FLUX- CORED W RE FOR GAS SHI ELDED ARC WELDI NG FI ELD OF THE | NVENTI ON The
present invention relates to a flux-cored wire for gas shielded arc welding
whi ch all ows del ayed cracking to be hardly generated after wel ding by:
making flux particles hardly adherable to water nol ecules and thus hardly
hygr oscopi ¢c; reduci ng hydrogen intruding into a weld netal; and thus
reduci ng di ffusible hydrogen. BACKGROUND OF THE | NVENTI ON There has
her et of ore been the problemin that hydrogen atons are trapped into a weld
metal due to the MUUXtCURERDSIRBIFON XS sHMELOEDYAREt RELBINGNd t he hydrogen
enbrittlenent of a weld is caused. To cope with the problem the reduction
of adherent water by the incineration of a welding material at a high
tenperature has been attenpted and a wire of a seam ess structure as a
flux-cored wel ding wire has BE&d-Dp@F iTEo IPVESTILEN] 'use w th the ai m of
making a welding material hardly hygroscopic. However, the problemhere is
that the producThenreesenbfinvepticnirelatefitess flugcrered ywikegh. To
solve the problem wth regard to_a seaned wire too, various kinds of
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particles hardly adherable to water molecules and thus

hardly hygroscopic; reducing hydrogen intruding into a weld

metal; and thus reducing diffusible hydrogen.

BACKGROQUND OF THE INVENTION

There has heretofore been the problem in that
hydrogen atoms are trapped into a weld metal due to the
moisture absorption of a welding material and the hydrogen
embrittlement of a weld is caused. To cope with the
problem, the reduction of adherent water by the
incineration of a welding material at a high temperature
has been attempted and a wire of a seamless structure as a
flux-cored welding wire has been put into practical use
with the aim of making a welding material hardly
hygroscopic. However, the problem here is that the
production cost of a wire of a seamless structure is high.

To-solve the problem, with regard to a seamed wire
too, various kinds of technologies are proposed wifh the
aim of making a welding material hardly hygroscopic and
reducing diffusible hydrogen;

Firstly as a technology on a flux-cored arc electrode,



JP-B No: 110432/ 1995 proposes an arc el ectrode wherein an arc stabilizer,
titani um di oxi de, calciumfluoride, alloy of alumnumor the like, iron,
and pol ytetrafl uoroethyl ene (PTFE) powder are blended in flux. Further,
JP- A No. 224883/ 2002 proposes an arc el ectrode wherein resistance to
hygroscopicity is inproved and thus welding operability is also inproved
by: blending resin powder with flux; filling a structural casing with
them subjecting the entire wire to wire drawing; and thus producing a

fl ux-cored yp-re.NdHovwemer32 i1vdsherepsecel ahherteshast pgye daseréhedin JP-B
No. 110432/1995, although PTFE powder is blended in flux with the aim of
reduci ng diddfaisdtddbe Hygdrrggeritahien dieklidas oflthemt eCheol ©gy & ey hat the
resi stance to hygroscopicity is not inproved and the wel ding operability
deteri or at est cuemtigurherbitérdilijgeof irhe, PARE polgeetr&iltdmwsethyIeriche case
- of the conventional technology described in JP-A No. 224883/2002, although
t he resi st aREFE)t paviggrroseepicdiengedf in &lus-is i nproved by bl ending resin
powder with flux, the issue of the reduction of diffusible hydrogen is not
taken into consi d8r&hesn dF-8I No.| AZ4YBP{20N RIQRRIRM athé@Xhount of
generated spatter is _suppressed to the utnost by reducing the anmount of the
bl ended resileGidnder hegGirederssteneci hpr byerertonicihe 15 elfiraosind to

hygroscopi cily as mich a5 bassible:; Lhe; PLpBl el M€, 31, LRl g ©

resin powder with flux; filling a structural casing with
them; subjecting the entire wire to wire drawing; and thus
producing a flux-cored wire.

Heowever, in the case of the technology described in
JP-B No. 110432/1995, although PTFE powder is blended in
flux with the aim of reducing diffusible hydrogen, the
problems of the technology are that the resistance to
hygroscopicity is not improved and the welding operability
deteriorates due to the blending of the PTFE powder.

Further, in the case of the conventional technology
described in JP-A No. 224883/2002, although the resistance
to hygroscoﬁicity of a wire is improved by blending resin
powder with flux, the issue of the reduction of diffusible
hydrogen is not téken into consideration at all., In
addition, although the amount of generated spatter is
suppressed to the utmost by reducing the amount of the
blended resin powder required for the improvement of the
resistance to hygroscopicity as much as possible, the
problems here are that it is difficult te simultaneously

achieve both the improvement of the resistance to



achi eve.both the inprovenent of the resistance to 2 hygroscopicity and the
suppression of the anbunt of generated spatter, and thus the wel ding
operability such as arc stability and the |like is poor. SUWARY OF THE

| NVENTI ON The present invention has been established in view of the above
probl ens and an object thereof is to provide a flux-cared wire for gas
shi el ded arc wel di ng which: can prevent diffusible hydrogen fromintruding
into a wldat arc welding; is excellent in the resistance to

hygroscopi cifyrdcddi® My ndRhLubibibsshah Bettae webdhfdoroperability. A
flux-cored wrte for gas ‘shielded arc welding according to an aspect of the

present inveatdQitds shddter, coiednwis' €hkolegasnghbpbeadi 81 ey Wahah ngs f or med
by filling a steel casing with flux, wherein: the flux contains, by nmass

percent age d¥r td@adidlialy mass tofe th&ewWikepobict ani um dioxide: 4.0 to 8.0%
al kali metal fluoride (fluorine equivalence): 0.02 to 0.40% and
pol ytetrafl uoroet hyl ene (fluorine equivalence): 0.02 to 0.40% the fluorine
equi val ence of alkali-earth nmetal fluoride is regulated to 0.01% or | ess
by mass; and the fluorine eqeWNAARNCE JfHE| RBMENTRMNal fluoride and the
fluorine equival ence of polytetrafluoroethylene satisfy the foll ow ng
expressions 1. af@e2present invention has been established in view of

the above problems and an object thereof is to provide a

flux-cored wire for gas shielded arc welding which: can

prevent diffusible hydrogen from intruding into a weid at

arc welding; is excellent in the resistance to

hygroscopicity of the wire; and exhibits far better welding

operability.

A fluk—cored wire for gas shielded arc welding

according to an aspect of the present invention is a fiux—

cored wire for gas shielded arc welding formed by filling a

steel casing with flux, wherein: the flux contains, by mass

percentage to the total mass of the wire, titanium dioxide:

4.0 to 8.0%, alkali metal fluoride (fluorihe equivalence) ;

0.02 to 0.40%, and polytetrafluorcethylene (fluorine

equivalence): 0.02 to 0.40%; the fluorine equivalence of

alkali-earth metal fluoride is regulated to 0.01% or less

by mass; and the fluorine equivalence of alkali metal

fluoride and the fluorine equivalence of

polytetrafluorocethylene satisfy the following expressions 1

and 2; |

[Expression 1]

(fluorine eguivalence of alkali metal fluoride}/( fluorine



[ Expression 11 (fluorine equival ence of alkali netal fluoride)/( fluorine
equi val ence of polytetrafluoroethylene) !~ 1, and [Expression 21 (fluorine
equi val ence of alkali nmetal fluoride + 0.35)/(fluorine equival ence of

pol ytetrafl uoroethylene) 1. The term"fluorine equival ence” cited here
means the content of the nmass of the fluorine part constituting a rel evant
material. For exanple, in the case of NaF, since FINaF ~ 19/(23 + 19) =

0. 4523, the fluorine equivalence of NaF is the val ue obtained by

mul tiplying 5QEY§?§£§ t . of 9?g£e9¥a£ﬂf fbé% | Clegble 044523, In t he flux-cored

wire for gas arc fhaF’at | east one of
the steel cagkpgeadBdonthe flux contains C 0 007 to 0.15% by mass percentage
to the total nmass of the wire. It is yet preferable that the C content is

in the rangelebrdnlletoifalfedyoasskyler aeitage i tiie total mass of the
wire. The present invention makes it possible to: reduce diffusible

hydrogen i noazse) dfrebalhe NBdei dafdnxe COF gsb W r SaNH b tYgn @BePpic ;. , and
obtain good wel ding operability. As a consequence, it is possible to: carry
out wel ding underha gaod WWelwdimigopenEtiadeneryi cofieentherempeane the

resi stance to hygroscopicity of a flux-cored welding wire; attenpt to
reduce diffoshbeet hgdrogermasence Previgntonine part constituting a

relevant material. For example, in the case of NaF, since
F/Nafr = 19/(23 + 19) = 0.4523, the fluorine equivalence of
NaF is the wvalue obtained by multiplying the content of NaF
by the coefficient 0.4523.

