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SWMARY
Introduction
In view of the high tensile properties obtainedl»? en aluminium
alloys of nauinal composition 3% of magnesium, 1% of manganese and T;
of zinc in the wrought and heat treated condition, it was oonsidered
desirable to ascertain the cffects of wide variations in the magnesium
and zino contents on the tensile propertiecs and microstructurc.

Range of Investigation

Thirtyone alloys were preparvd with magnesium contents in the
range 0.86 to 455%, mangancsc contents from 06956 to 1.12% and zinc
contents from 2.88 to 12.7%  Cast billets were forged to § inch
sguare bar and tensile tests were made in the fully heat treated
condition. The materinls were microscopically examined in the cast,
as forged and forged and fully heat treatoed eonditions.

Conclusions

For a given percentage of magnesium, the values of 0.1% proof
stress and ultimate tensile strength incruased steadily te a maximum
with increasing zinc content while tho elongaticn value decreased.
Similarly for a given percentage of zinc, increascs in proof and
ultimate stresses were obtained for an increase in the magnesium contente
The relationship betwsen the diamond pyramid hardness and tensile
strength of the alloys was linear.s A4 possible thecretical relationship
between tensile strength and composition is discussed.

Values for the 0.l proof stress, ultimato stress and elongation
for the alloy containing 2% of magnesium and 11% of zinc in the fully
heat treated condition were 37.0 tons/ine2, 40.1 tons/ine?and 63
respectively and for the alloy with L% of magnesium ard 11% of zinc,
40.k tons/ine?, Lhe5 tons/ineZ2 and 2% rospectively. Microscopiocal
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wimtion ¢f the alloy: us o . howed that the constitu-
tion of the alloys was ver t igh purity materials.

Further Develcopment

Further work is in hand to inclu 11 investigation of the
tengile, fatigue and stress—corrosion propertics of forged, extruded an
rolled material in an alloy containing 2 to 3% of magnesium, 1% of mangan-

€ 10 to 11% of zinc. Tho effucts of additions of chromium up tc
0¢5% on the tensile, stress-corrosion and working properties of a svlect
i * wrought alloys of high tonsile strength are being investigated.
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Introluction

It is well known that aluminium-ricl: alloys containing magnesium and
zinc possess high tensile properties in the vrought and heat treated oondi-
tions The strength properties obtained at R.A.E. on alloys ocontaining
about 3% of magnesium, 1§ of manganese and 7% of zinc and on an alloy with
3% of magnesium, 1% of manganese, 7% of zino and 0,5% of chramium, have
been reported.ls2,3s4 The constitution of the Al-Mg—gn—Z? poten has been
investigated by Dr. Hume~Rothery and his collabprators 06,' *° and the results
of microgcgsicial vxamination of alloys of this type have been reported by
ReA.E.2»7,10,11 o

In vivw of the vury high tensile properties which have been obtained
on the 33137 alloy both with and without additions of chromium, i1t was
desirable to ascertain the ¢ffects of variations in the magnesium and zine
ocontents on the tunsile propertivs and miorostructuree Thoe present report
glves the results of tensile tests of materisl in the forged and heat troated
ocondition of o suries of thirty on¢ alloys in the range O to 5% magnesium,

0 to 12K zinc, and contoining 15 of manganese together with small quantitics
of iron and silicon as impuriticse The miorostructure of the alloys was
examined in the cast, forged, and forged and heat treated conditions.

Since the initiation of this work, Spucification D.T.De 3634 Was
issued in March, 1944 t0 occver bars for machining and oxtruded sectiomns in
material whioh confomed to:the following range .of compositions

QopperT, up to 3«0
magnesium, up to Le0
mangancsu, up to 1«0
irom, up to 0s6
silioon, up to 0s6
nickel, nil .
zino, 4eO to 840
titanium, up to Oe3
chromium, h  up to L0
aluminium, ‘the remainders

1.




R.A.E. Report No. Mete7

The mininum tensile propertigs required by the Specification are a
..0s15% proof ptrcss of 33.0 tonz/in.“, o tensile strength of 38.0 tons/in.<
ind an elongation valuc of 5%, for scctions of thickneas between § inch
and 5 inches.

