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SAW FLUX SYSTEM FOR IMPROVED AS-CAST WELD METAL TOUGHNESS

The present invention relates to a granular flux for electric arc welding, and more

particularly to a novel basic Ti/Bor flux with a small amount of titanium and boron.

BACKGROUND OF INVENTION

In submerged arc welding, an advancing welding wire moves through a granular flux so
an electric arc between the wire and workpiece melts the advancing wire and deposits a weld
metal onto the workpiece. The flux is at least partially melted during the welding process and
forms a slag over the top of the molten metal deposited on the workpiece. The slag is designed to
protect the molten metal from the ingress of atmospheric impurities. When forming a tough weld
metal, 1t has been common practice to use small amounts of titanium and boron as an additive to
the flux. In such fluxes, the slag system itself is not based upon titanium dioxide (e.g., rutile).
The tlux disclosed in the present invention has a high Basicity Index (BI) so that fine grain
structure is obtained by use of small amounts of titanium and boron. Toughness of a weld metal
1s commonly determined by a Charpy test. High toughness weld metal normally requires use of a
high BI (i.e., Bl exceeding about 2). It has been found that a highly basic flux that includes small
amounts of titanium and boron produces a fine grain size and a high toughness weld metal, thus
resulting in a significant improvement of prior art welding fluxes. Although it is known in the art
to use small amounts of titanium and boron in a granular flux to create a Ti Bor weld metal, this
weld metal often must be reheated after solidification to refine the grain size of the weld metal.
Many prior highly basic fluxes do not use a titanium dioxide slag system. As such, when titanium
and boron were added to such flux systems, a relatively large amount of titanium dioxide or

titanium powder was added to such flux systems. The large addition of a titanium source to the
flux system resulted in at least about 20 ppm of titanium to be deposited in the weld metal. This
higher level of titanium in the weld metal resulted in poor slag removal from the weld metal. A
flux system that included a rutile based slag system drastically increased the amount of titanium
in the weld metal, resulting in even more difficult slag removal from the weld bead. Even though
the large amounts of titanium in the weld metal made it more difficult to remove slag from the

weld bead, high levels of titanium were believed to be required to from the necessary toughness

of the weld
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metal. In prior flux systems that included boron, the boron content was maintained at quite low
ievels since only a very small amount of boron is generally desired for fine grain size of the weld
metal. - The ratio of titanium to boron in the weld metal formed by these prior flux systems was
normally at least about 10:1.

The resulting weld metal formed by prior flux systems that included titanium and boron

typically required the weld metal to be reheated so as to improve the toughness of the weld metal.

“When applying multiple layers of weld metal, the lower layer of weld bead can be reheated by

the application of a molten weld metal on top of the lower layer of weld metal. However, the top
layer of the weld metal is not exposed to another molten layer of weld metal, thus 1s not i'eheated
during a welding process. As such, this top layer of weld metal can have a reduced hardness.
Some prior art fluxes reduced the amount of titanium and boron in the flux system so as to avoid
the need to reheat the weld metal; however, the level of titanﬁurri in such flux system remained
high enough to cause slag removal problems from the weld metal.

In view of the current state of the art of welding fluxes, there 1s a need for a welding flux
that can form hi gh hardness weld metal without the need to reheat the weld metal and °which. the
slag formed during the welding process ¢an be easily removed from the weld metal.

SUMMARY OF THE INVENTION

The present invention is directed to a flux system that includes titanium and boron and
which addresses the problems of part flux systems with regard to hardness and slag removal. The
present invention in is directed to a granular flux system that includes a small amount of a
titanium source and a small amount of a boron source to form a Ti/Bor system in the weld metal.
The flux system of the present invention will be described with particular reference 1o a granular
flux that does not include a titanium dioxide slag system. The inclusion of titanium and boron
in the weld metal is known to improve the toughness of the :weld metal, however, the exact
mechanism by which this 1s achieved is not fully understood. It is believed that small amounts
of boron in the weld metal inhibited or prevented grain growth by the boren migrating to the
grain boundaries during solidification of the weld metal so that fine acicular ferrite is formed 1n
the weld metal. The formation of acicular ferrite in the weld metal promoted the fine grain size
in the weld metal, thus resulting in an increase in toughness of the weld rpeta]. It is also beheved

that the titanium 1) combined with oxygen and/or nitrogen in the weld metal to remove

