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The invention relates to a composite metal body
of which magnesium is the predominant con-
stituent. It more particularly concerns an im-
proved composite magnesium-base alloy body
comprising magnesium alloyed with zirconium.

Zirconium alloys with magnesium, under con-

ventional alloying conditions, to a maximum eX-
tent of about 0.8 per cent. Among the advan-
tages of alloying zirconium with magnesium are
that a strong fine grained alloy is obtained. It
is also possible to improve the binary magnesium-
base zirconium alloy by alloying various magune-
sium-scluble metals therewith, such as calcium,
cerium (mischmetal), silver and zine. In con-
trast, attempts to alloy the magnesium-soluble
metal aluminum with the zirconium-containing
magnesium-base alloys have not been success-
ful because the aluminum and the zirconium re-
a.ct tocether to form an insoluble compound which
settles out of the glloy. Insofar as we are aware,
it is not possible with existing alloying methods
to form magnesium-base alloys containing signifi-
cant amounts of both aluminum and zirconium.
The term “maghesium-base alloy” used herein
means a magnesium alloy containing at least 80
per cent magnesium by weight.

We have now discovered that the foregoing dlf-—
ficulties of formineg magnesium-~base alloys con-~
taining both aluminum and zirconium in sub-
stantial amount are overcome by extruding at
elevated temperature a zirconium-containing
magnesium-base alloy in particulate form in ad-
mixture with the aluminum-containing metal
constituent in particulate form. The resulting
extrusion is a composite alloy body having en-
hanced tensile strength and other desirable prop-
erties. In addition, other metallic constituents
capable of modifying the properties of the com-
nosite alloy may be included in its composition.

The invention then consists of the improved
magnesium-~base aluminum and zirconiumn-con-
taining composite alloy, and method of making
the same, hereinafter fully described and particu-~
larly pointed ocut in the claims, the following de-
scription setting forth several modes of practic-
ing the invention.

In carrying ocut the invention, various ZiTCo-
nium-containing magnesium-base alloys in par-
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ticulate form may be used having an alloyed
zirconium content of 0.1 to 0.8 per cent. A pref-
erable proportion of zirconium is between about
0.2 and 0.6 per cent, 0.3 per cent being generally
satisfactory. Although the binary magnesium-
base alloy of magnesium and zirconium may be
used as the zirconium-containing magnesiume-
base alloy in the mixture of particulate metals to
be extruded, generally higher strengths are ob-

tained by including at least another metal, which

is soluble in magnesium in the presence: of Zil'cO-
nium, as an alloyed constituent of the magne-
sium-base zirconium-containing alloy, as for ex-
ample, cerium (e. g. mischmetal) in amount up to
about 2 per cent, zinc up te gbout 8 per cent, silver
up to about 6-per cent, or calcium up to 1 per
cent. Combinations of two or more of these
metals may be used in the alloy.

The zirconium-containing magnesium-base
alloy may be reduced to particulate form for use
in the invention in any convenient manner as by
grinding: or atomizing. The atomized form 1is
preferred and may be produced 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 alley. The atomized
alloy consists of a mixture of various sized fine
spherical rapidly solidified particles oif the alloy,
the particles having a very fine structure. It is
desirable to screen out particles coarser than
those passing about g 10 to 20 mesh standard
sieve.

The aluminum constituent of the mixture of
the particulate metals to be exiruded, according
to the invention, may be either elementary alumi-
num or aluminum alloyed with a magnesium-al-
loyable metal. It is preferable to employ the
aluminum as an alloy with magnesium, as in
magnesium-base alloys containing aluminum.
Por example, the binary magnesium-base alloy
of magnesium and aluminum, and the ternary
magnesium-base alloys of magnesium, aluminum,
and zinec, such as the conventional magnesium-

- base aluminum-~ and zinc-containing struetural
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alloys, which may also contain a small amount of
manganese, may be used in particulate form to

supply the gluminum constituent of the mixture
of the partmulated metals to be extruded

Wi
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The aimﬁiinum-containing- c'oristituent of the -

- mixture of particulate metals to be extruded is
. reduced to particulate form in any suitable way,
such as any of those mentioned in connection

with the magnesium-base magnesium-zirconium

alloy.  In the instances in which the aluminum -
- constituent is alloyed with magnesium, as afore-.

mentioned, it is. preferable to reduce the alloy

- to particulate form by atomization as already de-

scribed. The particle size of the bulk of the
aluminum-containing constituent is made prei-

erably smaller than that of the bulkk of the zirco-

nium-containing constituent in order to obtain
.good distribution of the aluminum-containing
constituent. throughout the extrusion. -charge.
Other metallic constituents, if any, in the ex-

. trusion charge may be reduced to pa,rtmulate form_ -

in.any appropriate manner.

- Before extrusion, the metals in the particula,tev -

form described are mixed together to form a

uniform mixture of the metal particles compris- .
Substantially all the

ing the extrusion charge.

- -alloy may also contain Ca or Zn).

10

- tionally into the extrusion charge.

4

tional 'pa,rticulated ‘magnesium-base alloy not.

containing either aluminum or zirconium (this
The zinc
and calcium may be used as just indicated or
as particulated unalloyed metal introduced op-
Cadmium, .
lead, and tin likewise may be used in particu- .
lated unalloyed form to modify the character

of the composite alloy formed. The metals: Mn,
Cd, Pb,

Sn, and Zn when used in -unalloyved

- form may be added in total amount up to about

18

2 per cent of the weight of the charge.
amount of magnhesium in the charge is thus

The

dependent upon the amount of the non-mag-
nesinum constituents introduced into the charge,

- and, exclusive of the zirconium and aluminum,

20

~per cent of the weight of the charge..
- nesium content, determined by diil
range from a minimum of about 82 per cent

~particles should be capable of passmg about s |

10 to 20 mesh standard sieve. The relative

- amounts of the particulated zirconium-contain- .

ing magnesium-base alloy and the particulatved

“gluminum constituent are adjusted so that there -
is a minimum content of about 0.5 per cent fo

g maximum of about 6 per cent of the aluminum |

“to 2 maximum of about 99.4 per cent.

