
FLUX-CORED WIRE FOR GAS-SHIELDED ARC WELDING 

BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to a flux-cored wire for 

gas-shielded arc welding of steels having a tensile strength 

on the order.of 490 to 670 Ml?a. More specifically, the preioent 

invention relates to a flux-cored wire for gas-shielded arc 

welding which gives a weld metal having satisfactory 

low-temperature toughness. 

Background Art 

Energy development has been performed in colder-climate 

areas and colder-climate sea areas in recent years, and 

structures in these cold-climate areas and cold-climate sea areas 

have practically used steels for low-temperature uses. However, 

demands have been made to provide steels having higher toughness 

for use in structures in such cold-climate areas and cold-climate 

sea areas, because the structures have been designed so as to 

have properties more adoptable to climate conditions in the areas 

and sea areas in which the structures are operated, in addition 

to customary low-temperature toughness·. Additionally;--there 

have been increasing demands to adopt flux-cored wires to welding 

of the steels for low temperature uses so as to achieve higher 

efficiency and easier operation of welding without the need of 

expertise.· 
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To meet such demands on low-temperature toughness, Japanese 

Unexamined Patent Application Publication (JP-A) No. 

Hll (1999) -245066 and JP-A No. 2006-104580, for example, propose 

flux-cored wires. 

Specifically, JP-A No. Hl1(1999)-245066 discloses a 

techniqueforimprovinglow-temperaturetougbnessofaweldmetal 

by inco:r:porating 0.30 to 3.00 percent by mass of nickel (Ni) 

to the flux-cored wire and whereby lowering the transition 

temperature of brittle fracture {brittle transition 

temperature). The flux-cored wire proposed according to this 

technique, however, suffers from insufficient resistance to 

sulfide stress corrosion cracking of the weld metal when the 

flux-cored wire contains Ni in a high content and whereby the 

weld metal has, for example, a Ni content of more than J.. o percent 

by mass. The sulfide stress corrosion cracking is remarkably 

generated in a hydrogen sulfide atmosphere and is a kind of 

hydrogen corrosion cracking, in ·which hydrogen generated as a 

result of a corrosion reaction forms hydrogen sulfide which 

invades into the steel in a large amount. The sulfide stress 

corrosion cracking is especially remarkably generated in a 

heat-affected zone affected by welding and a surface of a fitted 

weld bead to which a final welding pass and tempering have not 

been applied. For this reason, a weld metal formed in welding 

of pressure vessels such as petroleum pipe lines and liquefied 

petroleum gas (LPG) tanks should have a Ni content controlled 
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to be 1. o pe:i:-centbymass or less as specifiedtypicallybyNational 

~sociation of Corrosion Engineers (NACE) . 

JP-A No. 2006-104590 discloses a technique of increasing 

low-temperature toughness of a weld metal by incorporating 1. 5 

to 3 .a percent by mass of manganese (Mn) and.a. 07 to a .20 percent 

by mass of aluminum (Al) . The flux-cored wire disclosed herein 

may f'\U:ther contain o • 4 to 2 . s percent by mass of Ni according 

to necessity. 

SUMMARY OF INVENTION 

Technical Problem 

However, the known techniques have the following problems . 

As is described above, the flux-cored wire disclosed in JP-A 

No. Hll (1999) ·245066 suffers from insufficient resistance to 

sulfide stress corrosion cracking of the weld metal typically 

when the flux-cored wire contains Ni in a high content and the 

resulting weld metal have a Ni content of more than 1. o percent 

by mass. 

The flux-cored wire disclosed in JP-A No. 2006-104580 is 

intended to improve the low-temperature toughness of the weld 

metal by the addition of Mn and Al, but the Al component in the 

flux-cored wire increases the spatter during welding and thereby 

impair welda:bility. 

Under these circumstances, an object of the present 

invention is to provide a flux-cored wire for gas-shielded arc 
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welding, which shows good weldahility and gives a weld metal 

having satisfactory low-temperature touglmess even when the weld 

metal has a low Ni content. 

Solution to Problem 

The present invention provides, in an embodiment, a 

flux-cored wire for gas-shielded arc welding, which includes 

a steel sheath; and a flux filled in the sheath, in which the 

wire as a whole contains, as its chemical composition based on 

the total mass of the wire, carbon (Cl in a content of o. 03 to 

o. 07 percent by mass, silicon (Sil in a content of O .10 to o. so 

percent by mass, manganese (Mn) in a content of 1. 0 to 4. o percent 

by mass, titanium (Ti) in a content of 0.06 to 0.30 percent by 

mass, nickel (Ni) in a content of O. 50 to o. 95 percent by mass, 

molybdenum (Mo) in a content of 0.01 to 0.30 percent by mass, 

boron (B) in a content of o. 002 to O. 008 percent by mass, fluorine 

(F) in a content of O, OS to a. 40 percent by mass, and iron (Fe) 

in a content of 85 to 93 percent by mass, and the wire as a whole 

has an aluminum (Al) content controlled to be O. cs percent by 

mass or less. 

In the flux-cored wire for gas-shielded arc welding, the 

flux preferably contains, based on the total mass of the wire, 

Ti02 in a content of 4. 5 to B. 5 percent by mass, Zr02 in a content 

of 0.04 too.so percent by mass, Si02 in a content of 0.10 to 

0. 50 percent by mass, Al~03 in a content of o, 02 to o. BO percent 

by mass, and Mg in a content of o , 2 o to o . 7 o percent by mass . 
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The flux-cored wire for gas-shielded arc welding preferably 

has a ratio of the total content of Ti and Mo to the total content 

of F and Al [{[Ti)+[Mo])/([FJ+[All}J of 0.5 to 2.5, in which 

[Ti], [Mo], [Fl, and [All represent the contents of Ti, Mo, F, 

and Al, respectively, in the wire. 

The flux-cored wire for gas-shielded arc welding according 

to the present invention gives a weld metal having a low Ni content 

of 1. O percent by mass or less, but the weld metal, even at such 

a low Ni content, bas satisfactory low-temperature toughness, 

and the flux-cored wire shows good weldability, because of 

optimized contents of the other composition. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. l is a graph showing the relation between the total 

content of F and Al and the total content of Ti and Mo with the 

abscissa indicating the total content of F and Al and the ordinate 

indicating the total content of Ti and Mo; and 

FIGS. 2A, 2B, 2C, and 2D depict profiles (cross sections) 

of flux-cored wires. 

