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ABSTRACT OF THE DISCLOSURE

The invention is a high strength nickel alloy contain-
ing 1 to 20 percent by volume of intimately dispersed
solid-insoluble second phase in a matrix of nickel or
nickel alloy such as precipitation hardened alloy. The
second phase is obtained by adding elements or com-
pounds to nickel or nickel alloy in an amount in excess
of their solid solubility in nickel. Elements or compounds
which are only slightly soluble in nickel and form high
melting compounds which have a useful liquid solubility
are preferred. The alloy product is obtained by atomizing
a substantially homogeneous melt, compacting the atom-
ized particles and subjecting the compact to a wrought
operation.

CROSS-REFERENCE TO RELATED APPLICATION

This is a divisional application based on application
Ser. No. 650,210, filed June 30, 1967, and now aban-
doned.

BACKGROUND OF THE INVENTION
(1) Field of the invention

The invention relates to a novel nickel alloy and to
the method of preparing a high strength wrought metal
product therefrom.

The invention more particularly relates to nickel alloy
that is strengthened by the introduction of elemental or
compound additions in an amount that is miscible in
molten nickel (at high temperatures at which the nickel
is molten) but which exceeds the solid-solubility of the
addition in solidified nickel metal. Such additions are
made to nickel or to conventional nickel alloys including,
particularly, precipitation hardened nickel alloys.

For the purposes of the specification and claims, the
term nickel as used herein includes both nickel metal and
nickel base alloys. Nickel base alloys are understood to
be alloys in which the nickel content, by weight is greater
than the content of any other single component of the
alloy. Preferably the alloy comprises at least 35 percent,
and more preferably at least 40 percent by welght of
nickel.

(2) Description of the prior art

Nickel alloys have relatively low strength at room
and moderate temperatures compared to steel. Conven-
tionally, nickel has been strengthened by the addition of
solid solution hardeners such as one or more of the
metals chromium, iron, molybdenum, tungsten and cobalt
in various combinations and in various proportions, €.g.,
up to about 30 percent in the case of cobalt and up to
about 20 percent in the case of chromium as in the com-
mercial Hastelloy alloys and Inconel alloys. Nickel alloys
have been further improved by addition of such metals
as aluminum, columbium and/or titanium separately or
concurrently whereby precipitation hardening takes place,
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normally during heat treating of the solidified metal. The
added metals in this case provide for increasing the
strength of the matrix metal through the phenomenon
known as age hardening, and such metals are sometimes
called age hardeners when added to nickel. In some in-

- stances the age hardening process may take place because

atoms of age hardener metal, during heat treatment of
the alloy, are fitted into the lattice of the matrix metal,
albeit imperfectly, causing strain throughout a substantial
zone, on the atomic level, at each such dislocative inser-
tion of a foreign atom. More generally, as here, the

’process is believed to occur as a result of the precipita-

tion of an extremely fine umformly dispersed phase, the
dispersed particles having sizes in the angstrom range. In
any event, the precipitation hardened alloys tend to lose
high strength properties during long exposure to elevated
temperatures. During such exposure the atoms of age
hardener that bring about age hardening become soluble
in the solid metal and diffuse through the solid metal to
a sufficient extent that the zones of precipitation harden-
ing phase agglomerate into localized centers of particles
of sufficiently gross nature that the strengthening expected
from age hardening is not obtained.

" Also known to the art is a high temperature nickel alloy
that is made from a specially prepared intimate admix-
ture of nickel and thorium oxide, but the alloy suffers
from inferior strength properties at room temperature and
shghtly elevated temperatures because of inherent limita-~
tions in the method of preparation that preclude solid
solution strengthening or precipitation hardening of the
alloy.

OBJECTS OF THE INVENTION

It is a principal object of the present invention to pro-
vide a high strength nickel base alloy that exhibits de-
sirably high strength at temperatures of the order of
1000 to about 2000° F., and especially at 1000 to about
1500° F. and maintains such high strength for a substan-
tially longer period of time than the presently known
workable and machineable nicke! base alloys. Another
object of the invention is to provide a method of prepar-
ing high strength wrought nickel products. A further
ob]ect of the invention is to provide a method of preparing
improved high temperature nickel alloys from known
precxpxtatlon hardening alloys.