2.
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inclusions which can reduce the effectiveness of the boron in the weld metal, and 2) formed T10,
and TiN in the weld metal that acted as nucleation sites for the formation of ferrite acicular ferrite
is formed in the weld metal. In prior flux systems, high levels of titanium :were in included in
the flux system so as to produce high level of titanum (e.g., exceeding about 20 ppm) in the weld
metal. This large titanium addition to the flux system was believed to be necessary to coact with

the small amount of boron. Boron is highly reactive with any oxygen and nitrogen that 1s

-dissolved in the weld metal. In order fo inhibit or prevent the boron in the weld metal from

reacting with oxygen and nitrogen, the weld metal was commonly killed by the use of aluminum.
The flux system of the present invention is formulated so that the use of aluminum to remove
oxygen and nitrogen in the weld metal is not required. The flux system of the present invention
is formulated so that the boron and titanium in the weld metal simultaneously kill the steel by |
removing oxygen and/or nitrogen with titanium and retard the ferrite transformation by the use
of boron thereby preventing the form ation of banite.

In accordance with one non-limiting aspect of the present invention, there 1s provided a
oranular flux that includes a titanium source and a boron source. Thé flux system of the present
invention can be used in a izariety of welding processes (e.g., SAW, .SMAW, GMAW, FCAW,
etc.). The flux system of the present invention can be used to facilitate in the formation of a high
toughness weld metal without the need to reheat the solidified weld metal. The flux system of
the present invention also is formulated to pljovide for easy slag remo;zai from the weld metal
once the weld metal has solidified. Consequently, the flux system of the present invention can
be used to 1) obtain a high toughness weld bead formed by the cap pass in a pipe welding
operation with a system, on an offshore joint that requires a cap pass, etc., and 2) form a slag on
the weld metal that can be easily removed. In one non-limiting embodiment of the present
invention, the flux system is a basic flux system that includes a small amount of added titénium
and boron. The titanium and boron source in the flux system as included in the flux system so
as to transfer titanium metal and boron metal to the weld metal, as opposed to the formation of
a slag during the weld process. In one non-limiting aspect of this embodiment, at least about 20
weight percent of the titanium metal in the flux system is transferred to the weld metal. In an
additional and/or alternative non-limiting aspect of thlS embodiment, at least about 40 weight

percent of the titanium metal in the flux system is transferred to the weld metal. In still an

-3 -
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additional and/or alternative non-limiting aspect of this embodiment, at least a maj ority weight
percent of the titanium metal in the flux system is transferred to the weld metal. In yet an
additional and/or alternative non-limiting aspect of this embodiment, at least about 60 weight
percent of the titanium metal in the flux system is transferred to the weld metal. In still yet an -
additional and/or alternative non-limiting aspect of this embodiment, at least about 80 weight
percent of the titanium metal in the flux system is transferred to the weld metal. In an additional
and/or alternative non-limiting aspect of this embodiment, at least about 90 weight percént of the
titanium metal in the flux system is transferred to the weld metal. In still an additional and/or
alternative non-limiting aépect of this embodiment, at least about 20 weight percent of the boron

metal in the flux system is transferred to the weld metal. In yet an additional and/or alternative

‘non-limiting aspect of this embodiment, at least about 40 weight percent of the boron metal in

the flux system is transferred to the weld metal. In still yet an additional and/or alternative non-

limiting aspect of this embodiment, at least a majority weight percent of the_ boron metal 1n the

flux system is transferred to the weld metal. In an additional and/or alternative non-limiting
aspect of this embodiment, at least about 60 weight percent of the boron metal in the flux system
is transferred to the weld metal. In.still an additional and/or alternative non-limiting aspect of
this embodiment, at least about 80 weight percent of the boron metal in the flux system is
transferred to the weld metal. In yet an additional and/or alternative non-limiting aspect of this
embodiment, at least about 90 weight percent of the boron metal in the flux system 1s transferred
to the weld metal. |

In accordance with an additional and/or alternative non-limiting aspect of the present
invention, there is provided a granular flux that is a highly basic flux system that includes a
titanium source and a boron source. The highly basic flux system is formulated to obtain a weld

metal having high impact properties by the Charpy V-notch procedure. In one non-limiting