-which together constitute at most about 6.1 per
~cent of the charge, the aforementioned non-
magnesium constituents (both alloyed and un- -

alloyed) may amount to as much as about 18
The mag-
may

grerce,

The fol~
lowing chart summarizes the foregoing and shows
the sources of the zirconium, aluminum, . and
other magnesium-soluble metal, if any, in the
extrusion charge, or mixture of particulate metal,
to be extruded 1o form the composite alloy.

Chart of extrusion charge companents of
narticulated metals

¥

Sources of zirconivm in charge—Zircori- |
um-contairing maonesiim-base - EJIG'F
(Zl cm:ltent 0.1t00.8%). '

. .

‘Sovrces of aluminum in charge—
A]uminum-cnntainiug metal

Sources of optional m odlfymg components in
ch arge

Unalloyed metal -Alloyed metal

(1) Maenesivm-base binary magne'%ihm-
- girconium alloy.,
(2) Magnesinm-base maﬂnesium-mco-'
rinm allov eon tainmg up to 29, of
Ce, up to 69, of Ag, up to 8% of Zn,
up to 19 of Ca.

Amount used being sufficient to intro-
duce at least 0.0959; of Zr by weight into-
the charge.

charge.

(1). Unalloved aluminom. - -

(2) Birary mara: eqmm-aluminum
alloys. -

(3) Maenesium-base a]lms con -
tainrirg up to 129, of alumi-
num and up to 59 of zine. up

(4) Magnesipm-base allovs con-
taining up to 129 of alumi- |
num ar«< up to 29% of man-

. ganese.

{5) Maesnesium-base alloys con-
tairing up to 129, of alumi-
pum, un to 5% of zincand up
up to 29, ofmanganese,

Amount used being sufficient to

infroduce at least 0.5 to 6% by
weight of aluminum into the

(1) Mn as magnesitim-base
magnesiums-mnanga- |
- ‘nesealloy containing. -

| {1): Manganese. .
- (2). Cadmium.

(3) Lead.
(4) T'in. 0.1 to 2,589, of Mn.
(5) Zinc. (2) Ditto and contairing

to 0.59% of Ca |
One or more of and up to 39, of Zn.
above, if used,
in total amount
up to 29 of
charge.

Amount used, if any,
being suflicient to in-
troduce up to 19 ol
manganese by weight
into the charge.

constituent (either alloyed with magnesium or
as elementary aluminum) in the mixture, and
a, zirconium content in the mixture of at least
about 0.095 per cent. The major portion by
weight of the mixture of particulated metals to
be extruded is the maghnesitim of the alloyed
magnesium therein. The minor portion com-

prises the non-magnesium metals, viz. the con-

stituents: aluminum and zirconium as well as
any additional magnesium-soluble metals which
may be used in the charge, e. g. cerium, silver,

zine, calcium, cadmium, lead, tin and manganese.

Of these additional metals, the Ce, Ag, Zn and
Ca may be introduced into the mixture as alloyed
constituents of the particulated magnesium-base
zirconium alloy, as aforesaid. The manganese
may be introduced into the charge as parficu-
lated elementary manganese or it may be alloyed
with the magnesivm with which the aluminum
constituent may be alloyed, or it may be in-

315
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The mixture of the particulated metals 1is
charged into the heated container of a ram ex-
truder, having a suitable size container and die
opening, and subjected to extrusion pressure to
cause the particulate metals to be heated and
extruded together through the die-opening.

As to the extrusion conditions, the tempera-
ture of the particulated metal mixture in the
container may be the same as that convention-
ally employed for extruding solid ingots of the
known magnesiume-base aluminum-containing
alloys, e. g. from about 800° to 500° P., the usual
temperature being about 600° to 850° ¥. The
ratio of the cross-sectional area of the extrusion
container to that of the die-opening has a ma-
terial effect on the mechanical properties of the
extrusion product obtained. A desirable ratio is

" at least about 30 to 1, although ratios as high

as 180 to 1 or more may be used. The speed
of extrusion may be varied over a wide range

troduced as an alloyed constituent of an addi~ 75 and depends to some extent upon the size and
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- shape of the die-opening. Inanycase, the speed
is 1o be held down to that at which the extrusion
~produced is free from hot shortness. A saie ex-
trusion speed may be ascertained by wvisual .ex-

amination of the product as it exbtrudes, the hot

shortness being evident as cracks in-the extruded
product and sharply reduced strength.

The extruded product obtained is a. composite
metal body or alloy having the same compact-
ness and integrity as the usual magnesium-base
alloy extrusions made from 2 solid mass, such
as an inget of a magnesium-base -alloy, but

uniquely differs from it in metallographie struc-
The strueture is essentially multimetallie,

ture.
‘being composed of the innumerable particles of
each of the particulated forms .of the metals in

the extrusion.charge, the partmles hayving become

“elongated with the long axis parallel to that of
the extrusion. The elongated particles are weld-

ed one to the other without voidsu' There 18

diffusion of some of the aluminum constituent
of the aluminum-containing partiecles into the
particles of the zirconium-containing ma.gne-
sium-base alloy and precipitation thereby of zir-
conium therein; and there is some diffusion of
magnesium from the zirconium-containing mag-
nesium-base alloy particles into the aluminum or
other maghesium-soluble metal constituent, if
present, forming composite alloy. The composite
alloy extrusion obtained may be subjected to the
same types of metal working :operations as gm-
ployed with cenventional magnesium-base alloys,
e. g. rolling, welding, forging, chemical finishing,
electroplating, etc. ‘The mechanical properties.of
the composite alley generally surpass those -of
the conventional magnesium-pase gZirconinm-
containing alloys and the ameount of zirconium
may be at least as much as may be alloyed witi
magnesium alone in spite .of the inelusion of
gluminum or gther magnesmm-seluble metal.
The invention may be further illustrated and
explamed in conneetion with -the. a.ceompanymg

drawing in which:
Flg 1 shows a schematic secbmna;l e‘levatmn

g T =—

_practlcmg the mventlon'

Fig. 2 is a similar view to Fig. 1 shawmg 2
modification of the appar&tus and

Tig. 3 is a similar view to Fig. 1 showing an-

other modification of the apparatus.