SUMMARY OF THE INVENTION

A high strength nickel base alloy is obtained upon com-
bining up to 60 percent by weight of solid nickel alloy~
soluble alloying additions either as single components or
‘as mixtures but no single component exceeding the nickel
content, up to about 20 percent by weight of precipitation
hardening addition, from about 1 to about 20 percent by
volume of at least one solid nickel alloy-insoluble second
phase material and the balance at least about 35 percent
by weight nickel, Ordinarily, the solid solution harden-
ing addition is a metal selected from the group consisting
of irom, chromium, cobalt, molybdenum, tungsten and
mixtures thereof employed in a proportion not exceeding
about 50 percent by weight but the proportion of any
smgle metal added not exceedmg the proportion of nickel
in the alloy The precipitation hardening addition is ordi-
narily in the range of about 1 to 15 percent by weight and
more preferably is in the range of about 4 to 10 percent
by weight. The solid-insoluble second phase material is se-
lected from elements and compounds and combinations
thereof that are miscible in molten nickel or nickel alloy
but solid-insoluble in the solidified nickel.

Upon preparing the foregoing alloy, atomizing the alloy
while it is in molten homogeneous form, compacting the

_ atomized particles and subjecting the compact to a
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wrought operation, a high strength, -high temperature
niickel alloy product is obtained.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, the properties

of .nickel, nicke! alloyed with solid solution hardeners and
nickel or nickel alloys containing age hardening elements
can be improved by the addition of dispersion hardening
material. .
. Sufficient dispersion hardening material is added. to
provide from 1 to 20 percent by volume of solid-insoluble
second phase and more preferably 2 to 10 percent by
volume of second phase in the solidified nickel metal.

Dispersion hardening is differentiated from precipita-
tion hardening. on the basis that the second phase formed
on dispersion hardening (1) generally separates during
solidification of the alloy, though it may separate from
undercooled - supersaturated solid solution as a comse-
quence of working the alloy (2) is comprised of particles
having dimensions in the micron range rather than the
agstrom range, and (3) is substantially not solid-soluble
in the matrix metal during conventional heat treatment of
the alloy and therefore agglomeration tends to be minimal.

The dispersion hardening material should have appreci-
able liquid solubility but limited solid solubility and dif-
fusivity so that after hot working, and preferably also
after solution heat treatment of the dispersion hardened
metal, the dispersion hardening material, once intimately
dispersed in the solid metal, remains uniformly dispersed
as particles less than about 5 microns in diameter, and
preferably less than about 1 micron in diameter. The term
diameter is intended to refer to the longest dimension of
the particle in the event the particle is not equiaxed. The
most preferred dispersion hardening materials are com-
pounds that are stable in the matrix or base metal, that
have very high melting temperatures, but limited solid
solubility.

The second phase should be stable, i.e, it should ag-
glomerate relatively slowly, if at all, in the nickel alloy.
Materials that have high melting temperatures, above
above 2500° F. and preferably above about 3500° F., tend
to be stable. Another indicator of stability is solid solu-
bility, which should be below about 5 percent by weight
and more preferably below about 1 percent by weight.
Also, the second phase should not significantly depress the
solidus of the nickel or nickel alloy in order not to im-
pair hot workability. There should be no melting of sec-
ond phase at heat treatment temperatures, ie., at tem-
peratures of about 1800 to 2200° F.

For the purposes of the specification and claims, com-
pounds formed by a metal and a metalloid are herein
referred to as intermellatic compounds. Such compounds
may be added per se to the molten nickel or formed in
situ, Chemical compounds such as nickel sulfide may also
be formed in situ.

The dispersion hardening material, whether it is func-
tioning as an elementa] substance, intermetallic com-
pound, or other compound, should have sufficient liquid
solubility to permit incorporation of useful proportions
in the molten nickel. Therefore, liquid solubility should be
at least 1 atomic percent and preferably at least 3 atomic
percent. :

Broadly speaking, the addition to the nickel source, i.e.,
nickel or nickel alloy, of dispersion hardening material
in the form of one or more chemical elements or com-
pounds in an amount that is miscible with the molten al-
loy but forms & second phase on solidification of the alloy
or as a consequence of subsequent working, brings about
the desired strengthening of the nickel alloy on thorough
dispersion of the second phase according to the invention.
The second phase may arise because the solid-sclubility
of the addition per se has been exceeded, or on account of
interaction between different elements constituting the ad-
dition, or between the addition and the nickel of the alloy,
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excess of the solubility thereof.

Some elements which cause preciptation hardening
when added in a lower concentration cause dispersion
hardening when added in a higher concentration, or, when
added concurrently with an interacting element or com-
pound.

Suitable elements for addition that form nickelides of
limited solid solubility include, for example, yttrium,
scandium, cerium, and other rare earth metals, thorium,
zirconiuvm, and hafnium. Such elements have a solid solu-
bility in nickel below about 5 atomic percent, and prefer-
ably below about 2 atomic percent.

