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(87) Abstract: The present invention provides a flux-cored welding wire comprising a shell having a tubular cavity, which accom -
modates tlux. The shell 1s made of 400 series stainless steels. The deposited metal formed after the welding using the flux-cored
welding wire of the present mvention has more uniform chemical compositions. Because the loss of chromium during the transition
to the deposited metal 1s less than 0.1%, recourses 1s saved and welding cost 1s reduced. The filling ratio of the flux-cored welding
wire of the present invention 1s 5%-25% (preterably 10%-20%). As a result, not only the stability of the compositions in the tlux is
increased, but also the disadvantages to the manufacture process caused by high filling ratio are avoided. The flux-cored welding
wire of the present mvention will not be rusty even after it 1s exposed to the air for a long time. Theretore, it has lower requirements
for storage condition, provides longer storage time and reduces manufacturing cost.
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A flux-cored welding wire, the method for manufacturing the same and

using of the same

Technical Field

The present invention relates to a flux-cored welding wire, and particularly to a
flux-cored welding wire for welding stainless steels, and more particularly to a
flux-cored welding wire for welding 400 series of stainless steels. The present
invention also relates to the method for manufacturing such flux-cored welding wire

and using of it.

Background

In the mndustrial manutfacturing field, welding 1s a basic means of connecting
components made of mron and steel materials. Compared with using a manual
electrode and solid welding wire, a flux-cored welding wire has good technological
property and 1s energy-efficient. Flux-cored welding wires are widely used for
welding components which are made of various steel materials. The welding
property of a flux-cored welding wire depends on the compositions of the shell and
flux. Many of flux-cored welding wire manufacturers have been focused on the
development and improvement of the compositions and formulations of the flux to

improve the welding property of a flux-cored welding wire.
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However, different steel materials have different material properties. Therefore,
a flux-cored welding wire which 1s suitable for welding one kind of steel materials
may not be suitable for welding another kind of steel materials. Moreover, the
manufacturing process for a flux-cored welding wire 1s more complex than that for an
electrode or solid welding wire.  Particularly, the powders of various compositions in
the flux of a flux-cored welding wire should be mixed uniformly and have a high
density; otherwise, the quality of the flux-cored welding wire may suffer. Therefore,
compared with the manufacture for an electrode or a solid welding wire, there 1s a
higher requirement for manufacture machines to manufacture a flux-cored welding

wire and the cost for manufacturing a flux-cored welding wire 1s higher.

Summary of the Invention

The first aspect of the present imvention 1s to provide a flux-cored welding wire
comprises a shell enclosed to form a tubular or circular cavity therein that contains
flux. The stainless steel that 1s used to made the shell contains 10%~18% of Cr by

weight.

The flux-cored welding wire according to the first aspect 1s characterized 1n that,
in the drawing process, the stretching ratio of the stainless steel that 1s used to make

the shell can be selected at 20%, 25% or any value between the range of 20%-30%.

The flux-cored welding wire according to the first aspect 1s characterized in that

the stainless steel that 1s used to make the shell contains no N1 or contains 5% or less

2
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than 5% of N1 by weight.

The flux-cored welding wire according to the first aspect 1s characterized in that
the stainless steel for making the shell 1s any stainless steel in 400 series of stainless

steels.

The flux-cored welding wire according to the first aspect i1s characterized in that

the stainless steel that 1s used to make the shell 1s 409 or 410 type stainless steel.

The flux-cored welding wire according to the first aspect 1s characterized in that

the flux contains 9% ~ 68% of Cr, 1% ~ 10% of Mn and 2% ~ 15% of S1 by weight

and the balance 1s Fe.

The flux-cored welding wire according to the first aspect 1s characterized in that
the weight of the flux 1s 5% ~ 25% of that of the flux-cored welding wire or the filling

ratio 1s 5% ~ 25%, preterably 10%-20%.

The flux-cored welding wire according to the first aspect 1s characterized in that

the deposited metal formed after welding process by using the flux-cored welding
wire has 10% ~ 20% of Cr, 0.1% ~ 0.8% of Mn and 0.1% ~ 1% of S1 by weight of the

deposited metal and the balance 1s Fe.

The flux-cored welding wire according to the first aspect 1s characterized in that
the workpieces made of stainless steel that 1s to be welded by using the flux-cored

welding wire contains 10%~18% ot Cr by weight.

3
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The flux-cored welding wire according to the first aspect 1s characterized in that
the stainless steel for making the workpieces contains no nickel or contains less than

5% of nickel by weight.

The flux-cored welding wire according to the first aspect i1s characterized in that
the stainless steel for making the workpieces 1s a stainless steel selected from the 400

series of stainless steels.

The flux-cored welding wire according to the first aspect 1s characterized in that
the flux-cored welding wire 1s manufactured by drawing for multiple times or two

times.

The flux-cored welding wire according to the first aspect 1s characterized in that
the stretching ratio of the stainless steel that 1s used to make the shell can be selected

at 20%, 25% or any value between the range of 20%-30%.

The second aspect of the present mvention i1s to provide a flux-cored welding
wire that comprises a shell enclosed to form a tubular or circular cavity that contains

flux. The flux contains 9% ~ 68% of Cr, 1% ~ 10% of Mn and 2% ~ 15% of S1 by

weight and the balance 1s Fe.

