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Aldvances in Materials Technology:
MONITOR

!
Issue Number 7 immé«n October 1986

Dear Reader,

The Advances in Materials Technology: Honitor has adopted, already starting
with the Issue Number 6, a new format: in double columns and with a smaller size
print in order to reduce the number of pages and thus the mailing cost.

You will find again, like in our last issue, a questionnaire attached and it
would 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, eliminating obsolete addresses while at the
same time improving our service to readers who have confirmed their interest in
receiving the newsletter. Quite a number of questionnaires have already arrived.
They will be reviewed carefully and suggestions, to the extent possible, will be
taken into account.

This Monitor deals *7ith Aluminium Alloys and we are happy to be able to
present you, inter alia, with an article "Aluminium Alloys" written for UNIDO by an
Austrian professor at the Montana University of Leoben, Austria, Dipl. Ing.

Dr. mont. Peter Paschen. This Monitor contains further the regular Current
Awvareness 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
well as a section dealing with general information are also contained in this issue.

The UNIDO secretariat would welcome 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

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

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 names of firms and commercial 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.0. Box 300,
A-1400 Vienna, Austria.
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The metal of the century

Development vork on alloys, involving adding
swmall s of g , ¢npper, sagnesius and
silicon, took place in many countries. A msjor
breskthrough occurred in 1906, vhen a German
scientist, Alfred Wilm, discovered hest-treatadble,
age-hardening slloys which became well known as
Durslumin. This name, for s long while, become

synonysous with “strong aluminive”.

Wilm's work led to further resesrch on
hest-treatable slloys, and to the development of the
magnesivem-silicon series, vhich is nov widely used
commercially and includes the most populsr of today's
extrusion alloys for engineering and building
applications.

More exciting development work has taker place
in the past decade, resulting in the
aluminium-lithivs series. This alloy group combines
strzength and stiffness with s density lower than even
pute sluminium. Although still ia the esarly stages -
the first stage in the development of s production
plant to welt and cast the nev alloy has recently
been completed by British Alcsn st Birmingham - it is
of particular interest to the serospace industry.

Although aluminium is scknovledged e3 8 highly
durable material, because of the tenacious snd
protective oxide skin that forms around any piece of
sluminium exposed to oxygen, the metal’s reputstion
hze suffered st times vhilst experience wes gained io
the performance of the different slloy groups.

The sluminiuvm—coppsr group in psrticular faced
some setbacks in marine applicstions in the esrly
sri of the century - an experience that delayed
s.uminium’s use ss & marine materisl for many year- -
snd in building applications in the 1940s.
Experience has clesrly shown these alloys, strong 'and
ss useful as they are, do not resist corrosion well
urless cled with s protective lsyer of the pure
metal. But experience has also demonstrated beyond
doubt that other slloys can survive in good condition
vithout any protection for many years.

Alyminium snd its slloys are basically essy to
work, and this property has led to s veriety of
metaliurgical production processes being developed.

Extrusion: The extrusion process is of
particular value in the production of both simple and
complex shapes, in either & solid or hollow
cross section. Aluminium is the essiest metal to
excrude,

Aluminium extrusions combine sll the nstursl
properties of sluminium and its slloys - high
strength to veight -oefficient, lov density, good
thermal snd electrizal conductivity, good durability
snd corrosion resistance, snd & choice of colour
finishes - with rhe shape potential of the extrusion
process, to provide many thoussnds of different
profiled sections for s wide renge of applications in
the home, in indus:rv snd transport, and even in
outer spsace.

Alloy development t.as played s prominent psrt in
the grovth of the extrusivn industry. The mechanicsl
properties of pure sluminium mase the metsl svitsble
for applicstions where good corrosion resistance snd
good hest or electrical conductiv.ty ere useful, but
the relative scftness >/ the commercially-pure wetsl
sskes it unsuitable for strcssed spriications.

Rolling: More than 50 oer cent of all aluminium
produced finds its way into roll+d products renging
from foil vith thicknesses as little so 5@, through

rolled sheet and strip, up to plate 100 am or more in
thickness. Applications range fros foil for
electrical capacitors to plate for aircraft, ehips
end storage tamks.

Casting goes right back to the pre-Hall-Beroult
days, using sand and i sent pr Cravity
and pressure die castings have been widely sccepted
by the sutomobile industry. The ability to produce
strong, light-weight castings with good accuracy of
shape and tolerance has enabled slusinius to compete
successfully with the far cheaper altermative of
cast-iron.

Forging: Alumisioe forgings offer a combination
of light weight, strength, accurste dimensions sod
excelleat ductility. These design benefits are
videly appreciated for serospsce, sutomotive and
engineering applications.

Ispact extrusion: This specialized production
technique in which cold metal is forced backwards
through s shaped die under impact pressure has been
enorwously successful for the sanufacture of collspsible
tubes for toothpaste snd other spplications. The
technique is also used for producing thin-walled
precision engineered components and gas cylinders.

Spinning and draswing: One of the ecarliest
pre-r-ts to be manufactured in sluminium was
hol.oware. Produced by spinning from circles of flat
sheet, sluminium holloware was soon recognized for-
its light weight, high thermal conductivity, and ease
of cleaning. Spinning is not confirzd to holloware
applications, and the curved sluminium plate ends of
many chemical and food carryimg tankers have been
produced by this method. The craftsman’s art of
spinning hes been supplemented, where the production
output warrants it, by draving. Work on drawving
techniques and suitsble slloys for draving has led
successfully to the videspread sdoption of sluniniuvs
for beverage cans - s market that is still growing a»
the advantages of aluminiuve, such a3 its good scrsp
and recycle value become more isportant.

Joining: The oxide skin that fores
spontaneously on the sutface of sluminiums, snd which
gives the metsl its excellent corrosion-resistant
chsrscteristics, is not entirely s benefit to
sluminius. With its sffinity for oxygen snd its high
selting point (2,0009C) it has been for many yesrs
s deterrent to the soldering, brazing and welding of
sluminium.

Riveting became the accepted joining method, and
in the liner "United Ststes”, built in 1951, there
were well over one sillion rivets used in the
conetruction of the 2,000 ton sluminium slloy
superscructure.

It vas the development of the inert gss welding
processes that led to sluminius slloys being weidsble
to engineering snd msrine standards and, by the
19603, welding by these sethods vas established.

Soldering and brazing sre slso more widespread,
thanks to the successful developmsent of non-corrosive
fluxes, and flux-free vscuum brazing techniques.
Brased slusinium radiators asre nov repidly tsking
over from copper/brass in core, where the lighter
veight and longer service life of the braged
alusinive component compsred vith soldered brass sre
proving psrticulerly beseficial. High~frequency
wvelding is snother method nov fully esteblished vith
sluminium, and large tomnsges of thin-wslled tubing
sre nov mede this vay. i

(This excerpt is from an article vhich first sppeared

in Enginesring Magssine, London, Masy 1986)




Some receat developments in aluminiws slloys

Alwmiaien is 2 widely sused metal that is
benefiting from advances in formulatiom amd
processing technology. For example, termery
alloys of alminiwsrlithiveasgaesiom and
sluminiwn-lithivecopper are less dense and
stiffer then sluminiem. However, becauwse of
lithiuwa's high resctivity, sew casting tecmiques
are sseded.

Alvminiem metsl matrix composites comtaiming
discoutimous fibres also look promisimg. Silicom
cerbide vhiskers have beea used in the productiom of
large billets of an sluminiue wetsl wetrix
compogite. The sddition of SiC whiskers doubles the
elastic wodulus and strength of extruded, or rolled,
products. Im sdditiom, advamces in processing brisg
the cost of these supe~ior structural msterisls dowm
to competitive levels. Al-5iC composites are
cost-effertive tcpluueutl for aluminium, titemiwm .
steel, and other slloys im structursl and specialized
lngh—techolm ccqmu, serospace, sirframe amd
eungine cowp ., , missiles, and sports

equipment.

A silicon-titanium—carbon fibre is also
available for reinforcing aluminiue in metal matrix
composites. The material is stable in moltea
sluminivm, eliminsting the need to treat the fibres
as is required vith silicom carbide fibres vhich are
not stable in wolten sluminium.

A oev hybrid material combines the high strength
of aluminius slloys with the reinforcing capability
of arsmid fibres. The material retsins its
plasticity, impsct strength, formability. and essy
mechining while offering a 30 per cent to 40 per cent
reduction in weight. It has significantly improved
fstigne strength “n the unnotched state and of
tiveted or bolted joints. Aay fatigue cracks that
might be propagsted are arrested by the fibre
reinforcement.

The addition of small ssounts of vanmadiuve to an
aluminive-nsgnesium-silicon slloy improves the
strength, toughoess, and cold formsbility of ibe
alloy. Vansdius promotes the formstion of a uniforw,

fine grainmed crecrystallized microstructure vhich
contributes to the improvement im fimal properties
and processing charscteristics.

A novel slusinium slloy has been developed which
has all the characteristics of coaveational metals
but disintegrates vhen immersed in water. The slloy
has high beat resistance, is stable under a wide
variety of conditions, but falls spart in water with
the reicase of hydrogen gas. Wumerous spplications
are cnunond including encapsulatios of organic
s, detectors, and delsyed release of
ntxn putxndu.

A nev superplastic sluminium alloy has the
potential to become the lesding techmology for
aircraft. Under proper conditions of tesperature sod
strair rate, the material cam be stretched to
elongations of 500 per cent to 1,500 per cent while
retaining tensile strengths of 80,000 psi. A
structursl part produced by superplastic-forming can
be made vith & weight savings of 32 per cent and at s
cost saving of 36 per cent. A couventional part for
an sirframe consists of 18 details and 187 fasteners
while a superplastic alloy part has 5 details and
16 fastemers.

A superplastic sluminiuvs/lithiom alloy has been
developed that hss a lover density and higher elastic
wodulus ths> other superplastic aluminium slloys.

Two nev superalloys for gas turbine sirfoile are
nickel-Lased contasining either sluminium and
molybdenus (Ni-Mo-Al-X) or alusiniuvm and chrowium
(Mi-Cr-Al~X) where X is one or more of the elements
tungsten, tactalum, carbom, borom, or zirconiwm. The
alloys sre made by rapid solidificatioa. High
temperature properties are superior to curreatly
available airfoil materisls.

The Americsn Society for Metals (Metsls Park,
Ohio 44073, USA) has published s superslloys source
book, a coavenient comsolidasted reference to recent
developments in chese high performence, high
tewmperature materisls. (Extracted from Annual Report
on High-Tech Materisls ... 1984: The yesr that was;
cee 1985: The yesr to cowme. Published by Technical
Insights, Inc., January 1985)
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1. Applications

Aluminium is the youngest of the “seven common
metals. Whereas the history'of copper, tin and iron
goes back ten thousand, -five thousesd and three
thousand years respectively, the first small
production of alusinium only started in the middle of
the last century - 130 years ago. Today the ranking
in the production figures of the seven metals is as
follows:

Iron (end steel)
Aluminiuom

Copper

Zinc

Leead

Nickel

Tin

This mesns that sluminium occupies the first
place smong sll non-ferrous metals. This success
could only be schieved by:

-~ The availability of rav materisls;

=~ A highly developed production technique;
- Favourable properties; ond .

- The low price.

Among sluainium's properties is its lowv density
vhich is probably the most importsnt one, becsuse the
sdvantageous ratio weight per volume compensstes for
the high energy consusption per ton of sluminiue in
primsry production.

A decisive factor for the high slusinive
consumption is the sbility of the elewenr sluminivs
to form alloys vith 3 large number of ucher metals,
by means of which it is possible to creste specisl
properties for speciasl spplications. This has
resulted in the developsent of wore thsn one hundred
slusinium slloys being techoicelly used. Together
with the various trestment sethods for cast snd
vrought slloys this sdds up to severel bundreds of
constitutional possibilities.

It is therefore difficult to establish a2 useful
survey of sluminium alloys, which can only be sn
evalugted selection.

The following tsbulated survey of the sivminium
elloys’ spplications reveals their main utilizstion
in;

=~ Transportstios engineering;

= Constructionsl engineering;

= Mechanical engineering;

- Electricsl engineering;

= Household and kitchen utensils;

=~ Cenersl spplicstions;

« Special spplications.

There is slveys s distinction between cest
slloys (ssnd, permsnent mould or die casting) srd
wrought slloys (rolling, extrusion and pressing).

Unfortunately the designations of slusinium
slloys differ videly between countries and their
standerdization institutes. Compiliog s survey for
an internstional organigzetion such as UNIDO, wmeens
thet & choice for one of the nationsl systess has to
be made. Since the United States of America is the

largest sluminium consumer and rince the most
recently published book on sluminius alloys is the

Cerman "U'lesna”™ in the English langusge, the choice
tar this study ves swde in favour of the US Aluminium
Associstion Systes with cross-refetesces to the
designstions of the Feders! Republic of Germamy,
where dpplicable. oot :

In the casting slloy designation system, in the
1XX.X group the second and thiid digits indicete the
mininue sluminiem percentage above 99.00. In all
other groups, the secood and third digits have =o
compositionsal significance but serve only to ldeatify
different alleys wvithin the growp. A z=io right of
the detimal indicates the product form of l’__ciutia;.

Casting slloy designation system B

1XX.X 299.00Z Al, no major alloying element
2XX X Cu as major alloying element
3XX.X ° 5i plus Cu snd/or Mg as msjor slloying

elements :
&XX.X Si as major alloying element
SXX.X Mg a» major alloying 2lement
IXX.X Za as major alloying element
8XX.X Sn as major alloying elemest.

In the wrought slloy designation system, in the
1XXX group the last two iigiu indicate the minisua
slueinive percentage above 99.00, for example 1060

means 399.6 wr.X Al. Other groups as sdove (wo
composition significance). .

Wrought alloy designation systes

XXX 99.002 Al, no mejor alloying elewent
2XXX Cu as major slloying element

3IXXx Ma 83 major slloying element

AXXX Si ss major siloying element

SXXX Mg ss major slloying element

6XXX Mg plus Si as sa’or slloying elements
XXX 2o ss msjor alloying element

8XXX Other.

In the case of a wodificstion of sn original
alloy or impurity limit the alloys cen be indicacted
by a prefixed letter, for example A356.0.

Alloying

Prisary sluwinius froms sluminium aeolten sslt
electrolysis contsins 0.06 - 0.35 vt.I Fe,
0.05 - 0.15 we.¥ Si, 0,005 - 0.02 we.X Ti, 2r, V, Cr
each, 0.002 -~ 0,004 wt.X Ws, Ca, Li esch. Samsll
ssounts of non-metsllics, e.g. Al703, Al,Cy
sre slvays present, as well e¢ bydroren gas
0.00003 we.X.

Alloyin; is norwslly cerried out in the
tempersture rsnge between 700 snd 730°C. Alloying
elements with relstively low melting points (In 419,
Mg 650, Cu 1083) are sdded io elementsl forwm, others
vith higher melting points is the form oi mester
slloys. Exssples for master alloys sre: AICrl0,
AlNni0, AlZr6, AlMn?S, AICukS, A1Sis0, AlCulOMn6,
AlCuI0M010 (ouabers alvays giving wt.percentage of
slloying element).

There sre other mstezials besides sluminiu
(liquid or solid), pure slloying elements snd saster
alloys, e.g. sluminius scrap, remeltsd scrap ingots,
oetaliic recycled naterisal.

Molten metsl trestaeit

Most uses for eluminium alloys require low
Jevels of non-metsllic impurities. MNydrogen is
yerticularly deleterious. Its concentration
corresponds to the square root ¢f the pressure.
Therefore all purging gas processes vith ergon,
nitrogen or chiorine lower the hydrogen contest by
lowering ite partiasl pressure inm the melt. Vacuus
trestment can also be applied, or well as filtration
systems.




21¢ of ~pecial application Cast or | Cant in alloyv decisnation Composition (wt.X)
silerntion application rears wrought Ve Cu | X3 ¥n Ul n others
Serman -
o isrotpace parts highest ztrength, wodernte elon- [cust sand 201.C - 4,6 C.%% C.%5 - - C.7 Ay
engineering gation ' Ce29% "l
L Aviation/ Aircrafy fittings highest lt:onith. good castabili- [cast sand - 355.¢ - .2 0.5 = s.¢C - -
asrospace ty, zressure tightness
aircraft, missile parts | atronger and more ductile than cast’ sould C 355.C - 1.2 GC.% = 5.0 - =
alrcraft, missile parts | intricate cntinﬁ: with high cast mould A 3%€.6 | 6 AdiL The - C.3% = 7.0 = -
atrength and good ductility SE ARG
iircraft, missile parts | good weldability, strength, tough-{cast mould A 357.0 - - G.6 = 7.6 = 0.9 T4
ness €. 003 Ee
airersft hardvare ) cast die $18.0 - - 8.C = - - -
Alreraft fittings strorn; and ductile structural cast sand $20.C - - W0 = - - -
. vaes ]
aircraft atructures wrought "2C14 | ACuiikn 4.4 0.5 0.8 C.8 - - e
. o
iircraft structurss wrought 2024 alCulg 2 4.4 1.% .6 - - - '
irerazt engines wrought 2018 - 23 1.6 - ooe - e am
ilrcraft and wmissile wrought SGB3 | ALIgd, Skn | = 4.4 €7 - = C.18 ot
coaponents
aircraft sand sissile wrought 5C&6 ~lbgd¥n - 4.0 C. 4% - - c.15 Cr
coxponents
aircraft structures wrought 7C49 - 1.9 2.5 = - 7.6 C.1€ Cr
«ircraft structures wrought 7Ccs¢C - 2.9 2.2% - - 6.2 C,12 %~
alrcraft structures wrought TC7% Alinkg Cul,51 1,6 2.5 = - $.6 ¢,23Cr
”,
~ircraft extrusions wrought (3.4 - .6 2.5 - = 8.¢ 2‘;:: ‘.c
and forgings
alrcraft structures, wrought 17758 - 1.6 2,8 = - 5.6 C.23¢Cr
forgings
aircraft structures wrought 7178 - 2.6 2.8 -~ - 6.8 (.23 or
Alreraft structures wrought . 7478 - 1.5 2.5 - - 5.7 .22 3r




(% *3a) woyatecdeoy w

Sr3vulyeey LorTv |,

30 389)

S22 010 ‘T 00°0 ‘D K10 §'Y = S0 ¥ - - sooL WUINOIA | 33 WOFE0LI00 Pood ‘Lynp Lawey worssatres wanpe)
- - 0% 90 9° - - 1569 INOIA | IWPMI UCEEO2I00 POOd ‘Limp Lawey SUOTERIIXS MW/ yonI
» £2°0 - 6% - 9% - - T10) IqInoaa 03W0TINT ‘wa¥ueare eyvaepen | (ePuiBaeg) eraed eym
- - €0 - 9% - - 1049 yInoaa uleeass Wity oyncesdnes anqium
B20 = 90 = 0°% 2% - 1909 IUINCIA | ‘B0 BOTE0LIE0 POR *L3np Lawey | 3w pRITIZ puwe Wouar
- « 0° S0 @80 0O - o103 -
- - 90 $0 90 0 - 6009 3qnoaa 10040 Lpoy sYIRcEMIW
- - 8% - §% - - $009 3yInoaa ssnionize Lynp Lawey | xeo proryres pee youry
- - - - g° - - L1696 oA O3y e3ne pantpewy,
- - - - g2 - - 2526 3ginoza 6133 satyemeywe.
- - - g0 $°? - - 1119 IyInoaa sesus Lpoq errqemorne
) §1°0 - - &0 0O°f - LT3 M3 990¢ . .
0 61°0 - = L0 r? - - gt oYY €806 qInoA ~dinbe BoTymodeweay |-
- - - €2'0 ¢r'0 92 - 9to2 W Inoan 100qe Teuwd fpoq oyme
- - “ 90 St "y 2hnotTY | rZ02 qInoaa stesua oun
- = 80 60 60 ¢ SHISNOTY | Y02 3uinoaa sewez; wouxn
v 66°66¢ - - - - - - 6611 » - . .
v 9°66¢ - - - - - - 0904 sqInoaa s2enwey peaa TIW
sesn Yez syvenodwod
- - - - 0% - - 02¢ pres 3690 | =R30LINE 203 6TTI0BP pue Buolze *MuIZ Sy pue IyonIy
LAl ] souwiegeex
- e - - 0°'f - - €16 [ 31 ] (Y, 1) WOY002200 ‘GysTUl] Ojpowe 303 8133 _eyme
sewyPue
Pe1005=2T8 STLd-du0}
- - 0L - 90 £°* - 06¢ (34 ] aswd | £L33TIqedec BuyIIZ OTP ymeyIeaxe ‘exnoorq epuriie osme
Axyenpuy oyme
(NO83gTY-210 303 eyded ‘seuyus
CrO0ISTY-aD Lotte POTOBI-ITY 203 epwey
Ll =__$°¢® - - 5% SMogisv-p | 0oBg a1p 38wd Fagyeed oyp pesn ATepia jsom Jopuitis ‘seswd aved
8L ygyy-3p prnow 0°9¢¢ seswd
- - 0L - ¢€°0 - -:hanﬁqce 0°9¢L ¥ puwe 300 weRy oTIIONp sz0m puw eFuciye uojeetRSTRI} oyne
sepRlq Wy
‘apeeyq JepuITLo ‘exderq
‘ JOPpRITLD ‘eTeeqa XONIY
prnom . £33131300p pwe qadwexas ‘efugency sYxw Ronxy
- - 0°L - 2¢‘0 - .::n.—dle 0°96€ puwe 300 pool WITA aPElIsE0 B3VOTIINT ‘sogwd uetseTRSIWEX)
pInOoS soouyPty exmessad epuey 209
- = 0°S = §°0 2°) - 0°66C puve 39u3 | wsBuexze Wiy ‘L3yriqeseec pood =¥3140 pagooo-pradyy
[} . - . . sfutenoy Iwed
) slsrredet 208
™ - » . . =Jugozedne puw suyqamy
suoyetd
PUe Speey epe}
. ™ . ° - «£2 ‘songiue suyy - =
uotaed sPutsend | SYIEIT eI
T3 §2°0 ‘v L°0 - - ¢€°0 %0 9'¢ - 0°102 puss 30w0 | =uote s3nzepos ‘y3Busaze yeendyy 2eTIRas puw youry WIS vt
2 ) anaemez uwotyvatrdde weyyeagrdde
saemyo vz 13wy u ny avRiey »E ur oo 4snoaa oo vees hid Yo Ivers




_

| . - - —— J—
Pleld of Special Application . Cast oF | Cast in nhi; ggg;sngnog Composition (wt, X)
applicatioca .:;u“u.- ! r::arkl wrought erman | Cu Mg "n 81 ia others
1.1.) VNgterwey  garime hardware iatricate castings vith good cast sand 356.0 | 0-A1847Mg - 0.32 - 7.0 = .
pTITIITN strength and ductility wsould
sarise fittings general-purpose alloy cast n:g‘ B443.0 | - - - - 5.2 =~ -
i ine 1t castinge vith anodic finishes »o . .
narine nee and 3::: corrosion resistance cast sould $13.0 |- - 4.0 =~ 1.8
marine hardvare cast die , 518,0 |- - e.0 - - - -
sarine bardvare wrought 5083 AlNg4,5Ma - 44 0,7 = - 0.1% Cr
warine hardware wrought 5086 AlMgimn - 4,0 0.45 = - 0.1% Cr
saltwater service wrought 5194 - - 3.5 = - - 0.2% Cr
158 service wrought 545¢ |AlMg2,7Ma |- 2.7 0.8 - - o2 ¢r
iae applications wrought 5456 - - 5.9 0.8 = - 0,12 Cr
ine hardvare wrought 6005 |~ - 0.5 = 0.8 - =
iae hardwvare wrought 6061 - 0.28 1,0 =~ 0.6 = 0.20 Cr
1.2 r d -
W Ritectural fittings I general-purpose alloy cast uld B443.0 |~ - - - 5.2 -
ot setal work : _ wroughit 100 |- 012 = - = - >904
ot wetal work, dwilde wrought 3003 AlMnCu 0,12 = 1.2 - - -
ng hardvare )
set metal work wrought 3004 AlMatiMg? - 1.0 1,2 = - - ]
sideatial sidiag, mo-| wrought 310% muo.sngo.sq- 0.5 0.6 = - - o0
le homes, raiun-carry-
»g goods | !
Aarchitectural wrought $005 - - 0.8 = - - -
Muilder's hardvars wrought 5050 - - 1.4 = - - -
Sheet metal work i wrought 5052 Alng2,5 - 2.8 = - - 0.2% Cr
archttectural utmto-; wrought 6063 - - 0.7 = 04 - -
a.chitectural extrusion: wrought 6463 - - 0.7 = 04 = -
= -_
1.3 % structural castinge Righest strength, soderate cast sand 201,0 | = 4.6 0,55 0,3% = - 0.7 ag, 0.25 7t
. elongatioa
' Sodies; impellers d castability, high strength cast sand 3%3%.0 | - 12 0.5 = 5.0 = -
L v lape | muun tightzess ' would
structural parts stronger and sore ductile cast would 033%%.0 | = 1.2 0.5 = 5.0 = -
lawamover housinge :;t widely used die casting oast die 380.0 | GD-A1818Cu3 |3.5 = -=- 85 - -
. oy '
air compressors lov thermal @ iou, good e - die ’%0.0 | - 47 06 - 7.0 = -
abrasion resis o, elavated .
. temperature strength
1pe ooupli : ts with amodic finishes cast would 513.0 | = - 40 - - .6 -~
_' be piiags H m oOTTOS10R resistance
escalator parts, coa= cast die s1e.0 | - - 80 - - - -
.76yOT COBpOREDtS
h:u umul (gemeral) strength without heat treatment cast ! :o“dd - M0 ! 0.7 0.3% - - 7.9 =
bearings and bushings | heavy loade cast - " 8%2,0 ' - Iz.o 0.7% = - - 6,25 8n, V.2 M
\ .
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! ' A1loy desigmation Compoettion (vt l).
Piedd of s 1 Application Caat or ,Caet o Oy ceelgmatlot 4 .
application .:;:::““. r::.,:. !vrought us | Garman 1 Cu ng Mn 31 Zn  others
1.3 &M“&‘ chemical equipment wrought 106C - - - - - - s 99,6 A
( ‘mx :) h fia stoek wrought 1100 - 0,12 = - - - 3 99,0 A1
continue ) | chemical squipmea. wrought 199 | - - - - - - 39%9 Q
screv sachine products wrought 20M1 A1CuBilb $.5 - - - - 0.4 Pb, 0.4 B
chemical equipment, wrought 3003 A1MnCu 0.12 = 1.2 = - -
pressure vessels
storage tanke wrought 3004 AlMn Mgt - 1.0 1,2 = - -
engine pilstona wrought 4032 - 0.9 1.0 =~ 12,2 = 0.9 N
refrigerator tris, wrought 3050 - - 1.4 = - - -
cotled tudbes
hydraulic tubes wrought 3052 AlNg2,5 - 2.9 - - - 0.2% Cr
rivets for Ng, scresn wrought 5056 - - $,0 0,12 = - 0,12 Cr
wire, sippers
cryogenics, drilling rige . vrought 5083 Augs,SMa | - 44 0.7 =~ - 0,5 Cr
pressure vesssls, Liyoge- wrought co8é Allgemn - 4.0 0,45 - - 0.1% Cr
! nice, drilling rige
: welded structures, stora- wrought S154 - L 3.5 = - - 0,25 ¢r
» .
i re tanks, pressures vessel )
H hydrogen peroxide and che- wroaght %2354 - ' - 3.9 - - - 0.2% Cr
mical storage vessels ,
welded structures, pres- wrought 3454 Alng2,7Ma - 2,7 0.8 =~ - 0.12 Cr '
surs vesssla V)
: utora{c tanks, pressure wrought 5456 - - s.1 0.8 = - 0.12 Cr '
vessels
hydrogen peroxide, chesi- wrought 9682 ! - P - 2.9 - - - 0.25 or
cal storage vessels ,
pipelines wrought 600% - i - 0.3 - 0.8 - -
pipelinen wrought 6061 - 0.28 1,0 - 0.6 = 0,20 Cr
pipelines wrought 6070 - | 0,28 0,8 0.,/ 1.4 = -
screv machine products vrought | 662 - 1 0.28 Y.0 =~ 0.6 - 0.09 Cr, 0,6 Fv, 0.6 B4
fin stock, cladding alloy wrought i 7072 - E - - - - 1.0 =
1.4 :‘_%__tln trical electrical inmdust wost widely used die cast- | cost die 380.0 | GD-A1348Cu3) 3.5 - - 8.3 - -
=hEinesring L i ing alloy ’ - { )
electrical conductors "l wrought : 13350 - - - - - - 99,5 A
welding electrodes wrought | 4043 e - - - $.2 = -
electrical conductors wrought 5008 4 - - 0.8 - - - -
welding electrodes wrought $356 - b - 5.0 0.12 = - 0,12 Cr, 0,13 71
high~strength electric wrought 6201 . = l - 0.8 =~ 0.7 = -
conductor wire !
]
| !
!
o .
! i




Tield of Special Application Cast or = Cast in | Alloy desigmation + Composition (wt. X)
application application ramarks wrought US [ Gerwman Cc ng M 8 2 ethers
1.5 §“§.§°:I! and | cooking utensils, vaffls | gemeral purpose alloy cast sand M43.0; = - - - 3.2 - "
irons wmould
spun hollovware wrought 1100 - 012 = - - - 99.0 41
cooking utensils wvrought 3003 AlMnCu 0.12 - 1.2 = - -
can bodies wrought 5004 AlMaingt - 1.0 1.2 =~ b -
can ends wrought 5182 - - 4.5 0.3% ~ d -
furail ture good corrosion resistance | wrought 6005 - - 0.9 = 0.8 - =
furniture ’ good corrosion resistance | wrought 6061 - 0.28 1,0 = 0.6 - 0.2 Or
furaiture wrought 6063 - - 0.7 - 0.4 - -
1.6 Gener highest strength, moderate | cast sAnd 20,0 | = 4.6 0,35 0,35 = - 0.7 Ag, 0.2% 7t
a elongation; elevated tem-
perature strengthi energy
absorption capacity
€004 castability, high | cast sand 355.0 | = 12 0.5 = 5.0 - =
streagth, tight presauréd would
stronger and wore ductile | cast sand c33%5.0 ; = 1.2 0.5 = 9.0 - -
than 05%.0 . mould
intricate castings, good cast sand 356.0 | G-A1SiT7NMg ! - 0,52 = 7.0 - -
strength and ductiiity sould !
stronger and more ductile | cast sand 4356.0 | G-A184TMg ! - 0,35 - 7.0 - - )
than 356.0 aould
; weldability, strength, cast sand A¥ST.0 ] - - 0.6 = 7.0 =  0.15 24, 0,005 Do °
| toughness . sould .
better corrosion resi- cast die 360,0 | = 'I - 0.9 =~ 9.5 - - !
‘ stancs than 380.0 ]
wost wiedely used die= ocast da4e 380.0 | GD=A1S18Cu3 | 38 - - 8.5 - -
casting alloy .

i
abrasion resistance, low cast die 390.0 | - ¢ 4485 0,6 = 17.0 - -
thermal expaniion, Jigh f

| teuperature strength !

| ; thin-walled intricate de- | cast die 413.0 | GD-A18112 ' = - - 12.0 - -
| ﬁgﬂ. exvcellent castabi- .

