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This invention relates to magnesium base al-
loys and is a continustion-in-part of our appli-
catlon Serial No. 236,552, flled October 22, 1938,
for Magnesium Base Alloys.

The development of high percentage magne-
sium hase alloys for castings, was primarily de-
termined by the circumstance that the only pos-
sible method of obtaining a cast crystalline struc-
ture of technically useful strepgth properties,
from magnesium, was by the incorporation there-
with of alloying componenis having hardening
properties. Up to the present, aluminium and
zinc have been almost exeluslvely employed for
this purpose. These metals, when employed In
the usual proportions of 4 to 10 per cent of alu-
minium, on occaslon together with up to 3 per
cent of zinc, exert a hardening and grain-size
reducing action on the magnesium, which in
itself is soft and solidifies with a coarse radial
crystalline structure. According to their special
composition and the method of casting (sand,
permanent mould, or injection) employed, these
known magnesium base casting alloys have, in
the as-cast conditlon, a tenslle strength of from
16 to 22 kgs. per sq. mm., with an elongation of
3 to 12 per cent, a yleld point of 8 to 16 kgs. per
sq. mm. and a notched-bar impact strength of
0.5 mkgs, per sq. cm. {(“Werkstoffhandbuch
Nichtelsenmetalle’”, 1936, Sheet Kz).

The tendency of these known maghesium base
alloys to form so-called “micro-shrinkage” cracks
during solidification must, however, be regarded
as a defect. These micro-shrinkage cracks not
only render the castings permeable, to some ex-
tent, to liguids or gases, but, also, In certain cir-
cumstances, considerably impalr, by the “notch”
effect which sald cracks produce, the good me-
chanical properties attainable by castings of
sound crystalllne structure. This tendency s
especially marked in highly stressed portions of
the castings which have thus to be correspond-
ingly thickened. The tendency of the known
casting alloys to form such micro-shrinkage
cracks appears to be connected with their rela-
tively high content of alloying components, the
addition of which in appreciable amounts causes
a widening of the solidification interval, 1. e. the
temperature range between the points of incipi-
ent and completed solidification, respectively, as
compared with pure or only slightly alloyed mag-~
nesium. Attempts to counteract the formation
of these micro-shrinkage cracks have hitherto
been confined to the extenslve use of chill plates
and other measures for rapidly cooling the areas
where the structure is endangered. Such meas-
ures are, however, expensive and also frequently
difficult to control in practice. -

Bearing in mind the condltions, viz. fineness
of graln and narrow sclidification Interval, which
are the main causes for the formation of cast
structures of high strength and free from micro-
shrinkege cracks, systematlc experiments were
conducted for the purpose of finding an alloying
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component or components which would produce
a powerful grain-size reducing effect on magne-
sium, even when employed in such small propor-
tions as are Insufiicient to cause any appreciable
widening of the solidification interval.

As a result of these experiments it was found
that zirconlum is a metal which fulfills the fore-
going requirements, in that even when alloyed
with magnesium in proportions of about 0.05 to
2.0 per cent it reduces the grain-size to a far
greater extent than the hitherto customary far
greater proportions of aluminium and zinec.
Moreover, when adding zirconlum to the mag-
nesium in the foregoing proportions, the tem-
perature of inciplent solldlfication of the resuit-
ing alloys still practically coincides with the tem-
perature at which the resulting alloys become
totally solidified so that such alloys solidify with-
out any appreciable formation of micro-shrink-
age cracks. The graln-size reducing action of
Zlrconium on pure magnesium (tensile strength
in the as-cast condition 9 to 13 Kgs. per sq. mm.,
elongation 5 to 6 per cent) is so powerful that
an addition of 0.5 per cent of zirconium imparts
to the resulting alloy a tensile strength of 18.5
kgs. per sq. mm. and a yleld point of 7 kgs. per
5q. mm,, which values are nearly equal to those
of the casting alloys hitherto In use. Moreover,
the elongation is increased to 21.0 per cent and
the notched-bar impact strength to 1.5 mkgs.
per sq. cm,, these values being thus considerably
higher than the corresponding values exhibited
by the ususal casting alloys.

