WD 2008/ 004699 PCT/ JP2007/ 063763 DESCRI PTI ON
STAI NLESS STEEL WRE W TH FLUX CORE FOR VEELDI NG ZI NC
TEEL SHEETS This Application clainm pLj-of

tho%-ﬁ[’g@é‘ﬁggse Application No. 2006-185171 and g PCisphdbrinsares

2007-172124 filed in Japan on July 5, 2006 and June

29, 2007 respectively, WRDESCRIPEFIONerei n i ncor porated

by reference in its entirety. Background of the

Invention Field of the Invention [0001] Present
STAYRTESSSTEERIWEREOWATH FEURE\UORE FOR WHEIBIRNG' YINC COATED

for zinc-based all oy coated steel sheet. The wre
SHEELHAHBETS ux core provides a weld portion which has

no weld crack and is excellent in corrosion

resi stance w thout post-treatnent such as touch-up,

and in ductility and wel ding workability. Description

of the related Art [00021 Zinc coated steel sheets

ar €higi Applicatiore dlaims prietigstoslapaness ApplicationgNen206-185171 and No.

iyl Lnqustries i [ of % t _of .. .
2R e o o Tyt o AR 9P TuHE RBeP D Pespctively, which are
h&emmmrb@ﬂaddll?&&réﬂmmu@eﬁﬁmwor rosion resistance, a

method 1s used where an uncoated steel nmenber is

wel ded and then is coated by dipping the wel ded stee
menber in a zinc- b ] t ver, inthis
nmet hod, since the p?%%%ﬁ%magﬁgg%gﬂyghgﬁfried out after
the wel ding step, productivity is | ow and equi pnent
S§Ch gs a pl.ating bath is needed, which causes
Fie facturing costs. To avoid this, a nethod
[b@d3] been enpl oyed wherein steel sheets coated with

zinc are welded to build a structure. Recently for
Pfegertt heventionpelatesnerd wirk lavingos flon coes usddafor ezino-based alloy coated

sEH{sB0 TR TG il TP E75 PGPS PERPE0r YhIST has no weld erack
and Reexeen&fl ialcbRYsioR Fedartle 8flthoud PBkt-trdatmBRdRich Ak touch-up, and in

exanpl e by plating the surface of steel sheet with
doriliny angywelding Werkabidith-ng  hi gh corrosi on resi stance.

(For exanple, see JP2000-064061 A) | WO 2008/ 004699

PCT/ JP2007/ 063763 [0003] As a specific probl em caused
Descriphien e tHeqdlawidese a zi nc coated steel sheet is

[O%Efjed to

Zinc coated steel sheets are widely used in fields such as building and automobile

industries in view of improvement of corrosion resistance of structural members.
. Conventionally to improve the corrosion resistance, a method is used where an uncoated
steel member is welded and then is coated by dipping the welded steel member in a zinc-
based alloy bath. However, in this method, since the plating process is carried out after
the welding step, productivity is low and equipment such as a plating bath is needed,
which causes increased manufacturing costs. To avoid this, a method has been employed
wherein steel sheets coated with zinc are welded to build a structure. Recently for further
improvement of corrosion resistance of a structural member, a zinc-based alloy coated
steel sheet is welded to build a weld structure. The zinc-based alloy coated steel sheet is
made for example by plating the surface of steel sheet with Zn-Al-Mg-Si alloy having
high corrosion resistance. (For example, see JP2000-064061 A)



build a weld structure, it has been known that a
l[iquid netal enbrittlenent crack results fromnelted
wo2eas/00d699mt eri al often occuring at the | ocati oACHIPAR07/063763
wel d netal and a wel ded heat affected zone
s einafter referred to as "zinc enbrittlenent crack"”
[ is thought that the zinc enbrittlenent crack is

AR s?laé'lﬁ HroHiem R¥uddachy Memdiha whtrelein bostedaelcbhadtlipwelded to

pl ating Cconponents stiay on the surface of a welded
bhitcha veeld stototurez omasmﬂ knpien tkat @ liqyid metl embmtileragnt crack results

S bl il S PP o b B e

hédhaffebied 26he ﬂier&ﬁbﬂerﬂ@fdxie@fto\mmzﬁ)cr&ﬁbﬁﬂMemﬂc”of It is thought
zinc enbrittlement crack since the Z|nc

thatitherzing embutﬁerapmrmcd@s anpinth gavsed &y the @'ﬂ] meﬁed fip¢-based alloy
Pvﬁgg iﬂ'@? %g t?x%fhss a8 lof o Wﬁfeﬂrlﬁai"’gﬁgae@% e neat the weld

Sl O resi stance, samne- et al ase

piY@iofliang bi@an(aht@ﬂﬁ @ystalt graidl eamdatyest] themeld perion\\tl idl also thought
metals of stainless steel forne ‘%’((i‘éﬁo§{ | Oi nt

ortio
thebpRinerplating matesial ondhe surfice bt O ‘HP :"Sé’i cause of zinc
' 19 b%ofsﬁ&l&ﬁlﬁ{gﬁelﬁﬁl
e’\%@ﬁfﬂegn% H; a?k:‘l%lg(gésthgt eeclabl o 8@?‘% H%vve er, according
the results of the present inventors' experiments, it
was_ confirmed that even when using 309 type or 329
stai nl ess wel ding materials for obtaining a weld
A'g%xaxlv lg.?h% aSdinleBs §041 rsg-ﬁbtﬁﬂe WhRh hhehcededhighef &ﬁ?&fdn resistance,
F g a zinc coated steel sheet, there were
sdmg-metal-based welimigtmaterialntof staindéss stethare used. Yéeld (5‘1‘31315 of stainless

stpta e 4y SO ooy Bt B 983 of YephBiaksilfldds steel and

c&wﬁ Etet1ha8 @lo¥6d EHRoH6PREBIINGE ayWolt assthinldss bteslent
cracks, the inventors proposed a wire having a fl ux

core which prevents a weld netal from having zinc
[@Sii ttlenment crack through controlling an area
entage of ferrite structure and tensile strength
Hbﬁzveirél@ adkding Eﬁéﬂﬁlrehﬂtsaiﬁjthtsprkmt froehert sxpérinient§iit wivhconfirmed
, Cr, and further cont of Ti?z in éhe sl ag off blaini
ﬂtahévw éeR ysiag %O&p%ﬁrqra?t tva? s@inlesssveldipg ppterials for obtaining a
% Ry ORy 9&'&% @% stail?@gwﬂi re&'}gé\é@&ﬁﬁeﬁih@a zinc coated steel
Ierrent cracks sti ten occur in using the
sladen\thaemmm e Of wincembirittlement &rdck sixT hab ise usieplesiainless geel welding

he. yel di ha f
S IRbRRPOOREO0 Pk B3I T0REn8 AT MR ERTRd RBilon: “cr acks

is not consistent. Al so an obtained weld netal has | ow
ductility, poor slag-separability and | ow
[e}06] stability in welding work.

In order to solve the problem of zinc embrittlement cracks, the inventors proposed a wire

O

having a flux core which prevents a weld metal from having zinc embrittlement crack
through controlling an area percentage of ferrite structure and tensile strength of the weld
metal by adjusting contents. of C, Si, Mn, Ni, Cr, and further content of TiO; in the slag of
the wire to an appropriate value. (For example as shown in JP2006-035293 A).

[0007]
However zinc embrittlement cracks still often occur in using the above-mentioned wire

having a flux core depending on the welding conditions, that is, prevention of zinc-
2



[0008] The inventors diligently studi ed about a joint
preventing zinc enbrittlenent crack, and disclosed
the result in W2007/037447. Brief Sunmary of th

WOR0080#93% [ 0009] An object of the present mvgﬁprlgwmmﬁ"“

iIs to provide a stainless steel wire having a flux
1B BAflem¢Hie Brab iRy isV¥lt HoRSistehtD C ASRAGE dbaliRa walafétal HXClow ductility,
wire having a flux core provides ductility and
|s1:ngr@pmgﬂmmd loy qmtagﬂm linf wsbsting werkahi ch has no
zinc enbrittlenent cracks and is excellent in
corrosion resistance w thout post-treatnent such as
[000gLh-up, which is a painting treatnment. [0010] The
i nventors studled various alloy conponents to
The &veplors Ailigeetly sjudicd Abgrt 2 oih @raveating zins embrittlement crack, and

d,?ﬁggédti},ggtgﬁﬂ% @ /334 pe reduced if the content of

conponents o ewre, i.e., C Si, Mh, N, C
are adjusted to appropriate values and are wei ght ed
using an F value, i.e., F value (F = 3xCr + 4.5xSi -

2.8xNi - 84xC - 1.4xMh - 19.8). The relationship
between the F valu ﬁgﬁ?. g cks is shown
in Fig.1 (welding q%:on 5 |Jn2%ére ?ﬁépggﬁe as the ones
used for checking weld joint performance in the
(ﬁﬁﬁﬂples described later). As shown in Fig.l, it was
[ d that as the F val ue beconmes higher, crack
AhUbjERE bPthe BresBhl ﬁlueﬂmrbist t@.gamhhe tahﬁalﬁlewktea WEREHRGRg a flux core
30, nore preferably exceeds 40, crack formation
usa:ldrfgs Wetdm@pmeaoated [sGell sheet. THe Wmahaumgraeﬁmemm promiias ductility

et Foliabifieg AR Syefd Y8 WITFA it be AIE S BlipEent eracks and

isCHxeEINGt %Ql:bl‘i‘d)sfidn? ?Jsis%ce WRithdutgdseweatiiene siich 3 t8adh-upt Which is a .
the austenite grain boundary. This has made it

painting Eeatnerto prevent zinc enbrittlement cracks. |f
the F value is nore than 30, preferably nore than 40,
the ferrite single phase can exist during the whole
[0®00] di fication process fromthe primary cryst als to
oom 3 V\Dg 008/ 004699 PCT/ JP2007/ 063763 eraturef
I EnpcRudied vasiausiallgy €ORBPISIR o 35opPLsik tie ftieehand found that
thg A dRHISREM AR s LEABSredhQdE BEERntR onhetcBEhp%é}ﬁL‘of the wire,
In view of preventing zinc enbrittlenent cracks,
L&y Ghéi, Mn, NaJ (e aresaQJuseecbtcabpwophm/eméuemamdFarefavanglted using an F

e bt (s oubr 16 491 Gite TRE. aULERYRy 159 The

reldti®on¥¥ip beBRichi tBO FORMIGITBAD the number of cracks is shown in Flg 1 (welding

conditions are the same as the ones used for checking weld joint performance in the

examples described later). As shown in Fig.1, it was found that as the F value becomes
higher, crack formation is more inhibited. If the F value reaches 30, more preferably

exceeds 40, crack formation almost disappears.

