7. funda.ental1: a. Phyaical Propertiee, Ph••• 
Equilibria and Thel'WOdyna•ic1; b. Rheolo1y and Flow 
of fluid1; c. Heat Tranefer; d. Maee Tranefer. 

8. Unit Operation•: a. Evaporation; 
b. Dryins; c. Di1tillation; d. Cae Abeorption; 
•· Eatrection end Lcechin1; f. Adeorption; I• Ion 
Each1n1e; h. Cry1t1lli11tion; i. Powder• end 
Aero1ol Propertie1 end Powder Tachnolo1y; 
j. Solid-Liquid Separation; k. Mellltrene Tachnolo1y; 
1. Miain& end Asitation; •· fluidisation. 
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9. •••ctioa &.si .. erins: a. aeacti .. li11etic1; 
b. aeactor Deai1•: c. Catalyeia. 

10. BiotechnoloSJ: a. Bioeo1ineeri111 ... 
Bioreector Deeisn: b. food Proce••i-a; c. Biomiedical 
Eoai11eerins; 4. Ceeetic E-aioeeri-a. 

11. l'lateriela: a. Material• aed lheir 
Applicatioaa; b. Corroaioo Coetrol aed Preveotioo; 
c. Solid Pol:r-er Proc•••ioa. 

12. Ca.puter Applicetiooe io Cbe9ical 
Ensioeerins: a. ltodelliq of ProceH SJat ... ; 
b. s..-led&e Ensineerioa; c. C:O.,..ter Aided D .. i1•; 
4. Proc••• Control. 

ll. Eovir0011ental Cbe9ical Eqioeeries: a. Vaate 
Veter Treatoent; b. Air Pollutioo Coot~ol. c. Solid 
Waite Diapoaal; d. Cootrol of Toaic Subataace• aod 
Clean-up Technique•; e. t1onitori0& aod laformatioa 
SJ•teaa for Pollutioo Control. 

14. Safety io Cbe9ical Plant•: a. ai1k and 
Beoefit Aaal11i1; b. Predictive aacl Preveotive 
Meana; c. Technique• io Proceaa Safety. 

15. Otben. 

21-25 September. Cleveland ln1titutioa of Easineers, 
Middlesbroush. Second AutU8D Meetin& of The 
lostitute of Metala iocludins a conference on 
aateriala and their fabrication for ener11 and 
chemical process plant. laat. of Metal1, Loodoa/ 
The Cle•elaod loatitatioa of Ensioeere. 

29 Sept. - 3 Oct. Te•tios aod Inspection of 
Cooapoaite Kateriala, Da•o• Coo1re•• Ceotre, 
Switzerl•nd. (Coatiauin1 Education Institute for 
Europe, lor1torpavi1en 5, S-612 00 Fioap•n1, 
Sweden; phooe +46(0122)17570; Telea 64471 
CEIEUR S.) 

4-9 Oct. ASM Materials week, Orlaodo, Florida, USA 
(A8erican Society for Metal•, Metals Park, Ohio 
44073, USA). 

5-9 Oct. ASH Joinia1 of Li&ht Materials S:r-poaium. 
The Symposium oa Joinin1 of Li&ht Material• va• 
held durin1 the A5M Material• Week, 5-9 October, io 
Orlando, Fl. Featured topics covered proce11in& 
and aaterials a1pect1 of li&ht alloy• and 
c-positee, fracture beho.•ic-:, corro1ion, 
eolidificetion, proce•• control, and applicationa. 
Co-plate detail• ere available froe the Aiaarican 
Society for Metals, Metal• Park, Oii "'6073. 

6-9 Oct. Third Conference an Hi&h t .. perature Alloy• 
for Cae Turbine• and Other Application•, 1986 
(Lilse, lelsium, Centre de Recharchae, 
tlf ta llur1ique1 "CUI'') 

6-10 Oct. '86 lnternationel Cer1•ic1 Conference in 
Li11e>1••, franc• (Coaeeil rtsional du Li1111u1io, 
LillO&H) 

14-lS Oct. Wa1hin1ton, DC., USA. International 
SJ9Posi ... and vork1hop on Sulphur Concrete - A •ew 
Conetruction Material (Jointly aponsored by US 
Bureau of Mine•, The Sulphur la1titute). 

20-22 Oct. 1986 Powder tletallursy Croup Meetin& (The 
Metall Society Loodon). 

