(i

Published May 4, 1943

Serial No. 369,746

ALIEN PROPERTY CUSTODIAN

MAGNESIUM BASE ALLOYS

Franz Sauwerwald, Breslau, and Hans Elsenreich
and Ludwig Holub, Bitterfeld, Germany; vested
in the Allen Property Custodian

No Drawing. Application filed December 12, 1940

This invention relates to magnesium base alloys
and is a continuation-in-part of our application
-Berlal No. 236,552, filed October 22, 1938, for Mag-
nesium Base Alloys.

The development of high percentage magne-
sium base alloys for castings, was primarily deter-
mined by the clreumstance that the only possible
method of obtaining a cast crystalline structure
of technically useful strength properties, from
magnesium, was by the incorporation therewith
of ailoying components having hardening proper-
tles. Up to the present, aluminium and zinc have
been almost exclusively employed for this pur-
pose. These metals, when employed in the usual
proportions of 4 to 10 per cent of aluminium,
on oceasion together with up to 3 per cent of zine,
exert s hardening and grain-size reducing action
on the magnesium, which in itself 1s soft and so-
l{difles 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 condition,
2 tensile strength of from 16 to 22 kes. per sq.
mm., with an elongation of 3 to 19 per cent, a
yield point of 8 to 16 kgs. per sq. mm. and a
notched-bar impact strength of 0.5 mkgs. per
sq. em, (“WerkstofThandbuch Nichteisenme-
talle’’, 1936, Sheet Ka).

The tendency of these known magnesium 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 liquids or gases, but also, in certain cir-
cumstances, considerably impair. by the “notch”
effect which said cracks produce, the good me-
chenical properties attainable by castings of
sound crystalline structure. 'This tendency is es-
pecially marked in highly stressed portions of the
castings which have thus to be correspondingly
thickened. The tendency of the known casting
alloys to form such micro-shrinkage cracks ap-
pears to be cohinected with their relatively high
content of alloying components, the addition of
which in appreciable amounts causes a widening
of the solidification interval, i. e. the temperature
range between the points of incipient and com-
pleted solidification, respectively, as cocmpared
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with pure or only slightly alloyed magnesium.
Attempts to counteract the formation of these
micro-shrinkage eracks have hitherto been con-
fined to the extensive 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 conditions, viz. fineness of
grain and narrow solidification interval, which
are the main causes for the formation of cast
structures of high strength and free from micro-
shrinkage cracks, systematic experiments were
conducted for the purpose of finding an alloying
component or components which would produce
8 powerful grain-size reducing effect on magne-
slum, even when employed in such small propor-
tions as are insuficient to cause any appreciable
widening of the solidification interval.

As a result of these experiments it was found
that zireonium 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 ginc.
Moreover, when adding zirconium to the magne-
sium in the foregoing proportions, the tempera-
ture of incipient solidification of the resulting al-
loys still practically coincides with the tempera-
ture at which the resulting alloys hecome totally
solidifled so that such alloys solidify without any
appreciable formation of micro-shrinkage cracks.
The grain-size reducing actlon of zirconium 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 zlrconium imparts to the resulting al-
loy a tensile strength of 18,5 kes. per sq. mm. and
a yleld point of 7 kgs. per sg. mm., which values
are nearly equal to those of the casting alloys
hitherto in use. Moreover, the elongation is in-
creased to 21.0 per cent and the notched-bar im-
pact sirength to 1.5 mkgs. per sq. cm., these values
being thus considerably higher than the corre-
sponding values exhibited by the usual casting al-
loys.

These values exhibited by the binary magne-
sium-zirconium alloys can be stlll further im-
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proved by the addition of other alloylng compo-
nents. It has, however, transpired that by no
means all the components adapted to alloy with
magnesium are suitable for this purpese but that,
on the contrary, the presence of various of such
alloying components more cr less prevents the zir-
conium from exerclising lts favourable graln re-
fining effect. Thus it has been found that only
such alloying components are permissible as are
fncapable of combining with the zirconium dis-
solved in the molten magnesium to form high
melting compounds which separate out or other-
wise physically combine therewith to form com-
ponents which settle out. In thls respect, for
example, the metals copper and silver are sult-
able alloylng components. Other metals, how-
ever, for example, aluminium, silicon, tin, cobalt,
nickel, antimony, and manganese, which appear
to form with zirconium segregating intermetallic
high melting compounds, when present In molten
magnesium jointly with zirconium, are unsuitable.
Moreover, bearing in mind the maln oblective of
the invention, the amount of alloylng compo-
nents should preferably be insufficlent to cause
any appreclable widening of the solidification In-
terval of the hinary magnesium-zirconium alloys.
since otherwise the advantage of freedom from
micro-shrinkare cracks will progressively disap-
pear. Thus, the alloy may contain in addition
to magnesium and its 0.05 to 2.0 per cent zirco-
nium component between about 0.05 and about 6
per cent of copper, or between about 0.1 and about
15 per cent of silver, or up to about 15 ner cent
of the two aforesald metals jointly, each within
the aforesald lmits, and preferahly between
about 0.05 and about 0.3 per cent of copper and/or
between about 0.1 and about 3.0 per cent of stlver.