[0011]

The F value represents how easily ferrite can be crystallized. If the F value is less than 30,
crystallization of austenite occurs during solidification, which allows zinc to break into
the austenite grain boundary. This has made it difficuit to prevent zinc embrittlement
cracks. If the F value is more than 30, preferably more than 40, the ferrite single phase

can exist during the whole solidification process from the primary crystals to room
3 ‘



insufficient. Thus, elongation of the netal cannot be

expected enough, which makes it difficult for the
WaeDes/§0dé9t to nmeet the nechani cal properties nBeEHIBWPT063763

for the weld joint. The inventors nade it clear that

bot h .avoj di In | C; qolcTo Vi) d leads
BBt niRafl P SERGL for SRED URACHR, B8 GBS an
teSrevéltitfonCtth® Brack. U8 vidvnaf peeventing zins iemprittidnaent ictazks, a higher F

phase and then the austenite phase i.s precipitated .
value isrreferable oHpweverdf 5ol exceeds 50nihe femyte gPreraiags bopomes high,

0  oFGRE rtion becomes

af e B ARG ittt BAASS, B Uity oFAAS WRAd portion become

idsﬁﬂﬁﬁdn}{bgmdsp lelbngiticmeaf ﬂhkmétalmm_ opb;: fee;p«::jctgf1 encughj svhichf makes it
zlnc rittlenent cracks, Jt.was found that t . .

difhientt {05 theoweldow to mest the Hischanical Wﬂﬁé\?&wﬁﬁa the weld joint.

' itG | : Li®riftRingint eRRE Bnd keeping a

Tﬁéﬁm‘/@é{ﬁﬁeﬁ%%ﬁagggﬁttﬁg%ége t %1_2051 and t he nunber P g

sufficienndictilitpsah e sisfiedif silidifi@oioni isdemsiseted witk a single ferrite
unber, of cracks ,degreases. Wen,the. F val ue,.i s_as

phase, 2nd then they sustanils KPP, §cRpYng process after the

, te B0 FRAE buMBe Ak uTderrty iedasknite.

Sdé{d\?g‘%ﬁgﬁ?%f%}m an 2%3 %gntent of 0.1% or nore can
perfectly prevent cracks. Zinc remains as a |l ow

@hil ng point netal which can be harnful to a crack

[ e generally zinc will usually not make a solid

ARRE VhlAR invEdicalidiR innRhrth JFTmeérsi ptefectPrwuaiondfzine embrittlement
A1203, which ﬁave an affinity to zinc, is added, .

cragle 3t -wsn undpthet thiiaddition phHAee torslagsagent f@n prevent zinc

i i s, harpfyl. t .S, . t f
ol AR e £ AR08 5% LR gt By e Compons
ARAHi dnld Oe HEmbaAbTQZacker WS thesconndmit bff AdyOsdfcreasastbe number of cracks

[0013] _As faor welding workabiljty, when a zinc coated
desrerses. s Wben e Revaleiss 35 Jw a6 4heIherEh opisks PiRE et Completely

pfVaRed ahet lﬁctaﬁiﬁcfljtikg%twg%dﬁ@%h.t agh&l (e IF fATRé &530,'31?13@1603 content

VI Cl Ni ty. IS Nne Zl nC COYTE.S to c_over the we R .
op@iité anmer: dan pesfestly priveatantackndZino stmeaing agl 2o meélrpg peint metal

Lxed t S at an, edge of a,bead that is,for .
whisbeten R B da it 0K HHS SneByRS ARG whinl ol Sfake a solid
sdlfisHwita oIl iAot dXedes HRSveRBeWhers A 105, vhichHagé an affinity to zinc,

_good coverability and separability of the sla )
ist4ddodighl20t udpOnpasp exidefinfarmsd. (That isngnawhigh 53@@@1}, to cracks is

conponent s, of s| t Ti.C ' -
oSRBBERTE ol R o5 oy . R, 309,y sadion of
AllFD16RE 8dlinhivitokoflerii¥ks2008/ 004699 PCT/ JP2007/ 063763

with slag, excellent separability of slag can be
obtained even if zinc is fixed to the edge of the

(dfag- [0014]

As for welding workability, when a zinc coated steel sheet is welded, zinc at the weld

portion is evaporated by arc-heat but melted zinc remains in the vicinity. This melted zinc
comes to cover the weld portion as it is solidified and cooled and the zinc is fixed to a
slag at an edge of a bead that is formed, which inhibits separability of slag. The inventors
tried to optimize the slag agent so as to obtain a good coverability and separability of the
slag through studying the effect of the amount of primary components of slag agents such
as TiOz, $iO2 and ZrQ»2. As a result, it was found that if the bead edge is covered thick



As for welding of zinc coated steel sheets, there is
anot her problemthat arc conditions nay be unstable

disruption in the are by zinc vapor cg&tBshoo7/063763
w&‘ifﬁ lﬁ?f’?’are It was found that addition of PEL/SH:

appropriate amounts of A1203 nakes the arc stable. The

wmhcslmema:ilemesepm-abmtymﬂ shag tam berabtaihédevendf zinh és fixed to the edge of
$|t| on of cracks nentioned above, i.e., that zinc

ﬂ\?g’ﬁﬁ' in the arc and nelted A1203 in the slag agent

are conbined to pronpt the formation of Al-Zn-base

oxi de, which inhibits the are from becom ng unstabl e

[0 41 he zinc vapor [ 0015] The gist of the present

AHiE el of 2% et shost Yodp i B Bl o B8 gonitions

m’a |b%n§ﬁaree;ﬂxe 16 taSfibruj Pﬁ&em £HRIAE b i} vapbr cothidg Lﬂ‘lbtthéarc It was
eath nmade of stainless steel coveri ng a core of

fchnd ihat\nﬁémen of appsopriate anmntﬁlo f &:Qu maknsdhe are stabl Thg mechanism
se%e%{sgllsuwg tﬁ ﬁ"gct V\?f@é q%lsof &%El&eﬂkﬁ‘@&ehoabwg i.e., that zinc

OWng conponent’s:

g:)cﬂln ﬂlc%é?/@ncﬁneltéﬁ Ai;Ol in tﬂ(e sIb§) agdht are @dnfbifted B prompt the formation
0 0 % : 0-30. 0% wherein the conpong’nts are

ofééhtlarhmomﬁe a’r‘hlalhﬁ\h‘hﬁséb? peeriTom heeomipe pastalle pythggge vapor.
as expression (1) described bel ow and ranging from 30

to 50, Fvalue=3x[Cr% +4.5x[Si%-2.8

[OQ[1B% %4 - 84x[ CW - 1. 4x[ Mn%4 - 19.8 ...... (1) the flux

urt he conprl sing a slag f{formation agent wherein said
Tg?&’ét? ﬁﬁﬁ%ﬁ"é@%ﬁ‘n‘?ﬁlﬁ:ﬁ%ﬁh P¥&s in mass (% as

percentage of the total nass of the wire the
following: Ti02: 0.6- 2.6 % Si02: 1.8-3.8% Zr02 :
[16] 3.5 %5 WD 2008/ 004699 PCT/ JP2007/ 063763 wherein

S%![ |.t§ns§§%lfe%; sq?aehl i ﬁg\%ng éln@mlc &ore op %vnelciligg%aozfinct-gz?sed alloy coated
steel sheet comprising:
an outer metal sheath made of stainless steel covering a core of flux;
wherein the outer metal sheath and the flux in total comprising in mass (%) as
percentage to the total mass of the wire the following components:
C: 0.01-0.05%
Si: 0.1-1.5%
Mn: 0.5-3.0 %
Ni: 7.0- 10.0 %
Cr: 26.0-30.0%
wherein the components are contained in an amount satisfying an F value defined
as expression (1) described below and ranging from 30 to 50,
Fvalue =3 x [Cr %] +4.5x [Si %] -2.8 x [Ni %] -84 x[C%]-14x [Mn%]—
19.8 ------ (1)
the flux further comprising a slag formation agent wherein said slag formation agent
comprises in mass (%) as percentage of the total mass of the wire the following:
TiO2: 0.6-2.6%
SiO2: 1.8-3.8%
ZrO2: 1.0-35%



wherein the wire further conprises Fe and residual

inpurities. Item 2. The stainless steel wire having a
wOl2008/000699 for wel di ng zi nc-based all oy coated PETARI007/063763

sheet according to item1, wherein the slag formation

agent_further copprises: Al203:,0.1-1.0Q.,% 017 .

