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This invention relates to magnesium-base alloys. It 
more particularly concerns an improved magnesium-base 
alloy containing zinc and zirconium. 
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Magnesium-base alloys in rolled sheet form containing 
both zinc and zirconium heretofore proposed do not pos 
sess desirably high and substantially isotropic mechanical 
properties as well as good formability and weldability. 
Magnesium-base magnesium-zinc alloys have shown poor 
rollability when the zinc content exceeds about 3 percent 
due to the formation of a low melting magnesium-zinc 
phase. Magnesium-base magnesium-zinc alloys contain 
ing less than about 3 percent of zinc have been satisfac 
torily hot rolled but still exhibit poor cold workability, 
and as the zinc content is decreased, the alloys in rolled 
form possess increasingly poorer mechanical properties. 
The poor properties of the conventional magnesium-base 
magnesium-zinc alloys are believed due to heterogeneous 
deformation which occurs when the alloy is strain hard 
ened as by cold rolling. 

It has now been discovered that in certain limited 
ranges of proportions of zinc and zirconium, herein 
shown, the addition of misch metal to the magnesium 
base alloys containing these metals greatly improves their 
properties. In particular, it has been found that in mag 
nesium-base alloys containing from 1.5 to 3.0 percent of 
zinc (preferably 2 to 2.5 percent), and from 0.2 to 0.8 
percent of zirconium (preferably 0.5 to 0.7 percent), the 
addition of a critical amount of rare earth metal, the 
amount by weight being from 0.04 to 0.2 times as much 
rare earth metal as zinc, the balance being magnesium, 
a magnesium-base alloy is obtained which in rolled form 
exhibits high ductility, high strength, good weldability, 
toughness, formability, and resistance to corrosion and the 
rolled products have substantially the same high tensile 
and compressive strengths in both the longitudinal and 
transverse directions of rolling. The invention then con 
sists of the improved magnesium-base alloy herein de 
scribed and particularly pointed out in the claims. 
The addition of rare earth metal, which ordinarily 

adversely affects the extrudability and room temperature 
mechanical properties of magnesium-base magnesium 
zinc alloys in cast form, is decidedly beneficial to the 
magnesium-base magnesium-zinc-zirconium alloys in 
rolled form. Rare earth metal additions improve hot 
rollability of the high zinc alloys of this kind, apparently 
by decreasing the concentration of the low melting mag 
nesium-zinc phase(s), and markedly improve cold work 
ability and resultant properties, apparently through pro 
motion of more homogeneous deformation. However, 
the proportion of rare earth metal added is critical and 
the addition of too much rare earth metal adversely 
affects transverse strength, formability and mechanical 
properties generally. 
A notable feature of the addition of rare earth metal 

in the critical concentration range herein disclosed is the 
effect on the longitudinal and transverse properties of the 
alloy in rolled form. The transverse properties of the 
magnesium-base magnesium-zinc-zirconium alloys are 
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quite generally higher than the longitudinal properties. 
Yet upon making small but increasingly larger additions, 
to a typical example of the said Mg-Zn-Zr alloy, of 
rare earth metal covering the said critical concentration 
range, the longitudinal properties of the resulting com 
positions in rolled form are found respectively to be suc 
cessively larger while at the same time the transverse 
properties respectively are found successively to approach 
a maximum value and then to decrease to values smaller 
than that of the longitudinal properties. The composi 
tions in the range in which the values of longitudinal and 
transverse properties of the alloy approach, become 
equal, and diverge slightly are those herein disclosed and 
claimed. 

It has not been previously shown that upon varying 
the proportions of a minor component of an alloy the 
relative magnitudes of the transverse and longitudinal 
properties are reversed. Nor is it expected in the art that 
such a change is produced by such small changes in the 
proportions of a minor component. 