The flux-cored welding wire according to the second aspect 1s characterized in
that the stainless steel that 1s used to make the shell contains 10%~18% of Cr by

weight.
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The flux-cored welding wire according to the second aspect 1s characterized in
that, during the drawing process, the stretching ratio of the stainless steel that 1s used

to make the shell can be selected at 20%, 25% or any value between the range of

20%-30%.

The flux-cored welding wire according to the second aspect 1s characterized in
that the stainless steel that 1s used to make the shell contains no nickel or contains 5%

or less than 5% of nickel by weight.

The flux-cored welding wire according to the second aspect 1s characterized in
that the stainless steel for making the shell 1s any stainless steel mm 400 series of

stainless steels.

The flux-cored welding wire according to the second aspect 1s characterized in
that the weight of the flux 1s 5% ~ 25% of that of the flux-cored welding wire or the

filling ratio 1s 5% ~ 25%, preterably 10%-20%.

The flux-cored welding wire according to the second aspect 1s characterized in
that the workpieces made of stainless steel that 1s to be welded by using the flux-cored

welding wire contains 10%~18% of Cr by weight.

The flux-cored welding wire according to the second aspect 1s characterized 1n
that the stainless steel for making the workpieces contains no nickel or contains less

than 5% of nickel by weight.

S
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The flux-cored welding wire according to the second aspect is characterized in
that the stainless steel for making the workpieces is a stainless steel selected from the 400

series of stainless steels.

The tlux-cored welding wire according to the second aspect is characterized in
that the weight of the flux is between 5% - 25% of that of the flux-cored welding wire

or the filling ratio is between 5% - 25% preferably between 10% - 20%.

The flux-cored welding wire according to the second aspect is characterized in
that the tlux-cored welding wire 1s manufactured by drawing for multiple times or two

times.

The tlux-cored welding wire according to the second aspect is characterized in
that 1n the drawing process, the stretching ratio of the stainless steel that is used to make

the shell can be selected at 20%, 25% or any value between the range of 20% - 30%

The third aspect of the present invention is to provide a method for manufacturing
the flux-cored welding wire that, as described above, the method comprises the steps of
selecting the steel strip, as described above, or wrapping the flux into the steel strip and

forming the welding wire by drawing the steel strip for multiple times.
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The fourth aspect of the present invention is to provide a method for using the
flux-cored welding wire, as described above, the method comprises the steps of providing

the flux-cored welding wire, as described above, and using the flux-cored welding wire

to weld the workpieces.

Summary of the Invention

In a broad aspect, the invention pertains to a flux-cored welding wire for welding
400 series of stainless steels, comprising a shell enclosed to form a tubular or circular
cavity therein that contains flux. The stainless steel that is used to make the shell
contains 10% to 18% of Cr by weight, and the flux contains 9% to 68% of Cr, 1% to

10% of Mn and 2% to 15% of Si by weight, and the balance is F3.

6a
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Description of Figures

Fig. 1 is a schematic view showing the structure of a flux-cored welding wire
according to the present invention;

Fig. 2 1s a schematic view of the stainless steel strip tor making the flux-cored
welding wire ot the present invention;

Fig. 3 1s a schematic view of the stainless steel strip, which i1s shaped as U
shape with an opening in the top;

Fig. 4 1s a schematic view showing the structure of the U-shaped stainless steel
stripe when its opening is enclosed;

Fig. 5 1s a schematic view showing the cavity of the flux-cored welding wire
after the flux 1s removed from welding wire; and

Fig. 6 1s a sectional view of the flux-cored welding wire (the tlux 1s removed)

of the present invention.

Description of Embodiments

Stainless steel materials are widely used because they have good
corrosion-resistant performance. For example, stainless steel materials are widely

used mm many tields, such as energy, petroleum, chemical, mechanism, building
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decoration, food machinery and medical instrument, etc. Stainless steels are
classified into austenitic stainless steel, ferritic stainless steels, austenitic-ferritic
stainless steels and martensitic stainless steels according to the compositions thereof.
Austenitic stainless steels comprise more than 18% of chromium and more than 8% of
nickel by weight, and small amounts of molybdenum, titantum and nitrogen, etc.
Ferritic stainless steels comprise 12% ~ 30% of chromium by weight, without or with
only a trace amount of nickel. Martensitic stainless steels also do not contain nickel
or only contain a trace amount of nickel. Austenitic-ferritic stainless steels are
stainless steels consisting of austenite and ferrite. Stainless steels can also be

classified into stainless steels with different series numbers, e.g., 200 series, 300 series

g

400 series. Each of series of stainless steels comprises numerous subclasses. The
300 series mainly comprises austenitic stainless steels. The 400 series mainly

comprises ferritic stainless steels and martensitic stainless steels.

Among different kinds of stainless steels, due to the impact from the increased
nickel price as well as the requirements of industrial development, the production of
austenitic stainless steels decreases 1n recent years while the productions of ferritic
stainless steels, chromium-manganese austenitic stainless steels and duplex stainless
steels have mcreased a great deal, and this trend 1s expected to continue. The main
reason for such phenomenon 1s the global shortage of nickel, which 1s also the main
reason for the stubbornly high price of austenitic stainless steels nowadays.
Theretore, because of the unique advantage of ferritic stainless steels that they do not

contain nickel or only contain a trace amount of nickel, the consumption of ferritic

8
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stainless steels has increased year by year, especially in the automobile field, the

consumption percentage of the ferritic stainless steels becomes higher and higher.

