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This invention relates to the manufacture of
infiltrated composite material and shaped bodies
thereof which essentially consists of iron or iron
alloy, and copper or copper alloy.

~ Specifically, the invention deals with composite
metal articles, such as blades or the like parts
for turbo-jet engines, having a porous ferrous
matrix or skeleton with the pores thereof fllled
with cuprous infiltrant metal and having been
diffusion heat-treated and precipitation-treated
to develop physical properties not heretofore ob-
tained in copper-infiltrated ferrous metal parts.

This application is a continuation-in-part of
my prior applications Serial Nos. 645,13¢ and
645,135, filed February 2, 1946, both now aban-
doned. :

Heretofore known copper-infiltrated compact-
ed powdered iron or steel articles do not possess
sufficiently high strength and other physical
properties to render them suitable for many in-
dustrial uses such as blades and other parts for
turbo-jet engines.

The present invention now provides an article
composed of a powdered ferrous metal matrix or
ckeleton having the pores thereof filled with a
cuprous infiltrant and having been heat treated
to develop ample strength and other physical
properties capable of withstanding conditions
such as exist in a turbo-jet engine and which
would soon impair the heretofore known articles.

According to this invention powdered iron, of
an average particle size of from about minus 80
to minus 325 mesh, is pressed to a porous com-
pact under pressures ranging from about 6 to 50
tons per square inch (t. s. i.), so that the com-
pact exhibits a porosity of about 30% to 10%, and
advantageously about 25% to 15%. The pow-
dered iron can, if it is desired to form a steel,
contain carbon up to about 1.7% by weight of
the iron powder and preferably between about
0.01% and 0.7% carbon. Alternatively, the iron
powder can contain combined carbon and thus
be in the nature of a steel powder, although the
use of steel powders is somewhat objectionable
because of their hardness, which causes exces-
sive wear of the compacting dies.

The porous ferrous compact is infiltrated with
copper to fill the intercommunicating pores
‘throughout the compact. This inflltration is
preferably effected by contacting the compact
with copper and by heating the assembly In a
clean and dry protective atmosphere to a tem-
perature above the melting temperature of cop-
per and preferably between about 1125° and
about 1250° C. until infiltration is completed.
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The inflltrated article is then diffusion heat
treated at or above about 500° C. to alloy the
cuprous and ferrous phases and precipitation heat
treated at lower temperature than used in the
preceding diffusion treatment to develop the de-
sired physical properties.

The copper infiltrant metal is preferably ad-
mixed with or pre-alloyed with manganese
and/or other metals such as nickel, chromium,
silicon, and titanium which are capable of al-
loying with the infiltrated article. This forms
a convenient method of introducing alloying in-
gredients into the porous ferrous compact. The
manganese, besides serving as an alloying metal,
will form a Auffy or spongy residue on the sur-
face area through which the cuprous metal was
infiltrated. This residue can be easily removed.

A suitable iron powder for forming the porous
compact Is electrolytic iron or powdered reduced
iron. Solid carbon, if added, can be in the form
of graphite or lamp black. The graphite will
also serve as a lubricant during pressing but
other volatile lubricants, such as sodium stearate
and the like, can be used without adding carbon
to the product. The copper infiltrant material
can be electrolytic or reduced copper powder,
granules, shot, cuttings, machinings, trimmings
from copper wires, sheets or bar stock which, if
desired, can be fragmentated or powdered. Com-
mercial copper, if used, should be purified or re-
melted in order to prevent evolution of gases upon
heating to infiltration temperature.

If desired, the porous ferrous compact can be
presintered, prior to infiltration, at temperatures
between about 900° and 1100° C. for a short
period of time in a clean and dry protective at-
mosphere to increase the coherence and density
of the compact. This presintering can be in-
cluded in the heat treatment for. infiltrating the
copper, for instance; by extending the period dur-
ing which the porous compact is heated in the

_furnace to the melting temperature of the copper.

It is, then, an object of this invention to produce
by ‘ufiltration of copper and, if desired, minor
amounts of other metal, into a porous matrix
obtained by pressing to shape and, if desired,
sintering minute iron particles to which other
alloying metal and carbon may be added, and by
subsequent heat treatment, a shaped composite
body which exhibits superior qualities.

