EP 0 139 168 A1l

Europaisches Patentamt

a, European Patent Office

Office européen des brevets

®

@ Application number: 84110109.0

@ Date of filing: 24.08.84

0 139
A1

@ Publication number:

EUROPEAN PATENT APPLICATION

@ int.ct: C 22 C 1/00

168

Priority: 20.09.83 US 533897
@ Date of publication of application:
02.05.85 Bulletin 85/18

Designated Contracting States:
AT BE CH DE FR GB IT LI NL SE

@ Applicant: Deutsche ITT Industries GmbH
Hans-Bunte-Strasse 19 Postfach 840
D-7800 Freiburg(DE)

Designated Contracting States:
DE

@ Applicant: ITT INDUSTRIES INC.
320 Park Avenue
New York, NY 10022(US)

Designated Contracting States:
BE CH FR GB IT LI NL SE AT

[@ Inventor: Young, Kenneth Peter
37 Shady Valley Drive
Chesterfield Missouri 63011(US)

@ Inventor: Kyonka, Curtis Paul
1001 Driftwood Trails Drive
Florissant Missouri 63031{US)

@ Inventor: Courtois, James Alan
3126 Clanfield Drive
Florissant Missouri 63031(US)

Representative: Grau, Ulf
c/o ALFRED TEVES GMBH Guerickestrasse7
D-6000 Frankfurt (M) S0(DE)

Fine grained metal composition.

@ A metal alloy composition having a uniform, fine
grained microstructure comprising uniform discrete sphe-
roidal particies contained within a lower melting matrix, said
alloy being a magnesium, ferrous or copper alloy. The
composition is prepared by producing a solid metal alloy
composition having an essentially directional grain structure
and heating the directional grain composition to a tempera-
ture above the solidus and below the liquidus to produce a
partially solid, partially liquid mixture containing at least 0.05
volume fraction liquid. The composition, prior to heating,
has a strain level introduced such that upon heating, the
mixture comprises uniform discrete spheroidal particles
contained within a lower melting matrix. The heated alioy is
then solidified, the solidified composition having a uniform,
fine grained microstructure.
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2 METAL ALLOY COMPOSITICN

This invention relates to a metal alloy

composition. "

The advantages of shapingmetal while in a partially
solid, partially liguid conditicn have ncw become well
known, U,S, patents 3,948,650 and 3,954,455 disclose a
process for makinc pessiblie such shaping processés by the

prior vigorous agitation of a metal or metal allov while

[N

t is in a semi-solid ccndition., This converts the nozr-
mally dsndritic mic¢rostructure of the allov into a nen-
dendritic form comprising discrete dagsnerate dendrites
in a ibwer'melting métrix. The resulting alloy is capable
of being shapgd in a semi-solid condition bv casting,
forging or other kncwn forming,proéesses.

Consicderable cost advantage results from practice of
the foregoing semi-solid tachnologv. However, it is sub-
jeét‘to certain limitations.  The Zirst part of the procass
normally involvss the prééﬁction of cast sars having the

requirsd non-dzndritic structurae. The tschnical £fesasil

1lity of casting éiameters of .lass than azout 25.4 mm on a

przctical scalz is very-fow and, bscauvssz cf tha naturs of
the process even were it feasible, would result in sxtremely

low oucput. Moreever, the casting procsss in may instancss

produczs cast bars which exhibit l2ss than desirable skin

microstructure which must be trimmed mechanically or other-

wise treated for subsequent processing. In addition, the
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ceneratiorn cf diameters of varring size is cumberscme ard
expensive since each diamectar nacessitates a comnlete
castind cycle including s=t-up, rmold preparation and runn-
ing. Flexibilité is, therszfore, low,

It is accordingly a primary object of the present
invention to provide a mstal composition having a uaniform,
fine grained microstruccurs which is unobhtainable from anv
prior metal forming processes,

It is an additional objsct of the inventicn to
provide a metai allov composition which mav be formed
in a partially solid, partially liqui§ cendition.