DESCRIPTION OF EMBODIMENTS 

A flux-cored wire for gas-shielded arc welding according 

to an embodiment of the present invention will be illustrated 

in detail below. The flux-cored wire for gas-shielded arc 

welding according to the present invention includes a steel 
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sheath; and a flux filled in the sheath and has a wire gage 

(diameter) of 1. O to 2. O mm. The flux-cored wire as a whole 

contains, as its chemical composition based on the total mass 

of the wire, Cina content of 0.03 to 0.07 percent by mass, 

Si in a content of O .10 to o. 50 percent by mass, Mn in a content 

of l. O to 4. o percent by mass, ·Ti in a content of o. 06 to O .30 

percent by mass, Ni in a content of O. 50 to O. 95 percent by mass, 

Mo in a content of o. 01 to o. 3 a percent by mass, B in a content 

of 0.002 to 0.008 percent by mass, Fin a content of o.os to 

0.40 percent by mass, and Fe in a content of 85 to 93 percent 

by mass and has an Al content controlled to be O. 05 percent by 

mass or less. 

The flux-cored wire for gas-shielded a.re welding, by having 

the above-specified composition, allows the weld metal to have 

a Ni content of 1. O percent by mass or less. Thus, the weld 

bead given by the flux-cored wire according to the present 

invention through welding protects the steel from invasion of 

hydrogen in a large amount, which hydrogen is generated as a 

result of a corrosion reaction, and thereby shows high resistance 

to sulfide stress corrosion cracxing even when the weld bead 

is placed typically in a hydrogen sulfide atmosphere. In 

addition, the flux-cored wire, by optimizing the contents of 

the other composition than Ni, allows the weld bead to have 

satisf acto;ry low-temperature toughness and shows good 

weldability. 
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In a preferred embodiment of the flux-cored wire for 

gas-shielded arc welding, the flux contains, typically based 

on the total mass of the wire, Ti02 in a content of 4. s to 8. 5 

percent by mass, Zr02 in a content of o. 04 to 0. 50 percent by 

mass, sio2 in a content of o .10 to O. SO percent by mass, Al203 

in a content of o. 02 to o. 80 percent by mass, and Mg in a content 

of 0.20 to 0,70 percent hy mass. Thus, the flux-cored wire 

according to the preferred embodiment of the present invention 

shows further satisfactory weldability and gives a weld bead 

having a good bead shape without the loss of touglmess thereof, 

by setting the contents of the respective flux components within 

optimal ranges. 

rn another preferred embodiment of the present invention, 

the flux-cored wire has a ratio of the total content of Ti and 

Mo to the total content of F and Al [([Til+[Mo])/([FJ+[Al])J 

in the range of 0.5 to 2.5 while having the above-specified 

composition. This further increases the toughness of the weld 

metal while maintaining satisfactory weldability, because the 

total content of Ti and Mo, both of which work to increase the 

toughness of the weld bead, is optimized by the ratio of the 

total content of Ti and Mo to the total content of Al and F. 

Next, preferred ranges of the composition of the weld metal 

derived from the flux-cored wire for gas-shielded arc welding 

according to the present invention will be described. 

"C content: o.04 to 0.08 percent by mass" 
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Carbon (C), if present at a certain content, is capable 

of stabilizing cementite and thereby stabilizing the toughness. 

The weld metal., if having a C content Of less than O. 04 percent 

by mass, may often have insufficient strength and may have 

insufficiently stabilized toughness. In contrast, the weld 

metal, if having a C content of more than o • Os percent by mass, 

may have somewhat poor resistance to hot cracking. For these 

reasons, the weld metal preferably has a C content of o. 04 to 

0.08 percent by mass. 

"Si content: 0.20 to 0.45 percent by mass" 

Silicon (Si) acts as a deoxidizer and affects the 

microstructure. The weld metal, if having an excessively high 

Si content, may cause the generation of fe=ite side plates in 

a larger amount at the prior austeni te (y) grain boundary, often 

resulting in insufficient toughness. The weld metal, if having 

a Si content of less than o. 20 percent by mass, may often cause 

blow holes due to insufficient deoxidat.ion. In contrast, the 

weld metal, if having a Si content of more than 0.45 percent 

bymass, maybe difficult to suppress the generation of the ferrite 

side plates at. the prior aust.enite (y) grain boundary, often 

resulting in insufficient toughness. For these reasons, the 

weld metal preferably has a Si content of O. 25 to o. 45 percent 

by mass. 

"Mn content: o.s to 2.0 percent by mass" 

Manganese (Mn) acts as a deoxidizer and affects the 
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strength and toughness. The weld metal, if having a Mn content 

of less than 0.5 percent by mass, may often have insufficient 

strength and may have somewhat poor toughness. The weld metal, 

if having a. Mn content of more than 2. o percent by mass, may 

have excessively high strength and excessively high 

hardenability, often resulting in poor toughness. For these 

reasons, the weld metal preferably has a Mn content of 0.5 to 

2.0 percent by mass. 

"Ti content: 0.030 to o.oao percent by mass" 

Titanium (Ti) is present as an oxide or solid-solution in 

the weld metal and, when present as an oxide, plays a role as 

a nucleus of acicular ferrite in the prior austenite (y) grains 

and contributes to improvement of the tougbness. Specifically, 

the acicular ferrite is formed with titanium oxide as a nucleus 

in the prior austenite (y) grains. The acicular ferrite 

contributes to the formation of a finer microstructure to thereby 

increase the toughness. The weld metal, if having a Ti content 

of less than o. 030 percent by mass, may cause more coarse ferrite 

duetoinsufficientnucleation,oftenresultinginpoortoughness. 

:rn contrast, the weld metal, if having a Ti content of more than 

o. o BO percent by mass, may contain an excessi velY, large amount 

of dissolved titanium as a solid solution and may thereby have 

excessively high strength, often resulting in poor toughness. 

For these reasons, the weld metal preferably has a Ti content 

of 0.030 to 0.080 percent by mass. 
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"Ni content : o . 5 0 to l . O percent by mass" 

Nickel (Ni) is c:apa.ble of lowering the brittle transition 

temperature and thereby improving the toughness. However, Ni, 

if contained in an exc:essively large amount, may often cause 

hot cracking (solidification cracking). 'l'he Ni content in the 

weld metal is controlled herein to be l perc:ent by mass or less 

in accordance with the NACE Standards. However, the Ni content 

is preferably O, 50 percent by mass or more, bec:ause the weld 

metal, if having a Ni content of less than a. 50 percent by mass, 

may not show sufficiently effectively improved toughness by the 

action of Ni. 

"Mo content• a.OB to 0.15 percent by mass" 

Molybdenum (Mo) , if present in a content of 0. OB percent 

by mass or more, ensures sufficient strength. Howeve:r:, Mo, if 

present in an' excessively high content, may elevate the brittle 

transition temperature, often resulting in poor toughness. In 

the weld metal, if having a Mo content of o. 15 percent by mass 

or less, the effect causing poor toughness is trivial. 