T e heTm LIS EapRagrabl 1p el 6 o8 5 il g o wire

stg@l sheet can provide a high quality weld portion

whi ch has no weld crack and is excellent in corrosion

r esi stharetrethewvirh fiuthepomnprises Ke and residpahimpirritiesich- up,

and in ductility and wel di ng workability.

Particularly, these effects can be significant when

| Ttkie2 WKeEstihldsE Steb N Wie tHaOThgl £ flug &9rd fr witdingi Aific-based alloy coated
Zn- Al - My- based al | o]y coated steel sheet. As_exanples,
mal,

stotl shaetaccondinge dtgmal, (wherei thersdag formationsagest furthgeeomprises:
Su Dy ( teel sheet nade by N PPON STEEL
OC‘%E@?A&?O{I)%%DI ZAMr) steel sheet made by NI SSHI N
STEEL CO., LTD. Brief Description of the Draw ngs

&3018] The present invention wll becone nore fully
[@MHdEr st ood fromthe detailed description given

h i | o i d i i.C ] . .
A58 LR b 67 A BB B Mot i
qhalivy tvadld portivn whithphisssenveldveok iaad is @rcellehe ire corrogion resistance

R P RarEo e RSP i ERERHY Ling workabit.
PAEUEAL, 1S e PAE O SATRARFAReAIRERIRIEE 00Tt ot or
welfiig®Fn-PeMigrbasett altay aialedgesed Bheet tAsiéxapies ofivr-od-dg-hased alloy
oo, Focd pesh | Boreoae: SHpeDymRal il e mallS Py JIPPON STEEL
CORBORATIONLAG IZANREHeMhékt Rihde PRINISSHIN STERY €0 MITIMN

of zinc enbrittlenment cracks resulting froma
. conbi nation of weld netal including

coat od I ayer . 6 WOPaobBToORRo R DA Dos e
[0020] As a result, the followi ng was found. (1) The

sensitivity to zinc enbrittlenment cracks in weld netal
[Q@18h st ai nl ess- st eel - based conmponent s depends on the

Tﬁgltpg%laﬁti AR SHPBecdme b Ry AlndersiRd frém the WRtasled description
given hereinbelow and the accompanying drawings, which are given by way of
illustration only, and thus are not limitative of the present invention, and wherein:

Fig. 1 shows the relationship between F value and the number of cracks; and

Fig. 2 shows the relationship between the slag agent component Al;O5 and the number of

cracks.
Detailed Description of the Invention

[0019]

The inventors diligently studied to improve the corrosion resistance of the weld portion
when zinc-based alloy coated steel sheet is welded using stainless-steel-based welding
material and prevention of zinc embrittlement cracks resulting from a combination. of

weld metal including stainless-steel-based component and zinc-based alloy coated layer.
6



havi ng a conposition which allows solidification to
conplete with single ferrite phase has fewer zinc

ment cracks than a weld netal having
@gpn@é@%‘{glgon which allows solidification to coﬁc’lmw007/063'763

into a single austenite phase or dual phase of
austenite and ferrite. (2) Low nelting point
conponents such as Zn, whose presence can contri bute
[980%inc  enbrittlenent cracks derived from zinc-based

L, t q.easily conbined with A1203.
@hg?%%l%?%tgg %%%e el1'mnated fromweld netal in the
(HoThe eénsitivityag zific &hBAdleménCerhalsci weld dmethiywnlﬂ dtairgess-steel-based

A1203. 21 In, view.af the abov the
C?meor&wsgfrne %i%n‘?&rﬂl? salididication 5@ere M {’ha)t i€ a weld metal
h&ﬂﬁ% desh Eg?ﬁ&?wﬁﬁ!hra']]‘o%sfsﬁﬁ&m&m t@%ﬂﬁl@@wmﬂqgé&mte phase has

aus ormati on conponent in a wre having a
fwmremrdwembnnlemeaddmdks thanh leewtldr metal hawingla @mnladsituyn wblch allows

that the weld  neta n. termnate .the so cat

SW‘S{.\C%IO& ‘Hg‘foénﬁl%tf’ r'm"ea H@i“e angteniieehase or BF“?S eaustemte and
fQfuUrrence of zinc enbrittlement cracks in the weld

netal with a stainl ess-steel-based conponent; and/or

Z()z)lmdmehglgapqmbmpmumcbfasmwomomm ¢an confgibute to zinc

I
crPethePL ey deeivEd Amphepoed BN et el LG G Sorhbined with
AU Thekefdr®n EArBe SRmiftcll frétt weldhnidall ia ke for0sf a8kg of ALOs-
net al s. [0022] In this invention, "the zinc-based

ZpOrbpsed pride by sdding AdM¥et " is a col lective term used to

descri be a coated steel sheet nmade by formng a
Zn- Al - based al l oy, Zn-Al -M-based alloy or
(G0N - My- Si -based all oy, by adding Al, My, and/or Si

toa2| ccoa n a steel shee In
In Yigwrqfithe abgvgthe g?ﬂg ef the niesest ‘“(YS‘FFﬁBHé}ﬁf%JS Pﬁ? ¥ wire
f)eb 1ﬂﬂmﬂ%ftlllé1fén%rf&mﬂ%%nip%n@tﬁ anld qﬁ@ﬁﬁs@é?ﬁteff@ﬁﬁzﬁfon' ddmponent in

nection wth prevention of zinc enbrittlenment
aomm:kaymg a il dcorewhich afe Wlicd008h© 64800f metal or alloy so that the weld

007/ 06 763 the second pl ace. the E val,u
e SAn AR ool PetybR PR %tpile J6Tne bR lin/@aSio tahibit the
ovdtirfelic@ 0 ziIRr drhibriktlambit ¢rBEIQr inatht WelatmEal WithCo BraBléss Aeel-based
Wi th prevention of zinc enbrittlenent cracks of weld

corepenent;pRderar e expl ai ned bel ow.
(2) adding a proper amount of ALQO3 included in a wire having a flux core as a slag

formation agent so as to eliminate low melting point components such as Zn derived from

zinc-based alloy coated layer from weld metals.

[0022]

In this invention, “the zinc-based alloy coated steel sheet” is a collective term used to
describe a coated steel sheet made by forming a Zn-Al-based alloy, Zn-Al-Mg-based
alloy or Zn-Al-Mg-Si-based alloy, by adding Al, Mg, and/or Si to a zinc coated layer on a

steel sheet.

[0023)

In the first place, the F value of components of the wire having a flux core, which is an

important factor in connection with prevention of zinc embrittlement cracks of weld metal.
7




[0024] According to the inventors' experinental

results, weld netals of austenite stainless steel can
WPa0e/Wdedf i ed i nto two types dependi ng on t he PCTAP2007/063763

conposition. Type 1. Solidification after welding is

I [ | ; . . _ ,

I RSO bl i P GplR o Bl G e W3H il £ ok Tore and AL
whkdterarsvepattiogaiy onpartaat efdctors lint benrdeotiomt with pfevbatidn of zinc

an .  austenite phase and a ferrite phase. It was found
embritiemeat eracks offweldmetale crystallization can be

-[g Lf%eergfneﬁ)&[(ﬁ?Si on (1) determ ned mainly based on

rite tormation elements such as Si or Cr and
austenite formation el enents such as C, Mh or N,
wherein expression (1) is as follows: Fval ue :
[093¢) Cr 04 +4. 5X[ Si % - 2. 8X[ Ni % - 84x[ C%4 - 1. 4x[ Mh94 - 19. 8

Ao%:orghen fothe FREALRE e%(%m%{%ntzélgl?ﬁul?@, weld\neldls of SusténitelMinless steel_

resents nmass conponent — as o
caebe ehissifjed tintottve typtsadepeadingain theccomposition00P¥ie 1: Solidification

ig.1l.shqws the relationship.between t he nunpber of . .
ag?fg‘ﬁglg%r‘ﬁ eomafrud with 128 rnftion e e ASlEnGY Dhgep g single ferit
phas¥! "'Igrp@ % | 9idifERionSAdr bRIGNE il dfpléied GriBR BRFofhABh of both an

coated steel sheet. [0026] AS shown in Fig. 1, as the
. austenadephasef andefeniiteghhsey iIhwasifdund that theeease o? Eantesrysiailization can

bf HEREA A qroRsion S HLdytsmisk Rl B o T8 It Sbments such
a$ SPSKCr AdEar3Rhfll YorhHioR Slenleff%0kh as T, MiEo N, adliegeif expression (1)

the wire having a flux core is |ess than 30, either
ixasdoddows:di fi ed phase of primary crystals of the weld

T kS SV PRSI 3Tk Bl SR 1o
the solidified-ph@gye of the primary crystal is
AR Bh ISbPGIT Tbrlctis (M ST Rreses ey (et et cgmponent

j ' al phase of ferrite and
a4 s?%dﬁ%egeﬁﬁnﬁﬁgé&%ggg,é“g%m 2008/ 004699

PCT/ JP2007/ 063763 the austenite phase is solidified
@2 col umar crystal which allows [ow nelting .
[ ﬁ"ﬁonents such as Zn derived from zinc-based all oy

FROBEIRAVS RY SElafithsRERwea theimhihitef bf zindletnbrit@erAtift tceduks @nd the F
gr ai n boundary, which leads to zinc enbrittlenent
V.

paekwirehaying aflixtorenased for weldingzine-haged alley cogiedssteel sheet.
having a flux core is nore than 30, the primary

crystal is
[0026]

As shown in Fig.1, as the F value of the wire having a flux coré increases, the number of
zinc embrittlement cracks decreases. When the F value exceeds 30, and preferably

exceeds 40, cracks are hardly formed.

