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This invention relates toa process of improving as manganese or smcon may be present in the al-
the resistance to corroding agents as also to de- loys whether deliberately added or not, their ca-
terioration of their mechanical properties when pability of forming compounds with magnesium,
in contact with corroding agents, of aluminium - however, being taken into acccunt when the quan- .
5 base alloys of the kind hereinafter set forth, -  tity of magnesium to be incorporated in the al- 5
The aluminium base alloys to which the inven- loy is computed, in order always to ensure the -
tion relates, contain magnesium in an amount not  presence of available magnesium in the alloy. .
only sufficient to combine with any further al- In aluminium base alloys which contain avail-
loying constituents present—whether deliberately able magnesium and which have been caused to

10 added or not—but alsa in excess of that required = solidify from the molten.or fused state by allow- 10
to form at room temperature & saturated solid so- - ing thém to cool in the ordinary manner, the
lution with the basic aluminium. The amount of micrographic structure is found to consist of two
magnesium which is thus in excess of that re-  main constituents or phases, namely of large a-
quired for forming a saturated solid solution with  crystals which in each case consist of an un-

15 the basic aluminium in a state uncombined with = saturated solid solution of the compound Al:Mgz 15
any foreign constituents present will be herein- ~ in aluminium, and of a coarse network of smaller
after referred to as “available magnesium”. particles of g-type crystals surrounding -the said.

A further essential constituent of the alloys to  «-crystals and probably consisting of a solid solu-
which the invention relates is zinc, the latter metal fion of minor quantities of aluminium in the

20 Which combines with magnesium more readily compound AlsMgz:. However, the texture thus oo
than aluminium, being also present in an amount  formed is not in phase-equilibrium and it-is
in excess of that required to form at room temper- therefore possible by an annealing process.to es-
ature a saturated solid solution with the basic tablish the actual equilibrium by intercrystalline
aluminjum.’ Such amount is hereinafter referred diffusion in a manner known per se and, as ap-

- 25 to as “available zinc”., Since the limit of solu- plied to alloys of the system Al-Mg. already de- 25
bility, at room temperature, of the compound _scribed by Hansom and Gaylor in the Journal of
AlsMg2 corresponds to a content of about 3% of the Institute of Metals XXIV (1920) pp. 201-232.
magnesium of the alloy, and: further, since the In this manner, the a-crystals are enabled to
limit of solubility of the MgZnz compound at the take up further quantities of AlsaMgz—comvound

30 same temperature is attained with a content of  from the intercrystalline network up to their limit 3o
about 0.2% of magnesium and correspondingly of saturation, and, by applying sufficiently high .
about 1.0% of zinc, and since the presence of temperatures—ranging between about 250 and
both compounds simultaneously in an-aluminium about 450° C. and depending on the magnesium
base alloy only moderately affects their Tespective content of the alloy—for a sufficient length of -

35 solubility limits, this means in effect that the al-  time, the whole texture of the alloys is reduced to 35
loys contemplated by the present invention must = an entirely homogeneous mass of «-crystals which
contain more than about 3.2% of magnesium and are more or less saturated with respect to magne-
more than about 1.0% of zinc, the ratio between sium, according to the percentage of the latter
these two components being invariably such that element which is present in the alloy. - .

40 there is more than about 3% of magnesium still As a result of recent and hitherto unpublished 40
available for combination with the aluminium research, it has been ascertained that by sub-
base metal after -all the zinc present has com- jecting the homogeneous alloys consisting o! .
bined with some of the magnesium present. Thus, . supersaturated «-crystals to an annealing prog- -

. when in accordance with the present invention ess at temperatures which are lower than those "

45 the alloys are subjected io a heat treatment as at which they were previously homogenized, but 45

: hereinafter set forth, supersaturated solid solu- which are at the same time sufficiently high to . -
tions of both magnesium and zine in aluminium allow of intracrystalline segregation (i. e. within -
are formed. by reason of the increased solubility a moderate temperature range from about 200° -
of both these metals in aluminium in the solid C. upwards), the magnesium content of the «-

50 state, with rising temperatures, from which both crystals exceeding the limit of saturation at that 50

the available magnesium (which is combined with  temperature is caused to segregate from within

aluminium) and the available zinc (in combina- the a-crystals in a highly dispersed form; that
tion with another part of the magnesium) may be is to say, every individual «-crystal becomes in-
segregated in the form of the compounds, re- . terspersed with.a large number of minute par-

spectively, AlsMgz and MgZna, Other metals, such  ticles of the g-type. This texture of course is 6%
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again heterogeneous, but 18 distinguished from
the heterogeneous texture of the alloys as cast,
in that the g-type constituent is no longer coarse-
ly distributed in a network surrounding the «-
crystals, but is highly dispersed in a uniform
manner throughout and within the said «-crys-
tals; when viewed with the microscope, a texture

of this kind, after the application of suitable

etching. agents offers the mottled appearance.
which is well known as characteristic of a segre-
gate in a highly dispersed form.