In the flux-cored wire for gas shielded arc welding,
it is preferable that at least one of the steel casing and
fhe flux contains C: 0.007 to 0.15% by mass percentage to
the total mass of the wire.

It is yet preferable that the C content is in the
range of 0.01 to 0.12% by mass percentage to the total mass
of the wire.

The present invention makes it possible to: reduce
diffusible hydrogen in a weld metql; make a flux—cored wire
hardly hygroscopic; and obtain good welding operability.

As a consequence, it is possible to: carry out welding
under a gcod welding operation environment; improve the
resistance to hygroscopicity of a flux-cored welding wire;
attempt to reduce diffusible hydrogen; hence prevent the
hydrogen embrittlement of a weld; and further enhance the

safety of a structure.



hydrogen enbrittlement of a weld; and further enhance the safety of a
structure. BRI EF DESCRI PTI ON OF THE DRAW NG Enbodi nents of the present

invention will be described in detail based on the follow ng figures,
wherein: Fig. | is a graph showi ng the region stipulated in the present
invention with hatching, wherein the fluorine equival ence of PTFE by nass
percentage to the total mass of a wire is shown along the horizontal |ine
and the fluorine equivalence of alkali metal fluoride by nass percentage to
the total mass of a wire is shown along the vertical |ine. DETAI LED

DESCRI PTI ON OF THE PREFERRED: EMBSER M=NTS: Jherdy egeiirngwventors: repeat ed
research through various experinents in order to solve the problens inposed

on the present inwepidiarntandfasha pessbhthayeefolmd et bein a flux-cored
wire for gas shielded wel ding, by blending polytetrafluoroethylene (PTFE)
and al kal i detatidddiam diztiail dppedponatecafiolbdsingt figupessi bl e to reduce
di ffusi ble hydrogen, inprove the resistance to hygroscopicity of the wre,
and real i zeshdredimpr ovenent of wel ding operability while allow ng all
position wel ding. The present invention has been established on the basis
of the above findilagsl That psapbyshberay ngh®TREVen hsfimdatese IPTFE havi ng
wat er repellency softens by the heat and pressure durin w re draw ng and
covers t he e FECSerdf imvigrtign witBshatching, wherein the fluorine

equivalence of PTFE by mass percentage to the total mass of
a wire is shown along the horizontal line and the fluorine
equivalence of alkali metal fluoride by mass percentage to

the total mass of a wire is shown along the vertical line.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors: repeated research through
various experiments in order to solve the problems imposed
on the present invention; and as a result have found that,
in a flux-cored wire for gas shielded welding, by blending
polytetrafluorpethylene (PTFE) and alkali metal fluoride in
appropriate amounts, it is possible to reduce diffusible
hydrogen, improve the resistanée to hygroscopicity of the
wire, and realize the improvement of welding operability
while allowing all position welding. The present invention
has been established on the basis of the above findings.

That is, by blending PTFE with flux: the PTFE having
water repellency softens by the heat and pressure during
wire drawing and covers the surfaces of flux particles;
thereby the water absorption from the flux surfaces

reduces; and resultantly very good resistance to



t hereby.the water absorption fromthe flux surfaces reduces; and
resultantly very good resistance to 5 hygroscopicity is obtained. In
addi'tion, the PTFE dissociates by the arc heat during arc wel ding, hydrogen
fluoride is generated at the tinme, the hydrogen fluoride scatters in the
air and thereafter deconposes into fluorine and hydrogen, thereby hydrogen
is prevented fromintruding into a weld netal, and diffusible hydrogen can
be reduced. However, by blending PTFE in flux, the welding operability

deter! oral 88 AUUAGIANY 1 ThgREIALE. ardBans Rl ! QANEIAGE he ambunt of

PTFE and t huds suppfessing the eterioration of tHe welding operability can

be consi derd%%sddla%@ehgt @heeaWenthe a@kghgga@@%@iﬂiﬁ@y-h &, wth
the reduction of the PTFE anmount, the effects of PTFE, "namely the effects

in the redugticondef ishgetlefbtedbbe thydeogen emduURydaser helddmrdayvenment of
resistance to hygroscopicity, weaken. Neverthel ess, the present inventors
have found sidaaftelrize ineltieng iependbthetyartpr odesonhysdd entidorlalddilhe net al
fluoride in an appropriate amount. Consequently, the present invention is
char act eri zed hydrolen,althetrkbyi hpdovgeenis ofraveddi ey Opew abitruding he
reduction of diffusible hydrogen, and the inprovement of resistance to
hygr oscopi dinty eawebd obtalnednBydbféndinge kydkeddemetan Wd umdwed.n an
appropriate amount together wth the blend of a sufficient amount of PTFE
However, by blending PTFE in flux, the welding

cperablility deteriorates considerabiy. Therefore, a means

of reducing the amocunt of PTFE and thus suppressing the

deterioration of the welding operability can be considered

in order to secure the welding operability. However, with

the reduction of the PTFE amount, the effects of PTFE,

namely the effects in the reduction of the diffusible

hydrogen amount and the improvement of resistance to

hygroscopicity, weaken. Nevertheless, the present

inventors have found that the welding operability improves

by blending alkali metal fluoride in an appropriate amount.

Consequently, the present invention is characterized in

that all the improvement of welding operability, the

reduction of diffusible hydrogen, and the improvement of

resistance to hygroscopicity can be obtained by blending

alkali metal fluoride in an appropriate amount together

with the blend of a sufficient amount of PTFE.

The reasons for limiting the values related to a
flux-cored wire for gas shielded arc welding according to

the present invention are hereunder explained. Firstly,

the composition of flux is explained. Note that the



The reasons for limting the values related to a flux-cored wire for gas
shi el ded arc wel ding according to the present invention are hereunder
explained. Firstly, the conposition of flux is explained. Note that the 6
conposition of flux is represented by the percentage of a mass (% by nass)
to the total mass of a wire. Titaniumdioxide: 4.0 to 8.0% by mass Titani um
dioxide is the main conponent of titania type flux. The titaniumdioxide is
a conponent functioning as a slag forner and an arc stabilizer and, by

bl endi N9 810 GORLORLLA! S AL O e dbycb BISEHA! BotBARRLY. Bk I post L1 on

wel di ng. Con A WTe accor to the I'nve on cont ai ns

titani um digxige, gg)yb)? a4 &@%heb)torfgqsmgggcg@t aggite. the total nmass of the |
wire. When a conte of titaniumdioxide is |ess than 4.0% by nass, al

posi tion wet g g e xRe: appld ed sOnst b ALREr hand, when a content of
titani um di'oXi de exceeds 8.0% by mass, (he effects of i nprovi ng resistance
to hygroscopi cit yrianehi e diexigedikf URkbhei hydsagenecanaot t Dearoxy ai ned due
to the noisture absorption of the titanium dioxide. For those reasons, the
content of tygenilum di Fkedéitsnsen diocdidetis 8. OShdyneardssfurard quriefger abl y
4.5 to 7.5%by mass. As a raw material of titaniumdioxide, rutile, reduced
ilmnite, ors aheldg Keommr beaduisedarsl kébbihtzalk &hdorbdeblOndPng 0. 40% by

mass of fluorine
appropriate amount of it, it is possible to apply all

positiqn welding. Consequently, a wire according to the
present invention contains titanium dioxide by 4.0 to 8.0%
by mass percentage to the total mass of the wire. When a
content of titanium dioxide is less than 4.0% by mass, all
position welding cannot be applied. On the other hand,
when a conteﬂt of titanium dioxide exceeds 8.0% by mass,
the effects of improving resistance to hygroscopicity and
reducing diffusible hydrogen cannot be obtained due to the
moisture absorption of the titanium dioxide. For those
reasons, the content of titanium dioxide is set at 4.0 to
8.0% by mass, and preferably 4.5 to 7.5% by mass. As a raw
material of titanium dioxide, rutile, reduced ilminite, or
the like may be used.