Acco:r;-d.ingly, the weld metal preferably has a Mo content of O. 08 

to 0.15 percent by mass. 

"B content• 0.00.3 to 0.006 percent by mass" 

Boron (B) segregates into the p~ior austenite (y) grain 

boundary, thereby supp:r:esses the generation of grain-boundary 

ferrite, and increases the toughness. However, the weld metal, 

if having an excessively high B content, may become susceptible 
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to hot cracking (solidification crack~ngl. The weld metal, if 

having a B content of less than O. 003 percent by mass, may fail 

to have a sufficiently improved toughness. In contrast, the 

weld metal, if having a B content of more than 0.006 percent 

by mass, may have insufficient resistance to hot cracking. For 

these reasons, the weld metal preferably has a B content of O .003 

to 0,006 percent by mass. 

"Al content: controlled to be o. 01 percent by mass or less'' 

Aluminum (All is present in the weld metal as an oxide, 

which often impedes the nucleation of the acicular ferrite by 

the action of titanium oxide at the prior austenite (y) grain 

boundary. Al, if present in the weld metal in a content of o. 01 

percent by mass or less, may not substantially impede the 

nucleation of the acicular ferrite. 

11 0 (oxygen) content 1 O. 040 ta o. 070 percent by mass 11 

Mast of oxygen (O) in the weld metal is believed ta be present 

as oxides. The weld metal, if having an excessively high oxygen 

content, may often show an insufficient upper shelf energy in 

an impact test. For this reason, the weld metal is preferably 

controlled ta have a lower oxygen content so as to exhibit higher 

toughness. However, the flux-cared wire, if having an 

excessively low oxygen content, may have remarkably inferior 

weldability and may suffer from increased spatter and inferior 

all-position welda.bility, thus being unpractical. 

Specifically, the weld metal, if having an O content of typically 
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less than O • 04 o percent by mass, may often show insufficient 

weldability. In contrast, the weld metal, if having an o content 

of typically more than o. 070 percent by mass, may have inferior 

toughness due to a.reduced upper shelf energy. For these reasons, 

the weld metal has an o content of preferably 0.040 to 0.070 

percent by mass, and more preferably o. 040 to o. 060 percent.by 

mass. 

Next, reasons why the values of the composition of the 

flux-cored wire for gas-shielded arc welding according to the 

present invention are specified will be described. 

"C content: O. 03 too. 07 percent by mass based on the total 

mass of the wire" 

The carbon (Cl content in the flux-cored wire is specified 

to be o. 03 to o. 07 percent by mass based on the total mass of 

the wire, to allow the weld metal to have a C content of O. 04 

to o. 07 percent by mass. The C content in the wire is more 

preferably O. 04 to O. 06 percent by mass based on the total mass 

of the wire. Exemplary carbon sources herein include graphite, 

Fe-Mn, Fe-Si, and the addition of carbon to the steel sheath. 

such a carbon source may be added to the flux or steel sheath, . 
or.both. The flux-cored wire, if having a c content of less 

than 0. 03 percent by mass, often causes the weld metal to have 

insufficient strength and to show insufficiently effectively 

stabilized toughness. In contrast, the flux-cored wire, if 

having a c content of more than 0.07 percent by mass,.causes 
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the weld metal to have inferior resistance to hot cracking. 

"Si content: 0.10 to a.so percent by mass based on the 

total mass of the wire" 

The silicon (Si) content in the flux-cored wire is specified 

to be O .10 to O. 5 O percent by mass based on the total mass of 

the wire, to allow the weld metal to have a Si content of O .20 

to O. 45 percent by mass. The Si content in the wire is more 

preferably 0. 15 to O .45 percent by mass based on the total mass 

of the wire. Exemplary Si sources i~clude Fe-Si, Si-Mn, and 

the addition of Si to the steel sheath. Such a Si source may 

be added to the flux or steel sheath, or both. The flux-cored 

wire, if having a Si content of less than O .10 percent by mass, 

often causes insufficient deoxidation and thereby causes blow 

holes in the weld metal. ln contrast, the flux-cored wire, if 

having a Si content of more than a.so percent by mass, embrittles 

the matrix ferrite and causes the weld metal to have insufficient 

low-temperature toughness. 

"Mn content: 1. o to 4. o percent by mass based on the tot:al 

mass of the wire" 

The manganese (Mn) content in the flux-cored wire is 

specified to be 1. O to 4. O percent by mass based on the total 

mass of the wire to allow the weld metal to have a Mn content 

of a . 5 to 2, o percent by mass. The Mn content in the wire is 

more preferably 1. s to 3 . s· percent by mass based on the total 

mass of the wire. Exemplary Mn sources include metal Mn, Fe-Mn, 
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Si-Mn, and the addition of Mn to the steel sheath. Such a Mn 

source may be added to the flux or steel sheath, or both. The 

flux-cored wire, if having a Mn content of less than 1. O percent 

by mass, causes the weld metal to have insufficient strength, 

resulting in inferior toughness. rn contrast, the flux-cored 

wire, if having a Mn content of more than 4. 0 percent by mass, 

causes the weld metal to have excessively high strength and 

excessively high hardenability, resulting in inferior 

toughness. 

"Ni content: o. so to o. 95 percent by mass based on the 

total mass of the wire" 

According to known techniques, nickel (Ni) is added in a 

large amount of more than l. o percent by mass to a flWC:-'cored 

wire so as to ei1sure satisfactory low-temperature toughness of 

a weld metal. :en this case, the weld metal, if having a Ni content 

of typically more than 1.0 percent by mass, has inferior 

resistance to sulfide stress corrosion cracking. In contrast, 

the weld metal as obtained according to the present invention 

has a Ni content of l.D percent by mass or less in accordance 

with the NACE Standards as mentioned above, so as to prevent 

the sulfide stress corrosion cracking. Consequently, the Ni 

content in the flux-cored wire is specified to be o. 95 percent 

by mass or less so as to allow the weld metal to have a Ni content 

of l. O percent by mass or less. However, the weld metal, if 

having a Ni content of less than O . 50 percent by mass, may not 
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have sufficiently effectively improveli toughness through the 

addition of Ni. To avoid this, the flux-coreO. wire contains 

Ni in a content of 0.50 percent by mass or more to allow the 

weld metal to have a Ni content of O .so percent by mass or more. 

~xemplary Ni sources include metal Ni, Ni-Mg, anO. the addition 

of Ni to the steel sheach. Such a Ni source may be added to 

the flux or steel sheath, or both. 

