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ABSTRACT OF THE DISCLOSURE

An air castable nickel base alloy suitable for auto-
motive exhaust valves is disclosed having exceptional
resistance to corrosive attack by the combustion products
of leaded internal combustion engine fuels. In a pre-
ferred embodiment the alloy consists essentially by weight
of 0 to 0.1% carbon, 0 to 10% iron, 15 to 30% chro-
mium, 4 to 8.5% niobium, 0 to about 5% tungsten, 0
to about 2.5% molybdenum, and the balance nickel, the
sum of the atomic percentage of tungsten and the atomic
percentage of molybdenum in the alloy being in the
range of 0.3 to 1.7%.

This invention relates to an air-castable nickel-based
alloy and more particularly to a nickel alloy which ex-
hibits a marked resistance to corrosive attack in the pres-
ence of the combustion products of leaded diesel and
automotive fuels.

Exhaust valves in spark and compression ignited in-
ternal combustion engines are subjected to both the
relatively high operating temperatures of the combus-
tion chamber and the corrosive reaction products of the
fuel combustion. To produce valves capable of standing
up under such conditions resort has been made to the
use of wrought nickel-based alloys, or austenitic steels
which are hard faced with a material having suitable
hot strength properties. However, the fabrication of the
wrought alloys or the hard faced austenitic steels is an
expensive, time consuming process and the art has long
searched for a suitable castable exhaust valve alloy.
Most known nickel-based alloys which meet the hot
strength requirements of exhaust valves must be melted
and poured in a vacuum to avoid oxidation of the
hardening elements. They cannot be cast in simple inex-
pensive sand or resin bonded shell molds. Other casting
alloys which could be air melted contain substantial
amounts of cobalt which is an expensive strategic ma-
terial. i

Recently a nickel-based alloy was developed which can
be cast in air and which appears to have sufficient hot
strength for use as a heavy duty exhaust valve. This
composition is disclosed in United States Patent No.
3,069,258. However, exhaust valves formed of this ma-
terial tend to corrode when exposed to the combustion
products of a leaded internal combustion engine fuel.

Therefore, it is an object of the present invention to
provide an air castable nickel-based alloy having high
hot strength properties and exhibiting resistance to at-
tack by leaded internal combustion engine fuels.

It is a more specific object of my invention to pro-
vide an air-castable nickel-based alloy, which is strength-
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ened by a dispersed phase comprised of tungsten niobide,
molybdenum niobide, and nickel niobide of a critical
composition which resists attack by molten lead oxide as
well as the combustion products of leaded internal com-
bustion engine fuels.

It is a still further object of my invention to provide
an exhaust valve, cast from a nickel-based alloy, which
is suitable for use in an internal combustion engine of
either the compression ignition or spark ignition type in
contact with the combustion products of leaded fuels.

These and other objects are accomplished in accord-
ance with my invention by casting a one- or two-piece
exhaust valve in a sand mold or resin bonded shell mold
from a melt containing by weight 0 to 0.1% carbon, 0
to 10% iron, 15 to 30% chromium, 4 to 8.5% niobium,
0 to about 5% tungsten and O to about 2.5% molybde-
num, with the further specification that the value of the
atomic percentage of tungsten plus the atomic percentage
of molybdenum necessarily lie in the range of 0.3 to
1.7%. The balance of the melt composition is substan-
tially all nickel.

Other objects of my invention will become more appar-
ent in view of the following detailed description thereof,
reference being made to the attached drawings in which:

FIGURE 1 is a typical exhaust valve, cast from a
nickel-based composition in accordance with my inven-
tion;

FIGURE 2 is a graph summarizing experiments which
illustrate the unexpected criticality of the tungsten plus
molybdenum concentrations in my nickel-based alloy;’

FIGURE 3 is a graph summarizing the results of
experiments which show the criticality of the iron con-
centration in my invention.

