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This invention relates to improved nickel-chro-
mium-iron-titanium alloys.

Hitherto it has been proposed to utilize the
metal titanium as a deoxidizing agent for alloy
steels and the like in which the residual content
of titanium contemplated was very small, usually

less than .1 percent. It has been further proposed

to use titanium as a toughening agent or grain re-
finer in which cases the alloy may have some 1
percent of titanium retained, although several dis-
closures specify ranges of titanium for such pur-
poses up to 10 percent. It is an object of the
present invention to provide improved hardenable
nickel alloys by combining with a suitable alloy,
referred to as the base alloy, quantities of titani-
um and titanium-like elements.

It is a further object of this invention to con-
fer hardening properties upon  particular base
alloy compositions chosen to provide other de-
sirable properties, whereby not only the hardness
but the elastic strength and breaking strength of
the base alloy is increased without materially
changing its other characteristic properties.

It is a still further object of this invention to
alloy a suitable hardening agent with a nickel-
bearing base material and subject the resulting
alloy to a particular heat treatment to develop
and control increased strength properties. These
and other desirable advantages of the present in-
vention will be set forth and described in the
accompanying specification, certain preferred
compositions being given by way of example only,
for, since the underlying principles may be applied
to other specific compositions, it is not intended
to be limited to those herein shown except as such
limitations are clearly imposed by the appended
claims.

The present invention comprehends a wide vari-
ety of base alloy compositions and three preferred
hardening agents, as will be described more in
detail hereinafter. The preferred hase alloy
which is particularly amenable {o the proposed
treatment may be defined as nickel-bearing solid
solutions having the face-centered cubic lattice

2 type of crystalline structure. The claim for this

broad definition is predicted on experimental work
with six distinct alloy series of this type in addi-

(CL 148—31)

tion to the metal nickel, all of which bhehave sub-
stantially similarly, and which behavior will be
described more in detail below. No exceptions to
this definition have as yet been. encountered, al-
though the degree of hardening displayed by dif-
ferent combinations of base alloy and hardening
agent, of course, vary somewhat in degree. In
one such series, viz., iron-nickel-chromium-tita-
nium, the hardening characteristics were dis-
played in alloys having ranges of nickel content
varying from substantially 6 to 96 percent.

The preferred hardening agents comprehended
within the spirit and scope of this invention are
titanium, aluminum, and zirconium, and it is ap-
parent that the hardening characteristics herein
disclosed may be properties or functions of the bo-
ron and the titanium groups of the periodic classi-
fication of the elements according to Mendeleeff,
Of these hardening agents titanium has been
found to be the more useful from the standpoint
of developing physical properties of engineering
value combined with practical working qualities.

For the purpose of illustration, in order to
more clearly set forth the novel features of the
present invention, the characteristics of iron-
nickel base alloys alloyed with titanium as a
hardening agent will be discussed. Nickel-iron
alloys which include from about 25 percent to
substantially 100 percent nickel in their compo-
sition are soft and relatively unaffected in hard-
ness by heat treatment. Titanium is soluble in
these alloys and, if completely dissolved therein,
the resulting ternary alloys retain substantially
the original soft character. If a sufficient amount
of titanium be added, however, the resulting alloys
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are soft only when cooled rather rapidly from a. .

high temperature; if reheated to some lower tem-
perature range, or allowed to cool rather slowly
through this range, a substantial rise in hardness
occurs. A still further increase in titanium con-
tent causes the alloys tobecome increasingly hard,
even when subjected to rapid cooling from high
temperatures, yet these alloys change somewhat
in hardness with heat treatment. 'These charac-
teristics in a series of iron-nickel- alloys contain-
ing 35 percent nickel and varying amounts of ti-
tanium are shown in the following table:

Number. 1 2 3 4 5 6 7

Percent titanium. ..o 0 .49 1.31 2.2 3.13 4.00 6.71

Brinell { 1000° C-air cool 132 131 137 151 178 268 393
""""" 700° C 3 hrs. water quenched...-_...-...._ 132 138 107 307 327 n 380

40

55




10

15

20

25

30

35

40

45

50

60

65

70

75

The.desirable range of titanium to be added to
this particular base is from substantially 1 per-
cent, at which point hardening begins, to about
4 percent, at which point the malleability of the
alloys becomes impaired. The hardened alloys
in common with iron-nickel alloys generally are