‘embodiment of the present invention, the flux system of the present invention has a Basicity

Index (BI) of at least about 1.4 as measured by the standard Boniszewski formula. In one non-
limiting aspect of this embodiment, the flux system of the present invention has a BI of at least
about 1.5. In an additional and/or alternative non-limiting aspect of this embodiment, the flux
system of the present invention has a Bl of about 1.5-3.5. In still an additional and/or alternative

non-limiting aspect of this embodiment, the flux system of the present invention has a Bl of

-4 -
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about 1.8-3. In yet an additional and/or alternative non-limiting aspect of this embodiment, the
flux system of the present invention has a BI of about 2-2.8. In still yet an additional and/or
alternative non-limiting aspect of this embodiment, the flux system of the present inveniion has
a Bl of about 2.4-2.8. |

In accordance with still an additional and/or alternative non-limiting aspect of the present
invention, there is provided a granular flux that includes a majority weight percent of at least two
slag forming compounds selected from the group of aluminum oxide, calcium fluoride, calcium
oxide, and magnesium oxide. In one non-limiting embodiment of the invention, the weight
percent of any one of aluminum oxide, calcium fluoride, calcium oxide, and magnesium oxide

in the flux system does not exceed about 60 wéight percent of the flux system. In one non-

' limiting aspect of this embodiment, the weight percent of any one of aluminum oxide, calcium

fluoride, calcium oxide, and magnesium oxide in the flux system does not exceed about 50
weight percent of the flux system. In an additional and/or alternative non-limiting aspect of this
embodiment, the weight percent of any one of aluminum oxide, calcium fluoride, calcium oxide,
and magnesium oxide in the flux system does not exceed about 40 weight percent of the flux
system. In-an additional and/or alternative embodiment of the invention, the flux system of the
present invention includes calcium fluoride and magnesium oxide. In still an additional and/Br
alternative embodiment of the invention, the flux system of the present invention includes
calcium fluoride calcium oxide, and magnesium oxide. - In yet an additional and/or alternative
embodiment of the invention, the flux system of the present invention includes aluminum oxide,
calcium fluoride calcium oxide, and magnesium oxide. In still yet an additional and/or
alternative embodiment of the invention, the flux system of the present invention can include one
or more compounds selected from silicon dioxide and manganese oxide.

In accordance with yet an additional and/or alternative non-limiting aspect of the present
invention, the titanium source and the boron source in the flux system of the present invention
can be in the form of puré metal, metal alloy and/or a metal compound. In one non-limiting
embodiment of the invention, the titanium source in the flux system can include titanium metal,
titanium dioxide, titanium nitride, titanium boride, and/or titanium oxide. In one non-limiting
aspect of this embodiment, the titanium source in the flux system includes titanium metal,

titanium dioxide, and/or titanium nitride. In an additional and/or. alternative non-limiting aspect

-5 -
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of this embodiment, the titanium source in the flux system includes titanium metal and/or
titanium dioxide. In an additional and/or alternative non-limiting embodiment of the invention,
the boron soﬁrce in the flux system can include boron metal and/or boron oxide.

In accordance with still yet an additional and/or alternative non-limiting aspect of the
present invention, there is provided a granular flux that includes a controlled amount of titanium
and boron. In one non-limiting embodiment of the invention, the titanium source in the flux
system includes less than about 0.5 weight percent titanium. For example, if the titanium source
is only in the forrh of titanium metal, the weight percent titanium metal in the flux system is
equal to the weight percent of titanium in the flux system. In another example, if the titanium
source 1s only titanium dioxide, the weight percent titanium 1n the flux system would be the
weight percent of titanium dioxide multiplied by the weight ratio of titanium in the titanium
dioxide (i.e., 0.6). In one non-limiting aspect of this embodiment, the titanium source in the flux
system includes less than about 0.3 weight percent titanium. In an additional and/or alternative
non-limiting aspect of this embodiment, the titanium source in the flux system includes about
0.05-0.25 weight Iﬂerce.r}t titanium. In still an additional and/or alterr;ative non-limiting aspect
of this embodiment, the titanium source in the flux system includes about 0.1-0.22 weight
percent titanium. In yet an additional and/or alternative non-limiting aspect of this embodiment,
the titanium source in the flux system includes about 0.14-0.22 Weiéht percent titanium. In an
additional and/o:t: alternative non-limiting embodiment of the invention, the boron source 1n the
flux system includes less than about 0.1 weight percent boron. For example, if the boron source
is only in the form of boron metal, the weight percent boron metal in the flux system is equal to
the weight percent of boron in the flux system. In another example, if the boron source is only
boron oxide, the weight percent boron in the flux system would be the wei_ght percent of boron
oxide multiplied by the weight ratio of boron in the boron oxide (1.e., 0.31). In one ﬁon-liniiting
aspect of this embodiment, the boron source in the flux system includes less than about 0.05
weight percent bdrgn. In an additional and/or alternative non-limiting aspect of this embodiment,
the boron source in the flux system includes about 0.005-0.04 weight percent titanium. In still
an additional and/or alternative non-limiting aspect of this embodiment, the boron source in the
flux system includes about 0.01-0.035 weight percent titanium. In yet an additional and/or