Further research, upon which the present m- .
vention is based, has revealed the fact that the
heating and annealing treatment causing Arst
homogenization of the alloys containing only
avallable magnesium, and then segregation of
the compound Al:Mg: therefrom in a highly dis-
persed forim, when applied to alloys as defined in
the introductory paragraphs of this specification,
simultaneously causes also segregation of the
available zinc in the form of the compound
MgZna the resulting products not only exhibiting
& very high resistance to corrosion e. g. by sea-
water, but also exceptionally high mechanical
strength values. ]

The term “corrosion” as.employed above does

‘not only apply to an externally and macro-

scopically manifest corrosion, for example by dis-
coloration of the surface of the metals, but par-
ticularly also to intercrystalline corrosion phe-
nomena which in course of time lead to a de-
crease in the mechanical strength properties.
This intercrystalline corrosion is particularly con-
spicuous in the alloys after their having been
subjected to a plastic deformation in the cold,
for instance by a forging or rolling process. Ac-
cording to present day views such intercrystal-
line corrosion is in fact considered far more
dangerous from a technical point of view because
of the lowering of the mechanical strength
values of the material produced thereby; and
its progress is therefore usually followed by de-
termining the progressive decrease in tensile
strength etc. after progressively prolonged con-
tact of the alloys with corroding media.

In accordance with the present invention the
alloys of the kind described in the introductory
paragraphs of this specification are subjected to
a thermal treatment which consists in first heat-
ing the alloys to temperatures sufficient to cause -
the alloying elements magnesium and zinc to be
incorporated in-the aluminium base crystals in
the form of a solid solution and maintaining such
temperatures until a homogeneous solid solution
has been substantially established and. then, In
a second sftage, which may be preceded by a
chilling, annealing the alloys at temperatures at
which and until segregation of the compound
MgZna as well as of particles which are rich in

- magnesium as compared with the basic crystals
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and probably consist of the compound Al:Mga

takes place in a highly dispersed form. Although

the optimum temperatures for achieving segre-

gation, in a highly dispersed form, of the com-

pound MgZnz and of the aforesaid particles, re-

spectively, are somewhat different, it is notwith-.
standing possible by suitably selecting an anneal-

ing temperature according to the concentration -
and the ratio of zinc and magnesium present in

the alloy, to obtain excellent results In regard

to the resistance of the alloys to corrosiow and to

deterioration of their mechanical properties when

in contact with corroding agents. -
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Ezample 1

An alloy extruded into sections, a.nd contain-
ing 6% of magnesium, 3% of zinc, and 0.5% of
manganese and the balance aluminium, and in
which consequently about 0.5% of magnesium is
required to combine with the zinc so as to form
the compound MgZni, and the available mag-
nesium is about 2.5%, in the original state, had

' the following strength properties:—

“Ultimate tensile strength______ kg/sq. mm__ 32.9
Elongation
Yield point_ kg/sq. mm.._ 132
Contraction ___________________ per cent.. 42.8

This alloy was subjected to a heating treatment
at between about 400° and about 440° C. until a
substantially homogeneous distribution in the
form of a solid solution, of both components in
the aluminium base mass is attained. The alloy
is subsequently, if desired after chilling, annealed
at about 200° C. during 2 to 10 hours. The me-
chanical strength values of the thus treated alloy
were found. to be:

Ultimate tensile strength _______ kg/sq. mm_._. 45

Elongation _________._____ e ——.__per cent.. 17
Yield point. ____ . _________.___ kg/sq. mm__ 28
Contraction -—-per cent.. 50

The resistance to corrosion of the alloy in ques-
tion was tested by immersing highly polished
test' rods in seawater for 3 months and then ex-
amining their strength properties in the usual
manner, the results being that no decline of the
original strength values of the test pleces could
be ascertained.
Example 2