[0027]

If the F value of the wire having a flux core is less than 30, either the solidified phase of
primary crystals of the weld metal is austenite and the solidification is completed with the
formation of a single austenite phase, or the solidified phase of the primary crystal is
ferrite and then austenite is crystallized in the process of solidification, then the

solidification is finally completed with a dual phase of ferrite and austenite. In this case,
8




precipitated as ferrite and solidification is
conpleted with a single ferrite phase. As the ferrite

qum“héfan equi axed crystal and fine, it is h?&f'/Jf*fb'imomms

nelti ng conponent such as Zn to break (or
mgrate) into the grain boundary, which |leads to a
tite aus@ste phasthis scsiuhﬁect asfazdoﬂimmmrbbfystal anhinh alicvek Jow melting -
Wien the F val ue exceeds 40, <ng[qrg'unt austenlt

opRRRIEHISt 4D 3h 2 feriyed from A9k yér, 16 hreak (or migrate)
11{26’ ‘ﬁ?@u %fra.l A YouHadry CahichNedds to' Al ERbrittlblient cta8RSIST the weld

I stance’to the formati on of zinc
metdbr iIf tHedfmaiue of adteshavifig) 0 dBix oase dtemore thed 3@ theeprimary crystal is

P oS35 T S S aag s SRPb o Pl e s s he
féi‘lqiettﬂ{aﬁéjls%%qﬂ%(b&”cﬁ%ﬂﬂ 2Rd Rl it i Rark f&a& lkﬁav ﬁfenﬂ@g édifsbnent such

the expression (1) becorres nore than 30,
a:pZaftertamJg/(omnmthhmtaom graoe donndagy. whichi lpadm@ a decrease in the

nﬁ'B rance ofb %ngxﬁ%'l{sﬂ %ﬂt‘{‘crﬁcﬁfﬁh@r"eﬁ‘%\/w %e amount of

alMéiﬁt@ fpi'é&lﬁtdtiﬁn\ﬂuﬁhg Qhe ERSlinglROGRs hiter the chMpletioh & s@ﬁdlfication is
zinc enbrittl ement cracks. However if the val ue of

redpeedawhechdradsde furger reststansabe the formationsafzing embrittlement cracks.
precipitated during the cooling process after the weld
netal has solidified conpletely with a single ferrite
[(@28%e is extrenely reduced. Therefore, the content of

Ap Gt 'r{bgﬁ{g&é@? 57t the PresonioHEAtg CARROMB 8} Corg Ve Cr of the
w‘ﬂ‘é%’vlﬂ & g&i c@re is 80 B@Q%ﬁ:kt%& aBll opRinSzddBAhdt the ﬁ;egdlﬁiﬁs defined in

anount austenite eC|p|ta fon is required
ttmmmmbxy (Hi @hoﬁe.v aianeﬁlaarw pmferpblgfmomhhm 40 10081kt td inhibit the

vi ew of bove t of. .t he .F val ue shoul d
OFRITSHCY ?FFFEGIP Q{e‘f’ﬂg E'S*flructure of the

wel d netal at roomtenperature i ncl udes a dual phase
of ferrite and austenite, which nmakes it possible
[¥BPh to inhibit the crack and to secure the ductility

al 0 /- .
AR YBSbB o8 s FRhyete PR AR IR St eeitance 9 e formation of
zE 2aibsitiiontknt okt Hotve Wk 3DtheVihvallic bfthe wienporeeds 5®fthe amount of
the. slag agent in the wre having flux care f' .
aeygRiecRrerpIgtRg mst%@@g@mwﬁ% thggvelggmetal has solidified

SRPleRN Gith" siif { OULREhAY) redkRd@THetfore, the content of
c(\/\‘itﬁzlh %' S gpe nge e ?rllvent%oa? respectively’

fqri@3{) the weld metal becomes relatively large at room temperatures. In order to
secure an appropriate ductility (i.e., elongation of weld metal), specific amounts of

austenite precipitation is required. Thus, extremely high F values are not preferable.

[0030]

In view of above, the upper limit of the F value should be 50 in the invention so that the
structure of the weld metal at room temperature includes a dual phase of ferrite and
austenite, which makes it possible both to inhibit the crack and to secure the ductility of

weld metal.

[0031]



Fig. 2 shows the rel ationship between the content of

the sl ag agent conponent A1203 in the wire having a
wobons/oewe and the nunber of zinc enbrittl enent PEHARARET063763

in the weld netal. [0033] Wen the F value of the

wire was at either 20 : of the
FRAtiEF o Bnip BB P duachd gl oBenESt ABEn WhdrisopBiinen of th
sl hdntiif the Rirdihhginh avilbgedre iwapsnatiecin the ceses oshert the F value was
occurrence of zinc enbritt]enent Sre&ck . of the we g'il invention)
20outside sherseapesafr tha dnyentinp), K10 and 40, (WitBin the) °PRY Op &6, [nvention
co nent such as zinc in the zinc-based all oy coated
rqsg%?reﬁrs melted due to welding heat input at wel ding.

However, zinc can hardly nmake a solid solution wth

ot her netals or oxides, thus zinc remains as a | ow
- [@BR1i ng point nmetal harnful to a crack when

ol al ; ; Py&ln ge%géﬂ ent ALO; in

F%%@o&v’ﬁﬁ@% }ﬁié{%&%lﬁlb%; | n%g%bgdegtl ﬁ%&??& ad edt, c&hﬁéh o
tHeowey Bavings fiak 20R-ahd Ghdomunbercfizite émbrittenvent, cragks im thesveld metal.
elimnated as a slag fromthe weld netal. Therefore,

the occurrence of zinc enbrittlenment cracks is
[(ﬁgrced. [0034] When the F value is as |ow as 20

[zou side the scope of the invention), it is inpossible .
Wieen the Fpahieadfyhewire svas at ¢ithen 20030 end® as thepAhOr sontenidin mass (%)

o e amans oo ol mefedl BB oY) e Bl e RCA g cgr fmpreases, he

ob@lrcREe BF S8 Mhitriritdnseht chRks bf viad weldoeenizsmoRk sirongly imhibited. A

preferably 40 or nore (within the scope of the . lted
lowwestingopdint campbrghissich B3 Fing i the @ing-hased plox,peated layer is melt

hayi n flux core as 3. Sl t: &hke ¥f solid solution
dge 1‘%‘%}@‘%@ Byt %%sw%@'rn?én 5‘%2’8 ’om#{ﬁg&fgiﬁ-gw mass of ¢ SO
ﬁﬁ&%ﬂf&mﬁ)@ okides, tibs tziinifc&emgilme aig loed meltiog pbgﬁ mpgtalharmful to a
shou e 30 or nore preferably. 0 r n . :
crpsisrehan wiiditication & the Ml Mgtal g SRERISHEY. hQV it AH{8, whigh bas an
U €S d % D IBIG-bSA B%idB &k CRMa@ewhich is
a?%{l{yhie(o t%g‘[cafs ?r:;c}ség g &rteﬁ%r}vaﬁr e). 3Descri bed above is the,
climivanmed 4sar slag fromithgwehlem&tal aTherefore thecensuepncectf zicxgubrittlement
rega_rdi ng wire conponents. Furthernore, conmponents in
craeks ISJESE- netal or alloy and a slag formation agent
to be added to the wire having a flux core should be

limted as follows in terns of characteristic of weld
[6634d] and wel di ng 10 WD 2008/ 004699 PCT/ JP2007/ 063763

rkability..The foll-awn S I ¢l ible to
RGP b 73 IR o 8T LR oo
ORIty pRévend IRORRAIrENdE, ofStrackésindd therngiyite ofizaicnegbrittlement
as metal or alloy in an guter netal sheath dacotr&‘h the
corcks ingseasessas| explaingd ahgver oﬁmﬁgu{fiﬂ?@d’éw&/&% € prevented when

PGS BLAARs 10 3rr}3011e9131%|fergﬁ§3400& hbk Wvlﬁﬁﬁ the scope of the invention),
and also ALOs is added to the wire having a flux core as a slag agent up to content of
0.1% (in mass (%) as percentage to the total mass of the wire). In view of this, the F
value of the wire should be 30 or more preferably 40 or more and the content of Al203as
the slag agent in the wire having a flux core should be 0.1 % (in mass (%) as percentage
to the total mass of the wire). Described above is the reason for limiting the F value and
content of Al203 regarding wire components. Furthermore, components in the form of
metal or alloy and a slag formation agent to be added to the wire having a flux core

should be limited as follows in terms of characteristic of weld metal and welding
10