13-lS Nov. Speciality pla1tic• conference '86. Tlli1 
conference hH adopted "lldPE, vldH •nd poler 
polyethylene .. rk•t• •nd econoeic•" •• iu th•-· 
Topics to be di1cu1eed centre around •pecielity 
1pplication1 for lldPE, vldPt, polar EVA, EIA and 
ecid copol:r-ere. A diecu1tion of future .. rker.e 
for tpeci•lity vldPE, lldPE and other ethylene 
copoly .. r• in Japan, Europe end the US will clo1e 
the conference. for further inforwation contect 
Haeck Busin••• Service•, CH-8804, Au, Zurich, 
S•itserlend. 



U-27 llow. llateriala lt .. i-ri• ... (De Plutic• 
... ...._r l .. tit•t•. r.o..loa). 

1-5 Dec. llaterial• ••••arch Society fall lleeti• ia 
ao.tos. •• USA. (llateriah he. So.• Pitt• .. qh. 
PA •• USA). 

15-19 Dec. Eaci ... ri-a with Ceraaic•. lutit•t• of 
Ceraaice _.ti ... Loailoa. 

.!!!! 
11-21 Jaa. 11th 4-1 Coefereece oa ea.po•itH ... 

Mva-e<I Cec·-ica. CEaci-riac Carmic• Divi•i
lleeti-a). Cocoa Beach lilt-. Cocoa leacta. FL. 

21-23 Jaa. Coafereace oa ea.po.ite llateri•l• 
(Spouore<I ...,. Mvaaced ea.po•itH Vorttiaa Croup. 
ia Cr-operatioa with DoD ... llASA). Cocoa le.ch 
Hilt-, Cocoa leach. FL. 

23-27 Feb. lrd lateraatioaal Coefereece oa 
Ultnatr.ctare Procea•iac of Ceramic•. Cluae• ... 
<:oapoeitH, Cat_r_ aaaort 8Dtel. Saa Diqo, CA. 

25-27 Feb. Uaivenity-1 .. aatry Mvaace<I llateriah 
Coafereace, Colorado Scbool of Iii-•. C:Ol•-. CO. 

6-9 Apri 1. Mwaaced llateriala Tecllao lau '17, 
Aaalleia Coawntioa Ceater, Aaalleia, CA. 

7-9 April. Coaferaace oa Electric llelti .. of 
.U-i•i-. Copper ... their Alloy•. Uaivenity of 
Aetoa ia lirmi .. haa. (De lutitate of lletah0 

1 Carlt- 11ou .. Tenue, Load-. Slllt 5DI). 

11-15 11.y. tl&TltUALS '17, ID8titate of lletah, 
1 Carltoa 11oaH Terrace, Loailoa, SVIT SDI. Withia 
the broad field of .. teriala eaaiaaerias, tbia 
ioteraatioaal coafereeca ... •Hociated tecbaical 
aahibitioo vill brina toaetber acieatiata, 
tecbaoloaiata, aad e111ioeera cooceroed vitb the 
aae of .. teriala proceaaiac for the coatrol of 
atruc:ture ... propartiaa. 

A .. jor aim of tlla coofereeca ia croaa
fertili&atioo batvaaa tbe diffareat field• dealiaa 
vitb .. tale, caraaica, pol,..ra, coapoeit••• aad 
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alactroaic .. tariala. Attaatioa •ill be focaaed 
- f...._.t•l c-•i•eratioae of atr.ct•re ... 
praparty coatrol H -11 •• the tacllaoloaical 
••pact• of .. cerial• pnic••• ... i-ri ... 

17-22 lf8Y. Tokyo, lippoa Toebi Caatn. WorH 
Coefel'etlCa - Mv.-e<I ltatariah for 1-atioae 
i• Eaersy, Tra .. portatioa .... C-icatioaa 
(Ccr•poaaored by lataraatioaal U.ioa of r.n ... 
Applied a...i•try; the Sciaece C:O..Cil of J.,.. 
_. Tbe a.-ical Society of Japaa) • 

22-26 J.... Ith latenaatioaal Li&llt Metal• ~n••· 
l .. titat fir lletallilll9da ... Verketoffpna -.. 
lloataaa U•i-nitiit. A-1700 Leobea, &aetria. 11la 
.. ia topic• ia the fiel• of prapartie• ... 
.. teriale •cieace an: pllJ•ical .. tall•ray ... 
..talloarapllJ of al.aiai ... ; eoli•ificati-; 
•t1n1etare• aad propartie•; atraaatb ... 
t0011hae••• faticae ... fractare behavior; 
formability. iacl,..iaa •uperpla•tic behavior; 
then.o-.aclaaaical treatmeat; corroeioo, aurface 
... ••rface tna-t; ... .av liaht -tal alloy•. 