The nickel-based composition of my invention con-
tains a dispersed phase of phases of intermetallic com-
pounds comprised of the niobides of nickel, tungsten,
and/or molybdenum. The effect of the dispersed phase is
to strengthen the alloy particularly at elevated tempera-
tures making it suitable in this respect for exhaust valves.
However, while the presence of small amounts of tung-
sten and molybdenum advantageously form intermetallic
compounds with niobium, excessive quantities of these
elements lead to rapid corrosion of the alloy in the pres-
ence of molten lead oxide or the combustion products
of a leaded fuel. For purposes of calculation in the prep-
aration of my alloy it may be said, in general, that tung-
sten may suitably be incorporated in amounts up to about
5% by weight and molybdenum may be incorporated in
amounts up to about 2.5% by weight. However, the
quantity of these elements in the final alloy must be
controlled such that the value of the atomic percentage
of tungsten in the alloy plus the value of the atomic
percentage of molybdenum necessarily lies in the range
of 0.3 to 1.7%. The rate of corrosion of the nickel-
based alloy in the presence of molten lead oxide or lead
containing combustion products appears to be a func-
tion of the relative number of atoms of tungsten and/or
molybdenum present. Because there is a disparity in the
atomic weights of the elements incorporated in my alloy,
the relative number of tungsten and/or molybdenum
atoms may vary substantially even within a rather nar-
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row specification for the combined weight percent of
tungsten plus molybdenum. Therefore, it is necessary to
more specifically define a suitable alloy composition in
terms of atomic percentage.

The criticality of the tungsten and molybdenum con-
centrations in the subject air castable nickel-based alloy
was clearly illustrated by a series of experiments, the re-
sults of which are summarized in FIGURE 2. These ex-
periments made use of the best known laboratory method
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tungsten plus the atomic percentage of molybdenum neces-
sarily lies in a range of 0.3% to 1.7%. The weight per-
centage of tungsten and molybdenum can never be zero
at the same time. One may readily determine whether the
concentrations of tungsten and/or molybdenum in a given
nickel-based alloy are in accordance with my invention
by the following simple calculation, knowing the chemical
composition of the alloy and the atomic weight of the
constituent elements.

Weight Percent Tungsten | Weight Percent Molybdenum

Atomic Weight Tungsten ' Atomic Weight Molybdenum

0.3<L

X100<1.7

a Wt. Percent C | Wt. Percent Si . Wt. Percent Mn , Wt. Percent B

AL Wi C T AL We ST T At Wt. Mn
‘Wt. Percent Cr

-

Wt. Percent Fe

AWt B T
Wt. Percent Nb

AL.Wi. Gr T AL Wt Fe T AL Wt Nb T

Wt. Percent Ni

Wt. Percent W | Wt. Percent Mo

AL Wt Ni T AL Wt W T At Wt. Mo

of evaluating the corrosion resistance of exhaust valve
alloys—the lead oxide crucible test. In this test cylindrical
specimens 0.444”" in diameter by 0.444" long are weighed,
placed in a magnesia crucible with 40 grams of lead oxide
and heated to 1675° F. for 1 hour. The specimens are
then cooled to room temperature, cleaned and reweighed.
The loss in weight reflects the relative corrosion resistance
of the alloy. While the test involves lead oxide only,
experience has shown that favorable results in this test
warrant a further study of an alloy in internal combustion
engines.

A standard base composition was prepared containing
by weight: 0.03% carbon, 0.3% silicon, 0.3% manganese,
6.5% niobium, 20% chromium, 5% iron, the balance sub-
stantially all nickel. To this base composition was added
various amounts of tungsten and/or molybdenum and
specimens subsequently were prepared for use in the above-
described lead oxide crucible test. The concentration of
molybdenum plus tungsten was expressed in terms of an
atomic percent and the weight loss of the specimens was
calculated in terms of grams per square decimeter per
hour. The results plotted in FIGURE 2 clearly show that
concentrations of tungsten plus molybdenum exceeding
1.7% atomic percent result in an order of magnitude in-
crease in the corrosion rate of the alloy. Concentrations of
these two elements below about .3% of the atomic percent
result in an alloy having unsuitable hot strength for use
in exhaust valve alloys.

I have also found that the concentration of iron reaches
a critical upper limit from the standpoint of attack by
molten lead oxide. A series of experiments similar to those
described above were performed using a base composition
in which the weight percentage of iron was varied. The
base composition consisted by weight of: 0.03% carbon,
0.3% silicon, 0.3% manganese, 3% tungsten, 6.5% niobi-
um, 20% chromium, and the balance nickel. As seen in
FIGURE 3, when the iron concentration was increased
beyond approximately 10%, the corrosion rate of molten
lead oxide as measured by weight loss in grams per square
decimeter per hour increased substantially.