There are three main kinds of ferritic stainless steels: the first kind comprises 409,
410 and 420 types of stainless steels contaming 10%-14% of Cr by weight; the second
kind comprises 430 type of stainless steel containing 14%-18% ot Cr by weight; and
the third kind comprises 430711 and 439 types of stainless steels contaming 14%-18%
of Cr by weight as well as Ti, Nb, etc. These three kinds of ferritic stainless steels
have different usages because they have different properties. The first kind of
ferritic stainless steels are the cheapest because ot having the lowest percentage of Cr
therein and suitable to be used 1in environments where no corrosion occurs or slightly
corrosion occurs or in environments where slightly local rust 1s allowed. The 409
type stainless steel of the first kind of ferritic stainless steels 1s mainly used 1n
automotive exhaust systems while the 410 type stainless steel 1s often used 1n
containers, buses and long distance coach cars and sometimes in frames of LCDs.
The second kind of ferritic stainless steels (1.e. the 430 type of stainless steel which 1s
usually most widely used) has a better corrosion-resistance performance because it
comprises more chrommum. The second kind of ferritic stainless steels 1s commonly
used idoors, typically being used in the roller of a washing machine and indoor
panels, etc. Most properties of the second kind of ferritic stainless steels are similar
to those of the 304 type stainless steel so that the former may substitute for the latter
in certain fields for manufacturing, for example, kitchen facilities, dishwashers, pots

and pans, etc. The second kind of ferritic stainless steel has sufficient
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corrosion-resistance performance. The third kind of ferritic stainless steels has good
welding property and formability. In most cases, the properties of the third kind of
ferritic stainless steels are even better than those of the 304 type stainless steel.  The
third kind of ferritic stainless steels are typically used in water flumes, heat exchange
pipes (in the sugar industry and energy field, etc.), automotive exhaust systems
(having a longer life time than those made of the 409 type) and welding parts of
washing machines. The third kind of ferritic stainless steels can even substitute the
304 type for using in those occasions which require better properties. The stainless

steels above-described are defined in the ASTM standard and their compositions can

be found in the ASTM standard.

Welding 1s the common means to connecting different components of a stainless
steel product. In the applications described above, it 1s frequently to connect ferritic
stainless steel workpieces together by welding, especially in the fields of automobile,
pressure vessel and heat exchanger, etc. Welding 1s the most cost effective and
efficient method for connecting metals. For example, welding process 1s frequently
used to weld the 409 type stainless steel workpieces that are used mm automotive

exhaust emission systems.

The mam welding materials for ferritic stainless steels include solid welding
wires and flux-cored welding wires. Owing to the shortcomings of instable electric
arc, large depth of fusion (which easily causes burn-through) and low welding

efficiency, solid welding wires are gradually replaced by flux-cored welding wires.

10
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Theretfore, especially in industrially developed countries, such as Europe, America
and Japan, a flux-cored welding wire 1s a main selection for welding ferritic stainless
steels. The shell of a welding wire for welding territic stainless steels 1s traditionally

made of carbon steel.

In order to better understand the present invention, detailed descriptions will be

given hereiafter with references to the accompanying drawings and embodiments:

Fig. 1 1s a schematic view showing the structure of the flux-cored welding wire 1
of the present invention. As shown m Fig. 1, the flux-cored welding wire 1
comprises a shell 16.  The shell 16 1s 1n tubular (or circular) shape and has a tubular
(or circular) cavity 17 therein (as shown 1n Fig. 5), which contains flux 12 along its
axial direction. In one embodiment, the welding wire 1 can be shaped to have a
diameter of 1.4mm, but other diameters are possible according to practical usages and
requirements. For example, based on usages, the diameter of the tflux-cored welding

wire 1 can be 1.2mm or 1.6mm.

Fig. 2 shows a steel strip 11 for manufacturing the tflux-cored welding wire 1 of
the present mvention, which can be used to weld 400 type stainless steels (including,
but not limited to 409, 410, 420, 430, 430T1 and 439).  In the present invention, the
steel strip 11 can be made of a 400 type stainless steel (including, but not limited to,

409, 410, 420, 430, 430Ti1 and 439).

11
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As shown i Fig. 3, in order to wrap the flux into the welding wire 1 in the
manufacturing process, the steel strip 11 1s mitially shaped mto U-shape to form a
U-shaped groove 14 with an opening 13, through which the flux can be put into the
U-shaped groove 14.

As shown 1n Fig. 4, in the manufacturing process, the U-shaped groove 14 of the
steel strip 11 1s enclosed by overlapping the two edges of the U-shaped groove 14 so
that the steel strip 11 1s wrapped into a round-shaped strip 18 to form the tubular (or
circular) cavity 17 therein. The flux 12 1s wrapped within the round-shaped strip 18.
The round-shaped steel strip 18 1s then drawn by a drawing machine or drawing
machines for multiple times (including two times, three times or more). In the
manufacturing process, the round-shaped steel strip 18 1s usually drawn for two times
so that the round-shaped steel strip 18 becomes tubular-shaped (or circular-shaped)
shell 16, within which the flux 12 1s wrapped. After being drawn multiple times, the
round-shaped steel strip 18 1s drawn into a tubular-shaped (or circular-shaped)
flux-cored welding wire 1 as shown in Fig. 1. In the drawing process, to avoid being
broken and improve yield, the stretching ratio of the steel strip 11 made of 400 series
stainless steels should be selected witnin the range of 20%-30%. The wording
“stretching ratio” here means the ratio between the extended length by stretching and
the origimal length of the strip. Therefore, that 1s to say, in the drawing process, the
ratio of the extended length by stretching and the original length of the steel strip 11

should be controlled within the range of 20%-30%.

