Nov. 17, 1953 T. E. LEONTIS ETAL - 2,659,135

COMPOSITE ALLOY

Filed Aug. 16, 1830

N
& 12
74 y &3
N7 '
% 54 =
] .h/;.
3 11 5’? .
E% -
2 Eﬁ .
y 5 10

WS FFTE,. "FEETLFEF, -

E.: 7
- / é 18
\ //)%‘
X R 2

/- AT

I 3

INVENTORS.
Thormos £. Leontis

Robert S. Busk

BY

ATTORNEYS

!ﬁ"ﬂ




Patented Nov. 17, 1953

2,699,135

UNITED STATES PATENT OFFICE

2,659,135
COMPOSETE ALLOY

Thomas E, Leontis and Robert S. Busk, Midland,
Rich., assignors t¢ The Dow Chemical Com-
pany, Midland, Mich., a corporation of Dela-

ware

Application August 16, 1950, Serial No, 179,779

8 Ciaims.

X

The invention relates to a magnesium-base
alloy article. It more particularly concerns a
composite magnesium - base alloy containing
manganese,

The term “magnesium-base alloy” used herein
means a magnesium alloy containing at least 80
per cent of magnesium by welght.

One of the well-known magnesium-~base alloys
containing manganese is the binary magnesium-
manganese alloy which usually contains about 1.9
per cent of manganese, the balance being mag-
nesitm. Its outstanding characteristics are
lichtness of weight, superior resistance (o corro-
sion, and lack of stress corrosion sensitivity. In
spite of these desirable characteristics, the alloy
is not as generally used as some of the other
commercially available magnesium-pase alloys
because it possesses somewhat lower strength.

The principal object of the present invention is
to provide an improved metal product compris-
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ing the conventional binary maghesium-base

magnesium - manganese alloy exhibiting high
strength and method of making the same.

The invention is predicated upon the discovery
that by die-expressing a comminuted form of the
magnesium-base magnesium-manganese alloy in
admixture with at least two of the magnesium-
soluble metallic elements of the group: cadmium,
lead, manganese, tin, silver, and zine, a composite
alloy comprising the magnesium-base inagne-
sium-manganese alloy is obtained having im-
proved strength. The composite alloy thus
obtained may be subjected to any of the fabrica-
tion operations conventionally used with ordinary
magnesium-base alloys, such as relling, forging,
drawing, welding, heat treatment, efc. The in-
vention then consists of the composite magne-
sitm-base alloy product and method of making
the same herein fully described and particularly
pointed outl in the claims, the following descrip-
tion setting forth several modes of practicing the
invention. -

In carrving out the invention, the magnesium-
base magnesium-manganese alloy used may con-
tain maneanese in various proportions, e. g. from
about 0.5 to 2.5 per cent, although preferable
propcrtions are about 1 to 1.8 per cent, the bal-
ance being commercial magnesium. The alloy
is reduced to particulate form in any convenient
manner, such as by grinding or atomizing. The
atomized form is preferred and may be preduced
by forming a melt of the alloy and atomizing it
by impinging a jet of a cool gas, e. g. natural gas,
against a thin falling stream of the molten alloy.
The atomized alloy consists of a mixture of vari-
ous sized fine spherical rapidly solidified parti-
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cles, the particles having a very fine grain
structure. It is desirable to screen out particles
coarser than those passing about a 10 to 20 mesh
sieve. -

The magnesium-soluble metals with which the
particulated magnesium-manganese alloy are to
be mixed may be reduced to particulate form in
any convenient manner. Their particle size
preferably is made finer than that of the magne-
sium-base alloy.

Before extrusion, the particulated metals are
mixed together in any convenient manner to
form 2 uniform mixture of the metal particles
composing the extrusion charge. ‘The amounts
of the particulated magnesium-soluble metal in
the extrusion charge may be from about 1 to 9
per cent, a preferred proportion being about 2
per cent, the balance of the exirusion charge
being the aforesaid particulated magnesium-base
magnesium - manganese alloy. The relative
amounts of the two particulated magnesium-
soluble metals in the extrusion charge may be
varied from a minimum of about 10 per cent to a
maximum of about 90 per cent of one scluble
metal, the balance being the other. A preferred
ravio of the amount of one of the two magne-
sium-=-soluble metals with respect to the other in
the extrusion charge is about 1:1.

The mixture of particulated metals is charged
into the heated container of a ram extruder, hav-
ing a suitable size container and die-opening and
subjected to extrusion pressure to cause the mix-
ture of particulated metals to be heated and

extruded through the die opening.