- general purpoas alloy oast :::g‘ B 443.0 | - - - - 9.2 - -
for anodic finishes, good cast mould 515.0 | = - 4,0 = , - 1.8 -
corrosion resistance
strong and ductile struc- | cast esand 520.0 | - - 10,0 = - - -
tural uses M
large castings with stregth | cast :::gd 713.0 | = 0.7 0.3 = d T:9 =
without heat treatment
structural uses at high wrought 2219 - 6.3 = 0.3 = - 0,06 21, 0.1 Vv, 0.8 2r
temperaturss, high atrength
weldementy
! high strength wvelded wrought 5456 - - 5.9 0.8 = - 0,12 Cr
i structures
heavy~duty structures with | wrought 6003 - - 0.5 = 6.8 - -

| ' good corrosion resistance
i : ; i




!nloy designation

Pield of l Special Application Cast or | Cast in owpe
application ' application remarks wrought | © - Us erean gl ."':“- '(':'. "1 in ethere
1.6 Gemeral heavy~duty structures with wrought 6061 - -
2 cat .oo:,eonzuo- resietance & 0.28 1.0 0.6 = 0.2 O
(coatinued) forgings and extrusioms for] wrought -
v-lgodn‘otwemo- " 6ose 1.0 11 00 14 - *
heavy-duty velded struc~ wrought - -
gu-:! I 6070 0.28 0.8 0.7 1.4 =
heavy=duty structures with wrought - -
poyeomvuo- resistance " €335 0.6 0.6 1.0 - ®
B eteiatancs, | T 7008 | - © %4 043 = 4.5 0.930r, 0,04 24, 0,14 &
1.7 Special aiesile fime elevated temperature cast sand 201.0 | - 4.6 0,39 0.3% - - 0.7 Agy 0.2% T4
applicatioen strength sand .
nissile parts strong and ductile oast would €353.0 | - 1.2 0.3 - 5.0 = -
sissile parte strong and ductile cant ::::.uM 4336.0 | ¢-a1317Kg - 0.3% - 7.0 =« -
alesile parts weldability, strength and | ©80% would a3%7.0 | - - 06 = 1.0 0.13 21, 0,009 Be
toughneass
;13:“1"“ capacitor - vrought 1199 - - - - - - > 99,9 A
o
wilitary supersomia vrought 2 | - 44 1.3 0.6 = - -
aireraft A
sissile compowests, wrought soa3 AlNg4,SMn - 4.4 0,7 = - 0,13 Cr
ballistic arwour
miesile components wrought 50086 Angéna - 4.0 0.4% = - 0.19 Or
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2. Mechsmical properties

The mechanical properties of sluminium alloys
depend on the metallurgical structere, vhick in tura
depends ou the composition, solidificatiom process
and post-solidificstion thermel and deformatioa.
treatasat.

The msin alloying clements ~ copper, magnesive,
manganese, silicom, zimc, chromium and zirconiwm form
an eutectic compositiom with alemisium. In coolisg
down from the liquid state they show s primary
crystallizstion of wixed aluminium crystal. The
primary crystsllization starts at the liquidus
temperature, lower tham the slumimium melting point,
snd ends at the eulectic tempersture, which is at the
seme time the solidus temperature.

The structure of the alloy at room tempersture
consists in the most siwple form of two differeant

mized crystals, that of the sluminium and that of the

slloying element ~ s tvo-phase structure. To improve
strength and harduess of the alloy, it is fsvoursbdle
that the slloy vhea cooling down in the solid state
precipitates a new phase. This can be achieved by
crossing & line of decressing solubility ian the binary
disgram of the slloy. Since all sluminium alloys are
more than binary, it becomes wore snd more difficult
to predict and explain sll phases snd their changes in
dependence on temperature. In msny csses pre-
precipitation stages of nev phases are most effective.

The second method for improving streiigth and
hardness is to subject the original cast product
(cake, billet) to a cold deformation by rolling,
extruding or forging. This deformation destroys the
primary cast structure and builds up snother ome,
mostly with finer grain size and stretched in the
direction of deformation. Special lsttice defawlts,
so-cslled dislocstions, together with grain
boundsries and alloying or impurity atoms form s
system of interactions, vhich yields high strength
and hardness.

All these structural effects can be sitered by
changing the tespersture. Inm this fact all therwsl
trestnents are vested.

Cast slloys do aot hsve this grest variety of
thermsl and mechsnical trestments and cowbinstioas.
Nevertheless, the size of the crystals sand the
so-called dendrite cell size is influenced by the
cooling rate. Die cast parts have finer grain
sizes than those cast in s permsnent mould, which
in turn have s finer grain sise than those cast in
sand.

Thermal processes

Before a cast interzsdiste product, e.g. an
ingot, cake or billet can be submitted to a
deformation process, it usually has to ucdergo
prehesting and howogenizing. This is done st s
relatively high temperature (oaly 100° to 50° C
belov solidus temperature) and lasts from some hours
to a few days. Micro-segregstions sre dissolved by
diffusion and alloying elements are brought into
solid solution (aluminium mixed crystsl). By
subsequent controlled slow cooling very fine
precipitates are generated ss these sre desired for
m0st properties.

A typical precipitation sequence is:
Superssturated solid solution - so-called
Cuinier-Preston zones (one~phase decomposition) -
metastable phases - stable pheses. The msjor
commercisl heat-trestable slloy systews Al-Cu,
Al=Cu=-Mg, Al-Cu-Mg-$i, Al-Mg, Al-Mg-$i, Al-Zn-Ng~Cv,
Al-Li=Cu show these kinds of sequences. In the
course of precipitation the strength incresses either
at room temperaturs (natural sging) or st slighcly
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elevated tupoutntei’ (artificial sging). [f the
sging procedure is coat over the stremgth peak,

w1 call it oversging.

NMatural sia can take from 10 to 10,000 hours
and result i1m av increase of yield streagth to more
than double. Eldngetion decreases slightly.
Artificial sging was discovered and is srill meinly
Eﬁ:ﬁﬁiﬁ Al-Ce slloys. Temperature and time
ate controlled-in such s way that maximus stresgth
@nd hardness are atteined before s distimect
‘two-phase structure takes place (overagimg effect).
Temperatures rasge between 130° gud 260°C over
oae to 100 hours. Overaging results in wore
stable properties, Incresses toughuess, dut
with a certain decrease ia stremgth and
hardaess. - ’ - [

The table on pages 13, 14 and 15 indicates the
three mechanical properties - yield streagth and
tensile strength (both in MPs) snd elcogatiom (inm
perceatage). These sre obtained in the tensile
test.  The respective heat treatment conditions are
indicated and the values measured.

3. Physical properties

The physical properties of aluminium alloys also
depend on the chemical composition of the alloy -
though to a somevhat lesser extent thun the
mechanical ones. For comparison sowme physical
properties of the element Al are given:

Atowic suwber | 13
Atomic weight 26.98

Lattice f. ctr. cubic
Lattice constant at 20°C 4,049 . 108

Density at 20°C 2.6985 g . ca™3

st 660°C solid 2.55¢g. a3
at 660°C liquid 2.37g. a3
at 900°C 2.30g . 3

Volume decresse, liquid - solid 7z

Linear shrinkage between 660°
snd 20°C 1.8%

Average coefficient of thermal

expansion, 20° - 100°C 23.86.1076.x"1

20° - 500°C 27.68.1076.x"1
Hodulus of slasticity 72.0 GPs
Helting poiat 660.24°C

Hest of fusion 397.3 kJ . kg~!

Boiling point 2,500°C

Specific heat st 20°C 0.90 J.g-l.x"}

st 658°C, solid 1.13 J.g~t.x1

st 700°C, liquid 1.08 J.g"l.x1

Llectrical conductivity 37.7 w. “lam~?

Thernsl conductance 2.3 J.en”le" gt
The table on page 16 lists the four physicsl
properties ~ melting range, density, sverasge
coafficient of thermal expansion snd modulus of
elasticity for sll the sbove—wentioned alloys.




Alloy and
production method
201;6 eaﬁ&
 355.0 | sand
mould
-655500— Band
mould
[~ 356.0 | sand
mould
| A356.0 | sand
7 mould
ABS?.O mould
| 360.0 | die
380,0 | die
390.0 | die
413.0 | die

- —————

Condition

eolution heat treaté&. ériiffcially aged

solution heat treated, overaged/stabilized
solution heat treated, artificially aged
artificially aged, varied :
solution heat treated, overaged/stabilized, varied

solution heat treated, artificially aged
artificially aged, varied

solution
solution
solution

solution
solution

as cast
solution
solution

heat
heat
heat

heat

heat

heat

heat

treated,
treated,
treated,

treated,
treated,

treated,
treated,

overaged/stabilized, varied
artificially aged, varied
overaged/stabilized
artificially aged
artificig}ly aged, varied

artificially aged
overaged/stabilized

artificially aged, varied
solution heat treated, overaged/stabilized, varied

as cast

solution heat treated, art1f1c1a11y~aged
artificially aged, varied
solution heat treated,

solution heat tféated,
sclution heat treated,
solution heat treated,

as eaaﬁ
as cast
as cast

artificlally aged

as cast

overaged/stabilized, varied

artificialiﬁuagid
artificially aged, varied
artificially aged, varied
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oy s " Gonditton | L || Temetls | Elongasion
production method (MPa) (MPa) (%)
B443.0 | sand ' as cast 41 117 3.0
mould  as cast SRS SN SN NOL.. 2.5
513.0 |mould ;| as cast ey | sz | 2.5
| 518.0 | die : as cast 190 310 6.0 |
~ 520,0 | sand solution heat treated, naturally aged (atable) 152 290 12,0 g
"~ 713.0 | sand artificially aged 152 207 3,0 |
mould artificially aged 152 221 4.0 l
852.0 | sand artificially aged | 124 166 .
mould artificially aged 186 3.0 =
1.6 |12.5 1
om mm
L S ‘ . thick; diam,
1100 |wrought | annealed 34 90 35 i
strain hardened without supplem, thermal treatment 150 165 5 l
" 2011 |wrought | ‘hermally treated, stable tempers by natural aging 295 380 ' 15
solution heat treated, artificially aged 310 405 15
" 2024 |wrought | annealed 76 185 20 20
solution heat treated, naturally aged 345 485 18
solution heat treated, artificially aged 490 517 5
2036 |wrought| solution heat treated, naturally aged 195 340 24
2219 |wrought| annealed 15 170 i8
) solution heat treated, artificially aged ' 395 . 475 10 l
3003 |wrought annealed 42 110 30 40 '
atrain hardened without supplem. thermal treatment 185 200 4 10 |
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s o | 2024 | mensine | Elongation (X)
Alloy and * Condition Strength | Strengta : 1.6 om '12.5 am

production method (MPa) (MPa) : thick ?dian.
3004 vrought; annealed 69 180 20 E 25
- ! strain hardened and stabilized 250 | 285 5 6
4032 | wrought. solution heat treated, artificially aged 315 380 9

T 4043 ! wrought . annealed 69 145 22

3 ! strain hardened vithout supplem, thermal treatment 270 285 1
" 5052 vrought: annealed T I 90 195 ) 25 27
: | stratn hardened and stabiliged 255 290 7 E
T 5182 vroughti annealed 140 275 25
; | atrain hardened without supplem. thermal treatment 295 | 420 | 4
5456 'vrought! annealed : ' ' 160 310 22

| strain hardened and stabilized 255 | 350 " .
6010 wrought | solution heat treated, naturally aged _ 170 290 24 e T

6061 | wrought; annealed 55 125 25 30

| solution heat treated, naturally aged 145 240 22 | 2%

. solution heat treated, artificially aged N ?15. _“?10 _"rmrlg__ ' 11

6066 wrought | annealed R ai 150 18
solution heat treated, artificially aged 360 395 12 |
7005 wrought ' artificially aged 345'--' ' 393 15 :

~ 7050 wtoughtE solution heat treated, overaged/stabiliged 455'1‘ '510 ' 11

L | solution heat treated, overaged/gtabil;goﬁ,_!q;;gq”" 475 530 . 1" !
7075 wrought | solution heat treated, artificially aged 505 570 1 1" ;

solution heat treated, overaged/atabiliged 435 505 13 '

7090 wrought | solution heat treéted. overaged/stabiliged, 5peéi;i 1 s1s 565 13

4 ' !
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Alloy . Melt Densi " Av. ‘coeff. ! Modulus of

range (°C) at 25 OC tggnn&x)pggs. ‘ elasticity
g.cm 3 ; :0-6.1-1 ) fGPa
201.0 535 - 650 ' 2,77 19,3 i 71,0
. 355,0 3
' c353.0 545 - 620 | 2.m 22.4 70.3
3200 555 - 615 1 2.69 21.5 2.4
' A357.0 . 555 - 615 | 2.68 | 21.6 71.1
i 360,0 . 555 - 595 | 2.63 21.0 71.0
| 380.0 540 - 595 | 2.74 21.0 ‘ T1.1
! 390,0 505 - 650 ! 2,73 18.0 81.2
. 413.0 575 - 582 | 2.66 | 20.4 :
. B443,0 575 - 630 . 2.69 L 22,0 ! 7.0
© 513,0 580 - 640 & 2.65 24,0 !
518.0 535 - 620 ' 2,57 28,1 l
520.0 = 450 - 605 ; 2.57 ' 25.% E 66.0
713.0 595 - 640 i 2.81. 24,0 |
852.0 - 205 - 635 ! 2.88 23.3 i
1100 . 640 = 655 | 2,71 . 23.6 i 69.0
2011 . 540 - 640 | 2.83 . 22.9 . 70.0
2024 - 500 - 635 ' 2,78 - 23.2 L 73.0
2036 555 - 650  2.75 . 23.4 ;. T.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 2,72 23,2 69.0
7005 2.78 72.0
7050 488 - 635 2,82 23.0 72.0
7075 532 - 635 2,80 23,6 . 72.0

7090 550 - 635 '~ 2,85 23.8 75.0
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&. Foundry and prodect charscteristics of cast alloys

The fowndry characteristics illustrate the
suitebility for casting slloys, slthough this
switability csmnot be given in exsct mumerical
valoes. In the following six tables therefore s
rating has been estadlished from one to five, one
representing the best suitsbility and five the lesst.
These ratings are relstive in esch casting category,
whether sand, permaneat sould or die casting.

Resistance to hot cracking is the sbility to
withstand contraction stresses during coolimg. This
cracking may occur during the solidification of sm
slloy st the change from s thimmer to & thicker
cross—section. The masin influence paremeters are the
weiting reage snd cooling comditions, e.g. heat
transfer, temperature of the metal, tespersture of the
would snd the graim size resulting from the,:
conditions. There are several methods to iuprove
resistonce to hot cracking (i.e. grain refining, oxide
removsl, constrectional design o cooling ~lates).

Pressure tightness is an imdication of the
soundness of the cast part snd the freedom fros
leskage to fluids wnder presswre. Mechsnical
properties under pressure snd perosity of tie cast
part are the mzin parameters.

Resistance *o corrosion refers ;3 genersl
€o-==cic» behaviwur in & standsrd salt spray test.
This test serves as» ar eazvination of the behaviour in
s meritime climste, the test medium being & 3X NaCl
solution. The decrease in strength sad elomgation is
s messure of the corrosion.

Machining is 8 composite rating based on ecase of
cutting, chip characteristics, quality of finish snd
tool life. The comparison possibilities are limited
and the test procedures are not standardized.

Polishing mesns the possibility to polish s part
and improve the quality of finish. A smooth surface
is s precondition; polishing powlers and paste, snd
their grasin size, have & definite influence.

Electroplating indicates the ability to take and
hold an electroplated costing. The reason for doing
this is either to improve the appesrance of the part
(decorstive) or the wesr resistonce of the surfsce,
e.g. for the cylinders of s motor. A pretreatment of
the surface is necesssry; the first lsyer is normally
of copper, whereupon an electroplating of other metsls
(nickel, chromius and precious setsls) can tske place.

Anodizing is based on lightness of colour,
brightness and uniforwity of the clesr, snodized
costing spplied in sulphuric acid electrolyte. The
sim of the totsl procedure is to obtsin sn incressed
oxide laver. In the electrolytic process the part to
be anodized serves ss anode ("snodizing”}. Both
direct snd slternating current sre spplied; sulphuric
acid is \he electrolyte most frequently used.

Chewical oxide costing produces on sluminium
oxide proteztive layer as well, but much thinner than
in the csse of anodizing. A grest variety of
different processes is spplied, most of them lesding
to chromate or phosphste compounds.

Strength st elevated temperstures is » very
important property for many uses of slusinive slloys.
Yield and tensile strength and herdness norwally
decrease and elongation incresses at temperatures
higher than room tempersture. Chemical composition
and physicsl structure dominate the high tempersture
behsviour, Apart from vhich, time plays sn iwmportant
role, the structure of sn slloy changes in the course
of time and under 8 constant load (creep), especislly
in the cese of cold deformstion hardened slloys.
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Suitability for welding end brazirg is mecessary
f~r seny siwsiniua slloy applications. Techmigques for
welding and breziag have reached s high stendard of
quality. A grest variety of processes can be
spplied: autogenous, electric src, protective gas
welding (MIC), (VIG), resistance awd pressure welding
sad witra-somic, high frequeacy, electron bdess
welding. The possibilities for brazimg sre nesrly as
good; it must however be borme in mind that the
stresgth of the joiat is lower.

Fluidity and die filling capsdility imdicate the
sbility of the molten wetal to flov iato all perts of
the sould. Characteristic parameters are viscosity,
surface temsion, heat couteat of the melt, casting
tewperature snd solidificstion type (chesmical
composition and conteat of impurities). Im the case
of die castiang, the proper’ies of the die itself
(surface, temperature) sre sdditionslly effective.
This corresponds to the phencwencn of:

Soldering to die vhich must be prevented by
special sprays injected imto the die after every metal
shot;

Solidification shrinkage which mesns that the
slloy 1s wot subject to shrimksge poresity.

5. Evalcation of the slluys with respect to the
developing countries

The requirement for the developing countries to
build sp an glusinius slloy imdustry will be mot to
use too grest s vsriety of alloys but rather to use
sowe stendard slloys for as many spplications as
possible. The integrated evalustion of all cited
slloys with respect to:

- NMechanicsl pruperties,

- PMysicsl properties,

- Foundry characteristirs,

- Product characteristics,
gives the following resulce:

The aumber one slloy is slloy 357 in case of
casting alloys. It is sn Al-Si slloy with 7 wt.2 Si
and with 0.6 Mg, 0.15 Ti, 0.005 Be as further
additions. It can be cast in both sand and permanent
woulds, and hss good mechanical properties vhen
solution hest trested snd artificially sged.
Polishing and anodizing properties sre somevhat
poor. Its spplicstions sre in transportstion
engineering (aviation/serospace) eni in all other
fields vhere good weldability, strength and toughness
are required,

Of the casting slloys ranks second the
slloy 360, a die casting slloy with 9.5 wvt.X Si and
0.5 vt.2 Mg vith very good corrosion resistance. The
mechanicsl properties are good in the "ss cast” stste
slready mentioned and there sppears to be no wesk
point smong the technological properties.

A very brosd field of spplications can be
covered by using the slloy 335, sn Al-Si-Cu slloy
vith 5 we.2 Si, 1.2 wvt.2 Cu and 0.5 wt.X Mg. It can
be cast in sand and permsnent soulds. The mechsnical
properties are in the range of medive to good;
ertificial sging after solution heast treating renders
the best results. The anodizing appesrsnce is poor,
but this is the only wesk point in the technological
properties. This slloy can be used for
transportation engineering, for avistion and
serospece, for rail and roed treffic (cylinder
heads), for mechanicsl engineering (pump bodies,
impellers etc.).
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The copper—free alloy 356 (7.0 and 0.35
respectively wt.I Si and Mg) cas additionally be used
for merine applications. In rail and road traffic
applications it is videly used for transamission
cases, truck axle housings, truck wheels, cylinder
blocks, cylinder heads, fan blades, and transmission
cases. The mechanical properties are sstisfactory ia
the sged or even overaged and stabilized conditious;
however the polishing quality is bad.

The wost widely used die casting alloy, which
cen also be cast in gand and persanent moulds, is
alloy 380. A lot of parts for the sutomobile
indestTv are manufactured from this alloy (8.5 and
2.5 »c.Z respectively Si and Cu). Mechanical and
e.lectrical engineering are further uses. It can be
wpplied in the "as cast” condition. The
techaological properties are satisfsactory.

From the point of viev of mechanical properties
slone, the alloy 201 shows the best results. On the
other hand its composition is complicated: 4.6 Cu,
0.7 Ag (%), 0.35 Mg, 0.35 Mn, 0.25 Ti (a1l in wt.X).
It is a sand casting alloy, but has to undergo s
solution heat trestwent with aging, overaging and
stabilizing treatment in order to reach the wost
favourable properties. The strength remains high
even st elevated temperatures.

The binary Al-Mg slloys 518 and 520 with 8.0
vt.Z respectively of wmaguesium can be used for bigger
castings, such as aircraft fittings, truck and bus
frame components, marine hardware, escslator parts
and conveyor components., The keat treatsent of the
sand cast alloy 520 is simple (only natural aging
after solution heat trestment) and the die cast
alloy 518 can be used "as cast”., Sometimes it will
be necessary to bear in mind the high average
coefficient of thermal expsnsion and the low modulus
of elasticity. 3ome technological properties are
unfavourable: resistance to hot cr: :king, pressure
tightness, electroplsting, suitability for welding
and brazing, solidification shrinkage, die filling
capability and soldering to die.

The relatively chesp and simple, but not
high-quality binary Al-Si alloy 443 with 5.2 wt.2
silicon should not be forgotten, because it is & kind
of general-purpose slloy, cast in sand or mould and
often used for cooking utensils, but because of its
poor strength and hardness (the machining, polishing
snd anodizing quslity is bad), it should preferably
not be used.

A survey of the wrought slloys shows s
predominance of the Al-Zn-Hg-Cu alloys with or
vithout the addition of further elements such as
zirconiuvm, chromiom snd cobslt. These are the
slloys 7050, 7075 and 7090. Their tensile and yield
strength is excellent, with relatively good
elongstion figures. Of course, the deformation and
hest trestment procedures are not very essy. The
density is high. These slioys find their
applications in aircraft structures.

For the very importsnt rail and road traffic
aspplications many wrought alloys of ¢ “ferent
composition exist, The range is from ure aluminium,
1060 and 1199, used widely for tankers, to
hesvy-duty, corrosion resistant 7005 with zinc,
magnesium, manganese, zirconium, chromium and
titanivm for truck snd tractor bodies and extrusicn
parts. Watervsy traffic applications - ss slvays -
prefer copper-free alloys, 508X and 545X, with
magnesium and manganese ss the main snd chromium as
the minor constituent.

7or constructicnal snd mechanicsl engineering
uses it is nearly impossible to pick out some special
slloys. Most of them have magnesiue as their wain
womponent and are thus SXXX type slloys. In
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developing countries one has to look for t e desired
special applications (for exsmple, uses in mobile
Lomes, vindov frames, chemical equipmeat, tanks,
vessels, pipelines erc.).

For bousehold and cooking utensils the alloys
3003 aaxd 3004 are used, the first containing
1.2 wt.Z Mo wich 0.12 vt.2 Cu and the second
1.2 vt.X Mn and 1.0 vt.Z Mg. The satisfactory
mechanical properties are reached sfter ling and
strain hardening with or without stabilization.

C, 2

al r ions for the developing
countries cannot be given. The state of development
is so different L twveen ssy Chad and Bangladesh or
Malaysia and Brazil. In & country where up co now no
wmetalvorking industry exists, the recommendation
could be given to start with casting slloys and
erecting foundries rather than rolling mills,
extrusion presses and forging mills. Preference
should be given to ssand and permanent mould casting;
a start could be made with the aslloys 355, 3%6, 520
and 443,

The chemical composition for these is not too
complicated:

Cu Mg Si
355 1.2 0.5 5.0
356 - 0.35 1.0
520 - 10.0 -
443 - - 5.2

This makes scrap handling easier. A broad field
of spplications could be covered: aviation and
aerospace, rail and road trasffic, marine uses,
architectural psrts, mechsnical engineering uses such
as pump bodies, household and kitchen utensils.

6. Production

Sand casting is the least expensive process,
sithough the -ou!d is not reussble vhich is forwed by
ramming s sand sixture with bonding agents sround s
pattern. Sand casting is slways applied if the number
of pieces of the same shape is very low or if the cast
part is rather intricate, i.e. with cavities or if it
is a rather large piece.

The variety, quslity, treatment, dressing and
retrestment of the foundry sand is a subject of its
own, and requires very specific knowledge. A pattern
or model of the cast part has to be sade out of wood,
gypsum, plastic or metsl. A rsther modern develop t
is the use of polystyrene, which is not taken out
before casting, but burnt out by the liquid mecsl
during the casting procedure. MNotice has to be taken
of the volume shrinkage of the alloys during
solidification and cooling.

The moulding is done either by hand or by
mschines. Some special processes use carbonic scid or
the forming of masks (croning). The quality of the
cast piece can be influanced to s great extent by the
ski.]l used vhen gating. Cooling plates can prevent
shrinkholes.

The sand would is gravity fed. A principsl
disadvantage is the slow cooling rate, the poor
surface finish and s certain minimum wall thickness
(order of magnitude & mm).

Permanent mould casting necessitstes s series
producticn of the same piece so thst the expensive
oould can be justified by a large number cf pisces,
The mould is msde of cast iron or steel. The mould is
gravity fed so that cre pouring rete is still
reletively slow, but the freesing and cooling of the
wecal in the mould proceeds very much quicker tham in
sand casting.




Alloys vith good fluidity and resistance to hot
cracking produce sound pieces with sstisfactory
wechanical properties vhich can even be iwmproved by
subsequent thermsl trestment.

The production of a per t would ds a good
machine-building knovledge and capacity; the gating
is very important for the flow of the metal inside the
mould. Durimg casting the temperature of the mould
has to be continuously controlled and, if necessary,
cooled. A rule of thusb is “hot mould, cold wetsl™.
Facing and spraying of the mould has to be done at
regular intervals.

Special processes for permanent mould casting are
centrifugation casting and - a rather novel
development - vacuum casting.

Because of the recommendation to start an
aluminium alloy menufacturing in developing countries
with ssnd and mould cast parts the description of die
casting and rolling, extrusion and forging processes
is not included in this study.

7. Present research and future developments

Of the numerous resesrch activities on aluminium
slloys being carried out all over the world, only two
developments need to be mentioned:

Aluminive-lithius alloys

Saving energy by saving fuel, saving fuel by
saving weight in a1l kinds of transpurtation systems,
especially in aircraft snd serospace transportation is
still the main goal. The presently available wrought
alloys for these uses, the slloys 2014, 2024, 7005,
7050, and 7075 have densities between 2.77 and 2.82
(pure slusinium 2.7). Al-Li slloys with Li contents
b-tveen 2.0 and 2.6 wt.X with additions of copper,
magnesium end zirconium have o density of about 2.54
vhich mesns roughly s 9% decresse. Additionslly, the
Al-Li alloys shov s very high modulus of elasticity,
nearly 80 GPs, compared to 72 - 75 mostly used as
aircraft alloys st present.

The nev type of alloy could be competitive even
with carbon-vhisker composite msterisls, for which
completely nev manufacturing procedures have to be
developed.

The <econd generstion of Al-Li slloys will have
4 to 5 wi.T of lithium and will be produced vis powder
wetallurgy.

Powder metallurgy

The so-called S.A.P.-slloys ("sinter-sluminive~
powder”) have been known for more than 30 yesrs. They
had excellent strength properties up to 550°C,
because they contained finely dispersed particles of
asluminium oxide (6 to 15 vol.2). Manufacturing
methods used were pressing, sintering and heat
trestment, A disadvantage however wvas the bad
veldability.

Present powder setsllurgical research is trying
to produce sinter msterisls fros sluminius slloys of
the type Al-Zn-Mg-Cu (type 7XXX). The sintering
process must be improved by so-cslled
tiquid-phase-sintering, Tensile strength values are
simed st reaching 600 MPs.