It is an additional odbject of the invention to provids
such a composition whicﬁ does not require the vigorous
agitation of the metal ;omposition during its preparation.

The forsgoing and other objecis of the invsntion are
achieved in a metal alloy camposition having a wniform, fine
grained microstructure comprising uniform discrete spheroidal
particles contained within a lower melting matrix, said alloy
being a magnesium, ferrous or copper alloy prepared by pro—
ducing a solid metal alloy ccmposition having an essentially
directional grain structure heating said directional grain
camposition to a temperature above the solidus and below the
liquidus to producé a partially solid, partially liguid
mixture, containing at least 0.05 volume fraction liquid,
said camposition prior to heating having a strain level
introduced such that upon heating, the mixture comprises

‘uniform discrete spheroidal particles contained within a

matrix ‘ccmposition having a lower melting point than said
particles and solidifying said heated alloy campositions.
The solidified corposition has a unifom, fine grained

0139168
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microstructure comprising uniform discrete spheroidal par-~

ticles contained within a lower meltinc matrix Ths

L RN S

metal compositiens produced by the feregcing precess hav

-

({4

1)

a more uniform and finer grain structure than are obtain-
abls by anv other known procéss.

The invention will be better undsrstood by referance
to the'accompanying drawing in which:

FIGUPE 1 is a time-temperature profils of ; trpical
process in accordance with the practice of the invention;

FIGURES 2 through 14 are photomicrographs showing the
ricrostructure of allovs at various stages in the process
of the invention. All micrographs are at a magnification

of 100,

Tt is normally considered extremely harmful to heat

"an alloy even a small amount above its solidus temperature I

during heat treating or shaping processas {(other than

casting) hecause of grain boundry melting and resulting
embrittlsment of the metal. Such m2lting, often refarred ’
to as'Hot shortness or burning, adverssly affects workability

and decreases the strength and ductility of the alloy.

There are isolated disclosures in the literaturs of excep-

tions to the avoidances of melting’but they are laréely
variations of solutionizina processes in which heterc-
gsneities‘are removad by dissolving them in a matrix phase.
Tor exarpls, U.S. pétent 2,249,349 heats an aluminum alloy

to incipient fusion tO"imprOVe its hot workabilitw. .S,

" nacents 3,988,180, 4,106,956, 4,019,927 hszat an allov to

just above the solidus tamperaturs and hold the alloy at
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that temperaturs until the dendritic phase bacomgs globular,
ir 2ll of this prior art, howaver, the heteroggneities
caused by melting arse deleterious and must be removed nrior
to subsequsrnt working. The present invantion involvss
a technique for inducirng hetesrogeneities into the structure
in such a fashion that the structures can be transformad
into a2 homogeneous mixture of very uniform discrete particles,
The product of the present process is a metal composition
having a uniform, £ins cgrained microstructure consisting
of spheroidal particles engulfed in a solidified liquid
phase.j The microstructure is more uniform and th= particlss
are gesnsrally rounder.and of smaller size than comparable
alloys of the prior art. In the case of aluminum and virtually.every
ctisr 2lloy tested, these particles are less than 30M in .
diameter, : ' | e
The procsss of thé invention has a numbzr of very
significant advantaqes, Ca;ting of ths starting billet may
b2 carried out in a2 singls convenient diamster, e.g. 152.4 mm,
at one location and reduced to any desirable smaller
diameter at the same or a second location using conventional -
extrusion eguipment and technology;' Thé process permits
removal of any dendritic exterior skin on the staring hillet

as part of normal practice prior to extrusion so that the
exeruded bhillet exhibits no skin zffact. Morzover, tha
process produces. a consiserable refinement of the micro-
structura of the firal product, including its sizes, shaps
and distribution ralative to the starting hillet nicro-