- characterized by their toughness, resistance to

attack by non-oxidizing acids, ferro-magnetism
and high electrical resistivity. With an increase
in the nickel content of the base alloy, the desir-
able range of titanium, as just defined, remains
substantially the same up to 75 percent nickel
content, but the capacity for hardening displayed
by the alloys under consideration, steadily dimin-
ishes with increase in nickel content up to 99%
with a range of ahout 150 to 225 Brinell hardness
units, Within the range of 75 to 96 percent nick-
el content, the minimum titanium content nec-
essary to develop hardening, increases from about
1 percent to somewhat more than 4 percent, the
amount being roughly proportional to the excess
of nickel over 75 percent. Within this range the
hardness differential developed by heat treatment
is from about 75 to substantially 100 Brinell units.

Titanium when added to many other nickel

alloys of the face centered cubic lattice type pre- -

viously noted, permits the formation of alloys
having hardening characteristics similar to the
iron-nickel-titanium alloys described. Among
these other base alloys may be mentioned: Iron-
nickel-copper; iron-nickel-chromium; iron-nick-
el-manganese; nickel-copper; nickel-chromium,
and nickel metal. The following table shows sev-~
eral malleable alloys exemplifying this fact, the
hardness numbers being expressed in Brinell
units:
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permitted with a correspondingly greater degree
of hardness. In such cases as much as 10 per-
cent titanium may be used to advantage.

As has been intimated hereinbefore, desirable.

results may be obtained by substituting alumi-
num and/or zirconium for the titanium, In the
Tollowing table a few typical alloys are given by
way of example. - '

Number. 21 22 23 24
Fe 55 156 68 62
Ni 38.7133.6]17.4 | 34.6
Cu... 5.9
Lo ST R A S 8.2 ...
Al 511 4.4] 54 |......
Zr. - 2.6
i Soft
Brinell hard-
Tiess nym- {g:.l?? C. water quench)..| 154 | 185 | 172 | 157
Tovnneene (600° C. temp.)....... ... 218 | 256 | 282| 183

In the case of -aluminum, the content of this
element necessary to develop suitable hardening
response varies from about 2.5 to substantially
6 percent, the latter percentage marking the
_approximate upper limit of forgeability. A pre-
ferred range is from 5.0 to 5.5 percent.

When titanium is used as an alloying element,
the use of commercial ferro-titanium may intro-
duce appreciable quantities of aluminum and
silicon into the metal, both of which elements
will appear in the resulting alloy. This content
of aluminum is not harmful and it has now been
found in fact that the use of even higher con-
tents of aluminum in combination with titanium
as hardening agents offers certain advantages,
notebly in accelerating the rate at which the

Number. 8 9 10 1n 12 13 14 15 16 17 18 19 20

Ni 63.4 |43 30 35 23.3118.415.3 35593 |80 2{ .2 74
Fe 3.11356 58 61 65 66 57 1.2; 9 12 3 12
Cu 21.2 119 8017 11 64 76 - 10
Cr. 7.9 | 118|145 |._._.f .. 8.0 | feeeeefean
b § VTN NN MU NN NN NN IR I |50 N PN SOR IO MR R
Ti 19 3.0} 23] 23| 25| 26| 26| 1.6] 3.0{ 3.0 4 1 4
Soft (1000° C. water quench)__..| 130 | 127 { 157 | 159 | 154 153 | 152 | 126 | 194 | 165] 300 | 164 178
Hard (tempered 600-700° C.)....| 237 | 271} 302 | 315 316{ 304 | 284 | 266 | 284 | 317 | 321 | 200 235

The ranges of the several elements in addition
to titanium, may be extended as follows: .copper
.5-90%, chromium 3-30%, nickel 2-99%, and iron
2-90%, the titanium being replaceable, under the
conditions discussed more in detail hereinafter,
by from 5-10% of titanium-like metals such as
aluminum and/or zirconium. These elements
may be associated with each other in any desired
amounts to give compositions having certain spec-
ified characteristics. :

