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ABSTRACT OF THE DISCLOSURE

The welding of nickel base alloys is accomplished by
employing weld filler metal of the base metal and modify-
ing this filler metal so as to incorporate a sufficient quan-
tity of tungsten which will provide a weldment contain-
ing 0.5 to 5.0 weight percent tungsten. The tungsten is
added to the filler metal by alloying or by providing the
filler metal with a coating of tungsten or a tungsten-con-
taining material. Improved welding characteristics and
weldment properties are realized by employing tungsten-
containing filler metal.

The present invention relates generally to the welding of
nickel base alloys with filler metal formed of the base
alloy, and more particularly to an improved filler metal
containing sufficient tungsten for joining nickel base alloys
with weldments containing 0.5 to 5.0 weight percent
tungsten. This invention was made in the course of, or
under, a contract with the United States Atomic Energy
Commission. '

Nickel base alloys have enjoyed considerable usage as
structural materials and have been found to be particularly
advantageous when employed in high temperature en-
vironments such as those associated with nuclear reactors
since nickel alloys exhibit good high temperature strength
as well as high resistance to fluctuating stresses and shock
at elevated temperatures. Nickel base alloys are also
highly resistant to corrosion in a wide variety of hot
gases and liquids including the highly corrosive fused
fluoride salt mixtures employed in molten salt reactors.

In nuclear reactor applications of the fused fluoride salt
type, the nickel base alloy found to be particularly ad-
vantageous is a nickel-molybdenum-chromium alloy be-
cause of its elevated temperature strength and resistance
to corrosion by molten fluoride salts. This alloy is com-
posed of essentially 15-22 weight percent (w/0) molyb-
denum, 6-8 w/0 chromium, a relatively minor amount of
carbon, and the balance nickel. See U.S. Patent No.
2,921,850 to Henry Inouye, et al., for a more detailed
description of the composition and physical properties of
this nickel base alloy. Because of the particular configura-
tions of the containment.vessel, core assembly, fuel ele-
ments, etc., this nickel alloy must necessarily be of a
composition which exhibits sufficient ductility to be fab-
ricated into the desired structural configuration. To this
end it has been found that additions of certain materials
to the basic Ni-Mo-Cr alloy compesition had a somewhat
deleterious effect upon the ductility of the alloy. For
example, the addition of tungsten to the alloy had a
marked effect upon the alloy in that while the tungsten
increased the strength of the alloy it also introduced a
brittleness factor in the alloy which rendered it excessively
difficult to work with in the fabrication of the various
structures. Therefore, in applications such as molten salt
reactors where the successful fabrication of various struc-
tures from nickel alloy is largely due to the ductility of
the alloy, the use of tungsten in the alloy composition is
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avoided to the extent that the alloy is virtually, if not
completely, tungsten-free. ‘

While the formation of various structural components
of nickel base alloy into the desired configuration has
been successfully accomplished, the joining or welding
of these components to form a particular structure has not
heretofore been entirley satisfactory. The most frequently
practiced technique of welding nickel base alloys such as
described above is to draw off the base metal into wire
for providing the filler metal. The weldments with this
filler wire are normally accomplished by employing con-
ventional shielded metal-arc or gas-shielded-arc welding
processes. However, it was discovered that weldment pro-
vided in this manner suffered a significant shortcoming
or drawback in that the weld area has significantly lower
strength properties than those of the wrought base metal.
For example, the rupture life of a typical weldment may
be reduced by as much as a factor of 10 less than that
of the wrought base metal. Also, creep-rupture specimens
were found to fail with elongations of 1 to 2 percent in the
weld area as compared with 10 to 15 percent elongations
for the base metal.

It is the aim of the present invention to obviate or
substantially minimize the above and other shortcomings
by providing a novel filler metal for joining nickel base
alloys with weldments exhibiting substantially better
rupture lives than afforded by filler metal weldments as
previously known. Further, the employment of the novel
filler metal in the welding of nickel base alloys provides
enhanced welding characteristics, such as, for example,
improved flow of the filler metal, easier welding, better
wetting of the base metal weld surfaces, etc. These and
other desiderata are achieved by adding to the filler metal
sufficient tungsten to provide weldments with 0.5 to 5
w/o tungsten.

An object of the present invention is to provide a new
and improved weldment for nickel base alloys.

Another object of the present invention is to provide
a new and improved filler metal for use in welding nickel
base alloys whereby the rupture life of the joint and the
welding charcteristics are significantly enhanced.

A further object of the present invention is to provide
weld filler metal composed of the base metal to be welded
but differing therefrom by containing a sufficient quantity
of tungsten to provide weldments in base metal with 0.5
to 5.0 w/o tungsten.

Other and further objects of the invention will be obvi-
ous upon an understanding of the illustrative embodiment
about to be described, or will be indicated in the appended
claims, and various advantages not referred to herein will
occur to one skilled in the art upon employment of the
invention in practice.

As briefly pointed out above, the welding of nickel base
alloys with filler metal drawn from the base metal has
not heretofore been entirely satisfactory, particularly
where the weldment is exposed to high temperature load-
ings. It was found the deficiencies in these prior weldments
could be substantially minimized by employing filler metal
to which tungsten has been added in a quantity sufficient
to provide a weldment containing 0.5 to 5.0 w/o tungsten.
The addition of this tungsten to the filler metal substan-
tially improved the mechanical properties of the weldment,
as will appear clear upon viewing the experimental data
set forth in the tables below. Further, since the particular
nickel alloy components being welded are normally formed
into their desired shapes prior to being joined together, the
presence of tungsten in the weld area does not produce
any undesirable embrittlement problems with respect to
the fabrication of the nickel alloy structures.

The exact mechanism by which the tungsten addition to
the filler metal provides the improved weldments is not
clearly understood. It may be theorized that the tungsten