As shown, the apparatus comprises, in its three

forms, an extrusion container | adapied to.con-

6

~fine' g charge 2 of the mixture of metal particles

t0°be formed into the compaosite allo

"The con-
tainer is provided with a heating element 3. In
Fig. 1, one end -of the container { is .closed by
the die plate 8 in-which is provided the die-open-

4ing 8. In this form of the apparatus,the charge
-2 is caused to be compacted in the centainer and

]

‘extruded through the die-opening 5 by applica-
tion of pressure by means of the dummy block
6 forced into the bore T of the container by the
ram 8 to form the extrusion 9 of composite alloy.
In the form of the apparatus shown in Fig. 2,
the container | is closed at one end by the plate
-18. The other.end of the container receives the

die block I1 earried by the hollow ram 12 which

‘forces the die block into the container causing the

charge 2 to be compacted and to extrude through
die opening 13 to form the composite alloy ex-

trusien 14 which extends into bore 182 of the

hollow ram 12.
In the modification of Fig. 3, the container is

-closed at one end with a plate {6. The charge
2 is extruded as a tubular composite alloy ex-

--j:_rumon {7 through the annulus {8 around the

30

35

die block {9 while it 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
metals involved according to the invention under
pressure while .at heat, as with the apparatus
shown, the mixture of metsl particles is com-
pacted but not subjected to furfher mixing Je-
fore extrusion. 'The metals originally in the
charge as individual 'metal particles become

welded together without voids into an -integral

40
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compacted mass of elongated -particles substan-
tially without mixing. “The particles in the com-
pacted mass do net lose their original distine-
tive composition except :at the surfaces of the

-union -of the different kinds of -particles -which

become extended and lengthened during seX-

“trusion, giving the particles their elongated form.

At these surfaces during extrusion, some diffusion
takes place of metal of one kind of particle {o an
adjacent particle of different metal, as already
_-.mentloned forming composite alloy.

Examples, set forth in Table I, are illustrative
of the invention as embodied in the coextrusion
of .a particulated binary magnesium-base zir-
conium alloy and particulated elementary alumi-
num mixed together to form the extrusion charge.

“Table T

I T - R T

: Mechanical properties of extrusion in

1| ‘Composition of extrusion charge of par- 1L,000’s p. 8. 1.

) ti}cﬂated A mixed with partwulated h

1 aluminim . ; . .
Ixample No, — .,{&55:{& t Aged | H. T, H. T. 4

Blank No. ; LLRAEd _ Aged

| Weight | Weight | 1

ipﬁj;ie_i;f; Analysispol A _:pezstint TYS TS':'TYS‘ TSITYS| T8 ' TYS; TS
~1,._,____--_,______-_?- 99. 9 DEE% Zl bal. Iﬁdg._ﬂ...‘:@l .1 2871381 #5434 31} .40 '-35? 42
g TTTETITITTIIIRT 99.5 |_____ do oA 0.5 33140 39144 4145 427 45
: JpR—— R L EEEE Ao o 608 401 425 41 41 491524 494 51
Blank1.._.._...1 100.0 {.____ do e J] None. 26 86 2937, 284371 281 36
“Blark 2....-- o2l 899.5 1009 Mg .. 0.5 26136 827187 254329 251 33
Blank3.-orrn--o| 9400 Q0. o 6.0 | 24 (33| 24134 260{39] 25| 2
Blank 4__...___.. i_ﬂﬂ.ﬂ cernaQO ‘None | 27 1386 | 27 1367| 20138 221 30

44 A ged”=hesated 16'hours at 350° F.
H. T =heated 1 heur-at:750° F.

H T4

Aced=heated 1 hour at 750° F. followed by heating for 16 hours at 350° F.

TYS=tensile vield strength, the stress at which the stress-sirain gturve.deviates 0.2 pe1 cent from

the .1r nduluq line,
g =tensile strength.

¥ ']t ]I'

i
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P
. Referring to Table I, the various compositions
shown of the particulated metal or metals were
extruded in the form of wire 0.086 inch in diam-
eter from 2 heated extrusion container 0.5 inch

in diameter at the rate of about 1 to 2 feet per
minute using an apparatus similar to that of

2

“alloyed with magnesium in the proportions cor-

responding to the eutectic compositions, in the
binary magnesium-aluminum alloy system, Viz.
31.6 per .cent Al, balance Mg, and 6.5 per cent
Al balance Mg. In making these extrusions, the
same apparatus was used as for the extrusions of

Fig. 1. The reduction in area was 34 to 1. The Table I, the reduction in area being 34:1.
Table IT
Composition of extrusmn charge of par- Mechanical properties ! in 10060’s p. s. 1.
Tx- ficulated A mixed with particulated e .
an_; 10 B (Mg-Al eutectic) | _ Extrii- : |
NOP_ : S 51011 | AS EX‘*- Aged :E; T H. T. +
Blank o | . temp ., | traded . S Aged
A Weight | Weight| °P. '
0. ipercent Analysis of A percent| | |
A - B TYS|TS{TYS|TSITYS|ITS|TYS| TS
4 07 { 0.54% Zr, bal. Mg_____ 23 Q00 | 38 1 40| 37 [ 41 39| 43| 40| 43
Y 94 §___._. do - 26 800 37 | 41 39 | 44 38 | 46 37 46
S S ¥ ) A S & [ o DO 29| 800| 36| 43 39| 45 40 ) 47 427 47
S 88| A0 e 212 800 | 41| 42| 44 {46 | 46| 47 | 437 48
- S 82 |..__. Ao e 218 800 | 40| 47| 41 | 44 | 43 | 5O | 43 | 47
Blank 5_ 100 |.---. 4 Lo TN None 800 | 28 | 461 33|41 | 281} 38| 28| 37
9 _____.. 01} 0. 33% Zr, bal. Mg_.___ 29 750 | 391431 451 48 | 46 | 48 | 45| 48
Blank 6 100 {__... 5 [ J None 670 | 24 | 35) 25|35 | 25|36 27| 34