The preferred range of titanium is substan-

tially from ‘1 to 4 percent. This range is de-
termined approximately by the first appearance
of hardening and fthe substantial disappearance
of hot malleability,. When it is desired to retain
good hot and cold working properties in order to
permit shaping by forging, hot rolling, cold roli-
ing, drawing, or plastic deformation generally,
full advantage cannot be taken of the maximum
titanium content. - In such cases it is preferable
to employ titanium contents ranging from 2.2 to
3.2 percent for alloys having a low carbon con-
tent and in which the base is nickel-iron, nickel-
copper-iron, and nickel-chromium-iron. It will,
of course, be understood that in case of castings
where workability is not a factor to be con-
sidered, a much greater range of titanium is

hardening reaction occurs. As an example of
this discovery, the nickel-iron-titanium alloy in-
cluding 34.8 percent nickel, 2.2 percent titanium,
and 0.3 percent aluminum, showed no appre-
ciable hardening when air-cooled from 1000 de-
grees centigrade. A similar alloy including 34
percent nickel, 2.5 percent titanium, and 1.9 per-
cent aluminum increased in hardness about 110
Brinell units on air-cooling. Both alloys hard-
ened to about 320 Brinell units when furnace
cooled. It will also be appreciated that by the
use of hardening agents in multiple as herein
described, it is possible to secure marked econo-
mies in manufacture due to the ability to use
cheaper addition materials without in any way
sacrificing the good results desired in the finished
product. ’ :

The diversity of base compositions amenable
to hardening by titanium and aluminum has
been described. No common alloying elements
in amounts less than 2 percent have been found
to Interfere with this hardening characteristic
with the exception of aluminum and carbon.
The effect of aluminum when combined with
titanium has just been described. Since carbon
forms an inert titanium carbide, its presence
with titanium is highly detrimental. This is due

-~
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to the fact that although the total titanium con-
tent may be great enough to indicate vigorous
hardening, the alloy is, in fact, devoid of hard-
ening response, It.is highly desirable, there-
fore, to keep the carbon content as low as is
metallurgically feasible. Alloys .of this type
have been produced with as little as .01 percent
carbon, yet melts containing as much as 040
percent carbon have been produced which dis-
played good hardening properties, although an
inefficiently high titanium content in the alloy
Was necessary. ‘ : . .

It is considered to be within the scope of this
invcntion to provide, in addition to the major ele-
ments of composition, such other elements as are
commonly used in metallurgy to aid in refining,
purifying, degasifying, and otherwise treating
the alloy to insure its production in sound, tough,
malleable form. These auxiliary elements are:

. Percent
Manganese._ ~up to §
Silicon.. ~upto b
Aluminum ..___ up to 1
Vanadium __ . ____________________ up to 1
Zirconium ——— -up tol
Titanium ..______ up to 1,
Calcium ___________ . _______ up to %
Magnesium __.______ . ____.________._ up to 1%
Boron_____ o up to- %

The nature and quantity of these accessory ele-

ments is determined by the nature of the base
alloy in question,

Many characteristics of the hardening action.
developed by titanium and its equivalents, as de- -

scribed hereinbefore suggest that it is of the so-
called “precipitation” type, and that nickel, in
association with titanium and/or aluminum, is
withdrawn from solid solution concurrently with
the rise in hardness on heat treatment. Of
course, this is only a possible theory and it is to
be understood that we are not bound to this
theory. ‘ . o

‘To bring the alloys under consideration into
the softest working condition, the heat treatment
required in all cases is a not too slow cooling from
above & minimum temperature. Most efficient
results are obtained when this minimum temper-
ature is exceeded, but the temperature margin by
which it is exceeded is not of very great impor-

tance, the upper limit usually being that at which.

an undesirable coarsening in grain size occurs.
The minimum softening temperature varies di-
rectly with increase in content of the hardening

2 element or elements, and also varies to some ex-

tent with the composition of the base alloy. For
contents of titanium and/or aluminum which
yie!d malleable alloys, this minimum temperature
is generally from 750 degrees centigrade to 850
deg. centigrade, and can easily be established
for a particular alloy. As a general rule the

entire group of alloys herein described respond -

well to a range of softening temperatures vary-
ing from 900 deg. C. to 1050 deg. C. The rate

of cooling required to avoid hardening is not.

great, ‘and air cooling will usually pruve fast
enough, although cooling in water or in ofl is
permissible.