Experimental Procodure

A scries of alloys was prepared with compositions falling within
tkva LA Gl

magne A'.uha, } 1le0 to 5.0
zinc, 340 t0 12,0
manganesc, # le0

iron and silicon proesent imusitics onlys  The basic materials w
preparing these alloys were wll of good commercial quality. The chemical
anal yo e given in Table I and a 1ist of the nominal compositions of

the alloys investigated is given in Table II.

Chilled billets of sbout 4 pounds wedight were prepared; melting -
being carried out in a covered Salumander crucible in an clectric ‘regist-
ance furnsces  No difficulty was cxpericnced in preparing the alloys
provided that the nceoessary precautions were tnken to aveid undue loss
of magnesium and zince Full dotails of the preparntion, melting, casting
nd subscquent truatments of the alloys are given in Appendix I. The
forguability of the mutericls throughwt the whele range of the alloys
investignted was satisfactory and ramnrkably consistont.

Chemcinl compoasition

The compogitions of the o1loys investigated abe’ given in Tables
IIIn, ITTb, IIIc, and IIId. The magnesium content of the alloys is
within the rangc 0.86 to 4557, the munganuse content vdthin the ronge
0.96 to 1.12%, and the zinc content witnin the range 2.88 to 12077
An addition of from 0.0k to 0.06% of titanium wns made to all alloys for
grain refinement and improvod working properticsse  Iron and silicon were
present as impuritics only in all the =lloys, the average contents being
about 0. 33% and Os 4% respoctivelys

Hoat Treatment Experiments

Previous work®*¥ havin: shown that acaking for one hour at 495°C.
was satisfactory for alloys of this type, initial solution heat treatuent
exporiments were made at this tuapuraturce on alloys refurcnoe nos. 35:1:5,
33136, 331138, 331112, 4:1:6 and 5:1:12, where the nunbers rofer to the
nominal peroentage of magnesium, mangancse ard zinc respectively,

Although bars 331:5, 3:1:6, 311318 and 4:1:6 appeared to bc satis-
factory, superficial cxamination of bars 331:12 and 5:1:112 after this
treatment showed the presence of blisters and other signs of overheating.
Microscopieal examination of specimens of the 3:1:12 end 5:1:12 alloys
solution treated at 4759C. showed that foXmation of films and pools of
the ternary eutcotic, (a + Alp Mgy Znz), had ocourred which indicated
that this temperature wng above t?xe adlidus temperaturce for cach alloy.
golution treatment at 450°Ce however resulted in partial solution of
the. termary phase and a glopularisation of the ‘Mg2n2 and any undissolved
ternary, without the formation of further scparations of ternmary oonstit-
ucnt which would causce embrittlument of the materials Ceoling curves
were plotted for alloys 3:1:8 and 4:1:11. In these, a mmall arrest wos
noted in alloy 3:1:8 at 472°C. and a more marked arrest was evident in
alloy 4:1:11 at 476°C.




RensBe Report Nos Mete?

Swiall pieces ¢ ra 1:1:3, l:lsh, 3:1:3 A 2:1:5 re solution
heat treated at 520°C. for on: hour, quenched in cold water, and artificially
aged for 18 hours at 120°C. Microscopical examimation revealed nc sign
of overheating in any of these samples and no indication was cbtained from
Brinell hardness tests that the tensile properties of the materials treated
at 520°C. would bé superior to those after treatment at 4950C. It was
cvident, however, that as the zinc content was increased it was nsoessary
to lower the solution heat treatment temperature to avoid overheating,
and it was decided that all alloys with a zinc content of over 9j or ¢
total of magnesium plus zinc of over 12X should be solution treated at «
lower tempernture. A temperature of 4709C. proved to be satisfactory for
bars 181:10, 1:1:11, 2:1:10, 2:1:11, 3:1:10, 3:1:11, 4:1:9, 4:1:10 and
+s121l. .

