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A welding wire comprising a flux core having a core composition alloyed with a combination of alloying elements Is described.

The alloying elements compri

se Crand N, wherein the flux core comprises between 10% and 50% of the total weight of the weld

wire. A metal sheath encapsulates the flux core, wherein the metal sheath comprises between about 90% and 50% of the total

welght of the welding wire ar
One of the applications of the

d wherein the Welding wire can be used in a welding process without destabilizing a welding arc.
wire and welding process of the present invention Is hard surfacing of the steel mill rolls, which are

hollow cylinders usually on continuous casters. As an example, the rolls welded by the wire and method of the present invention
can have a diameter of about 12 inches or less. Additionally, a welding apparatus comprising a welding gun with a device for
feeding an electrode into the welding gun Is described. The corresponding welding process calls for gas shielding of the
electrode to reduce spatter and smoke emission while creating a smooth weld bead surface requiring less grinding and finishing.
The resulting weld deposit has enhanced resistance to pitting corrosion.
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Abstract of Disciosure

A welding wire comprising a flux core having a core composition alloyed with a combination of
alloying elements is described. The alloying elements comprise Cr and N, wherein the flux core
comprises between 10% and 50% of the total weight of the weld wire. A metal sheath encapsulates
the flux core, wherein the metal sheath comprises between about 90% and 50% of the total weight
of the welding wire and wherein the welding wire can be used in 2 welding process without
destabilizing a welding arc. One of the applications of the wire and welding process of the present
invention is hard surfacing of the steel mili rolis, which are hollow cylinders usually on continuous
casters. As an example, the rolls welded by the wire and method of the present invention can have
a diameter of about 12 inches or less. Additionally, a welding apparatus comprising a welding gun
with a device for feeding an electrode into the welding gun is described. The corresponding
welding process calls for gas shielding of the electrode to reduce spatter and smoke emission
while creating a smooth weld bead surface requiring less grinding and finishing. The resuiting

weld deposit has enhanced resistance to pitting corrosion.
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SPECIFICATION

Background of Invention

{0001]

[0002]

[0003]

The present invention relates generally to the field of flux cored arc welding (FCAW) and more

particularly to the composition of the weld wires used in the FCAW process.

Flux core arc welding is a welding process which joins, or welds, metals together via an
electrical arc established between a continuous metal electrode and a metal work piece. The metal
electrode used in the FCAW process is usually a consumable electrode which is fed into the FCAW
process as fast as it is consumed. As mentioned above, the FCAW process operates by causing an
electrical potential difference to build up between the electrode and the work piece. As the
electrode approaches the work piece, the electrical potential difference between the electrode and
the work piece causes a current to flow in the electrode and an electric arc to develop between the
tip of the electrode and the metal surface of the work piece. This current flow heats up and melts
the electrode and the surface of the work piece, generating the flow of the filler metal toward the
metai surface. As the filler metal and the work piece cool, a bond or weld is formed on the metal

surface of the work piece.

Referring to Figure 1, an example of a welding gun and an arrangement for FCAW is
schematically shown and discussed. A consumable welding electrode 100 is fed into the welding
process through a welding gun 102 having a gas nozzle 104. Electrode 100 is melted into molten
metal 106 by an electrical arc 108 established between electrode 100 and a work piece 110. An

externally supplied gas, such as Ar or CO _ or mixtures thereof, enters the welding process

2
through gas nozzle 104 in welding gun 102 and shields the electrical arc 108, the tip of electrode
100 and the pool of molten metai 106 by forming a gas shield 116. The advantages of the FCAW
process include a high quality weld that can be produced faster and with very little spatter and

loss of alloying elements due to the gas shield and a stable electrical arc.



¢

(0004]

[0005]

[0006]

[0007]
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The consumable electrode in Figure 1, which is melted by the electrical arg, is transported by
the arc to the work plece to serve as a surfacing or cladding material, The arc produces the heat
for the welding process and is maintained by the electron flow between a cathode (positive
terminal) and an anode (negative terminal). in the FCAW process both the consumable electrode

and the work piece can function as a cathode or an anode.

