DESCRIPTION

FLUX FOR SUBMERGED ARC WELDING

Technical Field

[

(00011
The present invention relates to a flux for use in submerged

arc welding. More specifically, the present invention relates

to a high-temperature sintered flux.

Background Art
[0002]
Fluxes for use in submerged arc welding are mainly
classified into a fused flux and a sintered flux in terms of the
15 form of flux. The fused flux is manufactured by melting various
materials in an electric furnace and the like and crushing them.
Whereas, the sintered flux is manufactured by bonding various raw
materials with a binder, such as alkaline silicate, granulating
them, and sintering the granules.
20 {0003]

In general, the sintered fluxes are further classified,
depending on the sintering temperature, into a low-temperature
sintered flux produced by sintering at 40C to 600°C and a
high-temperature sintered flux produced by sintering at 600 to

25 1,200°C. The low-temperature sintered flux has been
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conventionally studied from various aspects to reduce the
diffusion of hydrogen into a weld metal (see Patent Documents 1
to 3). For example, Patent Documents 1 to 3 disclese a technique
in which the ratio of carbonates to the flux is set in a specific
range, thereby generating CO; gas during welding, thus reducing
a partial pressure of H; gas.

(0004]

To improve moisture absorption properties without using
carbonates, another means is proposed to reduce a hydrogen content
in the weld metal by specifying an A value, which is a
characteristicvaluemainiyderived froma flux component, as well
as the maximum value of a specific surface area of the flux (see
Patent Document 4). Whereas, in the high-temperature sintered
flux, a technique is proposed to decrease the content of diffused
hydrogen by specifying the kind of material, such as a basic oxide,
an alkali metal fluoride and an acid oxide, as well as a content
thereof (see Patent Document 5).

[Prior Art Document]
[Patent Document]
[0005]

Patent Document 1: JP 49-70839 A

Patent Document 2: JP 53-95144 A

Patent Document 3: JP 51-87444 A

Patent Document 4: JP 9-99392 A

Patent Document 5: JP 62-68695 A
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Disclosure cf the Invention
Problems to be Solved by the Invention
[0006]

However, the above-mentioned technique for reducing the
diffusion hydrogen content in the sintered flux has the following
problems. First, in the low-temperature sintered flux with the
carbonates added, as mentioned in Patent Documents 1 to 3, the
use of a DC welding power source increases the consumed amount
of the flux, promotes the decomposition of the carbonates,
compared to the use of an AC welding power source, and coarsens
the surfaces of beads because of large amounts of CO gas and CO;
gas generated during the welding. Further, such a flux has the
problem that pockmarks are generated, thereby degrading the outer
appearance and shape of beads.

[0007]

The technique disclosed in Patent Document 4 handles MnO
as a hydrate component, regarding the A value which is an index
of the hydration properties. However, MnO can become
non-hydrated component, in combination with other flux components.
In the technique disclosed in Patent Document 4, the specific
surface area of the flux is reduced. However, the specific
surface area of the flux drastically affects the shieldproperties
of aslagduringwelding. Specifically, when the specificsurface

area of the flux 1s reduced, the shield properties of the slag
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might be degraded, thus increasing a nitrogen content in the weld
metal, reducing the toughness of the weld metal.
[0008]

Whereas, in the technique disclosed in Patent Document 5
regarding the high~-temperature sintered flux, flux components are
designedmainly to be compatible with the AC welding power source.
However, this technique does not take into consideration the
degradation in welding workability that would be most afraid of
in the use of the DC welding pcwer source. That is, in the flux
disclosed in Patent Document 5, the use of the DC welding power
source does not gain the substantially same effects as that in
use of the AC welding power source.

[0009]

Accordingly, it is a main object of the present invention
to provide a flux for submerged arc weiding that has good welding
workability and can reduce the diffusion hydrogen content in a

weld metal in the use of either the AC or DC welding power source.

Means for Solving the Problems
(0010}

A flux for submerged arc welding according to the present
invention includes: Al;03: 15 to 35% by mass; SiO;: 10 to 30% by
mass; MgO: 10 to 25% by mass; F (in terms of CalF;): 10 to 25% by

mass; Mn (in terms of MnO): 3 to 20% by mass; Na (in terms of Na-O)

and/or K (in terms of K:0): 0.5 to 4.5% by mass in total; and Fe
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(in terms of FeO): 0.5 to 8% by mass, in which a CaO content is
restricted to 6% by mass or less, a water-soluble SiO; is
restricted to less than 1% by mass, and the flux satisfies the
following formula 1:
[0011]
[Formula 1]

0.2 £ [MgO]/([Al,04] + [MnO]) £ 0.8
where [Al,03] is an Al,0; content, [MgO] is an MgO content, and
[MnO] is an Mn content (in terms of MnO).
[0012]

The flux for submerged arc welding further includes:Ti0-:
8% by mass or less, in which the flux can have the composition
that satisfies the following formula 2:
r0013]
[Formula 2]

0.2 < [MgO]/([Al,05] + [MnO] + [Ti0,]) < 0.8
where [Ti10,] is a TiO; content.
[0014]

In the flux for submerge arc welding in the present invention,
a C content may be restricted to 0.2% by mass or less.

The flux for submerge arc welding in the present invention

is sintered, for example, at a temperature of 800°C or higher.

Effects of the Invention
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According to the present invention, since the contents of
respective components are specified, and the ratic cf the Mg
content to the total contents of Al and Mn is set in a specific
range, the flux for submerged arc welding can have good welding
workability and reduce the diffusion hydrogen content in the weld

metal in the use of either the AC or DC welding power source.

Brief Description of the Drawings
[0016]
Fig. 1 is a diagram showing the shape of a groove in a test

specimen used at a welding test in Examples.

Mode for Carrying Out the Invention
[0017]

Embodiments for carrying out the present invention will be
described in detail below. The present invention is not limited
to the embodiments mentioned below.