12
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Fig. 5 shows a tubular (or circular) cavity 17 that 1s formed mside the shell 16
along the axial direction of the welding wire 1 if the flux 12 were removed from the
welding wire 1. The flux 12 1s uniformly distributed in the tubular (or circular)

cavity 17 of the welding wire along the axial direction of the welding wire 1.

Fig. 6 1s a schematic view showing the cross-section of the flux-cored welding
wire after the flux-cored welding wire 1s drawn by a drawing machine. The flux 12
1s wrapped 1nside the flux-cored welding wire 1 by the shell 16.  As shown 1n Fig. 6,
the cross-section of the welding wire 1 shows a lap joint section 15 on the shell 16,

which 1s formed by overlapping the two edges of the steel strip 11.

To weld workpieces made of different materials, the compositions of the shell
and flux of the welding wire should meet certain requirements. For example, the
material of the shell should meet the requirement for tensile strength to facilitate
manufacture. In addition, to meet amount requirements for the different
compositions of deposited metals m the welding process, the percentages of
compositions 1n the shell or flux or combination thereof should be controlled. For
example, 1f the deposited metal 1s required to be corrosion-resistant, the deposited
metal should contain more than 13% of chromium to satisty most basic requirement

for corrosion-resistant property.

After analyzing, the inventors found that carbon steel and 300 series of stainless
steels all have good stretch pertormance. The stretching ratio tfor 300 series of

stainless steels 1s larger than 40% and that for the carbon steel 1s larger than 36.
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Under the same testing condition, the stretching ratio of 400 series of stainless steels
1s within the range of 20%-30%.  Theretore, even 1f the high end of the stretching
ratio for 400 series of stainless steels and the lower end of the stretching ratio for 300
series of stainless steels were selected, the stretching ratio of 300 series of stainless
steels 1s at least 1.3 times as that of 400 series of stainless steels and the stretching
ratio of carbon stainless steel 1s at least 1.2 times as that of 400 series of stainless
steels. However, when actually selecting a steel material for manufacturing a
flux-cored welding wire, a manufacturer always selects a particular steel material
have a stretching ratio that exceeds the low end for the selected steel material. For
example, 1n actual manufacturing process, the manufacture may select a particular
carbon steel having a stretching ratio of 40%, or may select a particular 300 stainless
steel having a stretching ratio of 45%. Therefore, 1n actual manufacturing process,
a manufacture may select a particular carbon steel or a particular 300 stainless steel
with a stretching ratio 1s much larger than that of 400 series of stainless steels.
Therefore, traditionally, a person skilled in the industry deems 400 series of stainless
steels not suitable to make flux-cored welding wires due to their poor stretch
performance. The stretch performance of 400 series of stainless steels are jointly
determined by compositions, percentages of the compositions, heating process in

smelting production and metallographic structure of the 400 series of stainless steels.

The percentages of the compositions by weight contained 1n regularly used 400

series of stainless steels are as follows:

14
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Steel grade C S1 Mn P S Ni Cr T1 Fe
SC-
409 = 0OCB =<1.0 =1.0 <0.045 =<0.03 0 10.5~11.75 Balance
0.75
410 <O15 <1.0 <1.0 <0.040 <0.03 <0.75 11.5~13.5 0 Balance

(The percentage range of “6*C-0.75" of Ti in the above table means the
minimum percentage of Ti in 409 stainless steel is equal to the value of “6”

multiplying the percentage of C and the maximum percentage ot T1 in 409 stainless

steel 15 0.75.)

After analyzing, the inventors also found that 300 series of stainless steels
contain more than 18% of chromium by weight while 400 series of stainless steels
contain 10%-18% of chromium by weight. In addition, 300 series of stainless steels
contain more than 8% of nickel while 400 series of stainless steels contain less than
5% of nickel by weight or contain no nickel. When using 300series of stainless
steels to a make flux-cored welding wire, the nickel i the shell of the welding wire
will be transferred to the deposited metal in welding process.  Under the condition of
filling ratio being 30%, more than 5.6% of nickel in the deposited metal 1s transterred
from the shell of the flux-cored welding wire. When the deposited metal contains
too much nickel, the flux-cored welding wire 1s not suitable for welding workpieces
made from 400 series of stainless steels. This 1s so because 400 series of stainless
steels contain small percentage of nickel or contain no nickel and too much nickel 1n

the deposited metal makes the compositions of the deposited metal different from or
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not similar to those in the workpieces. Such a difference or non-similarity between
the deposited metal and workpieces not only has negative impact on the welding
performance of the flux, but also cause waste of nickel because 400 series of stainless
steels do not need to contain too much nickel. In addition, 300 series of stainless
steels contain more than 18% of chromium by weight. Therefore, when using the
flux-cored welding wire made from 300series of stainless steels to weld workpieces
made from 400 series of stainless steel, the deposited metal will contain more than

18% of chromium by weight, thus causing waste of chromium.