One way to stabilize the arc in the FCAW process is by altering the composition of the welding
wire electrode to add fluxing and alloying elements. Wires for FCAW are flux-cored wire electrodes
comprising a fiux filler core encapsulated by a metal sheath. The core of the wire electrode is
made of fluxing and alloying compounds which become deposited weld materials. The
composition of the core affects the composition and physical characteristics of the weld metal.
Fluxing and alloying compounds contained in the core are selected to function as deoxidizers,
alloying elements and arc stabifizers, and may provide additional shielding gas, such as CO x
Flux cored wires provide the ability to add various materials to the core in order to improve the
welding characteristics and conditions of the FCAW process. Therefore, it would be desirable to
have an electrode wire having a flux core composition affecting creation and maintenance of a

stable arc in the FCAW process while exhibiting the desired high deposition and fast fill

characteristics.

It is known that a submerged arc process currently used to hard surface such work pieces as
steel mill rolis often generates too much heat on smaller diameter rolls. As a result, the molten
metal tends to slide off the surface. The resulting bead turns out to be rough and requires labor

intensive finishing to obtain a surface of suitable quality.

it is also known that an open-arc process in common use today is prone to produce e cessive
amounts of smoke and spatter and often results in poor quality welds that may contain porosity. It
would be desirable, therefore, to find a way to hard surface smalier work pieces by improving the
quality of the weld beads and reducing the post-welding finishing and machining of the

resurfaced work piece.

Summary of Invention

[(0008]

The present invention provides a welding wire comprising a core produced from powdered
materials. The flux core comprises a compaosition alloyed with a combination of alloying and

fluxing elements comprising Cr and N. Other alloying elements important for hard surfacing can



[0009]
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be, among others, Mo (which enhances corrosion resistance at higher temperatures), Nb (which
facilitates formation of stable niobium carbides, reducing the percentage of available C in the weld
deposit, therefore, reducing the likelihood of formation of chromium carbides susceptible to
pitting corrosion). Fluxing compounds are present in the core composition to form siag, act as arc
stabilizers, provide deoxidization and additional arc shielding during their decomposition. The
flux core can constitute between 10%Wt and 50%Wt of the welding wire. The present invention also
comprises a metal sheath encapsulating the flux core and constituting between 90%Wt and S0%Wt
of the welding wire. The alloying elements can be added to the core or to the sheath of the wire,
depending on a particular application or manufacturing process. The sheath material usad to
manufacture the wires can be miid steel, 300 Series stainless steel, or 400 Series stainiess stéel.
The composition of the welding wire makes it possible to use the wire in the FCAW welding
process without destabilizing the welding arc. One of the advantages of using nitrogen as an
alloying element in the flux core is the fact that nitrogen-containing weld deposits resist pitting
corrosion much better than the weld deposits without nitrogen. it is thought that replacing carbon

with nitrogen in the flux core of the welding wire reduces the susceptibility of the resulting weld to

pitting corrosion.

Additionally, the present invention contemplates a welding apparatus comprising awelding
gun having a device for feeding an electrode into the welding gun. The electrode comprises a
metal sheath encapsulating a flux core having a core composition, wherein the core composition is
alioyed with a combination of alloying and fluxing elements comprising Cr and N, as well as
others, and wherein the flux core constitutes between approximately 10% and 50% of the total
weight of the wire electrode. The welding apparatus has means for shielding the eilectrode. during
the welding process by using a gas shield. The gas shield can comprise CO 2 or a mixture of Ar
and about 5% to 25% of CO 5 According to the invention, a welding process utilizing the novel

welding wire is provided. The process comprises obtaining an electrode, comprising a metal

sheath encapsulating a flux core. The flux core has a compo'sition comprising fluxing and alloying
elements, such as Cr and N. Additionally, the welding process comprises using a welding
apparatus with a device for feeding the electrode into the weiding appératus and a device for
supplying a shielding gas into the welding apparatus. The present FCAW process uses a shielding
gas to shield the nitrogen-bearing electrode from the surrounding environment during welding.
The welding process comprises connecting the welding apparatus to a power source, operating

the welding apparatus to generate an arc, feeding the electrode into the welding apparatus and
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supplylng the shielding gas to the welding apparatus to shield the electrode and the arc.

[0010] One of the applications of the wire and welding process of the present invention is hard
surfacing of continuous caster steel mill rolls. These are often small diameter hollow cylinders. As
an example, the rolls welded by the wire and method of the present invention can have a diameter

of about 4 inches to 12 inches.

{0011] Such smaller hollow body rolls are hard to weld by employing the traditional submerged arc
welding typically used for larger steel mill rolls. On smaller rolls the submerged arc welding
process generates excessive amounts of heat, which causes the surface of the metal work piece to

stay molten too long to result in a clean weld.