[0018]

The inventors have diligently studied by experiments to
solve the above-mentioned problems and found out the following.
When using the DC welding power source, to keep the slag
removability adequate, the content of Si0, in the flux should be
reduced as much as possible. Regarding MgO, unless the amount
of added Mg0O 1s set more than that in the flux mentioned in Patent

Document 5, the slag removability cannot be improved.
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[0019]

A flux for submerged arc welding accerding to the embodiment
of the present invention (hereinafter simply referred to as a
“flux”) is restricted such that a SiO, content is in a range of
10 to 30% by mass, an MgO content is in a range of 10 to 25% by
mass, and a hydrate Sidz content is less than 1% by mass. In the
flux of the present embodiment, each components are adjusted to
satisfy the formula 3 below:

[0020]
[Formula 3]

0.2 £ [MgO]/([Al:05] + [MNnO]) £ 0.8
where [Al1,0;] 1s an Al;Cy content, [MgO] is an MgO content, and
[MnO] is an Mn content (in terms of MnO).

[0021]

The reason for restricting the composition of the flux in
the present embodiment will be described below. The content of
each component in the flux of the present embodiment is a value
obtained by converted a value quantified by a method defined by
JIS 7 3352, in terms of oxide or fluoride, unless otherwise
specified.

[0022]
[A1,03: 15 to 35% by mass]

Al,03 is a component for adjusting the viscosity and melting
point of molten slag and has an effect of improving the shape of

a bead during welding. However, when the Al,03; content 1s less
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than 15% by mass, the above-mentioned effect cannot be
sufficiently obtained. Whereas, when the Al;0; content exceeds
35% by mass, the melting point of the molten slag becomes
excessively high, thus degrading the shape of the bead in welding.
Therefore, the Al,03 content is set at 15 to 35% by mass.
[0023]

From the perspective of adjusting the viscosity andmelting
point of the molten slag, the Al,0; content is preferably 20% by
mass or more, andmore preferably 23% bymass or more. Furthermore,
from the perspective of the appropriate melting point of the
molten slag, the Al;0; content is preferably 30% by mass or less,
and more preferably 28% by mass or less. This restriction can
further improve the shape of the bead.

[0024]

Here, the term “Al:0; content” as used herein means a value
obtained by expressing, in terms of Al,0;, the whole Al content
in the flux that is determined by analysis with a method defined
by JIS Z 3352 {e.g., JISM 8220 and the 1like). The whole Al content
measured by this method sometimes contains other components, such
as AlFs, inaddition to A1:03. However, the contents of these cther
components are very little. Thus, the Al,;03 content (the whole
Al content in terms of Al,03) set in the above-mentioned range
does not affect the effects of Al,05.

[0025]

[S1i0,: 10 to 30% by mass]
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S10; has the effect of mainly improving the outer appearance
and shape of the bead by imparting the appropriate viscosity to
the molten slag. However, when the Si0O, content is less than 10%
by mass, the above-mentioned effect is not sufficiently obtained,
thus degrading the outer appearance and shape of the bead. When
the S10. content exceeds 30% by mass, which means that the Si0,
content becomes excessive, the slag removability is degraded, and
burning of the slags onto a weld bead becomes severe. Therefore,
the S10; content is set at 10 to 30% by mass.

[0026]

From the perspective of improving the outer appearance and
shape of the bead, the Si0; content is preferably 15% by mass or
more, and more preferably 18% by mass or more. Furthermore, in
view of the appropriate viscosity of the molten slag, the Si0,
content 1s preferably 25% by mass or less, and more preferably
22% by mass or less.

[0027]

1"

Here, the term “$iC, content” as used herein means a value
obtained by expressing, in terms of S5i0;, the whole Si content
in the flux that is determined by analysis with the method defined
by JIS 7 3352 (e.g., JISM8214 and the 1like}. The whole Si content
measured by this method scmetimes contains other components in
addition to 5i0;, including a Si added in the form of an alloy,

such as a Fe-Si alloy. However, the 3510, content (the whole Si

content in terms of Si0;) set in the above-mentioned range does
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not affect the effects of SiC; mentioned above.
[0028]
[MgO: 10 to 25% by mass]

MgO is a component that significantly contributes to
improving the slag removability, and thus is essential for
ensuring the adequate slag removablility regardless of the type
of a welding power source. However, when the MgO content is less
than 10% by mass, the effect of MgO cannot be sufficiently obtained.
Whereas, when the MgO content exceeds 25% by mass, the shape of
the bead is degraded, whereby defects, including slag inclusion,
lack of fusion, and undercut, are more likely to coccur, depending
on the type of the welding power source. In particular, in the
AC welding power source, the welding defects, such as the slag
inclusion and the lack of fusion, menticned above, occur
remarkably. Therefore, the MgO content is set at 10 to 25% by
mass.

[0029]

From the viewpoint of improving the slag removability, the
MgO content is preferably 13% by mass or more, and more preferably
15% by mass or more. Furthermore, from the perspective of
suppression of occurrence of the defects, the MgO content is
preferably 25% by mass or less, and more preferably 22% by mass
or less.

[0030]

Here, the term “MgO content” as used herein means a value
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obtained by expressing, in terms of MgO, the whole Mg content in
the flux that is determined by analysis with the method defined
by JIS Z 3352 (e.g., JISM 8222 and the like). The whole Mg content
measured by this method sometimes contains other components, such
as MgF., in addition to MgO. However, the contents of these other
components are very little. Thus, the MgO content (the whole Mg
content in terms of MgO) set in the above-mentioned range does
not affect the effects of MgO mentioned above.

[0031]

[F (in terms of CaF,): 10 to 25% by mass]

A fluoride, such as CaF,;, has the effect of enhancing the
electric conductivity and fluidity of the molten slag. The
fluoride is one of components that affect the high-temperature
viscosity of the molten slag. This effect is in proportion to
the I content, like CaO to be mentioned later. Specifically, the
F content (in terms of Cal:) of less than 10% by mass cannot
sufficiently exhibit the above-mentioned effect, and cannot also
expect another effect of promoting exhaust of CO gas from the
molten slag to improve resistance to pockmark.

