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The invention relates to a magnesium-base
alloy article. It more particularly concerns a
zinc-containing magnesium-base composite alloy
having a high tensile strength and the lightness
characteristic of magnesium.

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

The invention is predicated upon the discovery
that by die-expressing at elevated temperature
a zinc-containing magnesium-base alloy in par-
ticulated form in admixture with particulated
aluminum 2 high strength composite alloy extru-
sion is obtained. The composite alloy extrusion
oI the invention has the same compactness and
Integrity as the usual magnesium-base alloy ex-
trusions made by extruding a solid mass, such as
an ingot of a magnesium-base alloy, but the
metallographic structure of the composite prod-
uct is uniquely different. Metallographic exam-
ination reveals a new type of structure in a
magnsesium-base alloy article. The structure is
essentially multimetallic. Each of the particu-

lated metals of the mixture which is extruded is

changed to the form of elongated particles with
the long axis parallel to that of the extrusion.
The elongated particles are all welded one to the
other into a solid mass without voids forming a

i

e

product which may be subjected to all the metal

working operations in use with conventional
magnesium-base alloys, such as rolling, forging,
drawing, welding, electroplating, heat treating,
etc. The invention then consists of the com-
posite magnesium-base alloy product and method

of making the same herein fully deseribed and ..

particularly pointed out in the claims, the fol-
lowing description setting forth several modes

of practicing the invention. |
In carrying out the invention, various alumi-

nume-and zirconium-free magnesium-base alloys
containing zinc may be used, such as those con-
taining from about 0.5 to 8 per cent of zine. It
is advantageous to include in the zinc-containing
magnesium-base alloy a conventional amount of
manganese, e. g. from about 0.1 to 2.5 per cent,
a generally desirable amount being about 1 per
cent. If desired, the alloy also may contain cal-
clum in amount up to 1.0 per cent, or copper in
amount up to 0.5 per cent. 'The zine-containing
magnesium-base alloy, used as one of the in-
gredients of the composite alloy of the invention,
1s reduced to particulate form in any suitable
way, such as by grinding or atomizing. The
atomized form yields superior results and may
be produced by forming a melt of the alloy and
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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 various sized fine spherical rapidly
solidified particles, the particles having a very
fine grain structure. It is desirable to screen out
barticles coarser than those passing about a 10
to 20 mesh standard sieve.

The aluminum ingredient of the mixture of
particulate metals to be extruded according to
the invention, is elementary aluminum which
has been finely divided in any convenient man-
ner. Its particle size is preferably made finer
than that of the zinc-containing aluminum- and
zirconium-free magnesium-base alloy with which
1t is to be mixed. |

Before extrusion, the particulated metals are
mixed together in any convenient manner to form
a uniform mixture of the metal particles com-
prising the extrusion charge. 'The relative
amounts of the particulated zinc-containing
magnesium-base alloy and particulated alumi-
num are adjusted so that there is at least 0.1 part
by weight of the particulated aluminum per 100
parts of the mixture. Beneficial results are had
with up to as much as about 6 parts of particu-
lated aluminum per 100 parts of the mixture. A
breferred proportion is about 3 parts of the par-
ticulated aluminum per 100 parts of the mixture.

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 ex-

truded through the die opening.
As to the extrusion conditions, the tempera-~

ture of the particulated metal mixture in the con-~

tainer may be about the same as that conven-
tionally employed for extruding solid ingots of
the known zinc-containing aluminum-free mag-
nesium-base alloys, e. g. 600° to 800° F. The
ratio of the cross-sectional area of the extrusion
contalner to that of the die opening has a ma-
terial effect on the mechanical properties of the
composite extrusion product obtained. A de-
sirable ratio is at least about 30 to 1, althoush
ratios as high as 150 to 1 or more may be used.
'The speed of extrusion may be varied over g wide

range and depends to some extent upon the size

, and shape of the die opening. In any case, the

extrusion speed is to be held down to that at
which the extrusion produced is free from hot
snortness. A safe extrusion speed may be as-
certained by visual examination of the product
as it extrudes, the hot shortness being evident as
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o ;crack_s in’ the extruded product and sharply re-
' duced strength. The composite extrusion prod-
S ;uct may be subJected to any of the fabrication

 operations conventionally in use with the con-

"By putting a charge of the mixture of the

| ;metals involved under pressure. ‘while at heat, as f |
with the apparatus shown, the mixture of metal
particles is compacted but not subjected to- fur-

