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The present invention deals with a preparation of im-
proved metallic compositions of good oxidation resistance
and having a high degree of workability.

The compositions of the present invention include what
may be termed “intermetallic compounds” in the sense
that the  predominating ingredient in the compositions
represents a combination .of two metals in definite molec-
ular proportions. The empirical formula for the preferred
compound of the present invention is NizsAl. We have
found that this compound has extraordinary oxidation
resistance properties, and excellent hot strength proper-
ties, as well as being workable.

In order to understand the structure of the composi-
tions of the present invention, some discussion should be
made of theory of solid solutions and the various types
of combinations which two or more metals may undergo
when combined in the form of a solid solution. It has
long been: established that in many alloy systems, the
addition .of one metal to another does not produce a
new phase, but results in the formation of a homogeneous
alloy which is the result of a solid solution of one metal
in the other. Thae solid solutions which form the end
phases in equilibrium didgrams are called primary solid
solutions having the same structure as the parent metal
from which the solid solution is formed. Under condi-
tions of solid solution, two distinct types of solid solu-
tions are possible.,  The first of these, the more general

_case, is that of a substitutional solid solution in which
the solute atoms replace those of the solid, so that the
two different atoms are situated on a common lattice.
The other type of solid solution is the interstitial solid
solution in which the solute atoms fit into the spaces be-
tween those of the solvent. This latter case occurs when
there is a great differénce in size between the atoms mak-
ing up the solid solution, and occurs most frequently
when small atoms such as carbon, nitrogen, boron, and
hydrogen are combined with metal atoms having a sub-
stantially. larger size. - Ferrite, austenite, and the hard
metal carbides, are good examples of interstitial solid
solutions.

As the size of the atoms making up the solid solution
becomes more nearly equal, a substitutional solid solution
results. In most substitutional solid solutions, the dif-
ferent atoms are arranged at random on a common
lattice, but in some cases, alloys which at high tempera-
tures consist of random substitutional solutions undergo
an atomic rearrangement upon slow cooling or anneal-
ing, resulting in the different atoms taking up regular
positions in the crystal lattice and thus forming an
ordered structure. The basic crystalline structure is, how-
ever, the structure of the parent solid solution. This type
of structure is now known as a “superlattice.”

The theory of the superlattice is closely associated with
the. theory of 'the intermetallic compound. While there
s no: sharp line of distinction between many superlattice
structures. and  intermetallic compounds, two factors
generally contribute to.determine where two given ele-
ments will combine in the form of superlattice structures,
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intermetallic compounds, or ordinary solid solutions, .
The first of these is known as the “size-factor” which
is based upon the closest distance of approach of the
atoms within the crystal structure of the solute and the
solvent. It has been demonstrated that if the atomic
diameters of the solvent and solute differ by more
than about 15%, the range of solid solution forma-
tion is very restricted, whereas if the difference in atomic
diameters is below the limit specified, considerable solid
solutions may be formed. The other factor which enters
into the problem is the electrochemical factor, by which
is meant the degree of separation of the two metals
under consideration in the electromotive series. In gen-
eral, the more electronegative the solute, and the more
electropositive the solvent, and vice versa, the greater is
the tendency for the formation of stable intermediate
compounds.

The formation of a superlattice structure is often ac-
companied by marked changes in the physical and me-
chanical properties of the alloy, giving rise to the belief
that such superlattice structures may be regarded as
definite chemical compounds. However, this cannot be
considered the genéral rule, since from more recent work,
it appears that the forces holding the atoms together in a
superlattice may be of the same nature as those of a
simple metal or a random substitutional solid solution.
If these.normal metallic linkages are regarded as a type
of chemical combination, then the superlattice structures
could properly be considered as definite chemical com-
pounds. On the other hand, if the concept of chemi-
cal combination is limited to the formation of homo-
polar or purely ionic compournds, then the superlattice
type structures are not, strictly speaking, true chemical
compounds.

Because there is no sharp line of demarcation between
superlattice structures and intermetallic compounds, the
compositions of the present invention will be referred to
as intermetallic compounds. The evidence obtained thus
far indicates that the compound NizAl has a crystalline
structure of ordered face centered cubic lattice. While
the size factors are very favorable to the formation of
stable sclid solutions (nickel has a crystal lattice in
which the closest distance of approach of atoms is ap-
proximately 2.5 Angstrom units, while in aluminum,
the closest distance of approach between atoms is ap-
proximately 2.8 Angstrom units) nickel is no" separated
by a very substantial degree from aluminum in the elec-
tromotive series. Consequently, the nature of the forces
bonding the atoms together in the ordered structure is
not capable of precise definition. Whatever the nature
of the forces bonding the elements together, we have
found that the compound NisAl has very desirable OXi-
dation resistance characteristics, and hot strength proper-
ties not possessed by any other combination of these
metals, so far as we are aware.