Where it is desired to heat treat the alloys in

order to harden them, the treatment is much

more variable.  Variations in composition of the
base metal, and of the hardening elements effect
both' the temperature at which the desired hard-
ening is most effectively produced, and also the

rate at which it occurs. - In all cases hardening

3
occurs over a:considerable range of.temperatires;
and the lower the temperature at which this:can

be carried out, the greater will be the hardness
ultimately developed. Since the rate of harden~ :
ing diminishes as the temperature is decreased,an &
optimum hardening temperature may be appro-
priately designated. ‘

With a hardening treatment which includes
holding the alloy at a fixed temperature for sev-
eral hours, the preferred hardening temperature
is substantfally 700 deg. C. for alloys in which
titanium is the hardening element, and about 600
deg. C. when aluminum or zirconium is the hard-
ening element. It is to be noted that when
chromium does not exceed about 5 percent, good 15
hardening may be produced by furnace cooling

10

- from the softening range. When the chromium

content exceeds this value, the hardening re-
action proceeds sluggishly, and considerably more
time is required in order to develop full hardness. 20
High chromium alloys containing up to 30%
chromium may show very little hardening on fur-
nace cooling, ‘

When it is desired to develop the maximum
hardness of a given alloy, it has been found ad- 25

. vantageous to carry out the hardening operations

in several steps at progressively lower tempera-
tures and preferably with the duration’ of heat-
ing increasing at the lower temperatures. The
temperature range in which this incremental 30
hardening may be carried out is from the min-
imum softening temperature above described,
down to about 500° C. As a particular example,
an alloy of a composition including

Percent 3°
N e e e - 220
Cr - 6.7
Ti - — 2.6
Fe ... e e Balance

4
having an initial Brinell hardness of 148 hard- 0

ened to 290 Brinell after twenty-four hours of
treatment at 700 deg. C. When an incremental
hardening heat treatment was given to this alloy,
a hardness of 340 Brinell units was secured, the
particular treatment included heating at 750° C.
for two hours, followed by heat treatment at
about 600° C. for five hours, and at about 600° C.
for twenty-three hours.

On the other hand, for the purpose of improv- 59
ing toughness and ductility of the hardened alloy,
the termination of the hardening operation may
include the step of reheating to a temperature
higher than the last preceding step, but still
within the range of temperature in which the
particular alloy is hardenable.

A further example may be given in which the
hardening characteristics as described herein-
above are combined with martensitic hardening
of the type commonly observed in air-hardening 60
steels. This combination occurs in marginal
austenitic nickel-content ferrous alloys of the
nickel, nickel-chromium, nickel-copper, nickel-
manganese and related series in which the iron
content is up to about 10 percent lower than that 65
at which martensite ceases to be a constituent
under ordinary conditions of cooling.

A'loys of the aforesaid type when heat treated
develop a strengthening precipitate, accom- )
panied by a change in composition of the residual 70
matrix sufficient to shift the latter within the
range of compositions which have a true allo-
tropic transformation, and hence, at suitable
cooling velocities, can be transformed at
least partially into martensite. The following 75
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are two _exainples of alloys in which the effect is
characterized by intense hardening.

Brinell hardness
. : number
(o] Al
Nijor T 1000° C. - .
: water Tempered
quenched .
157{10.3]| 27] .08 143 420
209 82) 27} .03§ L8 159 498"

These alloys were both completely austenitic and
non-magnetic when in the soft condition, but
became magnetic and partially martensitic after
heating between 600 and 700° C. followed by cool-
ing in the air,

As exemplifying the physical properties pro-
duced in malleable alloys of the type under con-
sideration, the following table is included:

2,046,167

expansivity in nickel-iron alloys, a slight adjust-
ment of composition may be necessary In the
hardened alloy. This adjustment generally in-
volves a small increase in nickel content.

It will now be appreciated that there has been
provided an improved process for producing high
strength alloys of the solid solution type contain-
ing nickel, which are initially soft and workable,

which process comprehends the use of.suitable’

amounts of hardening agents such as titanium,
aluminum and/or zirconium. It is to be noted
further that the hardenable alloys compre-
hended within the spirit and scope of the present
invention are adapted for a wide variety of uses,
and more particularly for use in structures which
can economically be made by plastic deforma-
tion such -as drawing, pressing, etc., such formed
articles being adapted to being suitably hardened
by a heat treatment as set forth. Furthermore,
the present invention has been described in con-

. Prop. Ult. Elong. Red. Tz0d
No. | Ni Cu Cr iyl Fe Temper | limit - | strength | percent area tt. 1bs
L - . © psi psi 2" percent v NS
0.1 80 |.cec.es 2.5 | Bal...| Seff._.. 24, 800 87, 600 3.5 65,1 .o
_ Hard.._| 110,000 | 192,000 16.0 33.0 |ocemciaeee
2.7 6.3 2.4 | Bal._.| Soft._... 34, 600 87, 800 35.0 59.8 |ccmcaas
, "7V Hard._.| 77,400 | 158,000 | 22.0 Yo I
15,5 {oceenain 12.4 2.7 | Bal_..| Soft..... 24, 000 88, 000 48 68 102
Hard (a) 66,000 | 130, 000 36 62 74
’ Hard(b).| 80,000 | 160,000 | . 22 18 50

?) 700° C. Temp.
Incremental Temp.