Alkali metal fluoride: 0.02 to 0.40% by mass of fluorine

egquivalence

By blending alkali metal fluoride in flux, the alkali
metal fluoride functions as an arc stabilizer, suppresses
the deterioration of welding operability caused by PTFE,
functions és a source of fluorine, and has an effect of

reducing diffusible hydrogen. When the fluorine



equi val ence By blending alkali metal fluoride in flux, the alkali netal
fluoride functions as an arc stabilizer, suppresses the deterioration of
Wel di ng operability caused by PTFE, functions as a source of fluorine, and
has an effect of reducing diffusible hydrogen. Wien the fluorine 7
equi val ence of alkali nmetal fluoride is less than 0.02% by nass percentage
to the total mass of a wire, the effect of inproving welding operability
cannot be expected. Wien the fluorine equivalence of alkali nmetal fluoride

exceeds 0. 40%; by MRS rSLARE12! Kath1 MPi@br {4u0fd de dendfd & 6&02%9

noi sture, the effects of i1 nproving resistance to ygroscopicity a

reduci ng d&nfafslés%;a&%ehx%@gea %éhtEifEE nESONOE D6,y 0ht aivpd. efﬁ&tmﬁft

appropriate content of alkali metal fluoride is O. 03 to 0. 30% by nmass of
fluerine egprealiagceeandnhesperab Ot gntamiodlkaldxpgmitald f | waehdenks set

at 0.02 to 0.40% by mass of fluorine equival ence. PTFE: 0.02 to 0.40% by
mass of fl daubréneqegualvanerce Byt b Ekal hgndTEE fIuddite dxheddE-B .Hagi ng

wat er repellency softens due to the heat and pressure during wire draw ng,
covers thebyumpasessohchl axkpaktmetas, L1 heribhy taretides ahsicstour e absor pti on
fromthe flux surface, and nakes resistance to hygroscopicity very good. In
addi tion, MOBEtPTBE SheseFachs @ﬁelmmrqwxﬁqK%ﬂSkﬂnanqy &c wel ding, reacts

W th hydrogen in arc, .and generates hydr P
ygroscopicity and reducing diffusible hydrogen with PTFE

cannot be obtained. The most appropriate content of alkali
metal fluoride is 0.03 to 0.30% by mass of fluorine
equivalence and hence a content of alkali metal fluoride is
set at 0.02 to 0.40% by mass of fluorine equivalence.

PTFE: 0.02 to 0.40% by mass of fluorine equivalence

By blending PTFE in flux, thg PTFE having water
repellency softens due to the heat and pressure during wire
drawing, covers the surfaces of flux particles, thereby
reduces moisture absorption from the flux surface, and
makes resistance te hygroscopicity very goqd. In addition,
the PTFE dissociates due to arc heat during arc welding,
reacts with hydrogen in arc, and generates hydrogen
fluoride (HF). Consequently the amount of hydrogen in arc
reduces and resultantly the hydrogen intruding inteo a weld
metal reduces. When the blended amount of the fluorine
equivalence of PTFE is less than 0.02% by mass percentage
to the total mass of a wire, the effects of reducing
diffusible hydrogen and imprbving resistance to
hygroscopicity cannot be obtained. When a PTFE amount of

fluorine equivalence exceeds 0.40% by mass, welding



fluoride (HF) Consequently the amount of hydrogen in arc reduces and
resultantly the hydrogen intruding into a weld netal reduces. Wen the

bl ended anpbunt of the fluorine equivalence of PTFE is |ess than 0.02% by
mass percentage to the total mass of a wire, the effects of reducing

di ffusi bl e hydrogen and i nproving resistance to hygroscopicity cannot be
obt ai ned. When a PTFE anount of fluorine equival ence exceeds 0.40% by nass,
wel di ng 8 operability deteriorates conspi cuously. For those reasons, a

content of EEEEbﬁ:.% d@‘ce,@lggaEQs éx@s{&P&’ué@?ﬁbo‘c rol! ‘E%EO%EQ%I‘{Q' ence. A

pr ef er abl e Cont ent o PTFE I's I'n e range o 05to O y mass of
fluorine equiygkeReeor E@FEhgg,s&foﬂit@eoy'@WWUN4U> ofy 86w igrg the fluidity
of flux during the production of a flux-cored wre, a preferable particle
size of PTEEubginhB theitvanggcefl A Qlrdfera#Q@ wonientherppogesssoinfilling a
steel casing with flux (nanely at a stage before wire draw ng).

Al kal i - ear thenetakef bBo0oL dB: tO. 0136 Brby asss Do MERiiofind letrivad epgui. val ence
When al kali-earth nmetal fluoride is blended in flux, welding operability
det eri or at #srahdrf uftbmr thesviewpeent cof hsagrusicapitdia y lalisio tgebdr i or at es.
When the fluorine equival ence of alkali-earth netal fluoride exceeds 0.01%
by mass péivsntiagéngothheprodatthessobfa af Miveones #ling, éperability and
resi stance to _hygroscopicity deteriorate

preferable partlcYe size of PTFE is in the range of 0.01 to
400 pm in the process of filling a steel casing with flux

{(namely at a stage before wire drawing).

Alkali-earth metal fluoride: 0.01% or less by mass of

fluorine equivalence

When alkali-earth metal fluoride is blended in flux,
welding operability deteriorates and further resistance to
hygroscopicity also deteriorates. When the fluorine
equivalence of alkali-earth metal fluoride éxceeds 0.01% by
mass percentagé to the total mass of a wire, welding
operability and resistance to hydgroscopicity detericrate
conspicuously and hence it is necessary to regulate alkali-
earth metal fluoride to 0.01% or less by mass of fluorine
equivalence.

In general, when fluoride is added to the flux of a
flux-cored wire, alkali metal fluoride and alkali-earth
metal fluoride are used often. However, in the present
invention, we should endeavor not to use alkali-earth metal
fluoride.

Relationship between PTFE and alkali metal fluoride

Although the effects of reducing diffusible hydrogen



conspi cuously and hence it is necessary to regulate alkali- earth netal
fluoride to 0.01% or |less by nass of fluorine equivalence. In general, when
fluoride is added to the flux of a flux-cored wire, alkali netal fluoride
and al kali-earth mnetal fluoride are used often. However, in the present

i nvention, we should endeavor not to use alkali-earth netal fluoride.

Rel ati onshi p between PTFE and al kali nmetal fluoride Although the effects of
reduci ng diffusible hydrogen 9 and inproving resistance to hygroscopicity

are obtai ned py | [ PTEE in _flux LOg. Ll i.qr at es
conspi cuous‘-:'lql;#o\/{?rﬁn lr% %ées-a%ggéggl %ﬁebyﬁggg%%‘glg\?f%a%%%@%%ﬁ% bgg esent

i nventi on, i | iyl S t t gLy i y
sinultaneo&?%%gﬁﬁgh ingggpk§%¥xﬁergpeyﬁﬁuggfﬁéﬁgglgﬁ g%%&%?%%?%?ger. In the
case, when dhgdiatictis16f Wieh peredukvaligageadénal kald dmlcalifthuehiage by mass

percentage to the total mass of a wire)/(fluorine equivalence of PTFE)
exceeds ongn e ipHdsk@ncdngenthen, eweedshyeopbkabil My al s fprwrdteadn the
deterioration of resistance to hygroscopicity is nore substantial than the
effects of fAresciengrdicifatdnkl &@yhgdmafeanaoadsi ppib behding rekkasl ameet 410
hygroscopicity wwth PTFE and the effects of reducing diffusible hydrogen
and i nprovifigoresiesp@ne@ Boc kygbddéeprci tin witteh dAFEE athenhithéeredioFurt her,
when the {fluorine equivalence of alkali metal fluoride by mass

perceﬁtage to the total mass of a wire)/({fluorine

egquivalence of PTFE} exceeds one, the influence of the

excessive alkali metal fluoride on the deterioration of

resistance to hygroscopicity is more substantial than the

effects of reducing diffusible hydrogen and improving

resistance to hygroscopicity with PTFE and the effects of

reducing diffusible hydrogen and improving resistance to

hygroscopicity with PTFE are hindered. Further, when the

ratio (fluoriﬁe equivalence of alkali metal fluoride +

0.35)/(fluorine equivalence of PTFE) is less than one, the

influence of PTFE on the deterioration of welding

operability appears more conspicuously than the effect of

improving welding operability with alkali metal fluoride,

the effect of improving welding operability by containing

alkali metal fluoride is not obtained, and hence the

aforementioned ratio has to be one or more,.