Elements that react in nickel to form a phase having
limited solid solubility are tabulated in the following
Groups I and II. Each of the elements in Group I reacts
with most of the elements in Group II to form the desired
phase and vice versa,

Group I: Group II:
titanium carbon
zirconium boron
rare earth metals silicon
scandium phosphorus
yttrium arsenic
calcium antimony

Examples of stable intermetallic compounds suitable
for dispersion hardening according to the invention and
formed as a consequence of such interaction are: TiC,
Ca3sb2, ThSi, CeSb, Zresi5 and Tissia.

Preferred additions that bring about dispersion hard-
ening in the nickel or nickel base alloy include, for ex-
ample, thorium, rare earth metal, zirconium plus carbon,
titanium plus silicon and titanium plus carbon.

To obtain the benefits of the solid-insoluble second
phase material it is essential that the second phase mate-
rial is finely and intimately dispersed throughout the
solidified nickel metal. Atomizing is the key step in the
preparation of improved alloy product. The homogeneous
melt of nickel containing dispersion hardening material
with or without solution hardening metals and precipi-
tation hardening metals is atomized by dispersing the
molten metal as fine droplefs in an atomizing gas so that
droplets solidify therein. If desired, the droplets may be
projected against a relatively cold metal surface, pref-
erably contacting the cold metal surface before the
liguidus temperature has been reached in the droplets,
in order to provide more rapid cooling and even finer
distribution of the second phase material, In some cases,
the alloy may supercool and solidify without separation
of the second phase. In that event, the second phase will
generally form and separate during or subsequent to
wrought operations in which the atomized particles are
employed.

On carrying out atomizing into a gas environment it
is desirable to disperse the melt into droplets that on
solidification provide pellets small enough to pass a No.
100 sieve (U.S. Sieve Series) although pellets as coarse
as about 20 mesh are satisfactory. Use of such fine pel-
lets assures sufficient dispersion of the second phase
material during solidification of the pellet. The pellets
may be collected in water below the gas enivornment
but this is generally to be avoided since some surface
oxidation of the pellets may occur. Such oxidation tends
to interfere with bonding of the pellets during subsequent
compacting and working.

Any number of known techniques may be used to con-
solidate the pellets. One technique frequently used is to
cold press the pellets hydrostatically, can the compact
under vacuum in a mild steel can, and extrude the com-
posite at about 2000° F. with glass lubrication on a high
speed press. The jacket is then removed by machining,
pickling, or both. It has also been found that the pellets
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can be canned directly without pre-compaction. Although
conventional working techniques are used, it is desirable
to avoid excessively high temperatures and long holding
times since they cause agglomeration of the dispersed
second phase and progressive loss of dispersion harden-
ing. This also applies to any subsequent heat treatment.

The following examples serve to illustrate the inven-
tion and do not limit the scope thereof.

EXAMPLES

In a series of runs illustrating the method and com-
position of the invention nickel was alloyed with, vari-
ously, (1) titanium and silicon, (2) titanium and carbon,
(3) aluminum and titanium, (4) aluminum, titanium
and silicon, and (5) aluminum, titanium and carbon.
In each case additions were made to molten nickel while
it was at a temperature of about 3000° F. The homoge-
neous melt was atomized by allowing a thin stream of
the molten metal to fall into a high pressure jet of argon.
The solidified pellets were collected and found to be
sufficiently fine enough to substantially pass a No. 20
sieve. In each case about ten pounds of pellets was
placed in a can made by welding a juxtaposed circular
piece of mild steel, as a cap, to one end of an 8 inch
length of heavy-walled, extra strong, mild steel pipe
having an inner diameter of 1.939 inches and an outer
diameter of 23% inches. Sufficient pellets were used to
completely fill the can. Then the can was closed or
capped by welding another circular piece of mild steel
across the open end. The resulting closed can was then
slid into about a 9 inch length of standard copper pipe
having an inner diameter of 2% inches and an outer
diameter of 2% inches, the closed can being substantially
centered between the ends of the copper pipe. The ex-
tending ends of the copper pipe were peened over to hold
the can in place. The assembly was then heated to about
1800 to 1900° F. and quickly inserted into the container
of an extrusion press. The container had been preheated
to about 900 to 1000° F. Extrusion was commenced as
soon as possible, the assembly being extruded as a rod
about one inch in diameter at a rate of about 5 feet per
minute. The nickel alloy core was about 2 inch in diam-
eter. Samples were cut from each rod and machined to
remove the copper and steel jacket and prepare test
bars. The so-obtained test bars were subjected to me-
chanical testing in order to obtain percent elongation and
tensile yield strength and ultimate tensile strength values.