In addition to exhibiting these high physical
properties at room temperatures, the high
strength and elastic properties shown may be re-
tained at high temperatures, provided that the
base alloy is of a suitable type; -iron-nickel-
chromium is appropriate, and the titanium alloy

. with this base shows excellent strength proper-

45

50

ties at temperatures up to the hardening tem-
perature. - The steel designated as number 27 in
the above table shows the following characteris-
tics when- broken in tension at 600 deg C. after
previous full hardening: -

‘90,000 psi PL.
125,000 psi ULT.
259% Elong. in 2’’
12% Red. area

Such alloys are particularly suited fgjr purposes

_ involving considerable heat and load such as ob-

55

60

65

70

75

tained in steam and internal combustion tur-
bines, as well as in many chemical processes, a
particular example being that of tube stills and
like apparatus which may be used in oil-crack-
ing and oil refining.

Many alloys, in particular steels, exist which
have hardness and tensile properties equal to
or even excelling the alloys of the present type.
The advantage of the latter lies in the unique
fact that the present hardening elements may
add hardening properties to particular base al-
loys without detriment to their other distinctive
properties, thus affording a  combination of
strength with other special qualities not previ-
ously possible. For example, the addition of
titanium to austenitic - nickel-chromium steels
imparts hardness and high elastic properties
without interfering with the valuable corrosion
and heat resisting qualities of the latter. - In par-
ticular cases in which a property is closely as-
sociated with a specific nickel content, e. g. low
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junction with various compositions the nickel :_;5

content of which may be applied to any of the
alloys disclosed herein. Thus, specific nickel al-
loys containing about 6% and about 15% are re-
ferred to on pages 2 and 12, respectively, but these
nickel contents or variations thereof within the
scope of the present invention may be used in any
of the present alloys. For example, a nickel alloy
containing about 10% nickel, about 87% copper
and about 3% titanium when in a soft condition
resulting from quenching in water from 900° C.
had a Brinell hardness number of 130 and
when in a hard condition resulting from reheat-
ing to a temperature of about 600° C. to about
700° C. had a Brinell hardness number of 183.

This is a continuation in part application of
our application, Serial No. 356,870, filed April 15
1929, for Titanium alloys. -

What is claimed is:

1. A hard nlckel-chromlum-iron a.lloy contain-
ing about 2% to about 50% nickel, about 3% to
about 30% chromium, at least 1% to about 10%
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hard-
ened by heating the alloy to an elevated tempers-
ture below its melting point but sufficiently high
to cause titanium to go into solution, quenching
the alloy and reheating to a temperature below
that of the initial heating but sufficiently high
and for a period of time sufficient to obtain a
substantial increase in the hardness of the alloy.

2. A hard nickel-chromium-iron alloy contain-
ing about 2% to about 50% nickel, about 3% to
about 30% chromium, at least 1% to about 4%
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hard-
ened by heating the alloy to an elevated temper-
ature below its melting point but sufficiently high
to cause titanium to go into solution, quenching
the alloy and reheating to a temperature below

40

50

60

65

75



10

15

20

25

30

35

65

70

75

2,048,167

that of the initial heating but sufficiently high
and for a period of time sufficient to obtain a
substantial increase in the hardness of the alloy.

3. A hard nickel-chromium-iron alloy contain-
ing about 2% to about 50% nickel, about 3% to
about 30% chromium, about 2.2% to about 3.2%
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hardened
by heating the alloy to an elevated temperature
below its melting point but sufficiently high to
cause titanium to go into solution, quenching the
alloy and reheating to a temperature below that
of the initial heating but sufficiently high and for
a period of time sufficient to obtair a substantial
increase in the hardness of the alloy.

