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(7) ABSTRACT

Deep penetration gas tungsten arc welds are achieved using
weld penetration containing one or more compounds
selected from the group of compounds consisting of a) a
titanium oxide, b) nickel oxide, c) a metal silicide, and d)
mixtures of these compounds a flux containing at least two
titanium oxides, nickel oxide, and a manganese silicide is
particularly useful for welding a side variety of maerial
including nickel-based alloys and carbon and stainless
steels. The flux can be applied as a paste, as part of a cored
wire or rod coated on the exterior of a filler wire or rod.
Alternatively, it can be mixed with a polymeric binder and
applied to the weld zone as a hot melt, paint, tape, adhesive,
rod, wire or a stick.
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PENETRATION FLUX

CROSS REFERENCE TO RELATED
APPLICATION

This application is the United States national stage of PCT
Application PCT/US00/09436 filed on Apr. 06, 2000
(published as WO 00/59674 on Oct. 12, 2000) which claims
the benefit of U.S. Provisional Application 60/128,123 filed
on Apr. 07, 1999 all of which is incorporated by reference as
if completely written herein.

The U.S. Government has a paid-up license in this inven-
tion and the right in limited circumstances to require the
patent owner to license others on reasonable terms as
provided for by the terms of contract No. N00140-96C-0188
awarded by the United States Department of the Navy.

BACKGROUND OF THE INVENTION

1. Field

This application is related to gas tungsten arc welding and
more particularly to a flux for substantially increasing weld
penetration containing one or more compounds selected
from the group of compounds consisting of a) a titanium
oxide, b) a nickel oxide, ¢) a metal silicide, and d) mixtures
of these compounds. A flux containing at least two titanium
oxides, nickel oxide, and a metal silicide is particularly
useful for welding a wide variety of materials including
nickel-based alloys and carbon and stainless steels.

2. Background

The gas tungsten arc welding (GTAW) process is an arc
welding process that uses an arc between a non-consumable
tungsten electrode and the work piece to cause -localized
coalescence of the base material. The GTAW process is used
to produce high quality welds in a variety of materials.
Applications include welding of sheet, plate, tube, and
castings for use in aerospace, power generation,
shipbuilding, and other industries. GTAW can be used with
filler metals or consumable inserts to produce welds in thick
sections. Autogenous welds (welds without filler metals) can
be made in thin sections or for root passes in thick sections.

The primary limitation of the GTAW process is low
productivity due to low deposition rates and shallow pen-
etration. The inability of GTAW to produce welds with deep
penetration limits the thickness of material that can be
reliably joined to less than approximately 0.10 in (2.5 mm)
thick. Materials greater than 0.1 in (2.5 mm) thick typically
require weld joint preparation and multiple passes to fill the
weld joint. GTAW welds are also affected by heat-to-heat
compositional variations in the material being welded.
While variable penetration is most often encountered in
stainless steel and nickel-based alloys, this phenomenon
occurs in other materials as well.

A method of increasing both the amount and consistency
of penetration in gas tungsten arc (GTA) weldments is to
apply a thin layer of flux to the surface of the part or joint
to be welded prior to welding. The use of traditional fluxes
for the GTAW process is not required since shielding and arc
stabilization are provided by the use of an external shielding
gas. Fluxes used for GTAW to improve penetration are
inherently different than those used for soldering, brazing, or
other arc welding processes since they neither clean the
surface of the part nor protect the weld pool from oxidation.