As to the extrusion conditions, the tempera-
ture of the particulated metal mixture in the
container may be about the same as that con-
ventionally embployed for extruding solid ingots
of the known manganese-containing magnesium-
base alloys, e. g. 600° to 850° F. The ratio cf the
cross-sectional area of the extrusion container to
that of the die opening has a material effect on
the mechanical properties of the composite ex-
trusion product obtained. A desirable ratio is at
least about 30 to 1, although ratios as high as 150
to 1 or more may be used. The speed of extrusion
may be varied over a wide range and depends to
some extent upon the size and shape of the die
opening, in any case the speed is to be held down
to that at which the extrusion produced is free

from hot shortness. A safe extrusion speed may

be ascertained by visual examination of the

‘product as it extrudes, the hot shortness being
-evident as cracks in the extruded product and

SN

sharply reduced strength. | | :
The _invention may be further illustrated and
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drawing in which: | _

- ®ig. 1 shows a schematic sectional elevation of
an extrusion apparatus suitable for use in prac-

xplained in connection with the accompanying

tid%

extrusion, the metals originally in the charge as
individual metal particles become welded together
without voids and do not lose their original dis-
tinctive composition exeept at the united surfaces
of the particles which become extended and

ticing the invenvion; 3 _ _
- Tig. 21isa similarview to Fig. 1 showing a modl- lengthened during extrusion. At these surfaces,
ficaticn of the apparatus: and. - during. extrusion or heat treatment, some dif-
- Pig. 8 is a similar view to Fig. 1 showing an- fusion of metal takes place between the man-
- other modification of the apparatus. - ganese-containing partvicles and the magnesium-
As shown, the apparatus comnprises, in its three 10 soluble metal particles.
forms, an extrusion container { adapted to con- The following examples sev forth in the table
fine a charge 2 of the mixture of metal particles helow are illustrative of the invention:
Table
Composition of Extrusion Cb arge
%fq fﬂﬁiglﬂaﬁieéﬂiﬁﬁﬁi{gﬁ Mec'.hamcﬂl Prnperriles 3in 100{}; D. 8. 1. of Extrusions
fiovlated - Masmoesium-Soluble | Tade at 760° F. - -
Example No.— Metals A and B Reduction | Extrusion
Blank No. ' ' in Area | Size ? Inch -
. Wt Per.| Mg Soluble Metal ASX Aged H.T. LT A
cent - — -
Alloy | A Percent | B Percent 7ys T8 | TYS | T8 | TYS | TS | TYS | TS
Blank 1__#___.,-___.. 1 130 THONC ... nove. ... 31:1 0. 020 32 40 321 44} 31 39 2(} 40
Bxample 1... .. ._.. 08.9 | Znil._ ... Sn 0.1.___. 31:1 6. 020 40| 47 42 | 45 34 | 42 a3 42
Lxsmple 2. ... _. 8.0 Zn1______. Snl.0._.__] - 31:1 0. 080 44 47 44 45 1 36 41 a3 42
Example 3. ... __._}. .0 | Zm 1. ___.. S 3.0, .- 21:1 0. 020 41 47 43 4§ - 32 41 | 29 41
| ngamﬂle S 93.0 | Zni__._._. Sn 6.0.__.. 31:1 0. 086 42 48 473 48 53 42 34 41
Example 5. ... . 86.01 Zn3._ .| 8p1.0____. 31:1 0. 050 39 47 41 45 28 30 29 40
Tvanlpleﬁ .......... 8B EZn 1l L . Mn 0.5 __. 31:1 0. G4G 40 491 41 48 31 42 20 40
Kxample 7. ... ‘3{3. Ot Zni_.._._.] Mn3.0._.. 31:1 0. 000 23t 47 41 46 52 41 51 4
- Example 8. . _ ... B.517Znl....__. Cd 0.5 ... 31:1 0. GO0 4() 48 4] 49 32 42 A4 49
- Example 8. .- 8.0 | Znl__ ... C4d1.0_____ 31:1 0. 680 44 7 43 45 -34‘- 41 | 84| = 41
Example 10 . ___.. 301 Zn 1 ._..} Cd6.0.. . 31:1 0. H30 45 43 1 41| 48 42 317 40
- Example 11 ... ... 3.0 { Zn 1. ... Az 1.0.___. pd:l 0. 086 39 48 42 1 47 _’L 43 34 42
Fxample12_ ...t SO0 Znli ... | PpolO..__. 34:1 (0. Q26 44 | 40 45 47 371 41 38 41
Exﬂmple 12 . ... - 68.0] Cdtoo_ .. Mn 1.0, . 5411 0. 056 40 43 492 44 56 50 25 40
Txample 14 __.___. .0t Cail__....| Pb1.0.__.. 34:1 0. 056 41 432 A4 45 38 4] 38 39
Exemple 165_ . .. _. 083.0. Cd 1...._.. on 10, ... ad: 1 G. 086 35 3 43 | 45 o & 38 41
Bxemple 16, .. . ___ 6.0} CGl...... Agl_____. ad:l (. 080 | 341 44y 39 1 40 & 41 50 432
Example 17 .. 0R.01 Agl____.. Mnl____.. 34:1 . 0R%6 | 3‘ 42 37 45 a4 42 ‘34 41
Example 18____. .l 8801 Agl______ Popl______ 34:1 0. 056 25 44 39| 46 34 41 | . 3 1!
Fxample 19 _______ 05.0 | Agl______ )1 3 S 34:1 0. 0X6 20 | 4D 3& 1 46 ) 43 37’ 11
Example 20_ - . ____ 93.0 Mnil.____. Phil ... 34:1 0. 086 4 3 | 42| 451 - 371 40 93 59
Example 21________} 05.0 | Mn 1.____. SH loo 34:1 0. 086 301 49 :2- 44 33| 39 37| 59
- Example 22... ... 0.0 Sn3.__..__ Pb6._._.. 31:1 0. (50 3 44 | 45 | 37 | 43 36 43
Example 23 - - .. 01.0 | S 6..____  Pb 3. _. 31:1 | 0. 050 371 43 40 4| 3 40 35 11
11.09, Mmn, balance Mg,
2 Wire,
3 ASX =05 extruded.
Aﬂ'ed heat treated for 16 hours at 350° F.
T, =Heat treated for 1 bour at 750° .
. A.=Heat treated for 1 hour at 750° F. followed by heat treatment for 16 hours 2t 250° F.

