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The invention relates to magnesium-base alloys con-
taining yttrium.

The magnesium-base alloys containing thorium have
been known to offer the best high temperature properties
of any of the magnesium alloys. However, thorium is
radiocative and may be objectionable for some applica-
tions.

It has also been known to use a mixture of rare earth
metals as alloying ingredients in magnesium to improve
the high temperature properties of magnesium alloys. The
addition of a mixture of rare earth metals, however, gen-
erally does not improve the magnesium alloys to the same
extent as an addition of thorium.

It has long been considered desirable to provide mag-
nesium alloys having mechanical properties comparable
to the magnesium-thorium alloys but not offering the same
disadvantages.

The magnesium alloys containing yttrinm exhibit, in
the cast form, properties comparable to the magnesium-
thorium alloys. These alloys also exhibit excellent proper-
ties in the wrought form. It has now been discovered that
these alloys are especially improved by the further addi-
tion of zinc or silver. Still further improvement is had by
the addition of zirconium to the magnesium-yttrium-zinc
or magnesium-yttrium-silver alloys in cast form and by
the addition of zirconium and manganese to the magne-
sium-yttrium-zinc or magnesium-yttrium-silver alloys in
wrought form.

The present improved alloy contains, by weight, from
0.2 to 10 percent of yttrium, from 0.1 to 6 percent of zinc,
or from 0.5 to 2 percent of silver, and the balance sub-
stantially magnesium. The alloy is further improved by
the addition of 0.1 to 1 percent of zirconium, or, alterna-
tively, from 0.1 to 2.5 percent of manganese. If desired,
low levels of both zirconium and manganese may be em-
ployed in amounts which are mutually compatible in a
magnesium alloy system, for example, amounts of zir-
conium and of manganese in the range of from about
0.05 to 0.3 percent.

In more preferred ranges of compositions which are
to be prepared in wrought form, the alloy comprises from
1 to 8 percent of yttrium, from 0.2 to 1 percent of zinc,
from 0.5 to 1.5 percent of manganese, up to about 0.1
percent of zirconium and the balance substantially mag-
nesium. An even more preferred range of yttrium content
is from 2 to 5 percent.

In more preferred ranges of compositions for alloys
which may be prepared either in cast or wrought form,
the alloy comprises from 1 to 8 percent of yttrium, from
0.5 to 2.5 percent of zinc, from 0.2 to 0.7 percent of zir-
conium and the balance substantially magnesium. An even
more preferred range of yttrinm content is from 2 to 5
percent.

The present alloys with a high yttrium to zinc ratio,
for example, a ratio of about 10 to 1, tend to exhibit op-
timum strength properties at elevated temperatures while
those with a low yttrium to zinc ratio, for example, a ratio
of about 0.3 to 1.0, tend to exhibit optimum properties
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at lower temperatures. There appears to be a fairly uni-
form transition and alloys with intermediate yttrium to
zinc ratios exhibit intermediate effects with regard to prop-
erties both at elevated temperature and at ambient room
temperature.

The yttrium used in preparing the present alloy consists
at least predominantly of yitrium and the balance not
more than 25 percent by weight rare earth metals with
other metals and nonmetals being present in not more
than minor amounts, ie., less than about 3 percent by
weight. Preferably, the ytirium used consists of at least
95 percent of yttrium, not more than about 3 percent
of other rare earth metals, not more than about 1.5 per-
cent of other metals than rare earth metals and not more
than about 0.5 percent of nonmetallic material. A dilu-
tion of yttrium with a natural blend of rare earth metals
diminishes the excellent alloy properties obtained with
relatively pure yttrium as a constituent of the alloy. The
amount of rare earth metal in the magnesium-base alloy
should be restricted to one percent by weight, and is pref-
erably less than 0.5 percent by weight.

The alloy may be made in the desired proportions ac-
cording to the invention by melting together the alloying
ingredients in proper proportions or by using hardeners
of magnesium alloys containing the alloying constituents.
Protection from oxidation during alloying is effected by
the use of a saline flux as in conventional alloying of
magnesium. The molten alloy may be flux refined, if de-
sired, by stirring the alloy with additional flux. The so-
refined metal is allowed to settle and then is separated
from the flux as by decanting into a suitable casting mold,
e.g., a sand mold for cast products, a round mold for ex-
trusion stock, and a rectangular mold for rolling slabs.

