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{571 ABSTRACT

A heat-resistant and corrosion-resistant high chromi-
um-nickel alloy, consisting of 32 to 40 percent by
weight chromium, 2 to 9 percent by weight tantalum,
2 to 5 percent by weight molybdenum, 0.5 to 3 per-
cent by weight (aluminum + titanium), 0.05 to 0.5
percent by weight carbon, 0.025 to 0.35 percent by
weight boron, with the remainder being substantially
nickel and incidental impurities is provided.

This alloy is not only characterized by excellent
heat-resistant properties and excellent
corrosion-resistance, but is also characterized by very
great mechanical strength properties at elevated
temperatures, and has good high temperature
workability so that it can be formed by hot forging
techniques. Hence, this alloy is suitable for the
construction of parts which require great mechanical
strength properties at elevated temperatures, such as
gas turbine blades which operate under low grade
residual fuel oil combustion.

1 Claim, No Drawings

.
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HEAT-RESISTANT AND CORROSION-RESISTANT
HIGH CHROMIUM-NICKEL ALLOY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a heat-resistant and corro-
sion-resistant high chromium-nickel alloy.

2. Description of the Prior Art

Heretofore, industry has relied on nickel base super
alloys, such as those strengthened by ¥’ (Gamma pri-
me)-Nig, (Al, Ti) phase, and cobalt base super alloys,
for applications requiring good heat-resistant proper-
ties.

An increasing demand has been developing, how-

ever, for alloy materials which not only have excellent
high temperature mechanical properties, but which
also possesses excellent corrosion resistance at ele-
vated temperatures. Such an alloy would find wide ap-
plication in the chemical processing industry and as
structural material in the construction of thermal en-
gines.
- Heretofore, attempts were made to improve the anti-
oxidative properties of conventional super alloys by the
incorporation of increased amounts of chromium. The
chromium conent, content, is limited by the fact that
added quantities of chromium to conventional alloys
will adversely affect the high temperature mechanical
properties.

In general, the maximum amount of chromium con-
tained in the alloy was about 28 percent by weight, and
usually no more than 20 percent by weight. While these
additional quantities of chromium did have some bene-
ficial effect in enhancing anti-oxidative properties, it
was at best a compromise between enhanced anti-
oxidative properties and reduced high temperature me-
chanical strength.

A need exists, therefore, for a high chromium-nickel
alloy which is characterized by excellent heat resis-
tance, excellent corrosion resistance and strong me-
chanical strength at elevated temperature.

SUMMARY OF THE INVENTION

Accordingly, it is one object of this invention to pro-
vide a high chromium-nickel alloy, which possesses ex-
cellent heat-resistance, excellent corrosion-resistance
and good high temperature mechanical strength prop-
erties, and has good high temperature workability, so
that it can be hot forged.

Another object of this invention is to provide a struc-
tural material which is satisfactory for application in
the construction of parts which will be subjected to
high temperature and high stress service, such as gas
turbine blades for turbines using low grade residual fuel
oils.

These and other objects have now herein been at-
tained: by providing a high chromium-nickel alloy con-
sisting of 32 to 40 percent by weight of chromium, 2 to
9 percent by weight tantalum, 2 to 5 percent by weight
molybdenum, 0.5 to 3 percent by weight (aluminum +
titanium), 0.05 to 0.5 percent by weight carbon,.0.025
to 0.35 percent by weight boron, with the remainder
being substantially nickel and incidental impurities. In
- one embodiment, the alloy of this invention may be a
mixture of manganese, silicon, calcium, magnesium,
rare earth elements and scavenger such as Misch metal.
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DETAILED DESCRIPTION OF THE INVENTION

The effect of each element contained in the alloy of
this invention is as follows.

Chromium, (aluminum + titanium) and boron pro-

vide good high temperature corrosion-resistance. If the
chromium content exceeds the upper limit of 40 per-
cent, an « phase may appear in large quantities in solid-
ification of the alloy. If the chromium content is less
than 32 weight percent, satisfactory corrosion-
resistance will not be obtained.
. Chromium, tantalum, molybdenum and (aluminum +
titanium) improve the high temperature mechanical
strength. In particular, tantalum has an outstanding ef-
fect on the high temperature mechanical strength.

The use of tantalum enables significant increases in
high temperature mechanical strength while the use of
chromium enables good corrosion-resistance. If the
alloy contains greater than 9 weight per cent tantalum,
there will be little increase in high temperature me-
chanical strength.

The addition of 5 weight per cent molybdenum can
render the alloy brittle because of the formation of a
Sigma (o) phase over long periods of heating. Also, it
reriders the alloy more corrosive to high temperature
oxidation.