8,  Str.istics

World production snd consumption of sluminium (1983)

5,310,000 ¢
15,470,000 ¢

Production:
Consuwption:

The percentage of secondery material (recycled
from scrap, etc.) was 26.7% in 1983,
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Alusiniue consumption in developing countries

b4
per

1973 1978 1983 jear
Latin Americs 340 000 486 000 543 OOQ 6.0
Asis 353 000 651 000 968 000 iv.4
Africa 45 000 82 000 130 000 18.0
Total 738 000 1 219 000 1 641 000 12,2
Primary sluminiue Z per
production 1973 1983 year
Usa & 108 700 J 33200 - 1.8
USSR 2 000 000 2400000 <+ 2.0
European Econowic
Community 1 508 000 192 800 =+ 2.8
Canads 930 000 1091200 + 1.7
Germany, Fed.
Rep. of 532 700 743 300 <+ 4.0
Norwvay 618 100 715400 + 1.6
Australis 207 200 475 100 + 12.9
Brazil 111 700 400 700 o+ 25.9
P.R. Chins 280 000 400 000 + 4.6
France 358 900 360 800 + 0.05
Spain 160 400 357 500 + 12.3
Venezuels 25 100 335 200 +124.0
Yugoslavia 90 800 258 200 ¢ 17.3
Japan 1 096 800 255 %00 - 7.7
United Kingdow 251 600 252 500 ¢+ 0.04
Netherlands 181 400 236 300 + 3.0
Rowanis 161 200 223 300 + 5.8
Nev Zealand 116 700 220 100 + 8.8
India 154 300 205 000 + 3.3
Itsly 184 200 195 700 + 0.6
Bahrain 102 600 171 700 + 6.7
Rep. of South Africa 52 800 163 800 ¢+ 21.0
Dubai - 151 200 -
Egypt - 1640 200 -
Greece 143 309 136 200 - 0.5
Argentins - 132 800 -
Indonesia - 116 800 -
Austris 89 100 96 200 + 0.6
World, total 12 837 300 14 310 300 + 1.1
Alupinium consumption 1983 (t)

Primary Secondsary (1) Total
USA & 218 900 2 019 400 6 238 300
Europesn Zconomic
Community 2 920 700 1 100 600 4 040 100
Japan 1 800 700 802 400 2 &bt 000
USSR 1 850 000
Germany, Fed.
Rep. of 1 085 000 425 500 1 554 700
France 613 400 166 000 755 000
Icaly 430 000 278 000 755 000
P.R. Chins 620 000
United Kingdos 323 400 128 300 437 200
Canads 295 000 56 000 351 000
Brazil 271 000 39 100 310 100
Australis 159 300 37 700 297 000
Belgive~Lunesbourg 272 000 1 000 273 000
Spain 217 400 37 400 154 800
Indis 218 500
Cerman Dem. Rep. 230 000
Yugoslavis 152 000 25 400 177 400
Hungary 181 700
Netherlands 91 700 58 200 149 900
Austrie 123 100 16 100 144 600




Primary Secondary (1) Totsal
Switzerland 115 300 1 100 139 100
Taivan 136 500
Kores 127 600 5 200 132 800
Romanie 138 000
Borway 128 600 700 129 300
Poland 128 200
Sweden 9 600 24 900 119 500
Venezuela 8% 00v 30 000 119 000
Iram 105 000

(1) Alwminium recovered from old and mew scrap.

Comment on the above—wentioned tables

Tke pesk point in world sluminium production was
in 1980 with 16 million tous. The recessiom brought
this figure dowm im 1582 to 13.9 milliom toms.

The iocrease in alwminium consumption by the
developing countries has been spectaculer. Of
course, the percentage values will fall in future.

The most imteresting chamge in the primary
aluminium production figures is the sharp drop for
Jspan from wore than 1 million toas per year to s
quarter of a million. “Japanese Aluminium™ is
movadsys prodoced for instance im Brazil (492 joimt
ventures). Venesuels, Brazil, South Africas,
Yugoslavia, Australis and Spein have hsd the
highest percemtage increase over the last
10 years.

The leading three sreas, USA, USSR snd the
E.E.C. sccounted for 59.3% of the world's total
production in 1973; this figure fell to 53.6%

10 years later; geogrsphically aluminium
production vas more videly spread in 1983, end this
trend seems likely to contioue. There sre four
countries in the ststistics vhich 10 years sgo did
not produce a single ton of aluminivm: Dubai,
Egypt, Argentins and Indonesia. Countries to
follow in future atre probably: Surinsse, Guyanas,
Trinidad and Tobago, Haiti, Nigeris, Liberia,
Guines, Mslaysia, Philippines and Thailend. The
People’s Republic of Chins will achieve a high
production rate vithin the next 10 years.

The consuwption table clearly shows the
predosinance of the four areas USA, E.E.C., Japen
and USSR: here 72X of the total sluwminium was
consumed in 1983. The sluminium scrap recovery
figures for the Eastern bloc countries sre not
known, The big net importer countries are the USA,
the E.2.C., Japan, the Tederal Republic of Germany,
France, Italy, the People’s Republic of China,
Belgive-Luxesbourg, Cerasn Democratic Republic,
vheress net exporting ries are Canads, Norvsy,
Austrslis, Brazil and Venezuela.

Aluminium prices

The growth in sales led to large price incressss
in 1983;

Aluminium price st the end of 1981: t 590 per ¢
Aluminium price st the end of 1982; £ 600 per t
Alusinium price at the end of 1983: £1,090 per t

The reaction to the interplay of supply and
demand was reflected in the quotstions on the
Non-Ferrous Metal Ixchanges.

The consumption of primsry snd secondary
sluminium by end-uses is given in the following tadle
for the largest conuumer = USA snd for the lesser of
ths big six consumer countries, Itsly.
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Consumption of prisary and d alumisive
by end-uses, 3

U3A Italy
toas 4 tons

Transportation 1 081 800 16.4 199 000 26.9
Machamicsl

engineering 361 500 5.5 52 000 7.0
Electrical

engineering 600 600 9.1 28 500 3.8
Buildiag awd

coastructiom 1 307 200 19.8 158 000 21.4
Chemical industry 80 000 1.2 16 000 2,2
Packaging 1777 200 26.9 76 000 10.3
Household articles 479 400 7.3 72 500 9.8
Powder, iron/steel

wetal products 428 600 6.5 21 700 2.9

Prom this it may be assumed that, the more
highly industrially developed a country is, the
higher is the percentage of packsging and electrical
engineering in sluminiue consumption. For the
developing countries the emphasis will be on
transportation, mechenicsl engineering, building and
construction and household articles. This
corresponds to the recoamendations given vith respect
to the choice of sllovs for countries wishing to
start an aluminium alloy industry.

In the following table the per capita consumption
of aluminiom in various comntries is given.

Per capita consumption of slusinium, 1983

(Total consumption, but for Eastern bloc countries
only consumption of prisary slwiniua is given)

Consumption Population Per capits

Country () (will.) coms. (kg)
Albsnis 2 000 2.8541 0.7
Austrias 164 600 7.549 19.2
Belgive-Luxesbourg 273 £%0 10.222 26.17
Bulgeris 53 000 8.939 5.9
Czechoslovakia 97 500 15.415 6.3
Gerwan Dem. Rep. 230 000 16.699 13.8
Denmark 26 200 5.114 5.1
Finlsnd 28 600 4.863 5.9
France 755 600 56.652 13.8
Cermany, Fed. Rep. of 1 554 700 61.521 25.3
Greece 88 500 9.848 9.0
Hungary 181 700 10. 690 17.0
Italy 755 000 56.836 13.3
Netheclands 149 900 14,362 10.4
Hotway 129 300 4.129 31.3
Poland 128 600 36.571 3.5
Portugsl 41 000 10.099 4.1
Romania 138 000 22,583 6.1
Spsin 254 800 38.228 6.7
Sweden 119 500 8.329 16.3
Switzerlend 139 700 6.505 2]
United Kingdom 437 200 $6.377 7.8
ussk 1 850 000 272.500 6.8
Yugoslavia 177 400 22,800 7.8
RZurope (1) 7 756 500 757,542 10.2

(1) Including the Asisn part of USSR,




Country Consumption Populstion Per capita
(c) (aill.) cemns. (xg)
Cawetoon 27 %00 9.165 3.0
Egypt 67 000 45.915 1.9
Rep. of South Africs 92 300 30.802 3.0
Other Africen
covatries 435 100 436.118 0.1
Africa 232 00 522.000 0.4
Argentine 87 400 29.627 3.0
Bresil 310 100 129.662 2.4
Canads 357 000 24,907 16.1
Colombis 15 000 27.51% 0.5
Mexico 70 800 75.103 0.9
Peru 2 800 18.707 0.1
USA 6 238 300 234.496 26.6
Venezuelas 119 000 16.3% 7.3
Other Lsatin American
cowncries 32 200 91.189 0.4
America 7 226 600 647.600 11.2

Per capita consumption of sluminium, 1983

(Total consumption for Asis. countries, spert from
Japan and Kores vhere only the consumption of primsry
aluminiue is indicated).

Consumption Population Per capits

Country (¢) (mill.) coms. (kg)
Babrsin 28 000 0.397 70.5
Dubai 5 000 0.093 53.8
Rong Kong 30 600 5.313 5.7
Indis 218 500 732.256 0.3
Indonesia & 200 159.434 0.3
Trsq S 400 16.656 0.4
Iran 105 000 42,071 2.5
Isrsel 12 400 4.097 3.0
Jaspan 2 &44 000 119.259 20.5
Lebanon 11 000 2.635 6.2
Malaysia &1 400 14 863 2.8
Philippines 20 000 52,055 0.4
Singspore 5 300 2.502 2.1
Kotes 132 800 59.136 2.2
Taivan 136 500 18.400 1.4
Thsiland 60 000 4£9.459 1.2
Turkey 89 200 47,279 1.9
Other Asisn countries 102 500 1 407.900 0.1
Asis 3 491 800 2 731,800 1.3
Austrelis 297 000 15.369 19.3
Nev Zesland 31 300 3.203 9.8
Ocesnie - S.508 -
Australia and

Oceanis 328 300 264,080 13.6
World totsl 20 600 100 & 683.022 b4

Yor sdditions] comparison ons sey subZract
Western Lurope from the Curopesn toral. Western
Zurope sccounts for 5,076,100 tome, with & populstion
of 371 million vhich gives s per capita consumption
of 13,7 kg.
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The consumption percentage of the comtiments is
given bdelow:

Yestern Rurope 13.7
Avstralis and Ocesnia 13.6
Ametics 11.2
Totsl Rurepe 10.2
Asis 1.3
Africa 0.4

From this it cao be seen that Asis and Africs,
representing 702 of the world's populstion, are well
behind. To provide these two continents with the per
capita comsumption of Argentina or Cemercon wowld
wesn installing wore than 10 million additiomsl
slwminivn capacities or 50 new smelters vith a
production of 200,000 toas per anmum esch.

A further sudbstantisl fall back is presented by
the following coustries: Albsnia snd Poland is
Euvope, sll Americs vith the exceptioa of USA, Canada
and Vemezuela.

The higher the population of s country,
and assuming that & certsin misimum gross
national product slready exists, the better the
chances of building up & national setslworking
industry.
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CURRENT AWVARENESS

Aluminium and its alloys, numbering in the
hundreds, are available i1n sll coamom cosmercisl
forme. The wetal dces wnot oxidize progreseively
becawse, when axposed to siv, & hard, microscopic
oxide costing forms on the surface that seals the
setal from the enviromse=t. The tight chesicsl bond
of oxide is the resson thst sluminiuvm is not fownd inm
nsture; it exists oaly as u compound.

Aluminiwe-slloy shest can be forwed, drawm,
stamped, or spun. MNany wrought or csst slusiniem
slloys can be welded, brazed, or soldered, and
aluminius surfaces reedily accept s vide variety of
finishes, both mechanical snd chemicsl. Becsuse of
their high electrical conductivity, ssny sluminiue
slloys are used as electrical conductors. Aluwminiwe
reflects radiant energy throughout the estire
spectrum, is mon-sparking, and nommagaetic.

Commercislly pure slusinius has s tensile
strength of about 13,000 psi. Cold-working the metal
aspproxisstely doubles its stremgth. For greater
strength, sluminiem is alloyed with other elements
such as mengsnese, silicom, copper, magnesium, or
ginc. Like pure aluminium, the slloys can also be
strengthened by cold-working. Sowe alloys are
further strengthened and hardened by hest
treatwents. At subzero temperatures, alumisium is
stronger than at roos temperature sod is no less
ductile. Most sluminium alloys lose strength at
elevated temperstures, although some retain
significant strength to SOO°F.

Vrought aluminium

Wrought sluminius slloys sre vsuslly designated
by 8 four—digit number that estsblishes s specific
alloying element combination. This number is
followed by - temper designation that identifies
thermsl and mechanical treatments.

Righ strength of the hest-trestable wrought
slloys is developed by solution heat trestment,
followed by quenching snd precipitation-hardening.
Solution heat treatment is & process that comsists of
heating the metal, holding st tesperst:re to brimg
the hsrdening constituents into solution, thes
cooling to retain those constituents in solution.
Precipitastion-hardening sfter solution heat-trestment
increases strength and hardness of these slloys.

Vrought sluminius slloy desigoations

Major slloying element Designation
AMominius (99T or grester) 1xxx
Copper 2xxx
Mangsnese Ixxx
Silicon bxxx
Magnesive and silicon 6xxx
Zinc Txxx
Other Bxxx
Unused series xxx

The second digit indicetes wodifications of
original slloy or impurity limits.

The last two digits identify the aslloy or
sluminiom or alloy purity.

Some slloys sge at room tempersture; some
require precipitstion hest-trestment st sn elevates
temperature (arcificial aging) for optimum
properties. Distortion and dimensional changes
during netursl or srtificial aging cen be
significant. In sddition, distortion and residual
stresses can be introduced during quenching from cthe
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solution heat-trestuent cycle. Sech distortion and
stresses can be resoved by deferming the astal by,
for example, stretching.

Beat-treatadle slloys are also stresgthemed by
cold-vorking. The high-stremgth alloys - either
heat-treatabdle or mot - work-hsrdes more rapidly thaa
the lower-strength, softer slioys end s0 mey require
annesling sfter cold-werkiang. Becawse hot forming
does mot slvays work-harden aluminium slloys, this
method is used to svoid smmesling snd straightening
operations. (But hot-formimg fully heat-treated
materisl is difficult.) GCemerally, formability of
sluminiue increases with tempersture.

Cost alwminium

Aluminivm is cast by all common casting
processes. Alusinive cssting alloys are identified
vith a vaified, four-digit (xxx.x) system. The major
alloying element is indicated by the first digic.

For imstance, 100 series is veserved for 99 pe. zent
pure alusiniom with no msjor glloying element weed.
The second snd third digits in the 100 series
indicate the precise sisiswe alumisiwe comtent. For
exsmple, 165.0 has a 99.65 per ceat sisimum slwminius
content. The 200-900 eeries desigastes various
sluminive alloys. The second two digits are assigned
to mew alloys as they are registered.

The fourth digit indicates the product fors.
Castings are designsted 0; ingots are designated 1
or 2.

Letter prefixes before the mmerical designatios
indicate special control of oese or more elements or s
modification of the originsl slloy. Prefiz X
designates sn experimentsl composition. The msterisl
may retain the experimentsl designation up to five
yesrs. Limits for the experiments] slloy may be
changed by the register.

Commerical casting slloys include hest-treatable
and nonheat-treatable compositions. Alloys that are
hest treated carry the temper designatioas 0, Th, TS5,
T6, and T7. Diecastings are not usuvally
solution-hest-trested becsuse the high temperature
can csuse blistering. (Extracted fros Machine
Design, 17 April 1986, pp. 47-70)

T r designstions for aluminium alloys - as revised
18 Eﬂ'ﬂs.l —=r

¥ As fabricated.

0 Wrought products samesled to lowest
strength; cast products emsesled to
isprove ductility and dimensionsl
stability. The O msy be followed by s
digit other than gero.

R Scrength incressed by sirsin hardening,
vith or vithout supplementery heat
tresteents to produce partisl softening.
Tollowed by two or wore digits: The
firet digit indicates the specific
comdination of besic operstions. The
second digit indicates the degree of
strain-hardening. The third digit, vhen
used, indicates that the degree of
control of temper or that the mechanicsl
properties sre different from those for
the two-digit H-temper desigsation to
vhich it is sdded.

Kl Strain-hsrdened only.

N2 Strsio-hardened and partislly snnesled.

M3 Strain-hsrdened and then stabilised.
Designation applies osly to slloys vhich,

unlese stabilized, gradually age soften
ot room temperature.



BX1]l Sefficiently strain-hardemed after fimal
ssneal that it does mst qualify as
saagsled, but mot streix-hardensed emeugh
te qualify as EXI.

Ell2 Semswhat tempered )y sheping precesses
aot haviag special ceatrel sver straia
hardening or heat trestmest, bet foc
vhich thers sre mecheaical preperty
iimits.

¥ Solstien-hest-trested. As wastable
temper becsuse slloys sge st room
temperature sfter selutien heat
trestment. The desigmatiom is specific
ounly vhen the period of matural sgisg is
indicsted (e.g. W1/n).

T BHNest-treated. A s.able temper produced
with or vithost supplementary straim
hardening. The T is slvays followed by
ome or wore digite thet iedicate specific
sequences of basi: treatmemts:

Tl Cooled from sn clevated-tempersture
shaping process und msturslly aged to a
swbstantially stable comdition.

T2 Cooled from am elevated-tempersture
shaping process, colé—vorked, and
naturally aged to s substaatislly stable
condition.

T3 Solution-hest-trested, cold-vorked, ind
maturally sgeé to s swbstaatially stable
conditiom.

T4 Solstion-heat-treated and msturslly sged
to a substaatially stable comdition.

T5 Cooled from am el ed-tenp ure
shaping process amd asrtificislly aged.

T6 Solution—hest-trested and then
artificially aged.

77 Solution—hest-trested snd stabilized.

T8 Solutice~heat-treated, cold—worked, and
artificially aged.

T9 Solution-heat-trested, artificially sged,
and cold-wvorked.

T10 Cooled from an elevated-temperature
shaping process, cold-worked, and
artificiaslly aged.

The following additionsl digits have been
assigned for stress-relieved tempers of vrought
products:

TXS1 Rolled products stress-relieved by
stretching sfter solution heat
treatment. Wo further strsightening
sfter stretching.

TX51X Extruded products sad drawm tube
stress-relieved by stretching sfter
solution hest trestmsnt.

TX510 No further strsighteming sfter
stretching.

TY..1 MHinor etrsightening sfter stretching to
comply with standard tolerances.

TX52 Stress relieved by compressing after
solution heat treatment or cooling from
an alevated tempersture shaping process
to - oduce a permanent set of one to
five per cent.

TX54 Stress relieved by coabimed stretching
and ceapressisg.

The follewiag tamper desigmations apply te
wrought preducts hest-treated frem O or F temper to
demsastrate respoase te hest-trestment, and frem asy
temper by the user vhes such hest-trestmest resslts
in the mechanicsl preperties applicsble to theee

tempers.

T42 Solutiea-heated-treated and saturally
sged te & swbetantially stable comditiea.

T62 Solstisn—hested-trested, thea
srtificislly aged.

The follewing temper desigastion has beem
sssigaed for wrewght prodects high-temperature
amnesled to sccemtuste ultrasomic response sad
improve dimensiomnal stebility.

Ol Therwslly trested at spproximstely the
same time sed temperature required for
selution heat trestment snd slow-ceoled
te roem tempersture. Applicable te
products that are to be machised prior to
solution hest trestment by the wser.
Mechsmical property limits sre met
applicable.

(Extracted from Machine Desigm, 17 April 1986,
pp. 47-70)

Designations for alwminium fimishes

The Aluminiem Associatiom, in their
specification "Designation System for Alminium
Finishes”, classifies alminium fimishes accordisg to
the followiag desigmstioms:

N Mechsaicsl finishes
MIX As-fabricated swrface.
M2X Buffed surface, wsuslly bright snd shimy.
X

Directionslly textured. Finish has s
distinct patterm vith festures lyimg
predominantly in one directiom, as
produced by a grinding vheel.

MWAX MNoadirectionslly textured. Finish hes s
distinct but random patterw, as s:oduced
by grit blasting or shot peeming, for
exsaple.

C Chemical finishes

C1X Clesned, usually with chemical clesners,
to prepare surfaces for further fimishing.

C2X Etched surface, including chemicsl
milling.

C)X Brightened. Some sluminiua slioys cam be
brightened to s high luster, but sre
often clear snodized sfterwvards,

CAX Conversion costings, including chromates,

phosphates.
A Aaodic costings

AlX Cenersl. Includes sulfuric chromic, and
hard anodize.

A2X Protactive and decorsative. GCenerslly
"jewellry” type coatings belov 0.4-mil
thickness.

A3X Architectural Class 11 - coatings betwaen
0.4 and 0.7-wmil thick.



AMX Architectwrsl costings. Class I -
costings over 0.7-mil thick.

R Resias aad other orgemic ceatisgs,
incleding peimts, visyl cestings,
epoxies, ond flworocarboss. Pewder
cootings and fleidized—bed plastic
costings are aloe isclwided.

¥ Vitreows costings, inclwdiag
percelsinizing snd cersmice.

€ Electroplating and ether astal costings.

(Extracted from Mochine Desigm, 17 April 1986,
pp- 47-20)

The structural wse of aluminiwm

The drsft for public comment of & mev code
83/12256 BC for the structursl use of high streagth
sleminive, which will teplace CP 118 wvas awmoweced in
July 1985. The presest stsadard for the structural
woe of sluminium (CP 118) was published in 1969, snd
has been widely used both in the United Kingdom and
in eversess cowmtries. It was produced os the
recommendstion of the Institution of Strwctwrsl
Eaginecers, snd it followed a weeful report by that
Institution on the wse of sleminivm in structares,
published originslly is 1961.

Limit state basis

Towards the end of the decode there were
pressures to tevrite the code on 8 limit state basis,
snd it had slso become clesr that the rasge of
strectures wsing sluminium vas growing rapidly. As o
result the present technicsl committee was sssembled
in 1979 and sfter several years of dedicsted work,
the dreft for public comment of s mev code is being
isswved this monch.

The new draft code differs frow many other
structursl stamdards im thst its recommendations sre
spplicsble to & vide variety of structures, such ss
bridges, buildings, towers, vehicle bodies, merchant
ships, railwsy rolling stock, crames, offshore
instslliations and marime structures - im fact they
spply to virtuslly every zlwminius strecture except
sircrafc, wiseiles, rockets, spsce vehicles, mavsl
vessels or pressure vessels.

The code will slso have to embrace s veriety of
sluminium al’>ys, vith differing chsrscteristics, and
will spply to a range of fabrication methods,
including riveting, bolting, welding and bonding.

The draft code is divided into eight msjor sections,
dealing with meterisls, design principles,
hesc-affected gomes, static resistance of members,
joints, fatigue, fsbrication and protection; five of
these represent distinct sdvances over CP 118 sad is
in many vaye s tribute to the quality of the resesrch
tesms in this field in the United Kingdom.

The task was mot essy, besring in wisd thst on
ony one day in, say, the yesr 1988, the nev code
sight be used in various parcts of the world by
designers of an sluminive mosque, 8 oving bridge, 2
fsst patrol bost, a mavigation tower, o helicopter
lending pad, o truck body, s portal frame for s light
building, s metro corrisge, the superstructure of s
limer, or @ big dipper in s fsirground.

When published, the nev code should help to
ewphasize the suitability end reliasbilicy of
high-strength siuminive structures for mamy tasks,
and designers and fabricators will have s solid dody
of experience snd good practice on which to drev.
(Extracted from BSI News, July 1985, pp. § end 9)

Wev fine-grained structural sluminiue alloys

Users of sluminium slloyes for more sundane
losd-besring jobs should check out the vansdiue
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wodified Al-Mg-Si alloys. Several preprictary
terwulations have recently bees intreduced by Swies
Alesinivn. The sddition of vansdiwm premotes the
formation of relatively wniforn fise-grainmed
recrystalilized alley wicrestrectures. You get
greater streagth, toughuess, and cold formsbility im
simple and conplex hollov extrweions. The imcressed
toughsess cones from & reductios im the olip path of
dislocations vith decressed grois sizse. Lewer quench
semsitivity, amother plus, seane less distertieo im
the extrwied section, aveidiag what csm be & costly
repeir. Awd the more wmifers fise graim
sicrostrecture makes for grester mmiformity in
properties. Theoe sodified slleys sre particularly
useful for hord-teo~bend parts, ssd perts forged frem
extruded steck have better smediziag surfaces tham
cenventionsl Al-YMg-Si alleys. Astawotive
applications seem a good bdet. (Betails:

A. Maitland, Swise Alwminiwe Ltd., 821 Mewhausen
om Rheinfall, Svitzerlasd). (Sewrce: Aamusl Report
on Righ-Tech Materisls)

Alwminies boiler

This liceace is for s mev type of boiler wsing
slwminiun slley im plece of cast iren. Althowgh
alusiniem alloy is wore expeasive, it has & mumber of
sdvantages. The hest cenduction is four tises
grester, so that the size of the hest exchanger cam
be reduced; the alloy has grest durability and will
mot corrode; it is cathodic and foreigs sstter will
be repelled; and the overall weight of the boiler is
reduced.

The boiler has am efficiency of over
90 per cent, snd sn eutput of 100,000 BTU/Ae.
(Source: Technology lreland, March 1986, p. 9)

Japan: The Nations]l Research lastitute for
metals has developed a superconductive metal vire
that carries current two times faster than existing
equivalents. It consists of & nicbiw-slwwinium
alloy processed vis electrom bess irrsdistiom.
Niobivw-sleminium powder was placed inside &
niobiwm tube, which vas thes hested vith sn electrom
beasn and cooled ngilly. The wire cas carry
129,000 Aaperes/in®. (Source: Asisa WSJ,

27 Jassary 1986, p. 10)

Mets] coastings

Although appestrance is oftes the predominant
ressos that comes to mind for costimg 8 product, it
is ususlly mot the sost isportast reason. WNore
important is protection of the product fros corrosive
enviromments, impact, abrssiom, hest, or sltraviolet
teys.

Despite the meny nev msterisls being used today,
steel remsing the principal comstruction sscerisl for
sutomobiles, spplisnces, snd industrisl sachimery.
But because of steel’'s vulmersbility to deteriorating
fros aggressive chewicsl emvironsests or even froe
simple stwospheric oxidstiom, costings sre mecessary
to provide vsrious degrees of protection. These
costings renge from hot-dipped sed electroplsted
eetals to Cough polymers sad flese-spraysd metals and
ceramics.

Stopping or retardisg corrosions is simple in
principle. Surrounding s secsl part vith relstively
imert barrier costing prevents corrosives from coming
in contact with the watal. Best protection is
provided by totsl encapsulstion of the pert.

Nost corrosive environsents contoin more thaa
one sctive materisl, and the costing must resiest
penecration by o combinstion of esidizers, solvents,
or both. Thus, the beot barrier is one that resioets
"brosdband” corrosios.

For wmany gpplicstions, however, the physical
integrity of the costing is ss important se its

chemical bdarrier properties. For inetance, costings



on inpellers that mix sbrasive slerries cam be
abraded quickly; coatings om pipe joimte will
cold-flow avay from a leeded area if the creep rate
is set low; sed costings on flaages and swpport
brackets can be chipped or pemetrated during assesbly
if iwpact stremgth is insdequate. Selecting the best
costing for sm spplicstion requires evaluwating sall
effects of the specific enviremment, incledisg
temperature awd mechanicsl comditioms. .

Two types of asleminiwer-cosated steel are
prodeced, each for a differemt kind of corrosiom
protection. Type 1 has & het-dipped
sleminivn-silicon coating te provide resistamce to
both hest sad corrosion. Type 2 has a hot—dipped
coating of commercizlly pure alwminiue, which
provides excelleat dursbility and protection from
atmospheric corresion. Both gredes, invented by
Arwco, the producer of these Aluminized steels, are
usually used wapeinted.

Type 1 sluminiwm-coated steel resists heat
scaliag to 1,250°F and has excellent heat
reflectivity to 900°F. Bominal alwminiwwalloy
costing is shout 1 wil om esch side. The sheet is
supplied vith a soft, satiny fimish. Typicsl
applications include reflectors sad housings for
industriasl hester pawels, interior pasels snd heat
exchangers for residestisl furmsces, microwave ovens,
sutomobile amd truck muffler systems, and heat
shields for catalytic comverters.

Type 2 aluminized steel, with sn sluminium
costing of sbout 1.5 mils om each side is claimed to
resist stmoepheric corrosion snd to outlast
zinc-coated sheet in industrial emaviromments by as
soch a8 five to one. Typical applicstions are
industrisl and commercial roofing snd siding, drying
ovens, silo roofs, culverts, and housings for outdoor
lighting fixtures end sir conditiomers.

Because zinc snd sluminius sre, under most
conditions, more corrosion resistant than steel, they
are the most videly used spray-costing metals. In
sddition, since both metals are anodic to steel, they
sct galvanically to protect ferrous substrates.

In general, aluwinive is more durable in acidic
environments, snd zinc perforws better in alkaline
conditions. For proteczing steel in gas or chemicsl
plants, vhere temperstures might reach 400°F7,
slusinium is recommended. Zinc is preferred for
protecting steel in fresh, cold weters; in aqueous
solutions above 150°F, sluminium is the usual choice.

Yor service to 1,000°F, a thermslly sprayed
sluminium costing should be sesled with s
silicon-sluminium psint. Between 1,000 snd
1,650°7, the aluminius costing fuses snd reacts
wvith the steel bsse metal, forming s coating that,
vithout being sesled, protects the structure from an
oxidizing environment. And, for continuous service
to 1,800°7, s nickel-chrome slloy is used,
sometimes followed by sluminium.

In Zurope, where thermally sprayed metsl
costings for corrosion protection have been far sore
widely used then in the U.S., meny structures such as
bridges are still in good condition sfter ss long as
&40 yesrs, vith minim:m msintensnce. Other
spplicstions include exhsust-ges stacks, boat hulls,
mests, and other outdoor structures. (Extracted from
Machine Design, 17 April 1986, pp. 199-200)

sScructural alloys for superplastic forming

Superplastic behsviour has been demonstrated for
s number of sluminive~bese slloys, and the related
ductilities observed sre frequently in excess of
600 per cent and occasionally se high as¢
1500 per cent. A summary of the superplestic
characteristics of o fev sluminium slloys of interest
is presented in table 1.
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The superplastic aluminiwm slloys sre tvo-phase
alloys in which the second phase say coastitute a
substantial fractios of the volume (e.g. about
30 per cent &8 in the Al-3I3XCe alloy), or it wey be 2
relative smell voluse fractiom (e.g. less tham abost
2-5 per cest 88 im the 7475 alloy). The importamce
of the second phases is is grain refivemeat and grain
sizé stabilizstioa, as has beea discussed im the
previows sectioa of this paper.