Tn addition to megneslum and the aforesald
alloylng compohents. viz. zirconlum and copper
and/or silver, the alloys according to the Inven-
tion may also contaln at least one metal of the
group conslisting of zinc 0.1 to 14 per cent and
cadmium 0.1 to 24 per cent, the total amount of
copper, silver, zinc, and cadmium jointly hot ex-
ceeding 24 per cent,.

Since the corrosion resistance of casting allovs
1s enhanced by a fine grained and compact crys-
talline structure, the alloys of the present Inven-
tlon are equal with respect to corrosion resist-
ance and especially with respect to resistahce
to stress corrosion, to the hitherto known corre-
sponding magnesium base alloys free from zir-
confum, so that the addition of maganese, which
has hitherto been consldered essential for im-
proving the corrosion reststance but which, in
this case, would prevent the zirconium from ex-
ercising 1ts beneficlal effects, can be dispensed
with.

The fine grain which is formed in the solidifi-
cation of the magnesium-zirconium salloys 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 in—
dependent of the cooling velocity of the poured
slloys, and therefore occurs both In casting In
permanent moulds and in sand moulds. It s
equally {mmaterial to the fineness of graln
whether the zircon'um 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-
termetalllc compounds with zirconium. The fol-
lowing are typical examples of sultable ternary
:or complex casting alloys tn accordance with the

‘invention.
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Tenslle | Elonga- | Yield
Alloy strangth tien point
Kgs./ Kps./
M w109 7 #q. mm. | Percenl | »g. mm.
g with 1. 7r.. . . R
: lho"?jgu"""’“ v ! 18.0 18.0 6.3
AMe wlth 1. O,
M 5.% Ccu .o 15.8 5.5 8.4
g with 1. 7ro...
M hl'og;g“"" o } 17.0 9.8 6.8
g with 1.0 T.-- .
A X 14.1 7.7
Mg with 1.0% 7r - : 215 10.0 18.1
AR I . '
Mg with 1.09, 7r__ -
0% Ao - 10.8 12.1 7.6
03% Ca. ... - ...
Mg with1.0% 7r - .- .- .
0.3% Cn____ R . 19.8 18. 0 8.2
LS Zne . o L.
Mg with 109, 7r... . .- .
0.4% Cu. - - .8 11.0 7.9
.09 ¥n__ ... -
Mp with 1.0% 7r - _
o_gg Cu 18.8 21.4 7.5
5, i [
My with %gg 7r. ‘
A% Ap L ..
0.3 ZCu. B 213 2.0 R}
3.0% Zn_

The desirable properties of the above described
alloys, and especially their excellent ductility and
notched-bar impact tenacity, render them also
sultable for wrought goods. Even a blnary alloy
containing up to about 2.0 per cent of zirconium
exhibits, after extrusion, strength values equal
to those of the usual wrought magnesium alloys
contalning considerable amounts of aluminium
and on occasion also zine, whilst being substan-
tially guperior thereto In respect to tenacity.
The introduction of further permissible alloying
components, such as copper and/or silver, In-
creages the strength of the wrought alloys as
well, or improves the ratlo between tensile
strength and elongation. Another Important
point is that the wrought alloys in particular are
often enough distinguished from the known
wrought alloys by thelr suitability for welding.

The mechanical properties obtalnable with the
known wrought magnesium alloys are approxi-
mately as follows:

Tenslle strength 28 to 37 kgs. per sq. mm.; yleld
point 20 to 28 kgs. per sq. mm.; elongatlon 7 to
16 per cent. (See “Werkstofhandbuch Nich-
telsenmetalle”, 1936, Bheet Ki, alloys AZM, AZ
8556, Vi). By comparison, typical wrought alloys
of the present invention give the following values:

. Tensile | Elonga- Yield
Allay strength | - tion poing
Hys./ Kye./
M. 1th 1.0% 7 8. mm, | Per cent | a3, mm.
ME W i T oo [
o _ho‘aggu ______ b ms 12.5 7.3
M“w;th %Z% (231;1 e } 23.3 9.8 31.6
# with 1.0 .- - -
. ih?_g;;%s ______ } 2.5 16, 4 18,6
Mg with 14 T, .
e ) as 3.0 36.4
Mg with 1.0%J Zr.__ - -
3.0% Ag . . 26.9 4.9 .7
4.3% . o ome-
Mg with 1,09, 7t - _
03% Cn . . _ I 36.2 o 3.7
3.0? In____. .. .
Me wlth 1.0% 7r
03% Cu..__ - 30.0 18.¢ 7.2
508, Cd_.. s
Mg with :11% ir R S
3 SRR U, .
i 6. 6 5.6 318
G Tn_.. . - . ..
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