1 See footnotes of Table I

2 Analysis 31. 63% Al, balance Mg,

3 ﬂnalysm 66.59%

container temperature was about 800° F. and the
die gbout 710° P. The particles of the mag-
nesium-base magnesium-zirconium alloy were of
atomized form passing a 20 mesh sieve and re-
mainine on a 200 mesh sieve. The particulated
aluminum was finer in particle size than the par-
ticulated magnesium-base alloys, about 82 per
cent passing through 100 mesh sieve and about
58 per cent passing through a 200 mesh sieve,
The particulated elementary magnesium included
in blanks 2 to 5 for c¢omparison was in tine
atomized form and similar in sieve analysis 10
that of the binary magnesiunm-zirconium -alloy
used. | '

The extrusion of E:-mmples i, 2 and 3 contain
both aluminum and zirconium in amounts far
peyond those alloyable with magnesium in con-
ventional manner. Metallographic examination
shows that each extruszion is essentially a unique
multimetallic body of elongated particles of the
binary magnesium-base magnesiume-zirconium
alloy and elongated aluminum psarticles, the two
kinds of particles being interspersed and welded

35

4}

45

50

Al, balanca Mg.

By employing the aluminum constituent of the
extrusion charge alloyed with a considerable pro-
portion of magnesium, as in the foregoing exame-
ples (4 to 9, inclusive), a better distribution is
had of the aluminum constituent throughout the
mixture of particulate metal to be extruded, and
the surface of the composite alloy extrusion is
generally smoother than similar composite alloys
made with unalloyed aluminum. ‘The propor-
tion of aluminum in the extrusion charges of
Examples 4 to 8, inclusive, is approximately 1, 2,

3, 4, and 6 per cent, respectively, the zirconium

content is approximately 0.92%, 0.519%, 0.49%,
0.47%, and 0.44%, respectively, and the balance
is magnesium. ‘The proportion of aluminum in
the extrusion charge of Example 9 is about 6 per
cent and that of the zirconium about 0.3 per cent,
the balance is magnesium. The metallographic
structure of the extrusions of Examples 4 to 9 is

- generally similar to that of the extvusmns of

65

together- into a composite alloy without- voids... -

The elongated particles in the eXxXfirusion are

oriented with their long axes parallel to the axis
of the extrusion. In addition, some diffiusion

occurs of aluminum into the surface of the elon-

cated magnesium-zirconium alloy particles and

of the magnesium into the surface of the elon-
gated aluminum particles; and there is the for-
mation and precipitation of some zirconium-
aluminum compound in the binary magnesiumni-
zirconium alloy particles near the boundaries de-
marking the two kinds of metal particles of the

composite alloy.

Examples, set forth in Table 1I, are illustrative
of the invention as embodied in the coextrusion
of a particulated binary magnesium-zirconium
alloy and a particulated alloyed form. .of alumi-
In these examples,

num. the azaluminum is

60

Egxamples 1, 2 and 3.

The inclusion of one or more maghnesium-
soluble metals, . g. cerium (mischmetal), zine,
calcium, silver as an alloved constituent of the
zirconium - containing magnesium - base alloy

‘member of the extrusion charge, as aforemen-

tioned, is generally advantageous. Examples are
set forth in Tables I1T and IV which are illustra,-
tive of the use of cerium in this embodiment of
the invention, additional examples also appear

- In Table VII below (in the examples of Tahle IV,

70

75

the aluminum constituent in the extrusion charge
is the alloyed aluminum constituent of a con-
ventional magnesium-base alloy containing alu-
minum, zine, and manganese) ; the examples in
Table V are illustrative of the use of zine, in this
embodiment of the invention; the examples in

Table VI are illustrative of the use of two mag-
nesium-soluble metals, calcium and zine, in this

embodiment. of the invention (further examples

of this use of calcium and zine zlso appear in
Table VII below):; and the examples in Table