- ventional or non-composite magnesmm—base al- 5 ther mixing before extrusmn The metals origi-
. loys, such as rolling, forging, dra,wmg and weld- '.na,llyr in the charge as individual metal particles
- ing, and its tensile properties may be enhanced: ~ do not lose their original dlstmct:we composition
by heat treatment. . except at the surfaces of the union of the differ-
The invention may be further 111ustrated and_: ~ ent metal particles which become extended and =
 ‘explained in connection Wlth the accompanymg 10 lengthened during extrusion. At these surfaces, =

| -drawmg in Whlch
~ Pig. 1 shows a: schematic sectlonal elevatmn'
__:;of an extrusion apparatus sultable for use: 1113 i
o | -formmg composite alloy.

ractlclng the 1nven1:10n" '

during extrusion or heat treatment, some diffu-

 sion of metal takes place between the zinc-con-

. taining particles and the alummum pa,rtlcles, : 3

The following examples sét forth 111 the tableﬁ o

PFig. 2 is a similar view to Flg 1 showmg a, 1..)
o :below are 111ustrat1ve of the mventlon

. modification of the apparatus and

Table
1 : - . - -
Composition of extrusion charge of particulated Mg}l . Jetrusion conditic o M.echamcal proparmes 111 1 G{JU p S. 1
o B alloy mlxed wﬁ;h partmulated alummum e Extru51onﬂﬂnd1tloﬂs R R of ﬁhtrusmns Lo
 Example: s - | ' '
::IBq-lD—k"ﬁf:'ht;;" IWiht' ' '.;.ASK:.'A'd::HT':HIT.A.'.
ank elg | | e1g . CASX | CAged | .01, Ll A,
- No. - per- O A fM H TR - per- . jTEIHD., :E{Eduﬂ gxtru?ﬂn B S S g ' L
“ecent ! IIE-IYSISD gﬂ.ga:. -cent-:-'“_F; 11::*:1:1}.::1__.15,13:1611»531‘,.._:::    _ .  . _:_:::_._.E
R alloy | L | A1 | area: | - IC Imys| TS |TYS| TS |TYS| TS |TYS| TS
1o 999 1. 13% Zn, balance Mg,-__,,_;...._j_,_;_'_ 01 feoeaeod 34011 0.0860 Lo} 351 44| 36143 | 2432} 26 47
R SRR ' Y 1 TN s (s WS IV R ) ;N PO  34:1 1 0.086.__.__._-. 33} 41 34| 42| 25 {37} 261 38
8ol 940 _du_.. 6.0 oo 84:1 ] 0.086.__.__....| 34401 36|40 | 32|41} 35 42
. Blankjl_-_f 100 |_--- A0 o reieriacey None fe-weea—-| o 34:1 1 0.086__ . ..--- 1" 32| 40| 33139 | 24|36} 22 41
I SR 1 99.0 0 95% le balance, s I L0 STl 3417|0086 o__i._| 32137 | 81|38 | 27136 291 37
: Blank 2---- 100 oo doo i e ao ‘None |c.-:---. ' 34:1 10086 .- _...| 27137} 26|36[ 181327 231 33
B ST 1 99.9 1 2% Mn 3 9% Z—n balance Mg__, SN { i T SR . 34:1 1 0.086....o.._-] 32| 4D 42 (40} 124 |35 .34 | 41
f .65_;.__-..;_;.1_- 995 | ... A0 et ia—— 0.5 Jemee a1 0088 .1 84|46 | 45{80 ¢ 27 {40} 34| 43
N . 09,0 ._____-do,_ ____________________________ S T LI PO o 34-1-1 0.086___..__._| 35|45t 42|49 32 45 | 40 |- 49
-8;'__....___..;_; 070 Vo dos i e 3.0 |eeemiae - 84:1 1. 0,086 ... .t 35139 45{50:{ 35|44 | 41 49
R | 940 _-_-._jdc:_- ____________________________ I 6o looiTTl 84:1 | 0086 Lj B9 | 471 42|44 | 41152} 43 02
o j | :Blﬁﬂk3_.._.. 100 oo Ao e mdim—m e ——— . -NDHB N A 34'1 Q0806 . | 30 _41_ | ‘1:2 | 4%8. 1 - 29 39 38 | 4:4: |
AU 11 SR 99,0 103% Zn 0. 52% Oa, bala,nce Mg__ 1.0 600 0 B4:1 | 0375 ._Lo.ool. -4 {40 | 34 |41 | 22136 25¢ 37
o Blank 4...0) 100 o a0 i {. None {- . 630 | - 64:1 0.375______.;,.___;___ 34 | 40| 31140 20}33] 21| 36
[ § VDRI B * i 5 0 {177% Zn, 014% Ou, ba.lance Mgﬂ- 01,01 650 | ;1501:1'}5t iy % 720 | 371 30138 }.27]:36 {281 4b
0 ‘Blank5....| 100 oo @Ot einceeanwe-—| Nome [ 650 1 - 150:1. “F’ ” 6--1y 27 | 87| 27|87 | 23|34 28 ) 36
12 s 99. 5 5 61% Zn, bala.nce Mg _____________ 0.5 1 6507 1801 ile, soms s % 26141 44 | 50 | 26 41 j-cucco|er--
| Blank 6-___ 100 _____ s RO s " None | 650 | 150:1 } “P Ax Me--ly 9g [ 41| 42| 49| 2232 jommoiie---
| IASX as extruded.