[0035] C Cis harnful to corrosion resistance.
However C is added up to 0.01 %or nore in order to
e strength of weld nmetal and to stabi
Wg"r?z@b%@" Iding. If the content exceeds 0.05 ¢ )’biﬁ!’%da?’“”“
anmount of carbide is precipitated, which |owers
wotkability.t S!'hefo}ldmhgls aretredsonsTfoe mdﬁtmbﬁ anﬂilmtﬂtmhmé’doinponents of the
t he out net al gA'heath and g qu i S 01-
ﬂwerwr% gehEaptent onsronpgts pﬁf i’ copiginegas dnety] or alloy
moﬁlg‘i‘futéromgtrap\éhga?llaaggggq fﬁﬁpfi‘:{ f]‘ili’x'n{édt ds ﬁl;lfov?éjﬁﬁdmass (%) as
up to nore than ased oxide wth
pereémagegomhnmtalmspoéﬁlcpnt@.t ed, which |owers ductl lity
of weld netal. Therefore, Si contained in the outer
netal sheath and the core of flux is 0. 1 - 1.5 %
d(ﬁ@}’%?] WMh: M is added up to 0.5 % or nore in order

to stabilize an austenite phase in the weld netal
Cst Cuistharmful tto rcooosive ngsistaticar Howovep'r Gi$ ddded wutst 0.0 % or more in

oraer gq gﬁv\u/gcl‘egmrret al 9; nggcg?:nggf tto s?ﬂlgp/gef g,i(cee%ﬁ welgmg If the

cciféht dk&Rds D rmst%ea faftinSGune'Bf @A:bﬁe Qﬁbﬁcﬁbﬁlﬂteﬂ hehiRN6wes ductility of
flux is 0.5-3.0 % [0038] N : N 1s an elenent for

weldrmetaly Bhesefors, Cecontaingdsinghieievtermetab sheath anddghe gofecofiflyx is 0.01-
Oﬁgd/er to stabilize an austenite phase in the weld

‘Met’dl structure at roomtenperature and to provide a
ductility of the weld netal. If the content of Ni

exceeds 10.0 % segregation of m nor conponents such

6b and S harnful to cracki ng i s expedited, which
i o f

sg‘gﬁtﬁgldnggd ﬁﬁﬁ% ﬁ il %’8’ inh net%rﬁ&#‘% é’a‘g 8&% B sla%'separal%lhty If added
up ke mors thanOr. i(%,OSi%z-basaf axidb withSlodv ﬁr@itﬁ:g%mﬁm:t%clﬂﬂated which
WO 2008/.004699 PCT/ JP2007/ 063763  Cr: is.an e

oM SRR PEGgTab; Bhervom of Setainss it fhe Gifmefal Heath and the
bt of Audbs@ians el enment for formng ferrite and is

added to nmake the weld netal solidify wwth a single

ferrite phase and to inhibit the formation of zinc

[O%E‘ZLittl ement cracks in weld netal. The Cr content

ld be 26.0 % or nore to obtain a sufficient
Mior Misis @i déeap il @PCE oPmotd i@ orid@! 10 stbilak anNasteRild phase in the weld
13.0 % of Cr content can provide_ a %ood corrQsi on
1

metal slsuciyre @t grom temperatudo provade pdyciiligppfihe weldymgtal. If the content
of MrSedBURM DN, kife §GabsbilekEilel Podr. n‘l}h&%}@;%ﬁtc%ﬁ{amed in the

outer metal sheath and the core of flux is 0.5-3.0 %.

[0038]

Ni: Ni is an element for forming austenite and is added up to 7.0 % or more in order to
stabilize an austenite phase in the weld metal structure at room temperature and to
provide a ductility of the weld metal. If the content of Ni exceeds 10.0 %, segregation of
minor components such as P and S harmful to cracking is expedited, which makes it
easier to form cracks. Therefore, Ni contained in the outer metal sheath and the core of
flux is 7.0-10.0 %, preferably 8.0-10.0 %.

[0039]
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sheet whi ch does not contain Cr. Considering that the

Cr content of weld netal. should be kept about 13 %
wozaus/dodeobhe wel d nmetal is diluted by 50 % w t hPGEIR007/063763

material, the O content is concluded to be 26.0 % or

more. . |f he content exceeds .30.

Gie. & issngiciient 1o EGoT SESPEOTDN FARES o i HRUR4ED Cris also an

%h{ ?MJ forffhgPlePie i d2RRIdAEd tethfike @hes Wweld in¢tal [sOREIB with a single
erefore, & contained in the outer netal sheath

ferrite phaseand tof inhibit the ﬁ@'ﬂ(angn of zipg enfbgiilement grackein W%QJ’FFW The

ont ent erce

fcopﬁ:gt %gql.gtj [%3286 (i ? 518 G%L'@r?g sﬁ,ﬁf &%ﬁ &913)@ &n%§1§tance of the
v@e@@hﬁkﬂ?e‘ﬁdrﬂlaﬁ Sk LV @tcahteﬁhﬁﬁlt pro@ide at i(ﬁ)damrmsmh resistance of

flux 1s adjusted so that the F val ue defi ned

stairpesssstded nveld. )ne@ﬁana{eVeq, thip davgation $Htobg agdledﬁgg zinc coated steel

SR ETEs ShCePrin G BRsTPHE B e €5 coREl b whiGFnetal should be

%ﬁaz%}ﬁﬁt llyo‘l% Nen BF theOWeIN mamll hedladekiadyfiﬂr% with base qatérial, the Cr

byie stren tensile treng uct i

contant is condledrg-toibs: 0 QIR aT coptent ?@E%Sn}’daé %, a carbide such
a

STt BRI i 8 e v

than 0.05 %to avoid deterioration of ductility.
AI so, a deoxidizing agent such as A, My, Ti for
deoxidizing the weld portion can be added. [0043] As
Ti 02, Si02, Zr02, A1203 which are conponents used
|n t]he slag formation agent in the flux, the content
Thicrefiore/ICreompainethin the outen setal sheatisanskthe eonecnf dlugs £68-30.0 %.
total nass of the wire) is limted as follows. 12 WO
2008/ 004699 PCT/ JP2007/063763 [0044] Ti2 : The
[ﬁmgent of Ti 2 should be 0.6 %or nore in order to
ave a slag excellent in coverability. However, if
Rurther; aatle rontent dindmass %6), ass pereensags Kt theadotal mass of the wire) of
Ther ef oy
OimPEl° rgﬁlgr ﬁ'gtﬂg'ﬁ apprg%r to Q%n%%%]ﬁ?ﬁﬂ{#ﬁh @sﬂ%agl-éandzth@ core of flux
ly\hdjﬁst%) %mndmztj Rud dﬁmbw:ab eﬂpﬂeaﬁcer L) can fadldid between 30 and 50. As
cover abi |ty and separabiljty a
copanerigiothgbihan ﬂrﬁ‘e@n&&ﬂynt C!_S\ﬁé! “f&“z Ph%"ﬁi ‘ge?‘f%?éﬁ igvgntjon, the alloy
Shidth Senl RVEILS, U, 1BeBHRE N DEflbe addid foh AfpréviRgEid §.2%-yield
separa e sinte the edge’is covered with slag of
sﬁﬁﬁg‘chp énaile strhhgtknedsctility (entire elongation), mechanical property such as

Charpy impact absorbing energy at 0 °C, and slag separability.

[0042]
However, the N content should be less than 0.05 % to avoid deterioration of ductility.
Also, a deoxidizing agent such as Al, Mg, Ti for deoxidizing the weld portion can be
added.

[0043]
As for TiOz, SiO2, ZrOz2, Al203 which are components used in the slag formation agent in
the flux, the content of each component (in mass (%) as percentage to the total mass of

the wire) is limited as follows.

12



[0045] SiQ2 : The content of Si 2 should be 1.8 % or
nore in order to have a slag excellent in

rability. However if the content exceeds 3 0
wégg@{@?gg%ncreases. Therefore, the content of %&#2007’063763
should be 1.8 - 3.8 % Unlike ZrQ2, SiQ2 is added to
[0fdkE sl ag separabi lity generally better with the

entlre wel d be no na t her Z|nc X
B2 hohe Eertempt THopshonld 0 B el bors in oS 1 by B excellent in
cd'vegabrfit r I-m@vei' rkf‘i’ﬁéj Ebntbt DRUEIPR 6HC 8P incPdaREs. Therefore, the

separability even if 2|nC|sf|xedtoasIag at the
cmﬂgﬁ of TiGesmbuhkb0. 6Hcmé%1r Byiafidinigean appripeiate amowd ef TiO2 together

le géﬁs SPA %éeslfrnlgecf F ({%ﬂgr }j&t%ggd (.:sont n&gﬁ{fetm: slag can
bObbtAThed3 1\&99?5% rédiseh Qvé'n mﬂc $AHRJID 24144LHt the eﬂég‘bib!hk weld bead,

zinc enbrit crack, 1n addition, to nake an arc
the skigliseasily separablé smcev&np@dgc oreyeiedtvath ﬁ;&g ofanpropriate thickness.
However, if the content exceeds 1.0 % spatter

i ncreases. Therefore, the content of A1203 should be
[0043] - 1.0 % [0048] In this invention, it is possible

toinclude in the slag formati on agent other than

Si€rcp, Thejcoptent of $iD2 shauld 208 ¥m or mer¢ inusrder tot hve agslag eycellent in
t he [e. Fbmeve he cont.e Q
sepgbii IR T (e conleh GRS 8 %, Bl ibldls, Therefore, the

cdi@élﬁldfg&o'ﬁhﬂfoﬁfcpb@ 1.8 he3 gowy. eminlike Zithwe SiDads faddedittd Qfiake slag
agent should be 10 % or less. (0049] 13 WD 2008/ 004699
sepapbyitp gorralbRbeEr Withethe enranwelddwad moanatisravhethesizincos fixed to
oiflg content of the slag formation agent. However the

Iower limt is preferably 5 %in order to keep a good

sl ag coverablity with surface of weld netal. [0050]

O5H§)[1sl ag formati on agent can include conponents ot her

[ above-nmentioned TiQz Si 2, ZrQ2, Al1203, such as

Zide: fohd QM of 2702 BHENIS b¥Ni -4, HewBreadiriéraBalave an excellent slag

finctions. Afixin agent such as potassiumsilicate
Se@m’abdm’ @m:ns lﬂ tioate fined ¢k ai Sagislethef ssigeradrweldcheadi digowever, if the

€O %:ng ex%ee ﬁé (ot, g%n\é\% é‘% gﬁ%ﬁf Sergfgléeg?li{) ’ &ior ﬂ% Lould be 1.0 -
3.5 %.