Depending oa the slloy type, slwmimia-base
alloys may be swperplastically deforwed in one of two
microstructural comditions: (i) im the fully
recrystallized comditiom, or (ii) in the wechanically
worked coaditiowm, resslting ia recrystallizstion
during the seperplastic deformation. In the former
case, a plastically deforwed microstructure is
slloved to umdergo recrystallization during static
anmesling, which leads to a five grain microstructure
prior to the start of superplastic deformstion. The
resulting superplastic deformstion occurs by the
usual mechanisme of grais boundary sliding sad
diffusions]l accommodation. The first group of alloys
in table 1 are processed io this wvay. Ia the secoond
case gbove, s plasticslly deforwed microstructure
undergoes dymsmic recrystallization as the saterial
is superplastically deforwed. The mechanisms of this
type of dymsmic recrystsllizstion ressin unclesr.

The second group of alloys ia table 1 ere typically
processed for dymsmic recrystsllizstion.

Aluminiow alloys can exhibit large superplascic
ductilities for either process. However, the
dynsmicslly recrystsllizating materials appear to
exhibit elongstioa msxima at strsin rates notably
higher tham the statically recrystallized slloys.
Additionally, the dynsmicslly recrystallizing
ssterials deform under higher flov stresses,
presumsbly becsuse of the higher strain rates as well
as the somevhst lower temperatures at which the
optisum superplasticity is observed.

An important characteristic of superplastic
sluminiom slloys is that of cavitation, or void
formstion, vhich develops during tensile
deformstion. This cavitstion cam lesd to fracture
and thereby reduce rhe superplasticity that might
othervise be expected. It can slso reduce the
sechsnical properties of superplastic formed parts
and is therefore of considerable interest.
Cavitstion, while not thoroughly understood in
sluminium slloys, has been gshown to originste, at
least in some cases, st constituent particles, often
st those containing iron aand/or silicon impurities.
The extent of cavitation is sensitive to temperature,
strsin rate, flow stress and impurity comtent. It
can be winiwized by deforming at high tesperatures
(but below the solidus tesperature), low strain
rates, and using s relatively 'clean’ slioy (i.e. one
in which the iron and silicon concentrations sre low
and the related constituent psrticles are sesll),
The stress state has also been shown to affect
cavitation strongly snd s superimposed hydrostatic
pressure equal to or higher than that of the flow
stress csn suppress cavitation development sltogether.

Table 1. Superplastic properties of
several sluminius alloys

Alloy Test Tewp Strsin Rate = Llong.
(o¢) (s) (%)

Stetically
recrystallized:
Al-33Cu 400-500 8x10° 0.8 400-1000
Al=4.5Zn-4.5Ca 550 sx103 0.5 600
Al-6 to 10Zn-

1.5Mg-0.22n 550 103 0.9 1500
Al-5,62n~2Mg-

1.5Cu-0.2Cr 516 2 x 104 0.8-0.9 800-1200
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Alwminiwm-Lithiws alloys

Alloy Test Temp Strein Rste = Elong.
(°c) (s) (%)

Dynamically
recrystallized:
A1-6Ce-0.52r &50 107 0.3 1000
Al1-6Cu~0.350g~

0.14si 450 103 0.3 900
Al-4Ce-ILi-

0.52r 450 sx100 0.5 200
Al-3Ce-2Li-INg-

0.22r 500 1.3 x 107 0.4 Y] )

(Extracted from Metals Forum, Vel.8, ¥o. & -
1985, "Superplasticity in Engineering Alloys: A
Review” article vritten by: C. H. Rawiltonm,

A. K. Ghosh and J. A. Uest)

Mew plastic alloy stretches 56 times

Sasbo Cooper Alloy Co., the Osska-based company
has developed s superplastic sluminius-bronze alloy
that csn stretch to 56 times its original length.

Displaying excellent tensile strength and
snti-corrosive properties even after deformation, the
wmaterial is ideal for complete molding of
irregular-shaped partes used im the aviation, space,
sutomobile and other imdustries.

Based on the basic study by researchers st Osaka
Prefectural University, this alloy Was been developed
for commercial purposes by the company im & joint
project starting several years ago. As 3 result of
such efforts, s composition made up of 77.5 per cent
copper, 10 per cent sluminium, 4.5 per cent irom,

6 per cent mickel, snd 2 per cent manganese was found
upon heating to spproximately 800 degrees centigrade
to stretch like toffee from an initisl 4-millimetre
length to & final 224 millimetres in & period of
roughly twvo and s half hours, representing an
astounding 5,500 per cent increase.

The ters 'superplastic alloy’ refers to such
metal compositions which, upon hesting and stretching
by = comparstively smzll force, defors by over
100-200 per cent in length., Close to 100 varieties
have been produced up to now, with s maxisum
deformstion rate of sround 2,000 per cent recorded by
s tinc-sluminiuvm slloy. However, few have shown
balanced performance regarding force and time
required for stretching, strength of deformed
ssterisl, manufacturing cost, etc.

The nev composition, vhich meets JIS (The Japan
Industrisl Standard) °'C6301°' regulation, is cleimed
to satisfy all of these conditions. Only s sssll
force of 0.27 kilogres per square wetres is necessary
for initisl stretching, while tensile strength
decreased from 120 kg/sq. mm. before to 80 kg/sq. mm.

sfter deformation. (Source: The Jspsn Economic
Journsl, Tokyo, 21 September 1983, p. 23) g
Al-Li slloys

The nev, lightveight sluminiue-lithiuvs alloys
offer strengths equal to those of the alloys now
being used. They csn be fabricated on existing
wetslvorking equipment and require no nev or specisl
sachinery. Although ispressive structurel weight
reductions - on the order of seven to 10 per cent -
are possible through direct substitution, even
grester reduction - up to 15 per cent - con be
reslized by developing fully optimized slloys for nev
designs. Such slloys wvould be specificslly tailored
to provide property combinstions not presently
sv.ileble but which are the object of second and
third generation low-density alloy development
efforts, (Extracted frow Kachine Design,

17 April 1986, pp. 47-70)

Alwmisivr-lithive alloys were mot takea
seriously until sbowt 1975, Although the weight
saving potentisl of these slloys was widely
recognized, they were difficult to meke, were
expensive snd hod lower ductility thas other
sluminivm slloys.

Since 1975, however, there have bees msay
research progremmes siwed at iwproviag the properties
of sluminiww-lithium slloys and making thes
commetciasl. As 8 result, the properties have been
improved and the alloys are mov om the verge of
becoming commercial in the sext 12 mouths.

Initially, problew sress iwncluded stress
corrosioa and below normsl fracture toughness and
tensile elongstion. But improvements iw compositioa
in terss of smsll s of copper, sagnesium and
zirconius have resolved these problems and led to
better physical properties. The most common Al-Li
alloy, designoted 8090, has & compositiom of 1.2X Cu,
0.7% Mg, 0.1X Zr end 2.52 Li. 1t wes developed by
the Royal Aircraft Estsblishment inm England and is
mov being prod.ced by British Aluminiva.

Current applications are primsrily in the
aerospace industry. In fact, sowe sircraft compasnies
in the U.S and the U.K. predict that Al-Li slloys
will replace alloys like 2024 snd 7075 completely
vithin the next ten yesrs. Weight ssvings of sbout
10 per cent will be possible, which asounts to sbout
10 tons on the 747.

Areas for potentisl spplicetion include
replac t of ¢ ional wrought slusinius slloys
in primsry aircraft structures such as ving skins,
stringers, spar caps, fuselage skins and wheels.
Nonserospace spplicstions are also possible,
eventually in military spplications such ss tanke.

The main sdvantage oi these slloys is the low
density, about 10 per ceat lower than norssl alloys.
Also, the modulus is higher, about 10 per cent again,
but the slioys slso hsve lower ductilicy. :

Cost wise, the alloys will be more expensive.
Lithium costs about $30 per pound, so nearly s dollsr
s pound is added to the net cost just in terms of
lithiw. Lithive-sluwinius slloys sre slso sore
expensive to sake because they have to be protected
from the stmosphere. While the ultimste price for
such castings is not currently known, it is assumed
that for genersl will products it wvould de two to
three times the norwmsl price of au serospace slloy
like 2024.

There are processing problems in terms of
cssting these alloys and, in fact, they sre very
difficult to cast properly. Lithium oxidizes, so the
melt must be protected under sn inert stmosphere,
ususlly srgon. Also, there is an explosion hazard
with lithius nesr water, vhich slso sdds to the
expense, particulsry in direct chill (DC) casting.

Very fev people have sctuslly sade cast psrts.
But cast psrts sre of secondary importsnce in the
serospsce spplications considered here. (Extracted
from Modern Casting, October 1985, p. 26)

French goals in Al-Li. powder metallurgy

The Prench compsny Pechiney needs ¥r.300 million
to start industrisl production of slusinium-lithiue,
the nev wvorkhorse of seronsutic materisls.

What makes these alloys so sttractive? With at
lesst aqual perforssnce, the sddition of lithiue -
1.9 to three per cent in veight -~ to aluminive
reduces the veight of the final alloy by five to
12 per cent. This mesns s direct improvesent thanks
to the effects of density. This weight reduction mey
resch 15 per cent if the components sre redesigned.




For seromautics, vhere seversl thousand framcs cem be
paid for & gaim of cue kilogram, this is s direct
bemefit. PFor sluminium memufacturers, oa the other
taud, iaterest lies im resistiag the integratiom of
craposite materials.

Indeed, the srrival of the new alloys has
somevhat disrupted the notion of “materisls™ inm the
sector of seronsstic constructiom. Umtil receatly
the choice, if one can call it that, was lisited to
alwminivs snd composites, with stromg preferesce for
the latter materials. With the "revival” of
elwminive the manufacturers msst taske intc sccownt
Al-Li when plamning their new models. The wncertaim
availability of Al-Li, however, has forced the
wsesufacterers to work with lightened Al-Li
strwctures; in other words, withowt using newv parts
designs. (Extracted from Sciences & Techniques,
June 1985, pp. 10-12)

Sumitowo Electric develops cersmic

Sumitowo Electric Industries has developed an
slweiniwm nitride cermmic for pecksging integrated
circwits. The meterial has s thermsl expsmsion
coefficient close to that of silicom, sllowing chips
to be placed directly on the cersmic base.

Produced by reprocessing sluminium nitride
powder imto nmear single crystal comsistency snd
sintering the refined materisl under high-density
conditions, the ceramic hes & heat conductivity that
is 10 times greater thaa slusins. (Extrscted from
Zuropean Chemical News, 25 March 1985, p.1%5)

Alwminius nitride substrate

Toshiba Corp. has deve'oped an sluminium
nitride substrate with a thermal conductivity
reportedly 10 times higher tham conveationsl
alumina.

The materisl vas developed in response to
problems caused by increased volumes of hest
geversted per umit sres becsuse of higher speeds,
higher output and higher integration of
semiconductors and electronic circuitry.

Toshiba has esteblisaed a technique for creating
s resction st a temperature of 1500°-1700°C and
doping the substrste with a paste contsining
molybdenum psrticles.

The price of the material is about six times
higher than that of sluminaium. The device, however,
reportedly can be spplied in fields to which
slominiue cennot, such as high power and high
frequency devices. (Source: Repriated with
permission from Semiconductor Internstional
Msgszine. Copyright 1986 by Cshners Publishing Co.,

s Flaines, I11., USA)

The ZA family - slloys with enginsering appesl

In the past 10 yesrs, s group of sluminive~rich
gsinc based alloys have csught the sttention of the
diecasting induetry. They have slready replaced
other non-ferrous materisle snd cast iron in many
spplications. Ron Lyon, technical director of the
Srock Metsl Company explsine:

Zinc slloys sre traditionslly sssociated with
the production of intricate castings in lerge
quantities by the hot chesber pressure diecasting
process. Designere have long exploited the excellent
finishing characteristice of the materisls for
decorative trim snd toys but, more recently, have
begun to reslize the engineering potential of the
ssterials.

For msay engineering applicatiocns, the aumber of
components required does wot justify the high cost of
a pressure diecasting tool or the parts sre too large
to be accommodated by the process. Similarly, it csa
be difficult to justify expenditure on componcats for
8 vev product uatil the market is provea.

The development, ia recent years, of s family of
high strength, ziac-sluminium alloys, desigmated ZAS,
ZA1Z snd ZA27, has removed the limitations of castinsg
size and pusbers and has greatly extended the
opportunities for zinc alloys in eagimeering
applications demanding high strength.

Although they vere originally developed as sand
and gravity diecssting slloys, experience has shovan
that the nev saterizls may be used inm a very vide
cange of casting processes, iocluding pressure
diecasting. The alloys have shown considersble
sdvantages in componeat design snd cost vhea compared
with castings, besrings and fsbricstions in cast
iroa, aluminive and copper—based msterials.

The compositions of the mev slloys are listed in
table 2. Tensile strength amd hardness increase with
sluminiwm coutent but this element also gives rise to
inter-granulsar corrosion whea low levels of
impurities such ss lead, tin and cadmium are
present. Maguesium, wvhen added in ssall amounts,
offsets this corrosion problem and slso bardens the
slloy. Copper sdditions further harden the alloy,
improve creep strength snd corrosioas resistsace, but
excess copper significancly reduces ductility and
lesds to dimensional growth on aging.

Table 2. Alloy anslysis

Weight I 28 12 Za27

Aluminion 8.0 -8.8 10.5 -11.5 25.0 - 28.0
Copper 0.8 -1.3 0.5 - 1.23 2.0 - 2.5
Magnesivs 0.015-0.030 0.015~ 0.030 0.010- 0.20

The principal physicsl and mechsanical properties
of the ZA alloys sre compared vith those of other
waterisls in table 3 (see page 35). This highlights
their high strength reletive to cast irom sod other
non-ferrous slloys, they cannot match the cast irons
in this respect, slthough they 72 have excellent
bearing properties.

The lov melting point of the slloys is clearly
an advantsge in the foundry, reducing energy costs
snd extending the life of dies and tools.
Unfortunstely, incressing tespersture adversely
affects the mechanicsl properties of sinc slloys,
teducing tensile strength and hardness but incressing
ductility. Creep has been considered s major
limitstion of zinc alloys but the ZA range hes been
shown to have substantislly improved creep resistsace
cowpared to the ‘traditionsl’ szinc pressure
diecasting slloys described in BS1004.

The strength of the ZA alloys is further reduced
by aging and the slloys sre not recomsended for long
term stressed applications st temperstures in excess
of 120°C. Disensionsl change on aging is wvell
known in zinc pressure diecasting slloys. ZA8 snd
ZA12 exhibit some shrinkage with time, ultisstely
returning to their original disensions. The higher
copper level in ZA27, however, lesds to an
sppreciable incresse in size due to transformstion of
the metastable phases forwed on solidification, ZA27
castings can be stabilized with sn inexpensive heat
trestment before service but this is not usually
considered necessary.
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Table 3. Typtcal physical and mechanical properties of the ZA alloys and other engineering materials
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Other properties of the alloys have been Most of the finishing processes used for szimc
extenpively researched and work is continuing. Ove slloy pressure diecastings sre equally applicable to

notsble charscteriotic is that ZAS and ZA12 do not
exhibit "sparking’. The production of & spark when
slusinius slloys are struck with other materisls
precludes their use in hazsrdous aress. Castings in
ZAS and ZA12 sre currently in service on petrol
tankers snd in cosl wines as slternstives to cast
iron or copper—based slloys.

Amother important stcraction is that the
ZA slloys have values for pattermmakers’ shrinksge
vhich sre very close to those for sluminiue— and
coprer—-based alloys. This frequently allows
ZA castings to be made from pattern equipment or dies
designed for other msterials. The use of existing
dies to make nor-srarking castings opens & mev merket
for msny productr previously unscceptsble to BASEEFA
or the Wational Cosl Board. Sisilarly, cast iron or
copper-based coaponents sre readily converted to
ZA alloy with considerable saviogs in cost and weight
while retsining non—sparking chsrscteristics.

Counsiderable resesrch has been carried out to
determine optimus machining conditions snd tool
design for ZA slloys. The aslloys compare favoursbly
vith other mon-ferrous slloys as regerds mechined
characteristics and wost operstions can be carried
out st high speed, giving s clesa, smooth finish,

Righ-speed steel tools sre sdequate for sost
operstions but pressure diecastings have a tough
‘skin’ of metsl, with s fine grain structure which
incresses tool wesr, snd carbide~tipped tools have
been used to advantage on occasions. Tools ehould
generslly have lsrge flutes to clear wvaste, high rake
snd clesrance angles, with sharp cutting edges to
reduce friction and prevent gsliling. Copious
quantities of water-bssed cutting fluids are strongly
recomsended for all operations and drills should be
frequently vithdrswn when cutting deep holes to allow
lubricant to resch the cutting surface and cool the
drill eip.

The weathering of zinc slloys, forsing s passive
layer on the metal surface which inhibite further
sttack, has been exploited for meny yesrs in rolled
roofing eheets and golvanizing. The corrosion
resistance of ZA slloye, being sisilar to the
treditionsl zinc pressure diecesting weterisle snd
sluminium slloys, is sdequste for most stmospheric
enviromments. However, the availability of ginc
anodizing end other protective finishes extends their
use to sggressive marine conditions such as on oil
platforuws.

ZA8, ZA12 snd 2A27. Vor mild corrosiom protectios a
sisple chromste dip is usuvally sdequate. This is
often used as s pre-trestment before painting.
Grester protection is given by ginc snodizing, is
which s complex oxide costing is built wp
electrolytically on the casting. The olive-green
costing is resistant to abrasion «nd accepts paint
readily.

ZA castings are ideally suited to modern psints
and lacquers, provided they sre correctly clesned snd
pre-treated. Powder costings (based on epoxy resins
and polyesters) say be used, but care should be taken
to monitor curing temperstures (especislly vhen
processing pressure diecastings) to avoid blistering
and other detrimental thermsl effects oo the casting.

Care is also oeeded when chrosivs plsting
ZA slloys. It is particularly important that cthe
plster is svare of the high levels of aluminium in
the casting. The clesning processes prior to pleting
can be very aggressive to sluminium, resulting is
black ‘seuts’ on the surface vhich detract from the
final finish. This is especislly true of ZA27 snd
consequently it is not generslly recoswmended for
pleting. Where visusl sppesl is the primary
tequirement, ZAS gives excelleat results.

For many cosponents, the alloys cso be more
_economic than cast iron, eveo though cast irom is
usually considered s lower cost msterisl theo ziac.
Vhile this mey be true if only the metsl price is
tsken into sccount, it is frequently mot thu case
vhen finishing, rejects and mschining costs sre
included. Consequently, it is vital to consider the
totsl cost of producing s cosponent in esch
materisl. The closer, repesatable tolersnces sod
better finish obtsined with diecasting immediscely
reduce processing costs. This, coupled vith the
faster machining snd reduced reject rates possible
with the alloys have, in some cases, cu" machining
times by up to 50 per cent compsred witih -eet iren.

The lower density of ZA slloys can be decisive
wvhere weight ssving is an iwmporcant fsctor - for
exssple in csrs and non~sparking hand tools. In
sddition, when appearance or corrosion protection is
isportant, sinc slloys, wvith their plated or anodised
finishes, offer grester scope to the designer than
cast iron.

The lowver metal cost snd density of ZA alloys
sleo give them a competitive edge over copper-bssed




alleys. They have frequestly repleced guametal,
brass amd breaze, msterials chosen for their
good corrosion resistaace and mom-sparking

properties.

ZA alloys exhibit equivalent or swperier
properties to the brasses. The elimimation cf metal
treatuent in the fowndry helps reduce castisg defects
and mechining problems. Where brass has bees diecast
the ssme tooling cam frequently be used tor
ZA alloys, and the very mech lower casting
temperatures extead the life of the valuable
equipasnt comsiderably.

Zimc alloys have been used for Learing swrfaces
for sose time. Their low meltisg poimt puts s limit
on operating speed and temperature sod they perform
best st high loads awd low speeds. ZA27 exhibits the
best besring properties of the ZA group bet ZA12 is
alwost as good. Both have equalled or surpassed the
life expectancy of copper—based plain besrings in the
same applicstion.

The cost savings made possible by using zime
instesd of copper-based bearings need little
smplification but feurther consideration should be
given to elimimating bushes altogether. Using “lLe
casting itself ss an integral bearing saves the
operation of inserting the bush snd at the same time
removes aa interface which can trap a film of
lubricant snd restrict the heat flow from the besring
surface into the casting.

In general, ZA alloys can replace sluminium
alloy components wvhen their non-sparking
characteristics are required, persistent problems
vith machining or porosity are encountered, or a
component has insufficieat strength and canmot be
redesigned. Although considerably stronger tham
aluminium alloys, the ZA slloys have twice the
density. This clearly influences the cost of say
component, even when the weight penslty is
irrelevant. When s component is being designed in &
ZA slloy, advantage may be tsken of its high stremgth
to reduce section thickness and hence weight. This
is psrticularly so in pressure diecasting vhere
thin-vall zinc castings sre commonplece.

The problem-solving role of ZA slloys is proving
valusble to designers using sluminium slloy
castings. The ability to use existing dies snd
patterns vith minimsl wodification to produce
castings of a very much higher strength and integrity
has obvious sttractions. Tools and dies last longer
than vhen used vith sluminium slloys or brass, siace
they sre operated at lower temperstures, snd
ZA alloys exhibit none of the problems vith gas
pick-up snd hard spots which csn occur in a!'winium
slloy castings. Eveu spart frow hard inclusioms,
sluminius slloys can be troublesome to mschine,
picking up or galling on the tool. Providing the
correct guidelines are followed, ZA slloys cem be
fast sad easy to machine.

ZA castings may also be sttractive alternstives
to many fabricated multi-part assemblies. Many
fabrications have slresdy been replaced by pressure
diecsstings in the traditionsl zinc alloys and the
strength available from ZA slloys offers the
ongineering designer even sore scope.

Choosing the sppropriate ZA alloy

It is important when selecting a ZA slloy to
decide exsctly vhat combination of properties is
required as the critical factors sre not slveys
clesr. The importance of the high strength of
ZA27 might be limited by its ability to feed o
difticult shape or the fact thst the aslloy cammot be
used underground, Similsrly, s design caw be wmore
economicsl in ZA27 than ZA12 becsuse of the
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difference in dessity but there msy be & requiresest
for chromium plating which could add to the cost as
special treatments are vrequired. The following
seamary msy prove useful as a gemeral guide:

w

Desigued for plating but also has good tensile
and creep strength (superior to BS1004 slloys). Good
dimensional stability. MNoa—sparking, hence svitadle
for hazsidous spplications. Mot chamber diecasting
mke' the ecomomics of high volume productiom
attractive.

ZA12

Best genersl purpose alloy as it cosbines high
strength and creep resistamce with good plating
properties. Easier to cast than ZA27, thus preferred
vhere shrinksge could be s probles. Excellent
besring and wear properties. Woa-sperking, hence
switable for hazardows spplications.

IA27

Highest strength, hardness and creep resistance
and lightest alloy in the group. Masy be beat treated
(sand and gravity diecastings) to increase
doctilicty. Best besring and wesr properties. Only
fair for chromius plating. (This article was first

published in Engineeri szine, London,
Septewber 1955;

2alutite zinc and sluminium alloy costed steel

Mev zalutite is steel hot-dip costed with sn
alloy composed primarily of zinc and sluminium (by
weight 55 per cent Al, 43,5 per cent Zn,

1.5 per cent Si), giving enhanced corrosion
resistance and galvanic protection st cut edges.

Zalutite's costing resists atmospheric corrosion
from two to four times as effectively as conventional
hot-dip zime coatings of equal thickness. Zalutite
resists heat, oxidation and discolouratiom up to
3159C, and is heat-reflective.

The low density coating gives an incrssed
surface ares per tom compsred vith conventional HDG.
The surface pattern is especially attractive, and is
also easy to paint.

Zalutite csn be fabricated using methods similsr
to those used with continuously snnesled hot-dip zinc
costed steel, and joined using wost conventional
techniques together with optimum joining procedures.
Recommendations for forwing, fabricsting snd joining
sre given in the Zalutite Technical Manusl, available
from Ssles Promotion Dept, BSC Strip Mill Products,
P.0. Box 10, Wewport, Cwent NP9 OXN. (This srticle
sppeared first in Engineering, July/August 1986)

Cries/Dynscast (Mev Rochelle, WY, USA) can now
fabricste precision cosponents fros s zinc-slusinus
slloy using s hot chamber cesting process, »
deve lopment that can reduce the cost of fabricating
high performsnce componencs by 50-75 per cent. GCries
is predicting thst its 4-slide casting process will
'revolutionize’ the way these types of components are
fasbricsted. The process is the result of a é~year
resesrch programme conducted by Cries and the Norsnda
Research Center (Montresl, Quebec). Cries seid that
8 ZA-17 slloy, s mixture of 27 per cent sluminiue snd
73 per cent zinc, has been fabricsted for the firsc
tims in 8 high~speed hot chamber die cesting
sachine, The censile strength of ZA-27, 64,000 pei
in 8 thin wvall casting, is equal to SAE 1018 cold
rolled steel. The sinc slloy is stronger, harder and
43 per cent lighter than SAE 660 bronze, snd it has s
10,000 psi creep strength. (Source: Am Mtl Mke,

13 Jenusry 1986, p. 17)
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Righ-strength alwminium-silicoa slloy

Rippon Light Metsl Co., Ltd., has developed an
sluminivm~silicon slloy which is high in strength and
abrasive resistence.

The conventional alwminiue-silicon slloy had
little mechanical etremgth and did mot permit cold
working. In the mewly developed slloy, special
setale vere sdded in sdditios to aluminium and
silicon, and the slloy is produced by a unique
casting and «xtrusion method. There is 0o loss in
abrasive resistance, end s dramstic incresse in
streagth, its temsile strength being 43 kg/me?
and ite allowable stress being 38 kg/mel,
comparsble to duralumin, & represestative aircraft
msterisl. Alsc, the alloy ie more corrosion
resistant than duralumin, and its Brimnel hardness
(Srinnel musber) is 140.

The comgany hopes that the oev slloy will be
used in VIRa, engine and compressor cylinderes, gears,
spindles, pulleys, and other practical areas of
application.

(Nippon Light Metsl Co., Ltd.
Chuo-ku, Tokyo).

3~5, Gings 7-chome,

(Source: JETRO, Msrch 1986, p. 21)

Silicon carbide whisker reinforced sluminius alloy

Cﬂo'ltt

Mitsubishi Aluminium Co., Ltd., has developed a
nev composite wmaterial called "CERAAL” that is an
aluminium alloy which has been reinforced by silicon
carbide vhiskers. Mitsubishi bas nov begun marketing
sutomobile and sircraft related sasples.

The ssnufacturing process involves meking s
preform body for the SiC whiskers, placing the body
in the mould and pouring molten alumisiuve-into it. A
pressure of 1,000 stwospheres is applied and the
solten slusinium slloy then impregnstes the
preforming would and is allowed to solidify. A high
pressure casting press enables the manufscture of
200~wma dia. billets for extrusion. These composite
billets are used to supply extrusion ssterisl sssples
for mass production sachinery coaventionslly used for
the extrusion of aluminium alloys.

The characteristics of the composite msterisl
are such that it has strength at normsl tesperatures,
heat resistance (strength at high temperstures), s
Young's Modulus snd wear resistsnce that are sll
significantly higher than those of a matrix
ssterisl., There is slso s reduced coefficient in
thermsl expansion. These characteristics are sltered
vith the smount (vf) of whiskers included.

In the case of extrusion meterisl dsts for the
6061, the composite reinforced slloy vith
16 per cent SiC whiskers has o strength of 1.5 times
st rooms tempersture and three times the strength at
200°C of matrix slloys, and the influence of the vf
is most pronounced for the Young'e Modulus and has &
practicslly linesr relationship. A vf of 25 per cent
gives 14,000 k;/-z vhich is douvle thst of metrix
alloys.
(Miteubishi Aluwminiue Co., Ltd. Producte Development
Dept. 1-7, Uchiksnds l-chome, Chiyoda-ku, Tokyo).

(Source: JETRO, April 1985, p. 18)

Diffused Si boosts Cr/Al cosposite tampersture
u.blhtz

Si may be the en wer to boosting
high-tewpersture strength of cerbon fibre aluminiuve
composites. Hest is @ problems because the carbon
fibres and sluminium metrix do no. form a chemical
bond st their interfece. Inetesd, hot isostatic
pressing (HIP) of the prefors forwme a physical bond

due to the difference in their thermal expansion
coefficients (CTEs). Durimg the process, bowever,
Al Cy is formed and it ceuses deteriorstion in
the carbon fibres.

Diftusing silicon into the composite suppresses
4A14,C3 formation. Diffusion is mot as hard as it
sounds, since high temperstures csuse the Al matrix
to expand, loosening its bond with the csrbon
fibres. $§i diffuses through the loose interfaces.
Over time, it further diffuses sloog the interfaces
of the recrystallized matrix, and even inside the
cryetsle.

The process is simplicity itself. The matrix is
hested in & vacuus iaside a furnace with s quartz
core pipe. At temperatures over &00°C, the Al on
the surface of the matrixz is vaporizted. Aluminium
reacts with the $i0O; that makes up the quartz pipe
to form Al703 and S$i0. SiO is then reduced to Si
and Al,03 by the Al in the composite.

(Detsile: Dr. Akimitsu Okura, Research Center
for Develop of Ad d Materials, Institute of
Industrial Science, University of Tokyo, 22-1,
Roppongi, 7 Chowe, Minsto-ks, Tokyo 106, Japan.)
(So:;cc: High-Tech Msterials Alert, October 1985,
p.

A nev venture in sluminium composites

Alcan Aluminius plans to push metsl mstrix
composites bssed on technology it has acquired from
Science Applications Internstional (San Diego). The
knowv-how relates to the manufacture of
silicon-carbide-reinforced sluminium (SiC-Al).
$iC-Al is s composite materisl that offers advantages
over conventionsl sluwinisw alloys, says Alcan,
notably in showing grester strength and stiffness at
normal and high tesperatures. The materisl is also
ssid to exhibit incressed wear resistance snd
controlled thermal expansion. Alcan plans to produce
the nev materisl in nearly finished shape castings,
as vell as in billets for extrusion, forging and
rolling. (Source: Chemical Week, 21 May 1986, p. 40)

Putting more suscle in sluminius alloys

A nev generation of sluminius slloys delivers an
outstaasding combinstion of strength, corrosion
resistance, aod fracture toughness. These superior
performers ate powder-metsllurgy alloys, based on
advaaced rapid-solidification techaclogy.