{0012} The open arc, flux cored process presents it's own set of problems, which may include
excessive smoke, excessive spatter, and porosity of the deposited weld metal. Both processes

often produce poorer quality beads needing further machining and finishing.

[0013] The gas-shielded FCAW process generates less heat and makaes it possibie for the weld beads
to stay on the surface of a roli, forming a smoother surface and requiring less post~welding
grinding and finishing. With the wire and method of the present invention, the hard surfacing
alloying elements produce a cleaner, porosity free weld with little smoke, low spatter, and

smoother beads, resulting in less after welding finishing work.

[0014] The above discussed and other features and advantages of the present invention will be
appreciated and understood by those skilled in the art from the following detailed description and

drawings.

Brief Description of Drawings

{0015} Referring to the exemplary drawings wherein like elements are numbered alike in the several
Figures,

{0016] Figure 1 is a schematic illustration of a welding gun nozzle and a work piece.

10017] Figure 2 shows a welding apparatus having a DCEP welding configuration.

{001 8] Figure 3 is a cross sectional view of a welding wire showing a flux core and a metal sheath.

[0019]

Figure 4 is a schematic illustration of a welding apparatus employing the welding wire of



[0020]
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Figure 3.

Figure 5 is a block diagram iliustrating a flux core arc welding (FCAW) process.

Detailed Description

(0021]

[0022]

[0023]

[0024]

It has been discovered that in a conventional FCAW apparatus, a nitrogen-bearing welding wire
of the novel composition provides a cleaner weld, good deposition rate, lower spatter, and less
smoke, which is advantageous to the stability of the arc and the transfer of the droplets. Although
the flux cored wire of the present invention is a welding wire which may be used in a FCAW
process with a recommended shielding gas comprising CO 5 Ar or a mixture therecf, the
preferred shielding gas comprises 100% of CO 5 The welding wire of the present invention
exhibits a high deposition rate {(about 30-40% higher than solid wire electrodes), a high travel
speed (about 30-40% higher than solid wire electrodes) and is well suited for semi~automatic,
automatic and robotic welding on work pieces such as low alloy steel roils. In particular, the low

alloy steel can be AISI 4140,

Referring to Figure 3, a cross sectional view of a welding wire (also referred to as an electrode
or a wire electrode) 200 is shown and comprises a metal sheath 204 encapsulating a flux core
202. Flux core 202 is typically made of a compacted powdered material and has a pre-selected
chemical composition. The compaosition of flux core 202 comprises an alloying combination
comprising nitrogen and chromium, as well as other alloying and fluxing elements and
compounds to facilitate hard surfacing and reduce pitting corrosion. it is contemplated by the
present invention that the nitrogen anda/or chromium can be present in the core homogeneously
or heterogeneously in the form of clusters, strands or other suitable configuration. Flux core 202
preferably accounts for about T10%Wt to 50%Wt of welding wire 200 and includes a flux core
composition alloyed with a combination of alloying elements. Referring to Table 1 and in
accordance with the preferred embodiment, alloying element Cr may be selected from the range of
about 10% to about 20% Wt of flux core 202. Additionally, alloying element N may be selected
from the range of about 0.04%Wt to about 0.2% Wt of flux core 202. The remaining portion of the
compoaosition of flux core 202 preferably comprises the alloying elements in the concentrations

shown in Table 1.

Table 1: Wire composition ranges (% Wt)
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[t6]

Element Cmpund

rente of ti Wir
Fe 50.0-75.0 t
cr  |ho.0-200 '
Si '




[0025]

[002 6]

[0027]

[0028]
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The alloying and fluxing elements and compounds listed in Table 1 could be present in flux

core 202 and metal sheath 204. The percentage of the core of the wire can vary between about
1 0%Wt to about 50%Wt and can be calculated as follows:

%Wt core = (weight (sheath + core) weight (core))/(weight (sheath +core)) x100

Referring to Figure 4, a FCAW apparatus 300 is shown utilizing welding wire 200 and
comprising a welding gun 302 having a means for feeding electrode 200 into welding gun 302.
Although an example of the means for feeding electrode 200 into welding gun 302 is shown in
Figure 4 is a wire drive 304 and a wire reel 306, it should be understood that any other method
and/or device for feeding electrode 200 into welding gun 302 fails within the scope and spirit of
the present invention. A shielding gas is supplied to the welding process through a gas nozzie 308
in the welding gun 302. Additionally, a power source 310 is provided for supplying electrical
current to electrode 200, wherein power source 310 is preferabiy an alternating current power
source. For the FCAW process in which welding gun 302 Is coupied to power source 3190, *e

preferred shielding gas is CO _ . However, any suitable shielding gas or mixture of shieiding gases

2

suitable to the desired end purpose may be used, such as CO . mixed with Ar. Moreover, it is

contemplated that the shielding gas can be supplied to the welding process from an external

source 312, also as shown in Fig. 5.