"B content: 0.002 to o.ooe percent by mass based on the 

tot:al mass of the wire" 

The boron (:S) content in Che flux-cored wire is specified 

to be 0.002 to o.ooe percent by mass based on the total-mass 

of the wire to allow the weld metal to have a :s content of O. 003 

to O. 006 percent by mass. The B content in the wire is more 

preferably o. 003 to o. 007 percent by mass. Exemplary B sources 

include Fe-Si-:s alloys. The flux-cored wire, if having a :S 

content of less than 0.002 percent by mass, fails to effectively 

improve the toughness of the weld mecal. In contrasc, the 

flux-cored wire, if having a B content of more than o. OOB percent 

by mas~, causes the weld metal to have insufficient resistance 

to hot cracking. 

"Fe content: as to 93 percent by mass based on the t:otal 

mass of the wire" 

The flux-cored wire, when used for welding of low-alloy 

steels,mayfurtherconcainothercomponentssuchasslag-forming 

materials and arc stabilizers according to an intended use, in 
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addition to the alloy composition. In the case of a flux'-cored 

wire for use in all-position welding, the flux-cored wire, if 

having an Fe content of less than as percent by mass based on 

the total mass of the wire, suffers from exces:ed ve slag generation 

and often suffers from welding defects such as slag inclusions. 

The flux-cored wire, if having an Fe content of 93 percent by 

mass, impedes the addition of the essential alloy composition. 

Exemplary Fe sources include, in addition to che steel sheath, 

iron powders and iron-based alloys to be added to the flux. 

In addition to che above-specified chemical composition, 

contents of the following four elements, i.e., Ti, Mo, Al, and 

F, and the relationship between them are important in the 

flux-cored wire according to the present invention. 

"Ti content, 0.06 to 0.30 percent by mass based on t:he 

total mass of the wire" 

Thetitanium{Ti)contentintheflux-coredwireisspecified 

to be 0.06 to 0.30 percent by mass to allow the weld metal to 

have a Ti content of 0. 03 0 to 0. OSOpercentbymass. When titanium 

is present as a titanium·oxideanda titanium alloy, the Ti content 

is indicated by converting the content of the titanium oxide 

and titanium alloy into a content as elemental titanium. The 

Ti content in the wire is more preferably O . 10 to o. 25 percent 

by mass. Exemplary Ti sou:i=ces include rutile, other titanium 

oxides, Fe-Ti, and the addition of Ti to the steel sheath. such 

a Ti source may be added to the flux or steel sheath, or both. 
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The flux-cored wire, if having a Ti content of less than O. 06 

percent by mass, causes coarse ferrite due to insufficient 

nucleation and often causes the weld metal to have insufficient 

toughness. The flux-cored wire, if having a Ti content of more 

than 0.30 percent by mass, causes the weld metal to contain 

dissolved Ti as a solid solution in an excessively high content 

and to have excessively high strength, often resulting in 

insufficient toughness. 

"Mo content: 0.01 to 0.30 percent by mass based on the 

total mass of the wire" 

The Mo content in the flux-cored wire is specified to be 

o. o 1 to o. 3 o percent by mass based on the total mass of the wire 

to allow the weld metal to have a Mo content of O.OB to 0.15 

percent by mass. The Mo content in the wire is more preferably 

in the range of 0. o 5 to a . 20 percent bymass. Exemplary Mo sources 

include metal Mo, Fe-Mo, and the addition of Mo to· the steel 

sheath. 

or both. 

Such a Mo source maybe added to the flux or steel sheath, 

The flux-cored wire, if having a Mo content of less 

than 0.01 percent by mass, causes the weld metal to have 

insufficient strength. :i:n contrast·, the flux-cored wire, if 

. having a Mo content of more than o . 3 o percent by mass, elevates 

the b~ittle transition temperature and often causes the weld 

metal to have insufficient toughness. 

11Al content: controlled t.o be O. 05 pe:i:-cent by mass or less 

based on the total mass of the wir"e" 
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The aluminum (Al) content in the flux-cored wire is 

controlled to be o. 05 percent by mass or less based on the total 

mass of the wire, to control the weld metal to have an Al content 

of O. 01 percent by mass or less. The flux-cored wire, if having 

an Al content of more than o. 05 percent by mass, causes the weld 

metal to have a higher content of Al present as oxides, which 

often impede the nucleation of the acicular ferrite by the action 

of titanium oxide in the prior austenite (y) grain boundary. 

In addition, Al in the flux-cored wire causes the spatter, and 

the flux-cored wire, if having an Al content of more than 0. OS 

percent by·mass, shows inferior weldability due to increased 

spatter generation. 

"F content: o. OS to O .40 percent by mass based on the total 

mass of the wire" 

Fluorine (F) is added to the flux typically as fluorine 

compounds. The flux-cored wire according to the present 

invention contains fluorine compounds in a content in terms of 

fluorine of o. OS to o .40 percent by mass. The flux-co;i:"ed wire, 

if having a F content of less than o. 05 percent by mass based 

on the total mass of the wire, fails to have a sufficiently low 

hydrogen content, and this increases diffusible hydrogen in the 

weld metal and causes the weld metal to be susceptible to cold 

cracking. Incontrast, theflux-coredwire, ifnavingaFcontent 

of more than a. 4 a percent by mass, suffers from ino;i:"eased spatter 

generation and shows inferior weldability. 
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In a p:r:efe:r:red embodiment, the flux-co:red wire according 

to the present invention has the following composition in the 

flux, in addition to the above components. 

"Ti02 content: 4. s to 8. s percent by mass based on the total 

mass of the wire" 

The flux in the present invention p:refe:rably contains 'l'i02 

in a content of 4.5 to e.s percent by mass based on the total 

mass of the wire to a11ow the weld metal to have further higher 

toughness. The flux, if having a Ti02 content of less than 4. 5 

percent-by mass based on the total mass of the wire, may fail 

to contain a sufficient amount of titanium oxides, which is 

effective to inc:r:ease the toughness of the weld metal, and may 

fail to increase the toughness of·the weld metal due to the 

generation of grain boundary fe:r:rite. The flux, if having a 

Ti02 content of more than s. s percent by mass based on the total 

mass of the wire, may cause the weld metal to have a higher oxygen 

content to thereby show insufficient toughness. The flux more 

preferably has a 'l'i02 content of s.o to e.o percent PY mass. 

Exemplary Ti02 sou:r:ces include rutile and other titanium oxides. 