It is another object of the invention to pro-
duce a shaped composite body of enhanced
strength by inflltrating cuprous metal into a
powdered ferrous metal compact. and by so heat
treating the inflitrated body as to alloy the cu-
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brous and ferrous phases thereof and to
precipitate iron from the copper phase and cop-
per from the iron phase.

Another object of this invention is to provide
blades and the like parts for turbo-jet engines
by combined powdered metallurgy and infiltra-
tion technique including the infiltration of a po-~
rous ferrous metal compact with molten cuprous
-metal and the heat treatment of the resulting
inflltrated compact to develop physical strengths
suficient to withstand operating conditions in a
Jet engine.

Another object of the invention is to enhance
the strength of copper-infiltrated ferrous metal
articles by diffusion heat treatment at and above
about 500° C. and by precipitation heat treat-
ment at lower temperatures than used in the
preceding diffusion heat treatment.

Another object of the invention is to utllize

the cuprous infiltrant to carry alloying metal into
& porous ferrous metal compact during infiltra-
tion. :
" Another object of the invention is to prepare
an alloy by combined powder metallurgy and in-
filtration technique wherein alloying ingredients
are introduced into a porous ferrous compact by
infiltration and to diffuse them into the compact
material so that subsequent heat treatment will
produce the desired alloy structure.

A further object is to incorporate manganese

Into a cuprous infiltrant to form an easily re- .

movable residue of excess infiltrant on the in-
filtrated article.

Other and further objects of the invention will
be more clearly understood from the following
description taken in connection with the accom-
‘panying drawing which shows a perspective view
of a compressor blade for g turbo-jet engine com-

posed of a heat treated copper infiltrated ferrous

‘metal compact in accordance with the invention.

The blade 10 has an air .foil vane section 11
and a root 12 for anchoring in a turbo-jet engine
compressor rotor or stator. The air foil portion
11 has a concave face llg and a convex face |1b
designed to effectively pack air into the engine.
In addition, the section is twisted along its length.
Heretofore, these complicated blade shapes could
only be made by expensive forging and machin-
ing operations. Since a turbo-jet compressor re-

quires hundreds of the blades, their cost has been ;

& considerable item in jet engine production. In

4

ture of the compacet and copper in contact there-

" with was raised to about 1200° C. whereby the
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accordance with this invention, however, blades .

18 and other complicated shapes are easily and
inexpensively produced in mass quantities.
Various procedures to produce the articles of

this invention will now be explained, as applied -

to test bars of about 3’/ long and 0.3’ square and

therefore of a size comparable to that of a blade

insofar as the results obtained are concerned.
A compact of the dimensions of the test bars

Stated was prepared by pressing at about 15

t. s. 1. an electrolytic iron powder of a particle
size corresponding to minus 100 mesh with one-
tourth of the powder having a size of minus 325
mesh. This soft iron powder permits the use of
relatively low compaction pressures and results
in practically no wear of the dies; it also ex-
hibits desirable flow characteristics. The com-
pact or matrix thus produced had intercommuni-
cating pores and as a result of the applied pres-
sure stated a porosity of about 25%. It was then
heated in contact with pure copper in an infiltra-
tion. furnace having a clean and dry protective
atmosphere of purified cracked ammonia- dried
to a dew point below minus 30° C. The tempera-
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- infiltrated body to

70

%

-mately 75%

copper was melted and quickly inflitrated
throughout the porous compact. The infiltra-
tion "temperature was held for between ten and
fifteen minutes. Thereafter, the compact with
the infiltrant therein was cooled in the furnace
to form a composite body consisting of approxi-
by weight iron and 25% by weight
copper. Another test bar specimen was pro-
duced from the same materials under equal con-
ditions except that the compacting pressure was
increased to 30 t. s. i. resulting in a porous com-
pact or matrix of 159 porosity. Upon infiltra-
tion with copper a composite body resulted con-
sisting of approximately 85% by weight iron and
15% by weight eopper.

A series of other test bars was produced from
reduced iron powder commonly available on the

‘market and again compacts of the size stated

made ‘therefrom under pressures of 15 and 30
t. s. 1. resulting in compacts of about 25% and
15% porosity, respectively; the compacts were in-
filtrated with copper in the manner previously
described and composite bodies consisting of ap-
proximately 75% and 85% iren and 25% and
15% copper, respectively, resulted,

Other test bars were prepared by infiltrating
the compacts with copper to which alloying con-
stituents were added, mainly in order to increase
the strength of the cuprous infiltrant and of the
composite body. Alloying metals including man-
ganese, nickel, chromium, silicon and titanium
were added to or prealloyed with the copper pref-
erably in amounts of g fraction of 1% up to
about 2% by weight of the completed infiltrated
body. These additions to the copper infiltrant
are carried by the latter during infiltration into
the ferrous porous matrix and can alloy with both
the copper infiltrant and the matrix material in
the completed body whereby the physical prop-
erties and densities of the bodies are improved.