Another extruded alloy containing about 6%
of magnesfum, about 4% of zinc and 0.3% of

manganese, about 0.7% of magnesium thus be--

ing required to combine with the zinc and the
available magnesium being about 2.3%, in the
grig‘inal state, had the following strength proper-
ies:

Ultimate tensile ‘strength____.__kg/sq. mm._ 39

Elongation per cent.. 12.5
Yield point kg/sq. mm._ 212
Contraction per cent.. 24.6

This alloy was subjected to the same thermal
treatment as described in Example 1. The
strength properties of the improved alloy were
found to be:—

Ultimate tensile strength ______ keg/sq. mm;._ 542

Elongation --.-per cent__ 10.1
Yield point .-kg/sq. mm__ 51.2
Contraction _ _— per cent__ 35.0

This improved alloy also showed no decline in

its strength properties when exposed to a 3.

10

____________________ per cent_. 263
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months’ attack by sea-water and then tested as '

above. -

The alloys a.ccordlng to the invention lend
themselves to extruding, sheet rolling and forg-
ing. "The range of alloys particularly adapted
to the treatment according to the invention cov-
ers about 4 to 12% of magnesium and 2 to 6%
of zinc, while minor percentages of other alloy-
ing metals such as ‘manganese may be added.
Silicon may also be present in small quantities
whether deliberately added .or not.

I claim:— ‘ '

1. The process of increasing the resistance to
corrosion as well as the strength properties of

70
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in quantities of between about 3 and about 12
percent and zinc in quantities of between about
9 and about 6 percent, the proportion of mag-
nesium to zine being such as to leave more than
3 percent of magnesium, after the formation of
the compound MgZn: with all the zinc present,
in a state available for combination with alumi-
nium, which comprises subjecting the alloy to
an annealing treatment at temperatures between
about 4060 and about 440° C. for a period of time
sufficient to convert the crystalline structure of
the slloy substantially into the form of a homo-
geneous solid solution, and thereafter subject-
ing the alloy to a lower temperature, but above
about 200° C., so as to cause segregation of the
compound MgZnz and of the compound AlsMg:
in a highly dispersed form. . ’
2. The process of increasing the resistance to
corrosion as well as the strength properties of
an aluminium base alloy containing magnesium
in guantities of between about 3 and about 12
percent and zine in quantities of between about
9 and about 6 percent, the proportion of mag-
nesium to zinc being such as to leave more than
3 percent of magnesium, after the formation
of the compound MgZn: with all the zinc pres-
ent, in a state available for combination with

aluminium, which comprises subjecting the alloy .

to an annealing treatment at temperatures be-
tween about 400 and about 440° C. for a period
of time sufficient to convert the crystalline struc-
ture of the alloy substantially into the form
of a homogeneous solid solution, then chilling
the alloy, and thereafter heating the alloy to
a lower temperature, but above about 200° C.,
so as to cause at least partial segregation of

3

the compound MgZnz and of the compound
AlsMgs in g highly dispersed form.
3. In the art of making alloy articles having

" gluminium as the principal ingredient and con-

taining magnesium in quantities of between
about 3 and about 12 percent and zinc in quan-
tities of between about 2 and about 6 percent,
the proportion of magnesium to zinc being such
as to leave more than 3 percent of magnesium,
after the formation of the compound MgZna with
all the zinc present, in a state available for
combination with aluminium, the steps of sub-
jecting the article to an annealing treatment
at temperatures between about 400 and about
440° C. for a period of time sufficient to convert
the crystalline structure of the alloy substan-
tially into the form of a homogeneous solid so-
lution, and thereafter subjecting the ailoy to
2 lower temperature, but above about 200° C.,
so as to cause segregation of the compound

' MgZnz and of the compound AlsMg: in a highly
- dispersed form.

4. A heat-treated aluminium base metal alloy
containing maghesium in quantities of between
about 3 and about 12 percent and zinc in quan-
tities of between about 2 and about & percent,

the proportion of magnesium to zinc being such

as to leave more than 3 percent of magnesium,
after the formation of the compound MgZnz with
all the zinc present, in a state available for com-
bination with aluminium, the said ailoy being
characterized by containing a segregate of both
MgZnz-compound and AlzMge-compound  in
highly dispersed form within the base mass of
crystals rich in aluminium.
ADOLF BECK.
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