The basis for the nev slloy systesm, called
vrought ™ sllovs, is the repid-solidificstion
prccess. (The term "wrought PM" is used to
distinguish this technology from conventional “press
and sinter™ P technnlogy.) Twenty years of
cresesrch, much of it conducted st Alcos's Resesrch
Centre, sre behind the developwent and fabricstion
processes that produce these state-of-the-art
sluminius alloys.

Production of wrought PH alloys begins with
preslloyed aluminius, which is sir-stowized from the
wolten state. This causes it to cool et 104
to 107 degrees Celsius per second, sbout
1,000 times faster than is pussible by ingot
metallurgy or direct-chill methods. Rapid
solidification sllovs the molten slloying ingredients
to ressin in setsllurgical solution dispersed
heowogeneously throughout the slloy. This type of
dispersion is oot possible in slloys cooled by the
conventional sethods.

The sluminium slloyed powder is then cold
isostatically pressed t> approxisately 70 per cenc
density, vacuum prehested, and pressed into billets
of 100 per cent deneity. Billets cen then be
fabricated using conventional forging, extrusion, or
rolling techniques,




The combination of rapid solidification and
full-density coansolidation provides the aluminium
wrought PM slloys with high static and fatigue
strengths, excellent resistance to sxfolistion and
stres~—corrosion cracking, and strength/fracture
toughness relstionships superior to most 7XXX-series
ingrt-metallurgy alloys.

Facther in the future are PM metal-matrix
composites. These materials, with PM aluminiue
alloys serving as the matrix snd silicon carbide ss
the reinforcement meterial, have certain properties
that are superior to those of both conventional and
PM sluminium szlloys. These have the potential for
wuch higher stiffness, zlong with improvements in
strength, fstigue, and wear resistance. The
near-term objective is to develop metal-matrix
composites having densities near those of zluminium
and vith usable strengths of 115,000 psi or higher.
(Extracted from Machine Design, 12 January 1984,
pp. 125-129, article written by Robert H. Craham,
Project Manager, Wrought P/M Alloys, Aluminium
Company of America, Pittsburgh, PA)

Shaping up with aluminium extrusions

Aluminium extrusions are suitable for
engineering applications from household goods to
space travel. The properties of this metal and
the ability of the extrusion process to provide
cheap and elegant design solutions wake this
possible.

Pure sluminium is quite soft. However, by
adding small percentages of other elements, it is
possible to form azlloys with widely differing
characteristics. In all there are 17 slloys in the
BS 1474 extrusions series, plus others in related
sircraft specifications. For most engineering
purposes, the msin choice is the Al/Mg/Si group.
These alloys provide strength comparable to mild
steel, coupled with ease of production, ease of
forming and welding and good surfsce finishing snd
weathering characteristics. These 'work-horse'
alloys are known as BS 6063 and 6082, (Previously
called HE 9 and HE 30.)

It is the combination of the basic properties of
aluminium and its various alloys plus the shape
possibilities offered ty extrusion that make an
aluminium extrusion such sn exciting vehicle for
designers to use. One-third the density of steel,
the metal has high strength, good appesrsnce, and
offers high chemicasl and weather resistance. Good
thermal and electrical conductivity are properties
that sre also exploited.

Reducing machining

The first criterion in designing s shape for an
sluminium extrusion is to remember rhat the
restrictions applied with steel need not apply. As a
general principle, metal need only be included in an
extrusion design where it is actually needed. 1In the
building iector, the use of aluminium extrusions for
vindow frames hss revolutionized the replacement
window industry. It is also used extensively for
commercisl vehicles, railway passenge.. coaches and
sircraft components. In thise applications, it is
the lightness of the metal plus the natursl
dursbility of aluminium in its 'as produced’ natural
finish thst are so important. The range of
engineering uses is endless. Heat exchangers,
sppliznce trim, ladders, sports equipment snd machine
parts sre just some examples.

The electtonics and computer industries are the
latest aresas where sluminium extrusions sre making
their mark. In particular, comple~ hollow shapes are
being produced for s variety of casing applications.
Strengeh and electromagnetic screening, as well as
inbuilc festures to hold batteries and circuit

boards, are msjor sdvantages. (Excerpt from sn
article vhich first vas published in Eugineering
Magazine, Loadoun, October 1985)

Aluminive extrusion industry

Belco Industries®' revolutionary non-lube walking
beam eccentric is for the aluminium extrusion
industry. Belco first started out with a heavy
sluminium beam to be used for fixed and walking. The
besm will work on large presses up to 3,500 tons and
allcs up to 26 fr. wide cooling beds due to the
section modules snd shape design. Belco next
designed the ecceatric holder, eccentric cam and
shaft clamp as extruded sluminium shapes. All labour
requized in Belco's shop is to drili: one hole in the
shaft clamp and 2 holes in the holder. Aluminium
extrusions vere choszd due to their design
flexibility and light weight and wost of Belco's
customers are extruders. Advantages of Belco
design: no lubrication required, longer life, light
veight, double clasping, good support on bearings,
easy mzintenance, easy slignment and faster
installstion. (Source: Light Mtl, December 1982,
pp. 20-22)

Aluminium®’s path to higher quality

"Premius” aluminium castings are consistently
being produced as foundrywen, more and wore, utilize
grain refinesent, thermal analysis, degassing and
filtzation technology. Exceptional casting quality
is no longer a luxury out 1 requirement of many
casting buyers. A recent AFS/CMI Internatiomal
HMolte~ Aluminium Processing Conference provided an
update on processing techniques for producing high
quality sluminium castings.

With the sdvent of improved melt testing
equipment, sluminium foundrywen have found it
possible to produce hig' quality, more consistent
aluminium castings. Pic - rs in the aluminium
castings business have ser the precedence for current
quality control experiments. Newly developed sand
binders have improved the ability to hold closer
dimensions, minimize sand reactions and increase
productivity.

"Use of heat treating equipment improvements,
quenchants to minimize distortion ard reduce residual
stresses and computerized heating and cooling cycles
have all added to the knowledge in producing more
consistent cast configurstions.”

These quality slusinius castings are first
determined by the proper constitution of the melt,
prior to casting. As B. Lee Tuttle, GMI
Engineering & Managewent Institute, explained:
"Since the mechanical snd physical properties of a
casting slloy sre de.ermined by the microstructure,
not the chemical composition, quality can only be
produced when the melt constitution is properly
controlled.”

Tuttle defines melt constitution as "the
cumulative effect of the reaction of the molten metal
with its melting eavironment during the entire
melting cycle”. Consequently, the ss-melted
constitution of a known heat of ingot will change
from day to day.

"The foundryman aust employ molten metal process
control techniques to aonitor the chemicsl
composition, gas levels, solid ianclusion levels,
molten metal Cemperature, nuclestion potential and
modificastion potenctial of the molten metsl during the
melting cycle,” explains Tuttle.

"It should be further recognized that the need
for many of these molten metal processing trestments
depends on the structure of the charge materials and
the tyne of melting furnace employed,” Tuttle added.




The structural characteristics of the phases in
n sluminium casting alloy are established by the
wvenner in vhich the castings are poured. “The
mwnipulation of any one of the struztursl
chars:leristics can provide significsnt changes in
the sechsnical and physical properties of a casting
slloy.”

Molten metal processing techniques - which
include degessing, deoxidizing, purging, fluxing,
filtering, comtrolling thermal cycles, inoculating
and modifying - allow foundrywen to produce
consistent quality sluminium castings.

Grain refinement

I aluminius casting metallurgy, the process of
grain refinement is control of the grain size of the
crystallizing primary sluminium phase during
solidification, sccording to Tuttle. Three distinct
metallurgiczl veactions are required to szhieve
proper grain tefinement: constitution control;
nucleation control; and growth restriction control.

"Only when the foundryman hse schieved
regulation of each stage in the grsin refinement
process can & uniform snd consistent wicrostructure
be obtsined in sn aluminium casting alloy,” Tuttle
explained.

The grain refinesent of aluminiue casting alloys
has found widespread commercial spplication.
Ceoffrey Sigworth, Cabot Corp., noted that “the
primary benefit of grain refinement, in most cases,
is an improvement in the amount and distribution of
porosity in slloys which tend to fors microporosity.
As s result, there is a significant improvement in
wechanical properties, especislly under fa“igue
loading”. Sigworth added thst "it is alsc probable
thet grain reficement sffects the formstiow of
shrinkage voids by improving feeding of the casting,
but no definite study has been made of the effect”.

Procedures svailable to measure grain size
include: average intercept distance; cslculated
sversge diameter; ASTM grain size oumber; and
grains per unit ares. Several tests have been
developed to determine grain size. These include the
Alcos chill ces. he Reynold's “golf tee” test, the
Alcan "conical wu.id” test and the KBI "ring test”.

Sigvorth discuseed techniques developed to
induce grain refinement. One is vibration or
stirring of liquid metsl in the mould, which will
bresk solid sluminium dendrites into smsller pieces
when the costing is partislly eolidified. Proper
stirring can eliminste undesirable centerlioe
segration and change the non-wetsllic ozides.
"However,"” he said, "stirring is just beginning to be
used comsercislly to make concast steel snd would not
yet sppear to be useful to the sluminiuas foundryman”.

Another method of inducing grsin refinement is
vith the use of grain refining salts. The solts’
active ingredients react with molten slusinium to
relesse titsnius (Ti) snd boron (B). Ti-Alj end/or
various boride perticles are forwed in the melt and
act ss heterogeneous nuclei for the formetion of
solid primary siusinium cryetsls, sccording to
Sigworth., "Sslts cen produce excellent refinesent,
but offer several disadvantsges: they sre
hbygroscopic snd, unless stored very carefully, will
relesse moisture into the melt; they may produce s
corrosive fume, which is irriceting to personnel and
hareful to equirment; they resct with modifiers,
sodive (Na) and strontius (Sr), present in Al-Si
slioys, perhaps csusing s lose of modification; and
the sesction and efficacy of the salts is sensitive
to tespersture and etirring present in the welt and
recovery of Ti and B is not alvays predictable,”
sigvorth said.
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The oddition of Al-Ti-B master alloys is another
vay ot inducing grein refinement. Grasin refiner
master alloys ate made by reacting salts with
slusinium under coatrolled conditions, so that an
alusiaium slloy rich in microscopic sluminide and
boride particles is produced. “The best all roumd
perforsance wvas found to be st & master alloy
composition having & unit Ti:B ratio snd a nev
Al-Ti-3IB alloy has been developed specifically for
sluminium casting alloys,” Sigworth said.

Sigworth moted that grain refinement way
favorably alter s cesting's mechsnical properties.
He outlined the possible effects that a grain refiner
has on & casting by: changing the smount or
distribution (or eigze distribution) of microporosity
in the casting; changing the feeding of the casting
and location of shrinkage voids; changing the shape,
size or distribution of brittle second-phase
intermetallice; decressing the distance between
eutectic boundaries and thereby reducing the
solution tise prior to sging; and changing the
distribution of stress smong grains during plastic
deformation.

"It should be ststed thst we have excluded the
wost important factor ic structursl control: the
cooling rate of the alloy during solidification.
Loveriog the casting temperature, placing a chill in
the casting, cooling the mould or using conductive
mould coatings a1l tend to reduce the grain size with
dramatic effect on sechanicsl proverties. However,
wost of the change in tensile strength is oot due to
the change in grain e¢ize, per se, but to & decresse
in the secondary dendrite srm spacing (DAS),”
Sigworth noted.

The major benefit of grain refinement seess to
be a1 improvement in the distribution of porosity and
shrinkage in a casting. "Porosity is found mainly
between grains (not wvithin che dendrite arms) and the
total boundsry ares is changed greatly by
refiement.” Sigworth said.

Carl Vass, Fansteel/Wellssn Dynasics, provided
results of a study indicating thst the nev Ti-B grain
refiner gives outstanding results in slowing the fade
rate of effective grain refinesent. Vass concluded
that "the use of 32Ti-31B is wost advantageous. This
grain refiner provided the longest lssting effective
grain refinement and could be used in both bstch and
continuous melting spplications”. He added thet this
grain refiner will eventuslly sllov the Ti to settle
out, but with sesller additions (lover Ti levels],
the Ti does not appesr to settle out ss fast.

Finally, Vass® study suggests thst “it is mot
the level of titsnius in the melt or the size of the
addition vhich most sffects the mechanical properties
or grain eize but possibly another factor oot
investigated in this study, such as timing of the
addition".

Thermal analysis

"Correct chemistry slone will not produce
quality castings,” ststed Thomss Acklin, Phillips
Fouodry, Iac. Acklin noted the transfer of thermal
snalysis from the laboratory to the foundry floor as
the wost isportant isprovemenz in the industry during
the past decade. "The ability to closely control
grain size and shape is one of major importance and s
gisnt step forward in the ability to control or solve
fussrous casting problems on the foundry floor.”

The use of thermsl anslysis es 8 process control
tool can allov foundrymen to consietently produce
quality cestings. "1t can help overcome casting
problems of inconsistency of grain eize, shrinkage,
subsurface porosity, mechanical and physical property
deficiencies,” Acklin eeid.




He gdded that over-refinesent of grains is
ry sud expensive, but can be coatrolled by

thermal snslysis. Another benefit of thermal
analysis is its sbility to determine the silicon
eutectic phase in wolten sluminium. Msny of the
factors improved by grain refinement are also
improved by silicon eutectic modification, Acklin
noted.

“In many cases, grain refinement in combination
wvith wodificetion will dremstically improve casting
quslity. In sddition to improved mechanical end
physical properties snd greatly improved feeding
characteristics, an increased ability to have
consistent pressure tightness is noted,” Acklin
ssid. Additional benefits of silicom eutectic
wodification include a quicker response to heat treat
and s wore consistent casting quality.

Processing variables

The effect of processing varisbles on the grain
refinement and eutectic modification of Al-Si foundry
alloys vas discussed by D. Apelisn and
J. Allen Cheng, Drexel University. The types of
master sllecys used, the levels of Ti snd B in the
melt, the level of Sr, cooling rate, etc., sre all
processing variables which cen affect casting
quslity. (Their study was limited to A444 snd A356
sluminium alloys.)

"The effect and interaction of processing
varisbles which have a msjor influence on the cast
sluminium structure are: the choice and amount of
master alloy used to grain refine; the smount of Sr
added to the melt; the mould in which the melt is
poured; casting cooling rate; snd the presence and
amount of alloying elements, such as copper (C.) and
iron (Fe),” sccording to Apelian and Cheng.

"Comparing the grein refining response of
Al-5Ti, Al-5Ti-0.2B and Al-5Ti~1B master 'slloys, the
latter is the wost potent. Both the sluminide and
boride nucleants plsy a role in the grain refinement
of Al-Si slloys. Furthersore, the role of boron is
critical and extremely beneficial,” Apelian snd Cheng
noted.

Other conclusions from their study include: the
presence of Sr does not influence the grain
refinement of Al-Si foundry slloys; alloying
elements Cu and Fe do not affect grain refinement;
snd if the melt is not grain refined, the cooling
rate will influence the resultant grain size of the
casting. High cooling rates give rise to small grain
sizes and ss the melt is grain refined, the cooling
rate will not influence the resultant grain size of
the casting.

Primary silicon refi

Hypereutectic Al-Si alloys with silicon contents
in the range 15-35 per cent possess good wear
resistant properties, said Dr. Allen Clegg,
University of Technology, Loughborough, England, "It
is commonly believed that the west charscteristics
and mechinsbility »f the hypereutectic slloys sre
improved when the silicon polyhedra sre small in size
snd uniformly distributed throughout the cast
structure,” Clegg said.

The wear resistance of the hypereutectic Al-Si
slloys is dependent upon the silicon content,
sccording to Clegg. "The higher the silicon content
the greater the resistance of the alloy to wear.
However, a high silicon content, in the range of
25-40 per cent, presants manufacturing problems both
during casting (due to feeding difficulties) snd in
wachining (due to excessively high tool wesr),” he
added.,

Experimental results show that sulfur provides
superior primery silicon refinemeat when compared
vith arsenic and phosphor-copper, at a similar weight
percentage of additiou. “The addition of s swsll
smount of sulfur to s melt refined with either
arsenic or phosphor—copper does not appear to
influence the eutectic structure. However, the
degree of primary silicon refinement is considerably
improved,” Clegg said.

In addition, he noted thst the increased rate of
cooling produced by a metal die generally increases
the degree of primary silicon refinement and from the
wvear test results obtsined, it appears that
structursl wodification does not significantly affect
the wear resistance of the hypereutectic Al-Si alloy.

Melt cleanliness control

Alvminion's natural effinity for oxygen and the
large difference between the solubility of hyd-ogen
irn liquid and solid aluminium present wany
opportunities for potentially harmful defects in
castings, said John Jorstad, Reynolds Metals Co.

"Oxide filws, skim or dross, and the extremely
hard corundum or spinel phases are potential forms of
oxide wacro-inclusious in aluminium castings. When
they do occur, large inclusions decrease mechanical
properties of castings and cause rapid deterioration
to cutting tools,” Jorstad said, but "they can be
controlled by asppropriste fluxing snd skimming of
melts, by svoiding turbulence during transfer of
molten slloys and during normal stirring and pouring
operations, by svoiding overheatii.g of melts and by
applying filters at the point of pouring and in
soulds.”

Jorstad sdded that "hydrogen remsining in
solution in a melt st the time it is cast will
precipitate &s a molecular gas during solidification,
to be trapped as porosity in castings”. This
hydrogen porosity reduces both the strength and
ductility of a cassting, detracts from the appearance
of mschined and finished surfaces and csn coatribute
to leakage of pressurized castings in service.

In addition, he suggested the use of filcering
equipment to give wolten metal s final clesning at
the point of pouring snd even in moulds. "“There is
little resson indeed to experience oxide
macro-defects in modern aluminium castings."”

Filtration systess

While there sre other process methods capable of
removing inclusions ot oxides from a molten melt,
"the use of filtration is gaining in popularity
becsuse of the ease of use, minimsl cspital
investuwent snd genersl efficiency of the process,”
commented Daniel Groteke, MetCast Assoc., Filtration
csn provide better mechsnicsl properties,
mschinsbility, fluidity, electricsl properties and
incressed mould or die life. 1In addition, filtration
can reduce pinholes and rework costs.

Seversl filtration techniques sre cosmercislly
available for ferrous snd non-ferrous foundries. One
nethod svailsble to most aluminiuw casters is s
point-of-pour system, which clesnses the melt at the
last possible point before introducing it to the
casting runner/shot system, Groteke ssid. "While the
systeme do allowv a lov level of contamination to
redevelop in & fsulty runner system, the basic nature
of the process sllows s clesner melt to be produced
than is possible with in-ga:e filters,” Groteke
explained.

The system should be tolerent of sbuse from
operstor inattention or careless ssintenance




practices, be readily waintsinsble dy foundry
personnel and, finally, the system should have s low
cost of operation that justifies ite genersl
spplication to the production of commercial castinge,
sccording to Croteke.

Cas injection pusp

In various slumimium slloy selting processes for
primary, secondary, diccast snd foundry spplications
it is necessary to c~atrol or refine minor alloy
impurities, inclusions and gas cuntent, reported
David Neff, Metaulice Systems. Ore technique
developed to enhance the upgrading of solten
sluminium quality is the gas injection pusp.

"The gas injection pump csn be used in
conjunction wvith down-stream filtrstion devices using
cerswmic foams or bonded-particle filters to enhance
filter life and further improve cast metal quslity,”
Neff said. The gas injection pump is & patented
device consisting of s centrifugal molten metal
pumping system interphased with gas injection.

"The gas injection pump has been presented as &
particularly useful technology to remove magnesium
and otker alkali wetals in secondsry sluminium
processing snd to remove hydrogen snd inclusions in
aluminium foundry melting,™ he added.

Neff explained that the sbility to remsove
magnesium from molten aluminium is made poesidble by
"s favoursble chemical resction between magnesium and
chlorine”. This technology sccomplishes both
demagging and degansing, while facilitating inclusion
removal through the effects of the sparging geas.

Neff explained thst "the effectiveness of this
spproach is s result of the ability of the high
velocity jet streas of the molten metal emerging froms
the impeller to shear the incipient bubble formation
emerging from the flux tube”.

Neff believes that the gas injection pump's
ability to circulate metal snd refine by removing
magnesius is advantageous to a secondary operstion or
to scrap remelting in the foundry. He added that
"scrap can be welted end purified in situ, with the
sttendsnt benefits that forced cixculation improves
melt rates, minimizes tewpersture stratificstion and
greatly enhances the alloy homogenizstion in the
nelt”,

He noted thst it is beneficisl to couple the gas
injection pusp process in the melting or holding
furnace with other filtrstion systess employed, in
order to facilitste longer performsnce life.

Advantages of Crain Refinesent

The use of grain refiners:

Promotes incressed pressure tightness

Reduces hot tesrs during solidificstion

Incresses mechanical properties of hesvy sections

Promotes ductility

Reduces mechanical fsilures

Promotes quicker response to hest treatment

Incresses feeding properties of riser systems

Increases machinability and better appesrsnces in
snodized castings

Reduces “mortling” as seen in X-ray

Reduces spparent hydrogen poroeity

(Source: Thomss Acklin, Phillips Foundry)

Melt degassing

During melting snd melt processing, sluminium
slloys are highly susceptible to oxidstion snd the
absorption of hydrogen, reported Dr. Clegg. In order
to produce aluminium csstings of scceptable quslity,
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be said, the presence of sluminium oxide and hydroges
sust be sinimized. Degassing and filtration
trestments can achieve this objective.

Moltes sluminium can dissolve large quantities
of hydrogen; however, at the tesperature of
solidification wost of this hydrogen is rejected froe
the solution thus promoting the occurresce of gas
porosity in the final casting.

Regerdless of the care taken, oxide films or
particles will be present in the selt and,
consequently, in the casting in conventional melting
and pouring practice, Clegg stated. Other sources of
bydrogen contsminstion ianclude: humidity; presence
of lubricsats on charge msterisl; products of
combustion vhen furnsces are fired by either gas or
oil; w=oisture on tools which cowes into contact with
the molten aslloy; woisture in furnaces and
crucibles; and damp fluxes.

Six degassing methods sre svasilable. WNatural
degassing relies on the relstionship betveen metal
temperature and hydrogen solubility. “As the
tespersture of the welt decreases, 0 too does its
capacity to hold hydrogen in solution. A progressive
reduction of the melt temperasture will therefore
provide sowe degree of natursl degessing,” Clegg said.

Gas purging provides an efficient method of
hydrogen rewoval by bubbling the stwosphere through
the melt. Clegg pointed out that "the efficiency of
this method depends upon the purging gas ewmployed,
its purity, the furnace atwosphere sad the method of
its introduction to the melt”.

Another sethod of hydrogen removal is tablet
degassing. This process degasses sluminium slloys by
plunging snd holding tablets containing gas-evolving
salts into the melt. Chlorides of sluminius or zinc,
sluminive fluoride or hexachlorethane are the most
commson active ingredients, Clegg said. "This wethod
does not require the equipment necesssry vhen using a
purging gsas and is favoured by small foundries.
Hovever, degassing results can be inconsistent and
the process generates dross.”

Combined cleaning/degassing treatments are
peformed to simultaneously degas and clesn the welt.
Seversl in-line processes for this degassing method
have been developed to accomplish both trestemeats
concurrently.

Ultrssonic trestwent utilizes ultrasonic
vibrations to effect the escape of gases by diffusion
and coslescence of ssaller gas bubbles. Clegg
explained that "the efficiency of this technique
depends upon the alloy systew being trested and
degassing of Al-Mg alloys is reported to be quite
slov. Due to these limitations, it has not been
pursued commercially”.

Vacuus degsssing can also provide s avaber of
sdvantages, including the extrsction of dissolved
gsses through the influence of reduced pressure on
gas—wetal equilibria. "1o the csse of sluminius
slloys, vacuum degsssing of the meits produced
conventionally can be conducted in specisl chambers
or, if bulk processing is relevant, by dynssic vacuus
tresteent”, Clegg ssid. Lioitstions of this process
csn be high operating end capitsl costs.

Mcasuriq‘ihydrogen

"An sbility to measure the hydrogen
concentration in sluminius alloy melcs is of
congsiderable benefit to the foundry operator since it
can lesd to sn improvement in product relisbility and
quality and can provide finsncisl savings in the form
of reduced scrap rates, incressed throughput end
lower energy coste,” stated D. A. Hilton, Severn




Science Instruments, Ltd., Bristol, U.K.
Consequently, an instrusent capable of providing a
rapid quantitative seasurement of the gas level in
the melt befors the casting operation was developed.

“If the pressure sbove the melt is reduced, them
the gas bubbles incresse in size and quickly reach
free surfaces vhere they are relessed; total
extraction of the gas cam be achieved in this
manner,” sccording to Hilton. It is & ges extractioam
technique, coupled with a total pressure sessuremeat
which forms the ba:is of the instrument design.

Another method of hydrogen weasuresent is the
Severn Science Hydrogen in Alwminium Asalyger.
Robert Atkinson, Bodine Aluminium Corp., cxplained
that this analyzer determines the hydrogen coatent inm
cubic centimeters per 100 grass and no interpretstion
is necessary by “hose performing the test. “The test
takes spproximstely five minutes and does not require
a highly trained technician to perform or to
interpret the results.”

Telegss is another instrumeat used for measuring
hydrogen in alusinium slloy melts. B. A. Granger,
Alcoa Laboratories, described Telegas as s reliable,
in situ measure of hydrogen czuntent.

"The quantitative in-line wsasurement mot omly
sllows hydrogen content of ingot to be monitored, but
sllows the effectiveness of the molten metsl
trestment units to be determined and process
parameters to be adjusted as needed,” Cranger ssid,
sdding that "Telegas has & role in ensbling the
desirably low hydrogen content to be achieved without
resorting to excessive wolten metal trestment”,

Another test, the vibrated vacuus solicification
test, provides a combined sssessment of the hydrogen
and inclusion coantent of the melt if properly
applied, sccording to John Miller, Reynolds Metals Co.

The vibrated vacuum gas test vas designed as an
improvement to the older vacuus solidification test.
This nevly developed test "sppears to be sble to
respond to both hydrogen and inclusions. We found
that by measuring hydrogen content independently and
controlling it to s low level, the psss-fsil pressure
would vary with the number of inclusions found,”™
Miller explained.

He slso noted that "it is certsin that quite s
bit of improvement vwill be necesssry before
conventional foundry gas testing is suitable as s
quantitstive quality control tool snd before this
type of testing can be used successfully as part of
the fouadry's statistical process control progrsame”.

The pursuit of quality

Continusl advancements in molten aluminium
teating equipment have made the age of “trial and
error” castings obsolete. Shipments of premiua
sluminium castings sre commonplace for those
foundries engsging in these eserging technologies.
With the utilization of wodern molten sluminium
processing techniques, castings of high quality cam
be produced on s consistent basis.

(Procesdings from the AFS/CMI Internstional
Molten Aluminium Processing Conference will be
available from the AFS Publications Dept., Colf &
Wolf Rosds, Des Plaines, IL 60016-2277.)

(Source: Modern Casting, May 1986, pp. 27, 31.
Ann Marie Arst, Assistant ﬂ!!or)

Alusinium alloy casting by graphite mould

Ogiso Chuzsi Kenkyusho hes devsloped s "Graphite
Mould Process” for casting sluminium.
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The process involves coatrolling the atmosphere
vhen siatering the graphite, improving the
compatsbility of the graphite for aluminium by wesns
of a secondary treatment snd providing conditioas
suitable far graphite moulding.

Aluminium casts using this graphite mould
process have between 20 per cent and 30 per cent
greater mechanical snd compression strength, and a
cast surface 6 to 10 microns smoother than ordinary
cast aluminive. It also has a shinier surface, fewer
pin or blow holes and better teflon coating

properties.

The company is plaaning to produce casts which
weet grest durability snd high density needs.
(Ogiso Chuzai Kenkyusho, 8-12, Goryo, 3-chome,
Dsito City, Osska).

(Source: JETRO, December 1985, p. 20)

Lowv pressure sand casting process for aluminius

Ziepouents

Austin Rover (UK) is developing a lov pressure
sand casting process for alusinium cowpounents. The
process will be used on 8 cylinder head for the xx
executive car, to be launched in 1986. Details of
the process will be snnounced closer to the lauach
date of the xx car, but Austin Rover claim it does
not infringe any patents. Austin Rover sriginslly
investigated developing the low pressure sound
process with Cosworth (UK), but the firms could not
agree commercial terms. Cosvorth has wesnwhile
developed its own process and is in the process of
patenting it. Article discusses the Cosvorth process
and detsils the negotistions held between Austin
Rover and Cosworth. (Source: Engineer,

14 November 1985, pp. 22-26)

Squeeze casting technology

Battelle'’s Geneva Research Center may conduct an
experimental programme to assess hov squeeze casting
techuology csa produce reinforced aluminium materisls
for serospace parts, auto engines or other industrial
uses. With sequeeze casting, pressure is applied ou s
liquid slloy, ssking it possible to infiltrate s
reinforcing prefors such as a cersmic, Battelle
(Svitzerland) said the process is a key technology
for producing aluminium~bssed composites, the market
for which could reach billions of dollars within s
few years. The proposed progrsmmse, expected to be
supported by seversl firss in seversl countries,
reportedly is of interest to carmakers; parts
suppliers for the auto and serospace industries;
producers of reinforcing materisls, including
ceramics and metsllic wires; wetal converting
firms; sluminive producers; and press and foundry
squipment producers. The prograsme will develop
technical information to help ensble squeeze casting
to produce lightweight materisls that can resist
fatigue and hest. During the prograssme, Bsttelle
will conduct experiments using two types of sluminius
alloys slong with commercially availsble cersmic and
metallic reinforcing materisls. (Source:

Am Mtl Mkt, 23 December 1985, p. 15)

Light slloy castinge

Light slloy castings continue to mske inroads in
the suto sarket, as the number of newv users in WY86
will sttest. Aluminiuw ie the big gainer althnugh
some significent new uses for magnesium slso have
been spproved. The new sluminius uses mainly involve
ssnd castings, semipermsnent mould csstings,
conventional die and porosity~free die castings,
low-pressure castings snd evaporstive castings. The
most importsnt new use for sluminius sand casting in
MY86 probably involves the 23+ 1b cylinder heads for
the 5.7-L Chevrolet Corvette V-8 engine. The wost
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important sev use for alumimium die csstings in MYS6
probably involves the I2 Id case, or housing, for
Ford Motor Co.'s first domestically built, &-speed,
sutomatic fwd transaxle, the AXOD. Rev sses for
pore-free die castings include the gear housings for
the pover rack-i-pinion steering systeme in Ford's
nev compact-size Aerostar vens, swd the hinges for
the rear hatches oo American Motors Corp.'s Jeep
Cherokee #nd Wagoneer sports wutility wagoos.