In rolling the cast metal, it is generally best to scalp
the rolling slab and to reduce the thickness of the slab
by rolling in the rolls of a mill at a temperature in the
range of 800 to 950° F. The sheet is then generally an-
nealed at 850 to 1050° F. for one hour, quenched and
cold rolled and given a final heat treatment at about 500°
F. for the hard temper and 850° F. for the soft temper
condition. The sheet may also be heat treated at 850
to 1050° F. for about one hour, quenched and aged about
24 hours at about 450° F. to produce the T6 temper
condition.

In extruding the cast metal, it is desirable first to scalp
the cast metal so as to present a smooth, clean surface to
the extrusion die. The clean extrusion stock is heated
to a suitable temperature, e.g., about 700 to 1000° F.
The metal is then extruoded in a conventional metal ex-
trusion press. The resulting extrusion may be heat treated
in the manner described above for sheet metal to pro-
duce the T6 temper condition or it may simply be aged
to produce the T5 temper condition.

EXAMPLES

Alloys according to the invention as well as compara-
tive alloys outside the scope of the invention were con-
ventionally prepared and cast into sand test bar molds,
2" x 4” x 8” rolling slabs and 3-inch diameter ertrusion
billets.

The cast bars were heat treated to the T5 or T6 temper
condition as noted above and the mechanical properties
were determined withont machining the bars. The com-
positions employed, the conditions of heat treatment and
tensile properties, elongation and percent creep are listed
in Table L
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TABLE I.—~PROPERTIES OF CAST METAL

Mechanical Propertics

N’I‘est Composition, percent by Weight* Metal in TS5 Condition Metal in T6 Condition
umber
Zn Zr Mn Ag Test Temp. 75° F. 600° F. Test Temp. 75° F. Test Temp. 700° F,  600° I
%E TYS T8 %C %E TYS T8 %E TYS TS %C
4.8 7 13 23 0.57 5 13 21 39 7 16 0.03
3.1 16 14 28 8.75 15 12 27 56 6 8 0.82
1.9 8 16 31 0.28 9 19 37 23 9 13 0.32
2.6 1 22 32 **+0.03 3 20 33 63 5 7 *+0. 01
3.8 8 11 25 0.15 5 12 23 42 7 9 0.08
2.7 7 11 24 0.02 8 12 26 12 8 13 0.06
5.3 10 16 30 .11 10 18 32 25 10 16 .97
4.8 11 16 32 11 4 15 26 29 9 16 .14
4.5 6 16 29 3.18 11 21 37 99 3] 9 1.4
5.0 10 13 27 - . 1 11 12 .. 7 .19
.85 4 20 33 “* 10 1 18 19 43 4 ] 17

*=Balance magnesium,

%E =Percent elongation.

TYS8=Tensile yield strength given in thousands of pounds per square
inch.
**==Test carried out at 400° ¥. and 5,000ipounds per square inch.

By way- of comparison, magnesium-base alloys con-
taining thorium and having the ASTM designation HK31A
were similarly cast in a sand test bar mold. In the T6
condition, the test bar exhibited a tensile yield strength
of 17,000 pounds per square inch and an ultimate tensile
strength of 32,000 pounds per square inch when tested
at 75° F. A bar of the same alloy exhibited a tensile yield
strength of 8,000 pounds per square inch and an ultimate
tensile strength of 14,000 pounds per square inch when
tested at 700° F. Bars of the same thorium alloy exhibited
a 0.2 percent total extension (about 0.15 percent creep)
in 100 hours at 600° F. under a load of 2,500 pounds per
square inch.

By way of comparison, a thorium-containing mag-
nesium-base alloy having the ASTM designation HZ32A
was similarly cast in a sand test bar mold. A bar of this
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. 'I;S= Ultimate tensile strength given in thousands of pounds per square
inch.

%C="Percent creep in 100 hours at test temperature under a load of
3,000 pounds per square inch.

also exhibited 0.2 percent total extension (about 0.15
percent creep) under a load of 1,000 pounds per square
inch at 600° F. for 100 hours. A bar of the same alloy
.in the T6 condition exhibited a tensile yield strength of
6,000 pounds per square inch and an ultimate tensile
strength of 8,000 pounds per square inch when tested
at 700° F.

The rolling slabs were scalped and reduced to a thick-
ness of about %4y’" by rolling in the rolls of a mill at 850
to 950° F., reheating as necessary to prevent cracking.
The so-formed sheet was then annealed at 850 to 1050°
F., quenched, cold rolled 10 to 40 percent (1 to 2 percent
per pass through steam heated rolls), and given a final
heat treatment at a temperature of about 500° F. The
alloy composition, the mechanical properties of the sheet
and the conditions of heat treatment are given in Table II.