alternative non-limiting aspect of this embodiment, the boron source in the flux system includes

-6 -
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about 0.012-0.03 weight percent fitanium. In still an additional and/or alternative non-limiting
embodiment of the invention, the titaxiium source in the flux system is limited so as to deposit
less that about 18 ppm titanium in the weld metal. In one non-limiting aspect of this
embodiment, the titanium source in the flux system is limited so as to deposit less that about 16
ppm titanium 1n the weld metal. In an additional and/or alternative non-limiting aspect of this
embodimént, the titanium source in the flux system is limited so as to deposit about 5-15 ppm
titanium in the weld metal. In still an‘additional and/or alternative non-limiting aspect of this
embodiment, the titanium source in the flux system is limited so as to deposit about 8-14 ppm
titanium in the weld metal. In yet an additional and/or alternative non-limiting embodiment of
the invention, the boron source in the flux system is limited so as to deposit less that about 15
ppm boron in the weld metal. In one non-limiting aspect of this embodiment, the boron source
in the flux system is limited SO as to deposit less that about 12 ppm boron in the weld metal. In
an additional and/or alternative ﬁon—-liniiﬁng aspect of this embodiment, the boron source in the
flux system is limited so as to deposit about 1-10 ppm boron in the weld metal. In still an
additional and/or alternative non-limiting aspect of this embodiment, the boron source in the flux
system is limited so as to deposit about 3-9 ppm titanium in the weld metal. In still yet an
additional and/or alternative non-limiting embodiment of the invention, the ratio of titanium to
boron in the flux system 1s about 1.5-20:1. In one non-limiting aspect of this embodiment, the
ratio of titanium to boron in the flux system is about 2-10:1. In an additional and/or alternative
non-limiting as:pect of this embodiment, the ratio of titanium to boron 1n the flux system is about
2.5-6:1. In still an additional and/or alternative non-limiting aspect of this embodiment, the ratio
of titanium to boron in the flux system'is about 3-5:1. In an additional and/or alternative non-
limiting embodiment of the invention, the ratio of titanium to boron that passes into the weld
metal from the flux systemis about 1.1-10:1. Inone non—-liiniting aspect of this embodime?nt, the

ratio of titanium to boron that passes into the weld metal from the flux system 1s about 1.2-4:1.

In an additional and/or alternative non-limiting aspect of this embodiment, the ratio of titanium

to boron that passes into the weld metal from the flux system is about 1.3-3:1. In still an

additional and/or alternative non-limiting aspect of this embodiment, the ratio of titanium to

boron that passes into the weld metal from the flux system is about 1.5-2.5:1.

In accordance with an additional and/or alternative non-limiting aspect of the present

_7.
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invention, there is provided a granular flux that can be used in submerged arc welding, in a cored
electrode or as the coating of a stick electrode. One or more alloying metals can be used in
combination with the flux. system; however, this is not required.