The use of flux for increasing penetration in mild steel
materials has been described by several authors in the
former Soviet Union. An article by E. D. Raimond et al.
titled “Welding of High Strength Steel Using Activating
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Fluxes in Powder Form” Svar. Proiz, No. 6, pp. 18-19,
suggests that the use of Soviet Flux FS-71 increased GTAW
penetration in steel by 50-100 percent No compositional
details were given for the flux. A later article by O. E.
Ostroviski entitled “The Effect of Activating Fluxes on the
Penetration Capability of the Welding Arc and the Energy
Concentration in the Anode Spot” Svar. Proiz, No. 3, pp.3-4,
1977, reveals that the composition of flux FS-71 is 57.3
percent SiO,, 6.4 NaF, 13.6 TiO,, 13.6 Ti, and 9.1 Cr,0;.
Another paper by L. E. Eroshenko et al, titled “An Exami-
antion of the Glow of Anode Vapors for the Evaluation of the
Technological Characteristics of the Arc Running in Argon,
Awvt. Svarka, 1979, No. 9, pp. 33-35, evaluated the enhanced
penetration caused by fluorides of several alkali and
alkaline-earth elements. The effects of individual fluorides
were studied and the fluorides evaluated in the study were
used as a basis for selecting components for titanium and
steel GTAW fluxes. A similar approach to the Soviet flux
design is described in U.S. Pat. No. 5,525,163 by H. R.
Conaway et. al. They claim that the use of 7 to 59 percent
LIF promotes penetration in 321 austenitic stainless steel.
They infer that this ingredient will promote enhanced pen-
etration in other materials such as carbon steel as well.
Paskell describes a flux composed of TiO or TiO, (50%),
Cr,0; (40%) and Si0,(10%) in U.S. Pat. No. 5,804,792 that
is used to increase the penetration in stainless steel.

The flux reported by Ostrovski (FS-71) and flux no.69
reported by Conaway (23.6 Al,O,, 39.4 LiF, 15.7 MgO, 5
B,O;, and 15.7 Fe,0;) were evaluated in the instant effort
on Alloy 600 material. Neither flux spread well or produced
consistently improved penetration above what was mea-
sured without flux. Additionally, these fluxes both contain
fluorides which can increase the risk of corrosion in some
environments and which generated a considerable amount of
fluoride based fume which is can be hazardous as well.
Additional experiments were conducted in the present effort
to determine whether the addition of material such as Cr,0
or SiO, or both as used by Paskell in U.S. Pat. No. 5,804,792
enhanced the penetration characteristics of the fluxes of the
present invention detailed in Table 1 below. When SiO,, (10
wt. %) or Cr,05 (40 wt. %) or both (10 wt. % SiO, and 40
wt. % Cr,05) were added to flux Nil06 of the present
invention, weld penetration decreased by a factor of about 2
or more.

In order to overcome the various problems encountered
with prior art fluxes and find new fluxes that substantially
improve flux penetration, it is an object of the present
invention to provide a flux composition for use with the GTA
process that improves weld penetration in nickel-based
alloys and a variety of steels including carbon and stainless
steels.

It is an object of the present invention to reduce the cost
of the GTA process by reducing the time and effort in joint
preparation.

It is an object of the present invention to reduce the
number of passes required in a multi-pass gas tungsten arc
weld.

It is an object of the present invention to reduce the
distortion of gas tungsten arc welds.

It is an object of the present invention to produce welds
with mechanical properties that are not degraded through the
use of the flux composition.

It is an object of the present invention to produce welds
with a weld quality that is not degraded through the use of
the flux composition.

It is an object of the present invention to provide a flux
that is provided in a variety of conveniently useable forms
such as a paint, adhesive, hot melt, rod, stick, or wire.
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The foregoing and other objects, features and advantages
of the invention will become apparent from the following
disclosure in which one or more preferred embodiments of
the invention are described in detail. It is contemplated that
variations in procedures may appear to a person skilled in
the art without departing from the scope of or sacrificing any
of the advantages of the invention.

SUMMARY

The above objects are met in the present invention by
using at least one compound selected from the group of
compounds consisting of a) a titanium oxide, b) a nickel
oxide, ¢) a metal silicide, and d) mixtures thereof. A flux
consisting of any one of these compounds alone has been
found to increase GTAW weld penetration in a wide variety
of nickel-based, carbon and stainless steel materials. The
titanium oxide can include any of the oxides of titanium
including but not limited to titanium monoxide, titanium
dioxide, and dititanium trioxide. Considerable weld penetra-
tion is achieved when a mixture of at least two titanium
oxides, e.g., titanium monoxide and titanium dioxide, is
used. For nickel-based alloys, a combination of titanium
oxides and nickel oxide has found be quite effective with the
addition of manganese silicide further improving weld qual-
ity.