Low properties obtained on a 5:1:12 bar solution treated at 14.:;0°-:.,
ere due to th: inoamplete solution of th .hlzu.l" Zn; phase at this teapera-
ture. All the remaining bars were solution trcated at 4950C. for onc
hour, follpwed by quenching in cold waters 4

Tests wade on alloys of this type to doteridne the effects of varying
the conditions of egeing had shown that the maxdmm valuesg of proof and
ultimate tensile stresses wore obtained by ageing at o temperature of from
120°C. to 1409C. for a period of about 18 hours.<s4 With inorcvasing
tunperature of ageing above 1409C., the valuss of proof and maximum strosscs
decreaged and the percentage clongation increaseds Tho ageing treatment
adopted for all bars of the geries with a view to developing the optimum g
tensile propertics in cach alloy was 18 hours at 120°C.

Discussion of tensile properties

Owing to thu anall quantity of material available, in general only
one tensile test was made on each aller, but in a few cases, where thero
was sufficient materinl, duplicate tests were made. Also for bars
3:1:9 ond 4:1:8 in which, in the inltial test, fracture oocurred in the
end thread, a socond tust picecs wns taken from the remaining part of the
original bar. Full detalls of the results of mochanical testing are
given in Tables IXIa, IITb, IIIc and ILJd. For alloys containing pominally
1%, 2%, 3% and L% of magnesium, the valucs of maximum stress were plotted
against aotual pecrcentage of zinc in cach cuse and are shown in Figures
la, 1b, lo, and 1d respectively. -(Tho Tablus shew that the average varia-
tion in magnosium content f'rom tho nominal voluc is about 0.27 for eaoh
sorics.

Examination of Figures la, lb, le ond 1d shows that, provided that
the temperaturc is oontrolled to pcrmit uwaximum solution of constitucnts
without exceeding the solidus of the alloy, in any given series with
oonstant wcgnosium oontent, the proof struss and ultimate tensile strength
values increase steadily to a maximum as the ziho is inoreased while the
clongation value decrunscs.

* Por given perocntages of zinc, the valucs of proof stress and ultimate
tensile strength show an increasc of approximately 7% as the magncsium
content is inoreased from 1 to 2, of about ¥ for an increase from 2 to
3% of magnosium and cbout 1{ for an increase from 3 to Ly of magnesiun.

Although the values of proof stress and ultimate tensile strength
in the curves show a tundency to further slight increase for the 4:1:11
alloy, the percentage elongation has deorcased to 24e It was oonsidered
that alloys of such low ductility in the wrought and heat treated condition
have no practical value for structural parts of airoraft and thero would
be¢ no purpose in increasing the magnesium and zine contents siill further.

Se
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.o In uﬂer to ‘sorrelate the values of ultimate temile strength obtained
" for all alloys with the respective magnesium and zinc contents, the position
of the alloys on the ternary disgrem were plotted in terms .of the atamlio
percerttages of free magnesium and of zino as shown in Fig.le. The atanlo
peroentage of free magnesium wes calculated after allowing for the amount
required to Jform MgpSi with all the silicon present in the alloy. Tho
mmber ad jacent to eaoch point in Mig.le indicates the value of maximum
stress in tons/in.< obtained on forged material of the respective composi-
tion as given in Tables IIIa, IIIb, IIIc ard IiJd. - The dotted limes

are tentatively 'suggested as representing the shape of the curves of

equal tensile strcngthe

Bungexdt and Sohait‘berger have indicatedl? that, for alloys within
@ oertaln range of composition as given by the boundaries of the @ + T)
field in the ternary Al-Mg=2Zn equilibrium diagram at the temperature of
ageing, the Al 32N phase is responsible for age hardening, whereas for
alloys in the (. léan ) field, MgZn, is the hardening phase. The tensile
strength o'btained after oertain fixed conditions of solution treatment and
ageing ‘will obvicusly be dependent on the amount of precipitation which
" hea ocourred. It is suggested that the preoipitetion after a.given time
of ageing may be relited to the form of the solid solubility boundary on
‘tho diagram, i.6. tho line botwesn the « and (x + T) rogions and that
_Yetwsen the a and (x + MgZny) rogions which, acoording’ to Iittle, Reynor
and Hme-Rothery, can be reprcsented respeotively by the equations

[Mg| [z] = oonstant
,h._.: . Nﬂ [-_- erijz = oonstant

H

wher [_lé] apd [Zn] are the atomio poroentages of free nhgneaim amd of
- -zino respeotively.