[0047]

AbO3 :  The content of Al203 should be 0.1 % or more in order to inhibit zinc
embrittlement crack, in addition, to make an arc stable even if zinc vapor comes into the
arc. However, if the content exceeds 1.0 %, spatter increases, Therefore, the content of

Al201 should be 0.1 - 1.0 %.

[0048]

In this invention, it is possible to include in the slag formation agent other than SiO;, TiO,,
Zr(, and AlLOs in the flux of the core of the wire. However, if the content of total slag
formation agent exceeds 10.0 %, spatter increases at welding. Therefore, the content of

the slag formation agent should be 10 % or less.

[0049]
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CaC33, BaCO3 used as are stabilizing agents, fluorides
such as Al F3, NaF, K2ZrF6, LiF wused for adjusting
wWoi 200699 of sl ag or securing separability of BCEJP2007/063763
~and iron oxide such as FeQ, Fe2Q3 can be included as

ts .af .the slag.f ] _ _
SIPHS BorsBeift SRt 0§ POt o 3HE Mo, oiipatioh g, Blowever the
gt tinsiPisSrefRfableb 9 tordérte kebjna glod blag yoveasislity it saiface of weld

i nvention, known nethods for manufacturing wre having
mgtfl] ux core can be used. [0052] For exanple, after
formng a U-shaped steel froma steel strip (to be an
outer nmetal sheath) nade of austenite-based stainless
[ouseg! including above-nentioned netal or all oy,
filling a filling flux, which is prepared in advance

Thy slek dermatign agenti cag ingherlechoprnegents othes rapabriserineghenpd TiO2 Si02.

h. R ab L L OR.: , - ] . .
254 A oG Rl B eon 0RO e agRich iRtions, A fxing
afdnt siich & potisdiven siliaste dr asdiuii silidatey whivhr iy usgl fontmamufacturing bond
Wre- drawing to obtain a wire wiith pre ]

det
gk af theowire FAOYSFriAg J0cessy MRIPde o elahfaspidg such as NezO, K0,

) . - . | )
Cab S5 o e SRR iR BTG BRI, Ko LE
usdddioe adjasting ismbsityibfslagor seeuting sepasability ofi slag, anel iegn oxide such as
sheath. In thjis case, flux is filled up.in the tube
F@Qﬁvﬁa gon beinstdedh a5 epmpanenisiol thevleg IRORBHOLag e | <

drawn up to predeterm ned dianeter. 14 WO 2008/ 004699

‘PCT/ JP2007/ 063763 Exanples [0055] Al concentrations
[M)3¢]i n mass % based on the total mass of the wire

unl es therw s i.ndi cat.ed. . Test. | e f W r . ;
ARRPRGod 19T (N UBFIRPe SR 5 ST TRCEDREH (i S fos el i
bdeB allop BN thRVAVERiI6R MRS hethods fo Mtumafachurighblies having a flux
and 3. Chem cal conponents of the outer netal sheath

core cambe vftid e- based stainless steel is shown in Table
1. [0056] Table 1 s bol CSi Mi PS N C M NO

[0052])

For example, after forming a U-shaped steel from a steel strip (to be an outer metal
sheath) made of austenite-based stainless steel including above-mentioned metal or alloy,
filling a filling flux, which is prepared in advance by blending, mixing and drying the
above-mentioned metal or alloy and slag formation agent, up in the U-shaped gutter, then
transforming the U-shaped steel strip into tube-shaped and finally carrying out a wire-

drawing to obtain a wire with predetermined diameter.

[0053]

Also, by welding a seam of a tube-shaped wire, seamless type wire having a flux core can

be obtained.

[0054]

As a method other than above, a molded tube can be used as an outer metal sheath. In
this case, flux is filled up in the tube applying vibration to the tube and then the tube is

drawn up to predetermined diameter.
14



WL 0.018 0.41 1.60 0.022 0.002 10.3 18.6 0.04 0.02

0.006 W2 0.021 0.57 0.98 0.027 0.005 9.1 18.3 0. 16

. 4 \WB 0.004 0.04 0.35 0.025 0.001 9.5

w2l ) o5 [0057] 15 WD 2008/ 004699 pcHaP20071063763

PCTI JP2007/ 063763 Table 2 * represents | evel of

impurity Wre No. 01234567 8910 11 12 25 Ti0

138 0.70 2.50 0.90 0.90 0.90 1.00 0.85 1.00 1.00 1.80

1.00 1.00 1.00 Si 2.75 2.30 1.80 1.90 3.60 2.50 1.80
ERamBle?. 20 2.00 2.80 2.00 2.00 2.00 Zr0 1.84 1.80 1.20

2.00 1.30 1.10 3.20 2.00 2.15 1.50 2.80 1.50 1.50 1.50

A1203 0.63 0.50 0.50 0.60 0.20 0.60 0.25 0.20 0.90

dbsﬁp 0.80 0.50 0.50 0.02 FeO+Fe203 0.51 0.50 030 0.50
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0.10 * ** ' ~ g* * * |iF0.10* * * * 0.50 0.60
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[665 5.63 6.63 5.25 9.80 6.50 6.00 5.72 2 C* * ' * *
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[0057]
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ﬁlep@en%%vmfw 21.50 24.00 20.00 20.00 20.50

3 i 4 laVal Vo o I =
Pt esent ’IVL.III.I SIRNEEE S & A ) ' 02 | TV A o Lbkbél UuQo tl\qnl 0.03 .

[0(R8] Tahl b 3 F Tepresents| level gf i pur ity W r e INo.
13si4 1% 16| 17 fesorDimo| 21 P2 2.4 oeFij@ps (.096 [2.08¢ 050 | * | 030

T. ,_qp 0. 80, 1| 0D 0.9301. 20636 0Dsoll. 00 12550 2. GQ.08.120 | 040 | 1.50 | 020

’) ~L aVaValL] [ mlla¥ Q o o o O —- PN

L. JU} L.

6‘7’82 9% | icpid ks 1] 0% LA GoidRlad 4 70| © | * |

W::neatn g é({:‘ {?WZ(EJU%,)V 6, Opogg.% Eo‘;,n 857_, 50 8¢ Q041 | 12 | 25
Shmazt hs {86 099 | o0 |90y 090 | 49 \po0viz0830 MR |00 \lal 8y 1P | 1.00 | 1.00
c 50%018 9702330} 9dc3 O9d31§3600 9308] 0200221200 087 20020 | 2.00 | 200 | 200
U UZ 1l JUUA1 U, UL [ n . .
A A ATl AT T R D E D E D
jg EAM% 1. $060D] 0.5 '].O.ﬁD L606|D0.20. 5O600. ®F {00.99 0¥09320.]930().038 | 0.50 | 0.02
2 | mote O TP B0 S L GploRe i o 03 oo o o
2 |18 18]611804 [180%) 4.1 30.0%, 810118008 |IHM8g OB, 19034, 6 1876 | 020 | 910}
£ I8.5 c|0iDL6:1d)] 935 1% O fiodl 0 014 ¢ 817 8. 6o Joao | + [ono
|V v | UTOTUTUES U ULta U UILS oA U, U | . :
S | _olomer o h8TH| 80 hOA] po0utin lipusy| oo L 0'1pd o J g | 9109 251 * 030
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- 6P
4% 3%? 285 Lo.40| Ps0P 020 0.18Q . 30 [0..60 .0.[3057 0.54 | 006 | 055

(DCHOO

3k g 1p'S
Bi 007 | 0.05 | 0.05 | 0.03 [ 0.05 [ 0.05 [ 0.02 | 0.02 | 002 | 0.02 | 0.02 | 0.05 | 0.01 | 0.03

Other alloy §0.05{ 0.10 | 0.05 | 0.10 > * * * * * * * * *

Filling percent % | 22.00 | 24.00 | 22.00 | 24.00 | 21.50 | 20.00 | 21.50 | 20.50 | 21.50 | 21.50 | 24.00 | 20.00 | 20.00 | 20.50

Sheath percent % | 7800 | 76.00 | 78.00 | 76.00 | 78.50 | 80.00 | 78.50 | 79.50 | 78.50 | 78.50 | 76.00 | 80.00 | 80.00 | 79.50