TYS Tancile yield strength, defined as the stress at which the sfress strain curve Geviates 0. 907 fro1n the mrodulus Hne.

TS="Tensije strength.

to be comoaﬁted and extruded. The container 1s
provided with & heating element & In Fig. i,
one end of the container t is closed by the die
plate § in which is provided the die opening 5. In
this form of the apparatus, the charge £ is causad
to be compacied in the container and extruded
through the die opening § by application of pres-
sure by means of the dummy block & which 1s
forced into the heore 7 of the container by the
rom 3 to form the extrusion 8.

in the form of tihe apparatus shown in Fig. 2,

the container | is closed at one end by the plate
183, The other end of the container receives the
die kloeck it carried by the hollew ram {2 which
forces the die block into the container causing
the charge 2 (o bhe compacied and to extrude
through die opening (3 to formn the extrusion (4
which extends into bore £5 of the hollow ram {2,
- In the modification of Fig. 3, the container is
closed at one end with a plate {8. The charge 2
is extruded as a tubular extrusion {7 through the
annulus i8 arcund the die block £8 which is forced
into the container by the ram 20.

The forms of the apparatus shown are conven-
tional.

By putting a charge of the mixture of the par-
ticulated metals involved under pressure while at
heat, as with the apparatus shown the metal par-
ticles are not subjected to further mixing hefore
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In rmaking the composifte alloys shown in the
foregoing table, the manganese-containing mage-
nesiurm-manganese binary alloy used was in at-
cmized form, the particles of which were of vari-
ous sizes substantially all passing through 20

- mesh sieve while being retained on g 200 mesh

sieve. Thne particles of the particulated mag-
nesium-soluble metal were of generally fner
size than those of the magnesium alloy used.
The parviculated metals were mixed together in
the proportions shown and the mixture charged
into the container of a ram extruder of the tyne
illustrated in Fig. 1. For the blank, the man-
ganese-contalning magnesium-base alloy, in the
same particulated form as used in the mixture
was extruded alone under comparable extrusion

conditions. The rate of extrusion was about 1
to 2 feet per minute, and the temperature about

_ 100‘3 B,

We claim:

i. The method of mahmg & solid composita
high strength metal comprising magnesium al-
loyed with manganese which comprises forming
& mixiure of a particulated binary magnesium-
manganese alloy containing from 0.5 to 2.5 per
cent of manganese, the balance being magnesi-

‘um, and at least two particulate magnesium-

soluble metals selected from the group consisi-
g of cadmiuni, lead, manganese, tin, silver, and



2,659,135

5

zine, said magnesium-soluble metal forming
from 1 to 9 per cent of the weight of the mixture
the balance of the mixture being said binary
alloy, and die-expressing the mixture at a tem-
perature from 600° to 850° F. |

2. The method according to claim 1 in which
two magnesium-soluble metals are used and the
amount of one of the magnesium-solubie metal
is from 10 to 90 per cent of the total amount of
magnesium-seluble metal in the mixture.

3. The method according to claim 2 in which
the two magnesium-soluble metals are zine and
tin.

4. The method according to claim 2 in which
the two magnesium-soluble metals are zinc and
manganese. -

5. The method according to claim 2 in which
the two magnesium-soluble metals are zinc and
cadmium.

6. The method according to claim 2 in which
the two magnesium-soluble metals are silver
and manganese.

7. The method according to claim 2 in which
the two magnesium-soluble metals are silver and
tin.

8. A composite metal body comprising a par-
ticulate binary magnesium-base magnesiume-
manganese alloy containing from 0.5 to 2.5 per
cent of manganese the balance of the alloy be-
ing maghesium and at least two particulate met-
als selected from the group consisting of cad-~
mium, lead, manganese, tin, silver, and zine, in
amount between 1 and 9 per cent of the weight

i

G
of the said body the balance of the said body

being the said binary alloy, the particles of each
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metal being elongated, oriented in the same di-
rection and welded together into an integrsl

solid.
THOMAS E. LEONTIS.

ROBERT S. BUSK.
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