Three non-limiting examples of the flux system of the present invention are set forthin -

welght percent as follows:

- Compound Example 1 Example 2 Example 3
SiO, 0-30% 0-20% 10-18%
MgO | 15-40% 25-35%  26-32%
CaF, 10-35% - 20-30% 22-28%
ALO, 0-35% 0-30% 18-24%
CaO 0-15% (0-10% 2-6% -
Mn,O, 0-10% 0-5% 1-3%

TiO, 0.05-0.6% 0.2-0.4% 0.25-0.33%
B,0, 0.01-0.15 0.06-0.10%.- 0.07-0.09%

In each of the examples set for above, the titanium éomce 1s titamum dioxide and the
boron source is boron oxide. As can be appreciated, other or additional titanium and/or boron
sources could have been used. The flux system in each of the examples is a fluoride basic flux
as Opp.OSed to a titanium oxide-based flux. The BI for each of the flux systems set forth above
was about 1.5-2.8. The a’;ferage particle size of the flux system in the three examples was such
that at least about 80-90% of the particles of the flux system could pass through a 12-100 mesh
screen, and less than about 1-5% particles of the flux system could pass through a +100 mesh
screen. The flux systems in each of the fhree examples resulted in less than 15 ppm:-titanium
passiﬁg from the flux system to the weld metal and less than about 10 ppm boron passing from
the flux system to the weld metal.

One non-limiting object of the present invention is the provision of a flux system using
small amounts of titanium and boron to facilitate in the formation of a weld metal having a high
toughness without requiring refinement of the weld metal by reheating the weld metal.

An additional and/or alternative non-limiting object of the present invention is provision
of a flux system having good slag removal properties.

Still an additional and/or alternative non-limiting another object of the present invention
1s the provision of a flux system that is basic and that has titanium to transfer from the .ﬂux

system to the weld metal in smaller amounts than heretofore believed necessary.

-8 -
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Yet an additional and/or alternative non-limiting another object of the present invention
is the provision of a flux system that can be used in various electric arc welding procedures and
which |
results in a high toughness as-cast metal having a low Charpy V-notch angle and good slag
removal properties.

Still yet an additional and/or alternative non-limiting another object of the present
Invention is the provision of a flux system which substantially reduces the minimum amount of
titanium in the weld metal to increase the slag removal and killing effect of the titanium as it has
a sufficient level to maintain the effectiveness of the small amount of boron.

These and other objects and advantages will become apparent from the following
description taken together with the accompanying drawings.-

BRIEF DESCRIPTION OF DRAWINGS

FIGURE lisan enlarged cross-sectional view showing a welding joint filled with weld
metal by a process using the invention; |

FIGURE 1A isatop viewofa Charpy V-notch test specimen with the notch placed in the
general area A of FIGURE 1;

- FIGURE 1B is a top view of a test specimen as shown in FIGURE 1A, with the notch

~ placed in the general area B of FIGURE 1;

FIGURE 1C is a top view of a test specimen, as shown in FIGURE lA with the notch
placed in the general area C of FIGURE 1;

‘FIGURE 2 is a side elevational view of a submefged arc wel ding process to produce the

joint shown in FIGURE 1 using flux produced in accordance with the present invention:

FIGURE 2A is a Charpy V-notch specimen with the notch placed in any area of the joint

filled using the novel flux of the invention:

FIGURE 3 is an enlarged side-elevational view in partial cross-section 1llustrating the use
of the present invention in a cored electrode; |

FIGURE 4 is a view similar to FIGURE 3 wherein the cored electrode is used in a
submerged arc process;

FIGURE 5 is a side-elevational view partially cross-sectioned tllustrating the use of the

present invention for a stick electrode;
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FIGURE 6 1s an enlarged cross-sectional view of the slag formed on top of the weld metal

using the present invention; and,

FIGURE 7 is an enlarged cross-sectional view taken generally along line 7-7 of FIGURE

DETAIL DESCRIPTION OF THE INVENTION

Referring now in greater detail to the drawings, wherein the showings are for the purpose
of illustrating non-limiting embodiments of the invention only, and not for the purpose of
limiting the invention, the present invention relates to a basic flux that produces a high toughness
weld metal. The flux system is particularly useful in submerged arc welding process and will be
described with particular reference thereto; however, it will be appreciated that the flux system
of the present invent.ion can be used as a coating on a stick electrode or as a fill in a cored
electrode. |

The flux system of the preseﬁt Invention when used with standard submerged arc welding
processes 1s used to facilitate in the filling of joint 10 with a weld metal. Joint 10 as illustrated
in FIGURE 1 has dive.rging side walls 12, 14 that terminate in a lower root gap 16. This gap is
filled by first laying root pass 20 between spaced plates 22, 24 to join the two pIate:;. to form an
upwardly opening groove. The groove is filled by laying overlapping beads, such as beads 30,
32 on the top of root pass 20. The overlapping beads extend upwardly to the top overlapping
beads 40, 42. The total stack of molten metal formed by the several overlapping beads is covered
by upper cap pass 50. It is commonly desirable that the weld metal in joint 10 have a toughness
generally equal to the toughness of plates 22, 24.