(Source: Am Mtl Mkt, 6 September 1975, pp. 11 and 12)

Computers improve aluminium castings

Despite short~term problems, the sluminium
foundry industry is assured of s bright future, says
Dr. Robert Smart. (Dr., Robert Saart was uetil
recently research manager of the Light Metal
Founders' Associstion. He is nov Director of the
British Investment Casting Trade Associstion).

Recent developments in techrology have enabled the
foundries to produce more complex, high-quality
castings with thinner valls and therefore become more
competitive.

Aluminium alloy castings sre used in all sectors
of msnufacturing industry, with 60 per cent going for
automotive spplications. As many ss 400 foundries
cast aluminivm to give s totsl UK output rumning at
an estimated 100,000 tonc,/year. (The figures
published by the Aluminius Federstion include an
output of sbout 77,500 tons for 1984. The figure of
100,000 tons is sn estimate upon the earlier survey
by the Business Statistics Office.) Many of these
foundries are small. The Light Metsl Foundries'
Association (LMFA), the major trade associstion for
the industry, has 45 weabers and accounts for nearly
half of all the UK light metal castings. A recent
Business Statistics Office survey has highlighted the
regionsl concentration in the West Midlands where
over 45 per cent of the tonnage is cast. Diecasting
predominates throughout the industry with 43 per cent
of production sttributed to gravity snd 36 per cent
to high-pressure diecasting.

The industry hss suffered considersbly during
the recent recession with output slmost constant in
1982, 1983 and 1984 st about 60 per cent of the
tonnage produced in 1978, This situation reflects
the fact thst aluminium cestings are rarely sold as
finished products but tend to be incorporsted in
larger goods (cars and vashing mschines, for exsmple)
so that the prosperity of the founder depends very"
largely on the ability of his custoser to sell his
finished product. It is no coincidence that the
dowvnturn in sluminium casting ssles psrallels the
decline in the sales of cars and commercial vehicles
during the recession.

This decline has nov stabilised and recently
there have been signs of a resl recovery beginning.
Hovever, in & situstion of over-capscity, the
founders that are succeeding best sre those that are
flexible, efficient snd responsive to customer
pressure for improved casting quality and consistency.

Many foundries sre installing nev equipment and,
vhere necessary, developing nev technology simed st
improving control of the production processes, be
they sand, gravity or pressure casting. The LMFA,
wvith financial support from the Departsent of Trade
and Industry, has sponsored substantisl projects in
recent yesrs to improve casting quslity snd process
efficiency. The development studies, carried out at
BNF Metals Technology Centre and BCIRA, have been
fully validated by extensive in-factory trials and
investigations in LMFA foundries.

Awong the work that is being done to enhance
casting soundness sre: the development of

instrumentation to measure gas (hydrogen) in molten
aluminium and the improvement of degsssing
techniques;

the evalustion and comparison of binder

systess for send soulds and cores; the development
of improved sethods for gravity diecestisg design to
help designers optimise feeding, rvmmiag ewd gating:
and the wse of die cevity evacustios techaiques to
isprove high-pressure diecastings.

la sdditicn to su:-* studies, foundries
individuslly ere ts-:i:ng such aress as wmore
efficient melting proced.-es, techriques for swarf
recovery and improved "housebeeping'. Overall this
adds up to s sigoificant upgrading of the traditiomal
foundry processes snd smong the benefits slresdy
spparent are sounder csstings, more comsistemt
products, lower scrasp levels snd detter mechinme
utilisstion.

Avtometion is being introduced imto the foundry
industry, with robots and microproceseor comtrol
being actively developed. Robots are slready spplied
to diecasting exttraction, mschine losding, core
dipping snd would spraying as well as to fettling
operations. As robot developmwent continues, with
enhancements in vision and tactile sensing, so
operstions such as sorting and inspection can de
considered. The use of computers in foundry
sctivities extends to wmany other aspects as well,
including welt composition cootrol, adaptive machine
control snd fsult diagoosis, and CADCAM techniques
for tool msnufacture.

The overall state of the economy and the present
over—capacity of the foundry industry are likely to
cause problems, st least in the short ters, for some
sluminius foundries. In the longer ters hovever, the
future seess brigsht. The inherent properties of
slusiniue and its alloys - such ss lightuess,
strength, snd corrosion resistance - will continue tc
wake the materisls attractive for & grest many
spplications.

The casting of sluzinive alloys differs in ome
very isportant respect from the casting of other
materisls (such ss cest ivon and steel) becauvse the
process options sre such vider. Sand, gravity
diecaszing and pressure diecasting are all well
established and videly used; 1lov pressure diecasting
is advancing snd investment casting of light allovs,
hitherto lsrgely confined to serospace and defence
spplications, is getting orders fros other sectors.
More recent process developments, such as squeeze
casting, extend the options further. This range of
process choices ie of grest value to the designer who
elects to use an sluminium casting.

The technical developments described are
offering the industry the potentisl to offer high
Guality, more complex (snd possibly thinner-walled)
castings which sllov foundries to be more
competitive, both at home and when facing
internstionsl competicion.
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Aluminius ssster sllov rod

Milward Alloys, Inc., Lockport, NY, USA, is
constructing & nev sanufacturing facility to produce
sluminiue master slloy rod. This evpansion will
incorporste nev stste-of-the-art melting and casting
equipwent. Sleted for start-up in Januery 1986, the
40,000 9q. ft. facility will inictially produce
titanius and titanium~boron sluminius slloy rods.




Expension snd modernizstion of their quality coatrol
laboratories will be cowpled vith company—vide
implemestation of mew statistical process coatrol
techaiques. Offices and warchousing fecilities are
slso being expsnded. (Source: Moderm Castiag,
December 1985, p. 18)

Lighter aluminium eangines

For decades the world's sutomakers have tried to
produce suto engimes eatirely of alwminiem. Wow
Scandia Steclwmin AB, s smsll eugineering cowpeny i
Borrtilje, morth of Stockholam, claime to have solved
the problem. With psteats in 2 host of couatries,
their method of toughening aluminium snd sluminium
slloys beat out even the major giants of the swto
industry.

Behind the breskthrough is Waldemar Secbiaski,
Doctor of Emgineering and am immigraat Pole mow
resident in Sweden.

What wakes building engime blocks in sluminium
so sttractive is the major reductiom im weight, which
ia turs reduces fuel couswmption. Productiom coets
sre redoced, vhile engine parts are tougher and
longer—lasting.

The method can also be used in other fields
requiring aluminiom or sluminium slloys. Scand -
Steeluwin is offering the industry gisats the
opportwaity to wmanufacture its products under
licence, but wishes to retsin sole marketiag righte
for itself.

Those companies curreatly producing sluminiuva
engines utilise an electrolytic method, whereby the
surface is covered with another, tougher materisl.

Scendis Steelumin AB is nov starting to sarket a
completely nev and different method of toughening
sluminios snd slumianium slloys. This method has
proved wost suitable not least for toughening pistoms
for all kinds of petrol snd diesel engines.

The wethod can of course also be used is
toughening all types of construction blocks of
aluminiva or the hundres of sluminius slloys
svailable. Everyvhere thst a light but tough surface
is required will find the wethod idesl. Compressors,
sll msoner of fans, parts for the asircraft aml space
industries, to nsme a were handful.

What mskes this new patented method so different
is that the effect is not to form s layer om the
surface but by means of fusiom to cowbine with the
foundstion. This compositionsl layer hss excellest
tribological properties along with great toughness
(AV 500~-1,000).

The method slso gives 100 per cent greater
durability compared with unctrested sluminium,
Moreover pistons toughened by means of the nev method
require s 30-50 per cent shorter time to produce,
with evident costing gsins ss a result.

Scandia Steelumin AB, Lare Hensson, Tinsta 5400,
$-762 00 RIMBO.

(Source: MNev Swedish Technology, p- 17, 1986,
Vol. 5, Bo. 1)

Resvy-duty sluminium wheel for trucks and buses

A heavy—duty sluminius wheel for trucks snd
buses that weighs 15 kg less than stendard steel
vheels and significently reduces tire and brake wesr
becsuse of its unique hest-transferring property has

been developed in Sweden and is Deing sarketed by
Boaex, & tradiag and comsulting firw based im
Eskilstums.

The wvheel features s specisl viag-like desige om
the tim that fumctioes like & fam to provide maximms
ventilstion sad cooling of both the rim aad breke.
According to Bomex, the wheel also eunswres less wear
oa ch is » s becsuse of its perfect
rowsdness asd bglance, schieved Chrough the wse of
computer saslysis snd the lstest techmology.

Wore than two years of testismg on city buses
operated by the Stockholm Tramsit Cowpsmy (SL), which
has a fleet of wore than 2,000 buses, have
demonstrsted that the vheel can reduce brake wear by
25 per cent and tire wesr by 20-40 per ceat, amd that
fsr fewer tire bodies meed be removed for recapping
becsuse of heat damsge. It was also moted that Che
drivers experienced greater comfort dwe to the
overall efficiency of the wheels.

Made of - lov-pressure die—cast slloy designated
SIS 4245, the vheel requires 2 ainimum of
maintensnce. Becsuse of its low weight, the vheel
aleo offers grester load capacity, uwp to 300 kg for
certain vehicles and for s morwal 12 m bus sun extra
120 kg or the equivalent of twvo sdditionsl passengers.

Special wheel nuts are supplied so that the
wvheel can be fitted to the hudb without the mecessity,
expense and inconvenience of altering the studs.
(Source: Science & Technology, Septesber 1985, p. 2)

Engineered with style - the case for alloy wheels

Alloy vheels are here to stay. Eight per cemt
of cars are 5o equipped, and the number continuves to
rise. T. Bewick shows thst one UK producer, CKN Kemt
Alloys Ltd., has schieved remarkable success is the
production of the most visual of all the
safety-criticsl components which go to form today's
top-quality motor cars.

Alloy vheels sre nothing nev! By the first
vorld War, ssad-cast sluminius vheels had slready
made their sppearance on commercial vehicles. Even
then, the sdvsntages were recognized of employing s
lightweight one—piece cast vheel, which ofZered
almost limitless design possibilities whea it came to
spoke configuration and rim comtour. However,
interest vas short-lived - wvhen it ceme to quentity
production it was the steel vheel wvhich found
uvaiversal sdoptioan.

It was the introduction of magnesiumalloy
vheels in wotor rscirg vhich re~swskened designers’
interest in the prtential of the casting process, as
s wesas of obtaining deeply sculpted and
sesthetically-plessing componeats. Such wheels would
have sa obvious attrsctios to the csr driver vho
sought to be different.

Low-pressure diecasting

Fortunately, as far as the sutomobile industry
wes concerned, there vas s post-war casting process
available vhich was to prove idesl for the qusatity
production of high-integrity sluminivm-slloy vheels.
The technique was lov-pressure diecasting. In this
spproach, s setal die is mounted directly over s
sssled furnace veseel containing & crucible of molten
slumigivs. lsmersed in the wetal slloy is & vertical
hollow tube, connecting at its upper end with the
centre of the die cavity. The spplication of a few
pounds air pressure is sufficieat to csuee the molten
sluminius to well up the inside of the tube and enter
the div in 8 non-turbulent manner. After o




predeternined time, sufficient for the casting to
solidify, the air pressure is released, sllowving the
remsining metal te swheide dowa the tube sad re-eater
the furnece bath. The dies are subeequently parted
for the removal of the casting.

Today, the vast mejority of slloy aswtowobile
vheels sre produced by the lov-preseure diecssting
route.

Alloy wheels are s success story. Four yesrs
sgo, & per cent of cars worldwide were equipped wich
cast vheels as original equipment. Today, the sumber
has dowbled snd the growth rste shows wo sigs of
abating. Demand costimwes te forge shesd of
sanufacturing capacity. The fact that the cast
slesinive vheel is likely to cost fewr times that of
its pressed-steel equivalest is mot aa imhibiting
factor. To s certsin sectiom of the
sutomobile-owming public, the stylish coatours
of the slloy wvheel sre a highly-desirsble otstus
syabol.

Today's car builders are well sware of the
sttractioa. It is hardly swrprisieg that
top-of-the-range wodels are mow almost certaim to be
equipped vith slloy vheels as stamdard. Mot omly is
the visual quality of the vehicle eshanced by such
wheeels, but there is much more profit for the
msnufscturer st the end of the day. The preference
for the cast sluminiom product haes hardly been dinted
by plastics wheel tris designed to produce s
look-slike effect. The customer kmows the difference
and he or she is pretty certsin the omlooker is also
sware of the difference!

One-product sanufacturer

The msjor UK ssnufscturer of vheels is CKN Keat
Alloys Ltd., of Rochester, Kent. This one-product
firm is 2 world lesder vith over 60 per cemt of
current production destined for the USA. Kent Allovs
esploy tvin-die lov-pressure machines to sckieve the
highest-possible productivity.

To msintsin s position ss 3 m3jor iadependent
supplier to the sutowotive sector ia todsy’s highly
cospetitive climste is an achievewent in itself. The
cowpany hss long been at the forefront of techmicsl
innovation.

Amongst sowe of the more receat developments
have been incressing sdoption of mumerically-
controlled machine-tools, 8 switch to all-electric
welting and holding, and extensive use of computers -
both for mansgement purposes snd for mechine
control. Outstandiang in the latter context has been
computer~control of die cooling.

Using air-cooled dies, the lorgely sutomatic
cycle of die filling, solidificstion, end the
retrieval of the psir of cestings tskes seven
minutes. However, s svitch to water-cooled dies
fitted with a series of thermocouples hss slwost
halved production time. A centrsl computer, sited st
8 point remote from the casting shop, svitches the
vater-cooling on snd off in each individual die,
according to the signals received fros the
therwocouple asrrey.

Auto vheels sre ssfety-criticsl components. As
a result, testing and control st every stasge of the
production cycle is exhaustive. Kent Alloys set out
to obtain, by the low-pressure diecssting route,
components which have the ssme high structural
integriCy that most people have come to sssociste
with forgings.

Cantral to the inepection process is
100 per cent fluorescent X-ray exswinstion of esch
and every vheel. However, even this sesrching test
can fail to reveal the presence of very fine
wmicro-shrinksge cavities or ges porosity. Such
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defects can become all too spparent during the
subsequent wmachining snd painting cycle. Afrer sll,
the slloy wheel is waique smongst sutomobile castings
in that as much as 90 per cent of the surface sres is
subdjected to machining. 1f prodlems go warecognised,
then the first evidesce of trouble is the discovery
of timy surface blisters as the fimished wheels
emerge from the powder paintiasg plant.

To ensure that defective wheels never progress
to the very expensive fisishiag operatioms, Kent
Alloys proof-machine s represestative percentage of
each batch of cosponeats with s diasoad-tipped tool;
& coatrol test calculated to reveal the emsllest
discontimuity in the metal structuwre.

Statistical process costrol

To survive ia the production of ssfety-critical
car components, it is certsin that & sanufscturer is
slready involved im statisticsl process comtrol
(SPC). Kent Alloys” commitment to SPC is total. Im
the diecasting process alone, mo fewer than
18 varisbles sre monitored snd charted, emsuring that
ssmufacturing persseters have little opportumity to
deviste from the rigid stendards calculsted to

produce s quslity compoment.

The alloy vheel will slvays be a luxury ites.
Bovever, the design possibilities offered by the
casting process are slwost endless. This factor
slone vil! ensure that in 8 world of coatimually
changing fashiom, the alusiniws wheel will remsin s
highly-desirsble asset to any top-quslity car. And
as loag as there sre slloy vheels, then CKN Kent
Alloys sre likely to remsin one of Europe’s lesding
independent factcrers. (Source: Metals Induscry
Wews, March 1986, p. 12)

Steel-slusinius "sandvich cosposites’

Auto engineers ate woving into production with
steel-plastic or steel-sluminium ’ssndwich
composites’ that reportedly are more than short-ters
sttempts to match US thermoplastic developsents. The
werits of sandwich composites include lighter weight,
compatibility with present stssping equipwent snd
superior resonsnce suppression. The dravbacks are
higher cost snd sowe production snd welding problems,
but engineers believe these will be solved ss use
becowes wore videspread. The sandvich composite is
already established in prototype snd production
vehicles in Jaspan. (Source: A= Mtl Mkt,

3 February 1986, pp. 20, 23)

Nev sdhesive for bicycle frame

Bridgestone Cycle has developed so sdhesive for
tinding nev materisls such ss sluwminiuve, cerbon,
boron, ssorphous substances, snd vhiskers, and st the
same time developed s bonding method using the new
sgent. The company has thus made it possible to
ssss-produce bicycle frames made of nev light-weight
saterisls. The nevly developed sdhesive, sade of s
high-quslity wodified scrylic substance, bhas grest
sdhesive strength. By using this for bonding frames,
it vill be possidle to prevent s lessening of
materisl streagth and sny deteriorstion. The company
vill put on the msrket road-racer type cycles of s
csrbon fibre frame. According to the cospsany, the
weight of the nev car using sluminiue slloy in
sddition to csrbon fibre is 34 per cent lighter then
that of the conventionsl cycle using chrowe
solybdenum steel. Using this method, Bridgestone
Cycle vill introduce nev msterisls into high-grade

type cycles. (Source: Chemicsl Econ [
Engineering Reviev, Vol. IF, Wo. J, Herch 1986)

Lightveight aluminius vehicle body

The Mercedes 2421K rigid six-wheeler fitted with
Tel-loy alloy body and the nev ‘G’ ram tipper gear
vas recently launched on the market.




The Tel-loy body, msmufsctured from a
lightweight slwsiniom alloy by Telehoist Limited of
the UR, provides the user with the ssximus possible
pay'oced. This complements the recent move by
Mercedes to reduce the tare weight om sll of their
rigid six-vheelers by the imcorporation of revised
sxle snd swspension designs.

Further weight saviag om the 2421K is gesined by
wse of the nev Telehoist "G’ ram tipper gear. The
constrection is a breaksway from ¢ ionsl desiga,
dispensing vith thresded gland muts. The result is a
lower stack height, s wore rigid comstruction awd
sinplified servicing. (Source: Africsm Techaical
Reviev, February 1985, p. 51)

Nissan Motor is testing its new composite
materisl comsisting of fine cersmics and aluminua for
use 1n car exhaust manifolds. It can make manifolds
45 per cent lighter than conventionsl cast-irom types
and greatly increase turbocharger capacity (Source:
Jpn Ecom J, 21 Decesmber 1985, p. 9)

Uses and production techaniques for nickel
aleminide alloys are being developed by Oask Ridge
IT:!._ES._(O_:{'I“;., M, USA), working with 24 US
metal producers and potential end—users. Commercial
production of nickel sluminide is still 2 years awvsy,
but developsent of = nev alloy has progressed tapidly
since the Oak Ridge project began in early 1983). The
alloy now under development at Oak Ridge is cowposed
of 85 per cent nickel, 13 per cent aluminium,

0.2 per cent boron, and 0.5-2 per cent hafaium or
tirconium by weight. The Oak Ridge laboratory and
NASA are studying snother nickel gluminide alloy
containing 50 per cent aluminium, but that alloy is
still 2 long wvay from perfection. Industry experts
believe thst alloys containing nearly 50 per cent
nickel and 50 per cent sluminium, when perfected,
vill produce & quantum leap forward in jet engine
pecformance by increasing the temperstures that gas
turbine cosponents will be able teo withstand. Nickel
sluminides will have s higher melting point than
present superalloys and will not require air
coaling. (Source: Aa Mrl Mkt, 21 October 1985,
pp- 17, 28)

Squeeze-forming of aluminium alloys is ideal for
automotive components, following success in using the
process for serospsce parts. The process has the
sdvantage of being contiiuous from liquid alloy to
finished component. Liguid slloy is poured into &
ready-prepared die-set, wounted in s hydraulic press,
coated with graphite relesse sgent sud prehested.
Once the die-set is filled, the press closes and
solidification of the slloy takes place under
pressure. Components displsy properties of both
die-casting sad forging, while pressure required is
31-108 wn/m?, lover than that for conventional
sluminius slloy forging. Article detsils component
design and suitable slloys. (Source: Eng Design,
July 1983, pp. 28-31)

Cersmic fibre strengthens sluminium connecting rods

Reinforced-sluminium connecting rods, developed
for an experimentsl high-performsnce engine, may be
the forerunner of wore metal-watrix cowponents in
future autowobiles. The reinforcement is s nev
ceramic fibre invented by Du Pont Co. scientists, and
the rods were developed by Toyota Hotor Corp.,
vorking in & joint prograsmc with Du Pont.

The cersmic fibre, cslled Pibre FP, is a
polycrystalline sluminium oxide, described by its
inventors as having "s high degree of stiffness, high
compressive strength in compoeites, moderste tensile
strength, and high-tesjerature stability, all of
which mske it well suited for reinforcing nonferrous
wetsls. Aluminiue snd megnesium reinforced with 39
to 50 per cent by volume continuous~filament Fibre FP
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have three to four times greater stiffaess, wp to
four times the f.tigue strength, and higher
temperature :apcbilitz than the ssme metal castings
wvithout reimforcement”.

Replecement of steei comnecting rods with
reinforced aluminium rods, which are some 35 per cent
lighter, could lead to incressed fuel efficiency and
reduced engime vibration. In additios to its use inm
wetal-matrix cowposites, Du Poat spokesmen suggest
the potential of Fibre FP in reinforciang ceramics and
epoxy snd polyimide resias.

The nev fibre is omly available at preseat in
saall quantities for experimentsl use, at $200/1b.
If the wmaterisl goes commercial, the decision on
vhich is years svay, according to Du Pont, the price
could come down to shout oue-teanth of that.

(Source: Machine Desiga, 19 April 1984, p. 5)

Fibre-reinforced aluminiom

Wippom Oil hss started development work omn
fibre~reinforced sluminium using carbon fibre. With
e tensile strength of 150 kg/em?, it can saintain a
high thermal resistsnce of up to 500°C. Ite
practical use is anticipated ss a materisl for
sircraft aond sutomobiles. (Source: Chemical Economy
& Engineering Review, June 1985, p.

Aluminiom slloy twin hulled high speed passenger boat

Mitsui Eagineering & Shipbuilding Co., Ltd., has
msnufactured sn sluminium slloy high speed twin hull
passenger ship, the Mitsui Supermarsn CP3OMKIL, or
"M»r-.ine Shuttle”.

The CPIOMKII, through s unique ship body shape
which makes possible both high speed and energy
conservation, excels in high speed performances while
simultaneously delivering superb navigsbility and
riding comfort even in waves ss high as 3 m.

The economical improvement in the CPIOMKIIL is
made possible because of the durable, aati-corrosive
sluminius alloy welded construction, and slso through
the use of s lightweight, high speed diesel engione,
msking it an extremely polished, high speed
cstamarsa.

{(Mitsui Engineering & Shipbuilding Co., Ltd., Public
Relations Dept., 6-4, Tsukiji 5-chome, Chuo—ku,
Tokyo).

(Excerpted from JETHO, April 1986, p. 37)

MARKET TRENDS

Japan alusinium boost

Japan's production snd consusption of secondary
slusiniue and alusminive~base slloy ingot rose
slightly last year compared with 1984 tocals.

Production rose by about 3.1 per ceant to 866,126
short tons, vhile consusption incressed 2.35 per cent
tc resch 1.028 a st. according to figures compiled by
the Japen Aluminius Federation on the basis of MITI
statistice. (Extracted from: Metsl Bulletin,

22 April 1986, p. 17) -

First license granted for Ni and Ni-Fe Aluminides

Mertin Marietts Energy Systess Inc. and Cummins
Engine Co. Inc., have signed s license sgreement for
the first commercial spplication of hest and
corrosion resistant nickel sand aickel-iron asluminide
alloye developed by Osk Ridge National Leboratory
(ORNL). Cummine hes exclusive rights involving large
diesel engines and cturbochargers, vhile Martin
Marietta retaine righte for all other applications.




Bickel and nickel-iron aluminides, which become
stronger ot higher temperstures, are the firet of @
sev class of high tewpersture slloys made of readily
available, isexpensive materisls. Most imtermetellic
compounds are brittle; however, the ORNL-developed
slloys sre ductile and can withetand tewperstures up
to 1000°C (1830°F).

Cusmins expects to use the aluminides for high
tesperature components in diesel engimes. Other
potential applicstions include parts for high
performance jet engines, gas turbines, sdvanced heat
engines, and heat exchangers in muclear and
cosl-fired stesm plants.

ORNL is operated by Martin Marietta Emergy
Systems Inc. for the U.S. Dept. of Energy. The
licensing sgreement "is s direct result of policies
initiated by the federal Covermment - specifically
the DOE - to increase transfer of sdvanced techmology
to American industry, says ORNL director,
Herman Postma. (From Metal Progress, Asericsn
Society for Metals 1986, with permission)

The U.S. aluminium industry: into its second century

Along with wodern process capsbilities, the U.S.
slusinivs industry is offering vev products snd
iavading nev markets. The wost notabl. new product
is the recent introduction of sluminiue-lithiue
slloys for serospace spplications. These slloys,
when compared to previously used alloys, offer equal
strength vith sn approximate 10 per cent reduction im
density. Aluminium is slso meking invoads into such
wev aress ae rail cars for carrying cosl, new
automotive spplications, and food cans. Wew
geographic markets for established uses sre being
pursued, namely aluminius beverage csas in Canada.

In addition, nev aluminium processing technology
and sluminiom composite materisls sre being
developed. Aluminius alloys produced vis rapid
solidi ication technology offer unique properties.
Components fsbricated by superplsstic forming of
specially developed sluminium slloys reault in
significant cost savings when cowpared to sdvanced
composites. Aluminius matrix composites, slusminivm
strengthened by fibres of either graphite, boron or
other strong waterisls, and sluminive-plastic
lswinstes sve evolving into very useful engineering
msterials. (Extrected from sn article written by
Joseph J. Tribeudies, Ph.D, first sppeared in
Materisls and Society, Vol. 10, No. 2, 1986)

Weldsdle sluminium slloy

Kobe Steel, Ltd., and Furukevs Alusinius Co.,
Ltd., have snnounced the development of s weldable
aluminium alloy.

The nev sluminiue slloy developed by Kobe Steel,
K57055 sluminiue alloy, possesses a high base metsl
strength snd sllows ordinery welding into high welded
joint strength that hss high resistance to
stress-induced corrosion cracking.

The KS7055 has Al-Zn-Mg as the bsse components
to which is added » tresce quantity of s specisl
substance, vhich, combined with the msnufscturing
conditions provides excellent $CC resistance and
weldsbility.

Since the alloy cen perwit lightweight
structursl designs and stresmlining of design
isplesentetion, wost conceivable applicstions are as
structursl weterisle for vehicles snd other
transportation equipment.

Characteristics

(1) It sllows oxdinery welding including erc
velding and electric resistance velding.
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(2) Welded joint strength is higher than the
2219, s coaventional high-strength wveldable sluminius
alloy, by JO per ceat im both temsile snd yield
streagths.

(3) 1t provides SCC resistance equsl to that of
the 7075-T73 cthat hss the highest SCC resistance of
all the high-strength aluminium alloys.

(4) Its base metsl teasile strength
(50 kgf/am*) is higher th»s the high-strength
slusiniem slloys 2024-T4 end 7075-T73.

The Furvkavs sluminius alloy, called "2219", was
developed for applicstions in the fuvel tenk of the
"M-11 Rocket™ and mass production techniques have
been formulated to produce the nllcy and marketing
sctivities have begun.

The "2219” slloy has more copper cast and
magnesium T 4, and dium and gzirconium are
sdded to produce a high-strength hardened slloy that
possesses significant hest resistance, cold
brittienese, toughness snd forwmability while
remsining weldable.

(Kobe Steel, Ltd., Publicity Sect., 8~2, Marunouchi
l-chowe, Chiyoda-ku, Tokyo and Furuksws Aluminius
Co., Ltd., 61, Marusouchi 2-chome, Chiyods—ku,
Tokyo)

(Source: JEIRO, Februsry 1985, p. 21)

High-strength sluminium alloy for cold forging

Kobe Steel, Ltd., has also developed, and has
commenced production of the “D20™ and "D60"
high-strength types of mev sluminius slloys.

Aluminiue alloys have been widely used as their
sallesbility makes them suitable for cold forging
processes. Recent cost veductions have led to s
trend towards cold forging the sluminium to as close
88 the neatr net shspe ss possible, in order to reduce
the expense of cutting processing. This has led to a
further incresse in the use of cold forging.

The alloys that hsve been conventionally used
harden in the short time that they are left to cool
down to norwmal temperature after tespering (the
oorms]l tempersture time effect) and this has the
disadvantage of csusing difficulties in the cold
forging. This has sesnt that the once-tempered
material is softened snd cold forged and then given
snpealing-tempering processing to schieve the
required strength. The process of
sanesling-tempering bss the following inherest
problems.

(1) The quenching tewperature must be strictly
controlled or else tempersture rises will cause
partisl selting that will result in strength snd
tenacity reductions. Insdequate strength can also
resylt if the metal is inserted while the temperature
is too low.

(2) It is pecessary for the quenching to be
performed by the user.

(3) Quenching sfter cold forging generste
quenching distortion thst csuses deforwations in the
product. (This is particulsrly so for thinly forged
products.) Turthermore, quenching sleo enlarges the
crystal particles to give s lees sttractive
sppesrence.

Hovever, the nevly developed slloys have s
special component element sdded within cthe alloy and
the presence of this component causes prectically no
hardening to occur sfter temperinag vhen the metsl is
returning to norms! tespersture. Cold forging is
seill poseidle for long periode in the state ?:
W-state) after quenching. The required atreagth can




thecefore be obtained by simply cold forging and
snasaling the material ooce it has been supplied from
the steel manufacture sfter quenching.