la the fiel• of .... tacturiac ... proc•••iac, 
tH -i• topica iacl..._: the layer proceH; 
electrolyeia of a1 ... i .. iacl .. iaa aDOde 
.._factun; alterutin ntracti- tecbai•ue•; 
.. ltiac treat.eat; iacot caatiac; pr°'9ctioa of 
•-i• ...,. forai-a; foraiac techai.,.H; .. co8'ary 
al-iai ... pr•acti-, iaclwiq treat.eat of •crap 
... droe•; al ... iai ... - it• way iato it• aeco8' 
caatury, i11el .. iac ..., applicatioaa, priurily i• 
tbe aviati-, •pace, -t-'tile .... eaciaeeriac 
iadaatriH, pacuaiaa, electrical aaai-eriaa ... 
electr-ice; ... al..S..i ...... tbe aavi~t. 

11-20 &aauat. Tbe llateriah ltasiaeariaa aad Scieac:H 
Diviaioa of Aleb& ie epoaaorina tbe Coofereac:e o• 
!me~il!I Tecbaol,iH ia ltateriah at the .,_,_ 
Bohday t- LD llLwapolu, Kiaa., USA. Proar
Cr-Cbairaeo: C, Tb- Sciaace, Dupoat Co. 
ltapari-atal Statioa Ilda. 304 0 Wilaiqtoo, Del. 
198'1; Cbri•topber J. Duraiaa, Dept. of aa-. Eac· 
aad Applie<I a...iatry, Colambia Uaivenity, 
llev York, IT 10027. The tecboical proar- vill be 
divided iato five areea: coapo•ite•, electroaic•, 
cer .. ic•, poly.er• ... -.braae•, aad .. tala. 

• 

• 



• 
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UNITED NATIONS INDUSTRIAL DEVEl.OPHEHT OKGANlZATIOH 
Vienna International Centre. P.O. lox 300. 

A-1400 Vienna, Acstria 

Advances in Materials Technology: Monitor 
Reader Survey 

lhe Advances in Materials Technology: Monitor has now been published •ince 1983. 
Although its .ailing list is continuously updated as new requests for inclusion are 
received and changes of address are aade as soon as notifications of •uch changes 
are received, I would be grateful if readers could reconfirm their interest in 
receiving this newsletter. Kindly, therefore. answer the questions below and mail 
this form to: 'Dle Editor, Advances in Materials Technology: Monitor, UHlDO 
Technology Programme at the above address. 

Computer access number of aai!ing list {see address label): 

Name: 

Position/tit le: 

Address: 

Do you wish to continue receiving issues of the Advances in Materials Technology: 
Monitor? 

Is the present address as indicated on the address label correct? 

lbw many issues of this newsletter have you read? 

Optional 

Which section in the Honi is of particular interest t.o you? 

Which additional subjects would you suggest be included? 

Would you like to see any sections deleted? 

Have you access to some/most of the journals from which the information contained 
in the Monitor is drawn? 

ls your copy of the Monitor passed on to friends/colleagues etc.? 

Please make any other coanents .)( suggest ions for improving the quality and 
usefulness of this newsletter. 
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llequeat for ADYANC::S IN HATEl.IALS TECHNOLOGY: tlOllitoll 

If JOU vould like to receive la•ue• of the Adv•nce• ln Material• Technolotz: 
Koaltor iP tbe tutw-e. please complete the form ~lov and return it lo: 

NAii( .---. ...., ..... 

UNITaD NATION8. NATION• UNIS8 

AclYancea 1D Material• Tecbnolo11: lloaltor 
(Codes S04) . ---- ...... -...-.. .... ~ 

P.O. .. -. .. Mii~ MIST-

T,.. ....... -...c.. ........................ ..._ ...... 
----·- . - - - - - .,__ 

TITLl Oil POSITOI _,_ r-- -.-- ........ -
ORGANIZA TIOll - ---- ·-1- . t- --- ·-i-- - - -
STRUT ANO Na. .. P.O. .... _._ 
CITY AND STAT£ Qa PllOVmel 

~- ........ ._ -
COUllT"Y 

I/A 

QTY 

aurTllY L I I I 
I I I I I I I I I I IJJ 

D 0 

Readers' co.aenta 

We ahould appreciate it if readera could take the time to tell ua in thl• 
space vhat they tb1Ak of the - 1. hsue of Advances ln tlaterlah Technology: 
Honltor. c:o.a.enta OD the uaefulne•• of the inforaation and the vay it ha• been 
or1anlzed vill help ua 1n preparin& future laauea of the "9nltor. Ve thank you 
for your co-operation and look forvard to hearin& froe you. 
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