For those reasons, an appropriate amount of alkali
metal fluoride is necessary in accordance with the amount

of PTFE, and PTFE and alkali metal fluoride are required to

satisfy the followlng expressions 3 and 4;

10



ratio (fluorine equivalence of alkali nmetal fluoride + 0.35)/(fluorine
equi val ence of PTFE) is less than one, the influence of PTFE on the
deterioration of welding operability appears nore conspicuously than the
effect of inproving welding operability with alkali netal fluoride, the
effect of inproving welding operability by containing alkali netal fluoride
i s not obtained, and hence the aforenentioned ratio has to be one or nore.
For those reasons, an appropriate anount of alkali metal fluoride is
necessary i[uaecyddaicgw th the amount of PTFE, and PTFE and al kal i net al
fluoride are required to satisfy the follow ng expressions 3 and 4; 10

[ Expr essi on( Blidfineordqid vequineal efcaleblal kakthlnelabr fdapr { de)ddrfdaiori ne
equi val ence of polytetrafluoroethylene) :5; 1, [Expression 41 (fluorine

equi val encegfiwlletlde mat glolfiteeiradendro0tBpLefe) uori pe equival ence of

pol ytetrafl uoroethylene) 1. The region wherein the expressions 3 and 4 are
satisfied iExtmpasiwrt Hlhatching in Fig. 1. In Fig. 1, a content of PTFE
(fluorine equival ence by mass percentage to the total nass of a wire) is
shown al ondf filverise Ashtistalepicre cdndliaédnnehal of ladkibde +retal fluoride
(fluorine equivalence by mass percentage to the total nmass of a wire) 1is
shown al ond 3% Meltiogding iawivasdncreofepPéiitaheaélwroethylene) 2 1.

The region wherein the expressions 3 and 4 are
satisfied is shown with hatching in Fig. 1. In Fig. 1, a
content of PTFE (fluorine equivalence by mass percentage to
the total mass of a wire) is shown along the horizontal
line and a content.of alkali metal fluoride (fluorine
equivalence by mass percentage to the total mass of a wire)
is shown along the vertical liné, and the region wherein
the fluorine equivalence of PTFE falls within the range of
0.02 to 0.40% by mass and the fluorine equivalence of
alkali metal fluoride falls within the range of 0.02 to
0.40% by mass and simultaneously the expressions 3 and 4
are satisfied is shown with the hatching.

It is preferable that PTFE and alkali metal fluoride
satisfy ﬁhe following expressions 5 and 6;

-[Exéression 5]

(fluorine equivalence of alkali metal fluoride)/( fluorine
equivalence of polytetrafluoroethylene} £ 0.8,

[Expression 6]

(fluorine equivalence of alkali metal fluoride +

0.35)/ (fluorine equivalence of polytetrafluorcethylene) 2

1.2,

11



the fluorine equival ence of PTFE falls within the range of 0.02 to 0.40% by
mass and the fluorine equivalence of alkali netal fluoride falls within the
range of 0.02 to 0.40% by mass and sinmul taneously the expressions 3 and 4
are satisfied is shown with the hatching. It is preferable that PTFE and
alkali metal fluoride satisfy the follow ng expressions 5 and 6;

[ Expression 5) (fluorine equivalence of alkali nmetal fluoride)/( fluorine
equi val ence of polytetrafluoroethylene) :~ 0.8, [Expression 6] (fluorine

i val f al | f SYIEA f
equiva ence ol a éne%ﬁec[hae g'l{n%g'ng?lts 18- 3oK1GEL HSEEE%EQ&“? éc‘z% 0

pol yt etraf | uor oet hy Rer conponents in a f ored wre
for gas Shél?a'.élﬁ‘ide r&%&dﬁ@%&lﬂ% @ol faﬁepbeégehtl AMEBAL OHn 8k fe
explained. C 0.007 to 0.15% by nass, preferably 0.01 to 0.1206 by nass,
yet prefere@&ggéhﬂgg¢<3 0. 10@6by mass By addi ng an approprlate anount of C
t he toughness of a weld netal can be stabilized. The lower Iimt of the
addi tion ampund. @7 FEO 11590 132 Heltys , 5% FeetBeRnt 8ge10to blLueki Be waws val ence
to the totall maSs of a wre and, Tn this case, the C content in the PTFE is
about 0. 006§éibyprethsmsabidenc.d)3 ato 10edd Byofha®s006% by nmass is contained in a
wire. Further, since a steel casing and others contain C

By adding an appropriate amount of C, the toughness

of a weld metal can be stabilized. The lower limit of the
addition amount of PTFE is 0.02% by mass percentage of
fluorine equivalence to the total mass of a wire and, in
this case, the C content in the PTFE is about 0.006% by
mass. Hence, at least C of 0.006% by mass is contained in

a wire. Further, since a steel casing and others contain C,
actual € content in a wire is 0.007% or more by mass
percentage to the total mass of the wire.

In this case, when a C content exceeds 0.15% by mass,
arc stability at welding deteriorates, current fluctuation
increases, and high temperature cracking is likely to occur
during welding. For that reason, a C content is set at
0.15% or less by mass.

As stated above, by increasing a PTFE content, the
effects of reducing diffusible hydrogen and improving
resistance to hyaroscopicity are further exhibited.
Assuming that the PTFE content is 0.05%lor more by mass
(flucrine egquivalence) which is in a preferable range of
PTFE in this case, the C content therein is 0.01% or more
by mass. In other words, in order to further exhibit the

effects of reducing diffusible hydrogen and improving

12



actual C content in awire is 0.007%or nore by mass percentage to the
total mass of the wire. In this case, when a C content exceeds 0.15% by
mass, arc stability at welding deteriorates, current fluctuation

i ncreases, and high tenperature cracking is likely to occur during welding.
For that reason, a C content is set at 0.15%or |less by nmass. As stated
above, by increasing a PTFE content, the effects of reducing diffusible
hydr ogen and inproving resi stance to hygroscopicity are further exhibited.

Assuni ng th;teswe LEE. GOy ent aép%ﬁa/oﬂtwmngf r%%ml% juer i ne

equi val ence mhlc IS iIna pre erabl e ran I'S case, the C

content therghReh® 5ChY0% fsrprxﬁoré)»bm&ss I n1at hRE sWeEES, e OLAEL O
further exhibit the effects of reducing dlffu5|ble hydrogen and i nproving

12 resistange 40abyUiosEQPLIES tyowdHe BITHE 2 Wwaguiwieth € ceankepb bs 0. 01% or
nore by mass. In this case, the effect of stabilizing the toughness of a

weld with Copaniaé&o be obtained. By suppressing a C content to 0.12% by
‘mass, not only PTFE can be added sufficiently but also the influence of C
addi tion on the d&f esumrrdsdsomofa ielcdintigndpépabi.lRgéybysmassnl hotananhy gh
tenperature cracking tends to hardly occur during welding. For those
reasons, a EIEBntamtbé sadggdfsrfbigiantdy but0al2w Hremisdluandeyef C

preferably 0.03
addition on the deterioration of welding operability is

small and high temperature cracking tends to hardly occur
during welding. For those reasons, a C content is
preferably 0.01 to 0.12% by mass, and yet preferably 0.03
to 0.10% by mass.

Here, in the present invention, C may be added not

only to flux as PTFE but also to a steel casing.

Mn: 0.5 to 3.0% by mass, preferably 0.8 to 2.5% by mass

7 Mn funétions as a deoxidizer and improves the
strength and toughﬁess of a weld metal. When a Mn content
is less than 0.5% by mass percentage to the total mass of a
wire, the effect of improving the strength and toughness of
a weld metal cannot be obtained. When a Mn content exceeds
3.0% by mass, the strength of a weld metal increases
excessively, cracking resistance deteriorates, and the
toughness of a weld metal is also adversely affected. For
those reasons, a Mn content is set at 0.5 to 3.0% by mass,
and preferably 0.8 to 2.5% by mass. Here, as a method of
adding Mn to a wire, there are two methods; one is the
method of adding Mn as metallic Mn or Mn alloy such as Fe-

Mn to flux and the other is the method of adding Mn as a Mn

13



to 0.10% by mass. Here, in the present invention, C may be added not only
to flux as PTFE but also to a steel casing. Wh: 0.5 to 3.0% by nass,
preferably 0.8 to 2.5% by mass M functions as a deoxidi zer and i nproves
the strength and toughness of a weld netal. Wien a Wh content is |less than
0.5% by mass percentage to the total mass of a wre, the effect of

i nproving the strength and toughness of a weld nmetal cannot be obtai ned.
When a Mh content exceeds 3.0% by mass, the strength of a weld netal
increases gxgESSivel Yo £TALAINGIEHHS! FRCE HdehebirorakesetBBEst REy Houghness
of a weld netal is also adversely affected. For those reasons, a M content
is set at Oa&opBed. 0% by mass, and preferably 0.8 to 2.5% by nass. Here, as
a nmethod of adding Mh to a wire, there are two nethods; one is the nethod
of addi ng Mni aso nkttad 11 00 oy sl poe feuehlgs 0Fes bbb bosbBukyamdss he ot her
is the nethod of adding Mh as a Mh conponent to a steel casing, and both of
t he met hods may ke fadaitiehs Sis: a0d2okdadlz80%by, massadge@ferably 0.25 to
0.80% by mass Si functions as a deoxidizer but, if added excessively,

i nfl uences e¥eesi¥Urhir erdfluengsisd Tiet sltraggureondr ¢ waddt nafjhheardof the
wel d metal . Wien a Si content exceeds 1.00% by nmass percentage to the total
mass of a Y@Wers tiHe tioighiess of dhgelglieigtadet Fdt at 651 TONGEE ot her

hand, when a Si content iis | ess than 0.296b¥ nmass,
exceeds 1.00% by mass percentage To the total mass of a

wire, the toughness of a weld metal deteriorates. On the
ather hand, when a Si content is less than 0.2% by mass,
blowholes tend to appear due to insufficient deoxidization.
For those reasons, a Si content is set at 0.2 to 1.00% by
mass, and preferably 0.25 to 0.80% by mass. Here, in the
present invention, there are two methods of adding Si; one
is the method of adding Si as Si alloy such as Fe-S5i, Fe-
Si-Mn, or the like to flux and the other is the method of

- adding Si as a Si component to a steel casing, and both of
the methods may be adopted.