The shell of the flux-cored welding wire for welding 400 series of stainless steels
has been made of carbon steel for long time because carbon steel has good stretching
performance with stretching ratio being higher than 36%. According to statistical
data, carbon steels have been used to make flux-cored welding wires for at least 30
years. After analyzing, the inventors found that carbon steel contains small amount
of carbon, silicon and manganese but does not contain chromium. In order to meet
the corrosion-resistant requirement for the deposited metal formed after the welding
using a flux-cored welding wire having a carbon steel shell, enough chromium should
be added into the flux to make the deposited metal have more than 13% of chromium
by weight. When using welding wire with carbon steel shell in welding process, 1f
the deposited metal 1s required to have a certain amount of chromium in percentage,
such a requirement can be achieved by controlling/adjusting the percentage of
chromium and the filling ratio of the welding wire. The filling ratio of a flux-cored

welding wire 1s defined as a ratio between the weight of the flux in the welding wire
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per unit length and the weight of the welding wire per unit length. Therefore, if the
deposited metal 1s required to have a certain amount of chromium 1n percentage, when
the filling ratio 1s small, the percentage ot chromium should be large 1n the flux; when
the percentage of chromium in the flux 1s small, the filling ratio should be large. For
example, 1f the deposited metal 1s required to have more than 13% of chromium,
when the filling ratio 1s 15%, the percentage of chromium in the flux should be at
least 86%; even when the filling ratio reaches 30%, the percentage of chromium 1n the
flux should be higher than 43%. Under a filling ratio, if the percentage of chromium

1s high 1n the flux, the percentages ot other compositions in the tflux have to be low.

The filling ratio of the flux-cored welding wire with a carbon steel shell should
reach 20% ~ 30% to ensure that the percentage of the chromium 1n the flux 1s not too
high which may cause the percentages ot other compositions in the flux too low to
meet the mimimum percentage requirements for them. However, when the diameter
of a flux-cored welding wire 1s a fixed value, the higher the filling ratio 1s, the higher
the percentage of the flux relative to the welding wire 1s and the thinner the shell 1s.
When the filling ratio of the flux-cored welding wire with a carbon steel shell exceeds
20%, the thickness of the shell can be reduced to be less than 0.25mm. During
drawing process (particularly 1n multi-time drawing process), shell with small
thickness 1s subject to increased possibility of being broken. Even with a required
stretching rate of 120%, the shell with a thickness of smaller than 0.25mm has
increased probability of being broken 1n drawing process. In standardized

production, flux-cored welding wires 1n different production batches shall have same
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length. The broken welding wires need to be reconnected by welding. However,
the shells of reconnected welding wires are easier broken during subsequent drawing
process. For this reason, once the shell of a flux-cored welding wire 1s broken 1n the
drawing process, the production process 1s interrupted and the yield and production

efficiency 1s reduced, which can cause a lot of waste.

[T filling ratio was reduced to prevent the carbon steel shell from being broken 1n
drawing process, the percentage of the chromium 1n the flux has to be increased to
make the chromium 1n the deposited metal meet the percentage requirement. As a
result, the percentages of other compositions in the flux have to be reduced, which
may cause the problem that the other compositions in the deposited metal cannot meet
the minimum percentage requirements for them. Therefore, when using carbon steel
as the shell tor welding wires, to ensure the percentage of chromium in deposited
metal to meet the percentage requirement, the solution 1s either to reduce the
percentage of other compositions (which may be not acceptable by the percentage
requirements for the compositions in the deposited metal) or to reduce the thickness
of the shell (which may cause problem in drawing process). Therefore, using s

carbon steel to make shells brings problems which cannot be solved.

Compared with the flux-cored welding wire of the present mvention, another
drawback of the flux-cored welding wire with a carbon steel shell 1s that it may easily
get rusty. Therefore, when using the flux-cored welding wire with a carbon steel

shell 1in the welding process, although the deposited metal formed atter the welding 1s
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corrosion-resistant, the carbon steel shell itselt dose not have corrosion-resistant
performance. In storage, the carbon steel shell may get rusty after being exposed to
the air for certain period of time (about two weeks for example). The rusty
flux-cored welding wire can hardly meet the requirements for normal use. It 1s
undoubtedly that the flux-cored welding wire with a carbon steel shell has the
drawbacks of short storage time, high requirements for storage environment and high

use cost, which cannot be overlooked.

Furthermore, compared with the flux-cored welding wire of the present invention,
the third drawback of the flux-cored welding wire with a carbon steel shell 1s the high
loss (which 1s as high as 5%) of chromium during the transition to the deposited metal

in the welding process.

When using the flux-cored welding wire of the present invention in the welding
process, the chemical compositions are more evenly distributed 1n the deposited metal
formed 1n the welding process. The loss of chromium during the transition to the
deposited metal 1s lower than 0.1%, thus saving recourses and reducing welding costs.
The filling ratio of the flux-cored welding wire of the present invention can be
3%-25% (preterably 10%-20%), which can not only increase the stability of the
compositions in the flux, but also avoid the disadvantages to the manufacturing
process caused by the high filling ratio and thin shell. The flux-cored welding wire
of the present invention will not get rusty even though it 1s exposed to the air for a

long time. Therefore, 1t has lower requirements for storage conditions and longer
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storage time, thus reducing manufacturing cost.

One of the embodiments in the present invention uses 410 stainless steel as the

shell of welding wire, which contains the compositions as shown in Table 1.