In the normal welding procedure, one pass is first laid and then another pass is laid until
the joint is filled. When one weld bead is laid over another weld bead, the ﬁrét weld bead has
generally solidified a:tld 1s reheated .by the second weld bead. This reheating of the first weld
bead causes transformation in the overlapping area that refines the grain size and can cause
increased toughness in that transformation area, which transformation area is represented as area
60 in FIGURE 1. When prior art welding fluxes were used, transformation area 60 has a fine
grain size and a high toughness; hdwever, the as-cast outboard areas outside this transformation
area are not hardened or toughened. When testing the toughness of the various areas in the joint

of FIGURE 1, Charpy impact test specimens 100, 102 and 104 aré machined from areas A, B and
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C, respectively of joint 10. Each of the specimens includes a standard notch 110 to define the
impact area of the specimen. Specimen 100 shown in FIGURE 1A has the notch 110 in the as- .
cast area 120 with refined area 60 outborne of ﬁotch 110. Thus, the Charpy impact test for area
A merely measures the aé-cast, less tough portion of joint 10. Specimen 102 is cut from joint 10
with transformation area 60 corresponaing with the test notch 110. This specimen tests the
hardness of transformation area 60 located between as-cast area 122, 124. The test results from
specimen 100 are different from the test results from specimen 102. This difference reveals that
the joint is weaker in certain.areas between plates 22 and plates 24. Test specimen 104 is taken
from cap pass 50 and has no transformation area; therefore, the metal of specimen 104 1s as-cast
and has a toughness generally corresponding with the toughness of specimen 100. Depending
on the property requirements needed by a welding joint, the toughness of the weld metal in
specimens 100 and 104 may be considered unacceptably weak. If this determination is made,
joint 10 must be reheated to transform the as-cast material into a fine grain metal to obtain thc?
benefit of most patented levels of titanium and boron used for forming joint 10.

- Some pfior art fluxes have attempted to overcome the problems of prior flux systems by
using very low levels of titanium and boron. However, these fluxes have a high ratio of titanium
to boron, thus resulting in large amounts of titanium being transferred to.the weld metal, which
in turn adversely affects slag removal from the weld metal. The flux system of the present
invention overcomes the disadvantages of both the patented and commercial prior art used to
form the joint shown in FIGURE 1. The flux system of the present invention can be used to
increase: toughness of the as-cast metal formed the joint and still allow for excellent slag removal
from the weld metal. |

The present invention s directed to the use of a novel flux F that can be used 1n a
submerged arc welding process as schematically illustrated in FIGURE 2. Flux F has controlled

L

amounts of titanium and boron to provide as-cast grain refining and to also lower the amount of

30

titanium so as to improve slag removal from the weld metal. In accordance with the present
invention, the use of flux F results in a weight ratio of titanium to boron in the weld metal of |
" about 1.5-2.0:1. The titanium in the weld metal from flux F is drastically reduced to a range of
about 10-12 ppm. The titanium in the flux itself is in the range of about 0.10 - 0.20 weight

percent, whereas the boron in the flux 1s about 0.020-0.030 weight percent. In one non-limiting
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example, the titanium in the weld metal is less than about 15 ppm and the flux contains a metal
fluoride, such as, but not limited to, calcium fluoride. Generally, flux F 1s highly basic with a
basicity in the range of more than 2.0; however, a more mild basicity index of 1.5-2.0 can be

used. Flux can have a composition set forth in Table 1.

| Table 1
Weight Percent Range Specific Weight Percent
S10, - 0 -20% | 15%

e
]
L 4

20-30% 25%

CaO 0-10% 5%

-

0.3%

TiO,

0.06 - 0.10% 0.08%

As set forth in Table 1, the titanium source is titanium dioxide. The flux does not use a
rutile slag system, but employs a fluoride basic slag system. Ascanbe appreciated, the titanium
dioxide can be partially or fully substituted by elemental titanium metal powder. In a like
manner, the boron in the flux is provided by boron oxide; however, elemental boron metal
powder can be partially of fully substituted for the boron oxide.