structure,

In the practice of the prssent procéés, a diractional
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grain structure is produced by hot working a metal composi-
tion, as by extrusion, rollirng, forging, swaging or othsar
means, at a temperaturz below tha solidus temperaturs. By
hot working is neant any process which deforms a metal or
alloy between the recrvstallization temperature (tvpically,
+7TgolidusKelvin) and the solidus temperaturs (Tgo1idug),
such that it producss a striated or dirsctional grain
structure. According to a preferrsd embodiment of the
invention, the directional grain structurz is produced
by extrusion. The extrusion ratio should normally be
greater than 10/1 to produce the desired directional grain
structurs and may ranée as high as economically practical.
We have found useful extrusion ratios fréquently range -
f;om_about 19/1 to about’ 60/1. :

A critical level’of strain must bes introducesd into the

metal or alloy sither concurrently with and as an intaqral
part of the hot working step, or as a separatz step
subsequant to hot working and prior to hesating to above

the solidus terperature. Strain is introducad inteaqral
with the hot working operation, Hr example, bv an in-line
straightening operation, by rapid chilling of the hot worked
material to introduces thermal strains or by sxtruding at
lower temperaturss such”és to leave residual strains in.._
the 2xtrudad product. ILower sxtrusion or othey hot working
temperaturss tend to leavs high2r residual strains in the
—-extrusion since the extrusion pressurss go up as thé
temperatures go dovn, i.e. morz energy is usad up hy the
exttrusion process. As a s2parat2 sten, strain is introduced
by cold working. Cold working operatiens found to be

affective includs drawinga
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or upsectina, Strain level is mzant to reéresent any
residuzl strain remaining within a grain after the deformation
process is completed. The actunal strain ievel will vary
with the specific metal or alloy and with the typzs and
conditions of hot working. In the case of extrudad aluminum'
alloy, the strain level should be squivalent to at least
a 12% cold worked alloy. In general, the level of strain
can be determined esmpirically by-deterﬁining whather, after
heating to above the solidus temperature, the partially
solid, partially liguid mixture'comprises uniform discrate
spheroidal solid particles contained within a lower melting
matrix composition. Alloys, in which the directional
grain structure is produced by hot working and particularly
by extrusion, and which are separately cold worked, have ‘ ’
been found to possess- a particularly improved uniform, £ine
orained microstructurs un;vailable by other processss, -
Upon ccmpletion of hot working and any required cold
working, the alloy is then reheated to a temperature above
the solidus and below the liquidus. The specific tempera-
ture is generally such as to produceva 0.05 to 0.8 volume
fraction liquid, preferably at least 0.10 volume fraction
liquid and in most cases a 0.15 to 0.5 vblume fraction liquid,
The reheated allov may then be solidified anéwagéin rehsated
for shaping in a partially solid, partially liquid condition
or tie shaping step may b= integral with the original rehzat
of ths alloy to a partially solid, partially liquid state.
The second rsheat of thz alloy may be to a higher fraction
solid than the first rehszat, but it is prefsrable not mo:e

than (.20 fraction solid greater.
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In the preferr=d practics of ths invention, the allov

is heated to a Sami-solid state and shaped at ths same time

in a press forging operation. 1In such a process, the alloy

‘chargs is heated to the requisite partially solid, partially

liquid temperature, placed in a die cavity and shaped undsr

pressure. Both shaping and solidification times are extreme-

ly short and pressurss are comparatively low. This press

forging process is more completely disclosed in German application

DE-0S 29 29 81z and DE-0S 29 29 845, the disclosura

of which is hereby incorporatzd by reference. Other semi-

solid forming processes which may be used are die casting,

semi~solid sxtrusion and related shaping techniques, )
Figure 1 is a typical time-temperature profile of a pro-

cess in accordance with the invention. The vertical axis is

temperaturs; the horizontal axis is time. The graph is intended - )

to graphically portrav a ralative time-temperature relationship

rather than sat forth precise_values. As can be seen from the

graph, a metal is melted and solidifisd to form a cast billet,

either dendritic or non-dendrivic. The cast billst is pra-

heated, e.g. approximately 30 minutes for a typical aluminum

casting alloy; to above the recrystaliization temperature,

extrudad and aguenched to producs a solid metal composition

having a diresctional grain structure. The extrudsd mstal .