It is sometimes found desirable to add small
amounts of iron to the cuprous infiltrant; up to
about 5% iron by weight of the infiltrant can be
readily dissolved therein at the infiltration tem-
perature ‘stated but it is preferable to use only
up to about 2% iron which is far below the limit
of solubility of iron in copper at the i(nfiliration
temperature.

The infiltrated composite bodies obtained in
any manner hereinbefore described, are suscep-
tible to heat treatments which greatly enhance
their desired physiecal properties.

Upon heat treating the ferrous compact in-
filtrated with copper and any of the additions
previously stated and carried by the copper into
the ferrous matrix, alloying by diffusion can be
obtained, as evidenced, e. g., by a marked de-
crease of the electric conductivity of the body.
Such alloying heat treatment can be effected
at and above about 500° C., for instance, by heat-
Ing for four hours. If additional metal is car-
ried by the cuprous infiltrant into and distributed
throughout the ferrous matrix, upon heating the
a temperature of and above
about 500° C. also some of the additional metal,
and of course copper, is alloyed by diffusion with
the matrix metal whereby the level of the over-
all ‘physical properties of the infiltrated and
heat treated body is raised. Heating the in-
filtrated body to temperatures between about
500° and 900° C. usually suffices to enhance the
overall strength of the heterogeneous composite
body. : :
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In particular, {f manganese is added to the
cuprous infiltrant and the latter is used in an
amount exceeding that required to fill the pores
of the ferrous matrix, the excess forms a fluffy
and spongy residue on the surface of the matrix
and can be easily wiped off or otherwise removed.

Iron in its austenitic state (gamma iron) can
hold in solid solution about 3.4% copper at 810°
C. and up to about 13% copper at 1100° C. The
solubility of copper in iron is considerably re-
duced upon its transformation from the gamma
to the alpha state, alpha iron holding in-solid
solution a maximum of about 2% copper at 810°
C. and less than 19 copper at room temperature.
Inversely, copper can dissolve about 3.5% iron
at 1100° C. and the solubility of iron in copper
is reduced to less than 1% by weight of the
copper at room temperature. Thus, both the fer-
rous and cuprous phases of the infiltrated com-
posite body are susceptible to precipitation heat
treatments.

By alloying the infiltrated cuprous and fer-
rous matrix phases in a diffusion heat treatment
whereby cuprous metal is diffused into the fer-
rous matrix in alloyed condition therewith and
ferrous matrix metal is diffused into the cuprous
infiltrant phase, the conditions are set for a
successful precipitation treatment. The precipi-
tation treatment will precipitate cuprous mefal
in the iron matrix and ferrous metal in the
cuprous infiltrant.

Accordingly, upon reheating a matrix infil-

trated with copper to about 845° C., quenching’

in water or otherwise cooling at a controlled
rate, and precipitation treating, by reheating to
about 500° to about 700° C. and holding this
temperature for about two hours, a minimum
yield strength of 55,000 pounds per square inch
(p. s. 1.), a minimum tensile strength of . 90,000
p. s. 1. and a minimum elongation of about 10%
were observed. ) '

If it is desired to incorporate additional or free
carbon in the ferrous matrix so that its overall
carbon content is up to 1.7%, the following proce-
dure may be followed. .