-+ Aged=heat treated 16 hours at 350° F.
H T.=heat treated 1 hour at 750° F.
"H.'T. A.=heat treated 1 hour at 750°

. followed by heat Lrea.tmg for 16 hours at 35{]"“ B,

TV S=tensile vield strength defined as the load at which the stress curve devmtes 0.29, from the mndulus jine.

TS =tensile strength.
Fig. 3 is a similar view to Fig. 1 showing an-

In mahmg the composx.te alloys shown in the

45

other modification of the apparatus. foregoing table, the zinc-containing magnesium-

As shown, the apparatus comprises, in its three base alloys used were in atomized form the par-
forms, an extrusion container | adapted to con- ticles of which were of various sizes substantially
fine a charge 2 of the mixture of metal particles  all passing through a 20 mesh sieve while being
to be compacted and extruded. The container g, retained on a 200 mesh sieve. The particles of
is provided with a heating element 3. In Fig. 1, the partwulated a,lummum were of generally finer
one end of the container | is closed by the dle size than those of the magnesium alloy. The
plate 4 in which is provided the die opening 9. two partlculated metals were mixed together in
In this form of the apparatus, the charge 2 is the proportmns indicated and the mixture
caused to be compacted in the container and gg charged into the heated container of a ram ex-
extruded through the die opening 5 by applica- truder of the type illustrated in Fig. 1. For the
tion of pressure by means of the dummy block = planks, the zinc-containing magnesium alloy in
b forgid into Eﬁe botre 1 of gthe container by thE_ the same particulated form as used in the mix-
I'&Inlll thf’efff);’gln 0? ?31{1 rusmnr (s sh . Fie 2 tures was extruded alone under comparable €X-

: L the apparaius shown In Ig. 4, g9 trusion conditions. The rate of extrusion of the

the container | is closed at one end by the plate examples numbered 1 to 10, inclusive, and Blanks
(0. The other end of the container received the 1, 2, 3 and 4 bout 2 lineal feet of ext
die block 11 carried by the hollow ram {2 which e T Examo] ineal feet of extrusion
forces the die block into the container causing per minute. In Example 11 and Blank 5, the
ihe charse 2 to be compacted and to extrude gs rate of extrusion was 5 lineal feet per minute.
through die opening 13 to form the extrusion 7 In Example 12 and Blank 6, the rate of extrusmn
{4 which extends into bore 15 of the hollow ram Waz 15 ]meta]i fee:‘xi 121611:11111:1114#;:'&f X . |
(2. mong the advantages of the invention are

In the modification of Fig. 3, the container is that a workable metal product is obtained having
closed at one end with a plate 16. The charge 7o the light weight characteristic of magnesium-
9 is extruded as a tubular extrusion 1 thrOUgh base alloys but with enhanced strength, which is
the annulus 18 around the die block {9 while it generally retained or increased by a more or less
is forced into the container by the ram 20. prolonged (e. . g. 1 to 20 hours) heating in the

The forms of the apparatus shown are con- temperature range of about 300° to 800° ¥. This
ventional. | 78

property enables the composite alloy to be hot
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worked in the foregoing temperature range with-~
out loss of strength.

We claim:

1. The method of making a solid composite
high strength metal product which consists in
forming a mixture of two particulated immetals, one
consisting of aluminum in amount from 0.1 to 6
per cent of the weight of the mixture, the other
toerming the balance of the mixture and consist-
ing of a magnesium-base alloy containing 0.5 to0 8
per cent of zine, up to 2.5 per cent of manganese,
up to 1 per cent of calcium, and up to 0.5 per cent
of copper, the balance of the alloy being mag-
nesium, and die expressing the mixture at a tem-
perature between 600° and 800° F.

2. A composite metal body consisting of two
particulated metals one consisting of aluminum
in amount frem 0.1 to 6 per cent of the weight of
the body, the other forming the balance of the
body and consisting of a magnesium-base alloy
containing 0.5 to 8 per cent of zine, up to 2.5 per
cent of manganese, up to 1 per cent of calcium,
up to 0.5 per cent of copper, the balance of the
alloy being magnesium, the particles being elon-
gated, orientated in the same direction, and
welded together into an integral solid,

THOMAS E. LEONTIS.
ROBERT S. BUSK.
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