WIII are 111ustrat1ve of the use of silver in this

embodlment of the invention.
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Table ITT
Composition of extrusmgatﬂixﬁlz Eﬁfﬁ;}%‘twulated A mixed with Mechanical prnperties ﬁf éxtfusiﬁn in 1000’s p. s. i.
Fizq@,mple . |
0, Asex-. . s R Ty
__ . 3 | Aged H. T. vaq | Bxtrusion eondition’
Bl0K weight | Weight | truded Aged -
: perceent Analysisof A percent; Analysis of B- - -
* ? Tys|Ts|Ts| 16 [TV T8 |Tvs| Ts| D2y | Rea. | TemP:
R | | . - “inehes S
100 . 99. 0 D.%l{%. Zr, 0.99% Ce, bal. 0.1 | 1009 Al..__._..._ 40 [ 49 |.__._ 52 47|47 40|49 0.088|33:1] 700
g. . | . N o
1. _____ 00,5 [..__ A0 i T S o [ o Y | 60 { 51| 52 | 63| 48 149+ 48 49| 0.088 | 33:1 700
12, ______. 99.0 |oo 0 1.0 {-ve-- '3 {s J 50 { 60 ] 63 1 53| 49 60| 60 | 51 [ 0.088 [ 33:1 700
18 97.0 |ooee @Oz 3.0 [-eoea s ¢ TR | 50|50 50150 65051 50| 52f 0.088 | 33:1 700
14 .. 04. 0. ___.__,du____-___,,___._________,._ 6.0 tocee A0 b 80151 80 o0 { B2 b3 B8O | B0} 0.088 | 33:1 700
Blank 7___t 100 {-o--- 6 (s R 1414 11 T DO | 48 | 48 | 51 | 51 | 43 | 43 1 43 | 43 | 0.088 | 33:1 700
150 .. 99.9 | 0.44%, Zr, 192% Ce, h:-::.l 0.1 Iﬂﬂ% Al _._____| 53[53] 51{51] 47|47 48 |49} 0.088 |33:1 ! - 700"
16 .. 09.5 |o—-__ dn_..__,._,____.._.._--______ 3 I ( S | 51 | 51| 51| 52| 45|48} 49|49 o0.08833:1| ‘700
| ¥ 99,0 | QO i ) I 613 SR | 82152 521{52| 47150 4 47149 | 0.088 { 33:1 700
18 .. 99,0 [ A0 a2 300 e do oo | 51181 6501 50) 45494 bl | 54 0.088 ] 33:1 700"
19 . ___ 04, 0 oo QO i 6.0 |oceu QO oozl BLy BT oo | AT BL | 8L L B3 84 0.008 | 33:1 | 700
Blank8._.1 100 |cceedO oo el NONE || 501850 601 80 ] 45 45} 45| 46| 0.088 | 33:1 700
20 ___. 7.0 .0%1{% Zr, 0.999% Ce, bal. 3.0 31 B% Al bal Mg- 61182 | 52|52} 47 (48| 46 [ 47| 0.088 { 33:1 | 700
2y . 04,0 |eeeedO 6.0 [--aa- s (s DU 83} 50|51} 47 [49 49| 50| 0.088 | 33:1 | 700 -
22 . ___. 91,0 [-on-- s (0 T 9,0 [----- 6 {0 JNU | 49 | 80| 53 | 83 | 48 {49 ) 49| 4%} 0.088 | 33:1 700
2 e oS ¢ I 410 SRR 12,0 {———_dOo_ . _____| 51| 61| 521582 81|83} 51 |53 0.088 | 33:1 | 700
24 ________ 82.0 |----_ '6 [0 SOOI o 18.0 {——.._ ¢ [ S 52 { 83 |-—.-- 52 | bH3 | 55 94 1 66 | 0.088 | 83:1 700
20 o __ 7.0 ] 0. 44% Zr, 1.920, Ce, baI 3.0 toecan do_ o 50180 49 a0 | 48| 491 461747 1 0,088 391 700
%o S . 6.0 |- A0 50 501 52 (52 43| 45| 46|48 | 0.088 | 33:1 700. -
/LY S 01,0 |ccedOo e 9.0 |----. do. .. 49 | 50 b3 | 83 46 { 48 | 48 1 50 | 0.088 | 33:1 700
28 o ceee $2.0 Joca-. o (o S S 18,0 |eoe@O oo} 54| 54| 54166 | S0 ) 53| 491 00| 0.088 [ 33:1 | 700
20 o __ 75.0 0%}{% Zr, 0.29% Ce, bal. | 25.0 | 5.69 A1, bal. Mg. | 32| 38| 4t 44| 40 [48 | 39|44 0.086 '34:1- - 700
| g, | | SN S | A N N (U . k |
30 e 50,0 |ooce @O oo 80,8 sea 6 (s SO 36:1 42| 38| 42) 36|43 | 35|43 | 0.086 3‘4 1 700
1 I 25.0 |oee- S (o 75.0 |-cee @O 32 | 43| 85143 31 [40°| 32| 41| 0.086:]34:1{ 700
Blank ... 100 |- 6 (4 SN SUSUPPTTIES SRS ((0) o1 - PR USRI I R—rd | 37 142 | 38} 42| 33 (38| 34|40 | 0.086p 34:L§ 700
Blank 0. |-coooooofeuooe QO e 100 56A1 bal. Mg.___| 31| 44| 20[43| 26|41 | 26|30 | 0.086.734:1| 700
Table IV
Composition of extrusion charge of particulated A mixed with particulated B Extr Extrusion eonditions
Extru-
i .
E%Jaﬂl.:nple Weish tselnms]ileh Extru- 1
Tnin |Weight eight _ stren-t sion |Reduc-
Blank No. percent Analysis of A percent| Anglysisof B . .In 100Q. | diam- | tion in _TEI%‘P",_.
A B p. s. 1. eter, area, '
-- - inches
32 . 75 | 0. 46% Zr, 0.409% Ce, bal, Mg.___ 25 | 2. 8% Al, 1.09, Zn, 0. 42% Mn, baI Mg-__ | 43 | 0.002 30:1 | 750
33 _ ... 50 |oao-_ QO e e 50 |- 6 £ 0 J0 UL S oL S OIS 421 0.002 30:1 750
34___ ... 25 [____ do . e 75 |-oaao do_..;-_--------________;- ............ 371 0.092 | 30:1 750
Blank 11._. 100 |uee-- A0 e imama - Nonte |-cee Q0 i oo S 1 42 | 0.092] 30:1} 750
Blank 12...| None |[..__. Ao . e e 100 [0 i mcmc— e _ 33 | 0.092 30:1 750
15 75 037% Zr, 0.499, Ce, bal, Mg____. 25 | 63% Al 0.719, Zn; {]23% Mn, bdl, Mg, _| 401 0.092 30:1 | 780
36 - 50 |-~ s Lo T U, 80 [---._ & (o T SRR PR | 40 | 0.092°| 30:1 750
37 - e 2% 20 (S Lo YO U SRR 50 |-m--- () S L L 34| 0.092 | 30:1 750
Blank13...| 100 |-.___ A0 e NONE |- @O 39 | 0.092.| 30:1 750
Blank14._.| None |.---. 6 Lo SRS 100 |.oaeo 6 Cs YO S S IO U U SO 28 I 0.092 30:1 750
38 . T5 |amaeo s [+ SO 25 | & ﬁel% Al, 3, 08% Zﬂ, {] 26% Mn, bal Mg_ 43 | 0.092 30:1 750
39_ .- 50 [-w--- QO o e 50 {----- s [ PO S SIS S 39-1 0-092°| 30:1 750° .
40 .. 95 oo A0 - o e 75 | . Q0 e S 33 | 0:002.| 30:1. 750
Blank 15.__| None |-.___ s Fo S OEp P 100 ... A0 o e : 27 [ 0.092.| 30:1 750
4Y ... 75 |oeeee O e 25 | 8: 5% Al, 0.45% Zn; {l 24% Mn, bal Mg-_ , 42 | 0.092 30:1 750
42 - 50 |----- & Lo S 50 [_.--- o (o S G S T S 40-1 0.092 30:1 7500 -
43 ol 25 |_——__ O e e rLi 3 — do-___..--..-_-.._.._-_.- ................ * 35 | 0:002 30:1 750
Blank16.. | None |- -0 oo eeeeeeeee 100 |.---. 5.0 JE P S S UOU ‘ 33 | 0:.002 30:1 750"
44 _ .. 75 ; 0. 30% Zr, 0.29% Ce, bal. Mg____. 25 | 9 D% Al, 1.85%, Zn 0. 2% Mn, bali Mg__- 37 | 0.086 34:1 700
45_ _ - | 90 |- QO e o0 |.---. 3 LI 36 ' 0.086 34:1 700!
Blank 17.._| None |__... A0 e 100 {----. do. o s 1. 27 { 0:086 | 34:1 700
1 Extrusion heated 1 hour at 750° F | . -
Table V o
Composition of extrusion charge of particulatéd A mixed with particilated B | Extru- * Extrusion conditions
o ' ———— ' . sion 1 '
_Jﬁgﬂgle Weisht ;‘Wei‘ght | t;?efilée ::dsﬁlﬁu_ Reduc"
€18 s - i g brnd
Blank NO. |nercent Analysisof A percent Ansalysis of B Sgeilﬂ%tgl diam- | tion in Tenn%p.,
A . B | | $i. I eter; area '
D mches
46 _ oo 99.9 | 0, 28% ZI’, 1. 14% Zl'l b&l Mg-_-.,_ | | 0-1 lﬂ{]% Al i —————— | | 44 : q. 097 20:1 J 700 .'
47 . 00 5 o A0 oo meeemmmmme . OB e O e ecd it 45 | 0.097 27:1 700
48 o aaas 99.0 _,____do ........................... 38 1 [ PR [ ¢ L S - S S LS - 46 | Q.097 | 201:1 700
49 ____ 97.0 |ocmns QO e cm————— 3.0 jouune s {0 JOE TSV SRR = 46 |1 0.097 27:1 700
511 P G4, 0 |oaoezeQOe e | B0 e 0 i e e ——————— 48 D__ []97_ 27:1 7(]01. |
Blank 13__ 100 |o---. QO e e NONE |t et d i e m S ——— 42 | 0.097 27:1 700
) 88.0 [-——a- S Lo I 12.0 | 31.6% Al, bal, Mg oooooomooeoomi. ¥ 48 | 0.097 { 27:1 | 700
55 99.0 | 0. 46% Zr, 7.67% Zn, bal. Mg ..... 1.0 | 1009% AI__..---......___....------....__.__-..--..--.,. 39 | 0..097 27:1 700
Blank 19_.| 100 {----- 6o SV o | N O | e e e mmmmmm e — i — memm o e 22.-1 0:007 9741 630
53 oo 88.0 |__.-_ QO e 12.0 | 31.69 Al bal. 1. - SRS ENEP R 38 | 0.007 27:1 630
37 S 09. 0 057% 7Zr, 2,129 Zn, bal. Mg._____ 1.0 ‘IU[}% Al _________________________________ 46 F 0:002 | 30-1 | 700
51 SO 97.0 |----- 6 Lo JEN U B0 oo O 50.| 0.002} 30:1 700
111 —— 04,0 |ccmom Q0 6.0 [~-un- do ................................... 5L { 0.092 30:1¢{ 700
Blank 20..] 100 |----- ' {0 U NODE | e 40 | 0.092 L': 30:1 r 700