. The tensile strength of alloys dn tho (@ + 3) and (¢ + Mgznp) fields
7-wlll thenbe funotions of [lg] [Zn] and. iwﬂ [znj ¢ respectively or alterna-
. tively alloys of equal tensile strength in a given phase £1¢ld will give a
oonstant value of the corresponding product. If a sufficiently large number
of alloys were selected, this hypothesis could be checked by conatmoting
the two sets of curves for which [Mzi [2n] is constant and [
is oonstant, on the ¢quilibrium diagram and seeing if they reprusent ourves
of squal tensile strength in ihe corrusponding phasu fivlds. In view of
the mall muber of alloys investigated and the lack of aocurate information
on. the equilibrium diagrem at 1209C., it was not poasi'ble to check those
relationshipa.

Brinoll hardness tests were made on the ends of the test piecus under
oonditions of loading Bo/1000/15 o the results are given in Tables IIla,
© IIIb, I1Io, and IXId. Owing to the limitcd amount of material available,

the values given are generanlly those obtained by single determinations only.
 Aocordingly, amall slices with two parnllcl faccs were machined from the
heads of the tensile pieces after testing and diamond pyramid hacdi:ss
determinations were made under conditions of loading HD/39s  The results
given in the Tables are the averoge of tun deturminations for eaoch alloy.

In Fige2, the average diamond pyromid hardness is plotted againat
" the oorreuspording value of tecnsilo strengths Within the limits of experi-
montel error there is a lincar relationship between the hardness and tensile
strength over the range of alloys investigated. }

Examination of Macrostruoture

A soction was machinud from each ot; the ohill ocast billets for
Yo
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ezamination of pacrostructure. for the majority cf the ingots the sections
were (taken halfway along the length but in some cases, thc section was cut
from a position just below the head of the blllete Some fine porosity,
which varied with the alley, was obscrved in the centrs of the secticns

but in ne casc did the mucrostrvcture suygest that the material would not
forge satizfactorily.

The sections werc etched ir solution containing 5% of hydrofluoric
acid, 15% of hydrochloric acid und 20j of nitric acide Examplos of the
structures obtained are given in Fig.’ which shews the sections from
3:1310, 1:1:10, and 1:1:11 alloyse In mozt cast billets tho grains werc
fine, uniform amd vquiaxed as in the 3:11:10 alloy. Slight columnar
growth had occurred at thc cdges of saue ingots, e.gs 131310 alloy, but
no cxeesalve columnmar growth was obscrveds In a few casva there was a
ring cof very fine grains on the vdge of the ingot, then » band of coarser
grains whilu the grain size in the oontre was intermmediate between that of
the two outer regionz (1:1:11 alloy).

Examination of micrestructurc

The microstructure of the cast alloys was examined in soctions taken
from the slices used for macro-examination and of the forged alloys in
sections fram the tenslile test plecese In the range of alloys investigated
four censtitucnts were identificd in the microstructurc. The mangan¢se
was present as Mn Alg and any iron oocurring in the alloys as an impurity
was considered as being in solution in the manganese aluminide. The
magnesium and zine formed the ternary constituent AlpMgizZng in alloys of
low alley content but in those with higher percentages of magnesium ond
zinc, soms MgZnp particlos were obsorveds Small quantitica of magnesium
ailicide were present but it was not certain that all the silicon contained
in the allcys was in this forms Tho mode of ococurrence and the ctching
characteristics of thcac phases were %n g§ncral similar to thoso of the
constituents in high purity n.llcys.5’ 218,11

Cast Bars

No turnary phase was obsorved in the ocst alloys contalning only

1% of magnesium until the concentration of zinc was 10%e In alleys in

the range 1:1:3 to 1:1:9, thc microstructure contained secparations of the
iron-bearing manganese oluninide particlos together with amall quontitics
of magnesium silicides The manganose constitucnt was present in a fincly
dividced state and in som: aveas thc partioles were distributed so that the
phase appeared to bo presemt as a cutectice A filigreo form of (Fo-din=Al)
was 2 coumion feature in alloys of low alloy content and an example of this
is shown in Figes. Only amoll amocunts of' magnusium silicide were observed
and none of the typleal filigree formm of this constituent, which is usunlly
present in alloys containing megnesium and silicon, was founds It is
possible that some of the silicon present in the allcys as an impurity vas
in solution in the mangancsc constituente In the 131310 and 131311

alloys emall quantitics of the ternary constiweont had precipitaved in

tho grains and grain boundaries.