The main festures of the alloys are as follows.

(1) The senufacturer performs the temperature
process that wust be strictly coatrolled (ro $39).
Therefore, there are great reductions ia the
procesring that the user must perform. In additiom,
there is no oecessity for the user to perform
quenching.

(2) There is wo quenching processing once
cold forging has been performed; therefore, no
quenching distortion is generated (in the case of
thin-forging manufacturer im particular). There is
2lso no enlargement of the particles because of
quenching and so there is no deteciorstion in the
appearsnce.

(3) The cold forging characteristics ufter
quenching are excellent sod the alloy has @
flexibility (before quenching) equal to that of
conv:!)!timl alloys. (Source: JETRO, May 1985,
p. 2

Sev sluminium slloys for computer magnetic disc

Three types of nev aluminium slloys for computer
magnetic discs have been developed, sgain from Kobe
Steel. It will increase the production of magnetic
disc blanks and substrates. The new slloys have a
high storage density and 8 capacity three times or
wore that of conventional alloys. Under its
production capacity increase plan, the blank
productiva capacity of the Mooks works (Tochigi
Prefecture) was increased from 2 million sheets/month
to 6 million, snd test operstion wss begun. The
monthly production cspacity of substrates vas
increased from 100,000 to 250,000 sheets by
Septewber 1984, and will de further increased to
600,000 this yesr, and I million by 1987.

The world demand for magnetic discs s estimated
at 40 million/year st present and s further increase
is predicted. Kobe Steel is one of the world's top
blank manufacturers. However, since 1981, Sumitomo
Light Metal Industries, Nippon Light Metal, etc. have
increased the production of blanks and substrates, to
meet groving demsnd.

Due to the capid incresse of small-size
computers, demand is incressing for ssaller dismeter,
higher density snd larger cspacity magnetic discs.
In parsllel with this, requirements of aluminium
substrates are becoming strictier. The alloys
recently developed mskes it possible to produce
higher density disc substrates. (Source: Chemical
Econowy and Engineering Review, June 1985)

Joint aluminium rolling plant project in Bahrain

An sluminius rolling plant for GARMCO (Culf
Aluminium Rolling Mill Co.), the firsc joint project
of Arsbisn countries on the Gulf, has been completed
st the North Sitrs industrisl discrict in Bahrasin,
and put into full-scale operation. The plaat for
wvhich the Jspanese group of Kobe Steel, C. Itoh & Co.
and Nichimen secured an order in August 1983 will
promote product export.

. The plant, the joint project of GCOIC (Gulf
Organization for Industris., Consultation),
established for efficient econowic management by Culf
countries, was constructed by GARMCO which vas
jointly set up in February 1981 by six countries -
Ssudi Arsbis, Xuwait, Bahrain, Irsq (20 per cent
investment esch), Omen and Qatsr (10 per cent esch).

The 40,000 ton/yesr aluminium rolling plant
produces sheet, coils, formed sheets snd foil. The
plant coneiste of verious furnsces, hot and :=5id
rolling mills, and refining line. Kobe Stecl
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obtained s full turn—key order for desigm,
msnufacture of plant machinery snd queipment, and
civil engimeering. Since April 1985, the company
provided education sod training at its Maoks wvorks.
(Source: Chemical Econowy and Engineering Reviev,
May 1986, Vol. 13, Mo. 5)

Sources of know-how of seais and finished
sluminium goods manufacture

Product/techmology Source

Coatinuous casting Alcan Research and Development
Led., Cansda

Vereinigte Aluminiumwerke A.G.
P.0O. Box 100640
40480 Crevenbroich 1, FRG

ALUSUISSE
Feldeggstrasse &
CH-8034, Zurich, Switzerlsnd

National Southwire Company (NSC)
Fertills Street

P.0. Box 1000, Carrolton
Georgis 30117, USA

Aluminium casting, Mitsubishi Light Metal Ind.
die casting Corp., Jaspan

Toshibs Machinery Corp., Jspan

Kaiser Aluminium and Chemical
Corp., 300 Lakeside Drive
Oakland (Ca) 94643, USA

Separation of. R. Fischer, FRGC
alusinive from VEB Mansfeld-Kombinat
scrap Wilbelm Pieck, Frieberg, GDR

Recycling aluminium Vereinigte Aluwinium Werke A.G.
scrap D-5300 Bonn, FR

Aluminiue extrasc-
tion from scrap

Sharkey Metasls Ltd., UK

Permanent moild Fuso Light Alloys Co. Ltd.
castings Japan

Lov pressure Reynolds Metsls Co.

die-casting One Union Nstionsl Place
Little Rock, Arkansas 71201
Usa

Helting furnace Outokumpu Oy

design P.0. Box 27, SF-022201 Espo 20
Finland

Castable sluminius Nippon Light Metal Research

alloys Lab. Ltd.
7-3-5 Ginza, Chuoko, Tokyo
Japan

Wire drawing Fujikurs Cable Works Ltd., Japan
ALUSUISSE

Feldeggotrasse &

CH-8034, Zurich, Switzerland

Mstional Southwire Co.
Fertills Street, P.O. Box 1000
Carrolton, Georgis 130117, USA

Nippon Light Metsl Research
Lab. Led,

7-3-3 GCinss, Chouoko, Tokyo
Japan

Sumitowo Metsl Industries Led.
Tokyo, Jspan

Cold rolling




Product /techaology

Source

Cold rolling

Extrusion

Velding

Electric colouring,
anodizing

Building structures

Deep-freezing
storage houses

Doors and windows

Contsiner-type
elements

Hothouses (green—
houses)

Autosotive wheels

Aluminius truck
frames

Cooking utensils

Soda-vater siphons,
beer darrels,
radistors

Heat exchangers
radistors

Ses-vater desslting

W, sk Wydro, Norvsy

Somitomo Light Metal Ind. Ltd.
Tokyo, Jaspan

ALCOA International Inc.
Av, d°Ouchy, Ci-1006 Lousanne
Switserland

Pechiney Ugine Kuhlmaan, France
Sumitomo Aluminium Corp., Japen

ALCAN Research and Developwent
Lab., Csnada

Rippon Light Metal! Resesrch
Lab. Ltd.

7-3-5 Ginza, Chuoko, Tokyo, Japan

ALUTERV-FK1 .

Hungslu Engineering and
Development Centre

R-1133 Budapest, Pozsonyi ut 56
Hungary

ALUSUISSE
Feldeggstrasse &
CH-8034 Zurich, Switzerland

Energy Mansgement Institute (EGI)
H~-1027 Budapest,
Bes rakpart 33-34, Hungary

Factory of Metal Works
(Fémmsunk§s VEllaslac)

H-1394 Budspest, P.0.B. 180
Hungary

Hungarisn Aluminium Corporstion
(HUNGALU)

R-1133 Budapest, Pozsonyi ut 36
Hungary

Hungarisn Aluminium Corporstion
(HUNGALU)

H-1133 Budapest, Pozsonyi ut 56
Hungary

ALUSUISSE
Feldeggotrasse &
CH-8034 Zurich, Switzerlend

Ardal Og Sunndsl Verk A.S.
P.0. Box 2469 Solli
#0so 2, Norvay

Reynolds Metals Co.

One Union National Place
Little Rock, Arksnsas 71201
USA

Alusiniue Ware Factory
H-1142 Budspest

Erzsébet kirklyné utjs 57-61
Hungsry

"Lehel” Refrigerator Works
B-5101 Jészberény
P.0. Box 6k, Hungary

"Lehel” Refrigerstor Works
H-5101 J&ssberény
P.0. Box 64, Hungary

Sociécé Lgico, Paris, France
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Product/technology Source

lastallstzions Energy Nanagewent Imstitute (EGI)
E-1027 Budapest
Bem rakpart 33-34, Bungary

Mine props

Aluominive alloy
conductor wire

Rav msterisl of
serisl conductirs
and cables

Cables stranded
from alumoweld
vires

Stranded cables

Insulsted conduc—

tors snd cables

Electric assembly
units

Telecommunication
cables

Electric busbars,
csble channels

Bungsrisn Alwoiniue Corporstion
(MUWGALY)

K-1133 Budapest, Pozsonyi st 56
Wungary

ALUSULSSE
Feldeggstrasse &
Ce-8034 Zurich, Switzerland

Sumitowo Electric Industries Ltd.
Japan

Rungarian Alusiniue Corporation
(BUNGALD)

H-1133 Budapest, Pozsonyi ut 56
Bungary

Resesrch lInstitute of Electricsl
Engineering (VEIXI)

H-1168 Budapest, P.0.3. 233
Hungary

Vereinigte Metsllwerke
Ranshofen-Beradorf
Ursniastrssse 2

A-1010 Wien, Austrias

Rungsrian Cable Works (M3M)
H-1117 Budapest, Budafoki ut 60
Rungary

Hungarian Cable Works (MKM)
H-1117 Budapest, Budafoki ut 60
Hungary

ALCAN Led.

Dufourstrasse 43,
Zurich, Switzerlend

Allgemeine Elektrizititsgesell-
schaft (AXG)

Bebelstrasse 24

D-7 Stuttgart, FRG

Electric Equipment and Apparatus
Works (VBKM-EKA)

H-1457 Budspest, Fizér . 37-39
Hungsry

Southwire Company
Fertillas Street

P.0.8. 1000, Carrolton
Ceorgia 30117, USA

Hungsrian Aluminium Corporation
(RUNCALU)

#-1133 Budspest, Pozsonyi ut 56
Hungsry

Székesfehérvir Light Metsl Works
#-8001 Székesfehérvir
Adonyi u. 64, Hungsry

Balsssagysrmst Metalworking
Enterprise

U-2660 Balssssgyarmat
P.0.B. )0, Hungary

Llectrical Installation
Enterprise (VIV)

H-1400 Budspest, Sip u. 23
?.0.8. 67, Hungary



Product/techaology

Source

SF6 insulated
switching equipment

Transformers

Capacitors

Lighting fixtures

Deep-drava light-
weight contsiners

Welded containers

Collapsible tubes
for toothpaste etc.

Containers with

stesmped base One Union Nationsl Place
Little Rock, Arkansss 72201 UNIDO/100.318 Select snd Annotsted Bidliography
Usa on Alusinius Metal Processing and
Use
Beversge cans Pechiney Ugine Kuhlmann (Prepared and published by the
France Hungarisn Central Technical Librery
snd Documentstion Ceatre
Cas cylinders Alusinium Ware Factory TECHNOINFORM)
H-1142 Budépest
Erzsébet kirklyné utjs 37-61 UNIDO/10D.320 Select and Annotsated Bibliography
Hungary on Alumins
(Prepsred and published ss above)
High-pressure tanks Scanaluminium Vika
Oslo, 1. P.0.B. 1857 UNIDO/10D.321 Selact and Annotated Bibliography
Norway on Prissry Aluminius Metsl
(Prepsred and published as above)
Storage snd trans- "April 4" Machine Works
port cans ([:rili- &4, Cépipsri Mivek) UN1IDO/10D.335 The Econowic Use of Aluminium
H-6100 Xiskunfélegyhéza (Based on Hungarian Experience)
Csfni ut 2, Hungsry
UN1DO/10D.363 The Developeent of Aluminius Sales
Barrels, smsll Hungarian Aluminiue Corporstion up to 1990 (Analysis and Forecasi
contsiners, psllecs  (HUNGALUD) of the Aluminium Consumption in
H-1133 Budapest, Poseonyi ut 56 Selected Merkets and Industries,
Huagsry conducted by s working tesm of
PROCNOS AG, Basle, Switserlsnd)
Seer and drink Aluminiue Co. of Awerics
boxes 1501 Alcoa Building UNIDO/10.512 Status of the Semi-Producte
Pittsburg, Ps. 15219, USA Aluminive Industry in Some
Developing Countriss
Cans CEBAL, Paris 8¢
47 rue de Moncesu, France UN1D0/10,561 Present and Future of the Aluminium
Industry in the Arab World
Karges-Hammer Maschinen Gabi
Frankfurter Str. 36 UNIDO/10.563 Manufacture of High Alumine

BBC Aktieagesellachaft
Browm~-Bovery, Postfach 85
CH-5401 Rademn, Switzerland

Ganz Electrical Uorks
#-1525 Budapest, Lovdhiz w. 39
P.0.B. 63, Mumgary

Csepel Transformer Fesctory
B-1751 Budspest, P.0.B. 72
Bungary

Transformatoren Uniom, A.GC.
Katzwvanger Strasse 150
Niraberg, FRG

Westinghouse Electrical Company
Shargom, Pa. 16146, USA

Mechanical Works
#1502 Budapest, P.0.B. 64

Rungary
GIPROCVETMET, Moscow, USSR

Electrical Equipment and
Apparatus Works VBKM-EKA

H-1457 Budapest, Fizér v. 37-39

‘Hungary

R. Rosch GebH, FIG

VEB Transformstorenwerk, GDR
Sumitomo Aluminium Seelting
Co, Ltd.

7-9-2 Chome, Nihonbashi
Chuo—~ku, Tokyo, Jspan

Reynolds Metals Co.

Brsunschveig, 330, FRC

Product/techaology

Source

Bottle closures

Collapsible tude

Solar energy
technology

Pino-VYerschluss GabH XC
Gesstrasse 129, ltzehoe, FRGC

CEBAL, Paris 8¢
47 rve de Monceau, France

CHEMIMAS
B-1103 Budapest, Moszlopy ut 1
Hungary

Sumitomo Light Metal Ind. Ltd.
Japen

Développement des Applications de
1'Eaergie Solaire

F-75016, Paris 28,

rue de la Soure

France

Phenol Engineering S.A.R.L.
Av. de Lsttre de Tassigny
69 330 Meyzieu, France

Any msmwoth company (Pechiney, ALCAN, ALCOA,
ALUSUISSE, Reynolds, Ksiser, Moctecstini) and also
the Huagarian Alusiniue Corporation (HUMGALU)
together with ALUTERV-FKI, its engineering and
development centre possess kaov—how concerning
technologies for semi-production of different kinds,
such as rolling, extrusion, extrusion press, forging,
casting and special techmologies for finished goods
such as welding, surface trestment in the sluminium

industry.

(Excerpt from UNIDO document (I0/601),

17 October 1984, Aluminiom Production and Use in

Developing Countries with Special Emphasis on the

Manvfacture of Aluminium Semis and Finished

Products;

conducted by & working tess of

Awrnv-nt Budapest, Hungary.)

United Nations and UNIDO reports on slusinium

Products ~ Basic Inforsmation




UN1DO/ 10. 586 Design Study of an Aluminiuve

Extrusion snd Anodizing Plant
UNIDO/10.601 Aluminive Production and Use in
Developing Countries with Special
Emphasis on the Manufacture of
Aluminium Sesis and Finished Products
ID/WG . 446/6 Development Trends in the Alumina
Productions
uN1DO/10.619 Guidelines for Processing Aluminium
Semi-Fabricated Products
UN1DO/10.621 Study on the Establishment of
Lsboratories for Aluminium
Semi-Fabricated Products
UNIDO/ID/324 The Economic Use of Aluminium,
Development snd Transfer of
Technology Series, No. 21

Development and Transfer of Technology Series No. 21

"The Economic Use of Aluminium™

United Nations Conference on Trade and Development:
TD/B/C.1/PSC/19/Rev. 1

“Studies in the Processing, Marketing snd Distribution
of Commodities” - The Processing snd Marketing of
Bauxite/Alumina/Aluminium: Aress for internstionsl
co-operstion

UNIDO meetings on aluminium

1981 Workshop on Centres for Metallurgical

7-11 Dec. Research and Development, Jamshadpur,
India

1983 Group Training on the Production of

24-26 Oct. Alumins from Bauxite with Special
Ewmphasis on Energy Conservation
Technologies and Environmentsl Aspects,
Budapest, Hungary

1985 Expert Group Meeting on Restructuring of
18-21 March the Non-ferrous Metals Industry, Vienns,
Austris

Tvo tentative dates for 1987:

13-26 Feb. Expert Group Meeting on Strategies and
Policies of the Non-Ferrous Metals -
Alusinium, veorgetown/Guyans or
Vienna/Austris

April The Globsl Preparatory Meeting on the
Non-Ferrous Metals Industries,
Vienna/Austris

UNIDO Consultation on Non-ferrous Metals to be held
in Budapest, Hungary

30 November - & December 1987

(1) Furthering the processing of non-ferrous metals
in developing countries

(2) Selection of technological slternatives in the
non-ferrous metals industries adequste for
developing countries

(3) Pinsncisl constraint to develop the non-ferrous
metsls industry
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PUBLICATIONS

The Effective and Economic Use of the Special

Characteristics of Aluminium and its Alloys,
Proceedings of an Int. Conf., Institute of
Metals, Sept. 1982, pudlished by the lmstitute
of Metale, Londoa.

The VWorid Aluminium Industry, Vol. LI, published by
Australian Mineral Economics Pty. Ltd.,
Msrch 1982.

Handbook of Aluminiue, Aluminium Company of
Canada, 1961.

The Technology of Aluminium and its Alloys,
F.C. Varley, London, Rewvness-Butterworths, 1970.

Creep of Metals and Alloys by R.W. Evans and
E. Wilshire, ISBK 0504357597, published
1985, Institute of Metals, Subscribers
Services Dept., 1 Carlton House Terrace,
London SW1Y 5DB.

ZA Alloy Foundry Practices Guide (16 p), details
processing parameters, casting methods, and
performance properties of ZA-8, 12 and 27
zinc-sluminiuvm alloys. Eight processes are
covered. Zinc Institute Inc., 292 Madison Ave.,
Bev York, N.Y, 10017.

Aluminium Master Alloys Business Unit, Cabot
Corp., P.0. Box 1462, Reading, PA. 19603, USA has
published:

Alloy ratings. Bulletin MA-PD12 (4 p) outlines a
silicon phase modificstion rating system for the
structure of hypo-eutectic slusinive~silicon
casting alloys. System is based on dats
developed for sluminium alloy 356.

and also

Product Dats: KBI Aluminium Based Master Allovs
Ioformation on dats or brsod list of sluminius
based master alloys used by primary and
secondary sluminium producers ss gresin refining,
hardening sgents and special purpose slloys.
Prepared by metsllurgists and research and
development engineers.

Aluminivm Processing - Four-page bulletin lists
chemical trestments to clean, etch,
deoxidize/dessutt, and chroaste conversion cost
slusinius extrusions, sheet, snd csstings.
Processing techniques msy be spray washer,
imsersion tank, or vipe-on type. Industrisl
Chemical Products, 12801 Mewburgh Rd., Livonis,
Mich, #8150, USA.

Alloy Powders. Dats Sheet PM-1.3 describes four
Solocoat one-step, self-bonding powder slloys
for therwal spray wetslizing: two stainlesses,
sn sluminium bronze, and 8 Ni-Al-Mo
composition. Wall Colwonoy Corp.,

19345 John R. St., Detroit, Mich. 48203, USA.

Aluminium. Brochure (16 p) explains company’s
cspabilities in producing cold rolled
aluminium coils and cut-to-length sheets.
Alloys include the 1000, 3000, 5000 and 6000
series, in thicknesses ranging from 0.005
to 0.250 in. (0.13 to 6.4 ww). Aluminiue
HMills Corp., P.O., Box 1, Prairie View,

I11. 60069, USA.




Kaiser Chemicals has published a dev drochure oa its
slumins products snd technology. The brochure
is divided into six categories sccordieg to
specific grades of alumina. Charte sre
included, showing typicai chemwical anslyses and
the typical physical properties of each alumina
grade in the respective category.

Metals & Alloys in the Unified Numbering System, &th Ed.

HSJIX is s reference guide to more than
3500 metal sand alloy designaticns used by
individeal societies, trade sssociations,
government orgsnizations, producers and users.
Hardback, $90; paperbound, $78, from the
Society of Automotive Engineers (SAE),

Dept. 676, 400 Commonwesaith Dr., Warrendale,
PA. 15096, USA.

Aluminiue. Publications & Audiovisuals Guide (36 p)
Contains 130 publication titles and
audiovisual presentstions. Sections include
millproducts and castings finishing and joining
processes, and major markets such as
construction, packaging, and transportation.
For a free copy write to Aluminium Associatiom
Inc., 818 Connecticut Ave., M.¥. Washington,
D.C. 20005, USA.

Aluminium for Engine Applications — Iat. Congress and
Exposition, Detroit, Mich., USA, 28 Feb. -
4 Masrch 1983, Society of Automotive Eng.,
Warrendale, PA., USA, 1983, 61 p.

Aluminium: Profile of the Industry by J. Keefe,
WR. Berk., New York, HcGnFﬂ:.El, 1982, 201 p.

Fabrication of Composite Materials Source Book,
includes aslso articles on sluminium slloys
(American Society for Metals, Metals Park,
Ohio 44073, 1985, ISBN 0-87170-198-7)

Alusiniye—lithiom slloys III

Proceedings of the Third International
Aluminius~Lithius Conference orgsnized by the
Institute of Metsls at the University of Oxford from
8-11 July 1985.

Papers cover the fundamental mecallurgy of Al-Li
slloys, together with the production and processing
aspects. The mechanical properties and fabrication
parsmeters in comparison with existing serospace
alloys are empiasised as well as the requirements and
applications of the slloys for & = ‘rames and engines
in fixed wing sircraft and helicopters and uses in
other defence spplications. Book 358 280x210 mm
640pp, Casebound, ISBN 0 904357 80 S. Publ.

January 1986, The Institute of Metsls, Subscriber
Services D:partment, 1 Cariton House Terrace,
London SW1Y 5D8.

The following five titles of books were
taken from 8 catalogue of the Metallurgical Society
Inc., 420 Commonwesalth Drive, Warrendale, PA., 15066,
u

Aluminiue—lichium alloys II

Edited by T.H. Sanders, Jr. and E.A. Starke, Jr.

Proceedings of the Second International
Aluminius—Lithium Conference, Monterey, California,
12-14 April 1983, Herdback, 693 pages, illustrated,
index.

Signiticant sdvances in the study of Al-Li
alloys have slmost doubled the scope of this recent
volume, The 38 papers cover methode of alloy
preparation, effects on microstructure and
properties, superplastic deformation, fundsmentals of
physical metallurgy, weldabilicy., WNe and H cffects
on tracture, corrosion behavior, and other imporcant
topics, ISBN 0-89520-472,
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High-strength powder msetallurgy aluminium alloys

Edited by Michael J. Koczak and
Gregory J. Hildeman.

Proceedings of a symporius held at the lllth
AIME Annusl Meeting, Dallas, Texas,
17-18 February 1982. Havdback, 425 pages;
illustraced, iodex.

These 22 papers highlight fatigue and stress
corrosion cracking behavior of commercial
high-strength 7XXX sluminium powder metallurgy
slloy; development of emerging aluminium powder
wmetallurgy alloys; and exploratory resesrch directed
at developing lov-density Al-Li powder setallurgy
slloys. 1ISBN 0-89520-453-3

Thermomechanical processing of sluminiuw alloys

Edited by James G. Morris.

Proceedings of & symposium st the TMS-AIME Fgll
Meeting in St. Louis, Missouri, 18 October 1978.
Hardback, 233 pages, illustrated, index.

Houses 11 pspers examining the effects of
thermomechanical treatments on 8 broad range of
aluminium slloys. While basic effects and mechanises
are discussed, primary focus is on the response of
microstructural characteristics and specific
mechanical properties to various types of
thermomechanical trestments. ISBN 0-89520-354-5

High conductivity copper snd sluminium alloys

Edited oy E. Ling and P.W. Tsubenblat

Proceedings of s symposium at the 113th TMS-AIME
Annual Meeting in Los Angeles, Cslifornis,
26 Februsry - 1 March 1984. Hardback, 190 pages,
illustrated, index.

Presents up-to-date asterisl on copper and
sluminivm alloys in spplications requiring
conductivity. Composition, design and process
control are stressed to retsin high conductivity
wvhile achieving other desired properties.

ISBN 0-89520-479-7

Superplastic forming of structural alloys

Edited by N.E. Paton and C.H. Hamilton

Proceedings of symposium heid in San Diego,
Californis, 20-24 June 1982. Rardback, 440 pages,
illustrated, index.

Groups 19 papers emphasizing superplasticity
spplications rather than fundamental science. The
four major sections are: superplasticity, mechanisms
and charscteristics; superplastic materisls;
superplastic forming processes sand spplications; and
cavistion in superplastic fcrming. Alloys discussed
include titanius, aluminium, irom, nickel, and
superalloys. ISBM 0-89520-389-8

A technical dats sheet on "Alyminium -
1 per cent Magnesium Alloy Bonding Wire", which is
used extensively in cersmic packaged semiconductor
devices and can be supplied in dismeters ranging from
2.5 mil to 0.7 mil. The technical dats sheet
includes information on mechanicsl properties of the
material, tensile properties, quality control data,
dimensional tolerances, spooling specifications and
relsted required informstion. Hydroetatics, Inc.,
Bethlehem, Ps., USA,

Duramic Products Inc., 426 Commercial Ave,,
Palisades Park, NJ 07650 has published s six-page
brochure festuring a three-page chart listing
detailed electrical, physical, and thermsl
characteristics of 16 machinable cersmic materisls.




v

Included are various grades of slumine, sluminium
silicate, graphites, nitrides, machinadle glass
cersaic, and composite materials. Applications are
also discussed, ss are the the company's capabilities
in the design and manufacture of precision
normetallic parts. Bulletin 502-PD1.

and
Alumina fabrication

Precision fabricstion of imtricate parts snd
components is discussed in the 8-page Tecdnical Data
Sheet AX~3000, on aluwina cersmics. The material is
discussed in detail, and its cheracteristics are
covered individually. A full-page tsble lists
properties. Also covered are grain structure snd
design tolerances on machined alumina parts.

Rapidly solidified (RS) aluminium alloys - status and
prospects (130 pp; May 1383); Distridution limited
to Government Agencies; DTIC AD B058026.

A committee of the National Materisls Advisory
Bosrd (Nationsl Research Council, 2101 Comstitution
Ave., K.W., Washington, D.C. 20478, USA) has
conducted a study to evaluate the potentisl of
particulate (rapidly solidified) aluminium slloys for
8 broad vange of structural spplications. The study
included analysis of current experiemental and
near—term production alloys; selection of
representative target properties and analysis of
structural perforasnce in representative sircraft
systess; evaluuti-n of alternstive methods for
producing sheet, plate, extrusion and forging mill
products vith emphasis on approsches for processing
particulate directly to mill products; assesssment of
structursl fabrication snd assembly processes and
potentiai associated problems; reviev of the
metallurgical state of the art of these slloy
systems; and extensive examination of potcntial
spplications in sirerafe, wilitary, and space systems
and commercisl products. Significant conclusions and
recommendations sre prevented that identify the
future work required to support adequstely the
continued developwent of particulate sluminius slloys
and to ensure the eventusl availability of
large-scale production quentities of these alloys.

Esstern Alloys Inc., Box EA, Maybrook, WY 12543,
USA has published brochures on

Zinc-sluminium foundry alloys

Casting alloys fov gravity snd pressure die
casting are festured in this comprehensive,
eight-page brochure. Comparison chart lists typicsl
casting slloy properties. Discussion covers alloy
characteristics, composition, design festures, cost,
selection, and process details. Separste charts
detail alloy comparison rstings and typical process
recomsendations, Other available litersture sre
listed. Bulletin ZACA/6M/MP/4BS.

and

Zn-Al casting slloys

High-strength tinc~sluminium alloys ZA-8, ZA-12,
and ZA-27 are the subject of s 6-page foldout
brochure. The slloys are described, snd their uses
sre discussed briefly. Typical properties are
listed. A nusber of representative parte sre
illustrated and discussed.

Zinc-aluminiue die-casting slloys

Hetallurgy and energy requirements sre tvo of
seversl topice discussed in s 16-page brochure on
ZA-8, ZA-12, and Z2..-27 ginc-sluwinium die-casting
slloys. Also covered sre performance factors,
weight, strength, hardness, bearing charscteristics,

- %3 -

and wear resistance. Processing is discussed.
Aluminive Seelting & Refining Co. Inc., Certified
Alloys Co., 5463 Dunham Rd., Maple Heights, OH 44137,
USA.

Zn-Al foundry alloys

Three zinc/aluminivm foundry alloys are covered
in 8 12-page, full-colour brochure. Compositions and
sdvantages of the slloys sre discussed, and tables
list physical and mechanical properties. Recommended
foundry practice is described. Pinishing, corrosion
resistance, machining, and joining are also
discussed. Photographs illustrate typical parts.
Cominco Ltd., 120 Adelside St. W., Toronto, Ontario,
Canads, K5H 1T1,

Aluminium casting alloys

Eight-page bdrochure presents data on gluminiuer—
alloy 390. Among topics covered are wetallurgical
charscteristics, physicel and mechanical properties,
and slloy charscteristics. Performance
characteristics are shown in graphicsl forw.
Processing information is slso provided. Aluminium
Smelting & Refining Co. Inc., Certified Alloys Co.,
5463 Dunham Rd., Maple Heights, OH 44137, USA.

Specifications on copper, brass, sluminium alloys

Booklet is & guide to government and
engineering-society specifications. It correlates
ASTM, SAE, AMS, ASME, Federsl, and Military
specifications vith the company’s own copper, brass,
bronze, and sluminium—slloy identification numbers.
Chemical, mechanicsl, and physical properties of
proprietary copper-base and sluminius slloys sre also
given. Catslog FM-4083, 36 pages, Mueller Brass Co.,
Port Huron, M1 48060, USA.

Sheet, Plate & Extrusions is s 24-page color
brochure showing & variety of products utilizing
slusinium sdvantages such as cost, light weight, and
ease of fadbricstion. Product sections include
hest-treatable snd nonhest-treatable wrought
aluminium slloys, sheet snd plate, snd extrusions,
including tube and pipe. Charts detsil product
availability, alloy snd temper designations,
mechanical snd physical properties, and end-use
applicetions., Mill Products Div,, Reynolds Metals
Co., Richmond, VA 23261, USA.