Joint 10 is formed as described in FIGURE 2 by the use of an advancing welding wire
150 with electric arc 152 between the end of the wire and the workpiece to melt and deposit weld
metal into the joint. Power lead 160 is connected to power source 170 which is grounded by lead

162. In this manner, welding wire 150 moves along joint 10 to deposit overlapping weld beads
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to fill the groove between diverging walls 12, 14. By using the novel flux F for submerged arc
welding, it has been found that the as-cast metal laid during the welding process is transformed
into fine grain without need for reheating. Consequently, Charpy V-notch specimen 200 shown
in FIGURE 2A has fine grain metal at notch 202, irrespective of the position in joint 10 from
which the specimen is removed. The transformation of much, if not all, of the volume of weld
metal is accomplished by reducing the amount of titanium and maintaining a low level of both
titanium and boron in the weld metal as deposited. It has been found that the gamma steel 1s
consumed before the acicular ferrite can be formed. This results in the formation of a fine grain
metal during the cooling process. The titanium provides a good substrate upon which the alpha
ferrite can nucleate. The boron migrates to the grain boundaries during solidification to lower
the energy level at the grain boundaries so the grain boundaries act more as if they were part of
the matrix to prevent the alpha ferrite from growing during the cooling process. The flux F used |
in the welding process as illustrated in FIGURE 2 producés a tough as-cast metal essentially
throughout joint 10. |

As illustrated in FIGURES 3 and 4, novel flux F can also be used in a cored electrode
220. Cored electrode 220 includes a sheath 222 and a core 224. Core 224 is illustrated as filled

with flux F and any metal powder necessary for alloying. Cored electrode 220 can be a gas-

shielded electrode or a self shielding electrode. Réfening now to FIGURE 4, electrode 220 i1s

- used in connection with bulk flux k. This bulk flux F' can be the composition as flux F;

however, this is not required. Flux F in both of the embodiments set forth in FIGURES 3 and
4 facilitates in producing an as-cast metal having a high toughness without requiring
transformation by reheaﬁng of the total joint 10 and with excelient slag removal.

Referring now to FIGURE 5, novel flux F can be used as coating 304 of stick electrode
300 having a center metal rod 302. ‘Arc 310 between rod 302 and workpiece 312 deposits weld
metal 320 onto workpiece 312 to form joint 10, as shown in FIGURE 1. Weld metal 320 has fine
orain as-cast condition to provide a high toughness layer of metal on workpiece 312. Thus, flux
F has been shown to produce high toughness weld metal when employing sub;ﬁerged arc
welding, shielded gas flux cored welding, stick electrode welding or other types of electric arc
welding.

The flux of the present invention has a reduced amount of titanium with small amounts
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of and boron. By reducing the titanium in the flux and the amount of titanium in the weld bead,
slag 340 formed on weld metal 320 creates a very weak bond at interface 350 as shown iIn
FIGURES 6 and 7. Consequently, slag 340 can be easily removed from weld metal 320 after the
weld metal has solidified. The reduction in titanjum in the weld metal has been found to
substantially reduce the holding force between the slag and weld metal when using novel flux F
in any of the various welding processes illustrated in FIGURES 2, 3, 4 and 5. Slag removal can
be measured by a standardized procedure developed by The Lincoln Electric Company and

disclosed in U.S. patent serial no. 7,173,215 which issued on February 6, 2007.

it will thus be seen that the objects set forth above, among those made apparent from the
preceding description, are efficiently attained, and since certain changes may be made in the
constructions set forth without departing from the spirit and scope of the invention, it is intended
that all matter contained in the above description and shown in the accompanying drawings shall
be interpreted as illustrative and not in a limiting sense. The invention has been described with
reference to a preferred embodiment. Modifications and alterations will become apparent to those
skilled in the art upon reading and understanding the detailed discussion of the invention
provided herein. This invention is intended to include all such modifications and alterations
insofar as they come within the scope of the present invention. It is also to be understood that the
following claims are intended to cover all of the generic and specific features of the invention
herein described and all statements of the scope of the invention, which, as a matter of language,

might be said to fall therebetween.
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What is claimed is:

1. A flux system for use in an electric arc welding process that facilitates in the
formation of a weld metal having a high toughness, the flux system comprising a slag
forming compound, a titanium compound and a boron compound, said titanium
compound and boron compound having a weight ratio of titanium to boron of about 1.1-
20:1, said slag forming compound constituting a majority weight percent of said flux
system, said slag forming compound including at least about 15 weight percent
magnesium compound, at least about 10 weight percent metal fluoride, and at least one
compound selected from the group consisting of an aluminum compound, a calcium

compound, a manganese compound, and a silicon compound.