1 Extrusion heat treated 1 hour at 750° X,

W

a

i
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Table VI
_ - Composition of extrusion charge of particulated A mixed with particulated B FExt :
- Example | L 3 - _ Extrusion
No. — ' . tentsﬂe ygﬁld
Blank No. Weight - g . Weight . StrengLa
percent A | Analysis of A percent B Analysis of B 11000’ p. . i.
17 (USRI, B 89.5 | 0. 44% Zr, 1.809% Zn, 0.43% Ca, bal. Mg ________________ 0.5 | 1009 Al oo ag
B8 o 00.0 .. Q0 o o e e e ——— 1.0 foe . do.. ___ ________ 4
5} 07 0 | e o 0 e e e e e e e e mm | 30 (... do_______ a4
B0 e 04.0 |--——_ QO e e e e ——————————— 6.0 {_____ 0 I 46
Blaﬂk 21---—--—-——— IUD- 0 _____ dﬁ;.-___-....___.._._...___-_.-_'._-_______.__________________________‘_____ Nﬂne ________________________________ _ 35
6. e 94.0 |- QO o e 6.0 | 3L. 6% Al,bal. Mg. ... ____ 29
62, e 91.0 {---_- Q0 e e e e e e —— 00|.. . do.. . o 44
03 - - 88.0 |- 0 e e e e —————— . 12.0 |____. dg _________________________ T
64. - - 82,0 |- B0 . e 18.0 |_.__ A0 e e 48
6. e - 99.0 ) 0. ﬁl% Zr,3.819% Zn, 0.289% Ca,bal. Mg. .. _______. 1.0 1{}{}% Al 41
66. . ______._ | 07 0 | o Q0 e oo e e e e et m s ————————————— 3.0 .____ do____ 41
Blank 22______. 100.0 ... -. QO e o e e e e ———————————— e m aam N NONe | e e Y
1] (TS 94.0 |- L TN U U SR 6.0 | 31. 6% Al bal. Mg_____________ 40
i 22 91.0 j__-- O o o e —————————————————————— 0.0 . Q0 | 43
17 l 88.0 f_..._ QO e e e —————————————— 12.0 | oo dg _________________________ | 46
70 e - 82.0 ... A0 i mcme i amemma—aa——————— 18.0 |.__-. s [ TR B 45
/S | 99.5 | 0. 47% Zr, 5.45% Zn, 0.26% Ca, bal. Mg___ .. ______. 0.5 mu% Al 94
72. LTI 00,0 |-omo@Ommmmee I 1.0 | o T -
£ F - 97.0 |.---- dO-------; -------- e e e m i ————— ——— 3.0 o s [ o I .. 98
Blank 23. __._. 100.0 1o ___ s [ o T RSO Nﬂne ________________________________ 24
T4 eaes 04.0 | GO s e mm e m— e . 6.0 s1. 6% Al bal. Mg_ .. 35
75 e 9.0 |__... QO I B A A | 4
i ORI - 82.0 |- 0 e o o e 18.0 |.eeoo do _________________________ 40