(00321

Whereas, when the F content (in terms of Cal,) exceeds 25%
by mass, the fluidity of the molten slag becomes excessively high,
thereby degrading the shape of the bead. Thus, the I content (in
terms of CaF;) is set at 10 to 25% by mass. From the viewpoint

of improving the resistance to pockmark, the F content (in terms
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of CaFy) 1is preferably 13% by mass or more, and more preferably
15% by mass or more. Furthermore, fromthe viewpolint of improving
the shape of the bead, the F content (in terms of Calf,) is
preferably 22% by mass or less, and more preferably 20% by mass
or less.

[0033]

Here, the term “F content” as used herein means a value
obtained by expressing, in terms of CafF,, the whole F content in
the flux that is determined by analysis with the method defined
by JIS Z 3352 (e.g., JISK 1468-2 and the like). The fluoride
component in the flux of the present embodiment is mainly Car:,
but sometimes includes AlF;, MgF;, etc., in addition thereto. The
F content (the whole F content in terms of Cal-) in the
above-menticned range does not affect the aforesaid effect of the
fluoride.

[0034]
[Mn (in terms of MnO): 3 to 20% by mass]

Mn is a component affecting the viscosity and
solidification temperature of the molten slag, while improving
the resistance to pockmark. Mn is added, mainly in the form of
oxide, such as MnO, MnO;, and Mn;0;. Among various forms,

v, the addition of Mn in the form of manganese monoxide

*.._l
Q.

particular
(MnO) exhibits the effectiveness of Mn. When the Mn content (in
terms of MnO) is less than 3% by mass, the effects of the Mn cannot

be sufficiently exhibited. When the Mn content exceeds 20% by
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mass, the slag becomes brittle, degrading the slag removability.
Thus, the Mn content (in terms of MnO) is set at 3 to 20% by mass.
[0035]

In view of improving the resistance to pockmark, the Mn
content (in terms of MnO) is preferably 6% by mass or more, and
more preferably 8% by mass or more. Furthermore, from the
viewpoint of improving the slag removability, the Mn content (in
terms of MnC) ispreferably 15%bymass or less, andmore preferably
12% by mass or less. Here, the term “Mn content” as used herein
means a value obtained by expressing, in terms of MnO, the whole
Mn cdntent in the flux that is determined by analysis with the
method defined by JIS Z 3352 (e.g., JIS M 8232 and the like).
[0036]

[Na (in terms of Na,0) and/or K (in terms of K;0): 0.5 to 8.

(@3]

by mass in total]

Na and K are components that mainly affect the arc stability
and moisture absorption properties of the flux in welding. Na
and K are added, mainly in the form of oxide, such as Na;0 and
K:O. However, when the total of the Na content {(in terms of Na;O0)
and the K content (in terms of K,0) is less than 0.5% by mass,
the arc voltage in welding becomes unstable, thus degrading the
outer appearance and shape of the bead.

[0037]

Whereas, when the total of the Na content (in terms of Na:0)

and the K content (in terms of K;0) exceeds 8.5% by mass, the
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moisture absorption properties of the flux are degraded, and the
arc becomes too strong and unstable, which degrades the outer
appearance and shape of the bead. Thus, the total of the Na
content (in terms of Na,0) and the K content (in terms of K,0)
is set at 0.5 to 8.5% by mass. The flux of the present embodiment
may have at least one of Na and K added thereto.

[0038]

From the perspective of stabilizing the arc voltage, the
total of the Na content (in terms of Na,0) and the K content (in
terms cf Ky0) 1is preferably 1.5% by mass or more, and more
preferably, 2.5% by mass or more. Furthermore, in view of the
moisture absorption properties of the flux, the total of Na
content (in terms of Na,0) and the K content (in terms of K,0)
is preferably 6.5% by mass or less, and more preferably 5.5% by
mass or less.

[0039]

Here, the term “Na content and K content” as used herein
means a value obtained by expressing, in terms of NaO and K0,
respectively, the whole Na content and whole K content in the flux
that are determined by analysis with the method defined by JIS
Z 3352 (e.g., JIS M 8852 and the like). The Na component and K
component of the flux in the present embodiment are mainly Na,0
and K,;0, respectively, but sometimes include NaAlSizOg, KA1SisOg,
and the like in addition thereto.

[0040]

- 14 -
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[Fe (in terms of FeO): 0.5 to 8% by mass]

Fe has the effect of promoting deoxidation phenomenon to
enhance the resistance to pockmark, and is added, mainly in the
form of metal powder made of Fe-3Si and the like. When the Fe
content (in terms of FeO) is less than 0.5% by mass, particularly,
in the use of the DC welding power source, the above-mentioned
effect cannol be suffliciently obtained in proportion to the amount
of presence of Fe. Whereas, the Fe content (in terms of FeO)
exceeding 8% by mass affects the solidification temperature of
the slag, thus degrading the outer appearance and shape of the
pvead and the siag removability. Therefore, the Fe content (in
terms of FeO) 1s set at 0.5 to 8% by mass.

[0041]

t

In view of the resistance to pockmark, the Fe content (in
terms of FeO) is preferably 1% by mass or more, and more preferably
2% by mass or more. Taking into consideration the influence on
the solidification temperature of a slag, the Fe content (in terms
of FeO) is preferably 6% by mass or less, and more vreferably 4%
by mass or less.
[0042]

Here, the term “Fe content” as used herein means a value
obtained by expressing, in terms of FeO, the whole Fe content in
the flux that is determined by analysis with the method defined

by JIS Z 3352 (e.g., JIS M 8202 and the like). The Fe content

sometimes covers, in addition to the Fe content added as the metal
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powder, the content of FeO, Fe;0;, Fes04, etc., that is added as
inevitable impurities.