With n magnesium content of 2 i and zinc contents up to 5%, the
microstructures were similar to those of corresponding alloys with 14
of magnesiuwm. In the 2:1:6 alloy and in 2lloys of higher zinc contents,
anall smounts of the texmary phagse werw vigiblee No apprecinble scpara—
tions of the cutectic (a+T) was observed in this rango of alloyse

Ne temary phase was pressnt in the 3:1:3 alloy but it oocourred as
a fine precipitate in the 33134 sauple in an amount sindlar to that in
which it was present in the 2:1:6 alloy. The precipitate wos more profusc
in the 331:5 alloy but no appreciable suparations of resolvable eutectic

5e
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were cbserved until the zinc had been inoreased to 6% for a corresponding
magnesium content of 3% A typical field in the 31116 alloy is illustrated
"{n Fig. which shows the three oonstituentsi= MgoSi (Fe-Mn-Al), and
Alz&ﬁa after the section had been lightly etohed in a 0.1% solution

- haric acid saturated with hydrogen sulphide. The fine preoipitate

" of the ternary phase can be se¢en in Fig.l both in the grain boundaries,
(indiocated by 1’1), and in the grains, (indicated by P2)e A progressive

increase in the amount of ternary phase was observed in the 311:8, 3:1:9,
3:1:10 and 3313111 alloyse The separations in the grain boundaries were
generally larger and the cutcctiferous fona conrser with inorease in zino
.depending upon the particular, cocling conditions for ocach ingote In
-some alloys, the ternary constitu.nt was present in a globularized form
in the grains. g

A more markod change of miorostructurc was observed in the 311312
samples The ocourrence of the mangancse aluminide and magnesium ‘silicide
partioles was as in the alloys previously described,but a new megnesium-
zino phase, MgZn,, was prusente The MgZn, 1s simllar in appearance to
Alz)(gJZn » but unlike the ternary phas:z, does not ocour in a euctiferous
forme he MgZno particlcs are often hexegonal in outline as shown in
Pigs.5 and 5, (5:1:12 alloy)s ‘rThe g#llg Zn, phase had separated out in
the grain boundaries as large pools ooarsg ?a«q-!.‘) and large quantitice
of the ternary had been precipitated in the grains as small needlea as
shown in Fig.6. =

.~ - The microstructurcs of the 43136, 43118 and 431:9 alloys oontained
amall quantities of MgZn, whioh appeared to be present only in areas in
which marked segregation of constituents had occurred. The termary

eutvctic was not so coarse as in the 3:13:12 alloy and more of this phase

" . had separated out in the grains in the form of globularized pools, rather

than the profuse fine precipitation as cbserved in the 311312 alloy. In
the 43138 sample the magnesium silicide was present in the umisual form of
prismatic partioles which were often prescnt in the largér pools of the
ternary constituent, probably as the rusult of the themal conditions
during cooling. As would be expuctud the emounts of Mgzn, were greatur
in the 431:10 and 431:11 alloys than in the others of this series but no
appreciable courscning of the structure woa obscrved,

. . The struoture of thu 5:1:112 alloy is illustrated in Figs:5 and 6.
.The (x+T) separations were coarse and thu manganesc:aluminide partioles
were largor than in any of the other alloyse Appreciable quantities of
the MgZny phasc wore present and tho typical prismatic shape of this
oonatituent is clearly visible in Fige6e The precipitated M.gll,g}m}

. was very aciculur and profusece

. Treatment at 4509C., i.es at tho temperature used for soaking the
billets prior to forging, resulted in tho coaplete solution of the temary
phase in the oangt alloys containing low percentages of magnesium and zinoe
In some of the alloys in which the suparntions of Al Mg wore acmewhat
aoarse, only pertial solutlon of this phase was brought about by soaking

- for one hour at this tamperaturee INeither tho MgySi nor the MgZn, phasas
wore nppruciably affected by treatment at 45000,