! Extrusion heat treated 1 hour at 750° F.; extrusion conditions: Extrusion temperature 700° F.; extrusion diameter 0.091 inch; reduction in
area 30:1, | o | L _ . _

If desired, there may be included in the mix~ - eXtrusion charge, it is advantageous to employ
ture of the particulated zirconium-containing as the particulated magnesium-base alloy, one
magcnesium-base alloy and the particulated = containing manganese, examples of which appear
aluminum-containing constituent to be extruded, = herein. The use. of alloyed manganese in this
another particulated magnesium-base alloy. In embodiment of the invention is ﬂlustmted in the
such combinations of particulated metal of the  examples of Table VIL,

Table VII
Composition of extrusion charge of particulated metals A, B, and C Extrusion
tensile
— Redue- Extrusion
Example vield : . ;
No.p Weight{ Weight Weight - | : strength 1| . tion dim E'-HISIDHS,
percent Analysis of A percent| Analysis of B | percent| Analysis of C 1000’s | 0 arca mches
A B C - | p. s. i.
i SO 48. 5 D..‘il{t% Zr, 2.129%, Zn, bal. 3 | 100% Al.____ 48.5 | 1.76% Mn,bal. Mg_____. A7 20:1 | 0.094 wire.
g.
78 __._._.| 47.0 0.41?{% Zr, 0.22% Ce,bal. | 6 |-_...do_..._..| 47.0 | 1.837% Mn, bal. Mg....__ 47 31:1 | 0.090 wire.
g, L .
9. . 41,0 {omoo @O 18 | 31,6% Al | 41.0 |._.._ 40 e . 46 31:1 | 0.091 wire.
. al. Mg, -
80.__._._....1 47.0 0.215{% Zr, 1.14%, Zn, hal. 6 | 100% Al._._. 47.0 o do_ .. . | 47 27:1 | 0.097 wire.
. g_ | :
=) 41.0 [---—- s Lo O ! 18 Slf)ﬁl%MAL 41,0 {-—-- o S 45 27:1 Do.
- al, Mg, |
82___ ... | 47.0 | O. %7'1% Zr, 2.12% Zn, bal. 6 | 1009, Al.____ 47.0 | 1.76% Mn, bal. Mg__.___| 49| 27:1 Do.
83.........| 47.0 |O. -i:f{% Zr, 7.67% Zn, bal. 6 |omeee 's s "47.0 | 1.37% Mn, bal. Mg._____ 37 27:1 Do.
2 | _ |
84 . . . 44.0 |----. A0 e 12 31156;%MA1, 4.0 .. Ao i 42 27:1 Do.
al. . ' - i
85._______1 47.0 | 0.449% Zr, 1.80% Zn, 6 | 1009, Al.____ 470 e O 49 30:1 | 0.092 wire.
0.439, Ca, bal. Mg, . o __ -
86 _____._ 47.0 | 0.619% Zr, 3.81% Zmnb, 6 | __. do__..... - 47.0 | 1379, Mn_ ... __ ... 45 30:1 Do.
0.289, Ca, bal. Mg, - ) |
2 S 47.0 | 0.479% Zr, 5419 Zn, 3 s (o JN—— 47.0 | 1.37% Mn, bal. Mg______ 45 201 Do.
| 0.269 Ca, bal. Mg. | |
88 . ... 44.0 | 0.269% Zr, bal. Mg__.._.. 12 | 31. ai%; Al, | 44.0 | 1.78% Mn, bal. Mg...._. 39 64:1 | 0.3752 Rod.,
- | pal. Mg. | -
89 . 4.0 | G *%81% Zr, 0.179%, Ce, bal. 12 ... do..___ 44.0 | 1. 81:2'{9:7[5 ﬁ{n 0.179% Ca, 38 150:1 | 34 x Lg strip.3
- a |
00, oo 48.5 | 0. 2h8% Zr, 0.13% Ce, 3| 100% Al 48.5 | 1. @éfyl;} Mn 0.06%, Ca, | 39 150:1 Do.3
al . q - | .
1. _______ 48, 5 0 4% Zr, 2 53% Zn, hal. 3 femne- do_....__ | 48.5 | 1.789, Mn bal. Mg______ 43 150:1 Do.3
92 _ . ___ 4.0 |o. %ﬁi% Zr, 5.47% Zn, bal. 12 31551%Mm, 44,0 | 1.719 Mn, bal. Mg_.____ | 40 150:1 Do.?
al. Mg. |
¥ S 44.0 0.44% Zr, 7.679% Zn, bal. 12 [oceee doeea. - . 44.0 | 1.819, Mn, 0 06% Ca, 35 150:1 | . Do.d
| Mg. | R E | . bal. Mg.
94 ___.. 48.5 | 0.564% Zr, 3.85% Zn, 3 | 100% Al ___. 48,85 ... o (o TR 43 150:1 1 Do
0.299, Ca, bal. Mg. | | | . | | |
95 . 44. 0 |____. AO e 121 31.6% Al, | 440 |__._. O . 42 150:1 Do.3
bal. Mg. . o | | .
00 e 44, 0 0.69% Zr, 5.41% ZIl, 12 f..... do____._. 44,0 ... __ A0 oo L 44 150:1 Do.3
0.449; Ca, bal. Mg, .
1Y S 68.25 | 0.57% Zr,bal. Mg_._..._. B Ao 292, 75 182%Mn bal. Mg.____. | 39 150:1 Do.3

1 Heat treated 1 hour at 750° F.
2 Extruded at 600° I,

3 Extruded at 650° F.

Wire extruded at 700° F.