[0043]

[Ca0 (corresponding value): 6% by mass or less]

CaO is a component that increases the basicity of the slag,
thereby enhancing the cleaning degree of weld metal, and also
affects the fluldity of the molten slag. CaO exhibits tLhe
aforesaid effects in proportion to the amount of presence of CaO.
However, when the Ca0 content exceeds 6% by mass, the fluidity
of the molten slag becomes excessive to degrade the outer
appearance and shape of the bead. Therefore, the Cal content is
restricted to 6% by mass or less.

[0044]

From the perspective cf the fluidity of the molten slag,
the Ca0O content is preferably 4% by mass or less, and more
preferably 3% by mass or less.

[0045]

The flux in the present embodiment includes Cal’; mentioned
above, as a Ca component, in addition to CaO. Here, the term “CaO
content” as used herein means a corresponding value determined
from the whole Ca content and the whole F content that are obtained
by analysis with the method defined by JIS Z 3352. Thus, if the

Caf; content is very large, a Ca0 content can pe zero {0) according

N

to JIS 7Z 3352 in some cases.

[0046]
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[Water-soluble Si0,: less than 1% by mass]

As the content of water-soluble Si0; is 1% by mass or more,
the resistance to moisture absorption of the flux is degraded,
and the diffusion hydrogen content of the weld metal is increased.
Therefore, the water-soluble Si0O; content is restricted to less
than 1% bymass. Fromthe perspective cf improving the resistance
to moisture absorption and reducing the diffusion hydrogen
content, the water-soluble S10; content is preferably 0.8% by mass
or less, and more preferably 0.6% by mass or less.

[0047]

The water—-solupble 510, is derivedmainly froma binder, such
as liquid glass. To reduce its content, it is effective to sinter
the flux at a temperature equal to or higher than a temperature
at which the binder i1s less likely to absorb moisture.
Specifically, the sintering temperature is most preferably set
at 800°C or higher.

[0048]

The water-soluble Si0; content in the flux can be measured
by the following method. First, the flux was crushed into a
particle size of 300 um or less by a vibrational mill, followed
by sampling about 0.2g of each specimen for measurement therefrom
(step 1). Then, the above-mentioned specimen and 100 ml of
distilled water were charged into a conical flask made of quartz,
and boiled for 4 hours, thereby extracting a soluble component

{(step 2). After leaving the extracted sclution for 12 hours or
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more, precipitates, floating substances and the like in the
extracted solution were removed, and then the Si content is
quantified by an absorption photometry (step 3).
[0049]

Here, the term “water-soluble Si0;” as used herein means
a value obtained by expressing, in terms of Si0O,, the whole Si
content in the flux determined by analysis using the method
mentioned above, but is discriminated from the above-mentioned
whole Si0; and has its content specified.
10050
[ (MgO]/ ([R1;05] + [MnO]) : 0.2 to 0.8]

The respective contents of MgO, Al1,04, and Mn are specified.
Further, the flux in this embodiment also specifies the ratio of
the MgO content to the total of the Al1;,0- content and the Mn content

(in terms of MnO) (= [MgO]/{[A1;0:] + [MnO])).

The inventors have studied by experiments about the
moisture absorption properties and welding workability of the
flux with MgO added thereto, and found out that the ratio of the
MgO content to the total of the Al;0; content and Mn content (in
terms of MnO) (= [MgO]/([A1,05] + [MnO])) significantly affects
the moisture absorption properties and welding workability. For
example, in the use of the DC welding power source, the flux
consumption is increased, compared to the use of the AC welding

power scurce. Thus, the Si content in the weldmetal is increased
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to drastically degrade the slag removability. Here, the slag
removability can be improved by addition of MgO.
[0052]

However, since MgO has excellent hydration properties, the
addition of MgO into the flux degrades the moisture absorption
properties, thereby increasing the diffusion hydrogen content in
the weldmetal. Whereas, AL;0; and M are non-hydrous components,
and have the great effect of improving the moisture absorption
properties if being added. Unlike the technical knowledge in the
related art, it is found out that among them, Mn is used in
combination with Al:0; to exhibit the effect of improving the
moisture absorption properties of the flux to contribute to
decreasing the diffusion hydrogen content.

[0053]

When [[MgO]/([Al;03] + [MnO]) is less than 0.2, the slag
removability 1is drastically degraded during welding by the DC
welding power source. When [[MgO]/ ([Al,03] + [MnO]) exceeds 0.8,
the moisture absorption properties are degraded, thus increasing
the diffusion hydrogen content in the weld metal. The amount of
each component added is adjusted such that the ratio of
[MgOl/ ([RA1:0:] + [MnO]) is in a range of 0.2 to 0.8. Thus, the
degradation in moisture absorption properties can be suppressed.
10054]

[Ti0z: 8% by mass or less]

The flux of this embodiment may contain TiO:, in addition
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to the above-mentioned components. TiO, is a component that is
effective in improving the slab removability and has the effect
of making the shape of the bead better. Part of TiO, is converted
into Ti by a reduction reaction in welding, and this Ti is added
into the weld metal, contributing to improving the toughness of
the flux.

[0055]

The above-mentioned effect is in proportion to the amount
of presence of TiO, (Ti0; content). When the upper limit of TiO;
content exceeds 8% by mass, the shape of the bead is degraded.
The lower limit of TiO; content is not specifically limited, but
is preferably 1% by mass or more from the viewpoint of the slag
removability and the bead shape.

[0056]

When TiO; is added to the flux, the following formula 4 is
preferably satisfied. Thus, the addition of TiO; in this way can
enhance the effect of further improving the welding workability
by the DC welding power source while reducing the diffusion

hydrogen content in the weld metal. [Ti0;] in the following

0.2 £ [MgO]/([A1l,03] + [MnO] + [Ti0;]) £ 0.8

Here, the term “Ti0, content” as used herein means a value
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obtained by expressing, in terms of TiO;, the whole Ti content
in the flux that is determined by analysis with the method defined
by JIS Z 3352 (e.g., JIS M 8229 and the like).