"Zr02 content: o. 04 to o. 5 o percent by mass based on the 

total mass of the wire" 

The flux preferably contains zro2 i.n a content of 0. 04 to 

o.so percent by mass based on the total mass of the wire. The 

flux, if having a Zr02 content of less than O. 04' percent by mass, 

may cause insufficient smoothness of the bead in flat-position 
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and horizontal fillet welding. In contrast, the flux, if having 

a Zr02 content of more than o. so percent by mass, may often cause 

the weld bead to have poorly equal legs (to have poor equality 

in leg length) in horizontal fillet welding and may cause the 

bead to have a convex or convex-like shape in vertical welding. 

Thefluxmorepreferablyhas a zro2 content of o .os to 0.45 percent 

by mass. Exemplary 2ro2 sources include zircon sand and 

zirconia. 

"Al203 content: O. 02 to O. 80 percent by mass ba7ed on the 

total mass of the wire" 

The flux preferably contains Al2 03 in a content of o. 02 to 

O. 80 percent by mass based on the total mass of the wire. The 

flux, if having an Al203 content of less than 0. 02 percent by 

mass, may tend to cause the weld bead to have inferior smoothness 

in flat-position and horizontal fillet welding. In contra.st, 

the flux, if having an A1203 content of more than O. 8 O percent 

bymass, may often cause the weld bead to have inferiorwettability 

in flat-position and horizontal fillet welding and may often 

increase the spatter. The flux more preferably has an Al20a 

content of o. 03 to O. 60 percent by mass. Exemplary Al203 sources 

include alumina. 

11 sio2 content: 0.10 to a.so percent by mass based on the 

total mass of the wire" 

The flux p:referably contains Si02 in a content of O .10 to 

0.50 pe:rcent by mass based on the total mass of the wire. The 
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flux, if having a Si02 content of less than 0 .10 percent by mass, 

may tend to cause the weld bead to have inferior smoothness in 

flat-position and horizontal fillet welding. In contrast, the 

flux, if having a Si02 C(/ntent of more than o. so percent hy mass, 

may tend to cause poor porosity resistance in horizontal fillet 

welding and to cause the weld bead to have a convex or convex-like 

shape in vertical position welding. The flux more preferably 

has a Si02 content of o. 15 to o. 45 percent by mass. Exemplary 

Si02 sources include silica, potassium g'lass·, and sodo>.-lime 

glass. 

"MS' content: o . 2 O to O • 7 O percent by mass based on the 

total mass of the wire" 

The flux preferably contains Mg in a content of 0.20 to 

O. 7 o percent by mass based on the total mass of the wire. The 

flux, if having a Mg content of less than O .20 percent by mass, 

may not undergo sufficient deoxidation and may often cause the 

weld metal to have insufficient toug'hness. In contrast, the 

fl:ux, if having a Mg content of more than O. 70 percent by mass, 

may increase the spatter and may often show insufficient 

weldabili ty. The flux more preferably has a Mg content of 0. 25 

to 0.65 percent by mass. Exemplaxy Mg sources include metal 

Mg, Al-Mg, and Ni-Mg. 

"Ratio ( [Ti] +[Mo]) I ([Fl +[Al] } : o. 5 to 2. s" 

In another preferred embodiment of the present invention, 

the flux-cored wire, while having the above-specified 
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composition, has a ratio of the total content of Ti and Mo to 

the total content of F and Al ( ['l'i] +[Mo])/ ( [F] + [A1]) in the range 

of 0.5 to 2.5. The flux-cored wire, if having a ratio 

( [TiJ + [Mo] ) / ( [FJ + [Al] ) of less than o. s may increase the spatter 

and may tend to show poor weldability. In contrast, the 

flux-cored wire, if having a ratio ([Ti]+[Mo])/([F]+[Al]) of 

more than 2. 5 1 may often cause the weld metal to have insufficient 

toughness. Control of the ratio ( [TiJ +[Mo] ) I ( [Fl+ [Al] ) within 

the range of o. 5 to 2. 5 according to the present invention further 

increases the toughness of the weld metal while maintaining 

satisfactory welda.bility, because the total content of Ti and 

Mo, both of which work to increase the toughness of the weld 

bead, is optimized by the ratio of t:he total content of Ti and 

Mo to the tota1 content of A1 and .P. 

The flux-cored wire according to the present invention may 

further contain other components such as arc stabilizers 

according to necessity. The wire gage (diameter) of the 

flux-cored wire according to the present invention is not 

critical, as long as being in the range of l. 2 to 2. a mm, but 

is practically preferably in the range of l. 2 to 1. 6 mm. The 

flux-cored wire according to the present invention is not limited 

typically by the presence or absence of seam and by the profile 

of the wire. The flux-cored wire according to the present 

invention may have any profile such as those illustrated in FIGS. 

2A, 2B, 2C, and 2D. 
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Examples 

A series of flux-cored wires having a wire gage (diameter) 

of 1 . 2 mm and having the compositions given in Table 1 was prepared 

by filling a steel sheath made of a mild steel with 13 to 20 

percent by mass of a flux. The flux-cored wires were subjected 

to performance verification tests mentioned below. 

"Test 1. All Weld Meta+ Test" 

Welding was performed using the flux-cored wires in Table 

1 below and a steel plate having a composition given in Table 

2.under testing conditions given in Table 3 to give weld metals, 

and the mechanical p:rope:rties, chemical compositions;-' and 

microstructures of the weld metals were determined according 

to testing methods given in Table 4. Regarding mechanical 

properties, samples having a tensile strength of 64 a MPa or more 

and an absorbed energy of 50 J or more were accepted. Wires 

Nos. 1 to 6 and Nos. 14 to 24 in Table 1 are flux-cored wires 

satisfying the conditions as specified in the present invention 

(Examples), and Wires Nos. 7 to No. 13 are those not satisfying 

the conditions specified in the present invention (Comparative 

EXamples). 'The underlined data in Table l represents··a 

composition out of the range specified in the present invention 

or a composition out of the pref erred range in the present 

invention. 
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IV .,,. 