Sheathsymbol | W1 | W2 | W1 | W1 | WI | W2 | W2 | W2 | W2 | W3 | Wi| W | W |W
= C 0.018 [ 0.021 | 0.018 | 0.018 | 0.018 | 0.021 | 0.021 | 0.021 | 0.021 | 0.004 | 0.018 | 0.004 | 0.018 | 0.018
Z‘SE: Si 041 | 057 | 041 | 0.41 | 0.41 | 057 | 057 | 057 | 057 | 0.04 | 0.41 | 0.04 | 0.41 | 0.41
‘E‘ Mn 1.60 | 0.98 | 1.60 | 1.60 | 1.60 | 0.98 | 0.98 | 0.98 | 0.98 | 035 | 1.60 | 0.35 | 1.60 | 1.60
_g Ni 103 91 [ 103|103 ]103] 91 {91 | 9|9 [103]103]103]103 103
§ Cr 186 | 183 | 186 | 186 | 186 | 183 { 183 | 183 | 183 | 18.6 | 186 | 18.6 | 186 | 186
< C 0.014 | 0.016 | 0.014 | 0.014 1 0.014 | 0:017 | 0.016 { 0.017 | 0.016 | 0.023 { 0.014 | 0.013 | 0.044 {0.014
g Si 0321043 082|131 1032|046 116 | 1.10 | 110 | 0.18 | 1.31 | 0.53 | 0.33 | 0.63
:‘é Mn 125 1 074 L 125 122 { 146 | 258 | 077 { 078 | 0.77 | 1.27 | 1.22 | 0.68 | 2.78 | 1.47
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E Cr 27.05 | 26.91 | 26.61 | 26.04 | 29.60 | 26.24 | 2837 | 28.55 | 28.37 | 29.66 | 27.14 | 26.88 | 27.28 | 28.49
= FValue | 35 | 40 | 35 | 37 | 45 | 34 | 47 | 47 | 47 | 44 | 43 | 38 | 33 | @

Examples of the present invention
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FeO+Fe2Q 0.50 0.50 0.50 0.50 0.10 0.10 0.10 Na O
0.10 0.05 0.10 0.05 0.10 0.08 0.10 0:10 0.10 0.10 *
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§. (4 04O 04 P46 G404 TC M 09851160160

¥ do ovag ol 98 029 1.do 0198%1 &oleied 1 o hp3wlese| *

$0.13 K@R 10.3 9."1 [9.15]10. 3 10./9120. 3 1003|106, 3020} 3* | 030

&r 18.§P18. 6 *18| 6 18..6 {1303 8.|3*19. 86 18*6|18.6 18} 6* *

£8.167d5 <0 0016 10- 014 0.j014 07014 0016|006 0[ 003

@- C64a9m053 &o01A300. 233 650%4%5 | 6.98 | 7.60 | 6.10 | 4.35 [11.10} 520 | 6.10

] C * » * * * * * I ™

E 005[002] * |002

= S * ] * * *

Z i 050 100| * |0.10!0.80]080 1.50 | 0.40

¢ Mn * * * * *

2 1.00 | 2.00 2000 * |0.50 2.00

b . * * * * * *

5 Ni 2.50 | 1.00 2.50 1 0.20 | 2.00 } 0.80

[ Cr 13.00112.10(10.02}16.50|12.00116.00| 15 00{12.00|12.06]12.18 | 13.00{ 15.00
Fe [395fosol3s0f T | T 1T | 7 looes|228] * |030] 1.00
Bi 0.05 { 905 | 0.03 | 005|005} 0.02 | 905 | 0.04 ] 0.05]0.02]0.05]| 0.02

Otheralloy [0.10 [gos [o10| | * | * |o0.35|056]030]020]003] 0.08

Filling percent % [24.00{23.00(22.00(24.00(22.50]24.00|24.80 [20.50] 19.50}25.00 | 19.00 | 24.20

Sheath percent % [76.00(77.00[78.00{76.00|77.50{76.00|75.20|79.50{80.50| 75.00 | 81.00 [ 75.80

Sheath symbol W2 I W1 | W[ W1 | W2 | W2 W3 [W1 | W3]WI | W3] Wi

Q\: _C 0.021]0.018[0.018{0.018]0.0210.021[0.004 |0.018}0.004|0.018|0.004| 0.018
I% Si | 0571041 1041|041 (057057 [0.04 |041]0.04 041 |0.04 | 04]
é‘ Mn 098 11601 160]| 160098058 035 1.60;035)1.60]035| 1.60
51

g Ni 91 110311031103 91 |91 | 103]103(103(103|103] 103
% Cr 183 (186|186 {186 | 183 | 183 [ 186 (186 186|186 18.6| 18.6
?’: C 0.016]/0.014/0.0140.014]0.0i16]0.0160.003 | 0.064[0.023|0.0140.023] 0.014
}g Si 0437082(132]031]1054]1.2310383 (033003181043 0.31
é‘ Mn 074 1123 [1.25 2221276074 1226127078 1.20 | 028 | 3.21
§ Ni 692 1104319031783 1955 7.12 1575|899 829|773 | 834 | 7.81
; Cr 26.91(26.42124.53130.64126.18]{29.9125.99|26.79|26.97|26.13 1 28.07] 29.10
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Oy Si 0.43 0.82 1.32 0.31 0.54 1.23 0.83 0.33 0.03
1.81 0.43 0.31 O WMh 0.74 1.23.1.25 2.22 2.76 0.74

W 2B@s/M4659 0. 78 1.20 0.28 3.21 Ni 6.92 10.43 BCW2007/063763
7839557129.75899829773834781

r\l— o-6—38 OO =R

2 91 26 42 24—53—3p—64 997 23678

wise 071 A4 ! 1732vb o|o§? 055407y *r?‘bpzbb'/@svﬂg 4
F vaI ue [K[E32 47 29 53 31 30ciBarbofiatbfiedt]
Conpari sonm_exanptes [0059]  As for deposited netal

performance, a tensile test was carried out according
[005931 S Z 3323 An inmpact test vvas carried out

Agrlbcsiposiied %lm#qé%%%a'tﬂ 55t g P B st p 1S 23323
tSet t
Eﬁpa‘if’?&s%agate stee she téo'ﬁs\llr?%@él 325{751 @Egm%ﬁomame

cﬁ&k/ctltkl followiime stek] sheetscmexedlsed edbt-dipeminc chated StBeBBlze_’[:t of JIS G

TR SRR L) ALy S e BT b33 %

2l %ﬂbﬁr coMeed b1k sﬁke%?eblss Be 8321l &m}:hhcmkﬂeasm\easlnade by

used having a gap of 0-3 nmm no groove, and cop
NIPBON SEEEL rlCORROBATION &ak- W %A&—vﬁe%dl\’!&)r A2 ltqﬂgwd) In the

w?c%ncheck dhe?ei gm{q%ghgt%\)%gg tr algsféa‘n SSi on aCCC}’(Fkrr‘,%ntﬁ’o groove,
ahd TBHSAr| Nike RRKMB! Thesl aOtthck Withheeleld hﬁnﬂ pbftion was checked using

enbrittl'ement crack of weld netal . Corr05| on

radiationt amnmgn ciseoding o dbY df %06 .0 Imaddiftign7 dyg penetration flaw
sal t.. spra test. (SST. e 0

RBioh BB it T o YA ) 06, SOEREHE Rr R of prld mesal

Ga,frrodi@aesmitmte vt chleckidacdStdiripas t}maﬂs Z 237 1r sadti sprayaest (SST) where
transm ssion test and _dye penetrati o

fl ) . .
tesHap Hame; a5, S0 hovtat Resforganceqirspraliale d 50" i€ glaneatign of deposited
nfeﬁzﬂc&ry\qﬁ OPSE G AR rfi(ﬂén&f) §hﬁ§on rgstl %@@9@ 'penetration flaw

VI sua bservation was ma rust was not
imbecaraneelvahmtmlodf “pood”i voas mmidedwéabcaa‘dke\mssd)smné As for corrosion

AT UPH AP o 1 A U AT RaBr Y ) il Porton and

hERAETLWASRAS ket bt mbhichial ait sﬁffE&a%ﬁﬁthﬁbnpf)f Wedod” was provided.
joint. As for deposited netal test, weld joint test

Eaml@lanm of wgldm\kfartkab-#myweh@éﬂe by srusomygivaliiafiag at preparation of weld

ﬂdﬁ/\g vvagneu gzh:qg%t,d WaR folilljit £ mildzg.re?dﬁrqga"wo(mmmy check, the

following cc'mdition was used: welding current 120-250A, down hand welding, and shield
gas COn. The results are shown in Table 4 and Table 5.
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gas CO2. The results are shown in Table 4 and Table 5.
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Examples of the present invention
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Comparison examples

[0062]

Wire Nos. 0-12 and 25 of Table 4 are examples of the present invention, wire Nos. 13-24

of Table 5 are comparison examples. In wire Nos. 0-12 of the present invention, there are

no cracks, corrosion resistance is good, ductility is excellent and welding workability is

good, because of appropriate amount of C, Si, Mn, Ni, Cr, F value, amount of TiOz, SiOz,