Another important characteristic of the invention is 
that as the zinc content of the alloy is increased the 
amount of rare earth metal needed to bring about the 
transposition of the magnitudes of transverse and longi 
tudinal properties of the alloy is proportionately increased. 
To obtain the desired combination of properties in the 
rolled form of the alloy suitable rare earth metal to zinc 
weight ratios employed are those wherein the weight 
percentage of rare earth metal is from 0.04 to 0.2 of the 
weight percentage of zinc and preferably from 0.06 to 
0.12. These ratios are illustrated graphically in the 
appended drawing. 

In the drawing in the single figure is shown a rectan 
gular coordinate graph in which percent rare earth metal 
is plotted along the ordinate scale and percent zinc is 
plotted along the abscissa. The range of proportions of 
rare earth metal and zinc in the alloy herein disclosed 
and claimed is graphically represented by the area 
bounded by the lines connecting A, B, C and D, said 
alloy including 0.2 to 0.8 percent of zirconium which is 
soluble in hydrochloric acid on subjecting the alloy to 
the dissolving action of the acid, and the balance mag 
nesium. 
The preferred range of proportions is graphically repre 

sented in the same drawing as the area bounded by the 
lines connecting points E, F, G and H. 

Alloys having rare earth metal to zinc ratios repre 
sented by the area above the line AB of the drawing 
exhibit low transverse properties while those represented 
by the area below the line CD exhibit low longitudinal 
properties and poor rollability. Below about 1 percent 
of zinc, the alloys exhibit low mechanical properties and 
above about 3.5 percent of zinc the alloys are difficult to 
weld or to roll without cracking. 
The rare earth metals suitable for use in preparing the 

present alloy are: Ce, La, Pr, Nd, or misch metal. Misch 
metal with from 35 to 80 percent of cerium, the balance 
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being rare earth metal and up to 5 percent of non-rare 
earth metal, is the preferred rare metal ingredient of the 
alloy. Any of the foregoing rare metals may be used 
alone or in any combination in compounding the alloy. 
The alloy may be made in the desired proportions 

according to the invention by melting together the alloy 
ing ingredients in proper proportions or by using hard 
eners of magnesium alloys containing the alloy constitu 
ents. Protection from oxidation during alloying is ef 
fected by the use of a magnesium chloride-free saline 
flux as in conventional alloying. The molten alloy may 
be flux refined by stirring the alloy with additional flux. 
The so-refined alloy is allowed to settle and then is sepa 
rated from the flux as by decanting into a suitable cast 
ing mold, e.g., a slab mold for rolling stock. 
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In rolling the cast metal, it is desirable first to scalp the 
cast metal so as to present a smooth clean surface to the 
rolls of the rolling mill. The clean rolling stock is heated 
to a suitable rolling temperature, e.g. about 800 to 850 
F. The heated metal is then reduced in thickness by 5 

4. 
the blank in rolled sheet form, as shown in the table, it 
can be seen that the magnitudes of the corresponding 
longitudinal and transverse properties of such a mag 
nesium-zinc-zirconium alloy vary considerably in the 
absence of rare earth metal. 

Table 

Properties in 1,000's p.s.i. 
Percent Composition, 

Balance Mg 
Alloy No. Longitudinal Transwerse 

Zn MIM Zr Pergent TYS CYS TS Pergent TYS CYS TS 
- 

... 5 0.08 O.7 8 31 28 40 16 32 32 43 
2.0 0.20 0.7 8 36 34 45 6 34 37 46 
2.9 0.30 0.6 8 36 35 45 8 34 36 47 
3.0 -------- 0.8 6 32 28 41 17 41 34 48 

E=elongation in 2 inches. 
TYS==tensile yield strength at 0.2 percent deviation from the modulus line. 
CYSecompressive yield strength at 0.2 percent deviation from the modulus line. 
TS-cultimate tensile strength. 
MM=misch metal used consisted of 48% Ce, 18% Nd, 5.5%, Pr, and 28.5%La, which included minor amounts 

of other rare earth metals. 