2,659,181

13
In Examples 77 to 88, inclusive, and 91, 92, 97
of Table VII the manganese-containing mag-
nesium-base alloy ingredient of the mixture of
particulated metals constituting the extrusion
charge are conventional binary magnesium-pase

magnesium-~-manganese alloys. In Examples 89,

60, 93, 94, 95, and 96 of the table, a small amount
of calcium is included in the binary magnesium-
manganese alloys. A particular advantage of
including in the extrusion charge the manga-
nese-containing binary magnesium-base alloy,
with or without calcium is a reduction in sen-
sitivity of the composite alloy to stress corrosion.

10

14
the zirconium-econtdininig magnesitim-base alloy
also contains zine.

7. The method according to claim 1 in whickh
the zirconium-containing magnesium-bhase alloy
also contains calcium.

8. The method according to claim 1 in which
the zirconium-containing magnesium-base alloy
also contains silver.

9. The method of making a solid composite
article comprising a magnesium-base mag-
nesium-zirconium alloy which comprises forming
a mixture of a particulated zirconium-containing
magnesium-base alloy, a particulated aluminume-

Table VIII
Composition of exggsaiﬁx fl;agge:ﬁnf particulated Mechanical properties in 1000's p. s. 1.1
EI}Erampla y —= - — u -
0 Ama—
- I H.T.1hr H. T. 16 hrs.
Blank | yreignt Weight ABX 7500 F. 750° F.
0. percent Analysis of A perﬁent
A
TYS|CYSITS|ITYS|CYS|{TS|TYS|CYS|TS
08 _ .. 97 | 0.489, Zr, 2.75% Ag, bal. Mg____ 3 36 35 | 43 43 37 | 49 44 36 49
99 ______.__ G4 QO o o em—————- 6 39 33 { 45 45 36 { b2 45 36 52
Blank 24 100 | ... A0 e ie———— None 34 26 | 41 26 151 82 25 11| 30
100 _..____ 97 | 0.47%, Zr, 5.59, Ag, bal. Mg.___. S 37 36 | 47 44 40 | 52 45 38 H2
101_______. 04 | o Q0 e 6 37 37 | 48 46 40 | 53 47 40 | 53
Blank 25.. 1001 __.. s [+ WU None 33 29 | 43 28 21 | 36 26 | 17| 36
u

Extrusion temp. 650° I,
Analvsis of B=31.69%, Al, Bal. Mg.
1 ASX =asextruded; &
strength.

The extrusions set forth in the Tables II to
VIII, inclusive, were made with apparatus similar
to that of Fig. 1 and the composite alloys ob-
tained had a metallographic structure similar to
that of other examples.

In addition to the advantages already men-
tioned, it is manifest that the composite alloy
of the invention may be held at elevated tem-
operatures without loss of strength, thereby per-
mitting hot working without loss oi tensile

strength.

We claim:
1. The method of making a solid composite

orticle comprising a magnesium-base mag-
nesium-zirconium alloy which comprises form-
ing a mixture of a zirconium-containing mag-
nesium-base alloy in particulate form and an
aluminum-containing metal in particulate form,
said mixture comprising at least 0.5 per cent of
sluminum, at least 0.095 per cent of zirconium,
the amount of the aluminum plus the zirconium
not exceeding 6.1 per cent, and up to 18 per cent
of non-magnesium metal exclusive of the said
sluminum and zirconium, the balance of the
mixture being magnesium, and die-expressing the
mixture in solid condition at a temperature of
at least 500° I

9 The method according to claim 1 in which
the aluminum-containing metal is a magnesium
alloy containing at least 0.5 per cent of aluminum.

3. The method according to claim 1 in which
the aluminum-containing metal is a magnesium-
base alloy containing at least 0.5 per cent of
aluminum and zine.

A The method according to claim 1 in which
the aluminum-containing metal is a magnesium-
base alloy containing zine, at least 0.5 per cent
of aluminum, and manganese.

5 The method according to claim 1 in which
the zirconium-containing magnesium-base alloy

also contains cerium.
6. The method according to claim 1 in which

Reduection in area 64:1. Speed 2 feet/min. Size extrusion 15’ x 7%’/ section.

35

40

45

60

09

60

65

70

5

T.=heat treated; TYS=tensile yield strength; CYS=compression yield sirengtn,; T'S=tensile

containing magnesium-base alloy, and a par-
ticulated unalloyed magnesium-soluble metal se-
lected from the group consisting of manganese,
cadmium, lead, tin, zine, said mixture compris-
ing at least 0.5 per cent of aluminum, at least
0.095 per cent of zirconium, the amount of the
aluminum plus the zirconium not exceeding 6.1
per cent, and up to 18 per cent of the said mag-
nesium-soluble metal, the balance of the mixture
being magnesium, and die-expressing the mix-
ture in solid condition at a temperature of at
least 500° I

10. A composite metal body comprising at least
two particulated metals, one of the metals con-
sisting of a magnesium-base magnesium-zirconi-
um alloy, the other comprising aluminum, the
particles of each of the said two metals being
elongated, oriented in the same direction, and
welded together into an integral solid, said solid
comprising by weight at least 0.5 per cent of
aluminum, at least 0.0895 per cent of zirconium,
the amount of the aluminum plus the zirconium
not exceeding 6.1 per cent, and up to 18 per cent
of non-magnesium metal, exclusive of the alu-
minum and zirconium, the balance being mag-

nesium.

THOMAS E, LEONTIS.
ROBERT S. BUSK.
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