TABLE IL.-PROPERTIES OF ROLLED SHEET

Mechanical Properties

Composition, Percent by Weight*

Y8 at 75° F., Percent of

Y8 at 700° F., Percent of Creep, 600° F., 160

'est Number Cold Rolling Cold Rolling hours, 10%, of
Zn Zr Mn Ag Cold Rolling
0 10 40 0 10 40 Stress, Percent
p.s.i. of Creep
11 22 26 6 4 2 2, 060 0.26
11 22 30 5 3 1 2, 000 2.92
13 28 **36(30) 8 7 4 2, 000 1.24
17 27 36 4 2 1 ***5, 000 0.18
10 23 32 6 6 3 2, 000 0.28
10 22 25(30) 7 9 6 2,000 0.12
Lower of Tensile and Compression Yield Strengths Measured in Longitudinal
Direction Only
18 33 39(19) 11 12 10(19) 2, 000 .31
23 41 47(24) 10 9 5 2,000 .78
16 31 43 7 5 2 2, 000 .99
13 25 38 3,000 119

9 11 7
Not Rollable—Fot Short

'Y S=Lowest yield strength, tension or compression, measured in longi-
tudinal or transverse direction except as noted, the strength being ex-
pressed in thousands of pounds per square inch.

*=Balance magnesium,

alloy in the T3 condition exhibited a tensile yield strength
of 14,000 pounds per square inch and an ultimate tensile
strength of 28,000 pounds per square inch when tested
at 75° F. The alloy in the TS condition exhibited 0.2 per-
cent total extension (about 0.15 percent creep) when
placed under a load of 35,000 pounds per square inch at
600° F. for 100 hours. A bar of this alloy in the T6
condition exhibited tensile yield strength of 7,000 pounds
per square inch and an ultimate tensile strength of 10,000
pounds per square inch when tested at 700° F.

In a further comparison test, a rare earth metal-con-
taining magnesium-base alloy having the ASTM designa-
tion EZ33A was similarly prepared and cast into sand
test bar molds. A bar of this metal in the T5 condition
exhibited a tensile yield strength of 16,000 pounds per
square inch and an ultimate tensile strength of 22,000
pounds per square inch. The metal in the TS5 condition
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**=Parenthetical values following yield strength indicates percent of
cold rolling when different from column heading.
***=Test carried out at 400° F. instead of 600° F.

In a comparison test, a thorium-containing magnesium-
base alloy having the ASTM designation HM21A was
similarly cast in a rolling slab, scalped and rolled and
brought to the T8 condition. The so-rolled sheet was sub-
jected to mechanical testing. Sheet which had been cold
rolled 10 percent exhibited a minimum yield strength in
the longitudinal direction of 26,000 pounds per square
inch at 75° F. Samples of the same sheet when tested at
700° F. exhibited a minimum yield strength of 9,000
pounds per square inch. Further samples of the same
sheet, on being subjected to 6,000 pounds per square inch
load at 500° F. for 1 hour, showed a total extension of
0.2 percent.

The extrusion billets were scalped and heated to a tem-
perature of 750 to 850° F. and extruded into 34¢” x 1%4"

strip from the 3-inch diameter contianer of a ram extru-
sion press. During the extrusion, the container was main-
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tained at a temperature in the range of 700 to 800° F. and
the strip was expressed at a speed of 5 feet per minute. The
strip was then heat treated and mechanical properties were
determined. The compositions of the alloy, the mechanical
properties and the heat treatment are indicated in Table
II1.

5

6

6. The magnesium-base alloy which comprises by
weight from 1 to 8 percent of yttrium, from 0.2 to 1 per-
cent of zinc, from 0.5 to 1.5 percent of manganese and
the balance substantially magnesium.