‘Electrolytic or reduced iron power is admixed
with solid carbon in desired proportions and also
powdery constituents of alloy steel in minor
amounts may be added. This initial powder, of
a particle size previously stated, is pressed at
the aforesaid compacting pressures.to a com-
pact of a porosity of preferably 25% to 15%.
If alloying constituents are added to the initial
powder, or diffused into the ferrous porous matrix
from the inflltrant, it is preferred that the over-
all content of carbon in the ferrous matrix is
within the range from 0.01 to 0.7%. The compact
may be presintered at a temperature between
about 900° and 1100° C., and is thereafter infil-
trated with the cuprous infiltrant in a clean and
very dry protective atmosphere. If the matrix
and infiltrant metal are sufficlently pure or puri-
fied, evolution of gases during heating and in-
filtration can be reduced to a minimum. Upon
infiltration of copper into the ferrous matrix fol-
lowed by a diffusion treatment, again iron from
the matrix is dissolved In the copper infiltrant
and copper is dissolved in the ferrous matrix;
upon subsequent precipitation treatment iron is
precipitated from the copper to form a finely
dispersed precipitate and thus enhances the
strength of the cuprous phase. -

The infiltrated and heat treated body requires
little or no finishing or machining operations,
and the molding of the porous matrix from the
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aforesaid initial powders can be effected by refa~
tively low pressures and with practically no wear
of the dies. )

If electrolytic iron powder is admixed with 1%
graphite by weight of the powder, so that the
overall content of carbon of the final body is
about 0.7%, a composite body comprising a 70%
to 909 ferrous matrix and a 30% to 10% cuprous
infiltrant is obtained which is susceptible to heat
treatments just as a composite body of the same
composition obtained from reduced iron powder
the carbon content of which, due to added carbon,
amounts up to about 0.7%.

If alloying constitiients such as manganese,
chromium. nickel, silicon and titanium are added
to or prealloyed with the copper in amounts of a
fraction of 1% up to above 2% by weight of the
completed composite body, they can ‘be alloyed
by diffusion with the carbon containing ferrous
matrix of the infiltrated body upon proper heat
treatment.

Outstanding results were obtained by the use of
a ferrous matrix containing carbon and prepared
in a manner described hereinbefore, and infil-
trated with copper containing manganese within
the limits stated, more specifically 5 to 8%
manganese. Iron can also be added to the copper
infiltrant in amounts up to about 5% but prefer-
ably not exceeding about 2%.

A test bar of the dimensions previously stated
and containing 80% to 85% ferrous metal and
20% to 15% cuprous metal was prepared by com-
pacting electrolytic iron powder admixed with
about 1% carbon, presintering it and infiltrating
it with the aforesaid copper alloy at a temperature
between 1125° C. and 1250° C. in a very dry pro-
tective atmosphere. The slowly furnace cooled
bar was heated thereafter at about 650° C. for
about 18 hours and exhibited & minimum yield
strength of about 50,000 p. s. i., minimum tensile
strength of about 80,000 p. s. i., a minimum elon-
gation of about 8% and & minimum Rockwell B
hardness of 85. Upon reheating the infiltrated
body to about 845° C. (diffusion treatment),
quenching in water and precipitation heat treat-
ing (back-drawing) at-about 650° C. for one hour,
a minimum yield strength of 60,000 p. s. i., a mini-
mum tensile strength of about 90,000 p. s. i, &
minimum elongation of about 5% and a minimum
Rockwell B hardness of 85 were observed. Upon
diffusion heat treatment and quenching the test
bar in the same manner but precipitation treating
(back-drawing) at 350° C. for one hour, a mini-
mum yield strength of about 80,000 p. s. 1., & mini-
mum tensile strength of 110,000 p. s. i., & mini-
mum elongation of about 4% and a minimum
Rockwell B hardness of 100 were observed.

If reduced iron powder is used for the matrix
instead of electrolytic iron powder, the same
treatments resulted in still higher tensile
strength, elongation and hardness. Upon heat-
ing the slowly furnace cooled bar inflltrated with
the aforesaid copper alloy at 650° C. for 18 hours
to alloy the cuprous infiltrant and ferrous matrix,
the tensile strength was increased to about 85,000
p. s. 1., elongation to about 10% and the Rockwell
B hardness to 90. Upon diffusion heat treatment,
quenching and precipitation treatment (back-
drawing) at 650° C. a minimum tensile strength’
of 110,000 p. 5. i. was obtained; upon precipitation -
treating the same material at 500° C. a minimum
tensile strength of 130,000 p. s. i., and upon pre-
cipitation treating the same material at 315° C.
a minimum tensile strength of about 135,000 p. s. 1.
were obtained. The minimum elongations in the
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last mentioned three cases were between 3 and
4%, and the hardnesses were between Rockwell
B 95 and Rockwell C 30.

