
BONDED FLUXAND SOLID WIRE FOR SUBMERGED ARC WELDING, AND 
METHOD FOR SUBMERGED ARC WELDING OF STEEL FORIDW 

TEMPERATURE SERVICE 

BACKGROUND OF INVENTION 
[0001] 

'The present invention relates to a bonded flux and a wire for submerged arc 

welding. Specifically, the present invention relates to a bonded flux and a solid wire for 

submerged arc welding, and method for submerged arc welding of a steel for low 

temperature SSl.Vice, each of which can give a weld bead having satisfacto1yfracture 

toughness at low temperatures down to about -40°C andis suit.able for welding of a 

low-temperature high-strength steel used typically in offshore structures and liquefied 

petroleum gas (LPG) tanks. 

[0002] 

Steels for low temperature service are used typically in line pipes in cold climate 

areas; offshore structures, such as oil-well drilling platforms in ocean; and LPG tanks. 

These structures require further higher quality from the viewpoints of safety and durability 

and require, above all, further tightened improvements in performance in weld beads. 

[0003] 
Low-temperature fi:acture toughness performance is one of the required quality of 

weld beads. 'The toughness is evaluated, for example, on the basis of absorbed energy in a 

Cha:rpy:impacttestandon the basis of fracture toughness (in terms of crack tip opening 

displacement; CI'OD) at a design temperature. 

[0004] 

'The assignee of the present invention has proposed a technique for:improvingthe 

low-temperature fracture toughness performance as disclosed in Japanese Unexamined 

Patent.ApplicationPublication (JP-A) No. H07-256489. A bonded flux for submerged arc 

welding disclosed in this patent literature includes MgO ina content of from 20% to 45%, 

AhOs in a content of from 100/o to 30%, CaF2in a content of from 5% to 15%, Si02in a 

contentoffrom5%to20%,ametalca:rbonate(asC02equ:ivalent)inacontentoffrom2%to 

10%, one or both of CaO andBaO in a total content of from 2% to 20%, one or more of 

metallic silicon, metallic aluminum, and metallic titanium in a total content of from 0.5% to 

5%, metallic titanium and titanium oxide (as titanium equivalent) (total titanium) in a total 

content of from 1%to7%, one or both of metallic boron (B) and boron oxide (as boron 

equivalent) in a total content of from 0.1% to 0.5%, and sulfur (S) inacontentoffrom 

0.005% to 0.15%. 

[0005] 
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Independently, Japanese Unexamined Patent Application Publication (JP-A) No. 

Hl0-113791 discloses a bonded flux and a wire for submerged arc welding of a steel for low 

temperature service, in order to give a weld bead having good weldability and satisfactoiy 

toughness both as welded (AW) and after stress relief heat treatment (post-weld heat 

treatment; PWHT) in multilayer welding of controlled deoxidIBation typified by a 

titanium-killed st.eel for use as a steel for low temperature service. The bonded flux and 

wire are a bonded flux and a wire for submerged axe welding of a controlled deoxidired steel 

sheet, typified by a titanium-killed st.eel, containingatleastoneelementselectedfrom the 

group consisting of Ca, Mg, Zr, andAlina totalcontentof0.015 percent by weight or less. 

The bonded flux for submerged arc welding satisfies the following Expressions (1), (2), and 

(3) and satisfies the following conditions: &:(Si0~16%, (S:i)F."J).5%, 0.l'.O(Al.)161.5%, 

(Mg)F.::4.5%, and O.:JSAl),+0.25(Mg)J61.5%; and the wire for submerged arc welding also 

satisfies the following Expressions (1), (2), and (3) and satisfies following conditions: 

0.005%::;[C]W:::0.08%, 0.005%:::[S~w:::Q.10%, and 1.5%:S[Ni]w53.5%: 

0.002:S[0.l(Bz03)yt6[B]w+3[B]B}::::0.025 (1) 

0.05j:0.0l(l'i.02)Ff-O. l(l'i.);+3JTi)w+ 1.5JTi]B)::::0.22 (2) 

(O.l(P)Ff{l.6[P]w+0.3[P]B]::::0.012 (3) 

SUMMARY OF INVENTION 

[0007] 

ThetecbniqueclisclosedinJP-ANo. H07-256489optirrrizesoxygen, titanium, and 

boron contents in tbe weld bead and ensures satisfactoiy fracture toughness at 

temperatures down to -60°C by regulating the basicity and the alloy composition, such as Ti 

andB, of the flux. However, the resulting weld beadhas a strength in terms of0.2% yield 

strength of about450 MPa and is demanded to have a further higher strength. 

[0008] 

The teclmique clisclosedin JP-A No. Hl0-113791 is intended to give a weld metal 

with excellent toughness at low temperatures down to -70°C both as welded (/'.W) and after 

stress relief heat treatment (PWHI') in welding of a steel for low temperature service to be 

used typically in offshore structures and LPG tanks. This tecbnique, however, fails to 

attain improvements in low-temperature fra.cim-e toughness (particularly CIDD 

performance). 

[0009] 

The pi-esent invention has been made :i:t1 consideration of these problems, and an 

object of the pi-esent invention is to provide a bonded flux and a solid \vim each for 

submerged arc welding, and a method for submerged arc welding of a steel for low 

temperature service, each of which gives a weld bead (weld metal) having satisfactoiy 
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low-temperature fracture toughness with excellent weldability, by suitably specifying the 

chemical composition of the wire and the flux. 