(Aluminum + titanium) are the most effective addi-
tions to improve mechanical strength. The effective-
ness of each of aluminum and titanium on the mechani-
cal strength and corrosion-resistance is nearly equal.
However, if amounts of greater than 3 weight percent
are used, the alloy can become brittle and the long time
stress rupture strength will diminish due to the appear-
ance of an « phase.

Carbon will decrease hardness of the alloy and in-
crease elongation and is essential for long time stability
of creep strength. More than 0.5 weight percent car-
bon, however, is undesirable because it will reduce the
corrosion resistance of the alloy.

Comparanvely, the boron content of the alloy of this
invention is greater than used in conventional alloys. If
the boron content falls to below 0.025 weight percent,
however, its effectiveness is reduced. On the contrary,
if the boron content exceeds 0.35 weight percent, the
alloy will become brittle.

The alloy of this invention, therefore, is character-
ized by excellent high temperature corrosion-resistance
and excellent high temperature mechanical strength.

At high temperatures, the alloy of the invention will
form a Gamma () phase matrix. Accordingly, it is de-
sirable to heat treat the alloy to stabilize the structure,
at a temperature adjacent to the use temperature to
form the Gamma (y) phase.

Having now generally described the invention, a fur-
ther understanding can be obtained by reference to
certain specific examples which are provided herein for
purposes of illustration only and are not intended to be
limiting unless otherwise specified. -

EXAMPLE 1

In Table I, ““A™ refers to the present invention and
“B” refers to the prior art,

Each mixture of the component in the composition
as shown in Table I was weighed into an alumina cruci-
ble and was melted by use of high frequency heating.
The molten mass of alloy obtained was cast into a metal
mold to form the shape of a rod. After solution-treating
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at a temperature of 1,220°C. for 4 hours, the rod was
cooled in air. The test pieces were cut from the sound
portion of the rod by X-ray analysis. These pieces were
prepared by aging to effect stabilization of the structure
at a temperature of 900°C. for 2 hours. Thereafter, the
test pieces were tested for ultimate tensile strength at
elevated temperatures and creep rupture (or stress rup-
ture). The results of these tests are shown in Table II.
It was found that the optimum additions of Ta, No, (Al

+ Ti), C and B provided remarkable increases in the 10

high temperature mechanical strength.
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ple was weighed into an alumina crucible and was
melted by high frequency heating. The molten mass of
alloy obtained was cast into a metal mold to form the
shape of a rod. After solution-treating at a temperature
of 1,220°C. for 4 hours in order to form the f.c.c.
Gamma () single phase structure, the rod was permit-
ted to cool in air. The test pieces were cut from the
sound portion of the bar (or rod) by X-ray analysis, and
were aged to stabilize the structure, at a temperature of
900°C. for 2 hours. Thereafter, the test pieces were .
subjected to a corrosion test with a synthetic ash at a .

- TABLET

Compositions of Samples

Sample Composition (% by weight)

Nox.J Cr . Al Ti Mo Ta C B Ni
A-131 36 0.5 i 4 5 0.2 0.2 Balance
A-76 32 1 | 4 5 0.2 0.2 do.
A-77 40 1 1 4 5 0.2 0.2 do.
A-36 36 1 1 4 2 0.2 0.2 do.
A-72 36 1 1 4 8 0.2 0.2 do.
B-75 36 1 1 0 5 0.2 0.2 do.
A-32 36 1 1 5 5 0.2 0.2 do.
B-73 36 0 0 4 5 0.2 0.2 do.
A-127 36 0 0.5 4 5 0.2 0.2 do.
A-135 36 1.5 1.5 4 5 0.2 0.2 do.
B-39 36 I 1 4 S 0 0 do.
A-78 36 1 1 4 5 0.05 0.2 do.
A-79 36 1 1 4 5 0.5 0.2 do.
A-92 36 [ 1 4 5 0.2 0.025 do.
A-54 36 1 1 4 5 0.2 0.35 do.
B-90 36 1 H 4 5 0.2 0.5 do.
B-38 36 1 I 4 1 0 0 do.