Ni: 3.00% or less by mass

Ni has the effect of improving the toughness of a
weld metal but, when it is added excessively, high
temperature cracking tends to occur. For that reason, when
Ni is added, it is necessary to regulate a Ni content to
3.00% or less by mass percentage to the total mass of a
wire. Here, in the present invention, Ni may be added not
only to flux as metallic Ni but also to a steel casing as a
Ni component, and both of them may be adopted.

Cr: 2.50% or less by mass

14



bl owhol es tend to appear due to insufficient deoxidization. For those
reasons, a Si content is set at 0.2 to 1.00% by mass, and preferably 0.25
to 0.80% by nmass. Here, in the present invention, there are two nethods of
adding Si; one is the nethod of adding Si as Si alloy such as Fe-Si, Fe-
Si-Mh, or the like to flux and the other is the nmethod of adding Si as a S
conponent to a steel casing, and both of the nmethods may be adopted. N :
3.00% or less by mass NI has the effect of inproving the toughness of a
veld netal but, weemit {8 adged-©ressiMelMnditale skeRRgLat HEeaClatki ng
tends to occur. For that reason, when i is added, it iS necessary to

regul ate a MNet&0NbER) HRen3iO0Y6 cddd@s Setrye SRS INGT R agechgthhert @t al mass
of a wire. Here, in the present invention, N nay be added not only to
flux as netakbLldcmbiabuinatsastd excsdeelvaiasiargl axraarkiNg cesgpenente and both
of them may be adopted. Cr: 2.50% or less by mass 14 Cr has the effect of

i mprovi ng tHetstiengthsof Romelhdit mekalnhbuwhenwhén it addeddeiit ekgessi vel y,
the strength of a weld netal increases excessively and cracking resistance
det eri or at esecEssatrhatoreagohitavneCiCrecdrdeadddd, 4.150i%s oxrnéesssbhyympes
regulate a C content to 2.50%or |ess by mass percentage to the total mass
of a wire. PRFeentagehko Preskatal Masf idh,2 Glofay Beradded W& only to flux

as
present invention, Cr may be added not only to flux as

metallic Cr but also to a steel casing as a Cr component,
and both of them may be adopted.

"Me: 2.00% or less by mass

Mo has the effect of improving the strength of a weld
metal but, when it is added excessively, the strength of a
weld metal increases excessively and cracking resistance
deteriorates. For that reason, when Mo is added, it is
necessary to regulate a Mo content to 2.00% or less by mass
percentage to the total mass of a wire. Here, in the
present invention, there are two methods of adding Mo; one
is the method of adding Mo as metallic Mo or alloy such as
Mo-C, or the like to flux and the other is the method of
adding Mo as a Mo component to a steel casing, and both of
the methods may be adopted.

Al:; 1.00% or less by mass

‘Al has the effects of increasing the wviscosity of
molten metal at weiding, improving vertical up hand
weldability, and improving also welding operability.
However, when Al is added excessively, the conformity of a

bead at down hand welding deteriorates and toughness also
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metallic Cr but also to a steel casing as a C conponent, and both of them
may be adopted. Mob: 2.00%or |ess by mass Mo has the effect of inproving the
strength of a weld netal but, when it is added excessively, the strength of

a weld nmetal increases excessively and cracking resistance deteriorates.
reason, when Mo is added, it is necessary to regulate a Mo content

For t hat

to 2.00% or |less by nass percentage to the total nass of a wire. Here,
the present invention, there are two nmethods of adding Me; one is the

met hod of adding Mo as netallic Mo or alloy such as M-C, or the like to

flux and t hes@bhel:dtsd hergpt bagdt Ofea a6l nehde 25 & Mugorpanents to a st eel

casi ng,

Al has the efdands oftd ReeAsitrRy ahh@a1vicsaeshtytof 1. witep neialn
i mproving vertical up hand weldability, and inproving also wel

and both of the nethods nay be adopted Al: 1.00% or Iess by mass
d@t wel di ng,

operabiIitmmsdﬁpﬂmnﬁntawmemoAhhbstaddedmasseesiae&yrethe&nmnfdmnwhm of a

bead at down hand wel di ng deteriorates and toughness al so
r gasorentwiavedlt iion, adtede Birei Swoneetlsds yof cadaud Al ameAl
content to 1.00% or | ess by nmss percentage to the total nass of a wre.

For t hat

Here, in the theegathadwedneiddandt Adr esanetahbiaethods afledidiueh As one
the nmethod of adding Al as netallic Al or alloy such as

Al-Mg, or the like to flux and the other is the method of
adding Al as an Al component to a steel casing, and both of
the methods may be adopted.

Here, the aforementioned components may be added in
the ranges stipulated above not only to a steel casing as
the steel components but also to flux as the metallic
components. That is, the aforementioned components are
added as metals (including alloys thereof} also when they
are added to flux. In contrast, the components stated
below are those added as slag formers or deoxidizers.

Al;03: 1.00% or less by mass

Al;03 functions as a slag former. However, when Al,Qj
exXxceeds 1.00% by mass percentage to the total mass of a
wire, the conformity of a bead deteriorates at down hand
welding and welding operability also deteriorates. For
thatlreason, Al;03 is set at 1.00% or less by mass when it
is added. A preferable addition amount of Al,0; is 0.05% or
more by mass. Then a preferable upper limit of Al,0; is
0.80% by mass. Heré, as an Al;0, séurce, alumina or the
like is cited.

Si0y: 1.00% or less by mass

Si0, functions as a slag former. However, when SiQ;

16
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Al -M, .or the like to flux and the other is the nethod of adding Al as an
Al conponent to a steel casing, and both of the nethods may be adopt ed.
Here, the aforenenti oned conponents may be added in' the ranges stipul ated
above not only to a steel casing as the steel conponents but also to flux
as the nmetallic conponents. That is, the aforenentioned conponents are
added as netals (including alloys thereof) also when they are added to
flux. In contrast, the conponents stated below are those added as sl ag

fornmers or Q%%%dgl eb%o §1§§383&eg§%%e%%éeé%o %WﬁﬁﬁﬂA¥%%% f%n%tlons as a

sl ag for mer wever, nass percentage to the

total mass,Qfed WhE&qd gaeveeeieg | ¥18{nd @e@&dft@aﬂﬁ@t%t ggun hand

wel ding and wel ding operability also detefiorates. For that reason, A1203
is set at 1nQQ%eKshagsshy, S aher it 0gs @ddeds. b RuekerAbhe;addition
amount of A1203 is 0-05% O nore by mass. Then a preferable upper Iimt of

A1203 is @s8QbY . Mg Spréfdmabias AMIALZ03 aBouhee oraktlh nPs aF. 14w od i ke is
cited. Si02: 1.00% or less by mass Si 02 functions as a slag fornmer. However,
when Si 2 mbbeekgemdssl. OIRéDye mMassgrekdentagert dikhe bdt aioyeiss of a wre,
a bead at vertical welding takes a convex form For that reason, SiD2 is
set at 1.00%80F bgsmaby.nd&sravhers ian SiO; source, silica, potassium

glass, soda glass, or the like is cited.

ZrQ0;: 0.80% or less by mass

Zr0; functions as a slag former. However, when Zr0Q,
exceeds 0.80% by mass percentage to the total mass of a
wire, a bead at vertical welding takes a convex form. For
that reason, Z2r0; is set at 0.80% or less by mass when it
is added. A preferable addition amount of Zr0, is 0.05% or
more by mass. Then a preferable upper limit of Zr0O; is
0.7% by mass. Here, as a ZrQ,; source, zircon sand,
zirconia, or the like is cited.

Mg: 1.5% or less by mass

Mg functions ae a deoxidizer. However, when Mg
exceeds 1.5% by mass percentage to the total mass of a wire,
welding operability deteriorates. For that reasen, Mg is
set at 1.5% or less by mass when it‘is added. A preferable
addition amount of Mg is 0.2% or more by mass. Then a
preferable upper limit of Mg is 0.92% by mass. Here, as a
Mg source, metallic Mg, Ni~Mg alloy, or the like is cited.