Solution to Problem 

[0010] 

The present invention provides, in an aspect, a bonded flux fur submerged arc 

welding. The bonded flux includes MgO in a contentof fi:om 23 to 43 percent by mass, 

AhOs in a content of fi:om 11to31 percent by mass, CaF2 in a contentoffi:om 6 to 16 

percent by mass, Si02ina contentoffi:om 7to 20percent by mass, at least one metal 

cait>onate in a content as C02 equivalent of fi:om 1.0 to 8.0 percent by mass, at least one of 

CaO and BaO in a total mntent of fi:om 2 to 16 pel'cent by mass, metallic silicon (Si) in a 

contentoffi:om 0.4to1.5 percent by mass, metallic titanium (Ti) anda titanium oxide in a 

total content as titanium equivalent rrotal TI] offi:om l.Oto 7.0 percent by mass, at least 

one of metallic boron (B) and boron oxide in a total content as boron equivalent rrotal BJ of 

fi:om 0.01 to 0.20 percent by mass, and at least one oxide of alkali metals sodium (Na), 

potassium (K), and lithium (Li.) in a total content as equivalents of respective elements of 

fi:om 1.0 to 6.0 percent by mass. The bonded flux has a ratio (['I'otal Ti]+['l'otal B])/[Si02] of 

fi:om 0.05 to 0.55 where rrotal Ti] represents the total titanium content as titanium 

equivalent; rrotal BJ represents the total boron content as boron equivalent; and [Si02] 

represents the Si02 content. 

[0011] 

In another aspect, the present invention provides a solid wire for submerged arc 

welding. The solid wire includes cait>on (C) in a content of £.um 0.10 to 0.15 percent by 

mass, manganese (Mll) in a content of fi:om 1.5 to 2.5 pe1cent by mass, nickel (Ni) in a 

contentoffi:om 2.0to 2.6 pei:cent by mass, molybdenum (Mo), if any, ina contentof0.05 

percent by mass or less, and nitrogen (N), if any, in a contentof 0.008 percent by mass or 

less, with the remainder being iron (Fe) and inevitable impurities. The solid wire has a 

ratio [Ni]/([Mil]+[I\10]) of fi:om 0.9 to 1.5 where [Ni] represents the nickel content; [Mil] 

represents the manganese content; and [I\10] represents the molybdenum content. 

[0012] 

The present invention further provides, in yet another aspect, a method for 

submerged arc welding of a steel for low temperature service. The method includes the 

steps of: 

preparing a bonded flux for submerged arc welding including MgO in a content of 

£.um 23 to 43 pei:cent by mass, AhOs in a content of fi:om 11to31 percent by mass, CaF2 in 

a content of fi:om 6 to 16 percent by mass, Si02 in a content of fi:om 7 to 20 percent by mass, 

at least one metal carbonate in a content as C02 equivalent of fi:om 1.0 to 8.0 percent by 

mass, atleastoneofCaO andBaO ina totalcontentoffi:om2to16percentbymass, 
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metallic silicon (Si) in a content of from 0.4 to 1.5 percent by mass, metallic tirani.um (I'i) 

and a titw:rium oxide in a total content as tirani.um equivalent [Total Ti] of from 1.0 to 7.0 

percent by mass, at least one of metallic boron (B) and boron oxide in a total content as 

boron equivalent [TotaIB] of from 0.01to0.20 percent by mass, andatleastoneoxideof 

alkali metals sodium (Na), potassium (K), and lithium (Li) in a total content as equivalents 

ofrespectiveelementsoffrom 1.0to 6.0percent by mass, and the bonded flux having a ratio 

([Totlll Ti]+[Totlll B])/[Si02] of from 0.05 to 0.55 where [Totlll Ti] represents the total 

tirani.um content as tirani.urn equivalent; [Total BJ represents the total boron content as 

boron equivalent; and [Si02] represents the Si02 content; 

preparing a solid wire for submerged arc welding including carbon (C) in a content 

of from 0.10 to 0.15 percent by mass, manganese (Mn) in a content of from 1.5 to 2.5 percent 

by mass, nickel (Ni) ina content of from 2.0 to 2.6 percent by mass, molybdenum (Mo), if 

any, in a content of 0.05 percent by mass or less, and nitrogen (N), if any, in a content of 

0.008 percent by mass or less, with the remainder being iron (Fe) and inevitable impurities; 

and the solid wire having a ratio [Ni]/([Mll]+J.JVIoD of from 0.9 to 1.5 where [Ni] represents 

the nickel content; [Mil] represents the manganese content; and [l\10] represents the 

molybdenum content; and 

pei.forming submerged arc welding of a steel for low temperature service using the 

bonded flux and the solid wire to give a weld metal comprising boron (B) in a content of 

from 0.0010 to 0.0050 percent by mass and tirani.um (I'i) in a content of from 0.010 to 0.050 

percent by mass and having a ratio [Ti]/[O] of from 0.050to0.90where [Ti] represents the 

tirani.um content; and [O] represents an QJ,.J7gen content. 

Advantageous Effects of the Invention 

(0013] 

The bonded flux for submerged arc welding according to the present invention, as 

specifying the chemical composition thereof suitably, can give a weld metal having 

satisfactory weldability and excellent fracture toughness. 

[0014] 

The solid wire for submerged arc welding aocording to the present invention, as 

specifying the chemical composition thereof suitably, can give a weld metal having a high 

strength and satisfactory fracture toughness. 

(0015] 

In addition, the method for submerged arc welding of a steel for low temperature 

service can give a weld metal having a 0.2% yield strength of 500 MPa or more, a tensile 

strength of 610 MPa or more, and a CI'OD o (-40°C) of 0.25 mm or more. 

BRIEF DESCRIPTION OF DRAWINGS 
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[0016] 

FIG. 1 is a graph chmt illustrating how the ratio [Ni]/([Mll]+[Mo]) of a wire affects 

properties of a weld metal; and 

FIG. 2 is a graph chmt illustrating how the ratio (l'.l'otal Ti]+[rotal B])/[Si02] of a 

flux affects the properties of a weld metal. 