composition is then cold worked at room temeprature to intro-

D

ducz a proper lavel of strain.. It is then reheated above thae -
solicus temperature, e.q. about 100 szconds for a typical

‘aluninum allov, to a semi~-solid conditiocn and rapidly quenched,
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The starcing matarial for practice of the present precess
may be a dendritic mztal or alloy of the type conventionally
cast ,into billets or a non-dsndritic mstal or alloy of ths
type in which a billet has besn vigorously agitated during
freezing in accordance with the teachings of ths aforementioned
U.S. patent 3,3%48,650. Such aéitation producas a so-called

slurry cast structurs, that is one having discrete, dsgznesrate
dznéritic particles within a lowsr melting matrix. Ccpendiné
application S.i, 363,621 filed larch 30, 1982; is directed to a
process in which the starting material is a billet having a slurry -
cast structurs in which the slurrv cast structure is rehabilitated
by heating to a semi-~solid state. The disglosure of said copsnding
application is h;reby incorporated by reference, Billets which
have heen prodused under conditions of vigorous agitation mayle
produced-by the continuous direct chill casting process set forth
in published Britvish patent applicatibn 2,042,3536A, the dis-
closure of which is also hersby incorproatsd by reference.

In that applicétion, molten metal is cooled while it is vigor-
ouslv agitated in a ro:zating magnetié fielé. Thevprocess.

is continuous and produces continuous lengths of biliets

having a discrete deqenerate dandritic structurz, B3Billets

are referred to below as billets which havz been chill cast

‘under a shearing environment during solidification to distin-

quish thoss which have been vigorously agitated £rom thoss which
have not. -

The microstructure of non-dendritic compositions pro- --

duced in accordancs with thz aforsmentionzd U.53. patent



U

10

3,948,650 and which is also produccd in accordance with the

proczss ©f th2 prasznt invention may be variously describad
as comprisine discrete sphzroidal paéticles containad within
a matrix composition. having a lowsr melting point or, altesr-
natively, as discrete primery phase particles ehveloﬁed by a
solute-rich matrix.  Such a structure will hersinafter be
described- in accordancs with the first-mentioned description,
but if should bs understood that the various descriptions
are essentially alternative wavs of desgribing the same micro-
structure, . i

The following examples are illustrative of the practice.
of the invention. Unless otherwise indicated, all parts and
percentages are by weight except for fraction solids which

are bv volume. : -
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rn 2luminum casting ailoy (Aluminum Essociziicn Alley

357} was direct chill cast without shearing to a2 152.4 rm dia-

]

eter. Tigure 2 is & micrograph of a crossection of the
Gdirect chill cast bar in which its dendritic struciure is

apparent. The alloy had the following percent composition:

si 7.0 in .02

Cu .00 Ti £10 .
Mn .004 ° .o a1 v  Remainder
¥g .50

X section of the cast bar was preheated to 380°C in-less
than 1/2 hous and extruded at a 50/1 ratio into a 22.2 mm
cizmeter rod. Extrusion pressure was 67,000 psi. The rod
ex:.tec at }n-t..nute and at 460°C and was fan guenched. The
extruéed bar was streitched strzicht (apcroximately 1% perman-

ent set) to imtroduce strain into the bar as an integral step

of the extrusion process. TFigure 3 is a photomicrograrh of a

longitudinal section of the extruded stretched bar. 1Its

éirectioral.grain sitructure is very evident. The extruded

n

amples were then inductively reheated in a 3,000 2z field at:
: 50.8 nm 152.4 mm '
.75 kW in a2 / ID coil by N 1ong for 100 5 seconds to a

on

.7-.9 fraction solid and immediately water quenched to 24°C.
These quenched _samplés were metéllogrééhically examined for
particle size and shape. Figure 4 is a micrograph cf a cross-
secticn of the reheated and guenched sample. E‘igA.' 4 demon-
straztes the dramatic ref £inement of the microstructure obtained

cver that 0of the starting billet (Fig. 2). -It further demon-

strates that the severely worked microstxz uc"u"'e ©of the eZiruded
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section can be converied to 2 slurry xicrosiruc