Table 1: The percentages of the compositions in the selected 410 stainless steel

strip (percentage by weight)

ASTM
0.08~0.15 1.00 1.00 0.040 0.030 .75 11.8 Balance
Hardness Tensile strength Yield strength Stretching ratio
(HV) (Mpa) (Mpa) (%)
<210 =450 =205 20-25

In one of the embodiments 1n the present invention, the flux formula of the flux
1s shown 1n Table 2, in which the shell of the welding wire 1s made from 410 stainless

steels.

Table 2: The tformulas of the fluxes in welding wires (percentages by weight)

Steel grade | Em

of the bod

workpieces | 1me
to be welded | nts Mo S10,
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The percentages of compositions 1n the deposited metals which are formed after

the welding wires i Table 2 are used to welding corresponding stainless steel
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workpieces are shown 1n Table 3. .

Table 3: The percentages of compositions in the deposited metals (percentages by

weight)
Steel grade
of the
workpieces | Emb Cr N Mo Mn S1 Ti Nb Fe
to be odim
welded ents
0.032 11.1 0.009 | 0.032 | 0.51 | 0.44 u Balance

0.033 12.0 | 0.012 ] 0.022 | 038 | 0.56 | 0.75

0.042 11.4 1 0.008 | 0.028 | 042 | 0.31 1.03

400 0.035 11.0 0.006 | 0.015 : 0.29 0.64
0.053 12.6 0.01 0.033 0.52 0.49 0.93
0.033 11.4 0.027 0.44 0.52 0.87
0.046 11.87 0.61 0.024 0.68 0.55

410 0.051 13.3 0.40 0.018 0.70 0.47

10 | 00391 12.64 | 0.46 | 0.030 | 0.66 | 0.40

11 0.066 12.0 0.52 | 0.015 | 0.75 | 0.62

23

SUBMTITUTE SHEET (RULE 26)



CA 02841594 2014-01-13
WO 2013/009951 PCT/US2012/046399

410 12 0.058 | 12.80 | 0.60 | 0.028 | 0.73 | 0.74

0.046 11.7

=
o0

0.68 0.58 | 0.35

AN

0.051

AN
AN

0.54 049 | 0.29

.
Lh
AN
oC

0.039 11.8 0.61 0.42 | 0.32

Balance
410N1Mo |

=)

0.066 11.5

AN

0.52 0.55 | 0.55

0.058 11.0

AN

0.57 0.49 | 0.61

r—
~]

42

.

.
o0

0.058 0.49 0.58 | 0.47

.

0.062 0.55

-

0.051 15.5 | 0.005 | 0.033 0.33 | 0.27

l
0.062 15.5 | 0.003 0.56 | 0.36 0.78
0.053 . 0.002 0.28 | 0.48 0.59
24 1 0.029 14.0 | 0.006 0.38 0.94
2 0.041 15.6 | 0.002 0.32 | 0.28 0.65
26 | 0.037 16.8 | 0.008 0.55 | 0.39 0.88
439 27 1 0.019 17.3 1 0.006 0.41 | 0.59

Oh * * * * *
~] LN o0

W
oo

LA W et \O L2

0.03 0.009 | 0.031 0.62 | 0.53
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439 29 1 0.027 18.8 | 0.008 | 0.031 053 | 048 | 0.79

.

30 | 0.031 17.2 10.009 | 0.035 | 0.33

Balance

31 0.035 0.01 | 0.028 | 042 | 054 | 0.46

32 0.022 17.0 10.007 | 0.039 | 0.51 | 0.28 | 0.57

33 0.018 0.008 | 0.028 | 0.62 | 0.33 | 0.83

The various stainless steels described above are defined in ASTM standard.

To better 1llustrate the present imvention, the comparisons between the
mechanical parameters of 410 stainless steel strip and carbon steel strip are listed as

follows:

Table 4: The exemplary mechanical parameters of 410 stainless steel strip and

carbon steel strip

Tensile strength
Hardmenss (HRB) Yield strength (Mpa) Stretching ratio (%)
(Mpa)
410 stainless steel 90 450 205 20
Carbon steel 66 357 262 42

The above listed mechanical parameters show that, compared with the 410
stainless steel, carbon steel has better processability, which better fits the multiple

drawing process 1n the manufacturing process of flux-cored welding wire. Theretfore
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conventionally, better processability 1s one of the major reasons to select carbon steel

to made the shell of a flux-cored welding wire.

In the conventional production process, however, when manufacturing the
flux-cored welding wire for welding 400 series of stainless steels, if carbon steel 1s
used to make the shell of the flux-cored welding wire, in order to form required
deposited metal (to meet the requirements for corrosion resistance) at the welding
beads, a large amount of flux powders needs to be filled i the shell, which increases
the filling ratio of the flux-cored welding wire. As a result, the carbon steel shell has
to be very thin, which offsets the better processibilty of the carbon steel and makes it
difficult to manufacture flux-cored welding wires.  This 1s because as the filling ratio
increases, the thickness of the carbon steel shell reduces to a certain value (e.g.,
0.25mm).  When the steel strip 1s too thin, 1t will be easily broken during drawing
process. Therefore, when manufacturing the flux-cored welding wire for welding
400 series of stainless steel workpieces, carbon steel strip 1s more frequently broken
during the twice-drawing process, which causes substantial losses, reduces
productivity, and increases manufacturing costs. When using 400 series of stainless
steel to manufacture welding wire for the workpieces made from 400 series of
stainless steel, due to the smaller filling ratio, the thickness of the shell can reach
0.3mm, thus being more suitable to be drawn multi times without being broken in the
drawing process, especially when the stretching ratio 1s controlled within the range ot

20%-30%, particularly at 20% or 25% (after experiment and observation).
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Table 5: The percentages of the main compositions in the selected 409 stainless

steel (percentage by weight)

ASTM

409 0.08 0.8 0.6 0.02 0.015 6*C 10.6 Balance

Tensile strength | Yield strength Stretching ratio
Hardness (HV)

(Mpa) (Mpa) (Vo)

<175 =360 =175 25-30

( The percentage of “6*C” of Ti in the above table means the percentage of Ti

is equal to the value of “6” multiplying the percentage of C.)