Fe: 85 to 95% by mass

In a wire for gas shielded arc welding according to

the present invention, the balance is Fe and unavoidable
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is added. A preferable addition amount of Si02 is 0-15% O nore by mass.
Then a preferable upper limt of Si02 'IS 0.80%by nmass. Here, as an Si 02
source, silica, -potassium glass, soda glass, or the like is cited. Zr02:
0.80% or 1ess by mass Zr02 functions as a slag fornmer. However, when Zr02
exceeds 0.80% by mass percentage to the total nmass of a wre, a bead at
vertical welding takes a convex form For that reason, Zr02 is set at 0.80%
or less by mass when it is added. A preferable addition anount of Zr02 is

0-05% O n?ﬁ%upyEfggs %nf%u&L% %%%bhgrgpﬁgg 5if1£091tzégﬁw £ n ;796by

mass. Here source, zircon san zirconla, or t cited.

Mg 1. 5% or .} £8Sa bie NBSS: M fUNCLL QNS 1B &R SFh'aé%r pe'f'%\é'ﬁ\fgﬁe %en My

exceeds 1.5% by nmass percentage to the total nass of wre,

operabi | i t yrHet est 91 ah£ss FOrthdafiFLass Moun® o&et;eateraté% Qla§e§§ by
mass when it is added. A preferable ‘addi ti on anount ~of My is 0.2% or nore

by mass. The#césspieffi@hencppesid idéfedts Muchs a@. 8%=by inBs8siblese, as a My
source, netallic My, Ni-My alloy, or the like is cited. Fe: 85 to 95% by
mass In a ware Ibkeppstshvetuwed dherwel dengoateatdergetds Bheé pyemess,
i nvention, the balance is Fe and unavoidable 17 inpurities. In a flux- cor ed
wire for aIésp@stialnﬁytnyﬁqqpponents cannot be added. Here, in the
present invention, as a Fe source, besides a steel casing,
iron powder or Fe alloy may be added to flux.
Fe is supplied from a steel casing, iron powder in
flux, and iron alloy such as Fe-Mn, Fe-Si, and the like in
flux. Then unaveoidable impurities are contained in the
steel casing and the added materials. The unavoidable
impurities are P, S, Cu, V, Nb, Zr, Co, and Sn. The
unavoidable impurities in a wire are regulated to, by mass
percentage to the teotal mass of the wire, P: 0.03% or less,
S: 0.03% or less, Cu: 0.3% or less {(including Cu plating on
- the wire surface}), V: 0.05% or less, Nb: 0.05% or less, Zr:
0.01% or less, Co: 0.01% or less, and 8Sn: 0.02% or less.
Further, if necessary, alloying elements besides the above
components, an arc stabilizer, and others may also be added.
In the stipulation of the components of a flux—cored
wire according to the present invention, with regard to a
certain metallic element, a content as metal is
distinguished from a content as a chemical compound. With
regard to Al for example, Al cited in the aforementioned

term “Al: 1.00% or less by mass” does not include Al

existing as a chemical compound thereof such as Al;Os.
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when a Fe content is | ess than 85% by nmass percentage to the total mass of
the wire, the anount of generated slag is excessive and hence wel d defects
such as slag inclusions are likely to occur. Wen a Fe content exceeds 95%
by mass, essential alloy conponents cannot be added. Here, in the present
invention, as a Fe source, besides a steel casing, iron powder or Fe alloy
may be added to flux. Fe is supplied froma steel casing, iron powder in
flux, and iron alloy such as Fe-Wnh, Fe-Si, and the like in flux. Then
unavoi dabl e inpurities are contained in the steel casing and the added
materials. The urRavoidafcger BRULI ki 8R-80LeR: whre QecHray &5 11D, and Sn.

The wunavoidable inpurities in a wre are regulated to, by nass percentage

to the totardmsS afnddif W 8.s Bn @n@3%=akel 85S1.0St00208%@r lzess, Cu: 0.3%
or less (including Cu plating on the wire surface), V. 0.05%or |ess, Nb:

0.05% or | easafobfabl D). AP0 Heess,f €8: 10201% or 6l @asin apeaSpicdl 029 or | ess.
Further, if necessary, alloying el enents besides the above conponents, an
arc stabil imartheand sottherfe i ecalfid lhegaddedor] aft itustipul @tto®f t he
conponents of a flux-cored wre according to the present invention, with
regard to &y gert=ain netallic elenent, a content as netal is distinguished
froma content as a chem cal conpound. Wth regard to Al for exanple, A
cited in tHEx@®l@sEnti oned term"A: 1.00%or |ess by mass" does not

include Al existing as a chem cal conpound thereof such as A1203.
Examples of flux-cored wires for gas shielded arc

welding according to the present invention are hereunder
explained concretely while comparing the characteristics
thereof with those of comparative examples.

Steel casings having the compositions shown in Table
1 below were filled with flux of 13% by mass and flux—cored
‘wires (1.2 mm in diameter) for gas shielded arc welding

having the compositions shown in Tables 4 and S5 below were

produced.
[Table 1]
Sleerl\l(;asing o Mn Si P 5 Ni Cr Ma Balance

Fe and unavoidable

A 0.050 { 030 | 006 | 001 | 001 0.01 002 | 0.02 impurilies

B 0004 | 045 | 015 { 001 | 002 | 180 | 120 | 030 [Feand unavoidable
impurities
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18 The diameter of a flux-cored wire according to the present invention is
inthe range of 1.0 to 2.0 mn. A preferable range thereof is 1.2 to 1.6 mm
in practical use. Further, a preferable filling factor of flux is 10 to 25%
by mass. (Exanpl es] Exanples of flux-cored wires for gas shielded arc
wel di ng according to the present invention are hereunder explained
concretely while conparing the characteristics thereof with those of
conparati ve exanples. Steel casings having the conpositions shown in Table

1 bel ow wer L%E&ed with flux of 13% by mass and flux-cored 'wires (1.2 nmm
in dianeterﬁ- r]qas shielded arc welding having the conpositions shown in

NG oMb Balance an URersFRABMARY BABFMEHDE 0 01 0 01l 0. 01 0.02 0. 02
inmpurities E#tHOO# .45 0.15 0.01 O. Qélg 80 1.20 0.30 Fe and unavoi dable u
ties 19 [Tq Qo Idlnq condi ti ons ? di ffusi bl e hydrogen nepasuremnment

Voltage v

Welding speed 30cm/min.

Dislance between tip and base maerial 20mm

Shiei.ding gas B0%Ar-20%C0;

[Table 3]

Test conditions of current stability during welding (evaluation of welding operability)

Elecfric current 250A

Voltage 28V

Welding speed 30cm/min.

Distance between tip and base material 20mm

Shielding gas 80%ArR20%C0;

Sampling rate 2msec,

Sampling fime 120sec.
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El ectri.c current 280A Voltage 30V Welding speed 30cmimn, Distance between
tip and base material 20mm Shiel ding gas 801/ 0Ar-20'/0C02 [Table 3] Test
conditions of current stability during welding (evaluation of welding
operability) Electric current 250A Voltage 28V Wl di ng speed 30cm m n,

D stance between tip and base material 20mm Shiel di ng gas 800/ oAr - 20%C02
Sanmpl i ng ratfefZnged, | anpl [ NgTtine [1206¢c.] 20/ i: ['T [M[MTp Ig 9 Mcq IT
IV: Nr~ G (-t lli[IRC4 |64 QC| ¢4 Ad 8 |Is |cq g {112] 42 |R{X

o
¥+

6.2
48
5.2
8.1

=
[fo)

4.8

-
uz

6.8
48"

56
54

@l
w|w

6
6.4
8.4

] B
W

3.6

=
T

4.1

i ol oo
- W @

2.0

™~
<t

Titanium diexide

0.43

0.2

0.45
0.52
0.61

0.61

0.44
0.50
0.48
0.47
0.31

0.54
0.51
0.48
0.40
0.33
0.34
0.29
0.65
0.66
0.31
0.1
.60
0.40
0.23
0.54
0.66
0.61

Zr0z

Al03
0.13
020
0.78
D15
0.08
0.75
0.06
0.33
0.35
0.30
0.75
012
077
0.25
0.68
0.42
0.04
0.67
0.35
0.30
0.22
0.10
0.08
0.45
0.76
0.21
0.34
0.70

5102
0.31
0.33
0.28
0.25
{.49
047
071
0.44
0.37
0.25
0.50
0.22
0.34
0.49
0.38
0.51
.30
0.27
0.55
0.48
0.30
041
0.31
0.50
066
0.19
0.22
0.28