DESCRIPTION OF EMBODIMENTS 

[0017] 

While there have been proposed a number of teclmiques for giving weld metals with 

higher roughness, the teclmique disclosed in JP-A No. H07-256489 attains high toughness 

of the weld metal by regulating the basicity and alloy composition of the flux. 

Independently, the teclmique disclosed in JP-A No. Hl0-113791 attains high toughness of 

the weld metal by regulating alloy compositions both in the flux and in the wire. However, 

these conventional teclmiques give weld metals having a 0.2% yield strength of at most 

about 4501\1Pa and a low CTOD. The present invention has been made to solve such 

problems of the conventional rechniques and has developed a weld metal having a strength 

in terms of 0.2% yield strength of 500 l\1Pa or more, a tensile strength of 610 l\1Pa or more, 

and a CTOD of 0.25 mm or more down to-40°C, by regulating the alloy compositions of the 

flux and the wire. 

[0018] 

Reasons of specifyingtl1e chemical compositions of the flux and wire according to the 

present invention will be described below. Initially, the chemical composition of the 

bonded flux for submerged arc welding will be described 

[0019] 

(1) Bonded Flux for Submerged.Ai-c Welding 

MgO Content 23 to 43 pe1-cent by mass 

Magnesium oxide (MgO), when added, increases the basicity and serves as a 

deoxidizer to decrease oxygen in the weld metal, thus having an oxygen decreasing effect. 

In addition, MgO, when added, increases the fire resistance of slag. MgO, if in a content of 

less than 23 percent by mass, may not exhibit tl1ese effects sufficiently. In contrast, MgO, 

if in a content of more than 43 percent by mass, may impair slagremovability and bead 

appearance. 

[0020] 

AhOs Content: 11to31 pei-cent by mass 

Aluminum oxide (~s) :functions as a slag-forming material andhas the effect of 

ensuring slag removability of the bead In addition, AhOs has the effect of increasing the 

arc concentricity and arc stability. However, if AhOs content is less than 11 pereent by 
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mass, the slagremovability may be insufficient, and welding may be impeded because of 

unstable me. In contrast, AhOa, ifin a content of more than 31 percent by mass, may 

cause the weld metal to bave a higher oxygen content and to thereby baveinsufficient 

toughness. 

[0021] 

CaF2 Content: 6 to 16 percent by mass 

Calcium fluoride (CaF2) is known to bavethe effect of regulating the melting point of 

generated slag, and also has the effect of decreasing oxygen in the weld metal However, 

CaF2, if in a content ofless than 6 percent by mass, may not exhibit these effects sufficiently. 

In contrast, CaF2, if in a content of more than 16 percent by mass, may cause unstable me 

and poor bead appearance, and may cause the generation of pockmarks. 

[0022] 

Si02 Content: 7 to 20 percent by mass 

Silicon dioxide (Si02) serves as a slag-forming material and has the effect of allowing 

the bead to bave a good appearance and a good shape. Si02, ifin a contentofless than 7 

percent by mass, may not exhibit the effects sufficiently. In contrast, Si02, if in a content of 

morethan20percentby mass, mayincreaseoll.ygenin the weld metal totherebyimpair 

the toughness of tl1e weld metal 

[0023] 

Metal Caibonate Content: 1.0 to 8.0 percent by mass as C02 equivalent 

The metal carbonate has an arc shielding effect in which the metal carbonate 

gasifies by the action of welding heat to reduce a water vapor partial pressure in the arc 

atmosphere and to redure a diffusible hydrogen content in the weld metal, thus baving an 

arc shielding effect. However, the metal carbonate, if in a rontent of less than 1.0 percent 

by mass, may not exhibit these effects sufficiently. In rontrast, the metal carbonate, if in a 

rontent of more than 8.0 percent by mass, may impair the slagremovab:ility and may cause 

pockmarks on the beadin some cases, thus causing poor workability. In general, 

exemplary metal carbonates include CaCOa andBaCOa. 

[0024] 

Total Content of At Least One of CaO and BaO: 2 to 16 percent by mass 

Calcium oxide (CaO) and barium oxide (BaO) serve to increase the basicity and 

effectively decrease oxygen in the weld metal, as withMgO. CaO andBaO bave identical 

operation and effects. However, CaO and/or BaO,ifina totalcontentoflessthan2 

pen:ent by mass, may not exhibit the effects sufficiently. In rontrast, CaO and/or BaO, if 

ina rontentofmorethan 16 percent by mass, mayimpairarcstabilityand bead 

appearance. 

[002Dj 
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Metallic Silicon Content: 0.4 to 1.5 percent by mass 

Metallic silicon (metallurgical silicon) has a deoxidizing action of reducing the 

oxygen content in the weld mei:al. The metallic silicon is generally added in the form of an 

Fe-Si alloy. The metallic silicon, if in a content in the alloy of less than 0.4 percent by mass 

based on the mass of the flux, may not exhibit the deoxidizing effect sufficiently. The 

metallic silicon, if in a content of more than 1.5 percent by mass, may exhibit a saturated 

deoxidizing effect, and, contrarily, may cause the weld mei:al to have insufficient toughness 

and to have an excessively high strength. 