TABLE Ii
Results of Tests
800°C. 20 kg/mm? creep Tensile test at 800°C. in the pull
Sample rot_velocity of 25 mm/min.
No. Rupture time  Elongation Tensile strength Elongation

(hr.) (%) (kg/mm?) (%)
A-131 85.0 10.7 68.0 10.0
A-76 32.7 4.8 66.2 8.2
A-77 72.6 1.9 70.9 4.1
A-36 345 2.6 65.3 13.4

A-72 68.1 2.5 68.1 15

B-75 20.5 3.6 58.0 0
A-32 824 3.8 76.4 1.2
B-73 5.4 23.1 24.7 32.1
A-127 30.5 21.2 48.1 12.7
A-135 46.3 5.7 89.1 2.2
B-39 65.0 0 71.3 35
A-78 64.1 4.3 68.1 8.1
A-79 78.3 9.2 60.1 5.0
A-92 62.1 4.5 56.0 11.0
A-54 61.3 3.6 60.3 2.6
B-90 18.3 0 69.3 3.0
B-38 149 2.3 57.6 4.3

~ Moreover, it was found that the additions of C and B
provided remarkable increases in the character of long
time creep strength.

TABLE III

Results of Creep Tests

Sample Rupture time (hr.)
No. 800°C. 15 kg/mm? creep

A-131 987.1

B-39 315.9

B-38 134.7

EXAMPLE 2

In this example, the effects of some elements on cor- g5

rosion-resistant properties at high temperatures were’
studied. Namely, each sample was prepared by adding
various elements to 36% Cr—Ni alloy base. Each sam-
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temperature.of 1,100°C. The corrosive weight loss after
heating for 30 hours is shown in Table IV. As shown in
that Table, the sample of this invention showed greater
corrosion resistance than U-500 (a conventional ‘Ni
base alloy). The relation between the amount of addi-
tional elements and the corrosive weight loss of alloy is
shown industrially by the empirical formula:
AW=—155+ 3.0 Cr% + 5.0 (Al% + Ti%) + 1.5 Co%
+ 75B% + 25.5C% — 1.6 (Mo% + %W%) — 0.5 Ta%
— 4.0 Nb% at 1,100°C.

Where AW (mg/cm?/hr.) is the corrosive weight loss
per unit surface area per unit hour at 1,100°C.

Chromium imparts corrosion-resistance to these al-
loys of this invention, and saves 90 mg/cm? of corrosive
weight loss per unit weight percent. Also, (aluminum +

.titanium) and boron effectively improve the corrosion-
resistance.
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TABLE IV

Results of corrosion test with a synthetic ash*

Sample No. Corrosion loss (mg/em?) after applying a
synthetic ash* onto the surface of the samples
and maintaining at 1,100°C. for 30 hours

A-131 940

S-816 (control) 4,584

U-500 (control) 2,770

*synthetic ash (20% by weight Na,SO,+ 80% by weight V,0,).

Where S-816 (control): 0.38 weight % C, 20 weight %
Cr, 20 weight % Ni, 4 weight % Mo, 4 weight % W, 4
weight % Nb, 4 weight % Fe, remainder Co.

U-500 (control): 0.08 weight % C, 18 weight % Cr,
19 weight % Co, 4 weight % Mo, 2.9 weight % Al,
0.006 weight % B, 0.05 weight % Zr, remainder Ni.

From the results as above mentioned, it was found
that Ta, Mo, (Al + Ti), C and B were substantially ef-
fective in achieving a high Cr—Ni alloy having the de-
sired properties as enumerated in the objects.

In general, Nb can be substituted for Ta, Zr can be
substituted for B and W can be substituted for Mo.
These substitutions, however, are not as effective as the
preferred components. Namely, Nb and Zr are signifi-

cantly inferior to Ta or B in corrosion-resistance.
Moreover, the effect of W on the tendency to promote
Sigma (o) phase is different from that of Mo. Never-
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theless. if destred, up to 10 to 20 percent by weight of
the Ta, B or Mo may be substituted by the elements
Nb, Zr and W as above mentioned, and the similar
characteristics will still be obtained. Cobalt, in
amounts of less than a few percent, may be substi-

tuted for nickel.

It is necessary to avoid the addition of iron (Fe) to
the alloy. If more than 2 to 3 percent by weight iron
(Fe) is added to the alloy, the alloy will be severely
hardened and will be more brittle in mechanical prop-
erties.

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto with-
out departing from the spirit or scope of the invention.
Accordingly,

What is claimed as new and intended to be covered
by letters patent is: '

1. A heatresistant and corrosion-resistant high
chromium-nickel alloy consisting essentially of 36 to 40
percent by weight chromium, 5 to 9 percent by weight
tantalum, 2 to 5 percent by weight molybdenum, 0.5 to
3 percent by weight (aluminum + titanium), 0.05 to 0.5

‘percent by weight carbon, 0.025 to 0.35 percent by

weight boron, and the remainder being substantially

nickel and incidental impurities.
' * ¥ *x ¥ X