* Forged bars

A few of the alloys wure micruscoploally examined after air cooling
subscquent to the forging operations 4ll alloys had been broken down
satisfactorily although same slight segregation of the manganese oconstitusnt
we.s observed. Alloys with high percentages of mngnesium and zino contained
-quantities of both MgZmp and Alglngn e Some of the ternmary phase had
separated out during air cooling teg the forging operation and any large

partioles of MgZn, or of undissolved ;t\:leligjz:\3 werc broken down by the

forging treatment. 6
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iith the exception of those alloys of high sinc content that contatned
.ppreciable amounts of MgZnz in the cast condition, the microstructures of
the forged barg heat treated at 495°C. were all similar to each other,
Heat treatment at 4959C. for one¢ hour resulted in the complete solution of
the ternary Al2kgzins phase and subsequent ageing at 1209C. caused preoipi-
tation, the presence of which was revealed by ctching the sections in
various reagentas The otching reagents that gave the most satisfactory
results wero a O.5% solution of hydrofluaric acid, a 25 solution of
nitric acid at 70°9C. and a 0.lec solution of sulphuric acid saturated wit!
hydrogen sulphides  The amount wnd distribution of the preeipitated particle
varied with the alloy and was most profuse in .those alloys containing
higher percentages of magnesium and zince The size and distribution of
the precipltated partiolee in the 4:1:5 alloy can bu observed in Fige7.
The prucipitation was not uniform but appeared to be mors profuse in some
grains than in othcrs. Another featurc observed was an apparent re-
orystallisation which had nplace as revealed in the large grain ocoupyin
the centre of the ficld of Pige7e This was cammon to all the alloys hut
was moré marked in those of higher alloy eontente After etching the
specimens in a solution containing hydrofluoric and nitric acids, examination
showed an apparent duplex struoture to a varying degrec in most alloys.
This featurc has been observed previous in a 3:1:7 alloy.2 Two distinct
phascs appeared to be present in the matrix which were distinguished by
2 diftf'erenec in shade and also in thc amount of procipitation which had
oocurrcd. The effcot was most clearly obscrved after long periods of
¢tching and is 1llustrated in Fige8, (3:1:8 alloy).

No satisfactory explanation of this apparent duplex structure can be
fdven i the followlng suggestions axe made, Tho ctohing charaoturistics
of iven grdin may be dependent on its oricntation so that variation in
the depth of attack over the scotion would bo uxpeeteds Alternatively, it
is belleved that microsegrcgation of constituents occurs not only from
grain to:grain but also within & singlc grain and this is bornc out by the
wode of separation of liquated oonstituents on overheating. Under such
circumstanoes, it is possible that the camposition of some areas will
correspond to the (x+ MgZno) phase region and others to the.(x + T) phasc
region. . Although the ctching charaoteristics of the A12Mg52in and MgZnp
phases are very similar, it is posaible that those of regions in which
MgZny has precipdtated would be different to those of arcas containing
precipitation of AloMg 7.!13. Although it 1s doybtful if scgregation
oocurs to such a marked ¢Xtent as to provide a satisfactory cxplanation to
tho peculiar ctching charaoteristics of the heat troated alloys, it would
cxplain tho observation that the duplex structure is more apparent in some
slloys than in others.

Of the six alloys containing MzZno in the cast state, thoso with
conposition 431:9, 431:10 and 43131l wero successfully solution treated at
4709C, , nnd the 5:1:12 slloy at 450°C,  Although no tensile test was
made on material of composition 3:1:12 after solution treatment at 4709C.,
it is most probuble that satisfaotory tonsile properties would be obtained
by ;gf:ing after solution treatment at this temperature.

Scctions from the 3:1:12, 4:1:8 and 5:1:12 alloys were examined after
solution heat treatment at 4959Ce Tho 321:12 and 531:12 samples showed
narked overheating. Large quantitics of (x + T) cutootic had soparated
out in the grain boundarics and amall particles of MgZn,. wore observed in
the grminse 1In some areas in the 531312 alloy there was. an almest
continuous grain boundary network of ternary constituent ag shown in Fig.9.
(The scotion was decply ctched in a dilute snlution of hydrofluoric acid.)
Same fine intercrystalline cracking 1s indicated by tho arrow in the
photograghe  The sample of 431:8 alloy was only slightly overheated at
495°C,  The Mgzn,partioles werc globularized and most of the AlsMgszZn
constituent was taken into solutions In same arcas however in v-'hic'lz mgcrO—