[0026] 

Toi:al Content of Metallic Titanium and Tit.anium Oxide(s) CI'oi:al Ti): 1.0 to 7.0 

percent by mass as titanium equivalent 

Metallic tit.anium has a deoxidizing effect to reduce the oxygen content in the weld 

metal Tit.anium oxide(s) serves as a slag-forming agent and has the effect of regulating 

the viscosity and flowability. During welding, the metallic tit.anium is oxidiz.ed into a 

tit.anium oxide, thereby also serves as a slag-forming agent and has the effect of regulating 

the viscosity and flow ability. These components, if in a t.o1:al content CI'oi:al Ti) of less than 

1.0 percent by mass, may not exhibit the effects sufficiently. In contrast, these components, 

if in a to1:al content CI'oi:al Ti) of more than 7.0 percent by mass, may cause excessive 

deoxidization and may cause an excessive amount of slag, thus causing seizure of the bead 

surfuce and impairing slag removability. Thus, the metallic tit.anium and tit.anium oxide 

are in intimate association with each other, and the content thereof is conttulled as a 'Toi:al 

Ti" (content). The toi:al Ti content, ie., the toi:al of contents of metallic tit.anium and 

tit.anium oxide (as tit.anium equivalent) in the flux is more preferably from 0.3 to 1.3 

percent by mass. 

[0027] 

Toi:al Content of AtLeast One of Metallic Boron and Boron Oxide: 0.01to0.20 

percent by mass as boron equivalent 

Metallic boron and boron oxide have the effect of regulating a dissolved boron 

content in the weld metal. These components, if in a toi:al content ofless than 0.01 percent 

by mass as boron equivalent, may impede the formation of fine microstructures in grain 

boundru.y segregation of the dissolved boron and may not exhibit the effect of improving 

toughness sufficiently. In contrast, these components, if in a toi:al content of more than 

0.20 percent by mass as boron equivalent, may cause the weld mei:al to have excessively 

increased hardenability and to have insufficient toughness. The toi:al content of one or 

both of metallic boron and boron oxide in the flux is more preferably from 0.01to0.15 

percent by mass as boron equivalent. 

[0028] 
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Total Content of At Least One Oxide of Alkali Metals Sodium (Na), Potassium (K), 

And Lithium (Li): 1.0 to 6.0 percent by mass as equivalents of respective elements 

Oxides of alkali metals Na, K, andLihavetheeffectof stabilizingarc. These 

oxides, if in a total content of less than 1.0 percent by mass as equivalents of respective 

elements, may not exhibit the effect sufficiently. In contrast, these oxides, if in a total 

content of more than 6.0 percent by mass in terms of the respective elements, maynot 

exhibit an improved deoxiclizing effect and may cause the weld metal to have insufficient 

toughness and an excessively high strength. 

[0029] 

(tl'otal Ti]+tl'otal B])/[Si02]: 0.05 to 0.55 

To ensure both satisfactory fracture toughness and good weldabilicy, the chemiC2l 

composition of the flux is specified as above. In addition, the present inventors have 

further found that both fracture toughness and weldabilicy can be further satisfactorily 

ensured by specifying the chemiC2l composition so as to have a ratio (tl'otal Ti]+tI'otal 

B])/[Si02] of from 0.05 to 0.55. If the ratio (tl'otal Ti]+tl'otal B])/[Si02] is less than 0.05, the 

weld metal may suffer from the generation of coarse microstructures having a high oxygen 

content to thereby have insufficient fracture toughness. In contrast, if tlle ratio (tl'otal 

Ti]+!Total B])/[Si02] is more than 0.55, weldabilizy such as slag removabilicy and bead 

shape may deteriorate and the weld metal may have an excessively high strength and 

thereby have insufficient fracture toughness. The flux more preferably has a ratio (tl'otal 

Ti]+ITotal B])/[Si02] of from 0.10 to 0.40. 

[0030] 

(2) Next, the chemiC2l composition of the solid wire will be described. 

[0031] 

Carbon(C) Content: O.lOto 0.15percent by mass 

Carbon (C) content should be reduced to provide satisfactory toughness and should 

be 0.15 percent by mass or less so as to give a weld metal having good low-temperature 

toughness. However, if the carbon content is less than 0.10 percent by mass, deoxidation 

may proceed insufficiently to cause the weld metal to have insufficient toughness. 

[0032] 
Manganese (Mn) Content: 1.5 to 2.5 percent by mass 

Manganese (Mn) is necessary for ensuring hardenabilicy of the weld metal and for 

forming transformation nuclei of intragranular ferrite. Manganese may exhibit these 

effects sufficiently when present in a content of 1.5 percent by mass or more. However, 

manganese, if in a content of more than 2.5 percent by mass, may cause the weld metal to 

have excessively high bardenabilicy and to have insufficient toughness. 

[0033] 
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Nickel (Ni) Content: 2.0 to 2.6 percent by mass 

Nickel (Ni) dissolves in the matrix of the weld metal to allow ferrite itself to have 

higher toughness. Nickel may exhibit the effect sufficiently when present in a rontent of 

2.0 percent by mass or more. However, nickel, if in a rontent of more than 2.6 percent by 

mass, may often cause phosphorus and sulfur to precipitate at grain boundru.1.es and may 

often cause hot cracking. 

[0034] 

Molybdenum (M:o) Content: 0.05 percent by mass or less 

Molybdenum(M:o)hastheeffectofimprovingthehardenabilityoftheweldmetal 

However, molybdenum, if in a rontent of more than 0.05 percent by mass, may cause the 

weld metal to have excessively high hardenability and to have insufficient toughness. 

[0035] 

Nitrogen (N) Content: 0.008 percent by mass or less 

Nitrogen (N) element impairs the toughness and is preferably minimized in rontent. 

The upper limit of the nitrogen rontent is therefore set to be 0.008 percent by mass. The 

remainder of the solid wire acrordingtothe present invention includes iron (Fe) and 

inevitable impurities. 