Zr02, Al203 and total amount of slag agent. In No. 25, though the content of Al203 is low
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VE OC | 20 19 21 18 22 22 25 21 23 18 17 22 o Not Not
Not Not Not Not Not Not Not 5 crack found Found found

wg)c%d&g@@nd f ound found Found found found foun 3%%4063763

Corrosion resistance good good good goo

good good good good good good good (low) Arc

netdafict ivay fdind Hechuse the K vdhiz Was04® or mosp as arwhible Dvety Gatisfying
XgOOXO O i Slagcoverability X0 0 O0O0O0O0XO

repul} wWgs abtainedar abi ity x 0 X0 x 00 0 X 0 0 X Overal |
evaluation X X X X X X X X X X X X Conpari son

exanples [0062] Wre Nos. 0-12 and 25 of Table 4 are

[@06&dpl es of the present invention, wire Nos. 13-24 of

1§ 18 Gripafich SATAE: BRI ShEr I slordati Beeptie efdpauiSoptent, and
alsBShGWaH sla‘g cGQQ‘Hbllﬁl_!HEﬁd podr¥lag SearssilityBticadRGrIeW qm)ﬂcontent

workability I's good,” because of appropriate anount of

C Si, I\/h Ni, Cr, Fvalue anount of Ti 02, SiQ2,

[%i A1203 and total anobunt of slag agent. In No. 25,
gh the content of A1203 is low 20 WO 2008/004699

VP INLPA00SHRAR3 GG BecalSd OF i SoEhNef BECaP Showe nfany spatters

value was 40 or nore. As a whole, a very satlsfyl ng
beeaysg of high comentiofddO2.[ 0063] I n the conpari son
exanpl es, No. 13 shows | ow el ongati on because of |ow N
content, and also shows poor slag coverability and
[@os5] sl ag separ ability because of low Ti Q2 cont ent .
0064] Wre . 14 shows cracks because of hig
%N@m @PONP Jow reromenresstagces bacanser of %egug@ Qff Cr, and shows

orr S Eéﬁ&qgﬂecz{xgoflgg%élco& 1€ No. 15 shows | ow

n resi stance because o ow content of Cr, and
shows poor slag separability because of |ow Si Q2

[&%%ﬁ ent .

Wire No. 16 shows low elongation because of high content of Cr, and shows many

spatters because of high content of Si0x.

[0067])
Wire No. 17 shows cracks because of low F value and shows poor slag separability

because of low content of ZrQOn.

[0068]
Wire No.18 shows low ductility, i.e., elongation, of weld portion because of high F value

and shows many spatters because of high content of ZrOz.
[0069]
Wire No. 19 shows unstable arc because of low content of C and shows many spatters

because of high content of Al203.

[0070]
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[0066] Wre No. 16 shows | ow el ongati on because of
hi gh content of Cr, and shows nmany spatters because
wof0é8/@hesoont ent of Si02. [0067] Wre No. 17, BODAB2007/063763
cracks because of |ow F val ue and shows poor sl ag
sepayabj |t because, of | ow copt of Zr2. [0068
Bloneb shoromccipniatian berause 9F Biehds con agdishbRS Upable arc and
[, iAo n WhY 15\ GUBk 1¥BRAall is F value
sﬁ@a&?f%?& @%%ngéﬁﬁ%ﬁ?cont e;1rtﬁél(})éfé§%r()2?I [0069] Wre
id\B0 ori@oshows unst abl e are because of | ow content of C
and shows nmany spatters because of high content of
A1203. [0070] 21 WO 2008/ 004699 PCT/ JP2007/ 063763
[(Wﬂ? No. 20 shows | ow el ongati-on because of -high C
e

content and shows unstable arc and snmall crack |
Wige Mos 81 shows poorosie sepaosbility hecamsgof lewsontent pf Shand shows poor

rack is.. Il is val u is 30 . or nore. [0071] Wre
s e REms ot Ik eliag FBPMY Y because of |ow
content of Si and shows poor slag coverability '

because of |low total slag anmount. [0072] Wre No. 22
[¥H3hs | ow el ongati on because of high content of Si and

ho spatters .. :
Ve S 27 e ke RE B4R b8 ot 5556 sfimany spters
bE@@sdIsR00 muchWotaPdigahoait. M.  [0074] Wre No. 24

shows poor slag separability because of high content

of Mh. 22 CLAIM5S 1. Stainless steel wire having a
6 ¥ core for wel ding zinc-based all oy coated steel
foa7} e

shéet conpri sing:

Wire No. 23 shows low elongation because of low content of Mn.

[0074]
Wire No. 24 shows poor slag separability because of high content of Mn.
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an outer netal sheath made of stainless steel coating

the core of flux; wherein the outer netal sheath and

the flux in total conprising in mass (% as a

percentage of the total mass of the wire: C 0.01-

0.05 9% Si: 0.1- 1.5 % M: 0.5-3.0% N: 7.0- 10.0

% and Cr: 26.0- 30.0 % wherein F val ue defined as

expression (1) bel ow rangesCLAIMS30 to 50, Fval ue

=3X[Cr % +4.5x[ SI %4 -2. BX[ Nl 94 -84x[CAH- 1.4 X [Mnh % -

19.8 ...... (1) the flux further conprising a slag

f or Magiafesa SRA wirdhdisSa fIt cate far \Q@lﬂﬁ:grﬁrﬂ:gﬁis&f alldyecoated steel sheet

total nass of the wire: Ti2: 0.6- 2 % Si2: 1.8-
COmPBISE: and Zr2: 1.0- 3.5 % and A1203: 0.1- 1.0 %

whergi ' 0% of

t o 5 i Pl Shefh bRACTH A AIRGH corfing Bl

furtvbie:remdlmmuaesmﬁd gheathr @ali thaaflux irp totalt comspristhg bhmass (%) as a

sta having a flux core for welding
peﬁeﬂ%gﬁgﬁti'ﬁ%‘ﬁ?ell%vsegg?éﬂmst eel sheet according to

cl aignolol-olesregi n the F value is 40-50. 3. The

stainl ess steel wire havi ng a flux core for welding

zi ncifhleld> 81 oy coated steel sheet according to

cl ai ein the content of NN is 8.0-10.0% 23 4.

The Ng%;q%?@g%é steel wire having a flux core for

vvel Min@Ozl@Q%;asdad all oy coated steel sheet according

a?{gbg]} (Eyrther conprising at |east one selected
fro ft 6con3|st|ng of M, Cu, V, Nb, Bi and N.
5. The styHefdieFYakik ﬁ@ﬁné&a&%xﬁ@ys}[&qlﬁbd‘ld\kﬁhm@@{ Ro0th 30 to 50,
wel di ng zi nc- based | oy coated st sheet accor

to cla mFpal mn.[ﬁrmémm@nﬂsge@n Rl s ecsr] 217 (o 941 -

content of N igglgess )han 0.05% 6. The stainless
steel wire havi ng a ? l"'ux core for welding zinc-based
al | dye froafiethes tamprisish e slag dommatidn rgetainahass 1(¥d) as a percentage of the

further. .conprising a deoxidizing agent which is at
totalmass of the ‘gg? ect ed

TiOa: 0.6- 2.6 %,
5i10;: 1.8- 3.8 %, and
ZrQ;: 1.0- 3.5 %, and ALO;:0.1- 1.0%
wherein said slag formation agent is less than 10% of the total mass of the wire,
and

wherein the wire further comprises Fe and residual impurities.

2. The stainless steel wire having a flux core for welding zinc-based alloy coated steel

sheet according to claim |, wherein the F value is 40-50.

3. The stainless steel wire having a flux core for welding zinc-based alloy coated steel

sheet according to claim 1, wherein the content of Ni is 8.0-10.0%.
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fromthe group consisting of Al, My and Ti. 7. The

stainless steel wre having a flux core for welding

zi nc-based all oy coated steel sheet according to

claim1l1l, wherein the slag formation agent is 5 - 10%

of the total mass of the wre. 8 The stainless steel

wire having a flux core for welding zinc-based all oy

coat ¢dTist @sihlesssdied bvitedewingi aux core lf@r welding wirerteised aley coated steel

slag formati on agent further copprises at ast_ one ..
sie] GEPRUNE PG gR B eON2e 8 1PAG BF S Bt e EF he Boup consisting of
M, CuC@t Rb, BiQ@uun sil i cate, Na20 K20, CaC8, BaCGs,

Al'F3, NaF, K2zrF6, LiF, FeO and Fe2Q3. 9. The

stainless steel wire having a flux core for welding

zi nc al.l.o [
0 PR AR B3 SR SRR AR gy comd s
sheat dabaling onfdains i,nghdrein thasdre( édmmasesa Npardcthatcagent of N is less than
0@'510‘{3 total mass of the wire: C 0.013- 0.023 % Si:
"18-1.31 % Mi: 0.68- 2.58 % Ni: 7.22- 9.33% and
Cr: 26.04% 29.66% and wherein said F value is 34 to
47. 24
6. The stainless steel wire having a flux core for welding zinc-based alloy coated steel

sheet according to claim I, further comprising a deoxidizing agent which is at least one selected

from the group consisting of Al, Mg and Ti.

7. The stainless steel wire having a flux core for welding zinc-based alloy coated steel

sheet according to claim |, wherein the slag formation agent is 5 — 10% of the total mass of the

wire.

8. The stainless steel wire having a flux core for welding zinc-based alloy coated steel
sheet according to claim |, wherein the slag formation agent further comprises at least one
selected from the group consisting of potassium silicate, sodium silicate, Na,0, K0, CaCQ;,

BaCOs, AlF;, NaF, KyZrFg, LiF, FeO and Fe,;0s.

9. The stainless steel wire having a flux core for welding zinc-based alloy coated steel
sheet according to claim 1, wherein the outer metal sheath and the flux in total comprising in
mass (%) as a percentage to the total mass of the wire:

C: 0.013- 0.023 %,

Si: 0.18- 1.31 %,

Mn: 0.68- 2.58 %,

Ni: 7.22- 9.33%, and

Cr: 26.04%- 29.66%;, and

wherein said F value is 34 to 47.
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