4. A hard nickel-chromium-iron alloy con-
taining about 2% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about 10%
of titanium, and iron constituting substantially
the balance of the alloy, said alloy being age
hardened by heating for a sufficient period of
time and ‘at a sufficiently high temperature be-
tween 750° C. and the melting point to dissolve
at least a portion of the titanium in the alloy,
cooling the alloy to a temperature below 750° C.
and heating the alloy for a sufficient period of
time and at a sufficiently high temperature below
750° C. to obtain a substantial increase in the
hardness of the alloy. .

5. A hard nickel-chromium-iron alloy contain-
ing about 2% to about 509% nickel, about 3% to
about 30% chromium, at least 1% to about 4% of
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hardened
by heating for a sufficient period of time and at
a sufficiently high temperature between 750° C.
and the melting point to dissolve at least a por-
tion of the titanium in the alloy, cooling the alloy
to a temperature below 750° C. and heating the
alloy for a sufficient period of time and at a suffi-
ciently high temperature below 750° C. to obtain
a substantial increase in the hardness of the
alloy. ]

6. A hard nickel-chromium-iron alloy contain-
ing about 2% to about 50% nickel, about 3% to
about 30% chromium, about 2.2% to about 3.2%
of titanium, and iron constituting substantially
the balance of the alloy, said alloy being age
hardened by heating for a sufficient period of
time and at a sufficiently high temperature be-
tween 750° C. and the melting point to dissolve at
least a portion of the titanium in the alloy, cool-
ing the alloy to a temperature below 750° C. and
heating the alloy for a sufficient period of time
and at a sufficiently high temperature below 750°
C. to obtain a substantial increase in the hardness
of the alloy.

7. A hard nickel-chromium-iron alloy contain-

ing about 2% to about 50% nickel, about 3% to

about 30% chromium, at least 1% to about 10%
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hard-
ened by heating for a sufficient period of time at
8 sufficiently high temperature between '750° C.
and the melting point of the alloy to cause at least
a portion of the titanium to dissolve in the alloy,
and cooling the alloy from the aforesaid tem-
perature to about 500° C. at a rate sufficiently slow
to cause a substantial increase in the hardness of
the alloy.

- 8. A hard nickel-chromium-iron-alloy contain-

_ing about 2% to about 50% nickel, about 3% to
about 30% chromium, at least 1% to about 4%.
titanium, and iron constituting substantially the’

balance of the alloy, said alloy being age hard-

5

ened by heating for a sufficient period of time at

a sufficiently high temperature between 750° C.
and the melting point of the alloy to cause at least

& portion of the titanium to dissolve in the alloy,
and cooling the alloy from the aforesaid tempera- 5
ture to about 500° C. at a rate sufficiently slow to
cause a substantial increase in the hardness of
the alloy.

9. A hard nickel-chromium-iron alloy contain-
ing about 2% to about 50% nickel, about 3% to
about 30% chromium, about 2.2% to about 3.2%
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hardened
by heating for a sufficient period of time at a
sufficiently high temperature between 750° C. 15
and the melting point of the alloy to cause at least
a portion of the titanium to dissolve in the alloy,
and cooling the alloy from the aforesaid temper-
ature to about 500° C. at a rate sufficiently slow
to cause a substantial increase in the hardness 20
of the alloy.

10. A hard nickel-chromim-iron alloy con-
taining about 20% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about
10% titanium, and iron constituting substantially 25
the balance of the alloy, said alloy being age hard-
ened by heating the alloy to an elevated temper-
ature below its melting point but sufficiently high
to cause titanium to go into solution, quenching
the alloy and reheating to a temperature below 30
that of the initial heating but sufficiently high
and for a period of time sufficient to obtain a
substantial increase in the hardness of the alloy.

11. A hard nickel-chromium-iron alloy con-
taining about 20% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about 4%
titanium, .and iron constituting substantially the
balance of the alloy, said alloy being age hard-
ened by heating the alloy to an elevated temper-
ature below its melting point but sufficiently high
to cause titanium to go into solution, quenching
the alloy and reheating to a temperature below
that of the imitial heating but sufficiently high
and for a period of time sufficient to obtain &
substantial increase in the hardness of the alloy.