[0036] 

[Ni]/([Mn]+[Mo]) Ratio: 0.9 to 1.5 

To ensure both satisfactory fracture toughness and good resistance to hot cracking, 

the chemical romposition of the solid wire acrordingto the present invention is specified as 

above. In addition, the present inventors have further found that both the fracture 

toughness and the resistance to hot cracking can further be reliably improved by rontrolling 

tl1e chemical romposition of the solid wire so as to have a ratio [Ni]/([Mn]+[Mo]) of the nickel 

rontent to the total of the manganese rontent and the molybdenum rontent of from 0.9to 

1.5. If the ratio [Ni]/([Mn]+[Mo]) is less than 0.9, the weld metal may have excessively 

high hardenability and thereby have insufficient fracture toughness. In rontrast, if the 

ratio [Ni]/([Mn]+[Mo]) is more than 1.5, fue weld.metal may be liable to undergo hot 

cracking. The solid wire more preferably has a ratio [Ni]/([Mn]+[Mo]) of from 1.0 to 1.4. 

[0037] 

(3) Next, fue chemical romposition of a weld metal obtained by the welding mefuod 

a=dingto the present invention will be descnbed 

[0038] 

Boron (B) Content: 0.0010 to 0.0050 percent by mass 

Boron (B), if in a rontent ofless than 0.0010 percent by mass, may not exhibit fue 

effect of suppressing pro-eutectoidferrite sufficiently and may fuereby cause fue weld metal 

to have inferior toughness. In rontrast, boron, if in a rontent of more than 0.0050 percent 

9 



by mass, may cause the weld metal to have excessively high hardenability and to have 

inferior toughness. 

[0039] 

Titanium (I'i) Content: 0.010 to 0.050 percent by mass 

Titanium (I'i), if in acont:entoflessthan 0.010 percent by mass, mayimpedethe 

formation of transformation nuclei of intragranular acicular ferrit:e to cause the weld metal 

to have insufficient toughness. In contrast, titanium, if in a cont:ent of more than 0.050 

percent by mass, may cause the fonnation of coarse lath-like bainite to thereby cause the 

weld metal to have insufficient toughness. 

[Ti]/[0] Ratio: 0.50 to 0.90 

The weld metal, if having a ratio [Ti]/[O] of the titanium content to the oxygen 

content ofless than 0.50, may have insufficient toughness due to insufficient deaxidation 

and subsequent formation of coarse pro-eutectoid fenite grains. In contrast, the weld 

metal, if having a ratio [Ti]/[0] of more than 0.90, may have insufficient toughness due to 

the formation of coarse lath-like bainit:e. 

Examples 

[0040] 

Advantageous effects of the present invention will be illustrated in further detail 

with reference to several working examples below. Initially, six types of Wires Wl to W6 

indicated in Table 1 below were prepared In Table 1, Wn:es Wl to W3 are examples 

within the scope of the present invention, whereas Wires W4 to w6 are comparative 

examples out of the scope of the present invention. All the wires have a wire diameter of 

4.0 mm. Likewise, fifteen types of Fluxes Fl to F15 indicated in Tables 2 and 3 below 

were prepared These fluxes were each prepared by granulating a material powder with 

water glass as a binderto give granules, firing the granules at 500°C, and regulating the 

particle siz.e of the fired granules to 10 to 48 mesh. In Tables 2 and 3, Fluxes Fl to F5 are 

examples within the scope of the present invention, and Fluxes F6 to F15 are comparative 

examples out of the scope of the present invention. 
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[0041] 

TABl.E1 

CalBpy 'Mef\b. 
aarta cxxrp:€fui (pairent!Jf mass) 

c Ml Ni We N NV(Ml+lvb) 

W1 0.13 2.0 2.30 Im! 0.004 12 

ExanPes W2. 0.11 1.7 2.EO Im! 0.005 1.5 

l/V3 0.14 2.3 2.10 Im! 0.004 0.9 

W4 0.12 2.7 1.00 Im! O.OC6 0.6 
~ 

W5 0.10 12 2.EO Im! 0.005 2.1 
ExanPes 

W6 0.00 1.9 2.40 0.10 0.005 1.3 

[0042] 

TABl.E2 

lv'.elEi Gal+ M9!ai; 
CalBpy Puxf\b. rvyo flJi)-, C<f2 so, 

ca1x:rae Ba:l sibJ1 

F1 32 19 10 13 4.0 10 1.0 

F2 23 31 6 14 1.5 9 1.5 

ExanPes F3 I 25 21 8 20 8.0 2 1.0 

F4 43 13 11 7 1.0 16 1.0 

F5 37 11 16 10 5.6 10 0.4 

F6 30 30 10 4 3.0 12 1.5 

F7 I 43 5 16 20 6.0 7 1.0 

FB 20 25 14 15 5.5 13 1.0 

F9 33 25 4 12 12 10 0.8 

~ F10 24 34 8 8 1.5 17 0.5 

ExanPes F11 I 23 12 7 32 8.5 8 0.5 

F12 I 30 16 18 10 2.0 10 1.0 

F13 I 48 12 7 7 0.5 12 1.0 

F14 I :i.q 19 8 9 6.8 8 02 

F15 32 14 13 15 6.5 1 4.0 

11 



[0043] 

TABLE3 

TolrJ ofoxmsof 

TolrJ of ITIStlt: TolrJ ofrrelai:: <tai rrellE Na, K, 

litri.rn ax! t=laxl roai ax!Li(os [TolrJ Ti]+ff olrJ 
C<iB;µy Flux~. 

li0rilmoxi:le (os oxi:le (<S roai eqLMtm>of BWSiQi 

liarimeq~) eq~ ~ 
el:lrrenls) 

F1 3.0 0.10 4.0 I 024 

F2 4.0 0.03 6.0 029 

Exanpes F3 7.0 0.15 4.0 026 

F4 1.0 0.00 3.0 0.15 

F5 5.0 02J 1.0 0.52 

F6 2.5 0.40 3.0 0.63 

F7 1.0 0.10 7.0 0.05 

F8 0.5 0.02 2.0 003 

F9 9.0 0.12 1.0 0.75 

~ F10 2.0 02J 1.0 025 

Exanpes F11 1.0 0.14 4.0 003 

F12 6.0 - 3.0 O.fiO 

F13 35 0.05 5.0 050 

F14 7.0 0.02 - 0.78 

F15 5.0 0.18 5.5 0.33 

[0044] 