[0059]

[C: 0.2% by mass or less]

C is derived from a carbonate included as an impurity in
each rawmaterial of the flux, and inevitably introduced Lhereinto.
Whereas, in the use of the DC welding power source as mentioned
above, thc consumption of the flux is increased, and the
decomposition of the carbonate is further promoted, compared to
the use of the AC welding power source. Thus, even if the C content
is very small, a large volume of CO gas and CO; gas is generated
during welding, leading to degradation in the resistance to
pockmark and the outer appearance and shape of the bead. Thusg,
to prevent the degradation in welding workability, the C content
in the flux 1is preferably reduced to 0.2% by mass or less.
[0060]

In particular, from the perspective of improving the
resistance to pockmark, the C content is preferably restricted
to 0.1% by mass or less, and more preferably 0.05% by mass or less.
To keep the resistance to pockmark adequate, the C content is
preferably as small as possible. The term “C content” as used
herein means a value determined by analysis with the method
defined by JIS Z 2615 {(e.g., JIS M 8219 etc.)

[0061]
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[Other components}

Other components except for the above-mentioned components
in the flux of the present embodiment include Zr, Ba, Li, P and
S. 2Among these inevitable impurities, each of Zr, Ba and Li is
preferably restricted to 1.0% by mass or less, and particularly,
each of Pand S that affect the quality of weld metal is preferably
restricted to 0.05% by mass oz less.

[0062]
[Manufacturing Method]

When manufacturing the flux in the present embodiment, for
example, the raw material powder 1s blended to have the
above-mentioned composition, thenmixed and kneaded together with
a binder, granulated, and sintered. At this time, for example,
agueous solutions, such as pelyvinyl alcohol, and ligquid glass
can be used as bonding agents (binders). Granulation methods are
not specifically limited, but may preferably include method using
a rolling granulator, an extrusion granulator and the like.
[0063]

Further, the granulated flux is preferably subjected to
grain-size regulation, including dust removal and crushing of
coarse grains, to have grains with a grain size of 2.5 mm or less.
Whereas, the sintering process after the granulation can be
performed by a rotary kiln, a stationary batch furnace, a belt
baking furnace and the like. The sintering temperature at this

time can be set, for example, at 600 to 1,200°C. From the
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viewpoint of making the binder less likely to absorb moisture as
mentioned above, the sintering temperature is preferably set at
800°C or higher.

[0064]

As mentioned above in detail, the flux cf the present
embodiment sets the content of each component in a corresponding
specific range, and adjusls the contents of the respective
components such that the ratio of the Mg content to the total of
the Al content and Mn content fallswithin a specific range. Thus,
even if the welding power source is of either the AC or DC type,
it is possible tomake the weldingworkability better and to reduce

the diffusion hydrogen content in the weld metal.

—

Examples

[
(@]
N
ul

The effgcts of the present invention will be specifically
described by way of Examples and Comparative Examples of the
present invention. In Examples, submerged arc welding tests were
performed using steel plates shown in Table 1 below and wires shown
in Table 2 while the steel plates have the shape of a groove shown
in Fig. 1, under welding conditions (A or B) shown in Table 3 below.
The performances of the fluxes in Examples shown in Table 4 below
and in Comparative Examples shown in Table b below were evaluated.
In Examples, raw materials were blended to have the compositi

b

on

(

shown in Tables 4 and 5, then mixed and kneaded together with a
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binder (liquid glass), granulated, and further sintered using a

rotary kiln at the temperatures shown in Table 4 and 5

below,

followed by the grain-size regulation, whereby the fluxes having

the grain size of 2.5 mm or less were obtained.

[0066]
[Table 1]
Plate thickness Composition (% by mass)
(mm) C Si Mn P S
25 0.16 | 0.35 | 1.32 | 0.007 | 0.001
[0067]
[Table 2]
Composition (% by mass)
C Si Mn P
0.14 0.01 1.93 0.012 | 0.005
{0068]
[Table 3]
Welding |Arc voltage; Welding |Wire extension Interpass
No. | Polarity
current (A) V) speed (cpm) (mm) temperature (°C)
A DC-EP 550 30 42 30 <150
AC 550 30 ) 42 30 <150
[0069
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[Table 4]

Flux composition (% by mass) Sintering

SiO, : Na+ Water-soluble| . M (I){M (I)|temperature
AlOs 25+ derived| Minerarderived | Total] M9°| F [Mn| 'k | Fe €30 5o, |TOz © e o
1] 26 4 16 20 | 15 |20 10| 25] 3 | 2 0.4 2 | 0.013 ] 0.42]0.39 850
2| 35 4 7 1] 17 (19 10| 26 3 | 1 0.4 2 | 0.016 ] 0.38 | 0.36 850
3] 16 4 25 20 | 19 |18 9 | 24| 3 | 2 0.4 2 10.025]|076] 070 850
4| 34 4 15 19 | 10 |18 | 10| 24| 3 | 2 0.4 2 | 0.023]023]022 850
5 16 4 15 19 | 25 |17 13| 24| 3 | 2 0.5 3 [ 0.019] 086 0.78 850
6| 34 4 14 8] 19 |11 9 |24 3 | 2 0.4 2 | 0.018 | 0.44 | 0.42 850
71 15 4 16 20 | 20 |24 12| 25| 3 | 2 0.4 2 10.015]0.74 | 0.69 850
5| 35 4 14 18 | 19 |16 | 3 | 25| 3 | 2 0.4 2 10.020]0.50] 0.48 850
Examples 5775 4 13 17 | 20 |18 | 20| 24| 3 | 2 0.4 2 | 0.015| 056 | 053 850
10| 24 4 25 29 | 10 |17 | 11 | 25| 3 | 2 0.4 2 | 0.018|029] 027 850
1] 27 4 7 11| 24 |16 13| 25| 3 | 2 0.4 2 10022060 057 850
12] 25 4 26 30 | 16 |10 10] 25| 3 | 2 0.4 2 | 0.030 | 0.46 | 0.43 850
13| 26 4 7 11 ] 18 |24 | 11261 3 | 2 0.4 3 | 0.025| 0.49 | 0.45 850
14| 26 4 25 29 | 16 | 17| 3 | 26| 3 | 2 0.4 2 10.032|055] 052 850
15 25 4 6 10 | 17 |19 19| 25| 3 | 3 0.4 2 | 0.013]0.39] 0.37 850
16| 23 5 16 21 | 25 [12|10] 23| 4 | 2 0.4 1 (0046076074 850
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[Table 4] (continued)
Flux compoaosition (% by mass) Sintering
SiO, Na+ Water-soluble| . M (I){M (II)|temperature