Al
0.02
020
013
0.11
0.04
0.03
0.00
017
061
0.7
0.01
0.02
0.03
0.08
005
0.22
0.28
052
0.10
0.02
0.25
041
0.00
0.27
0.51
055
0.04
0.0

1.0
1.2
0.7
0.1
1.3
1.0

08
09
1.0

0.3
0.6
0.5
0.2
0.3
04
0.7
0.5
0.7

Mg

0.8
04
1.1

0.5
0.7
0.9
0.7
1.1
0.9
0.4

0.02
D.18
0.30
.18
0.19
0.19
0.13
0.40
0.19
0.18
0.38
0.54
0.68
0.3
0.12
0.14
0.05
0.21
0.20
0.22
0.22
041
0.20
0.48
0.30
0.51
0.47
0.42

Components in wire (rriass %)
Me

[Table 4]
21

Cr
0.16
0.15
0.13
032
0.28
0.19
0.03
0.37
.80
0.23
1.24
189
1.98
1.12
0.28
0.44
043
0.23
0.04
0.21
0.20
0.34
0.23
1.59
1.22
2.23
1.3
1.22

Ni
0.10
215
0.02
0.86
292
250
011
122
1.34
0.30
2.93
243
240
1.88
083
1.85
0.04
295
1.33
041
0.44
0.58
0.85
1.87
2
200
2.2
1.60

Mn
1.33
240
0,79
092
1.23
1.54
250
133
0.89
1.50
0.80
0.62
0.92
1.58
1.33
0.81
1.50
1.68
1.40
1.58
1.01
0.76
1.58
0.92
078
2.40
0.89
0.51

§i
0.48
0.30
0.80
0.32
0.47
0.42
D22
0.33
043
0.23
0.70
0.22
0.26
0.38
033
023
0.67
0.50
0.20
0.25
0.24
0.52
0.24
0.26
0.31
0.21
0.22
0.30

c
0.07¢
0.060
0.085
0.139
0.110
0.139
0.142
0.163
0.139
0.142
0.025
0.053
0.028
0.018
0.101
0.163
0.132
0.053

0.113
0.047
0.101
0.142
0.060
0.008
0.066
0.132
0.145
0.047

a7
B9

Fe
9
87
a8
80
87
86
86
86
87
86
B6
85
86
88
90
a7
8
87
]
87
90
87
BS
85
87
85

12
13
14
15
16
17
18
19
2
2
22
23
24
25
28
27
28

Steg] casing No,

Example
Comparative
example
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di ffusibl e hydrogen at each weld was neasured in conformty wth the nethod
of nmeasuring hydrogen in a steel weld stipulated in JI'S Z3118. The results
are shown in Table 5. A case where the anount of diffusible hydrogen was 5
m /100y or | ess was defined as acceptable. (2) K F. (Karl Fischer) nvoisture
measurenent test Wth regard to the produced flux-cored wires, the anount
of noisture of each produced wire as it was and the anount of noisture of a
rel evant wire which was dried for one hour at 110'C and thereafter retained

for 48 hours at pdP@GrhAntBecEhFPERAE] 6h Ofe SOVOJRIA! I ATt y (nDi sture

absorption treatnent) were neasured in an Ar atnosphere of 750C by the KF

(Karl Fischaryioat Bad (eentotAbngré@udé® £HOPERred Wikrdspsul ts are shown in
Table 5. A case where the noisture after noisture absorption treatnment was

500. ppm at)l pesfuasbdef hpddogsnateseptable. (3) Stability of electric
current at welding (welding operability) As the test of the stability of

el ectric currentInduheng:Mbbsinbe (hwedbgen dpertahi Metl@inoweladi ngrwdedcarri ed
out with the produced flux-cored w res under the wel ding 23 conditions shown
in Tabl e 3ocuthwithutheaproduoedt ftuxeteredive lneminhy immglerhdheel di ng was
recorded and_the fluctuation widths of the electric current and the vol tage
wer e regar Heddasgt endi Abpnst §hefn ejeciab ke o rasiet tdifd agwaigpt of

diffusible hydrogen at each weld was measured in conformity
with the method of measuring hydrogen in a steel weld
stipulated in JIS Z3118. The results are shown in Table 5.
A case where the amount of diffusible hydrogen was 5
ml/100g or less was defined as acceptable.
(2) K. F. (Karl Fischer) moisture measurement test

With regard to the produced flux-cored wires, the
amount of moisture of each producéd wire as it was and the
amount of moisture of a relevant wire which was dried for
one hour at 110°C and thereafter retained for 48 hours at
30°C in the atmosphere of 80% relative humidity (moisture
absorption treatment) were measured in an Ar atmosphere of
750°C by the KF {Karl Fischer} method (conforming to JIS
K0068). The results are shown in Table 5. A cése where
the moisture after moisture absorption treatment was 500.
ppm or less was defined as acceptable.
{(3) Stability of electric current at welding (welding
operability)

As the test of the stability of electric current
during welding {welding operébility), welding was carried

out with the produced flux-cored wires under the welding

23



as the . udgnment criterion of welding operability. The results are shown in
Table 5. A case where the fluctuation wdth of electric current was 350A or
| ess was defined as acceptable. As shown in Table 5 above, Exanple Nos. 1
to 14 were the cases of satisfying the ranges stipulated in the present
invention and, in any of the cases, good results were obtained in

di ffusible hydrogen reduction effect,_ resi stance to hygroscopicity, and
wel di ng operability. Here, in the case of Exanple No. 8, although the

condi tions diqghq}e% 8%9.1%'%%El@S%eCtTﬁ%x¥¥&Hﬂﬁ£él ntg% &sent i nvention

wer e satlsfle € con i on Stipul ated in Secon aspec mas not

satisfied anddignce ctu*}erefn'tUEih‘f%'gO%he%@&ﬁ%ﬂéx%% Pé&fi{-cﬁé& S TG was

relatively large. Further, in the cases o anpl e 7 and 10, although

the condi tiORg13itAWALRATHR biFe thier étleéﬂﬂléeéﬁﬂﬂe@§p&$(§3the¥"eﬁ?@lt5@% d sfied,
the condition stipulated in a third aspect was not satisfied and hence t he

fluctuati onvaMedire gafr dickie aselkBet kikebeUREGNL FWaSe PR & efuthamt: thed ided he case
of Exanple No. 8 but was relatively large. on the other hand, as shown in

Tabl e 5, thes casesudigmEanparatievécexafpleldibsy oddrilei PBthad Thel | ow ng
problens. In the case of Conparative exanple No. 15, the 24 content of
al kal i et alesfllder ede whswheds Thhhet he |Rowsrse [whmrte ttherefdﬁlwmiaﬁ:dlbat ed in
the first aspect and hence the
width of electric current was 350A or less was deflned as
acceptable. |
As shown in Table 5 above, Example Nos. 1 to 14 were
the cases of satisfying the ranges stipulated in the
present invention and, in any of the cases, good results
were obtained in diffusible hydrogen reduction effect,
resistance to hygroscopicity, and welding operability.
Here,.in the case of Example No. 8, although the conditions
stipulated in a first aspect according to the present
invention were satisfied, the condition stipulated in a
second aspect was not satisfied and hence the fluctuation
width of the electric current was relatively large.
Further, in the cases of Example Ncs. 7 and 10, although
the conditions stipulated in the first and'secohd aspects
were satisfied, the condition stipulated in a third aspect
was not satisfied and hence the fluctuation width of the
electric current was smaller than that in the case of
Example No. 8 but was relatively large. On the other hand,
as shown in Table 53, the cases of Comparative example Nos.

15 to 28 had following problems.