P
heating to a 0.1 or hicher ZIraction liguid,

Example 2
An aluminum casting alloy (Aluminum xsscciation 2lloy

357) was cast as in Example 1, preheated to 3B0°C.within

.

1/2 hour and extruded into 31.75 Mg ameter rod. The ex-

.

4.27 m -
trusion pressure was 9840 bar. . The rod exited at / /min-

"ute and 500°C and was £an quenched. The extruded bar was

Portions

: . 25.4 Fm
0f the rod were then érawn 36% to / diameter, Samples were

taxen of the as-extruded &nd drawn metferial and inductively

reheated and press forged as in Example 1 but this time into

a1‘27’ﬂnwall cup. Figure 5 is a representative micrograph

of a section through the final product agai

t 2gain showing a uni-
form, Zine ¢rained "slurry-tyre" microstructure.
Example 3 ‘
an aluminum wrought zlloy (Aluminum Association Alloy
20;4)_vas direct chill cast, homogenized {to reduce extrusioca
pressure and tendency to hot tear during hot working) and

25.4 mm :
extrnded to a / diameter. The alloy had the following com-

position:
Cu 4.4
En b
M 3
Ai ' Remainder

Samples of the as-extrvded bars were reheated as in EZxaxple

1 while other samples of the extruded bars were compressed 29%
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resezntative microgranh cf
+he final rzheazted Zu:t not cold worked samples., Figure 7

is a repressntative nicrograph of the cold worked sawmples.

It is apparent that the cold worked samples hzd a con-

0n

iderably more refined microstructure than the sample which

Hioa

hazd been rehezated without coléd work,

.

Example 3 was repeated with an aluminum wrought alloy

(Alwiinum Association Alloy 6061) having the following

composition:
si .6
Cu .28
Mg . 1.0
Cr .2 .
Al Femainder

2gzin micrographs were made of samples which were extruaed

ané reheated and sarmpies which wé:e elt:uded, compressad 29%
ané reheated, Microstructure cdifferences weze as set forth
in Example 3 and as iilust:ated by ¥igs. 6 and 7. o

Example 5

Example 3 was again repeated with an aluminum wrought zlloy

(Alunminunm association 2Zlloy 6262) having the following composit-.

ion:
Cu ' .28 . P& - .6
Mg i.0 S . Bi . .6,
Cr .08 21 Remup@er

Comparative results were as set forth in Zxanples 3 and 4.

.y
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Example 6
Ixample 5 was aczin rezezied wiih an aluminum wrought

alloy (Aluminum Asscciation Alloy 7075) having the following

Cu 1.6 : Zn » 5.6
Mg 2.5 R :
Cr .23 » 3§malnder

Results ware as set forth in Examples 3-5.

Example 7

2n 2lvminum alloy (2luminue Association Alloy 357) was

‘direct chill cast under z shearing environmeént to a 152.4 mm dia-

-

meter. The alloy had the following perxrcent composition:

Si 7.0 Zn ' .02

Cu ' .010 Ti .10

M¥Mn .004 21 . Pemainder
Mg o .30

ASS? mgength was preﬁeatedAto 520’c“in lésélthan 1/2 bhour and’
extruded into a.22}23 M@ zmeter rod. Exirusion pressurebwas
. -y g = - S g e s S - ° ’
7031 bar. The rod exited ab7.3m/mlnuh, and at 520 C and
25.4 mm

was fan guenched. | sections were then axially compressed

at reem tempa:aturevbetﬁeéh-two parallel plates so that the

length was redunced 5, 10, and 16%. Samples then were taken of

the as—extruded and the compressed sections aad inductively

' e a s ' . . s 50.8JBH .