Referring to Figure 5, a welding process 400 employing welding apparatus 300 and welding

wire 200 is shown and discussed. Welding process 400 is accomplished by welding apparatus 300,
electrode 200, means for feeding electrode 200 into welding gun 302 and an external source 312
for supplying a shielding gas. Means for feeding electrode 200 into welding gun 302 is shown in

Figure 4 as a wire drive 304 and a wire reel 306. Welding apparatus 300 is then connected to a



(0029}

{0030]

[0031]

[ELEMENT

lCr '
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power source 310 and welding apparatus 300 is operated to generate an arc between the tip of
electrode 200 and the work piece 110. Because electrode 200 is a consumable electrode, it is fed
into welding apparatus 300 via wire drive 304 and wire reel 306. As weiding process 400
progresses, external source 312 supplies a shielding gas to the area around the tip of electrode
200, advantageously preventing impurities within the'surrounding environment from

contaminating the resultant weld. Upon completion of welding process 400, welding process 400

can be repeated, if desired.

In an exemplary embodiment, a two step welding process is used. In the process of the
exemplary embodiment the addition of N to the composition of the fiux core results in a hard
surfacing effect and a cleaner, stronger weld. The process is accomplished by producing a first
weld using a first electrode, then producing a second weld using a second electrode. The ‘
composition of both electrodes can be selected from the ranges of acceptable ranges of elements
and compounds listed in Table 1. Once the first weld is complete, the second weld is performed,
leaving a total concentration of Cr for both welds at about 12%Wt-13%Wt of chromium. The first
welding wire preferably comprises a relatively high concentration of Cr (approximately 18.8%Wt),
resuiting in the first weld layer having of about 12%Wt-13%Wt of chromium. The second welding
wire preferably has a lower concentration of Cr (approximately 13.3%Wt). When both welds are

complete, the composition of the 2-layer deposited weld is preferably within the ranges as shown
in Table 2.

Table 2. Composition of a 2-layer deposited weld on a work piece.

[t7]

" |PERCENTAGE

11.0-13.5
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‘Ni Hi .0-3.0 I

10.1-0.4
Mo /W/Co ' 10.1-0.4
[0032] While the invention has been described with reference to its exemplary embodiments, it will be

understood by those skilled in the art that various changes may be made and equivalents may be
substituted for elements thereof without departing from the scope of the invention. in addition,
many modifications may be made to adapt a particular situation or material to the teachings of the
invention without departing from the scope thereof. Therefore, it is intended that the invention not
be limited to the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the scope of the
appended claims. Moreover, unless specifically stated any use of the terms first, second, etc. do

not denote any order or importance, but rather the terms first, second, etc. are used to distinguish

one element from another.
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[c2]

(c3]
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WHAT IS CLAIMED IS:

1. A welding wire comprising:

a flux core being having a core composition alloyed with a combination of alioying elements
comprising between about 10%Wt and 20%Wt of Cr and between about 0.04%Wt and about
0.2%Wt of N, wherein the flux core comprises between about 10%Wt and S0%Wt of the total

weight of the weld wire; and
a metai sheath encapsulating the flux core, the metal sheath having a metal sheath
composition comprising approximately between about 0%Wt and 20%Wt of Cr and between

about 0%Wt and 0.2%Wt of N, wherein the metal sheath comprises between about 90%Wt
and 50%Wt of the welding wire.

2. The weiding wire of Claim 1, wherein a concentration of N is between about 0.07%Wt and
0.12%Wt.

3. The welding wire of Claim 1, wherein the core composition and the metal sheath

composition comprise:

[t1]

EIement/Compound Percentage of Total ere

10




[cd]

[c5]

[c6]
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4. The welding wire of Claim 3, wherein said core composition and the metal sheath

composition further comprise:
[t2]

Element/opoun T B Percentag Total Wire

5.The welding wire of Claim 1, wherein the metal sheath is made of mild steel, series 300 or

400 stainless steel.