12. A hard nickel-chromium-iron alloy con-
taining about 20% to about 50% nickel, about 3%
to about 30% chromium, about 2.29% to about
3.2% titanium, and iron constituting substantially
the balance of the alloy, said alloy being age hard-
ened by heating the alloy to an elevated tem-
perature below its melting point but sufficiently
high to cause titanium to go into solution, quench-
ing the alloy and reheating to a temperature be-
low that of the initial heating but sufficiently
high and for a period of time sufficient to obtain
a substantial increase in the hardness of the
alloy. . :

13. A hard nickel-chromium-iron alloy con-
taining about 20% to about 509 nickel, about 3%
to about 30% chromium, at least 1% to about
10% titanium, and iron constituting substan-
tially the balance of the alloy, said alloy being
age hardened by heating for a sufficient period
of time and at a sufficiently high temperature 65
between 750° C. and the melting point to dis-
solve at least a portion of the titanium in the
alloy, cooling the alloy to a temperature below
750° C. and heating the alloy for a sufficient
period of time and at a sufficiently high tem- 70
perature below 750° C. to obtain a substantial in-
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_crease in the hardness of the alloy.

. .14, A hard nickel-chromium-iron alloy con-
taining about 20% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about 75
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4% of titanium, and iron constituting substan-
tially the balance of the alloy, said alloy being
age hardened by heating for a suficient period
of time and at a sufficlently high temperature
between 750° C. and the melting point to dissolve
at least a portion of the titanium in the alloy,
cooling the alloy to a8 temperature below 750° C.
and heating the alloy for a sufficlent period of
time and at a sufficiently high temperature be-
low 750°. C. to obtain a substantial increase in
the hardness of the alloy.

15. A hard nickel-chromium-iron alloy con-
taining about 20% to about 50% nickel, about
3% to about 30% chromium, about 2.2% to
about 3.2% of titanium, and iron constituting
substantially the balance of the alloy, said alloy
being age hardened by heating for a sufficient
period of time and at a sufficlently high temper-
ature between 750° C. and the melting point to
dissolve at least a portion of titanium in the
alloy, cooling the alloy to a temperature below
750° C. and heating the alloy for a sufficient

. period of time and at a sufficiently high temper-

25

30

35

40

45

50

55

65

70

({]

ature below 750° C. to obtain a substantial in-
crease in the hardness of the alloy.

16. A hard nickel-chromium-iron alloy con-
taining about 20% to about 50% nickel, about
3% to about 30% chromium, at least 1% to
about 10% titanium, and iron constituting sub-
stantially the balance of the alloy, said alloy be-
ing age hardened by heating for a sufficient pe-
riod of time at a sufficiently high temperature
between 750° C. and the melting point of the
alloy to cause at least a portion of the titanium
to dissolve in the alloy, and cooling the alloy
from the aforesaid temperature to about 500° C.
at a rate sufficiently slow to cause a substantial
increase in the hardness of the alloy.
~ 17. A hard nickel-chromium-iron alloy con=-
taining about 20 to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about
4% titanium, and iron constituting substantially
the balance of the alloy, said alloy being age
hardened by heating for a sufficient period of
time at a sufficiently high temperature between
750° C. and the melting point of the alloy to
cause at least a portion of the titanium to dis-
solve in the alloy, and cooling the alloy from the
aforesaid temperature to about 500° C. at a rate
sufficiently slow to cause a substantial increase
in the hardness of the alloy.

18, A hard nickel-chromium-iron alloy con-
taining about 20% to about 50% nickel, about
3% to about 30% chromium, about 2.2% to about
3.2% titanium, and iron constituting substan-
tially the bailance of the alloy, said alloy being
age hardened by heating for a sufficient period
of time at a sufficiently high temperature be-
tween 750° C. and the melting point of the alloy
to cause at least a portion of the titanium to dis-
solve in the alloy, and cooling the alloy from the
aforesald temperature to about 500° C. at a rate
sufficiently slow to cause a substantial increase
in the hardness of the alloy.

19. A hard nickel-chromium-iron alloy con-
taining about 10% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about
10% titanium, and iron constituting substan-
tially the bhalance of the alloy, said alloy being
age hardened by heating the alloy to an elevated
temperature below its melting point but suffi-
ciently high to cause titanium to go inte solu-
tion, quenching the alloy and reheating to a
temperature below that of the initial heating but
sufficiently high and for a period of time suf-
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ficient to obtain a substantial increase in the
hardness of the alloy.