rehezted in a 3,000 Hz £ield at 6.75 kW in a” ;" "ID coil by 152.4 ma
long for 100¥5 seconds to 2 .7-.9 fracticn solid and immedia-

tely water guenched to 24°C. These gusnched samples were

metzllographically examined for particle size and shape, .
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25.4 mm . Say L .
A 35 gran / section of the extruded billet was &hen

axially compressed 25% and press iorged into z threaded
pluc in accozcance with the process of the aforementiocned
cepending application S.N. 280,217 in a partially soligd,
partially liguid condition. Reheat time was 50 seconds,
fraction solid was 0.85, dwell time was 0.5 seconds and

pressure was 1054 bar with respect to atmosphere.

Photom;c*og:aphs at various stages of tha process .
152.4 T .
were tazken. The starting [/ diameter billet exhibited

particles of approximately 100 microns diameter. Tse
éxtruded billet showed 2 di:éétional grain microstructure
in which the grains were very elongated. Micrographs of
the cénter section of reheated billets, which were as-ex-‘
truded and compressed 5, 10 and 16% respectively, showed
that particle size and shipe continueé to improve as the
train vas increaéed,-pa:tiqular-y as strain.was increased ‘ o
over 10s. The mic;ost:uctu:e oI a szmple wﬁich was éom—

nvessed 25% and press forged into & threaded plug showed

much finer scale microstructure and more uniform shape

and distribution of the grains in the £inal product as ) :

compared with the starting billet. It also showed the

remarkabie influence of the residual strain upon the re-
heated grain structure of the extruded product.

Exarmole 8

The alurinum casting a’lov of Example 7 was cdirect chill

2.4 Tm p
cast s in that example to 2 9 Eameter billet, A 559 ™M
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1/2 hour to 220 C {much lower

Into 228.58 mmcélameter red.

{much

ed 2t 7,01 m per minute 420 °C

ductively reheated

to a .7-.9 fraction solid as in Example 7 and water guenched.

These quenches were -netallographically
size and shape. and found to be similar
compressed 25% and press forged sample

is extrusion, the combination of low

examined for particle

to the reheated,

of Example 7. In

preheat T° (330°C)

and fan cooling produced suitable residual strain in the

extrusion. .
Examsle.Q

A copper wrought alloy C544 of 4%
to pfoducé a éire

25.4 mm
to a2 / diameter.

copper, was extruded

and cold reduced 35%

extruded bars were reheated using the procedurs of

Zn, 4%5n, 4%Pb, balance

ctionzl grain struckture

Samples of the as-

Example 1

but for longer times, typically 200 seconéds, in order o pro-

-

Guce the partially scolid, partially liguid structure and press

forged into cems for nse in water pumps. Fig. 8 is a micro-

graph of a crosssection of the press forged final product.

iy -

Examole 10 :

Copper wrought zlloy C360 containing 3.0% 1lzad, 35.5

zinc, balance copperz'was extruded and
.4 mm

then cold réduqed appro-

ximately 18% to a / diametexr. Samples of the cold worked

extrusion were reheztad as in Example 1, Micrographs of

P

.

*

LI ]
L2
.
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crosszctionus of the final reheated alloy showzé a micro-

structure very similar to that of Fig. 8.