AOsI Ry Gerived] Minera-derved [ Toral| V90| F [Mn| ' | Fe |C30 g0, |19 © o o

17 25 < 16 20 M 125111124 3 2 0.4 1 10.014|0.31| 0.30 850

18| 27 4 15 19 24 |17 4 | 23 3 2 04 2 |10.024|0.77 | 0.73 850

19| 26 4 14 18 10 | 1811923 3 2 0.4 2 [0.0191022|021 850

20| 25 4 15 19 20 125| 3 124| 3 2 0.4 1 10.032]0.71] 0.69 850

21| 26 4 14 18 18 1111191 26| 3 2 0.4 1 [0.028 040 0.39 850

22 27 4 18 22 16 | 19101 06| 3 2 05 1 10.015] 043|042 800

23 28 4 17 21 18 |11} 9 | 83| 3 0 0.6 2 10016 0.43| 041 800
Examples 24| 26 1 20 21 18 |17 1112506 2 0.5 2 | 0.025|049 | 0.46 800
25| 24 10 9 19 18 115, 11| 26| 8 2 0.6 1 10.021]0.51]| 050 800

26| 26 4 16 20 16 (2011|125 | 3 2 04 0 | 0.019] 043|043 850

271 21 4 14 18 23 1161101 25| 3 2 05 5 10.015]0.74 | 0.64 800

28| 20 4 13 17 | 22 {171 9 | 26| 3 2 0.5 8 |0.028 | 0.76 | 0.59 800

29 27 4 16 20 14 {19]110| 25| 3 3 0.1 2 |10.032]0.38|0.36 900

30| 28 4 16 20 14 |18 10] 25| 3 3 <0.1 2 10022037035 1,000

31| 19 4 22 26 16 |17 9 | 24| 3 6 0.4 2 10031057053 850

32| 26 4 16 20 15 120110 25| 3 2 0.4 2 0.18 | 0.42 | 0.39 850
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[Table 5]
Flux composition (% by mass) Sintering
Si0O, - Na+ Water-soluble| . CIM(I)|M (I) |temperature

AleOs 5y derved [ Mineral-derved| Toral | V90| F [Mn| 'k | P ¢80 g0, |TO2] C M 0

1] 38 3 14 17 1 13 1161 9 [ 24 | 2 2 04 1 10.019]0.280.27 850

21 13 4 23 27 | 19 120|111 24| 3 3 0.5 2 10.024 {0.790.73 850

31 18 4 28 32 | 15 | 15|10} 26 | 3 3 04 2 10.027 | 0.54 | 0.50 850

41 28 4 2 6 20 | 24 13| 25| 3 2 0.4 2 |0.016 | 0.49 | 0.47 850

5] 21 4 12 16 [ 29 |16 9 |24 | 3 2 04 2 |0.018|0.97 | 0.91 850

6| 28 4 24 28 7 |12112] 26| 3 6 04 2 |0.032|0.18 | 0.17 850

7| 22 4 13 17 | 15 |28} 9 | 25| 3 2 0.5 2 |0.028 | 0.48 | 0.45 850

8| 27 5 14 19 | 23 | 8 (12| 24| 4 2 0.6 3 |0.016 | 0.59 | 0.55 850

9| 22 4 (i 15 15 | 14 124 | 25 3 3 0.5 2 10.017]0.33]|0.31 850
Comparative 10| 28 4 16 20 22 20 1 2.6 3 2 0.6 2 0.025 | 0.76 | 0.71 850
Examples |11] 27 4 14 18 | 19 |17 |11 01| 3 2 0.5 3 [0.041]050]| 046 800
12| 26 4 15 19 | 17 (14110195 | 3 0 0.4 2 |0.027 | 047 ]0.45 800

13| 26 0 21 21 19 |17 11125 (02] 2 0.5 2 {0.015]0.51]0.49 800

14| 24 13 6 19 18 |15 9 | 26 | 10| 2 0.6 1 0.019 | 0.55 | 0.53 800

15| 21 4 14 18 | 21 | 14| 9|25 3 2 0.5 10 | 0.018 | 0.70 | 0.53 800

16| 27 4 16 20 | 14 | 1910 25| 3 3 1.5 2 |0.028 | 0.38 | 0.36 600

17| 16 4 17 21 | 24 1218 | 25| 3 3 0.6 2 10.026 | 1.00 | 0.92 850

18| 34 4 7 11 10 {11119 24| 3 3 0.4 7 10.02910.19]0.17 850

19| 23 4 18 22 | 16 |15 9 | 24 | 3 8 0.4 2 |10.015}0.28 | 0.27 850

20| 26 4 16 20 | 15 | 20| 10| 25| 3 2 0.4 2 | 043 |0420.39 850
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[0071]

The balance of the steel p_ate composition shown in the above
Table 1 and of the wire composition shown in the above Table 2
is Fe and inevitable impurities. ™“M(I)” shown in the above Tables
4 and 5 indicates a value of [MgCl/{[Al1;0z! + [MnO]), and “M(II}”
indicates a value of [MgO]/([Al;0:] + [MnO] + [TiOz]).