Guide to Selecting Carpenter Specialty Alloys
provides 31 pages of descriptions for s vide
selection of alloys. Individual sections highlight
stainless steels, high-temperature slloys, tool and
die steels, nickel copper slloys, valve steels,
bearing steels, special purpose alloy steels,
products for electronics, fine wire and ribbon
special slloys, and relsted products. Essy-to-follow
selection guide cstegorizes msterisls in terws of
corrosion resistance snd strength factors. Each
msterisl is listed vith chesical composition and
pertinent engineering facts. Csrpenter Technology
Corp., 101 W, Bern St., Resding, PA 19603, USA,

Permanent-sold sluminium casting

EZconomic advantages of using permancnt and
semipermanent mold castings are festured in this
spplicstions brochure. Topics covered include
replacement of assesbliss or joined components with
castings, design flexibility, complex shapes, snd
foundry production cspabilities. Brochure slso
includes 8 comprehensive table covering typical
properties and chsrscteristices of sluminium
permanent-wold cestings., 12 peges. Permsnent Mold
Castings Div., Alusinius Cospany of Americs,

2210 Hervard Ave., Cleveland, OH 44105, USA.

Aluminium Company of Americs, 1501 Alcoa Building,
Piccsburgh, PA 15219, USA hae published



(2) Aluminium plate, plate shapes

Form FO-4-14689 provides eight pages of detsil
on company’s capabilities to produce a variety of
sluminium plate and shapes. The development of
serospace alloys and the new aluminiue-lithium
alloys, CAD operations for programming
aumerically-controlled equipment, shape parameters,
and equipment for specific plate sizes are
discussed. Sections cover plate-making fscilities,
quality-control standards, and available sizes and
types of products. Two pages are devoted to
photographs of typical parts snd shapes. A compiete
listing of sales offices is included; and

(b) Alcoa Aerospace Capabilities which provides an
in-depth look at developments in aerospace alloys and
nev technology. | estured sections cover research and
development, new alloys and smaterials, plaant
production capabilities, forging operatioms, casting
production, extrusion/tube processes, and technical
innovations. Materisls section describes each alloy
in terms of developwent, performance, and
applications. Aluminjuw-lithiuvm alloys, wrought P/M
slloys, CU78 P/M alloy, snd 7XXX P/M slloy are
detailed.

Aluminium forging

Company’s 5,500-ton screw press for precision
forging of aluminium is featured in this four-page
capabilities brochure. Discussion covers
computer—controlled operation, close tolerances,
design refinements, and productivity gains.
Capabilities with machining, heat treating, presses,
quality control, and custom services sre featured.
Haltec Components, Box 190, Marine City, MI 48039,
USA.

Free literature oa: continuous premium quality
aluminium production made easy

Can be obtained through: Frank W. Schaefer,
Inc., P.O. Box 1508, Dayton, Ohio 45401, USA.

Metallurgical aspects of environmental failures,
Brisnt, C.L., . P. .
(Materisls Science Monographs; 12) 85-6908.

ISBN 0-444-42491~1.

Corrosion of metals. Stress corrosion
cracking. The effect of irradistion on the
properties of materials. Sensitization of sustenitic
nickel alloys. Corrosion and stress corrosion
cracking of sluminium alloys. Stress corrosion
cracking and hydrogen embrittlement of titanium
slloys. Subject Index.

The author emphasizes the metsllurgicsl sspects
of problems of environmental fsilures csused by
factors such as corrosion snd irrsdistion. It is
suitable as a text for an undergraduste level course
given to engineers, metsllurgists, or materials
scientists. Litersture references snd a2 subject
index are provided. The suthor is with General
Electric Corporation., For engineering libraries.

Alloy Thermo-Sorter

Alloy classification is nov msde easy with the
Alloy Thermo-Sorter, Model ATS-6044, being introduced
by Welker Scientific, Inc. of Worcester, MA, USA,

The ATS-6044 is a light-weight, portsble and rugged
instrument designed for use in a demanding industrial
environment, Part size or geowetry is not eritical,
so the Alloy Thermo~Sorter can identify or sort
alloys ranging in size from fine wire to large
girders., It is a fully non-destructive test that can
be used on precision bearing surfaces.
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Portable slloy, metals analyzer

A 12-page colour brochure froe Columbia
Scientific Industries describes the versatility o
this portable X-MET 840 metals and alloy analyzer in
identifying thousands of alloy types, with up to
100 stored in memory at any ome tiwme.

Specifications, features and upollcatxon exn-qlel for
this nondestructive, hand-held, microproc
sulti~element X-ray fluorescence analyzer sre
provided. Four different probes are available.

Aluminium: properties and physicalmetallurgy

Edited by John E. Hatch, Metals Park, Ohio:
American Society for Me=tals, 1984, 424 p. $70.
83-21338. ISBN 0-87170-176-6.

Constitution of alloys. Microstructure of
slloys. Work hardening, recovery, recrystallizationm,
and grain worth. Corrosion behavior. Aluminium
powder and powder metallurgy products. Index.

This volume is a revision of Volume I of the
three volume series Aluminium published in 1967 by
the American Society for Metals. Each chapter wss
revised by a tesm of professionals fros organizations
such as Kaiser Aluminium & Chemical Corp., the Alcoa
Technical Center, snd Alcan Internationsl. Includes
updated bibliographies, s list of contributors,
subject index, and alloy index. For science and
engineering colleciions in public, university, and
specisl libraries.

Aluminium windings list

Technical brief/price list presents pure cersmic
oxice trested anodized aluminium magnet wvire and
strip. Brochure explains unique performance
advantages over other resistive winding products,
pover capabilities, snd opersting temperature ranges
from 400 to 1,000°FP. Discussion also describes how
oxide film insulation structure iamproves om aun aging
curve, and how vindings are used on applications such
as CAT scasnners and lifting magnets. National
Ano-Wire Inc., 231 Diana Ave., Muskegon, MI 49442, USA.

A pocket guide to high performance slloys and
roduct forms 1s sn expanded chart of

ETEK:F:?TZ?;;nce alloys, stsinless steels, aand tool
and high-speed steels. Alloy grades and product
forms sre listed. Reverse side detsils available
processes, including electric furnace melting,
srgon/oxygen decarburization, vacuum induction
welting, vacuum are remelting, electroslag refining,
and consolidation by stmospheric pressure. 2-page
folder. Cytemp Specialty Steel Div., Cyclops Corp.,
Titusville, PA 16354, USA.

Hard alloy extrusion capabilities explains the
extrusion process in detsil, and provides data on
hard slloys, comparisons with other processes, and
company cspsbilities. Discussion covers hard alloys
in the 2000, 5000 sand 7000 series, plus other
avsilable materials for internstional
specifications, Emphasis is placed on metsl quslity
and sssurance, plant cspscities, snd R&D backup
systems. Several pages sre devoted to colour
photographs snd detsils of avaeilable products and
typical serospsce applicstions. Company services
slso sre described. 16 pages, Extrusion Tube Div.,
Aluminium Company of Americs, Box 7500, Lafsyetts,
IN 47903, USA.

Aluminius casting technology

296 pages, 15 chapters, 2 sppendices,
8 1/2 x 11 in., Casebound. More then
250 illustrations.




Contains festures of mazimum bemefit of
producers, researchers, and students including:

. GCenersl and specific design recommendations
for all casting sethods

. Complete descriptions of primary and
secondary slloys, including cestadility,
mschinsbility, weldsdbility, finishing,
corrosion resistance, snd thermal tresctment

. Extensive, comprehensive chapter on
wetallography vith disgnostic photowmicrographs

. Numserous defect checklists

. Discussions of the advantages and
dissdvantages of each casting method

. Examination of nondestructive and destructive
testing

. Special sppendices of Aluminium Association
alloy designations sand sge, tempersture, and
time curve charts.

Publicstions Department, American Foundrymen's
Society, Inc., Golf & Wolf Rds., Des Plaines,
IL 60016-2277, USA.

Aluminium casting technology is s comprehensive
text, handbook and operations manusl covering all
phases of technology, processes and operstions for
the casting of sluvminium alloys. This completely
revised and expanded version of the fomer Kaiser
Alusinius Handbook is the only such reference
svailable that can serve the foundrysan as & total
operations guide to the production of quality
aluminius castings. 400 pages; casebound; order
No. NF8501; $40 AFS members, $80 non-wesbers.
Contact: American Foundrymen's Society, Isac.,
Publicstions Sales, Colf & Wolf Roads, Des Plaines,
IL 60016-2277, USA.

Corrosion, failure snalysis and metsllography
presents the proceedings of the 1/th Amnual Technical
Heeting of the International Metallographic Society,
co-published by ASM and IMS. The 39 published papers
include such topics as the aspects of wicrohardness
testing and its applicstions ss well ss s wide range
of physicsl wetsllurgy, microstructursl snd
metallogrsphic topics concerning stainless steels,
sluminium, zirconium, irons and steels, thoris fuels,
dents] smslgass, nickel-solybdenums snd vansdiue.
Also covered are corrosion probless snd fsilures of
materials ranging from semiconductors to s tantalus
heat exchanger. Emphasis is on fractographic
procedures. 628 pages; order No. 6362; $49.60 ASH
menbers, $62 non—members. Contact: ASM
Member/Customer Service, Metals Park, OH 44073, USA.

Alumina-silics castables brochure availsble

C-L Refractories has issued s nev brochure
covering the company'es complete line of
slumina-silics csstables and gunning refractories.
This 12 page, four colour brochure provides
installstion recommendstions, product specifications
snd other technicsl dats relsting to this product
line.

Informstion contsined in this litersture spplies
to the use of castables and gunning refrsctories in
steel, foundry, aluminius, HPI power generstion, rock
products snd other industrisl applications.

C-E Refractories manufactures a brosd line of
slumina-silics end bdasic refractory specialities and
cersmic fibre products.
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180 (Internatioccsl Orgenitation for Standardization,
Case Postale 56, CH-1211, Gendve 20, Suisse)

Handbdook 30

Non-ferrous metals

ISO has published many Internstional Standards
for non-ferrous metals and non-ferrous setal
products; they provide the standardizstion
requirements for internstional communication and
trade involving the most isportsnt wetsl products
other than iron and steel. Wetsls dealt with in the
nev 1SO Standards Handbook )0 Non-ferrous metals,
about to be published are alwminium, copper,
wmagnesium, wickel and zinc. The standards apply to
the crude metals and interwediate stages up to
semi-finished products as supplied to indust.y and
include classification, terminology, chemicsi
snalysis, test methods, specifications, dimensions
and tolerances.

The handbook is in four parts, presented in one
volume:

Part 1 Aluminius, magnesius and their slloys
Part 2 Copper and copper slloys

Part 3 Mickel snd nickel alloys

Part &4 Zinc and zinc alloys

They represent the complete work of four 1SO
technical cosmmittees, ISO TC 18 Zinc snd zinc slloys,
IS0 TC 26 Copper and copper slloys, 1SO TC 79 Lighet
wetals and their slloys (s collection which slso
deals with snodising and includes standards on
magnesium) and ISO TC 155 Mickel snd nickel slloys.

Standatds for mechanical. testing of non-ferrous
wetals are to be included in a future handbook to be

devoted exclusively to that subject. (Source:
1SO Bulletin, July 1986)

FUTURE MEETINGS - PAST EVENTS RELATING
TO MATERIALS

1985

9-12 Sept. 5th Int. Symposium on Extraction
Metallurgy, London. Institutios of Mining snd

Metsllurgy, London.

18-20 Sept. Secondsry Aluminius Meeting, Turia,
Ictely. Metsl Bulletin Inc. Nev York.

5-7 Mov. Materisle Engineering, Exhibition and
Conference, London. Sponsors were:
The Institue of Mechsnical Engineers
The Institute of Cersmice
The Institute of Metsls
The Plastics snd Rubber Institute
The Materials Forum

The "New Msterisls Exhibition ‘85" was held from
28 to 31 October 1985 in Sunshine City, Ikebukuro,
Tokyo. The theme of the exhibition was "The Meeting
of Needs snd Seeds”.

Modern materisle and high-perforwence producte,
together with various relsted equipwent, were
displayed, and inforsstion oo the stscte of
development of these nev msterisle, their technicsl
standards and future outloook were handed out.

The items on display in the field of fine
carsmice included zirconis, silicos carbide, slusina,



gallivm srsenide, as well as borom products, optical
fibres, rare-esrth elements and electronic
wsterials. On display in the field of new metallic
materisls were gsilicon msterisls, amorphous
materisls, shape sewmory alloys, hydrogen storing
alloys, ultra fine powder metals and superalloys,
such as titsnium. Composite msterials included
PAN-bssed carbon fibres, pitch-based carbon fibres,
alumina fibres, steel fibres, alamide fibres and
other fibre waterials.

In the field of high polymer materials,
engineering plastics, photosensitive resiuns,
electrically conductive resins, water absorbing
resing, ion exchsnge resins, high-performance
separstion membranes, etc. were displayed. Equipment
included nev material manufacturing equipment, vacuum
hollow molding equipwent, super uniform pulverization
equipment, high-pressure/explosion pressure wolding
machines, pressure vapour deposition equipwent,
chemical vapor deposition equipment, thin membrane
production equipwent, injection molding machines,
structural analysis/material designing equipment,
material property testing/snalysis equipment,
non~destruction inspection equipment, and CAD/CAM
systems for material design.

The exhibition vas sponsored by Nihon Keizai
Shimbun, Inc., and the Federation of Mev Materials.

1986

16-18 Feb. Monterey, California, USA. The Outlook
for Injection Molded and Sintered Ceramic. Metal
and Cement Components.

17-18 Feb. From France and England, Canada, Mexico
and the US, sluminium foundrymen united inm
Southern California to discover nev technological
sdvancements in aluminium processing. More than
200 people participated in AFS's two dsy
International Molten Aluminium Processing
Conference. The Conference included
25 presentations, covering topics such ss selt
constitution, grain refinewent, thermsl analysis,
alloy modification and filtration.

25-27 Feb. Industry-University Advanced Materials
Conference, Golden, Colo. Advanced Msterials
Inst,, Colorado School of Mines, Golden, Colo.
80401, USA.

17-20 March, Birminghss, UK. 8th Materials Testing
Exhibition and Congress.

17-22 Masrch. In co-operation with the Geologicsl
Society of Jamsica, Metal Bulletin organized the
International Bauxite Symposiuam VI. Entitled
"Technological Innovations in the Bsuxite/
Alumina/Alumin.'m Industry and Their Market
f:gact“. The syaposium brought to Kingston,
Jamaica, representatives of the industry from
around the world. Included in the presentations
wvere papers from Alcan, Kaiser Aluminium, Gerald
Metals and others desling vith the problems and
opportunities of the industry today. Financing
the modernizstions of the production facilities,
finding a balance to the rswv materisls oversupply
probles and the promotion of new uses for the
metal was addressed at the symposium,

(Brisn Nolk, Metal Bulletin Inc., 708 Third
Avenue, New York, NY 10047, USA)

7-11 April, San Diego, Calif. USA. Internationsl
Conference on Metallurgical Costings (Naval Res.
Lsb., Code 6675, Washington D.C. 20375, USA)

9-16 April, Hsnnover, FRC. Naw Materisls '86
Hannover Tsirs USA, Inc. P.O. Box 7066,
103 Carnegie Center, Princeton, NJ 08540, USA

16-17 April, Liibeck, PRC. Second Internstionasl
Congress on Cersmic Msterials and Components for
Engines.
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15-16 April. The Spring Meeting of the Materials
Research Society, Palo Alto, California, USA.

18-21 May, Boston, MA, USA. 1986 Annual PM
Conference and Exhibition (Metal Powder Industries
Fed. snd Americsn Powder Metallurgy Inst.,
Princeton, MJ., USA)

20-23 May, Gottingen, FRG. Hauptverssmmlung der DGM
(General Meeting of the German Society of
Metallography) Deutsche Gesellschaft fir
Metallkunde, Ardensuerallee 21, D-6370 Oberursel 1.

22-23 May, Wuppertal, FRG. Seminar Wirtschaftliches
Uaformen von AluminiuverStrangpressen (Sem. of
economical recasting of Al-Extrusion press)
Technische Akademie, Wuppertal, FRG.

26-30 May, Trondheim, Norway. 5. Iat. Kursus
Prozessmetallurgie Aluminiuve (Fifth Intcrnational
Course of Metallurgy Processing of Aluc:.ium).
Institute of Inorganic Chemistry, Trondheim,
Norvay.

26-30 May, Balatonfiired, Hungary. Fourth
International Conference on age-hardenable
Aluminiom Alloys. (Orgacized by Metal Physics
Group, EStvos University, Budapest, Hungary.)

27-30 May, Cleveland, Ohio, USA. Internationsal
Conference on Composite Interfocus (M. Ishide,
Dept. of Macromolecular Science, Case Western
Reserve University, Cleveland, OH 44106, USA)

10-13 June, Beijing, People’s Republic of Chinas.
International Symposium on Composite Materials and
Structures.

12-18 June, Beijing, WELDEXPO °'86 (Organized by China
International Convention Service Ltd., and China
Council for the Promotion of International Trade)

15-20 June, Charlottesville, USA. International
Conference on Aluminium Alloys. (Sponsored by
University of Virginia and Al. Assoc.,

818 Conneticut Ave., NW, Washiagton, DC 20006, USA)

17-19 June, Atlantic City, NJ, USA. Ples-Tech ‘86
Conference on high-tech materials such as eng.
resins, slioys, high-streangth composites,
multi-resin structures, liquid crystal polywers
(Delis Assoc., Whitehouse, WJ, USA).

19-24 June, Diisseldorf, FRG. METAV '86. The Market
for Metalworking, Exhibition for Manufacturing
Technology, Automatio~ and New Materials.

23-27 June, Milan, Italy. World Congress on High Tech
Cersmics.

24-26 June. Advanced Materials '86. The event
combined exhibition, conference and sesinars and
wvas staged st the Wembly Conference Centre in
London. (Pam Howard, Online Int., Londoa, UK)

2 July, Rolls-Royce, Derby, UK. High temperature
alloys. (Organized by the Inscitute of Metals,
London)

7-11 July, Diisseldorf, FRC. International Conference
on Powder Metallurgy. PM '86 Conference and
Exhibition

8-12 July. Impact Dynsmics of Metals snd Composites,
Los Angeles, CA. UCLA, Dspt. of Engineering end
Science, P.0. Box 24901, Los Angeles, CA 90024 USA.

17-18 July, Aachen, FRC. Second Seminsr on Steel-Raw
Materisls Technic. (Instituc fiir
Lisenhiittenkunde, Aschen)

17-21 August. Centre de Recherche Norands,
Internacionsl Symposiue on Zinc Aluminium Casting
Alloys, Toronto, Canada.




19-21 August. Conference on Nondestructive Testimg
and Evaluation of Advanced Materials and
Composites, Colorado Springs, CO. Contect: US
Air Force Acadewy, Colorsdo Sprimgs, CO, USA.

25-29 August. lnternational Sywposiue on Engineering
Applications of Mev Composites. Patras, Greece.
S. A. Paipetis, Dept. of Mechanicel Engineering,
University of Patrss, Patras 260 DI, Greece.

8-9 September, Berne, Switzerland. SYMATEC.
1 Int. Kongress fiir Werkstoff- und Schichttechnik
(1st Congress on rav msterials and leswinated
plastics). Berner Handelskasmer,
Gutenbergstrasse 1, CH-3001 Berne, Switzerland.

9-11 Sept., Tokyo, Japan. ZIRCONIA *86. The
cersmic Society of Japan.

16-17 Sept., San Francisco, Calif., USA.
Fourth Int. Aluminium Congress (Metal Bulletin
Inc., 708 Third Ave., New York, N.Y. 10017)

15-19 Sept. London. Engineering with Cersmics
(Institute of Cersmics).

16-18 Sept. Guildford, UK. IPC Second Internationsl
Conference on Testing Evsluation and Quality
Control of Composites. (IPC Science and
Technology Press, Guilford, UK)

21-25 Sept. World Congress III of Chemical
Engineering will be held st the Keio Piaza Hotel
in Shinjuku, Tokyo, Japan. (AICKhE Co-ordinstor:
Dr. Ralph A, Buonopane, Northesstern University,
Dept. of Chemical Engineering, 360 Huntington
Ave., Boston, MA 02115, USA).

Technical sessions are planned for the following
aress:

1. International Co-operation: s. International
Co-operation in the Field of Chemical Engineering; b.
Technology Transfer.

2. Economic and Technological Outlooks:
s. Econowmic Outlook for the Chemical Industry in the
1990s; b. Technologicel Prospects for the Chemical
Industry in the 1990s.

3. Management and Marketing: s. Management and
Uncertainty Analysis; b. Research snd Development
Strategy; c. Marketing; d. Manufacturing
Productivity in the Chemical Industry.

4, Engineering Education: a. Universicy
Education, Continuing Educstion and In-house Trsining
Programmes; b. The Impact of Computer Developments
on Cehmicsl Engineering Education.

5. Chemical Engineering in Mewly Developing
High Technology Fields: as. New Materisls Including
Cersmics; b. Robotics in the Chewmical Industry;
c. Scope of Chemicsl Engineering in the
Microelectronics Industry; d. Novel Processing in
the Chemical Induscry.

6. Energy ond Resources: a. Energy
Conservation snd Anslysis; b. Cosl and 0il
Utilization; c. Reneveble and Alternste Energy;

d. Therwmsl Energy Storage; e. Topics in the Nuclesr
Industry; f. Energy Efficient Chemical Processes.

7. Pundsmentsls: s. Physicsl Properties, Phsse
Equilibris snd Thermodynsmics; b. Rheology and Flow
of Fluids; c¢. Hest Trenefer; d. Mass Transfer.

8. Unit Operstions: a. Eveporstion;
b. Drying; c¢. Distillation; d. Gas Absorption;
e. Extraction snd Lesching; f. Adsorption; g. lTon
Exchonge; h. Crystsllizstion; i. Powders and
Aerosol Properties snd Powder Technology;
j. Solid-Liquid Separation; k. Membrane Technology;
1. Mixing snd Agitstion; w. Fluidization.

- 87 =

9. Resction Eagimeering: a. Reactiom Rimetice;
b. Reactor Desiga; c. Catalysis.

10. Biotechmology: o. Diocengineering and
Bioreactor Design; b, Food Processimg; c. Biowedical
Engineering; d. Genetic Engineering.

11. Materisls: a. Materials sod Their
Applications; b. Corrosion Control and Prevention;
¢. Solid Polymer Processing.

12. Computer Applications in Chemical
Engineering: a. Modelling of Process Systess;
b. Enovledge Engineering; c¢. Computer Aided Design;
d. Process Coatrol.

1). Eavironmental Chemical Engineering: e. Waste
Water Treatment; b. Air Pollution Coatrol. c. Seolid
Waste Dispossl; d. Control of Toxic Substances and
Clesn-up Techniques; e. Monitoring and Information
Systems for Pollution Control.

14, Safety in Chemical Plants: s. Risk sod
Benefit Anslysis; b. Predictive and Preventive
Means; c¢. Techniques in Process Safety.

15. Others.

23-25 September. Cleveland Institution of Engineers,
Midd]lesbrough. Second Autumn Meeting of The
Institute of Metsls including a conference on
materials and their fsbricstion for energy and
chemical process plant. Inst. of Metals, London/
The Clevelsnd Institution of Engineers.

29 Sept. - 3 Oct. Testing and Inspection of
Cosposite Msterials, Davos Congress Centre,
Svitzerland. (Continuing Educstion Institute for
Europe, Rirstorpsvigen 5, S-612 00 Finspang,
Sweden; phone +46(0122)17570; Telex 64all
CEIEUR S.)

&4-9 Oct. ASM Materiasls week, Orlando, Florida, Usa
(Awerican Society for Metals, Metasls Psrk, Ohio
44073, USA),

5-9 Oct. ASM Joining of Light Materisls Sysposiuva.
The Symposium on Joining of Light Materisls wvas
held during the ASM Msterisls Week, 5-9 October, in
Orlsndo, Fl. Featured topics covered processing
and saterials sspects of light slloys and
composites, fracture behivic:, corrosion,
solidificstion, process control, and applications.
Complete detsils are available from the American
Society for Metsls, Metsls Park, OH &4073.

6~9 Oct. Third Conference on High Tempersture Alloys
for Gas Turbines and Other Applications, 1986
(Lidge, Belgium, Centre de Recherches,
Mécallurgiques "CRM™)

6-10 Oct. '86 Internstions! Cersmics Conference in
Limoges, France (Conseil régional du Limousin,
Limoges)

14-15 Oct. Weshington, DC., USA. Internationsl
Symposium and Workshop on Sulphur Concrete - A New
Construction Materisl (Jointly sponsored by US
Buresu of Mines, The Sulphur lascitute).

20-22 Oct. 1986 Powder Metallurgy Group Meeting (The
Metals Society Loadon).

1)-15 Nov. Speciality plastics conference '86. This
conference has sdopted "11dPE, vidPE and polar
polyethylene markets snd econosics” ss ite theme.
Topics to be discussed centre around specislity
spplications for 114PE, v1dPE, polsr EVA, EBA and
acid copolymers. A discussion of future markers
for epecislity v1dPE, 114PL and other ethylene
copolymers in Japan, Lurope and the US will close
the conference. For further information contact
Masck Business Services, CH-B80L, Au, Zurich,
Switzerland,



25-27 Nov. Materisls Eagineering "86 (The Plastics
snd Ewbber Institute, Lomdos).

1-5 Dec. Materials Research Society Fall Meeting im
Bostoa, MA, USA. (Materials Res. So., Pittsdurgh,
PA., USA).

15-19 Dec. Engimeering with Ceramics, Iastitute of
Ceramics meeting, London.

1987

18-21 Jau, 1llth Asnuzl Couference oa Composites and
Advauced Ceramics. (Eagineeriag Cersmics Divisiom
Meeting), Cocoa Beach Niltoa, Cocoa Besch, FL.

21-23 Jan. Coanferemce om Composite Materiasls
(Spousored by Advanced Composites Workimg Group,
in Co-operstion with DoD ssd MASA), Cocoa Beach
Hiltom, Cocos Beach, FL.

2327 Fed. 3Ird Internstional Coanferemce om
Ultrastructure Processisg of Cersmics, Glasses amd
Composites, Catamarss Resort Hotel, Ssm Diego, CA.

25-27 Fed. Umiversity—Industry Advaaced Materials
Counference, Colorsdo School of Mises, GColdea, CO.

6-9 April. Advanced Materials Techmology ‘87,
Anshein Convention Ceater, Ansheim, CA.

7-9 April. Conference on Electric Meltiag of
Aluminium, Copper snd their Alloys. University eof
Aston in Birminghss. (The lastitute of Metals,

1 Carlton House Terrace, Loodom, SW1Y 5DB).

11-15 Msy. MATERIALS ‘87, Institute of Metals,
1 Cariton Rouse Terrace, London, SW1Y 50B. Withia
the broad field of meterisls engineering, this
internstional conference and associsted technical
exhibition wili bring together sciemtists,
technologists, and engimeers concerned wvith the
use of materials processing for the coatrol of
structure aod properties.

A major aim of the conference is cross~
fertilizotion betveen the different fields desling
wvith metals, ceramics, polymers, composites, and

electrosic saterials. Attestios will be focused
oa fuadsseutal coamsiderations of structure sod

property comtrol ss well as the techmologicsl
sspects of materiales process eagimeering.

17-22 May, Tokyo, Nippon Toshi Cemtre. World
Coaferesce on Advanced Materisle for Insovatioms
in Emergy, Traasportation, and Commuaications
(Co-spoasored by Iaternatiosal Union of Pure and
Applied Chemistry; the Sciemce Council of Japam
and The Chemical Society of Jspan).

22-26 June. 8th Intermatiomal Light Metals ress,
Iastitut fur Meta Werkstolfprutung
Moatama Universitdt, A-8700 Leoben, Austria. The
main topics is the field of properties and
materisls science are: physical setallurgy aed
metallograpdy of alwminium; solidificatioa;
structures sod propecties; strength and
toughness; fatigue and fracture behavior;
formability, including superplastic behavior;
ctherwo—mechanical treatment; corrosion, surface
sod surface treatmest; and mev light oetal slloys.

In the field of memufacturing and processisg,
the szin topics imclude: the Bayer process;
electrolysis of alumins iscludiag anode
manufacture; sltermative extractiom techamiques;
melting treatwent; ingot casting; production of
senis by forwming; forming techmiques; secondary
sluminius production, imcludiag treatment of scrap
and dross; alusinium om ite wvay iato its second
ceatury, incleuding nev applicastioms, prisarily im
the avistion, space, sstomobile snd engineering
industries, packaging, electrical eagineering snd
electromics; snd slomimium and the eavironment.

18-20 August. The Materials Engineering and Sciences
Division of ALChE is spomsoring the Couference om
!.egis Technologies in Materials at the Downtows
Holiday lon 1n Minneapolis, Miann., USA. Progrsame
Co-Chgirmen: C. Thomss Sciamce, Dupont Co.
Experimental Ststiom Bldg. 304, Wilamiagton, Del.
19898; Christopher J. Durning, Dept. of Chem. Eng.
and Applied Chemistry, Columbis University,

New York, NY 10027. The technical progremme will be

divided into five aress: cosposites, electromics,
ceramics, polysers and membranes, and metals.
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Advances in Materials Technology: Momitor
Reader Survey

The Advances in Materials Technology: Moanitor has now been published since 1983.
Although its mailing list is continuously updated as new requests for inclusion are
received and changes of address are made as soon as notifications of such changes
are received, I would be grateful 1f readers could reconfirm their interest in
receiving this newsletter. Kindly, therefore, answer the questions below and mail
this form to: The Editor, Advances in Materials Technologv: Monitor, UNIDO
Technology Programme at the above address.

Computer access number of mailing list (see address label):
Name:
Position/title:

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?

How many issues of this newsletter have you read?

Ogtional

Which section in the Moni . is of particular interest %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?

.

Is your copy of the Monitor passed on to friends/colleagues etc.?

Please make any other comments or suggestions for improving the quality and
usefulness of this newsletter.
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If you would 1like to receive {ssues of the Advances in Materials Technology:
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Readers’' comments

We should sppreciste it if readers could take the time to tell us in this
space vhat they think of che 7. fissue of Advances in Materials Technology:
Honitor. Comments oo the usefulness of the information and the way it has been
organized will help us in preparing future issues of the Monjtor. We thank you
for your co~operation and look forvard to hearing from you.