7. The alloy as in claim 6 which contains from 2 to 5
percent of yttrium.

TABLE III—_PROPERTIES OF EXTRUDED METAL

Mechanical Properties

’Il\‘ICSt Composition, Percent by Weight* Metal in T5 Condition Metal in T'6 Condition

0.
Y Zn Zy Mn Ag Test Temp. 15 75° ¥, 700° F. Test Temp. at 75° F. 700° F. 600° F. -

%E  TYS CYS TS TYS TS %E TYS CYS TS TYS TS %C

4.8 30 16 16 30 4 6 19 9 8 22 6 10 .23
3.1 32 22 21 30 2 5 26 8 8 23 5 7 6.75
2.0 26 23 24 36 3 10 28 17 18 34 7 12 **RA.(10)
2.6 14 43 36 50 1 2 12 36 22 45 5 7 **%0, 00
3.8 30 15 16 29 4 6 21 10 9 24 6 9 0.42
2.7 28 16 17 31 5 10 16 11 11 26 8 12 0.10
5.3 25 24 26 37 5 11 25 18 19 36 9 14 1.3
4,8 24 24 2 40 4 11 24 22 24 39 7 14 *RA(1)
4.4 20 28 28 39 3 8 16 20 22 36 6 10 1.53
5.0 26 17 18 32 8 11 20 11 11 28 8 13 .56
0.8 14 43 37 51 1 2 10 38 20 45 5 6 5.35

*=Balance magnesium.

**RA=Ran away, extension too large to measure, ran off scale in the
number of hours shown in parentheses.

7% E=DPercent elongation.
R ’II‘YS——-Tensile yield strength given in thousands of pounds per square
inch,

In a comparison test, a thorium-containing magnesium-
base alloy having the designation HM31A-F was similar-
ly cast and extruded. An extruded strip of the metal while
in the TS5 condition exhibited a tensile yield strength of
33,000 pounds per square inch and ultimate tensile
strength of 40,000 pounds per square inch when tested at
75° F. The strip in the TS condition exhibited tensile
yield strength of 11,000 pounds per square inch and an
ultimate tensile strength of 13,000 pounds per square inch
when tested at 700° F. The strip in the TS5 condition also
showed 0.2 percent total extension on being subjected to

a load of 6,000 pounds per square inch at 600° F. for
100 hours.

The alloy of the invention having been thus fully de-
scribed, various modifications thereof will at once be ap-
parent to those skilled in the art, and the scope of the
invention is to be considered limiting only by the ap-
pended claims.

We claim:

1. The magnesium-base alloy which comprises by
weight from 0.2 to 10 percent of yttrium, an alloying con-
stituent selected from the group consisting of from 0.1 to
6 percent of zinc and from 0.5 to 2 percent of silver and
the balance substantially magnesium.

2. The alloy as in claim 1 which contains at least 0.05
percent of zirconium and at least 0.05 percent of man-
ganese, the zirconium and manganese being present in
mutually compatible amounts and alloyed with the mag-
nesium.

3. The magnesium-base alloy which comprises by
weight from 0.2 to 10 percent of yttrium, from 0.1 to 6
percent of zinc and the balance substantially magnesium.

4. The alloy as in claim 3 which contains from 0.1 to
1 percent of zirconium.

5. The alloy as in claim 3 which contains from 0.1 to
2.5 percent of manganese.
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. ThS = Ultimate tensile strength given in thousands of pounds per square
inch.

%C =Percent creep in 100 hours at test temperature under a load of
3,000 pounds per square inch.

. **h*=Test carried out at 400° F. with a load of 5,000 pounds per square
inch.

8. The alloy as in claim 6 which contains up to about
0.1 percent of zirconium.

9. The magnesium-base alloy which comprises by
weight from 1 to 8 percent of yttrium, from 0.5 to 2.5
percent of zinc, from 0.2 to 0.7 percent of zirconium and
the balance substantially magnesium.

18. The alloy as in claim 9 which contains from 2 to 5
percent of yttrium.

11. The magnesium-base alloy which comprises by
weight from 0.2 to 10 percent of yttrium, from 0.5 to 2
percent of silver and the balance substantially magnesium.

12. The alloy as in claim 11 which contains in addition
an alloying constituent selected from the group consisting
of from 0.1 to 1 percent of zirconium, from 0.1 to 2.5
percent of manganese, and a combination of at least 0.05
percent of zirconium and at least 0.05 percent of man-
ganese, the zirconium and manganese being mutually
compatible in the alloy and both the zirconium and the
manganese being alloyed with the magnesium.

References Cited

UNITED STATES PATENTS
2,178,579 11/1939 Gann oo ___ 75—168
2,219,056 10/1940 Sauerwald et al. __..__ 75168
2,604,396  7/1952 JesSUp - o 75—168
2,703,753  3/1955 Nelson oo 75—168
3,039,868 6/1962 Payne et al. e 75—168
3,167,425 1/1965 Petchetal, oo 75—168 X

CHARLES N. LOVELL, Primary Examiner.

US. CLX.R.
148—32.5 '