[0072]

The respective fluxes in Examples and Comparative Examples
were evaluated for the diffusion hydrogen content in the weld
metal, the bead cuter appearance, the bead shape, the slag
removability, and the welding defect (intrinsic and extrinsic
defects).

[0073]
<Diffusion Hydrogen Content>

A diffusion hydrogen content in the weld metal was measured
based on the method defined by JIS Z 3118 in principle.
[0074]
<Bead Outer Appearance>

The outer appearance of a bead, mainly regarding the waved
shape and luster of the bead, was evaluated by visuaily observing
a welded part. As a result, samples having beads with metallic
luster without any disturbed part of the bead waved shape were
rated “A”; samples having beads with metallic luster and one
disturbed part of the bead waved shape per unit welding length

(1 m) were rated “B”; samples having beads without any metallic
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luster and with two to four disturbed parts of the bead waved shape
per unit welding length (1 m) were rated “C”; and samples having
beads without any metallic luster and with five or more disturbed
parts of the bead waved shape per unit welding length (1 m) were
rated “D”.
[0075]
<Bead Shape>

The shape of a bead, mainly regarding uneven part of the
bead and wettability to the base metal, was evaluated by visually
observing the welded part of each sample. As a result, samples
having beads with a very good shape were rated “A”; samples having
beads with a good shape were rated “B”; samples having beads with
a slightly defective shape were rated “C”; and samples having
beads with a defective shape were rated “D”.
[0076]
<Slag Removability>

The slag removability was evaluated based on the easiness
of slag removal and the presence or absence of slag burning.
Specifically, samples from which the slag was naturally removed
with no burning were rated “A”; samples from which the slag was
naturally removed with three or less burned parts per unit welding
length (1 m) were rated “B”; samples from which the slag was not
naturally removed with four to nine burned parts per unit welding
length (1 m) were rated “C”; and samples from which the slag was

not naturally removed with ten or more burned parts per unit
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welding length (1 m) were rated “D”.
[0077]
<Arc Stability>

The arc stability was evaluated based on the amplitude of
voltage and current oscillations during welding. Specifically,
samples having the welding current of #50 A and the arc voltage
of £2 V were rated “A”; samples having the welding current of 100
A and the arc voltage of 2 V were rated “"B”; samples having the
welding current of £100 A and the arc voltage of 4 V were rated
“C”; and samples in which welding was difficult to perform were
rated “D”.
[0078]
<Welding Defects>

Welding defects (

[

ntrinsic defects) generated in the weld

fusion, and the like, were evaluated. Samples with no welding
defects were rated “A”; samples having a rate of occurrence of
the welding defects per unit welding length (1 m) of 0.5% or less
were rated “"B”; samples having a rate of occurrence of the welding
defects per unit welding length (1 m) exceeding 0.5% and of 1.0%
or less were rated “C”; and samples having a rate of occurrence
of the welding defects per unit welding length (1 m) exceeding
1.0% were rated “D”.

[0079]

Whereas, the welding defects (extrinsic defects), mainly



(6]

regarding welding defects generated at the surface of the weld
metal, such as an undercut part and a pockmark, were evaluated.
Samples with no welding defects were rated “A”; samples having
a rate of occurrence of the welding defects per unit welding length
(I m) of 0.5% or less were rated “B”; samples having a rate of
occurrence of the welding defects per unit welding length (1 m)
exceeding 0.5% and of 1.0% or less were raled “C”; and sanmples
having a rate of occurrence of the welding defects per unit welding
length (1 m) exceeding 1.0% were ratea “D”.
0080}

The above-mentioned evaluation results are collectively
shown in Tables 6 and 7 below.

[0081]




[Table 6]

Evaluation results

Diffusion
hydrogen
content
(ml/100g)

Welding conditions A

Welding conditions B

Bead outer
appearance

Bead
shape

Slag
removability

Arc
stability

Welding
defect
(intrinsic)

Welding
defect
(extrinsic),

Bead outer
appearance

Bead
shape

Slag
removability

Arc
stability

Welding
defect
(intrinsic)

Welding
defect
(extrinsic)

Examples
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Table 6! (continued)
Evaluation results
Diffusion Welding conditions A Welding conditions B
hgg;?gstn Bead outer | Bead Slag N Ar_g V(\j/zggtg nglfi'gtg Bead outer | Bead Slag ) Arc Vx‘:'ggtg v:j/zg'gtg
(ml/00g) appearance | shape |removability| stability (intrinsic)| (extrinsic) appearance| shape |removability| stability (intrinsic)|(extrinsic)
17 241 A B B A A A A B B A A A
18 3.2 A B A A A B A B A A A B
19] 24 A A B A A A A A B A A A
20 2.2 A B A A A A A B A A A A
21 2.2 A A B A A B A A B A A B
22| 25 B B A B A A B B A B A A
23] 341 B B A B A A B B A B A A
Examples 24 2.8 A A A A A B A A A A A B
25, 27 B B B A A A B B B A A A
26f 23 A A A A A A A A A A A A
27) 29 A A A A A A A A A A A A
28| 3.0 A B A A A A A B A A A A
29 1.7 A A A A A A A A A A A A
30 1.5 A A A A A A A A A A A A
31 25 B B A A A A B B A A A A
32, 26 A A A A A B A A A A A A
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[Table 7]
Evaluation results
Diffusion Welding conditions A Welding conditions B
hggg?gstn Bead outer | Bead Slag N Ar'cl nglggtg szlfilgtg Bead outer | Bead Slag Arc szlf(;gg nglfi'gtg
(miF100g) appearance | shape |[removability| stability (intrinsic) [(extrinsic) appearance | shape removability| stability (intrinsic) |(extrinsic)
1 2.2 B D B B B B B D B B B B
2 2.6 B C B B B B B C B B B B
3 2.2 B B D B B B B B C B B B
4 2.7 C C B B B B C C B B B B
5 3.7 B C B B C C B C B B D D
6 1.8 B B D B B B B B C B B B
7 2.3 B D B B B B B D B B B B
8 34 B B B B B C B B B B B C
9 2.5 B B D B B B B B C B B B
Comparative| 10 3.1 B B B B B C B B B B B C
Examples |11 - difficult-to-weid
12 3.8 C C B B B B C C B B B B
13| 2.8 B B B B B D B B B B B C
14| 2.7 C C D B B B C C C B B B
15| 2.9 B C B B B B B C B B B B
16 5.5 A A A A A A A A A A A A
17| 4.9 A A A A A A A A A A A A
18 1.9 B B D B B B B B C B B B
19] 25 D D B B B B D D B B B B
20| 23 A A A A A D A A A A A C
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[0083]