6.The welding wire of Claim 1, wherein a concentration of Cr is seiected from the range

i1



[c7]

[c8]

[c9]

{¢10]}

[c11]

fc12]

fcl3]

{cl4]
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between about 12%Wt and 19%Wt.

7.A welding apparatus comprising:

a welding gun having means for feeding an electrode into said welding gun and having

means for shielding the electrode with a shielding gas;

the electrode comprising a metal sheath encapsulating a flux core having a core
composition, the core composition alloyed with a combination of alloying elements
combination of alloying elements comprising between about 10%Wt and 20%Wt of Cr and
between about 0.04%Wt and about 0.2%Wt of N; and

a power source supplying eliectrical current to the electrode,

8.The welding apparatus of Claim 7, further comprising a gas source supplying the shielding

gas to the welding apparatus.

0.The welding apparatus of Claim 8, wherein the shielding gas is CO 5 or a combination of

Ar and between about 5% and 25% of CO 5

10.The welding apparatus of Claim 7, wherein the welding process is flux core arc welding.

11.The welding apparatus of Ciaim 7, wherein the means for feeding the electrode into the

welding gun comprises a wire drive and a wire reel.

12. The welding apparatus of Claim 7 wherein at least one of the alioying elements is N in

the amount from about 0.07% Wt to about 0.1 2%Wt.

13. The welding apparatus of Claim 7, wherein at least one of said alloying elements is Cr in

the amount from about 12% Wt to 19%Wt.

14.A method of producing a weld on a work piece, the method comprising:

providing a welding apparatus having a means for feeding a consumabie eilectrode into said
welding apparatus and a means for supplying a shielding gas into said welding apparatus;
providing the consumable electrode comprisirig a metal sheath encapsulating a flux core
having a core composition, the core composition alloyed with a combination of alloying
elements comprising between about 10%Wt and 20%Wt of Cr and between about 0.04%Wt
and about 0.2%Wt of N;

feeding the electrode into the welding apparatus and generating an arc to melt an electrode

tip; and

12
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producing the weld by causing the moiten electrode tip to transfer to the work piece while

supplying a shielding gas tc the welding apparatus to shield the electrode and the arc.
- [ci5] 15.The method of Claim 14, wherein the welding process is a flux core arc welding process.

[c16] 16.The method of Claim 14, wherein generating the arc comprises connecting the welding

apparatus to an external power source.

{c17] 17.The method of Claim 14, wherein the means for supplying the shielding gas comprises

an external gas source,

{c18] 18. The method of Claim 14, wherein the flux core comprises between about 10%Wt and
S50%Wt of the weld wire and the metal sheath comprises between about 90%Wt and 50%Wt of

the welding wire.

[c19] 19.The method of Claim 14, wherein the shielding gas comprises CO , ora combination of
Ar and between about 5% and 25% of CO 5
[¢20] 20. The method of Claim 14, wherein at least one of the alioying elements is N in the

amount from about 0.07% Wt to about 0.2 1%'Wt.

1c21] 21.The method of Claim 14, wherein at least one of the alloying elements is Cr in the

amount of from about 12%Wt 19%Wit.

[c22] 22. A gas shielded welding process comprising:
creating a first weld deposit on a work piece {low alloy stee! roll) usi.ng a welding apparatus
and a first consumable electrode comprising between about 18%Wt and 19%Wt of Ci and
about 0.07%Wt to 0.08Wt% of N, the first weld deposit having about 12% to 13% of Cr; and
creating a second weld deposit over the first weld deposit using the welding apparatus and a
second consumable electrode comprising about 12%Wt to 13%Wt of Cr and about 0.07 to
0.12%Wt of N.

[c23] 23. The process of Claim 22, wherein the composition of the first weld deposit and the second

weld deposit is of the following ranges:
[t3]

{ rmag

13
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1c24] 24. The process of Claim 22, wherein the first electrode comprises a first core and a first

sheath having a composition selected from the following ranges:

[t4]

IElemen/Compund ' ' Percentage of Tmal Wire

[50.0-75.0
100200”””””

{c25] 25.The process of Claim 22, wherein the second electrode comprises a second core and a

14
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second sheath having a composition selected from the following ranges:
[t5]

Elment/Cmpun Pcntag of Tta Wir )

[C26] 26.The process of claim 22, wherein the work piece is a steel mili roll having a diameter of

about 12 inches or iess.

[c27] 27.The method of Claim 14, wherein the work piece is a steel mill roll having a diameter of

about 12 inches or less.

15
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