In combination, these material appear to have a synergis-
tic effect when employed in combination and in the follow-
ing amounts: about 15 to about 50 weight % titanium oxide,
about 10 to about 50 weight % titanium dioxide, 3 to about
15 weight % manganese silicide and about 20 to about 40
weight % nickel oxide. Two robust compositions applicable
to a wide variety of materials including carbon and stainless
steels and especially nickel-based alloys consist essentially
of: a) about 23 weight % titanium monoxide, about 23
weight % titanium dioxide, about 23 weight % dititanium
trioxide, about 23 weight % nickel oxide, and about 8 weight
% manganese silicide and b) about 9 weight % manganese
silicide about 30 weight % nickel oxide, about 18 weight %
titanium monoxide, about 20 weight % titanium dioxide, and
about 23 weight % dititanium trioxide.

Any of the above compositions are used by applying them
to the weld zone for GTAW in a variety of ways. The fluxes
can be mixed with a liquid carrier such as water, an alcohol,
a ketone, or an ester among others to form a paste which is
applied to the weld zone. They can be included in a cored
wire or rod. Or they can be formed on the external surface
of a filler wire or rod. One particularly attractive method of
delivery is their combination with a wide variety of poly-
meric binders, both thermoset and thermoplastic including
but not limited to polyolefins, vinyls, styrenics, acrylics,
urethanes, epoxies, polyethers, polyamides, polyesters,
polyimides, cellulosics, and urea and melamine formalde-
hydes to form 1) adhesives including hot melts and tapes, 2)
water and solvent-based paints, 3) films, and 4) sticks, rods,
and wires. When incorporated into adhesives such as hot
melts and tapes, they can effectively hold the materials to be
joined during the welding process.

The foregoing and other objects, features and advantages
of the invention will become apparent from the following
disclosure in which one or more preferred embodiments of
the invention are described in detail and illustrated in the
accompanying examples. It is contemplated that variations
in compositions and their use in the welding process may
appear to a person skilled in the art without departing from
the scope of or sacrificing any of the advantages of the
invention.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph illustrating the effect of GTAW flux
Ni106 (Table 1) on penetration in 7.7 mm thick Alloy 718
material. The travel speed was 3.0 in/min (7.6 ¢cm/min) and
the arc voltage was varied to maintain a constant arc length
of Ys in (1.6 mm). The open circles indicate penetration
without a flux while filled circles indicate penetration using
the Ni106 flux. Penetration is given in mm along the vertical
axis; current in amps is given on the horizontal axis.

FIG. 2 is a graph illustrating the effect of GTAW flux
Nil06 (Table 1) on penetration in 7.7 mm thick Alloy 625
material. The travel speed was 3.0 in/min (7.6 ¢cm/min) and
the arc voltage was varied to maintain a constant arc length
of Ys in (1.6 mm). The open circles indicate penetration
without a flux while filled circles indicate penetration using
the Ni106 flux. Penetration is given in mm along the vertical
axis; current in amps is given on the horizontal axis.

FIG. 3 is a graph illustrating the effect of GTAW flux
Nil06 (Table 1) on penetration in 7.5 mm thick Alloy 600
material. The travel speed was 3.0 in/min (7.6 ¢cm/min) and
the arc voltage was varied to maintain a constant arc length
of Ys in (1.6 mm). The open circles indicate penetration
without a flux while filled circles indicate penetration using
the Ni106 flux. Penetration is given in mm along the vertical
axis; current in amps is given on the horizontal axis.

In describing the preferred embodiment of the invention
which is illustrated in the drawings, specific terminology is
resorted to for the sake of clarity. However, it is not intended
that the invention be limited to the specific terms so selected
and it is to be understood that each specific term includes all
technical equivalents that operate in a similar manner to
accomplish a similar purpose.