If manganese was added to the cuprous in-
fitrant any excess of the latter again forms a
flufty or spongy residue which can easily be re-
moved. ) : '

If chronjum, nickel, titanium and/or silicon
were added to the matrix, simflar trends and ef-
fects were observed upon heat treating the in-
filtrated composite body. While these alloying
constituents may be carried into the ferrous
matrix by the cuprous infiitrant and thereafter
& portion of them alloyed with the matrix in a
subsequent heat treatment, such alloying con-
stituents may also be admixed in powdery state
with the iron powder and carbon, and in such
cases also molybdenum, vanadium and other al-
loying constituents which cannot be melted with
the cuprous infiltrant, can be incorporated and
alloyed with the final body.

The effects of the heat treatments are depend-
ent upon the size of the infiltrated composite body,
Sizes of test specimens have been stated before.
Satisfactory results have been observed with
larger bodies, up to 5’ diameter and 2’ height,
or bars of up to 6/ lengths and 1’ square.

From the above description it should be under-
stood that the invention provides composite meta]
material and especially shaped bodies, such as
blades for turbo-jet engines composed of a porous
skeleton or matrix of ferrous metal particles hay-
ing the pores filled with g network of cuprous
infiltrant material to form 2 solid dense mass,
The material is heat treated to alloy the cuprous
and ferrous phases and to ‘precipitate ferrous
metal in the cuprous phase and cuprous metal in
the ferrous phase. The invention also provides
for the introduction of alloying metals into the
ferrous phase through the medium of the in-
filirant metal during the infiltration process so
that these metals and phase can be alloyed to de-
sired extent during the heat treatment. The
products of the invention possess physical proper-
ties not heretofore obtained In copper inflitrated
ferrous metal bodies. If desired, carbon is added
to the iron powder used to produce the ferrous
matrix or skeleton and is subsequently combined
with the iron to form steel. :

It should be understood that the invention ig
not limited to any of the exemplifications herein-
before described but to he
aspects from the appended claims.

What I claim js:

1. The method of making a composite shaped
body, which comprises compacting powdered fer-
rous metal particles to form s shaped porous
mass, contacting the mass with cuprous infiltrant
associated with another metal selected from the
group consisting of manganese, nickel, chromium,
silicon and titanium, heating said contacted mass
and inflitrant to melt the infiltrant and associ-
ated metal and infiltrate them into the mass, and
further heating the infiltrated mass to tempera-
tures above about 500° C. to alloy with said fer-
rous metal of the mass some of said cuprous in-
filtrant and associated metal thus carried into
and distributed throughout said mass.

2. A composite metal article
to 90% sintered powdered ferrous metal matrix
having Intercommunicating pores; and a 30% to
10% cuprous metal infiltrant containing another
metal selected from the group consisting of man-
ganese, nickel, chromium, silicon and titanium
flling said pores, and sald matrix metal ‘and in-
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filtrant theérein having been heat treated above
about 5000 C. to ailoy the said matrix metal with
Some of the inflltrant metal and other metal
‘\contained therewith in said matrix, .

i 3. A composite metal article comprising a 70%
to 90% powdered ferrous tal matrix having
mtercommunicating pores, and a 30% to 109
cuprous infiltrant metal and another metal se-
lected from the group consisting of manganese,
nickel, chromium, silicon and titanium Alling
said pores, said matrix, inflltrant and said other
metal having been diffusion heat treated to alloy
said matrix and infiltrant phases, and having
been quenched and precipitation treated to also
precipitate iron from the copper phase,

4. The method of making a composite shaped
body, which comprises compacting powdered fer-
rous metal particles to form g shaped porous
mass, contacting the mass with an excess amount
of a cuprous inflltrant material containing man-
ganese, Infilirating the mass with g portion of
said infiltrant to infiltrate the cuprous infiltrant.
and manganese into the mass and to leave an
easily removable excess of infiltrant material in
a fluffy and spongy state on the mass, and fur-
ther heating said infiltrated mass to tempera-
tures above about 500° C. to alloy some of said
cuprous infilirant and manganese thus carried
into and distributed throughout said mass with
the ferrous metal of said mass.