In the case of Comparative example No. 15, the

24



fluctuation width of electric current was |large and the effect of inproving
wel ding operability was not obtained. In the cases of Conparative exanple
Nos: 15 and 18, the <contents of titaniumdi oxide were |ess than the |ower
limt thereof stipulated in the first aspect and hence vertical up hand
wel di ng was not successful. In the cases of Conparative exanple Nos. 17 and
28, the contents of titanium di oxi de exceeded the upper Iimt thereof
stipulated in the first aspect and hence the noisture anounts of the wires

after ol stuih ARSUP LM NPLE LA 9u090det hesdibEUSLDLE BYdl pgen. amount

were al so large cases 0 nparative exa t he
expr essi on 12 psti R AlRME 'é?:l%Qaft'eHSEna§H@CE1W§§ Q%ecﬁaéﬁéfﬁ&%@nt%&ence the

fluctuation wdths of electric current were [arge and the wel ding

oper abi | i t yr MRS WRAAon kil ddie cFasescekicopparaht VRaexaaphe MNos.tile, 18, and
20 to 25, the expression 1 stipulated in the first aspect was not

satisfied afFdmenes tihgmBiisiguweldingnbseobbliDetyi wes bt esbtdmiad ure
absorption were large and the diffusible hydrogen anounts were also |arge.
In the casds: dheComparsatdivE€oaypamptévhlosxa@flandof4, 1§ hendom enitse of PTFE |
were less than the lower |imt thereof stipulated in the first aspect and
the expressiootehtst iofultdtedivm thexfdesvenspbesswasamothe skawesf ileidnidnd hence
t he noi sture anobunts of the wires after noisture absorption were |arge and
t he d|ffu5¢@ﬁéep§dﬁ§g@wl@58d in the first aspect and hence vertical

up hand welding was not successful. In the cases of
Comparative example Nos. 17 and 28, the contents of
titanium dicoxide exceeded the upper limit thereof
stipulated in the first aspect and hence the moisture
amounts of the wires after moisture absorption were large
and the diffusible hydrogen amounts were also large. 1In
the cases of Comparative example Nos. 16 and 26, the
expression 2 stipulated in the first aspect was not
satisfied and hence the fluctuation widths of electric
current were large and the welding operability was poor.

In the cases of Comparative example Nos. 17, 18, and 20 to
25, the expression 1 stipulated in the first aspect was not
satisfied and hence the meisture amounts of the wires after
moisture absorption were large and the diffusible hydrogen
amounts were alsco large. In the cases of Comparative
example Nos. 20 and 24, the contents of PTFE were less than
the lower limit thereof stipulated in the first aspect and
the expression 1 stipulated in the first aspect was not
satisfied and hence the moisture amounts of the wires after

moisture absorption were large and the diffusible hydrogen
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anounts were also large. In the cases of Conparative exanple Nos. 17 and
25, the contents of alkali nmetal fluoride exceeded the upper limt thereof
stipulated in the first aspect and the expression 1 stipulated in the first
P aspect was riot satisfied and hence the noisture anounts of the wres
after noi sture absorption were large and the diffusible hydrogen anounts
were also large. In the cases of Conparative exanple Nos. 26 and 27, the
contents of PTFE exceeded the upper limt thereof stipulated in the first

aspect and he fl uctuation w dihs ctri urrent, . were |arge and
t he wel di ngaqgog%&a i‘”%‘irtey a\?\L/aS;é &ggrg.e'l nigh%ﬁé c“g%ssgess 0 %Céom e R RYAS exanpl e Nos.

19 and 25, Shgoontent s 1063l b3l i ~ear Lhatehal Shuoride; ggcegred the upper

limt ther stipulated in the first aspect and hencée noi st ure

amount s of &g, WL detle dTRihe! ubﬁe%bwfn@&i BRer ¥6F estgxsgfa@@ai i{&he
di ffusi bl e hydrogen anmounts were also large. It shoul e understood by

those skill@d-dth ddp2 tandt hak ¥apkadsipRdLf eabhPRSea COMDINAtF ONS;
sub-conbi nations and alterations nay occur depending on design requirenents

and ot her fxzgdearts Waisefar sasiklfiepdanadwhehis the seDpeusd addentappended
clainms or the equivalents thereof. 26 What is clained is: 1. A flux-cared
W re for gaheshiielededfare weliditnge absorption were large and the
diffusible hydrogen amounts were also large. In the cases
of Comparative example Nos. 26 and 27, the contents of PTFE
exceeded the upper limit thereof stipulated in the first
aspect and hence the fluctuation widths of electric current
were large and the welding operability was poor. In the
cases of Comparative example Nos. 19 and 25, the contents
of alkali-earth metal fluoride exceeded the upper limit
thereof stipulated in the first aspect and hence the
moisture amopnts of the wires after moisture absorption
were large and the diffusible_hydrogen amounts were also
large.
It should be understocd by those skilled in the art
that wvarious modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insocfar as they are within the scope of

the appended claims or the equivalents thereof.
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formed by filling a steel casing with flux, wherein: said flux contains, by
mass percentage to the total nass of the wire, titaniumdioxide; 4.0 to
8.0% alkali netal fluoride (fluorine equivalence): 0.02 to 0.40,05, and
pol yt et raf |l uoroet hyl ene (fluorine equivalence): 0.02 to 0.40% the fluorine
equi val ence of alkali-earth netal fluoride in said flux is regulated to
0.01% or less by mass percentage to the total nmass of the wire; and the
fluorine equival ence of alkali nmetal fluoride in said flux by nass
percentage to the total mass of the wire and the fluorine equival ence of
pol ytetraf | gospef hytenenddd i$aid flux by mass percentage to the total mass
of the wire satisfy both the follow ng expressions; (fluorine equival ence
of alkali netal fluoride)/(fluorine equivalence of polytetrafluoroethyl ene)
:~ 1, and (fluorine equivalence of alkali netal fluoride + 0.35)/(fluorine
equi val ence of pdl yteetflabt-uareet wilrenégpreghs 2hiAlfkdxacoredladng for gas
shi el ded arc welding according to claiml, wherein at | east one of said
steel casiforeed a6 ¥ling comtaals a@s 100 tho f0uk5%hyreass percent age
to the total mass of the wire. 27 3. A flux-cored wire for gas shielded arc
wel di ng accordi @i CIuy montaiferebly BRSFeRSECONBagE tai'hetieetal casing
and said flux contains C. 0.01 to 0.12% by nass

mass of the wire, titanium dioxide: 4.0 to 8.0%, alkali

metal fluoride (fluorine equivalence): 0.02 to 0.40%, and

polytetrafluoroethylene (fluorine equivalence): 0.02 to

0.40%;

the fluorine equivalence of alkali-earth metal
fluoride in said flux is regplated to 0.01% or less by mass
percentage to the total mass of the wire; and
the fluorine equivalence of alkali metal fluoride in

said flux by mass percentage to the total mass of the wire

and the fluorine equivalence of polytetrafluocroethylene in

said flux by mass percentage to the total mass of the wire

satisfy both the following expressions;

(fluorine equivalence of alkali metal fluoride)/{(fluorine

equivalence of polytetraflucoroethylene) £ 1, and

(fluorine equivalence of alkali metal fluoride +

0.35)/({fluorine equivalence of pelytetrafluoroethylene) 2 1.

2. A flux-cored wire for gas shielded arc welding
according to claim 1, wherein at least one of sald steel
casing and said flux contains C: 0.007 to 0.15% by mass

percentage to the total mass of the wire.

27



percent.age to the total mass of the wire. 4. A flux-cored wire for gas

shiel ded arc welding according to claiml, wherein at | east one of said
steel casing and said flux contains Mh: 0.5 to 3.0%and Si: 0.2 to 1.00%
by mass percentage to the total mass of the wire. 5. A flux-cored wire for
gas shielded arc welding according to claim1l, wherein said flux contains
A1203: 0.05to 1.00% Si2: 0.15to 1.00% and Zr02: 0.05 to 0-80% by mass
percentage to the total mass of the wire. 6. A flux-cored wire for gas

shielded arc wel di ng, rface0LHirRG LQrel 2bW &asm@ﬂ@i@e@taf@%a@ﬂ?g of said
steel casing and said flux contains 249: 0.2 to 1.5% by nass percentage to

the total rassoediddiecidiginy 2, Avﬂ'ﬂelt?é-lﬁoé@dl‘éfaé@ bR gpSsghhetged arc
.welding according to claiml1, wherein at |east one of said steel casing

and sai d flexscontaidisadNd R[B0%cartaliessc:Co. 02. 68% . b3l BgSmagsnd Md: 2. 00%
or |l ess by mass percentage to the total mass of the wire. 28
percentage to the total mass of the wire.

4. A flux-cored wire for gas shielded arc welding
according teo claim 1, wherein at least one of said steel
casing and said flux contains Mn: 0.5 to 3.0% and Si: 0.2

to-1.00% by mass percentage to the total mass of the wire.

5. A flux-cored wire for gas shielded arc welding
according to claim 1, wherein said flux contains Al,Qs:
0.05 to 1.00%, Si0;: 0.15 to 1.00%, and ZrQ,: 0.05 to 0.80%

by mass percentage to the total mass of the wire.

6. A flux-cored wire for gas shielded arc welding
according to claim 1, wherein at least one of said steel
casing and said flux contains Mg: 0.2 to 1.5% by mass

percentage to the total mass of the wire.

7. A flux-cored wire for gas shielded arc welding
according to claim 1, wherein at least one of said steel
casing and said flux contains Ni: 3.00% or less, Cr: 2.50%
or less, and Mo: 2.00% or less by mass percentadge teo the

total mass of the wire.
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