By way of comparison, commercial grade elemental
nickel was similarly atomized, extruded and tested.

In further comparison tests aluminum and titanium
additions were made to molten nickel and similarly atom-
ized. The atomized pellets were transformed into ex-
truded rod in the manner just described and the test bars
obtained were subjected to mechanical testing. The re-
sults of the mechanical testing in each case and the com-
positions employed are listed in the following table. Each
test bar was examined metallographically for the pres-
ence of second phase. The results of this test are also
listed in the table along with the compounds theoretically
expected, if any.
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In Test No. 6, listed above, the aluminum and titanium,
solid soluble at the concentration levels of the alloy of
Test Comparison 2, formed a second phase with nickel
that was solid-insoluble in the nickel alloy,

What is claimed is: '

1. A wrought nickel base alloy product made by atom-
izing, compacting and working nickel base alloy, said
alloy comprising up to about 60 percent by weight of
a metal that serves as a solid nickel alloy-soluble hard-
ening alloying addition, from about 1 to about 20 per-
cent by volume of at least one solid nickel alloy-insoluble
second phase material having a solid solubility in nickel
below about 5 percent by weight and a melting tempera-
ture above about 1800 to 2200° F., from about 4 to 10
percent by weight of precipitated precipitation hardening
alloying additions capable of solubilizing during heat
treatment, and at least about 35 percent by weight of
nickel, the alloy product being further characterized as
containing the second phase dispersed therethrough as
particles not exceeding about 5 microns in maximum
dimension.

2. The wrought alloy product as in claim 1 in which
the particle size of the dispersed second phase material
does not exceed about 1 micron in maximum dimension.

3. The wrought alloy product as in claim 1 contain-
ing about 2 to 10 percent by volume of said second phase
material.

4. The wrought alloy product as in claim 1 in which
the second phase comprises a material selected from the
group consisting of boron, rare earth metal, thorium,
zirconium, titanium carbide, titanium silicide, aluminum
titanium nickelide, thorium boride and zirconium car-
bide and combinations thereof.

5. The wrought alloy product as in claim 1 in which
the solid nickel alloy-soluble hardening addition is a
metal selected from the group consisting of iron, chro-
mium, cobalt, molybdenum, tungsten and mixtures
thereof.

6. The wrought alloy product as in claim 1 containing
from about 5 to about 7.5 percent by weight of precipi-
tation hardening alloying additions.

7. The wrought alloy product as in claim 1 in which
the precipitation hardening alloying addition is a metal
selected from the group consisting of aluminum, colum-
bium, titanium and mixtures thereof.

8. The method of making the high strength product
alloy product of claim 1 which comprises:

atomizing the alloy of claim 1;

compacing the so-obtained atomized particles;

and subjecting the so-obtained compact to a wrought

operation,

9. The method as in claim 8 in which the compact
is canned under vacuum in a mild steel can before the
wrought operation and the can is removed from the alloy
after the wrought operation.

10. The method as in claim 8 in which the atomizing
is carried out in a manner to obtain substantially only
particles passing a No. 100 sieve (U.S. Sieve Series).

11. The method as in claim 8 in which the atomized
alloy is placed in a mild steel can and the can and its
contents are die-expressed whereby compacting and sub-

Compositign, by

Physical properties at

Physical properties
at R.T. elevated temperatures

weight 1
Per- Test  Per-

Test No. Al T 8 C 8econd phase cent B TYS TS temp. cent E TYS TS
Comparison 1... (Unalloyed nickel) None. 39 16 55 1,400 5 7.1 8.5
1 3 1 ... Titanium silicide 41 37 87 1,400 34 16 24
2... |- J 1 Titanium carbide_ 30 52 104 1,400 63 20 26
LI 5 1. Titanium silicide 16 136 197 { Lo By 18
4. S, 1 Titanium earbide ... 15 120 184 1: 400 31 25 42

| 1 Titanium carbide and aluminum titanium nickelide. . 1 152 162
Comparison 2_. . 2 None 32 36 79 1,400 31 12 19

| JP, Aluminum titanium nickelide 11 120 169 oo emmemaane

1=Balance nickel.
NotE.—Percent E=Percent elongation in two inches. TYS=Tensile

yield strength in 1,000’s of pounds per square inch. T8 = Ultimate tensile
strength in'1,000’s of pounds per square inch, R,T,=Room temperature.
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jecting the atomized alloy to a wrought operation are 3,562,024 2/1971 Smith . _____ 148—11.5 R
carried out substantially concurrently. 3,356,542 12/1967 Smith ... ____.___ 148—11.5 R
2,372,696 4/1945 Tholand ___________ 75211
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