Using 409 stainless steel as the shell of the flux-cored welding wire, the formulas

of the fluxes 1n various embodiments are shown 1in Table 6.

Table 6: The formulas of the fluxes i various welding wires having shells made

from 409 stainless steel (percentages by weight)

Steel grade -
of the
. bod
workpieces |
to be e
welded | "0 | cr | Ni | Mo | Mn | i Ti | Nb Si0, | Fe
EECH IRER N R B T T A A
14
P P R N N P P P I O P
s ) ous | | Jasfouw fu | f )
e | f fas] oo Juoo| | |
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The percentages of the compositions in the deposited metals which are formed

after the welding wires shown 1n Table 6 are used to weld their corresponding

stainless steel workpieces are shown 1n Table 7.

Table 7: The percentages of compositions in the deposited metals (percentages by
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weight)

Steel grade

ge
=

of the bod

)
=
Z
<
-
<
-
%
-
Z
o
=y
g

workpieces | ime

welded
36 [ 0.041] 1123 | 0.007 | 0025 | 041 | 035 | 096
0.95
41
42
410 43
44
45

IJ;
=)\

47 10053 1130 | 45 | 055 | 052 | 036 .
d1dNCe
48 1 0.046 [ 12.20 062 | 039 [ 035

0.54

A10NiMo 052 | 028
055 | 045
0.061 | 11.20 0.36

0.055 | 15.60 0.005 0.032 0.36 0.35
0.063 | 15.80 0.004 0.028 0.55 0.32
0.053 | 17.20 0.002 0.031 0.29 0.46

Lh

@) N He N B N Be) N e hlpbhjbhh b jbh ] h

L9

0.68
0.91
0.45

430 0.035 | 16.50 0.008 0.025 0.61 0.5 0.49
0.035 | 15.50 0.012 0.033 0.29 0.36 0.95
0.041 | 17.30 0.009 0.045 0.33 0.39
0.038 | 16.08 0.007 0.026 0.51 0.51 0.74
0.021 | 18.20 0.012 0.036 0.45 0.45 0.63
1 | 0.03 20.10 0.006 0.033 0.38 0.55 0.59
0.02 17.98 0.014 0.021 0.35 0.45 0.82
439 0.031 | 17.50 0.009 0.029 0.32 0.39 0.75

0.035
0.026
0.022

17.00
18.30
17.15

0.008
0.007
0.009

0.028
0.041
0.025

0.46
0.58
0.61

0.52
0.34
0.33

0.64
0.62
0.89

Lh
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Based on analysis, research and testing, the inventors found that, because 400
series of stainless steels contain suitable percentage of chromium, when using the
welding wire made of any type of the 400 series of stainless steel to weld the
workpieces also made of 400 series of stainless steels, in the multi (including two
times, three times or more) drawing process, the welding wire that uses the above flux
formulas 1n Table 2 and Table 6 can achieve the following results, especially when the

stretching ratio 1s controlled within the range of 20%-30%, particularly at 20% or

25%:

1. The deposited metal of the present invention contains 10%-18% of Cr by
weight, which 1s similar to the percentage of the Cr mn the 400 series stainless steel
workpieces to be welded. Therefore, the corrosion-resistance performance of the
deposited metal of the present invention and the 400 series stainless steel workpieces
to be welded are similar and the flux-cored welding wire of the present invention will
not cause Cr waste. In addition, the deposited metal of the present invention will not
excessively contain N1 or contains Ni1.  Therefore, the flux-cored welding wire of the

present mvention will not cause N1 waste.

2. The filling ratio can be controlled in the range of 3%-25% (preferably
10%-20%) and the thickness of the shell can be above 0.3mm, which can greatly
reduce the broken rate on the welding wire m the multi (including two times, three

times or more) drawing process.

3. The present mvention can reduce material costs for making the flux-cored
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welding wire for welding 400 series of stainless steels.  This 1s so because 300series
of staimless steels contain relatively higher percentages of chromium and nickel,
which causes higher prices for 300 series of stainless steels. In addition, 400 series
of stainless steels are standard steels which can be bought from the market without

requiring special order.

4. When using the flux-cored welding wire made from 400 series of stainless
steels to weld the workpieces also made from 400 series of stainless steels, the
difference between the percentages of the compositions i the deposited metal and the
workpieces 1s negligible or small. Therefore, using the flux-cored welding wire ot

the present invention can avoid waste and improve welding quality.