An object of the present invention is to provide an
improved oxidation resistant composition including an
intermetallic compound of the type represented by the
formula NizAlL

Another object of the present invention is to provide
a method for the production of stable, intermetallic com-
pounds produced by diffusing’ metallic atoms into an
intermetallic compound containing aluminum and lower
molecular proportions of the metal being diffused therein
than is desired in the final intermetallic compound.

Another objetc of the present invention is to provide a
method for promoting solid state diffusion between nickel
and intermetallic compounds of nickel and aluminum.

Still another object of the present invention is to pro-
vide an improved method for producing a compacted,
sintered mass consisting essentially of NisAl.

Formation of the compound NisAl requires special



3 .
technique  because of the very restricted’ area: of the:
nickel-aluminum phasc’ diagram: i which: the: compotrnd:!
-exists as a stable phase.. M¢rely mixing metallie: altimis
num and metallic nickel“in the proper atomic. proportions:
and. then” heating. the mixture. to: elevated temperatures:
does not’ produce the desired. intcrmetallic. compound?.
because. an. oxide scum’ forms: on- the: aluminum: causing:
significant:amounts of the; aluminum:to. be unavailable:for-
reaction- with- nickel. In the: process: of: the: present:.im=

. vention,. metallic nickel i$: reacted with: the:intermetallic:
compound NiAl under conditions of solid:state" diffision;
and in" the proper: stoichiometric propertions:to: yieldithe:
compound NisAl: )

The compound- NiAl' is: not- essentially- oxidation: res-
sistant, and is-too brittle to be usedas; a: structural’mates -
rial.  This' compound. exists: as: a- Body centered eubic:
crystal’ lattice- and - we: have: found® that: this. structire:
can be transformed’ itno: the ordered: face: centered; cubic:
latifce associated. with the: compound: NizAlL by: a: proces:
of  solid state diffusion:

The single drawing submitted: with: this: applications ilz-
lustrates . a portion' of the: nickelsaliminum: phase: dia--
gram in which the:compound'NisAl exists: As:seen:fionr:
an inspection’ of this diagram; the:area:in which the: coms-
pound NisAl and the. liquidexists in: equilibriumis: very:
limited. It-will be noted from:the diagram:that the:NizAl:
field extends from: the soliduts: temperature;. about: 25257
F., down to room: temperature;, and: is: adjacent: to: tHe:
field of NiAl'plus NizAl on: the aluminum side: ofithe: dias-
gram' and. the field: of nickel solid selution: plis: NizAl:
on the nickel'side of the-diagram.. Since: the: presence: of?
the brittle compound: detracts: from- the: oxidation resistz-
ance and workability of the-final: compositions;,it-is:highly-
desirable to stay within the field: of homogeneous: NisAl;,
or-to favor an:excess of nickel'and form: the: combiaation
of the nickel solid solution and’NisAl; in preférence:to:-the:
combination of 'NiAl and ‘NizAl.~ .

In essence, the' process: of the present:- invention:  ins-
volves mixipg the: compound’ NiAl’ and an- amount: of”
additional. metallic nickel at: least: sufficient: tor yielkd the:
compound: NizAl, and sintering: tlie: resulting: mixture: at
a’sintering temperature near but: not: substantially: ifr
cess of the solidus temperature: of: the: compournd: Niz At

After sufficient time has elapsed ' to-permit:solid: state: dif:- 457

fusion,. we have found' that the . resulting: mixture: com=-

tains. the substantially pure compound’NizAl to-the: exclii:-

sion of the compound: NiAl: i )
"The solid state diffiision-reaction. can be-accelerated:iff

finely divided particles are-employed: in: the- initial: reacs- g3

tion.. Consequently, we prefer: to- use: particles: Having:
a particle size: on-the ovdér-of 325" mesh: and’ smaller:.
Since. the compound: NiAl is. quite: brittlé; it carm be: puli-
verized into an extremely. fine state: of ‘subdivision.. The:

particulated - mixture: of NiAl and’ metallic' nickel. of’ the: 55

particle- size. indicated' is- compacted’ from: a- féw: to- 50
tons' per square- inchj;. depending’ on: the density- to- be:
achieved.. The-compact-is-then heated’ifr a- high:temperz-
ature furnace. The proportion: of nicKel: added: is: sub--
stantially equivalent to- the: stoickiometric: amount: of*
nickel required’ to prodice: the: compound: NizAl: from:
the existing NiAl, The. resulting: composition- will!tHere:-
fore have an' aluminum' concentration: of: about 133595
by- weight, with. the balance being: substantially mickel:.
As’ previously mentioned; the. presence: of NiAl ifi: the.
final product is not desirable; so that: in ordér- to insure:
complete reaction, it is desirablée: to. provide-a: slight: exs-
cess of nickel over that stoichiometricaily required: to:pro=-
duce the' compound’ NizAl.. The: resulting composition:

13.5% by weight, plus or minus: 1%;,. or: othierwise: tHe:
compound NizAl does not result; .