No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
f6 
17 
18 
19 
20 
21 
22 
23 
24 

Fe 

89 
86 
89 
88 
91 
88 

92 
86 
85 
89 
86 
91 
95 
90 
93 
89 
89 
88 
65 
85 
87 
88 
88 
87 

c Mn 

0.06 3.5 
0.03 2.9 
0.04 1.5 
0.07 2.7. 
0.04 1.4 
0.05 1.0 
0,03 1.0 
0.07 5.2 
0.05 4.0 
0.06 3.7 
0.02 1.0 
0.03 3.0 
ll.06 1.0 
0.06 1.5 
0.03 1.4 
0.07 1.6 
0.04 1.9 
0.04 1.8 
0.05 1.0 
0.04 3.7 
0.06 2.9 
0.06 2.1 
0,05 2.8 
0,05 1.0 

F 

Si TI Ni (conwrted B rrom 
K?Sifs) 

0.15 0.14 0.50 0.25 0.0030 
0.50 0.18 0.93 0.07 0.0070 
0.11 0.06 0.70 0.30 0.0080 
0.20 0.13 0.65 0.18 0.0050 
0.30 0.28 0.56 0.12 0.0050 
0.11 0.16 0.70 0.20 o.ooao 
0.05 0.26 0.55 0,05 0.0200 
0,20 0.10 0.95 0.50 0,0070 
0.13 0.15 0.65 0.06 0.0020 
0.38 0.13 0.26 0.05 0.0030 
0.50 0.06 1.00 0.35 0.0040 
0.10 0.10 0.40 0.04 0.0010 
0.25 0.40 0.88 0.40 0.0070 
0.20 O.OB 0.75 0.30 0.0025 
0.15 0.06 0.55 0.10 0.0065 
0.30 0.06 0.60 0.15 0.0030 
0.15 0.18 0.54 0.08 0.0020 
0.211 0.25 0.93 0.24 0.0026 
0.211 0.28 0.95 0.31 0.0043 
0.34 0.20 0.90 0.06 0.0032 
0.18 0.06 0.58 0.36 0.0050 
0.29 0.10 0.64 0,40 0.0055 
0.48 0,30 0.66 0.13 0.0060 
0.33 0.06 o.sa 0.40 0,0070 

TABLE 1 

Olller 

Mo Al Mg TI Oz ZrO. Al,Oo Si02 composition ((liJ+[MoDI 
(such as arc ([FJ+[JlJ]) 
stabilizer) 

0.05 0,05 0.20 5.1 0.35 0.25 0.30 0.1 0.6 
0.03 0.03 0.30 8.5 0.15 O.Q2 0.20 0.2 2.1 
0.20 0.01 0.40 6.4 0.25 0.78 0,10 0.1 0.8 
0.17 0.02 0.30 6.4 0.20 0.05 0.50 0.4 1.5 
0.04 0.02 0.40 4,8 0.43 0.10 0.45 0.1 2.3 
0.01 0.01 0.65 8,2 0.05 0.58 0.15 0.1 0.8 
0,03 0.03 0.50 4.9 0.06 0.15 O.lO 0.3 3.6 
0.05 0.04 0.40 5.6 0.20 0.02 0.30 0.4 0.3 
0.40 0.05 0.20 8.0 0.10 0.80 0.12 0.3 4.6 
0.01 O.o1 0.80 5.3 0.04 0.10 0.06 0.1 2.3 
0.02 0.05 0.40 8.5 0.05 1.00 0,50 0.5 0,2 
0.09 O.QI 0.20 4.5 0.01 0.02 0.25 0.2 3.8 
0.20 0.02 0.30 0.0 0.20 O.llO 0.30 0.4 1.4 
0.25 11.01 0.10 5.0 0.2G 0.60 0.30 0,6 1.1 
0.01 0,02 0.30 3,0 0.20 0.60 0.25 0.3 0.6 
0.10 0.01 0.25 6.0 0,60 0.60 0.23 0.4 1.0 
0.12 D.03 0.90 5.3 0.20 0.60 0.45 0.5 2.7 
0.08 0.01 0.45 7.0 0.20 0 0.34 0.5 1.3 
0.25 0.01 0.62 10.0 0.20 0.60 0.30 0.2 1.7 
0.14 0.02 0.23 7.5 0.20 0.60 0.80 0,3 4.3 
0.02 0.02 0.35 6.8 0.20 0.611 0.44 0.4 0.2 
0.09 0.05 D.40 6.0 0.20 0.611 0.46 0.6 0.4 
0.25 0.03 0.20 5.8 0.20 0.611 0.29 0.2 3.4 
0.06 0.02 0.70 8.0 0.20 0.611 0.20 0.7 0.3 



TABLE2 
. 

Base Thickness Chemical composition {percent by mass) 
metal (mm) c Si Mn p s NI Cr Mo 1i B 

SM490A 20 0.15 0.32 1.34 0.010 0.001 0.01 0.03 - . -. 

TABLES 

Base metal 
JIS G 3106 SM490A 

Thickness: 20 mm (chemical camposifion Is given In Table 2) 

Groove shape 45" single V groove, root gap= 12 mm, using a backing slrlp 

Wire 
Flux-cored Wires having the compasiUons given In Table 1 

(wire gage (diameter): 1.2mm) 

Shielding gas 80% Ar-20% C<h, flow rate" 25 liters per minute 

Welding position flat-position 

Current 260 to 300 A, voltage: 28 to 32 V, speed of travel: 25 to 35 cm/min 
Welding condllton 

welding energy Input= 1.3 fa 2.5 kJ/mm 

Number oflayers 6 layers, 12 passes 

Preheating and 
140'C to 1sa•c 

lnterpass temperature 
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TABLE4 

JIS 23111 No. A1 specimen, Sampling position= center ofwelil metal, 
Tensile test middle of lhickness 

Test temperature = room temperature {20°C to 23°C) 

JIS Z3111 No. 4 specimen, sampling position= centerofweld metal, 
lmpacttest middle oflhickness 

Test temperature= -60°C 

Chemical composition Analysis method: J!S G 1253 and JIS Z2613 
analysis Analysis position = center of weld metal, middle of thickness 

A specimen after final welding pass was embedded In a resin, surface of 
which was buffed, corroded with a 2% nitric acid ethanol solution, whose 
columnar structure (area which had not undergone heat cycle) was 

Microslructure obseivation 
obseived with an optical microscope at a magnification of 400 times, and 
!he percentage of ferrite side plates in !he field of view was calculated as 
an area ratio (%). The area ratios were ·measured In five fields of view 
per one specimen and averaged to give the area raUo (%) oflhe 
specimen. 

"'I'ese 2. Test for Resistance to Hot Cracking" 

Welding was performed using the flux-cored wires in Table 

1 and the steel plaee having the composition given in Table 

2 under testing conditions given in 'I'able 5 below, to give weld 

metals, and the resistance to hot cracking of the weld metals 

was determined as a cracking rate through a FISCO weld cracking 

test. The cracking rate was defined as a percentage (%) of 

the crack length relative to the bead length of a ruptured weld 

bead. samples having a cracking rate of 10% or less (including 

those.with crater crack) were accepted. 
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TABLES 

Base metal JIS G3106 SM490A 

Groove shape so• Ygroove, rootface = 10 mm, root gap =2.4 mm 

Wire 
llux-cored wires having the compositions given in Table 1 

(wire gage (diamete~: 1.2 mm) 

Shielding gas 80% Ar-20% C02, How rate= 25 Jlters per minute 

Welding position flat-position 

Welding conditions 280 A, 31 V, 35 cmiminute 

Number of layers 1. layer, 1 pass 

Prehea~ng temperature · room temperature (20°C to 23°C) 

Number of repetitions 2 

"Test 3. Fillet Welding Test (Weldability)" 

Welding was performed using the flux-cored wi:i:es in Table 

1 and the steel plate (coated with an inorganic zinc primer) 

for welded st:i:ucture having the composition given in Table 2 

under testing conditions given in Table 6 below, for testing 

the weldability. 
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TABLE6 

JJS G3106 SM490A 

Base metal •The steel plate surface was coated with an Inorganic zinc primer to 

a thickness 0115 f.Jm before testing. 