Examples 11-13

Three additional coppsr allows were hot workad to
a small diamester substantially as describsd in tha nravious
examples. CILxample 1l was hot worked by extrusion and cold
workeé an addéitional 50%. EIExample 12 was also hot worked
by exirusion and cold worked an additional 29%., Example 13
was also hot worked by sxtrusion and cold worksd an additional
20%, and then cold worked approximatsly 20-25%. Example 11
was alloy €110 which is 99.9% copper, balancs oxygsn and
thus represents an almost pure metal.. Example 12 was
alloy C187 which is 93% copper and 1% lead. Exarple 13
was alloy C360 which is 60% copper, 3% lead, balance zinc.
Micrographs of crossections of thefinal reheated@ and press
forgzd or rehsated and quenched.alloys ére shown in ?igl 2
(Zxample 11), Fig. 13 (Example 12) and Fig. 11 (Ixample 13).
The allcys of thess thrss examples wsrz reheatsd to a tenmp-
srature of about 1079°C, 980°C and 390°C respectively.
The microstructures shown in these micrographs show substantial
grain refinement relative to comparable microstructurzss

of alloys produced by vigorous agitatica of the alloy while

ir a semi-solid cordition.

Zxample 14

ﬂagnésiumvalloy 223153 (4%Al, 1% Zn, 0.2% Mn, balance ig)
was prepar2é and hot worked as set forth in preceding--
Cxamples 11-13 and the bars were then subjected to an addi-

tional 12% compressive cold work. Fig, 12 shows the
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microscructurs of a crossection of éhe final alloy fshzated
to abpout 610°C and quenched. Again, the structurs ié
supsrior in hoth pérticla size and shape.to the most closzly
analogous allovs of the prior art - compérable magnesium
alloys preparsé by vigorous agitation during freezing of the
alloy while in semi-soli@ condition.
Example 15

Stainless steel alloy 316 (17% #i, 12% Cr, 2.5% lMo,
balance Fe) was hot worked by hot rolline and cold worked |
an additional 40%. Fig. 13 is a micrograph of a crossaction
of the alloy rsheated to about 1330°C and gquenched. Particle
sizes are considerably finer and more uniform than comparable
particles of vigérously agitated stainless steel alloys.
Example 16 . _

A stainless steel alloy 440C (.95-1.2%0, 16-18% Cr, - -
Ma#>l% Mn, Max. 1%Si, Max. 75% Mo, balance Fe) Qaé caskt,
hot 1rollsd and coléd worked an additional 20% by col& com-
pression. The microstructure of the alloy rshzated to‘ébout
1320°C ané guenched is shown in Fig. 14,

hile the foresgoing examples have demonstrated practice

of the process Qith a variety of aluminum, copper, magnesium
and farrous allbys, the process is applicable to other metals
and metal alloys as>long as éhe metal is capable of férming

a two-pliase syster havino solid particles in‘a lower melting

matrix phase. Repressntative additional alloys which may

be used ars those of nick=l, cobalt, lead, zinc end titanium.

e alloys may be so-called casting alloys such as aluminum

alloys 356 and 357 or wrought allcys such as aluninum alloys

5361, 2024 and 7075 and copnar alloys €544 and C369.
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WE CLAIM;

1. A metal alloy camposition characterized by having a vnifoxrm, fine

grained microstructure camprising uniform discrete spheroidal particles
contained within a lower melting matrix, said alloy being a magnesium,

ferrous or copper alloy prepared by

producing a solid metal alloy camposition having an essentially
directional grain structure,

heating said directional grein composition to a temperature
above the solidus ard below the liquidus to produce a partially solid,
partially liguid mixture containing at least 0.05 volune fraction liquid,
said composition prior to heating having a strain level introduced such
that vpon heating, the mixture comprises uniform discrete spheroidal
particles contained within a matrix camposition having a lower melting
point than said particles, and

s0lidifying said heated alloy camposition.

2.  The metal composition of claim 1 in which the ferrous alloy is
stainless steel.

3. The metal canposition of claim 1 in which the directional grain
structure is produced by hot working said metal alloy.

4. The metal composition of claim 3 in which the hot working is
performed by extruding said metal alloy.

5. 'The metal canposition of claim 3 in which the camposition is
cold worked subsequent to production of the directional grain
structure by hot working.-
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