Therefore, my air-castable high hot strength lead cor-
Tosion resistant alloy may be defined as comprised essen-
tially by weight of: 0 to 0.1% carbon, 0 to 10% iron, 15
t0 30% chromium, 4 to 8.5% niobium, 0 to about 5%
tungsten, 0 to about 2.5% molybdenum, and the balance
substantially all nickel. Small amounts of silicon and/or
manganese may be present in the alloy, usually as a con-
sequence of the refining of the iron or other components.
Up to 0.7% by weight of each of these noncritical ele-
ments may be readily tolerated in the alloy and even 1.0%
or 1.5% by weight can be included without adverse effect
on the properties of the alloy. It is also known that minute
quantities of boron, up to 0.1% by weight, may advan-
tageously be added to high temperature alloys. A further
requirement is that the value of the atomic percentage of
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Alloys of my invention may be prepared by known
techniques. Preferably one would start with a suitable
amount of pure molten nickel. To the molten nickel suit-
able quantities of the other alloying elements may be
added to form the final composition. Chromium may be
added as pure electrolytic chromium or as the much less
expensive ferrochromium. Tungsten may be added as
ferrotungsten. Molybdenum may be added either pure or
as ferromolybdenum. I have found it advantageous to add
niobium as a nickel-niobium alloy comprised of about
55% niobium. Once a complete melt is prepared it may
be cast into a useful article such as an exhaust valve at.a
temperature of about 2950° F. The casting may then ad-
vantageously be age hardened at a temperature in the
range of 1300-1550° F. for about eight to sixteen hours.

A melt consisting of 0.04% carbon, 0.3% silicon, 0.3%
manganese, 8.5% iron, 20% chromium, 6.7% niobium,
3% tungsten and the balance nickel, was formed by the
abovedescribed technique. It was subsequently cast into a
number of exhaust valves suitable for use in a diesel en-
gine. FIGURE.1 illustrates a typical valve in accordance
with my invention. The age hardened and finished valves
were placed in a diesel engine, tested, and found to have
sufficient hot strength and excellent resistance to attack
by the combustion products.

While my invention has been described in certain
specific embodiments thereof, it is appreciated that other
forms might readily be adapted by one skilled in the art
and, therefore, the invention is not to be considered limit-
ed only to those embodiments specifically disclosed.

I claim:

1. An air castable nickel base alloy resistant to chem-
ical attack by molten lead oxide consisting essentially by
weight of up to 0.1% carbon, a small amount up to 10%
iron, 15%-30% chromium, 40%-8.5% niobium, at least
one clement selected from the group consisting of tung-
sten and molybdenum, and the balance nickel, the sum
of the atomic percentage of tungsten plus the atomic per-
centage of molybdenum in the alloy being in the range
of 0.3%-1.7%, the amount of tungsten when included
in said alloy making up no more than about 5% by
weight of said alloy and the amount of molybdenum when
included in said alloy making up no more than about 2%
by weight of said alloy.

2. An alloy as in claim 1 containing up to about 1% by
weight silicon, up to about 1% by weight manganese and
up to 0.1% by weight boron.

3. A poppet valve for an internal combustion engine,
said valve being formed of an air castable nickel base alloy
resistant to chemical attack by the combustion products
of leaded internal combustion engine fuels consisting es-
sentially by weight of up to 0.1% carbon, a small amount
up to 10% iron, 15%-30% chromium, 4.0%-8.5% nio-
bium, at least one element selected from the group con-
sisting of tungsten and molybdenum, and the balance
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nickel, the sum of the atomic percentage of tungsten plus
the atomic percentage of molybdenum in the alloy being
in the range of 0.3%-1.7%, the amount of tungsten when
included in said alloy making up no more than about 5%
by weight of said alloy and the amount of molybdenum
when included in said alloy making up no more than
about 2% by weight of said alloy.

4. A poppet valve as in claim 3 containing up to about
1% by weight silicon, up to about 1% by weight man-
ganese and up to 0.1% boron.

5. A poppet valve as in claim 3 wherein the iron con-
tent is 2 to 10% by weight and the tungsten content is
about 2 to 4% by weight.

2,246,078
2,370,395
5 2,587,275
2,994,605
3,046,108
3,085,005
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