Groove shape T-joint fillet welding 

Wire 
Flux-cored wires having the compositions given in Table 1 

(wire gage (diameter): 1.2mm) 

Shielding gas 80 %Ar· 20% C02, flow rate = 25 liters per minute 

Welding position 
(1) horizontal fillet 

{2) vertical upward fillet 

Welding conditions 
(1) horizontal fillet: 300 A, 31 V, 30 to 50 cm/min 

(2) vertical upward fillet 220 A, 24 V, 1 O to 15 cm/min 

Number of layers 1 Jayer, 1 pass (the both sides of the Jill et were welded) 

Preheating temperature . room temperature to 1 oo•c 

'l'he test results obtained from 'l'ests l to 3 are shown in 

following Tables 7 and s, and in FIG. l. Table 7 shows the 

compositions of weld metals obtained through welding using the 

flux~cored wires according to Examples and Comparative Examples. 

The remainder of the composition of each weld metal in T~le 

7 is Fe and inevitable impurities. Table 8 shows the mechanical 

p;i;operties, weldability, and cracking rates of the weld metals 

obtained in Tests l to 3. In Table a, a. property belonging 

to "Weldability" other than the bead smoothness is evaluated 

as "Good" when it is satisfactory; or evaluated as "l?oor" when 

it is inferior. Of such properties belonging to 11 Weldability", 

the bead smoothness as given in Table 8 is evaluated as 11Good" 

when it is good; evaluated as "Fair" when it is good but slightly 
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impaired; and evaluated as "Poor" when it is inferior. The 

assessment (overall assessment) in Table B is evaluated as 

"Excellent", "Good", or "Poor". 
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TABLE7 

Wire Chemical composition (percent by mass) 

No. c Si Mn Ni Mo Ti Al B 0 

1 0.07 0.11 1.8 0.58 0.07 0.060 0.010 0.0013 0.068 

2 0.03 0.45 1.5 0.97 0.04 0.065 0.005 0.0040 0.053 

3 0.04 0.10 0.8 0.85 0.22 0.027 0.003 0.0058 0.040 

4 0.07 0.18 1.4 0.72 0.18 0.056 0.004 0.0015 0.062 

5 0.04 0.29 0.7 0.63 0.05 0.072 0.004 0.0015 0.047 

s· 0.05 0.09 0.4 0.84 0.01 0.060 0.006 0.0055 0.043 

7 0.03 0.04 0.4 0.60 0.04 0.066 0.005 0.0097 0.045 

8 0.08 0.20 3.5 1.20 0.05 0.045 0.010 0.0043 0.052 

9 0.05 0.11 2.1 0.74 0.42 0.050 0.015 0.0007 0.078 

10 0.07 0.30 1.9 0.35 0.02 0.053 0.004 0.0015 0.038 

11 0.02 0.47 0.5 1.08 0.02 0.025 0.013 0.0008 0.048 

12 0.04 0.10 1.6 0.50 0.09 0.044 0.003 - 0.080 

13 0.06 0.21 0.5 0.90 0.25 0.093 0.009 0.0038 0.052 

14 0.07 0.17 0.8 0.87 0.25 0.030 0.003 0.0008 0.070 

15 0.04 0.12 0.7 0.60 0.03 0.026 0.004 0.0036 0.050 

16 0,07 0.28 0.8 0.70 0.12 0.028 0.006 0.0011 0.061 

17 0.04 0.13 0.8 0.62 0.15 0.064 0.002 0.0005 0.035 

18 0.04 0.18 0.7 0.98 0.10 0.070 0.003 0.0007 0.052 

19 0.05 0.19 0.6 0.99 0.26 0.073 0.004 0.0013 0.045 

20 0.04 0.30 2.0 0.94 0.16 0.068 0.005 0.0010 0.065 

21 0.06 0.15 1.6 0.65 0.05 0.025 0.005 0.0015 0.049 

22 0.06 0.26 1.2 0.74 0.12 0.045 0.009 0.0017 0.046 

23 0.05 0.45 1.4 0.76 0.28 0.075 0.007 0.0023 0.060 

24 0.05 0.29 0.6 0.79 0.07 0.028 0.004 0.0038 p.040 
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TABLES - - -- -

Mechanical properlies Weldabifily 

0.2%-Ylekl Tensile Absoroed EquaWty Cracking 
Wire No. Bead Wettabifily Poros11y Spa!lel Assessme111' 

srress slrengllt energy in leg ra!e 
smoothness of bead resls!am:e suppression 

[MPa) [MPa) (J) lenglh ('ll) 
I 64a 680 108 Good Good Good Good Good 2 Exce~ent 
2 649 694 68 Good Good Good· Good Good 5 Excellent 
3 655 702 112 Good Good Good Good Good 1 Excellent 
4 712 773 74 Good Good Good Good Good 2 Excell en I 
5 611 672 87 Good Good Good Good Good 3 Excetlenl 
6 602 665 95 Good Good Good Good Good 3 Broe Deni 
7 593 660 96 Good Good Good Poor Good 311 Poor 
8 746 808 16 Good Good Good Good Poor 4 Poor 

w 9 793 843 9 Good Good Good PO()( Poor 7 Poor 
~ 

10 593 660 46 Poor Good Good Good Poor 2 Poor 
! 11 542 611 102 Good Good Poor Good. Good 3 PO(l{ 

12 620 6B8 43 Poor Good Good Good Good 1 Poor 
13 685 740 31 Poor Good Poor Good Good 5 Poor 
14 720 785 50 Good Good Good Good Good 4 Good 
15 633 684 58 Good Good Good Good Good 6 Good 
16 640 688 62 Good Fair Good Good Good 2 Good 
17 645 693 75 Good Good Good Good Fair 0 Good 
18 643 690 78 Falr Good Good Good Good 0 Good. 
19 651 702 54 Good Good Good Good Good 2 Good 
20 654 708 51 Good Good Good Fair Good 1 Good 
21 645 696 81 Good Good Good Good Fair 2 Goad 
22 676 721 64 Good Good Good Good Fair 2 Good 
23 7411 802 50 Good Good Good Good Goad 3 Good 
24 621 666 91 Good Good Good Good Fair 5 Good 

Desired ;,550 ;,540 ;,50 -
value 



~able B demonstrates as follows. The flux~cored wires 

according to Examples Nos. 1 to 6 had compositions within the 

range specified in the present invention, showed satisfactory 

weldahility, and gave weld metals having satisfactory 

mechanical properties even when the weld metals had low Ni 

contents. 