passes between the rolls of the mill, the rolling being 
stopped 50 to 100 Fahrenheit degrees short of the tem 
perature at which cracking would result if the rolling 
were continued without reheating the metal. The tem 
perature to which the metal may decline as it is being 
rolled before cracking occurs is readily determined by 
trial and varies with the proportions of the alloying in 
gredients. In general in hot rolling, the metal should be 
reheated when its temperature declines to about 600 or 
650 F. if rolling is to be continued without cracking. 
Reductions in thickness of the cast metal of 20 to 30 per 
cent may be made per pass while the metal is at a suit 
able rolling temperature. 
By annealing the hot rolled cast metal, as for example, 

by heating for one hour at 700 F., the hot rolled metal 
may be cold rolled (warm rolls, e.g., 180° F.) as much 
as 40 to 50 percent by making thickness reductions of 1 
to 2 percent per pass. Before proceeding with the final 
40 to 50 percent cold reduction by rolling, it is generally 
desirable to use a preliminary total cold roll of about 15 
percent, obtained in multiple passes, followed by anneal 
ing at about 700 F. for one hour to improve the sub 
sequent cold rollability and mechanical properties. 

Examples of the alloy according to the invention were 
cast in rolling slabs 2 inches by 4 inches by 8 inches. 
These rolling slabs were scalped to about 17% inches 
thickness, heated to about 800 to 850 F. and cross 
rolled to a thickness of about 1 inch, then turned 90 
degrees and rolled to about 5/8 inch thickness and an 
nealed for one hour at 700°F. The annealed strips were 
then cold rolled in multiple passes at 1 to 2 percent per 
pass to a thickness of about 0.1 inch, then annealed for 
one hour at 700' F. and cold rolled an additional 40 
percent. The rolled strip was finally heat treated for one 
hour at 275 F. The properties set forth in the table 
were determined on the so-prepared rolled strip. 

Also listed in the table for comparison is a blank con 
sisting of a magnesium-zinc-zirconium alloy containing 
no added rare earth metal and prepared in rolled form in 
the same manner as the above examples. From a com 
parison of the longitudinal and transverse properties of 

30 

40 

45 

50 

55 

60 

65 

Among the advantages of the invention are that an 
alloy is provided having the light weight characteristic of 
magnesium and possessing formability, corrosion resist 
ance and good weldability. 

I claim: 
1. A magnesium-base alloy consisting of from 1.5 to 

3.0 percent of zinc, rare earth metal in an amount in 
percent by weight which is from 0.04 to 0.2 of the zinc 
percentage, said rare earth metal being selected from the 
group consisting of cerium, lanthanium, praseodymium, 
neodymium, misch metal, and mixtures thereof, from 
0.2 to 0.8 percent of zirconium which is soluble in hydro 
chloric acid on Subjecting the alloy to the dissolving 
action of the acid, and the balance magnesium. 

2. The alloy as in claim 1 in which the rare earth 
metal is present in an amount in percent by weight which 
is from 0.06 to 0.12 of the zinc percentage. 

3. A magnesium-base alloy consisting of from 2 to 3 
percent of zinc, rare earth metal in an amount in percent 
by weight which is from 0.04 to 0.2 of the zinc 
percentage, said rare earth metal being selected from the 
group consisting of cerium, anthanium, praseodymium, 
neodymium, misch metal, and mixtures thereof, from 
0.2 to 0.8 percent of zirconium which is soluble in hydro 
chloric acid on Subjecting the alloy to the dissolving 
action of the acid, and the balance magnesium. 

4. A magnesium-base alloy consisting of from 2 to 
2.5 percent of zinc, rare earth metal in an amount in 
percent by weight which is from 0.04 to 0.2 of the zinc 
percentage, said rare earth metal being selected from the 
group consisting of cerium, lanthanium, praseodymium, 
neodymium, misch metal, and mixtures thereof, from 
0.2 to 0.8 percent of zirconium which is solubie in hydro 
chloric acid on subjecting the alloy to the dissolving 
action, and the balance magnesium. 
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