A steel sheet indicated in Table 4 was subjected t.o all-weld tests using respective 

combinations of the solid wires in Table 1 and the fluxes in Tables 2 and 3 under welding 

conditions given in Table 5 below. On weld metals welded under the welding test 

conditions given in Table 5, mechanical properties, weldab:ility, and chemical composition 

were determined according t.o test methods given in Table 6 below. Regaxding mechanical 

propexties, samples having a yield strength of 500 :MPa or more, a tensile strength of 610 

:MPa or more, and a CI'OD of 0.25 mm or more at -40°C were evaluated as aocept.ed 

[0045] 
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TABl£4 

B<re Gai;ie Ctarra~(Jlllartbyma;s) 

nm (rrm) c Si Ml p s Ni I li B 

K-TEN310 25 0.12 025 1.25 O.D10 0.002 0.42 I 0.002 0.0003 

[0046] 

TABl.E5 

B<renm K-TEN310 

Gai;ie25rrm (Iha c:rerri;cl~ isgMinil Toi:E4) 

Ecl.;'3 shEpa 'JJ' v grrfNO 

RrotgEµ: 13 rrm, v.i1h ll3::fuJ nm 
\Mre \Mreha'li"glted"ani:a~gMin i1Toi:E1, lliiediarefer. 4.0rrm 

Fl.ix FIJXha'lfgltec:rerri;clca1 ~gMin i1 T<tlas2a'd3 

We(Ji"g~ !'Et 

We(Ji"g o:irdiltos Curenl: fElA~: 30V,~oflra\e: 40cmim wa:J' i'µll: " rgernigy 25 

kJkrm 

Nunterofb.i-up 13ies 7 laieJs, 15 p3'reS 

Prehaai-g an illEl]Ess 140"C b 1f'll°C 

~ 
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[0047] 

T/IBLE6 

JISZ3111 f.b.A1 Sjlrirerl, 

Tensia1Est Sarji"'gp:l3ili:n: C€fllEraxlntldi:Joftlt:ITTs5ofwstirrela 

Test1EITµlralure: n:xxn1EITµlralure(20"CID23°C) 

JISZ3111 f.b.4Sjlrirerl 

lrrµi::t1Est Sarji"'g p:l3ili:n: C€fl1Eraxl ntiji:J of tlt:ITTs5 ofw:l:I rreia 

Test1EITµlralure: .fil'C 

cterciaxrµ:sili:JJ flrayslsrrelh:xl: JISG1253ax!JISZ2613 

~ flraysis p:l3ili:n: C€fl1Eraxi rrtkli:Jof llt:krla5sofw:l:I rreia 

CTOD1Est 
CTODl:stofw:l:I rrela a:x:ooli1J1o WES(\'IW""g ~ Slaxlads) 1108 

Test1EITµlralure: -4D°C 

Dl\\Sbe~'est 
Testrrelh:xl: a:rodirgloAWS(!IJrei:a1Wal:li'g9:x);fy)A4.3 

Weasuh;J po:;ess: g<Ec:hrcmalo;Jrq:tiy 

[0048] 

Next, a hot cracking test (hot-cracking resistance test) will be illusb:ated. A steel 

sheet was subjected t.o welding procedures using respective combinations of the solid wires 

in Table 1 and the fluxes in Tables 2 and 3 under welding conditions given in Table 7 below, 

t.o give weld met.als. Resistance t.o hot cracking of the weld metals was detemrined by a 

FISCOweldcrackingtest. The cracking rate was defined as aperoentage <:'lo) of the crack 

length relative to the beadlength of a ruptured weld bead Samples having a cracking 

rate of 10% or less (lncluding those with a crater crack) were accepted. 

14 



[0049] 

TABl£7 

Baxi nm K-1Ei'l110 (recterrra~ 5gMllli1 T!fu4) 

EdJl~ OO°Ygiro.e 

Rrofa:a: 13mn 

Rrogqi: 3.0 mn 

Wire WretEWgrecterrra~gMin i1T!fu1, lliediareler. 4.0mn 

FIJx FllxtEWgrecterrra~gMinn ra:.iaszm:i 3 

Weii'g p:i:ilb1 Flat 

Weii'ganffu-s Ct.mat OOJA,\dla;Je: 3211,~of1Iaiel: 40aniril. 

NllTbarofOO!HJp ia'jas 1~1JBSS 

Prereai-g 1Erri;erab.re nxxn 1Erri;erab.re, 20'C lo 23"C 

Nl!Tbarof fE1:€liOCn 2 

[0050] 

Results of the all-weld tests and the hot cracking tests are shown in Tables 8to10 

and FIGS. 1and2. Table 8 shows the mechanical properties of the examples according to 

the present invention and the comparative examples, and Table 9 shows the weldability 

and cracking rate thereof Table 10 shows the chemical compositions (with the remainder 

being Fe and inevitable impurities) of the weld metals obtained in the examples according 

to the present invention and the comparative examples. In the weldability data, "Good'' 

represents good property, and "Poor" represents poor property. 
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[0051] 

TABLES 

~t-b. Flc<t-b. rve:ratapq:ares 
02'/o ya:lsl!Erglh Tersi3 Ah9:lf:sj CTOD (-40'C) 

(MPa) siJErglh 800llJ)' (lrm) 

(MPa) (-OO'C)(J) 

T1 W1 F1 562 037 108 0.40 

12 W2. F2 540 625 101 0.32 

Exanji's T3 F3 542 6'9 95 027 

T4 W3 F4 584 658 I 100 029 

T5 F5 539 662 97 025 

T6 W4 F6 035 710 I 42 0.15 

T7 F7 002 691 I 48 0.17 

T8 FS 495 584 75 02) 