In addition, the flux-cored wires according to Examples 

Nos. 1. to 6 had the compositions falling within the preferred 

range in the present invention and excelled in assessment. 

Comparative Example No. 7 had an excessively low Si content 

to show poor porosity resistance due to insufficient 

deoxidation; had an excessively high B content to show poor 

resistance to hot cracking; and had a ratio 

([Ti]+[MoJJ(((F]+[Al]) exceeding the preferred range in the 

present invention to cause the weld metal to have poor 

low-temperature toughness. Comparative Example No. a had an 

excessively high Mn content to cause the weld metal to have 

poor low-temperature toughness. Comparative Example No. 9 had 

an excessively high Mo content to cause the weld metal to have 

poor low-tempe;i::ature toughness and had an excessively high Al 

content to increase the spatter to thereby impair the porosity 

resistance. 

ComparativeExampleNo. lOhadanexcessivelylowNicontent 

to cause the weld metal to have somewhat poor low-temperature 

3 2. 
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toughness but had contents of the other compositions falling 

within the range specified in the present invention, and this 

mitigated the reduction of the low-temperature toughness to 

some extent. comparative Example No. 11 had an excessively 

low C content to cause the weld metal to have insufficient 

strengths (0.2%-yield stress and tensile strength). 

Comparative Example 11 had an excessively high Ni content · 

exceeding the range specified in the present invention to cause 

the weld metal to have a Ni content of more than l.O percent 

by mass. This sample had a ratio ( [Ti]+ [Mo] ) I ( [Fl+ [Al] ) lower 

than the preferred range in the present invention to increase 

the spatter and to show poor welda.bility. Comparative Example 

No. 12 had excessively low Ni and B contents to cause the weld 

metal to have poor low-temperature toughness and had an 

excessively low F content to cause the weld metal to suffer 

from cold cracking. Comparative Example No, 13 had an 

excessively low Ti content to cause the weld metal to have poor 

low-temperature toughness. 

Examples Nos. 14 to 24 satisfied the essential conditions 

specified in the present invention but do not satisfy the 

preferred conditions in the present invention. Accordingly, 

Example No. 14 to24 hadassessmentspriortothose of Comparative 

Examples Nos. 7 to 13 but inferior to those of Examples No. 

1 to 6. 
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FIG. 1 shows the mechanical properties and weldCIDility 

of the weld metals obtained through welding using the flux-cored 

wires according to Examples and Comparative Examples as in Table 

B. The graph in FIG. 1 is plotted with the abscissa indicating 

the total content of F and Al ([FJ+[Al]) and the ordinate 

indicating the total content of Ti and Mo ( (Til + [Mo] ) , in which 

the solid lines are lines at which the ratio 

((Ti]+[Mo])/([FJ+[All) stands at 0.5 and 2.5, respectively. 

According to the present invention, the contents of these 

elements are specified as Ti content: 0.06 to 0.30 percent 

by mass, Mo content: O. 01 to o. 3 O percent by mass, F content: 

o.os to 0.40 percent by mass, and Al content: 0.05 percent 

by mass or less. Therefore, the total content of F and Al 

([FJ+[Al]) falls within the range of 0.05 to 0.45 percent by 

mass, and the total content of Ti and Mo {[Ti) i-[Mol) falls·within 

the range of 0.07 to 0.60 percent by mass, and these ranges 

of the total contents are also shown as thin dashed lines in 

FJ:G. 1. 

Table a and FIG. 1 demonstrate as follows. Examples Nos. 

1 to 6 had ratios ([Ti]+[Mo))/([F]i-(Al]) in the range of o.s 

to 2.5, had the respective compositions within the ranges 

specified in the present invention, had parameters within the 

shaded area in FIG. 1, and showed good low-temperature toughness 

and good weldability. In contrast, Comparative Examples Nos. 
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Band ll had ratios ([Ti]+[Mo])/([FJ+[AlJ) of less than 0.5, 

thereby increased the spatter, and showed poor weldability. 

Comparative Example No. 7 and Comparative Examples Nos.'9 and 

12 had ratios ( [Ti] +[Mo] ) / ( [F] + [All ) of more than 2. 5 or more 

and showed excessively high hardenability to cause the weld 

metal to have poor low-temperature toughness. 
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WHAT rs CLAIMED IS: 

l. A flux-cored wire for gas-shielded arc welding, 

including: 

a steel sheath; and 

a.flux filled in the sheath, 

wherein the wire as a whole comprises, as its chemical 

composition based on the total mass of the wire: 

carbon (C) in a content of 0.03 to o.07 percent by mass, 

silicon (Si) in a content of o .10 to o . 5 o percent by mass, 

manganese (Mn) in a content of l. O to 4. 0 percent by mass, 

titanium (Ti) in a content of o. 06 too .30 percent by-mass, 

nickel (Ni) in a content of o. 50 to o . .95 percent by mass, 

molybdenum (Mo) in a content of 0.01 to 0.30 percent by 

mass, 

and 

boron (B) in a content of 0.002 to o.OOB percent by mass, 

fluorine (F) ~n a content of o. O 5 to O . 4 O percent by mass, 

iron (Fe) in a content of 85 to 93 percent by mass, and 

wherein the wire as a whole has an aluminum (All content 

controlled to be o.os percent by mass or less. 

2. The flux-cored wire for gas-shielded arc welding 

according to Claim 1, 
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wherein the flux contains, based on the total mass of the 

wire: 

Ti02 in a content of 4.5 to 8.5 percent by mass, 

Zr02 in a content of 0.04 to 0.50 percent by mass, 

Si02 in a content of 0.10 to 0.50 percent by mass, 

Al203 in a content of 0.02 to o.ao percent by mass, and 

magnesium (Mg) in a content of 0.20 to 0.70 percent by 

mass. 

3. The f1ux-cored wire fo:r gas-shielded arc welding 

according to one of Claims 1 and 2, 

wherein the wire has a ratio of the total content of Ti 

and Mo to the total content of F andAl [ ([Ti]+ (Mo]) I ( [F] +[Al]) l 

of O. 5 to 2. 5, wherein [Ti] , [Mo] , (F] , and (All represent the 

contents of Ti, Mo, F, and Al, respectively, in the wire. 
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