In the flux of Cocmparative Example No. 1 shown in Table 7,
an Al;0; content exceeded 35% by mass, resulting in defective bead
shape. Whereas, in the flux of Comparative Example No. 2, an A1.0;
content was less than 15% bymass, resulting in inferior bead shape.
In the flux of Comparative Example No. 3, a S10, content exceeded
30% by mass, resulting in inferior slag removability. Whereas,
in the flux of Comparative Example No. 4, a Si0; content was less
than 10% by mass, resulting in inferior bead outer appearance and
bead shape.

[0084]

In the flux of Comparative Example No. 5, an MgO content
exceeded 25% by mass, resulting in inferior bead shape, further
welding defects inside and at the surface of the weld
metal. Whereas, in the flux of Comparative Example No. 6, an MgO
content was less than 10% by mass, causing burning, resulting in
inferior slag removability. In the flux of Comparative Example
No. 7, an F content exceeded 25% by mass, resulting in inferior
bead shape. Whereas, in the flux of Comparative Example No. 8,
an F content is less than 10% by mass, thus generating welding
defects, including undercut parts and pockmarks.

[0085]
In the flux of Comparative Example No. 9, an Mn content (in

terms of MnC) exceeded 20% by mass, causing burning, resulting

in inferior slag removability. Whereas, in the flux of
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Comparative Example No. 10, an Mn content (in terms of MnO) was
less than 3% by mass, causing welding defects at the surface of
the weld metal, including the undercut parts and pockmarks. 1In
the flux of Comparative Example No. 11, the total of a Na content
(in terms of Na,0) and a K content (in terms of K;0) was less than
0.5% by mass, so that the arc stability was drastically recduced,
and both the bead outer appearance and Lhe bead shape were degraded.
As a result, the welding was difficult to perform. Whereas, in
the flux of Comparative Example No. 12, the total of a Na content
(in terms of Na;0) and a K content (in terms of K;0) exceeded 8.5%
by mass, resulting in inferior bead ocuter appearance and bead
shape.
[0086]

In the flux of Comparative Example No. 13, an Fe content
(in terms of Fe0) was less than 0.5% by mass, generating welding
defects, such as the undercut parts and pockmarks, at the surface
of the weld metal. Whereas, in the flux of Comparative Example
No. 14, an Fe content (in terms of FeO) exceeded 8% by mass,
resulting in inferior bead outer appearance and bead shape,
further degrading the slag removability. In the flux of
Comparative Example No. 15, a TiO, content exceeded 8% by mass,
thereby degrading the bead shape. Whereas, in the flux of
Comparative Example No. 16, the water-soluble Si0O: content was
equal to or more than 1.0% by mass, increasing the diffusion

hydrogen content in the weld metal.
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[0087]

In the flux of Comparative Example No. 17, since M(II)
(=[MgO]/{[Al,05] + [MnO] + [Ti0;])) exceeded 0.8, the diffusion
hydrogen content in the weld metal was increased. Whereas, in
the flux of Comparative Example No. 18, since M(II) was less than
0.2, a number of burned parts were generated, thus drastically
degrading the slag removability. In the flux of Comparative
Example No. 19, since a CaO content exceeded 6% by mass, the welding
defects, including the undercut parts and pockmarks, were
generated at the surface of the weid metal. Further, in the flux
of Comparative Example No. 20, since a C content in the flux

exceeded 0.2% by mass, pockmarks were generated.

[0088]

-

n contrast, the fluxes in Examples Nos. 1 to 32 shown in
Table 6 satisfied the scope of the present invention, and thus
had excellent bead outer appearance, bead shape, slag
removability, and arc stability, resulting in no welding defects
(intrinsic and extrinsic defects). As can be confirmed from the
result mentioned above, the use of the flux in the present
invention can improve the welding workability and reduce the
diffusion hydrogen content in the weld metal in the use of either

AC welding or DC welding.



CLAIMS

1. A flux for submerged arc welding, comprising:
Al,0;: 15 to 35% by mass;
8i0,: 10 to 30% by mass;
MgO: 10 to 25% by mass;
F (in terms of CaF;): 10 to 25% by mass;
Mn (in terms of MnO): 3 to 20% by mass;
Na (in terms of Na,0) and/or K (in terms of Kz;0): 0.5 to
4.5% by mass in total;
Fe {(in terms of FeO): 0.5 to 8% by mass; and
TiO,: 1 to 8% by mass, wherein
a C content is restricted to 0.2% by mass or less,
a CaO content is restricted to 6% by mass or less,

a water-soluble Si0, content is restricted to 0.8% by mass or less,

and
the flux satisfies the following formula (I} and formula
(II):
0.2 £ [MgO]/([Al;03] + [MnO]) < 0.8 (I)
0.2 £ [Mg0Q]/([Al,0;] + [MnO] + [TiO,}) < 0.8 (II)

where [Al,0,;] is an Al,0; content, [MgO] is an MgO content, [MnO]

is an Mn content (in terms of MnQO), and [TiQ;] is a TiO, content.

2. Amethod of manufacturing the flux for submerged arc welding

according to c¢laim 1, wherein the flux is sintered at a temperature

of 800°C or higher.