Te
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sogregation had oocoured the ternary constituent had separated out as fine
-f41lms in the grain boundaries and as small rings and pools in the grains.
‘The fused rings in the matrix varied in size and nature from the fine
., sepaxation shown in Figel0 to the complete pool of eutectio shown in
Pig.1l, (the section was etched in a saturated solution of hydrogen sulphide
in 0el®¥ sulphurioc acid)e The lake of ternary Al Mg3Zn; shown in Figell
also oontains a partiole of MnAlg and one of MgoSi. formation of fine
- rings similar to that showm in Fig.l0 appears to be the first indlcation
of overheating in the alloy and it ia protable that this is the first
stage in the formation of pools of fused material in the matrix.

In the 43139, 4113110 and 411:11 alloys treated at 470°C, for one
hour any ternary AloMgsZni that had not been faken into solution at this
temperature was globularised without the formation of any thin films of
eutectic which would render the material brittle. This also oocurred
during the solution treatment of alloy 5:1:12 at 4500C.

Disoussions of results and conolusions

. The excellent forging qualities of the materials throughout the
whole range investigated suggeats that alloys of similar oampositions
would be sultable for other hot working processes, as for instance the
production of bars anmd sections by extrusion and of sheet and strip by
rollinge Furthermore it would be expeoted that these methods of febrioca-

tion under industrial oonditioms would result in improved tensile strength
and duotility. . o o .

Alloys for which the sum of magnesiur and zino oontents did not
exoeed 12f were sucoessfully heat treated by sclution treatment for one
hour at 4959C., followed by quenching in oold water, and ageing for 18
hours at 1200C, It was considered that for alloys of a higher alloy
oontent, a temperature of 470°C. was preferable for solution treatment
in order to0 reduce the risk-of incipient fusion. For the 5:1:12 alloy
the maximum temperature which could be used for solution treatment was
4509C. Values for 0.1% proof atress, ultimate stress and elongation
for the 211111 alloy in thu fully heat treated condition wore 37.0 tons/in.2,
40.1 tons/ine2 and 6§ respectively, and for the 4i1:1l alloy, 4Dek tons/Ane2
4he5 tons/in.2 and 2% respeotively. The proof and ultimate tensile strongth
values are of a high order but the elongation valuc of 2§ is lower than tho
minimum of 5% specified for wrought aluminium alloys for use in airoraft
struotures, (sve Specifioation D.T.D.363A)e It is probeble that alloys
of similar oamposition produced under commercial conditions may show
improved duetility on the alloys preparvd at R.A.E. Firther, by suiteble
modifiocation of the heat treatment, an inoreasu.in ductility might be
achieved with a relatively small loss in tonsile atrengthe It would
however be necessery to investignte the effeot of varying the heat treat-
ment, and -in particular the tempcraturo of ageing, on the streas-corrosion
properties, K [ e

For a given peroentage of magneaium, the value of 0.1% proof stress
and ultimate tensile atrength increase steadily to a maximum with increasing
ginc oontent while the elongation value deoreases. Similarly for a given
peroentage of zinc, incrensea in proof and tensile stresses and a decorease
in elongation are obtainwd for an inerease in the magnesium oontent.

It is sugyested that for allo{s in the (a + T) field of the equilibrium

diagram at the ageing temperaturc, (for whioh the hardening phase is probably
AlMgsZny), for a given set of oonditions of solution treatment and ageing,
the temsile strength obtained is a function of the produot [Mg] a] B

vhere [lig] and [Zn] are the atomlo percentages of free magneaium and of
zino respeotively. larly, the tensile atrongth of alloys in the

(a + MgZnp) field is oonsidered to be a funotion of the product [Mg [zﬂz.

T
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i croscopl ination of the alloys in variou nditions
showed that t] onstitut 1 O loys ¥ VA imilar to that
.higher purity materiulse The proscy of t gZng phase in allo
of relatively high. alloy content did not load t0 any difficultics provided
that the solidus temperaturc of ¢ alloy was not exceeded during solution
heat treatacnt,. Solution heat treatment at too high a temperature
resulted in the formation of films and lakes .of fused tornary constituont
in the grain boundarics and intcrorystalline weakness in the matcerinl.