In order to.further hasten the: diffusion: of the: added:
nickel into. the: NiAl;. tHe" mixture: can: be: heated’ above:
the: melting point' of® nickel’ initially- and: then. the: tems-
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tion: durifrg: heat: treatment;, the: firmace: shiould: have: a:
non:oxidizing: atmosphiere:such .aghydtogen; argon;.neon;.
Helitm;, ortheslikes. - L

nicKel into: thie: body: centered: cubié: NiATL resulting in:a.: -

latticer rearrangement: to: forme 1 ordéred: structure: of
- face: centered: cubic: N
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The: resulting: compacted;. sititere:

i . Masss consisting: ess-
sentially: of Ni3

s:mproved;oxidation:resistance:chars-

adter.iétic's;_thus;‘-maiéxirg:ﬂi'e opacts:Highly: désifable:for-

use:as: steuetural! elements:

= the: manuficture: of jét tur=
indiéatedii that: tHe: coms:
xidizitig: temperatures: of;

16007 to=26002"
tiom:.. Funther;, the: siitereds compact:can: Be: machined:
and’ Has: ot strengthy., as: well! as: Beifg: toughiand:
telatively: ductifes. A1l of! Hese: advantages: clearlys dis--

tivguishs the: compositions: of? the: present: invention- fiom:

ordinary: alloys: off nickel? and? alimihum: whick: for: the:
most: partt arec not: adapted: for- user in: High" temperature:
environments;. ‘ i

Wiiile: the: 'féregoing: discussion: Has: Been. concerned:
e compound’ NizAl; . the: meths-
pplicable: tothe: prodiction: of:
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3:. The: method?
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n: substantially;
NizAl. compacting: the: resultifg: mixtare;. and? sintering:
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sinterifrg; temperature: i the: range: from: 23002 to 2550°
B for-a: sufficient: titne: to: cause: solid? stat diffusion: and:

preparing: th
powdéred

7&“" the: formation: of’ tHe: compound: Ni3Al! if: saids mixtire:.

4;. The: methiod: of’ preparing: the: intermetallic: coms-

NiAL -

ocess: is: generally onez of diffiision: of? metallic: -

F:. without: gnificant: loss: dize: to: oxidas- -

7 cobalt: and’ iton” (such: as: for- ..

It will! Be: appreciated: that: various: modifications. and<—_.,
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pound Ni3Al which comprises mixing powdered NiAl of
a particle size not in excess of about 325 mesh and a suffi-
- cient amount of powdered r1.°ckel of a particle size not
in excess of 325 mesh in substantially stoichiometric pro-
portions ‘(o yicld the compound NizAl, compacting the
resulting mixture, and sintering the resulting compact in
a non-oxidizing atmosphere at a sintcring temperature in

the range from 2300° to 2550° F. for a sufficient time .

to cause solid state diffusion and the formation of the
compound NizAl in said mixture,

5. The method of preparing the compound NizAl which
comprises mixing powdered NiAl and a sufficient amount
of additional powdered nickel in substantially stoichi-
ometric proportions to yield the compound NizAl, com-
pacting said mixture, heating the resulting compact to a
temperature slightly higher than the melting point of
nickel, reducing the temperature to a value below the
melting point of nickel and in the range from 2300° to
2550° F., and holding said mixture within said range for
a period of time sifficient to cause diffusion of nickel
into said NiAl and recovering a sintered compact con-
sisting. essentially of NisAl.

6. The method of preparing the compound NizAl which
comprises mixing powdered NiAl and a sufficient amount
of additional powdered nickel in substantially stoichi-
ometric proportions to yield the compound NizAl, com-
pacting the resulting mixture, heating the resulting com-
pact to a temperature in the range from 2600° to 2650°
F., reducing the temperature to a value in the range from
2300° 'to 2550° F., and holding said mixture at a tem-
perature within said last named range for a period of time
sufficient to cause diffusion of nickel into said NiAl and
recovering a sintered compact consisting essentially of
NizAl. .

7. The method of preparing the compound NizAl which
comprises mixing NiAl and a sufficient amount of ad-
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ditional nickel in proportions sufficient to yield the com-
pound NizAl, compacting the resulting mixture, and sin- .

‘tering the resulting compact {  a non-oxidizing atmosphere

at a sintering temperature in the range from  about
2300° to 2400° . for u sullicient time to cause solid
state diffusion and the formation of NisAl in suid com-
pact.

8. The-method of preparing the compound NizAl which
comprises mixing NiAl and a sufficient amount of addi-
tional nickel in proportions sufficient to yield the com-
pound NizAl, compacting the resulting mixture, and sin-
tering. the resulting compact in a non-oxidizing atmos-
phere at a sintering temperature in the range from
about 2300° to 2550° F. for a period of one to 25 hours
to cause 'solid state diffusion and the formation of NizAl
in said compact. -
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