20, A hard nickel-chromium-iron alloy con-
taining about 10% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about
10% of titanium, and iron constituting substan-
tially the balance of the alloy, said alloy being
age hardened by heating for a sufficient period
of time and at a sufficiently high temperature

between 750° C. and the melting point of the jq

alloy to dissolve at least & portion of the titanium
in the alloy, cooling the alloy to a temperature
below 750° C. and heating the alloy for a suf-
ficlent period of time and at a sufficiently high

temperature below 750° C, to obtain a substantial ;5

increase in the hardness of the alloy.

21. A hard nickel-chromium-iron alloy con-
taining about 10% to about 50% nickel, about
3% to about 309% chromium, at least 1% to about
10% titanium, and iron constituting substan- gy
tially the balance of the alloy, said alloy being age
hardened by heating for a sufficient period of
time at a sufficiently high temperature between
750° C. and the melting point of the alloy to

cause at least a portion of the titanium to dis- o5

solve in the alloy, and cooling the alloy from the
aforesaid temperatire to about 500° C. at a rate
sufficiently slow to cause a substantial increase in
the hardness of the alloy.

22. A hard nickel-chromium-iron alloy con- 30

taining about 10% to about 50% nickel, about
3% to about 30% chromium, at least 1% to about
49% titanium, and iron constituting substantially
the balance of the alloy, said alloy being age

hardened by heating the alloy to an elevated 35

temperature below its melting point but sufficient-
ly high to cause titanium to go into solution,
guenching the alloy and reheating to a tempera-
ture below that of the initial heating but suffi-

ciently high and for a period of time sufficient to -

obtain a substantlal increase in the hardness of
the alloy.

23. A hard nickel-chromlum-iron alloy con-
taining about 10% toabout 50% nickel, about 3%
to about 30% chromium, at least 1% to about 4%
of titanium, and iron constituting substantially
the balance of the alloy, said alloy being age hard-
ened by heating for a sufficient period of time
and at a sufficiently high temperature between
1750° C. and the melting point to dissolve at least a
portion of the titanium in the alloy, cooling the
alloy to a temperature below 750° C. and heating
the alloy for a sufficient period of time and at a
sufficiently high temperature below 750° C. to
obtain a substantial increase in the hardness oz
the alloy.

24. A hard nickel-chromium-iron alloy con-
taining about 10% to about 50% nickel, about 3%
to about 30% chromium, at least 1% to about 49

46

&6

titanium, and iron constituting substantially the 60

balance of the alloy, said alloy being age hard<
ened by heating for a sufficient period of time
at a sufficiently high temperature between 750°
C. and the melting point of the alloy to cause at

least a portion of the titanium to dissolve in the 65

alloy, and cooling the alloy from the aforesaid

temperature to about 500° C. at a rate sufficiently

slow to cause a substantial increase in the hard-
ness of the alloy.

25. A bard nickel-chromium-iron alloy con- 70

taining about 10% to about 50% nickel, about 3%
to about 30% chromium, 2.2% to about 3.2%
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hard-

ened by heating the alloy to an elevated tempera-~ 75.
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ture below its melting point but sufficiently high
to cause titanium to go into solution, quenching
the alloy and reheating to a temperature below
that of the initial heating but sufficiently high
and for a period of time sufficient to obtain a
substantial increase in the hardness of the alloy.

26. A hard nickel-chromium-iron alloy con-
taining about 10% to about 50% nickel, about 3%
to about 309% chromium, 2.2% to about 3.2% of
titanium, and iron constituting substantially the
balance of the alloy, said alloy being age hard-
ened by heating for a sufficient period of time
and at a sufficiently high temperature between
750° C. and the melting point to dissolve at least
a portion of the titanium in the alloy, cooling the
alloy to a temperature below 750° C. and heating
the alloy for a sufficient period of time and at a
sufficiently high temperature below 750° C. to ob-

7

tain a substantial increase in the hardness of the
alloy. '

27. A hard nickel-chromium-iron alloy con-
taining about 10% to about 50% nickel, about 3%
to about 30% chromium, 2.2% to about 32%
titanium, and iron constituting substantially the
balance of the slloy, said alloy being age hard-
ened by heating for a sufficient period of time at
a sufficiently high temperature between 750° C.

and the melting point of the alloy-to cause at least 10

2 portion of the titanium to dissolve in the alloy,
and cooling the alloy from the aforesaid tempera-
ture to about 500° C. at a rate sufficiently slow to
cause a substantial increase in the hardness of
the alloy.
NORMAN B. PILLING.
PAUL D. MERICA.,