In view of th romising twmsilec properti of" the 2:l:11 alloy,
further investigation of th ropert of an oy with 2 to 3% of
magnesium and 10 to 11% of ine 1s in hand, iis work will includ
tensile, fatigue and stress corroalon tusts on both rolled and extruded
matericlse  Earlier worl indicnted that the stress—corrosion proper-
ties of alloys of this re inape 1 by additions of chramium up to
Oe 5% vhicl ve little efr'cet on the tonsile propertics provided that

oure 1s takoen during casting to avoid marked segregation of ohromium and
WANZANGGCe It is sugpgostud that stress—corrosion tests made on 36T
of wrought alloys of high tensile strengthy, both with and without chromium
in cach case, would yicld lntercsting infomation.
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Preparation and

The analyse
Toble I.

A covered Salam 1 ctric istanc
were used for the pr i 11 OySe

About two t virgin aluminium r quir to m ug
s melted i d e temperature of about 800°C. 'h

urface of the melt was then covered with Coveral flux, (kessrs. Foundry
Services Lid. ), th itaniu nd man gl tunper metals added and th
temporatu in adjust 300°C. f the rcmaining aluminium wa
thon introduced and after the tamperature had n adjusted to about 75
wddition of zinc followeds y lance of thenluminium was next intro-
duced 2t about 74 0C, nd finall ddition of tht nesium was made at
temperature of 700-7209C, unging in an invert steel o rontainiy
it, ¢ Ol in 14 neat X > f t 1elT until 11l the mag=-
nesiw d en taken into solution,. Aluminium chleoride, ounting t«
pprogmately Odlp of the total izht of the melt, wvas then added as a
legnasers On the oompletion o' the evolution of th v and after the

i justment of the tempor ¢ to approximatcly 7009C., the mctal was
poured slowly into a chi would, with sond cup heads  The mould vos
prehented to o temperaturs of about 2500C, , ond inclined at an angle of
bout 30° to the verticals As the mould wos £illed it was moved into an
upright position, and ~ndditions of furthur motal vwore made to minimise
K i.l inge

rorging

From each oast billut, approximately 2 inches dismuter by 5 inches

long, two shorter billuts were mnchined, cpproximately 1f inches diameter
by 2% inches long, and also n thin slicc for exumnation of the macro-
structurc.

After the interm oundn C wch bi t had been proved by
radiographic examinmation, thu billets wer wted in an cleotric furnace
fitted with an air circulating fan for sbout 18 hours nt a tamperature
of L450°C,, and were then upsct under a 250-ton hydraullc press, the stroke
of the pross being in the dirccotion of the origincl axis of the cast billet.
After further heating at 450°C., the pressing operation was continued, and
the resultont bar was dravn out from the billet in a dircotion at right
angles to the original longitudinal axise Aftcr further hoating at 4509C.,
the bars were forged to ¢ inch square scetion under o 10 cwte pnecumatio
hammer,
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TARLE I
Chemical Samposition of koy alloys used

ale Cu, P Co Mg-
Aluminium Bal 0.28
Magnesiua Nil 004
Mangonese-Aluninium | Bal Qe liy.

T tani wn=aluaindun Bal 2463

Zinc | 0e003

TARLE TT

Nominal %uﬁm of all_of investigated,
] show Zn _contents

16133 23133 33183 43136 5il:12
L1:le 2114 31l 43128
13135 23135 3:135 L3139
11136 23136 31136 431310
1:1:8 2311318 33138 - | 421l
1119 l 21119 33139

|

H

[

18110 211:10 3:1310
1:1:11 2:1:11 3111
{ , 33li12
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A seriea of aluminum alloys containing ono percent of mangancse, a range of zero to five

percent magnesium, and gero to toclve porcent ginc were tested in an endeavor to find a

possible theoretical relation betoeen tensile strength and composition, Tensile strength

of an alloy with a given percentage of magnesium increases with increased zinc content

while elongation value decrenses, F\'mher tests with a 2:1:11 alloy with a 0,5 percent
ddition of chromium are r
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