19 W5 F9 553 034 I 78 0.22 

Cooµrni.e T10 F10 487 558 01 02) 

Exanji's T11 F11 573 6ffi I 56 0.16 

T12 WO F12 453 544 I 66 0.19 

T13 F13 524 615 I 104 0.31 

T14 F14 502 598 I 01 023 

T15 F15 569 662 03 0.17 

Tagatvaoo ;,£{)J 2610 - 2025 
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[0052] 

TABl£9 

Wre Fl.Jxt-b. ~ 

No. Sa:i Eea:I Rxmlak &in.reef rau:tl311)dt>J31 Cra:frGrae 
rem:Mt.ity ~ tea:! omit (%) 

(rrV10Jg) 

T1 W1 F1 l?axJ l?axJ l?axJ l?axJ 3.0 3 

T2 W2 F2 l?axJ l?axJ l?axJ l?axJ 3.5 8 
~ 

~ T3 F3 l?axJ l?axJ l?axJ l?axJ 32 6 

T4 W3 F4 l?axJ l?axJ l?axJ l?axJ 28 2 
f--

T5 F5 l?axJ l?axJ l?axJ l?axJ 2.6 1 

T6 W4 F6 Pea Pea l?axJ l?axJ 3.3 4 
-

17 F7 Pea l?axJ l?axJ l?axJ 2.5 3 
-

TB F8 l?axJ I l?axJ l?axJ l?axJ 29 5 

T9 W5 F9 Pea Pea l?axJ Pea 3.9 ll 
-

Carpalii.e T10 F10 l?axJ Pea l?axJ l?axJ 3.4 35 I -

~ T11 F11 l?axJ l?axJ l?axJ l?axJ 1.9 26 

T12 WO F12 l?axJ Pea Pea l?axJ 32 7 
-

T13 F13 Pea Pea l?axJ l?axJ 5.8 5 
-

T14 F14 Pea Pea l?axJ l?axJ 20 6 
-

T15 F15 l?axJ l?axJ Pea Pea 22 3 
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[0053] 

TABlE10 

cterra rorp:sOCi1 ofwel:l rreta (pslraltil)ima:;s) 

c s Ml Ni fvb li B I 0 N TIO 

T1 0.00 0.3 1.48 2.13 1ra:a OD22 OD030 I 0.029 0.0046 0.76 

T2 0.05 0.4 1.LD 2.32 1ra:a 0.028 0.0025 O.D35 0.0047 0.00 

EYar(::ias T3 0.05 0.4 1.28 22il 1ra:a 0.D32 0.0036 0.039 0.0043 0.82 

T4 0.06 0.3 1.70 2.52 1ra:a O.D18 0.0028 0.032 0.0052 O.E6 

T5 0.06 0.4 1.67 2.55 1ra:a 0.025 0.0040 0.030 0.0049 0.83 

T6 0.06 0.1 1.76 1.70 1ra:a 0.018 0.0068 0.033 0.0062 0.55 

T7 0.06 0.3 1.75 I tr:.s 1ra:a 0.007 0.0031 0.026 0.0061 0.32 

T8 0.05 0.3 1.76 1.71 1ra:a 0.002 0.0010 0.040 0.0062 0.05 

19 0.05 0.4 0.93 I 225 1ra:a O.D<15 0.0033 0.037 0.0049 1.68 

~ T10 0.05 0.3 0.00 228 1ra:a 0.016 0.0042 0.031 0.0047 0.52 

EYar(::ias T11 0.05 0.6 0.94 2.26 1ra:a 0.008 0.0032 0.038 0.0047 021 

T12 0.04 0.4 1.40 2.20 0.10 0.033 0.0002 0.033 0.0046 1.00 

T13 0.04 0.3 1.41 2.21 0.10 0.026 0.0019 0.047 0.0046 0.55 

T14 0.04 0.3 1.40 2.19 0.09 0.036 0.0012 0.038 0.0046 0.95 

T15 0.03 0.4 1.43 2.17 0.10 0.027 0.0038 0.030 0.0047 0.00 

[0054] 

Table 8 indicat.es that Welding Test.s (Examples) Tl to T5 using Solid Wires Wl to 

W3 and Fluxes Fl to F5 as examples of the present invention gave both a high 0.2% yield 
strength and a high tensile strength and gave a high absorbed energy at -60°C anda large 

CI'OD (40°C). In contrast to this, Welding Tests (Comparative Examples) T6 to Tl5 
using Solid Wires W4 to W6 and Fluxes F6 to Fl5 as comparative examples were inferior 
in at least one of the 0.2% yield strength (0.2"/o proof stress), tensile strength, absorbed 
energy at -60°C, and CI'OD (40°C). 

[0050] 

Table 9 indicat.es that Examples Tl to T5 according to the present invention 
excelled all in slag removability, bead appearance, pockmark, seizure of bead, diffusible 
hydrogen content, and cracking rate, each indicating weldability. In contrast, 
Comparative Examples T6 to Tl5 were inferior in at least one of these properties. 
[0056] 

In addition, Examples Tl to T5 aocordingto the present invention gave weld metals 
having chemical compositions within the ranges specified in the present invention, whereas 
Comparative Examples T6 to Tl5 gave weld metals having chemical compositions out of 
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the ranges specified in the present invention. 

[0057] 

FIGS. l and2 are graph charts illustrating how the ratio [Ni]/([lVIn]+[MoD of a wire 
and the ratio ([I'otal Ti]+[Total B])/[Si02] of a flux, respectively, affect the pmperties of the 

weld metal. In FIG. 1, data of Solid Wires Wl to We as in Table 1 are plotted, and, in FIG. 