Although a preferred embodiment of the invention has
been herein described, it is understood that various changes
and modifications in the illustrated and described structure
can be affected without departure from the basic principles
that underlie the invention. Changes and modifications of
this type are therefore deemed to be circumscribed by the
spirit and scope of the invention, except as the same may be
necessarily modified by the appended claims or reasonable
equivalents thereof.

DETAILED DESCRIPTION OF THE

INVENTION AND BEST MODE FOR

CARRYING OUT THE PREFERRED
EMBODIMENT

One of the objects of the present invention is to provide
weld penetration enhancing compounds that are used with
welding processes such as gas tungsten arc welding to
improve weld penetration. In some cases, these compounds
are also capable of reducing heat-to-heat variations in pen-
etration. These compounds contain several oxides of tita-
nium and nickel oxide. The compounds consist of pure
powders, although reduction of rutile or other titanium
oxides can also serve to produce a similar combination of
oxides. The particle sizes of the powders used in this
invention were -325 mesh or finer.

These penetration-enhancing compounds can be applied
by mixing the powders,; with a suitable carrier such as water,
alcohol, ketones, or other carriers. The flux ingredients can
also be included into a cored wire and introduced into the
weld pool through wire additions without use of a carrier.
Alternatively, these elements can be applied to the external
surface of a filler wire and introduced into the weld pool.
One particularly attractive method of flux delivery is com-
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bination with a wide variety of polymeric binders, both
thermoset and thermoplastic including but not limited to
polyolefins, vinyls, styrenics, acrylics, urethanes, epoxies,
polyethers, polyamides, polyesters, polyimides, cellulosics,
and urea and melamine formaldehydes to form 1) adhesives
including hot melts and tapes, 2) water and solvent-based
paints, 3) films, and 4) sticks, rods, and wires. Such forms
allow for easy and convenient application and, in some
instances, such as when formed as adhesives, they may be
used to hold the work pieces in position during the welding
process.

The primary purpose of these penetration-enhancing com-
pounds is to improve penetration and reduce heat-to-heat
variations in penetration. When compared to autogenous
welds produced without flux, the penetration enhancing
compounds of this invention have been shown to produce
welds of comparable quality and reduce the cost of welding
through simplification of joint preparation, reduced con-
sumption of filler wire, and reduced distortion.

A unique composition of GTAW fluxes has been devel-
oped. While these fluxes were developed primarily for use
on Ni-based alloys, substantial increases in penetration
when using the fluxes described in this document have been
observed in other applications such as stainless steel appli-
cations. For this invention, flux compositions contain one or
more compounds selected from the group consisting of the
oxides of titanium, a nickel oxide, and a metal silicide. As
used here, the terms “oxides or oxide of titanium” or
“titanium oxide or oxides” are used generically to include
specific titanium oxide compounds and their mixtures
including but not limited to: 1) titanium monoxide (TiO), 2)
titanium dioxide (TiO,), 3) dititanium trioxide (Ti,05), 4)
titanium trioxide (TiO;), and 5) mixtures of these specific
titanium oxides. Nickel oxide refers to various oxides of
nickel such as NiO and Ni,O; and combinations thereof.
And a metal suicide refers generally to any silicide compat-
ible with the work piece alloy. A variety of metal silicides are
available from Alfa Aesar, a Johnson Matthey Company,
Ward Hill, Mass. Typically transition metal suicides are
used. Manganese silicide, generally referred to as MnSi,
was obtained from Alfa Aesar with an indicated composition
of Mn,;Si,.

Any one of these ingredients, when applied individually,
increases weld penetration considerably. However, a com-
bination of one or more Ti oxides and especially two or more
Ti oxides along with Ni oxide promote substantial (more
than 200 percent) penetration in a range of materials when
compared to penetration achieved without the use of a flux.