5. The shell made of 400 series of stainless steels of the present immvention
contains 10-18% of Cr by weight. As m one embodiment of the present invention,
the 410 stainless steel shell of the present invention comprises 11.5%-13.5% of Cr and
in another embodiment of the present imvention, the 409 stainless steel shell of the
present mvention comprises 10.5%-11.75% ot Cr. However, the carbon steel strip
does not comprise Cr.  When using the flux-cored welding wires with the two
different shells (1.e., carbon steel shell or staimnless steel shell), both of the deposited
metals formed after the welding can comprise 10%-19% ot Cr. However, welding 1s
an energetic metallurgical reaction, during which the welding wire melts so as to
transfer molten liquid metals to the workpieces to be welded. Therefore, during the

welding process, the molten liquid metals will contact with gas medium and be
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partially burnt. Experiments show that, when the flux-cored welding wire with a
carbon steel shell 1s used 1n the welding process, at least 0.5% of Cr (by weight of the
flux-cored welding wire) will be lost. By comparison, when the flux-cored welding
wire with stainless steel shell 1s used 1n the welding process, less than 0.1% of Cr will
be lost. In addition, because the shell made from carbon steel contains only small
percentages of compositions required by deposited metal (except iron), the metal
compositions (except iron) required in the deposited metal are added mto the flux to
meet the percentage requirements for them, which causes relatively larger lose of the
compositions during welding process. Moreover, under practical working condition
where shield gas exists, the gap of Cr loss rate between these two kinds of welding
wires (1.e., with carbon steel shell or with stainless steel shell) will be even greater.
For any countries (especially China) that are short of Cr and Ni resources, the
flux-cored welding wire of the present mnvention 1s a solution to solve this problem.

6. In embodiments of the present invention, because the flux-cored welding wire
1s made of 400 series of stainless steels, the chemical compositions are more
uniformly distributed 1n the deposited metal formed after the welding. The filling
ratio of the flux-cored welding wire with a 400 series stainless steel shell 1s 5%-25%
(preferably 10%-20%). The higher filling ratio means that more powders are
wrapped 1n the welding wire and the compositions in the flux are more unstable. As
a result, the chemical compositions of the deposited metal are more unstable. The
lower filling ratio means that few powders are wrapped in the welding wire and the

compositions 1n the flux are more stable. As a result, the chemical compositions of
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the deposited metal are more stable.

7. The flux-cored welding wire with a 400 series stainless steel shell of the
present mvention has a good anti-rust property.

A flux-cored welding wire which 1s made of carbon steel strip 1s easy to rust. A
normal flux-cored welding wire, which 1s made of carbon steel strip, becomes rusty
after being exposed to the air for about two weeks.  Rusty welding wires can hardly
meet the requirements for normal use. However, the 400 series of stainless steels
have a corrosion-resistant property. Theretfore 1t effectively solves the rust problem,
thus substantially lowering the requirements for storage conditions of the flux-cored
welding wire, and extending the storage time of the tflux-cored welding wire.

8. The flux-cored welding wire with a 400 series stainless steel shell of the
present invention has a small resistance.

The flux-cored welding wire with a 400 series stainless steel shell of the present
invention has a small resistance, thus improving the welding property of the
flux-cored welding wire.

9. The inventors noticed that 400 series of stainless steels are more widely used
in industry and this trend 1s expected to continue. Therefore, the tflux-cored welding

wire of the present invention has high use value and good market prospect.

The embodiments of the present mmvention are used to 1llustrate the mvention and
are not intended to limit the scope of the claims. It 1s understood that many
variations and modifications will occur to those skilled in the art and the appended

claims are intend to cover all such variations and modifications as fall within the
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scope of the present invention.
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WHAT IS CLAIMED IS:

1. A flux-cored welding wire (1) for welding 400 series of stainless steels, comprises:

a shell (16) enclosed to form a tubular or circular cavity (17) therein that contains flux
(12), wherein the stainless steel that is used to make the shell (16) contains 10% to 18% of Cr
by weight,

wherein the flux (12) contains 9% to 68% of Cr, 1% to 10% of Mn and 2% to 15% of
S1 by weight and the balance is Fe.

2. The tlux-cored welding wire of claim 1, wherein:

the stainless steel that is used to make the shell (16) contains 0 to 5% Ni by weight.

3. The flux-cored welding wire of claim 1, wherein:

the stainless steel for making the shell (16) is any stainless steel in 400 series of stainless

steels.

4, The flux-cored welding wire of claim 1, wherein:

the stainless steel that is used to make the shell (16) is 409 or 410 type stainless steel.

5. The flux-cored welding wire according to claim 1, wherein:

the weight of the flux (12) is 5% to 25% of that of the flux-cored welding wire.

6. The flux-cored welding wire according to claim 1, wherein the filling ratio is 5% to
25%.
7. The flux-cored welding wire according to claim 6, wherein the filling ratio is 10% to
20%.
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8. The flux-cored welding wire according to claim 5, wherein:

the stretching ratio of the stainless steel that is used to make the shell (16) is selected

between the range of 20% to 30%.

9. A method for manufacturing the flux-cored welding wire as set forth in any one of claims
1-8 comprising:

selecting a steel strip (11) to form the shell (16);

wrapping the flux (12) into the steel strip (11); and

forming the shell and welding wire (1) by drawing the steel shell for multiple times.

10.  The method for manufacturing the flux-cored welding wire according to claim 9, wherein

the drawing of the steel shell has a stretching ratio of the steel shell between the range of 20%
to 30%.
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Fig. 2

SUBMTITUTE SHEET (RULE 26)
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Fig. 4

SUBMTITUTE SHEET (RULE 26)
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