2, data of Fluxes Fl to Fl5 as in Tables 2 and 3 are plotted Solid W:ires Wl to We, if 

having a ratio [NiJ/([lVIn]+[IVIo]) ofless than 0.9, give a weld metal having excessively high 

hardenability and having insufficient fracture toughness. Solid Wires Wl to We, ifhaving 

a ratio [NiJ/([lVIn]+[Mo]) of more than 1.5, give a weld metal susceptible to hot cracking. 

Independently, Fluxes Fl to Fl5, if having a ratio ([Total Ti]+[I'otal B])/[Si02] ofless than 

0.05, give a weld metal having an excessively high oxygen oontent to cause the furmation of 

ooarse micmstructures and thereby having insufficient fracture toughness. Fluxes Fl to 

Fl5, if having a ratio (!'I'otal Tij+[I'otal B])/[Si02] of more than 0.55, cause inferior 

weld.ability, such as slag removability and bead appearance, and give a weld metal having 

an excessively high sb:ength and inferior fracture toughness. 
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WHAT IS CLATh'lED IS: 

1. A bonded flux for submerged ru:c welding comprising: 

NrgO in a content of from 23 to 43 percent by mass; 

AhOs in a content of from 11to31 percent by mass; 

CaF2inacontentof:from 6to 16 percent by mass; 

Si02 in a cont.ent of from 7 to 20 percent by mass; 
at least one metal cru·bonat.e in a content as C02 equivalent of from 1.0 to 8.0 

percent by mass; 

atleastoneof CaO andBaO ina total content of from 2to16 percent by mass; 

metallic silicon (Si) in a content of from 0.4 to 1.5 percent by mass; 
metallic titanium (I'i.) and a titanium oxide in a total content as titanium equivalent 

[Total Ti] of from l.Oto7.0pei-rentbymass; 

at least one of metallic boron (B) and boron oxide in a total cont.ent as boron 

equivalent [Total BJ of from 0.01to0.20 percent by mass; and 
at least one oxide of alkali metals sodium (N'a), potassium (K), andlitbium (Li.) in a 

total content as equivalents of respective elements of from 1.0 to 6.0 percent by mass, and 

the bonded flux having a ratio ([Total Ti]+[Total B])/(Si02] of from 0.05 to 0.55 where 
[Total Ti] represents the total titanium cont.ent as titanium equivalent; [Total BJ represents 
the total boron content as boron equivalent; and [Si02] represents the Si02 content. 

2. A solid wire for submerged arc welding comprising: 

cru·bon (C) in a content of from 0.10 to 0.15 percent by mass; 
manganese (Mn) in a content of from l.5to 2.5 percent by mass; 

nickel (N'i) in a content of :5.-om 2.0 to 2.6 percent by mass; 

molybdenum (Mo), if any, in a cont.entof0.05 percent by mass or less; and 

nitrogen (N), if any, in a content of 0.008 percent by mass or less, 
with the remainder being iron (Fe) and inevitable impurities, and 

the solid wire having a ratio [Ni]/([Mn]+[Mo ]) of from 0.9 to 1.5 where [Ni] 

represents the nickel content; [Mn] represents the manganese cont.ent; and [tvfo] represents 
the molybdenum content. 

3. Amethodforsubmergedarcweldingofasteelforlowt.emperatureservice,the 
methodcomprisingthe steps of 

preparing a bonded flux for submerged an: welding including NrgO in a content of 

from23to43percentbymass,Ah0sinacontentoffrom 11 to31 percent by mass, CaF2in 
a content of from 6 to 16 percent by mass, Si02ina content of from 7 to 20 percent by mass, 

20 



at least one metal carbonate in a content as C02 equivalent of from 1.0 to 8.0 percent by 

mass, atleastoneofCaO andBaOina totalcontentoffrom2to 16percentbymass, 

metallic silicon (Si) in a content of from 0.4 to 1.5 percent by mass, metallic titanium ('.l'i) 

and a titanium oxide in a total content as titanium equivalent rrotal Ti] of from LO to 7.0 

percent by mass, at least one of metallic boron (B) and boron oxide in a total content as 

boron equivalent rrotal BJ of from 0.01to0.20 percent by mass, and at least one oxide of 

alkali metals sodium (Na), potassium (K), and lithium (Li) in a total content as equivalents 

of respective elements of from 1.0 to 6.0 percent by mass, and the bonded flux having a ratio 

(rTotal TiJ+rrotal B])/[Si02] of from 0.05 to 0.55 where rrotal Ti] represents the total 

titanium content as titanium equivalent; rrotai B] represents the total boron content as 

boron equivalent; and [Si02] represents the Si02 content; 

preparing a solid wire fur submerged arc welding including carbon (C) in a content 

of from 0.10 to 0.15 percent by mass, manganese (J\lli.1) in a content of from 1.5 to 2.5 percent 

by mass, nickel (Ni) in a content of from 2.0 to 2.6 percent by mass, molybdenum (M:o), if 
any, ina content of 0.05 percent by mass or less, and nitrogen (N), if any, in a content of 

0.008 percent by mass or less, with the remainder being nun (Fe) and inevitable impurities; 

and the solid wire having a ratio [Ni]/([Mll]+[l\1o]) of from 0.9 to 1.5 where [Ni] represents 

the nickel content; [Mn] represents the manganese content; and [M:o] represents the 

molybdenum content; and 

performing submerged arc welding of a steel for low temperature service using the 

bondedfluxand the solid wli"eto give a weld metal comprising boron (B)ina content of 

from 0.0010 to 0.0050 percent by mass and titanium ('.l'i) in a content of from 0.010 to 0.050 

percent by mass and having a ratio ITi]/[O] of from 0.050 to 0.90 where l'.l'il represents the 

titanium content; and [0] represents an oxygen content 
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