5. A composite metal article comprising a 709%
to 90% powdered ferrous metal matrix having
intercommunicating pores, and a 30% to 109
cuprous infiltrant metal filling said pores, said
matrix and infiltrant metals having been diffu-
sion heat treated to alloy said matrix and in-

. filirant phases, and having been cooled at a. rate

to hold alloyed metals in solution and then pre-
cipitation treated to precipitate iron from the
copper phase and copper from the iron phase,

6. A composite metal article comprising a 70%
to 90% powdered ferrous matrix having inter-
communicating pores, and a 309 to 10% cuprous
infiltrant meta! filling said pores, said ferrous
metal and cuprous infiltrant therein having been
heat treated abeve about 500° C. to alloy the
infiltirant and matrix phases and having been
quenched and precipitation treated to precipi-
tate iron from the copper phase and copper
from the iron phase.

7. The method of making a composite metal
article of enhanced strength, which comprises
compacting ircn powder containing free carbon
up-to about 1.79% by weight to form a. matrix
having a porosity of about 109 to 30%, contact-
ing the matrix with cuprous infiltrant associated
with another metal selected from the group con-
sisting of manganese, nickel, chromium, silicon
and titanium, heating said contacted mass and
infiltrant to melt the infiltrant and associated
metal and infiltrate them into the matrix, and
further heating the infiltrated matrix to temper-
atures above about 500° C. to alloy with the ma-
trix metal some of the cuprous infiltrant and
associated metal thus carried into and distrib-
uted throughout said matrix and to combine
carbon with the iron to form a steel.

8. A composite metal article comprising a 709, .
to 90% powdered ferrous metal matrix contain-
ing carbon up to 1.7% by weight and having in-
tercommunicating pores, and a 30% to 10% cu-
prous metal infiltrant containing another metal
selected from the group consisting of manganese,
nickel, chromium, silicon and titanium filling
sald pores, and said matrix metal and inflltrant
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therein having been heat treated to above about
500° C. to alloy sald matrix metal with some of
the infiltrant metal and other metal contained
therewith in said matrix and to combine carbon
with the matrix metal.

9. A composite metal article comprising a 70%
to 90% powdered ferrous metal matrix contain-
ing carbon up to 17% by weight and having
intercommunicating pores, and 30% to 10%
cuprous metal filling sald pores, said ferrous
metal matrix and cuprous infiltrant therein hav-
ing been heat treated above about 500° C. to
alloy the inflltrant and matrix phases and to
combine carbon with the matrix metal and having
been precipitation treated to precipitate iron from

the copper phase and copper from the iron phase..

10. A blade adapted for a turbo-jet engine and
the like composed of 10% to 90% by weight of a
powdered ferrous metal matrix having intercom-
municating pores and 30% to 10% by weight of
a cuprous infiltrant metal filling sald pores, sald
ferrous metal and cuprous infiltrant therein hav-
ing been heat treated above about 500° C. to alloy
the infiltrant and matrix phases and having been
quenched and precipitation treated to precipl-
tate iron from the copper phase and copper from
the iron phase.

11. A blade adapted for a turbo-jet engine and
the like composed of 70% to 90% by weight of &
powdered ferrous metal matrix containing 0.01
to 0.7% combined carbon and having intercom-
municating pores and 30% to 10% by weight of
a cuprous infiltrant metal filling said pores, said
ferrous metal and cuprous infiltrant therein hav-
ing been heat treated above about 500° C. to alloy
the infiltrant and matrix phases and having been
quenched and precipitation treated to precipitate
iron from the copper phase and copper from the
iron phase,

12. A blade adapted for a turbo-jet engine and
the like composed of 70% to 90% by weight of a
powdered ferrous metal matrix having intercom-
municating pores and 30% to 10% by weight of
cuprous inflitrant metal and another metal
selected from the group consisting of manganese,
nickel, chromium, silicon and titanium filling sald

10
pores, sald matrix, infilirant and said other metal
having been diffusion heat treated to alloy said
matrix and infiltrant phases, and having been
quenched and precipitation treated to also pre-
cipitate iron from the copper phase.

13. A blade adapted for a turbo-jet engine and
the like comprising a one-piece member having
an air foil vane portion and a root portion com-
posed of 70% to 90% by weight of a powdered
ferrous metal matrix having intercommunicating
pores and 30% to 10% by weight of a cuprous
infiltrant metal containing another metal selected
from the group consisting of manganese, nickel,
chromium, silicon and titanium filling said pores,
and said matrix metal and infiltrant therein
having been heat treated above about 500° C. to
alloy the said matrix metal with some of the in-
filtrant metal and said other metal contained
therewith in said matrix.

.t
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