2. The flux system as defined in claim 1, wherein said weight ratio of titanium to

boron 1n said flux system 1s about 1.1-15:1.

3. The flux system as defined in claim 1 or 2, wherein said titanium compound 1n

said flux is about 0.05-0.5 weight percent of said flux system.

4, The flux system as defined in claims 1-3, wherein said boron compound 1n said

flux is about 0.005-0.1 weight percent of said tlux system.

5. The flux system as defined in claims 1-4, wherein said boron compound in said

flux is about 0.02-0.03 weight percent of said flux system.

6. The flux system as defined in claim 1, wherein said weight ratio of titanium to
boron in said flux system is about 1.5-10:1, said titanium compound in said flux 1s about

0.05-0.25 weight percent of said flux system, and said boron compound in said flux 1s

about 0.005-0.04 weight percent of said flux system.

7. The flux system as defined in claims 1-6, wherein said metal fluoride is calcium

fluoride.
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8. The flux system as defined in claims 1-7, wherein said magnesium compound is
magnesium oxide.
9. The flux system as defined in claims 1-8, wherein said slag forming agent

includes said aluminum compound, said aluminum compound including aluminum oxide.

10.  The flux system as defined in claims 1-9, wherein said slag forming agent

includes said calcium compound, said calcium compound including calcium oxide.

11.  The flux system as defined in claims 1-10, wherein said slag forming agent

includes said manganese compound, said manganese compound including manganese

oxide.

12.  The flux system as defined in claims 1-11, wherein said slag forming agent

includes said silicon compound, said silicon compound including silicon dioxide.

13.  The flux system as defined in claims 1-12, wherein said flux has a basicity index

of greater than 1.4.

14.  The flux system as defined in claims 1-13, wherein said slag forming compound
includes at least 60 weight percent of at least two compounds selected from the group

consisting of aluminum oxide, calcium fluoride, calcium oxide, magnesium oxide, or

mixtures thereof.

15.  The flux system as defined in claims 1-14, wherein said slag forming compound
includes no more that 50 weight percent of each compound selected from the group

consisting of aluminum oxide, calcium fluoride, calcium oxide or magnesium oxide.

16.  The flux system as defined in claims 1-15, comprising by weight percent:

S10, 0-30%
MgO 15-40%
Can 10-35%
Al O3 0-35%
CaO 0-15%
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MnxOy 0"'1 0%
Ti0O, 0.05-0.6%
B>0O; 0.01-0.15

17.  The flux system as defined in claims 1-16, comprising by weight percent:

S10; 0-20%
MgO 25-35%
CaF2 20-30%
Al,O3 0-30%
CaO 0-10%
Mn,Oy 0-5%
Ti0; 0.2-0.4%
B,03 0.06-0.10%
18.  The flux system as defined in claims 1-16, comprising by weight percent:
Si0; 10-18%
MgO 26-32%
Can 22-28%
Al,O3 18-24%
Ca0 2-6%
Mn,O, 1-3%
Ti0; 0.25-0.33%
B,0s 0.07-0.09%

19.  The method of electric arc welding in a welding process to obtain a weld metal
with high toughness without reheating by using the flux system as defined in claims 1-19,

the improvement comprising using in combination:

a. selecting said flux system;
b. providing a consumable metal electrode; and,
C. generating an electric arc to at least partially melt said flux system and

said consumable metal electrode, said at least partial melting of said tlux system
resulting in titanium and boron in said flux system to enter into a weld metal

formed by the at least partial melting of said consumable metal electrode.

20.  The method as defined in claim 19, wherein said weld metal includes less than 18

ppm titantum and less than 15 ppm boron.
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21.  The method as defined in claim 19 or 20, wherein a weight ratio of titanium to

boron in the weld metal is less than 10:1.

22. The method as defined in claims 19-21, wherein said welding process 1s a

submerged are welding process or a FCAW process.
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