These values exhibited by the binary magne-
sium-zirconium alloys can be still further im-
proved by the addition of other alloying compo-
nents. I{ has, however, transpired that by no
means all the components adapted to alloy with
magnesium are sultable for this purpose but that,
on the contrary, the presence of varlous of such
alloylng components more or less prevents the
zirconlum from exercising its favourable grain
refining effect. Thus it has been found that only
such alloylng components are permissible as are
incapable of combining with the zirconium dis-
solved in the molten magnesium to form high
melting compounds which separate out or other-
wise physlcally combine therewith to form com-
ponents which settle out. In this respect, for
example, the metals thallium, bismuth, and lead
are suitable alloying components. Other metals,
however, for example, aluminium, silicon, tin,
cobalt, nickel, antimony, and manganese, which
appear to form with 2irconium segregating inter-
metallic high melting compounds, when present
In molten magnestum jolntly with zirconium, are
unsuitable. Thus, the alloy may contain in addi-
t..'!on to magnesium and its 0.05 to 2.0 per cent
Zirconlum component between about 0.1 and
about 24 per cent of thalllum, or between about
0.1 and about 15 per cent of bismuth, or between
about 0.1 and about 20 per cent of lead or up to
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about 30¢ of two or all of the aforesaid metals
jointly, each within the aforesaid limlts.

In addition to magnesium and the aforesaid
alloying components, viz. zirconium, thallium,
and/or bismuth, and/or lead, the alloys accord-
ing to the invention may also contain at least one
metal of the group consisting of zinc 0.1 to 14
per cent, and cadmium 0.1 to 24 per cend, the total
amount of thallium, bismuth, Iead, zine, and cad-
mium jointly not exceeding 30 per cent. Bearing
in mind the main objective of the invention, the
amount of zinc should preferably be insufflclent
to cause any appreciable widening of the solldifi-
cation Interval of the alloys, since otherwise the
advantage of freedom from micro~-shrinkage
cracks will progressively disappear. Thus the
amount of zinc as alloying component should
preferably not exceed about 1.5 per cent.

Since the corrosion resistance of casting alloys
is enhanced by a fine grained and compact ¢rys-
talline structure, the alloys of the present inven-
tion are equal with respect to corrosion resistance
and especially with respect to resistance to stress
corrosion, to the best of the hitherto known mag-
nesium base alloys, so that the addition of man-
ganese, which has hitherto been considered es-
sential for improving the corrosion resistance but
which, in this case, would prevent the zirconium
from exercising its beneficial effects, can be dis-
pensed with,

The fine graln which is formed In the solidifi-
cation of the magnesium-zirconium alloys of the
present invention, also persists after repeated re-
meltings and pourings of the alloys. The forma-
tion of the fine grained structure is practically
independent of the cooling velocity of the poured
alloys, and therefore occurs both in casting in
permanent moulds and in sand moulds, It is
equally immaterial to the fineness of grain
whether the zirconium be introduced into pure
magnesium or into a magnesium alloy, provided
that the alloying components already present in
the magnesium do not form any segregating In-
termetallic compounds with zirconium. The fol-
lowing are typical examples of suitable ternary
or complex casting alioys in accordance with the

invention.

Tensile
Alloy strength Elongation| Yield polnt
Mg with— Kys./sq. mm, | Percent | Kgs.jag. mm.
18. b 21.2 8.5
2.0 16.0 7.4
6.5 2.0 7.0
13.9 5.8 7.1
12.7 5.2 5.4
171 11.8 5.8
15.2 a8 5.7
16.9 0.4 52
23.2 10. 4 12.2
18.0 16. 6 7.0

369,748

The desirable properties of the above described
alloys, and especially their excellent ductility and
notched-bar impact tenacity, render them also

"~ suftable for wrought goods. Even a binary alloy
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; strength and elongation.

contalning up to about 2.0 per cent of zirconium
exhibits, after extrusion, strength values equal to
those of the usual wrought magnesium alioys con-
taining considerable amounts of aluminium and
on occasion also zinc, whilst being substantially
superior thereto In respect of tenacity, The In-
troduction of further permissible alloying com-
ponents, such as thallium and/or bismuth and/or
lead, increases the strength of the wrought alloys
as well, or improves the ratio between tensile
Another important
point i{s that the wrought alloys In particular are
often enough distinguished from the known
wrought alloys by their suitability for welding.
The mechanical properties obtalnable with the
known wrought magnesium alloys are approxi-

mately as follows:

Tenslle strength______ kes. per sq. mm-—_ 28 to 37
Yield point ____________________ do____ 20t0 28
Elongation. ... _ per cent__ Ttold
(See “Werkstoffhandbuch Nichtelsenmetalle,”

1936, Sheet K, alloys AZM, AZ 855, VI). By com-
parison, typical wrought alloys of the present In-
vention give the following values:

Alloy s'frpé}rlﬁf: Elongation| Yield point
Mg with— Kgs.jsg. mm. | Percent | Kgs./sg. mm.
il 7.7 14.4 2.9
-} 20.3 16.0 %.7
==} ®.1 15,3 1.9
T } onE 9.0 22.2
=} 7.3 15.1 2.2
- } 29.0 14.0 24,0
- ] 8.4 12,5 4.3
._} LR 11.1 3.9
} 29.9 14.4 24.7
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