Over 150 flux compositions were evaluated for nickel-
based alloy applications. Most of the development and
testing of these fluxes was conducted on Inconel™ 600 base
material, although limited evaluation of these fluxes on other
nickel-based alloys and other materials such as stainless
steel was conducted. Table 1 shows some of the composi-
tions of the fluxes of this invention. The approach of using
a combination of titanium oxides along with nickel oxide is
unique when compared to the other GTAW fluxes. Examples
given below demonstrate that these fluxes offer a substantial
improvement in penetration in a range of nickel-based alloys
not attainable using other flux compositions.

Flux Ni106 represents a robust flux composition that will
work on a range of materials. The range of effective com-
positions was determined by use of design of experiments to
be: one or more of: TiO: 15-50 wt. %, TiO,: 10-50 wt. %,
Ti,05: 15-50 wt. %; and NiO: 20-40 wt. % and optionally
Mn, sSi,s: 3-15 wt. %. A combination of two or more Ti
oxides with nickel oxide was especially effective while a
flux containing 29.7 NiO, 17.7 TiO, 22.8 Ti, 05, 9.4
Mn, 5Si,6 and 20.4 TiO, (wt. %) was most preferred.
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6
EXAMPLE 1

GTAW Flux Composition Ni106 used for Alloy
600, Alloy 625, and Alloy 718

For this example, plates with a nominal thickness of 0.280
inch (7.1 mm) were used. Bead-on-plate welds were pro-
duced with and without the use of GTAW flux Ni106. The
welding conditions used are listed in Table 2. For each alloy,
welding current was increased while maintaining a constant
travel speed and arc length. In each alloy evaluated the use
of Nil06 GTAW flux resulted in consistent penetration
increases of more than 200 percent. The penetration for each
current level was measured by cross sectioning the weld
normal in the direction of welding and polishing/etching the
specimen so that the weld fusion line was clearly revealed.

FIGS. 1-3 show the effectiveness of flux Nil06 in pro-
moting increased penetration in thick sections (>0.2 5 inch;
>0.64 mm) of nickel based alloys. These results show that
Nil06 is capable of improving penetration even at low
welding currents. Manganese silicide was added to the
mixture of titanium oxides and nickel oxide to improve root
bead consistency and improve flux spreading.

The flux reported by Ostrovski (FS-71), Svar. Proiz. No.
3. pp. 3-4, 1977, and flux no. 69 reported by Conaway (23.6
Al,0j, 39.4 LiF, 15.7 MgO, 5 B,05, and 15.7 Fe,05), U.S.
Pat. No. 5,525,163, were evaluated on Alloy 600 material.
Neither flux spread well or produced consistently improved
penetration above what was measured with and without flux.
Additionally, these fluxes contain fluorides that increase the
risk of corrosion in certain environments and generate a
considerable amount of hazardous fluoride based fume.

Additional experiments were conducted to determine
whether or not the addition of Cr,05, SiO,, or both Cr,O5
and SiO, as used by Paskell (U.S. Pat. No. 5,804,792)
enhanced the penetration characteristics of Ni106. These
material alone or in combination, remarkably reduced weld
penetration by a factor of more than two.

EXAMPLE 2

Flux Ni54 (see Table 1) produced substantial increases in
weld penetration. The use of Ni54 more than doubled
penetration in Alloy 600, Alloy 625, and Alloy 690.
Although these titanium oxide ingredients (titanium mon-
oxide and titanium dioxide) by themselves do not provide a
doubling in weld penetration, when the two are used in
combination, they provide a synergistic effect that allows
maintenance of complete penetration in thicker Ni based
alloys at substantially lower heat inputs when compared to
welding without flux. Subsequent testing of these fluxes
show that a substantial increase in penetration can be
achieved in a number of other nickel-based alloys such as
Alloy 625, Alloy 690, Alloy 718, Hastalloy X, austenitic
stainless steel, and carbon steel among others.

TABLE 1
Chemical Composition (wt. %) of Selected Fluxes
Flux ID TiO TiO, Ti,O4 NiO Mn,5Sisg
Ni54 33 33
Ni59 25 25 25 25
Ni106 23.1 23.1 23.1 23.1 75
















